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Preface
The Abstracts consist of six volumes. They contain the abstracts submitted and
accepted for the 65 Symposia of the 17* World Congress of Soil Science, the theme
of which is:
Soil Science: Confronting New Realities in the 21s' Century
Most of the 65 Symposia were proposed and accepted during the IUSS Council
Meeting in April 2000 in Bangkok under the present structure of Commissions,
Subcommissions and Working Groups. A few Symposia were added into the
structure of the Scientific Programme of the Congress at later dates on specific
requests by Chairpersons, International Agencies and National Soil Science Society,
approved by Council Members through correspondence. Over 2300 abstracts were
received but their actual number in these Abstracts is less than 1800. These six
volumes of Abstracts have been structured as follows:
Volume I
Volume II
Volume III
Volume IV
Volume V
Volume VI

Symposia 01-12
Symposia 13-21 (This Volume)
Symposia 22-36
Symposia 37-52
Symposia 53-65
Index of Subjects and Authors

The voluminous publication of diverse scientific studies and reviews in soil
science and related fields included in the Abstracts, Programme and Transactions of
the Congress is considered a product of collective effort among soil scientists and
scientists in related fields. It can serve as a basic tool to help confront new realities in
soil science and mark the beginning of a new phase of soil science to advance into the
twenty-first century. We have tried very hard to minimize our mistakes in editing
and formatting each individual abstract in these books. However, due to very diverse
styles of authors, it has been very difficult. We accept this with no excuses.
Nevertheless we hope you will find the 17* World Congress of Soil Science fruitful
and enjoyable.

Irb Kheoruenromne
15 July 2002
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Symposium no. 13

Paper no. 700

Presentation: poster

Management of crop residues and mineral fertilizers for
sustainable agriculture in two villages around Yaoundé,
Central Cameroon
AMBASSA-KIKl R. and TCHIENKOUA M.
IRAD, P.O. Box 2067 Yaoundé, Cameroon
Following a participatory rural appraisal that gave to farmers the opportunity to express their
views on the best way to crop the same piece of land continuously for many years instead of
practising the well known shifting cultivation, an on-farm experiment was conducted in two
villages (Leboudi and Ozom) around Yaoundé, Cameroon. The cropping system selected by
farmers and tested over two growing seasons was the cassava (Manihot esculenta Crantz)-based
cropping system with maize (Zea mays L.) and groundnut (Arachis hypogaea L.) as companion
crops. The treatments were A = full fertilizer rate (NPK:80-40-30 kg ha"1), B = half rate (NPK:40-20-15
kg ha' 1 ), and C = no fertilizer (control), and fanners were used as replicates. Besides, unlike C plots,
crop residues were returned to all plots as available. Crop parameters evaluated were mainly crop
yield, but also dry matter (DM) yield. After one year of cropping, the results showed a significant
difference among treatment means for maize although maize yields did not differ significantly
between A and B whereas DM yield increased linearly with fertilizer rate. Moreover, no significant
difference could be found among treatments for groundnut and cassava. On average and for the
time span considered, the above results suggest that the low input B treatment is the most profitable
and probably the most affordable to resource poor farmers.
Keywords: on-farm trial, crop residues, mineral fertilizer, sustainable agriculture, intercropping
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Symposium no. 13

Paper no. 902

Presentation: poster

The consequence of the grazing impact
on the organic matter in chestnut soil
ANNA Sambuu Dorjuevna
Institute of Soil Sciense and Agrochemistry SB RAS, Sovietskaya St., 18, Novosibirsk 630099,
Russia
The study was carried out in the dry steppes of the Ubsu-Nur Hollow (Tuva, Russia). The
climate of the Ubsu-Nur Hollow is characterized by a strong cold and long winter, a late and cold
spring and the dry summer.
The soil at the study sites have developed on sandy loam with some carbonate-containing
material. The humus profile is 10-20 cm deep and roots down to 50 cm. Five sites were
investigated: 1) moderately grazed site (MG) on moderately deep soil in chestnut soil. The site was
slightly grazed by cows, sheep and some horses for many years. 2) Overgrazed site (OG), where
after 10 years of very intensive grazing by cows, sheep and some horses.
We aimed to understand the role grazing impact to organic matter of chestnut soil in the dry
steppes of Central Eisai. How much organic matter is created in these steppes is unknown. During 3
years (in May, July and August 1998-2000 y) we sampled in our sites. 8 sample plots were chosen
at random and the grasses, herbs, litters, lichens, and soil monoliths with a surface area were
collected with a special steel cylinder to a depth of 0-10, 10-20 c. From each monolith one-fifth was
cut off to analyze the contents of the organic matter. The samples were analyzed under conditions to
know the influent grazing impact to content of the organic carbon of soil.
The content of organic C for the green biomass were highest in the moderately grazed sites and
lowest in the overgrazed sites. The content of organic C in the lichens were highest for the
moderately grazed sites and lowest for the overgrazed sites. There is a tendency for the content of
organic C to decrease with increasing grazing impact. However, we know that this tendency is not
general since some lichens increase undergrazing impact.
The difference of total organic C in the green biomass between the moderately grazed sites and
the overgrazed sites were not statistically great but the total organic C for the overgrazed sites was
much lower. The content of organic C for above-ground dead biomass was also similar for the
moderately grazed sites, and much higher than the ones for the overgrazed sites, both regarding
standing dead and litter.
The content of total soil organic C in the chestnut soil for the moderately grazed sites was 1.13.
The consequence of overgrazing was the lowest content of total C among the 5 sites - 0.53-0.73, for
the overgrazed sites. We conclude that the value of organic C under the heavily grazed sites (in the
chestnut soil) when compared with moderately grazed sites (in the chestnut soil) is the lowest.
Keywords: chestnut soil, grazing impact, organic matter, green biomass, central Eisai
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Paper no. 1235

Presentation: poster

Greenhouse and laboratory assessment of plant available N
in animal manure
ANTIL Raiinder S. (1,2), JANSSEN Bert H. (1) and LANTINGA Egbert A. (3)
(1) Sub-department of Soil Science and Plant Nutrition, (Soil Quality) Wageningen University,
P.O. Box 8005, 6700 EC Wageningen, The Netherlands
(2) Department of Soil Science, CCS Haryana Agricultural University, Hisar - 125004, India
(3) Sub-department of Biological Farming Systems, Wageningen University, P.O. Box 403,
6700 AK Wageningen, The Netherlands
For the assessment of plant available N in animal manure, two types of fresh cow dung (one
with a relatively wide and the other with a relatively low C:N ratio) and four types of manure
(stable manure of cows, sheep, pigs and poultry) were compared with ammonium nitrate (AN) as
chemical fertilizer. The greenhouse experiment followed the so-called double-pot technique. The
materials were thoroughly mixed with 2000 g of quartz sand. The manure-sand mixtures were
potted in 2.5 L pots with a bottom of gauze, and moistened to field capacity. The pots were placed
on a tank containing a nutrient solution without N. The test crop, perennial ryegrass (Lolium
perenne L.), could take up N only from the manure-sand mixtures in the upper pots, and the other
nutrients from both the upper pot and from the nutrient solution in the lower tank. The experiment
comprised 3 tanks, each representing a block of 28 treatments (7 fertilizers * 4 levels). Grass was
cut three times depending on the growth rate. At the end of the experiment, dry matter yield and
total N of shoots and roots were determined, and the substitution rates of total N (SRt) and of
organic N (SR0) in the manure were calculated. SR is defined as the ratio of the fraction of manureN that was recovered in the test crop to the fraction of AN-N that was recovered. The values of SR
were compared with N-availability indices obtained by pepsin extraction and thermal fractionation
in the laboratory.
The values of SR, and SRo ranged from 0.19 to 0.89, and from 0.04 to 0.89, respectively. SR,
and SR„ were higher for fresh dung than for manure, while poultry manure had the lowest values.
Pepsin extraction gave a good correlation with SR, but thermal fractionation did not. SRo was
linearly and negatively related to the initial ratio of C to organic N of manure from dairy cows, but
such a relationship was not observed in the case the other types of manure (of pig, poultry and
sheep) were included in the regression analysis.
Keywords: animal manure, cow dung, farmyard manure, pepsin extraction, substitution rate,
thermal fractionation
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Paper no. 1164

Presentation: oral

Environmental impacts of tropical agricultural systems: N 2 0
emissions and organic matter management
B A G G S E . M . i n . CADISCH G. (1), VERCHOT L.V. (2) MILLAR N. (1) and NDUFA J.K. (3)
(1) Imperial College at Wye, Department of Agricultural Sciences, Wye, Ashford, Kent TN25
5AH, UK
(2) International Centre for Research in Agroforestry, Nairobi, Kenya
(3) Kenya Forestry Research Institute, P.O. Box 20412, Nairobi, Kenya
Organic matter management in tropical agricultural systems has important implications for
environmental pollution, particularly gaseous emissions. Apart from CO2, N 2 0 emissions are of
global concern due to the high global warming potential of this gas and its involvement in the
destruction of stratospheric ozone. N 2 0 production in tropical systems is of additional concern in
that it represents a significant loss of N and a reduction in N-use efficiency. Here we review N 2 0
emissions and N availability from tropical agricultural systems ranging from slash and burn to
intensive agriculture, and present selected findings on the effects of organic matter management.
Knowledge of the contribution of these systems, and the potential for appropriate organic matter
management to mitigate emissions is essential to develop sustainable and environmental friendly
systems.
Although tropical rainforests store large quantities of carbon and may act as a partial sink for
methane, considerable emissions of N 2 0 may occur, particularly in P deficient environments where
N mineralisation exceeds plant demand. Burning of the biomass, as in slash and burn systems, can
also result in significant losses of N as N 2 0 whereas very little is emitted from degraded Imperata
grassland systems. In systems, such as improved fallows where residues are incorporated to recycle
nutrients, the residue quality is important in determining nutrient supply, soil organic matter
formation and the potential for N 2 0 emissions. We have shown rapid release of N after
incorporation of high quality residues, often resulting in large fluxes of N 2 0, whilst residues with
high lignin and polyphenol contents strongly reduce N release and hence significantly reduce N 2 0
emissions after incorporation. Thus, application of residues with high lignin and polyphenol
contents has the potential to build-up soil organic matter and reduce environmental pollution.
Mixing of residues of differing qualities is one possible management option to reduce emissions,
although N release patterns tend towards that for the higher quality material in the mixture. Zero
tillage of these residues has been shown to further increase emissions compared with full
incorporation.
Application of inorganic fertiliser, particularly in intensive agricultural systems, can result in
extremely high N 2 0 losses. The effects of combined organic and inorganic N applications are less
clear, and the extent of any interaction between the two sources is uncertain. Our results from
temperate systems indicate an interaction between sources, rather than an additive effect, with
significantly higher N 2 0 following combined applications than would result from the sum of the
NjO from both single applications. Effects of combined applications in tropical systems are
currently being investigated using stable isotope techniques. From the selected results it is clear that
management of agricultural systems to optimise N availability needs to be coupled with
management for environmental protection if these systems are to be sustainable.
Keywords: nitrous oxide, organic matter management, nitrogen availability, agroforestry, forest
conversion
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Paper no. 933

Presentation: poster

Recycling of wastes in areca based cropping system
BHAT Ravi. SUJATHA S., KHAN H.H., SIVAKUMAR K. and ANTONY Siju
Central Plantation Crops Research Institute Regional Station, Vittal- 574 243, Karnataka, India
Continuous use of chemical fertilizers has deteriorated the soil health and made the use of
organic matter essential to restore the soil health and productivity. The availability of organic matter
is again a problem because of the increase in area under crop cultivation. Thus recycling of the
available organic wastes from the existing gardens especially in perennial crops gets more
importance. A project was initiated at the Central Plantation Crops Research Institute, Regional
Station, Vittal, India during 1999 in an existing areca garden with the objective to assess the
biomass availability and feasibility of applying them back into the system. The main crop was
arecanut and other crops in the system were cocoa, clove, coffee, banana and pepper. The areca was
planted in 1965, cocoa and clove in 1983 and the other crops in 1999. There were four treatments
viz., control (only organic matter recycling (OMR)), l/3rd of the recommended chemical fertilizer
and OMR, 2/3rd of the recommended chemical fertilizer and OMR and full chemical fertilizer and
OMR. The treatments were replicated five times. The wastes available from different crops were
collected and they were converted into compost using earthworms. The total biomass through the
waste materials from the cropping system was recorded as 9.73 t ha"1 y from areca, cocoa and
clove. When these materials were converted into compost using earthworms a recovery percentage
of 82 was obtained. The soil was analysed for organic carbon, mineralisable nitrogen, phosphorus
and potash. There was an increase in the organic carbon, phosphorus and potassium content in the
soil after the application of compost. The increase was to the extent of about 30%. Thus recycling
of the wastes available garden has improved the nutrient content of the soil. The yield of the crops
was recorded and it was found that combination of chemical and organic sources of nutrients is the
best for obtaining sustainable yield. Application of only organics did not show significant increase
in the yield. All the recorded parameters showed improvement with 2/3rd of recommended
chemical fertilizer and OMR. Thus in the present context of scarce availability of organic materials
from external sources, recycling of the available wastes from the existing gardens especially in
arecanut based cropping systems would be an important practice for sustainable agriculture.
Keywords: arecanut, cropping system, organic matter recycling, composting
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Paper no. 2017

Presentation: poster

Organic matter management through Sesbania manuring
in rice-rice cropping systems
BHUIYAM.S.U. and SALAM M.A.
Department of Agronomy, Bangladesh Agricultural University, Mymensingh, Bangladesh
The effects of Sesbania as a relay crop with aus (summer) rice and boro (winter) rice and their
incorporation on the yield of subsequent transplant aman (autumn) rice were evaluated over two
years (1999-2000). The experiments were laid out in a randomized complete block design with
four replications. In the first year two factors viz. i) Sesbania species such as S. rostrata and S.
aculeata, ii) spacing of Sesbania relayed with rice such as 25 cm x 15 cm, 50 cm x 15 cm, 75 cm x
15 cm, 100 cm x 15 cm, and control (no Sesbania) were tested. Sesbania biomass thus produced
due to relay cropping with boro rice was incorporated as green manure for transplant aman rice. In
the second year Sesbania rostrata was relayed with aus rice and after harvesting of aus rice, the
Sesbania plants were cut into pieces and incorporated into the soil and transplant aman rice was
grown in the same field. The experiment with aus rice consisted the following treatments- sowing
Sesbania seeds in between two rows of rice and also after two rows interval of rice, transplanting
Sesbania seedlings in between two rows of rice and also after two rows intervals of rice, planting
Sesbania cuttings in between two rows of rice and also after two row intervals of rice, and overall
control (no Sesbania). The results of the experiments revealed that the relay cropping of Sesbania
species, the Sesbania spacing and their interactions and also the relay cropping of Sesbania with
aus rice did not exert any negative effect on the yield of boro and aus rice, respectively. In both the
experiments the grain yield of transplant aman rice increased significantly due to incorporation of
Sesbania biomass. Soil analysis data showed that the organic matter and N contents of the soil
increased after incorporation of Sesbania.
Keywords: Sesbania, relay cropping, rice, organic matter
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Paper no. 1233

Presentation: oral

Long-term effects of organic and inorganic fertilizers use on
N availability under intensive cropping system
BRAR B.S., CHHINA H.S., RANDHAWA P.S., DHILLON N.S. and BENIPAL D.S.
Department of Soils, Punjab Agricultural University, Ludhiana- 141 004, India
A long term fertilizer experiment was initiated at Punjab Agricultural University Farm,
Ludhiana in 1971 with maize- wheat- cowpea (fodder) cropping system. The soil (Typic ustochrept)
was loamy sand in texture and tested pH 8.2 and CEC 5.1 cmol kg"1 soil. Different nutrient
combinations (NPK) were used to study their responses at 50, 100 & 150% NPK, 100% N, 100%
NP and 100% NPK+FYM (100% NPK means 320, 83 & 110 kg N, P and K per hectare to one crop
cycle and farmyard manure was applied @ 10 ton per hectare before seeding maize).
Crop yields over the years in control plots ranged from 0.35 to 0.70 t ha" for maize and 0.50 to
1.10 t ha"1 for wheat and 0.33-0.46 t ha"1 for cowpea. All crops showed marked responses to N
application and increased yield of maize, wheat and cowpea (fodder) and response over the years
ranged from 0.76 to 1.27, 1.30 to 2.45 and 0.13 to 0.43 t ha"1 for maize, wheat and cowpea (fodder),
respectively. Addition of phosphorus along with N further enhanced the yield by 0.23 to 0.90, 0.29
to 1.8 and 0.20 to 0.87 t ha"' for maize, wheat and cowpea (fodder), respectively. A further response
of 0.12 to 1.33, 0.38 to 1.11 and 0.16 to 0.95 t ha"' for maize, wheat and cowpea (fodder) was
obtained with addition of K (100% NPK). Application of FYM over 100% NPK improved yield by
0.25 to 1.27 and 0.07 to 0.63 t ha"' for maize and wheat, respectively. Fertilizer N use efficiency of
crops improved considerably with balanced NPK fertilization and was higher for wheat.
At the end of 29 cycles of crop rotation, soil organic carbon content increased significantly in
farmyard manure treated plots from its initial value of 2.0 g kg"' soil to 5.1 g kg" soil. With optimal
NPK application, there was no appreciable change over the years in the available soil N content.
However, in FYM amended plots, a marked increase in available N was recorded. There were
higher N losses at all the levels of inorganic fertilizers applied as compared to FYM treated plots.
Nitrate accumulation was appreciable with 150% NPK application as compared to 50% and 100%
NPK. The highest accumulation of N at all soil depths was observed in NP treated plots followed by
N alone. Addition of K along with NP reduced the amount of NO3-N in soil profile.
Keywords: long-term, N use efficiency, soil organic matter, nitrate accumulation
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Phosphorus in Oxisols under agroforestry and conventional
coffee systems in Brazil analysed by 31PNMR
CARDOSO Irene M. (1,2). MEER Pieter Van de (3), OENEMA Oene (1), JANSSEN Bert H.
(1) and KUYPER Thomas W. (1)
(1) Department of Environmental Science, Wageningen University, P.O. BOX 8005, 6700 EC
Wageningen, The Netherlands
(2) Department of Soil Science and Plant Nutrition, Federal University of Vicosa. CEP 36571 000,
Vicosa, Minas Gerais, Brazil
(3) Agrotechnological Research Institute (ATO), P.O. Box 17, 6700 AA Wageningen, The
Netherlands
Phosphorus (P) is the primary limiting nutrient for crop production in highly weathered tropical
soils. The deficiency is mainly caused by strong adsorption of H2PO4" to Al- and Fe- (hydr)oxides,
which turns large proportions of total P into a form that is unavailable to plants. Our hypotheses are
that agroforestry coffee systems compared to conventional coffee fields have higher ratios of 1)
organic P to total P, and 2) diester to monoester phosphates. The objective of this study is to test
these hypotheses, using 3I PNMR for the analysis of different phosphate forms. Soils from on-farm
experiments on Oxisols in Brazil were sampled at 2-3 cm, 10-15 cm and 40-60 cm. Two
agroforestry coffee systems, medium aged (AM) and old (AO), and two conventional coffee
systems, medium aged (CM) and old (CO) were compared. Based on literature and standards,
PNMR signals were interpreted as inorganic P (Pi), orthophosphate and pyrophosphate and as
organic P (Po), orthophosphate monoester (inositol phosphates and mononucleotides) and
orthophosphate diester (phospholipids, DNA, RNA and teichoic acid). The proportion of organic P
(Po) found was on average 47%. There were significant effects of system and depth on the ratio of
organic P to total P as well as a significant interaction of system and depth. The fraction of Po in the
deepest layers was higher in agroforestry systems than in the old conventional system, whereas that
of the old agroforestry system was higher than of all other systems. These results are consistent with
Hypothesis 1. The ratio of diester to monoester was on average 0.05. There were effects of systems
and depth on the ratio diester/monoester. The agroforestry fields showed a higher ratio in the
deepest layer. These results are consistent with Hypothesis 2. The work presented here is in line
with our previous work on differences between agroforestry and conventional systems coffee
growing systems. We discuss the possible contribution of mycorrhiza to the phosphorus cycle, and
conclude that the impacts of the differences in the mentioned P ratios on P cycling and efficiency of
P use by the crops need further studies.
Keywords: organic phosphorus, agroforestry, coffee, Oxisol, Brasil, on-farm experiments,
3I
PNMR
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Ammonia volatilization from pig slurry soil application
CERETTA Carlos Alberto. BASSO Claudir José , SILVEIRA Märcio José da and
PAVINATO Paulo Sergio
Agronomy, Dept. of Soil Science, Federal University of Santa Maria, 97105-900, Santa Maria, RS,
Brazil
Ammonia volatilization is one of the main causes of nitrogen loss, especially when associated
with the application of great amounts of pig slurry on soil surface. The objectives of this study were
to determine the nitrogen losses due to ammonia volatilization after surface soil application of pig
slurry in different times of the year and different hours of application. The pig slurry was spread out
over the whole soil surface in February, May, October and December. In February and December
the ammonia volatilization was evaluated at two times of application (10:00 AM and 6:00 PM). The
rates tested were 0, 20, 40 and 80 m3 ha"1 and the determinations of ammonia losses were made at 3,
6, 12, 24, 30, 36, 42, 48, 60, 72, 96, 120 and 144 hours after the slurry application, adding up to six
days of loss evaluation. The ammonia volatilization was an important phenomenon of nitrogen
losses out of total mineral nitrogen applied through pig slurry. These losses reached values from 15
to 44%, which decreased with the applied rates and increased with the increment in the amount of
nitrogen in the slurry and as the monthly average temperature increased. The application scheduling
of pig slurry didn't affect the losses of ammonia, but the results showed greater potential for losses
with the application at 6:00 PM, in comparison to the application at 10:00 AM.
Keywords: nitrogen losses, nitrogen volatilization, pig slurry, manure
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Growth and nutritional responses of corn and rice plants
on different nitrogen fertilization management
CHUNG Ren-Shih(l). WANGB Chong-Ho (2) and HUANGA Hsiou-Huei (1)
(1) Department of Agricultural Chemistry, National Taiwan University, Taipei 10617, Taiwan
(2) Department of Agricultural Chemistry, Taiwan Agricultural Research Institute Taichung,
413, Taiwan
The organic matter in the soils affects not only the supplying capacity of nitrogen (N),
phosphorus (P), potassium (K) and other nutrients in the soils, but also the sustainability of soils.
Owing to the subtropical climate, the organic matter in soils decomposes rapidly in Taiwan.
Application of organic fertilizer to cultivated land is of great concern recently. Therefore, a longterm study was set up and this was the fifth year study. The purpose of this study was to evaluate
the effects of different organic fertilizers on the supply capability of N, P, and K by comparing the
growth and N, P, and K uptake of corn and rice plants. There were three kinds of organic matter for
comparison. Seven kinds of treatment which included a no fertilizer control and a conventional
chemical fertilizer variant were set up. The three kinds of organic matter were hog dung compost,
green manure and the treatments were: 1. check (CK); 2. chemical nitrogen fertilizer plot (Chem-N);
3. compost plot (Comp); 4. compost associated with one third of nitrogen as chemical fertilizer plot
(Comp + 1/3 N); 5. compost associated with two thirds of nitrogen as chemical fertilizer plot (Comp
+ 2/3 N); 6. green manure associated with one third of nitrogen as chemical fertilizer plot (GM +
1/3 N); 7. peat associated with one third of nitrogen as chemical fertilizer plot (Peat + 1/3 N).
Whole plants were sampled at different physiological growth stages and the concentrations of N, P,
and K in different parts of plants were analyzed.
The results indicate that different treatments affected the growth and N, P, and K uptake of corn
and rice plants differently. There were no significant difference in the dry matter yields and uptake
of N, P, and K. in Chem-N and Comp + 2/3 N treatments in both of corn and rice plants at different
growth stages. This was different from that of the first year and this implied that the soil built-up its
fertility after continuous supplying of organic matter for a period of time. The yield of green
manure treated (GM + 1/3 N) corn plant was significantly lower that of Chem-N treatment.
However, there was no significant difference in the yield of rice plants between the GM + 1/3 N and
Chem-N treatments. This was probably due to the supply of nutrient especially N could not match
the requirement of corn plants during the decomposition of green manure in upland condition.
Resisting to decomposition of peat, the dry matter yields of com and rice plants treated with peat
were significant lower than the Chem-N treatment, even if built-up soil organic matter content by
application of peat for five years.
Keywords: rice, com, compost, green manure, nitrogen uptake
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Developing organic resource management options
with farmers in Eastern Uganda
DELVE Robert (1,2) and JAMA Bashir (3)
(1) Tropical Soil Biology and Fertility Programme, P.O. Box 30592, Nairobi, Kenya
(2) Centro Internacional de Agricultural Tropical, P.O. Box 6247, Kampala, Uganda
(3) International Centre for Research in Agro-forestry, P.O. Box 30677, Nairobi, Kenya
Making our research more relevant to farmers has been the challenge of the last few years as
prescriptive approaches have largely failed to increase farm level adoption of new technologies. In
Eastern Uganda a partnership led by Africa 2000 Network has been developed to target
technologies more accurately to farmers. The partners are Makerere University, NARO, ICRAF,
TSBF/CIAT, Appropriate Technology Uganda (AT), Tororo local government, Department of
Agriculture, UNFA, FOSEM, A2N, farmers, the District Agricultural Extension and the local
administration. Farmer managed on-farm demonstrations of soil fertility replenishment technologies
were used to evaluate technologies with farmers and to act as demonstration and training sites with
farmers, NGO,s and extension personnel. Result highlights are presented for the use of Tithonia and
legume cover crops. Incorporation of 50% and 100% of one season Mucuna and Canavalia fallow
biomass was assessed to look at the fallow management options. Both incorporation rates of
Mucuna and 100% incorporation of Canavalia increased grain yields by more than 200% compared
to the control. Incorporation of 100% rather than 50% of the biomass produced in the plot did not
significantly increase maize grain yields compared to the control. This would allow the farmer to
produce the biomass in one place and to apply the biomass over twice the area, i.e. to use one part
for incorporation and the other for biomass transfer or livestock feed. This is crucial where land
sizes and fallow areas are small and little area is available for non-food crop production. Tithonia
increased grain yields significantly in Kisoko sub-county only and farmers preferred to use it on
high value crops where biomass transfer amounts, and hence labour requirements, are smaller.
Farmer's ability to innovate and experiment has been enhanced. Since 1999 second season,
between 38-68 farmers have been maintained as demonstration farmers. In the same period, there
has been an exponential growth in the number of farmers adapting and adopting improved fallows:
233 in the first season of 2000, 1,120 in the first season of 2001 and 1,570 in the second season of
2001. Detailed surveys of farmer perceptions and decision making are in progress and synthesis of
research results and discussions with farmers has led to the development of a decision aid for
selection of different LCCs depending on the production objectives of the farmer.
Keywords: legume cover crops, Tithonia, organic resources, farmer participatory research,
Uganda
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Improving fertilizer efficiency in the humid tropics through
combination with organic amendments
DlELSJan (1),AIHOU Kouessi (2), IWUAFOR Emmanuel (3), LYASSE Omar(1), SANGINGA
Nteranya (1), VANLAUWE Bernard (4), DECKERS Jozef (5) and MERCKX Roel (5)
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IITA-Nigeria c/o Lambourn, Carolyn House, 26 Dingwall Road, Croydon CR9 3EE, UK
INRAB, BP 884, Cotonou, Benin
IAR, Ahmadu Bello University, PMB 1044, Zaria, Nigeria
TSBF, UNESCO-Gigiri, PO Box 30597, Nairobi, Kenya
KU Leuven, Kasteelpark Arenberg 20, 3001 Heverlee, Belgium

Low fertilizer efficiency constitutes one of the impediments to sustainable intensification in
sub-Saharan Africa, and a crucial question is whether and how organic amendments can improve
the use efficiency of mineral fertilizers in humid tropical environments. In this study we looked for
evidence of interactions between or 'added benefits' from combining organic amendments and
mineral fertilizer, both in the short and the long term.
A 2-year field trial was conducted in 24 farmers' fields in southern Benin (8 months growing
period) and 24 farmers' fields in northern Nigeria (6 months growing period) to evaluate the effect
of a combined application of urea and an organic source of N on maize yields. The combined
application (half the N as organic matter, half as urea) was compared to an application of the same
quantity of N as urea only or organic matter only. In both locations, yields in the 'combination'
treatment were not statistically different from the 'urea only' treatment in the first year. This
confirms the role organic amendments can play as a source of nutrients (saved nutrients or
biologically fixed N) to supplement the fertilizer-N in situations were farmers could not afford to
buy the recommended fertilizer quantities. While no interaction (positive or negative) between the
two N-sources was observed during the first year, added benefits in the order of 300-400 kg maize
grain ha"1 were observed during the second year at both locations. Based on an analysis of data on
N, P and K uptake by the maize crop, and on an analysis of correlation between observed crop
responses and field characteristics across the fields, possible mechanisms leading to the observed
interactions on the short term are discussed.
Repeated organic amendments could also improve fertilizer use efficiency in the longer term by
building up soil organic carbon (SOC), thus improving the soil's capacity to store water and
nutrients and to buffer against pH changes. On-farm data from southern Benin indicate that some
intensive cropping systems (maize/'Cajanus and maize/Mwcwna relays; maize/cotton with Senna
siamea hedgrerows) return about 12 Mg dry matter ha"1 y , which is 4 Mg ha"' y"1 more than the
current cropping systems practiced. Based on calculations with the Rothamsted carbon model, this
extra biomass translates into an increase in the topsoil carbon content by 0.33% C after 20 years.
This SOC gain was translated into increases in CEC, pH buffer capacity and available-water (AW).
This indicated that the achievable increases in AW are small (about 1 mm) and negligible compared
to the AW of the entire root zone. It also indicated that the effort it takes to build-up SOC in order
to raise the CEC and pH buffering capacity can only be justified in a limited number of soils where
the mineral fraction of the topsoil provides very little buffering (e.g. Arenosols). In such soils, SOC
buildup could well improve the efficiency of fertilizers, e.g., by minimizing NH3 volatilization
losses through improved pH buffering, but it is to date neither sufficiently proven nor quantified.
Keywords: organic amendments, fertilizer use efficiency, organic-inorganic interactions, soil
organic matter
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Influence of organic nutrients on soil quality in
variable-charge soils, Pohnpei, Micronesia
GILES Philip (1), GAVENDA Robert (2) and FRANKS Carol (3)
(1) United States Department of Agriculture, Natural Resources Conservation Service, Box 206,
Holonia, Pohnpei, Federated States of Micronesia 96941, USA
(2) United States Department of Agriculture, Natural Resources Conservation Service, FHB
Building, Suite 301, 400 Route 8, Mongmong, Guam 96910, USA
(3) United States Department of Agriculture, Natural Resources Conservation Service, 100
Centennial Mall North, Lincoln, Nebraska 68508, USA
Variable-charge soils of the humid tropics are frequently infertile in the extreme. In addition to
low nutrient status, highly weathered subsoils may present physical and chemical barriers to roots.
Limited resource farmers do not have the means to apply synthetic fertilizers but must maintain soil
fertility through management of organic inputs. This work investigates differences in soil quality
properties in highly weathered variable-charge soils as a result of additions of organic nutrients.
Study plots are located on the Island of Pohnpei, Federated States of Micronesia, which is
about 7° N latitude and 159° E longitude. The climate is tropical with about 5,000 mm annual
rainfall and an average annual air temperature of 27°C Comparisons from six study sites on soils
classified as Typic Acrorthox are included in this study. Organic nutrients (liquids and solids) from
subsistence scale piggeries are applied to bananas and other crops on one agroforestry plot on each
soil type. Comparison plots are in degraded savanna, forest and in conventional tillage
monocropped plots. The agroforestry demonstration plots are uncontrolled experiments; the farmers
control the amount and timing of manure application. Analyses from soil quality parameters such as
pH, extractable nutrients, soil respiration, cation exchange capacity, total carbon, infiltration and
bulk density are presented. Comparisons in soil quality parameters are made between the
agroforestry plots and the savanna, forest and monocrop plots.
In highly weathered, nutrient-poor soils, nominal additions of manure can make substantial
improvements in crop yields. The low-tech approach to manure management employed in this study
will presumably translate to higher yields. Initial visual results show dramatic differences in banana
growth between the agroforestry and monocrop plots.
Keywords: variable charge, organic nutrients, soil fertility, soil quality, limited-resource farmers
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Integrated use of inorganic and organic fertilizers in
Wheat-T.aus-T.aman rice cropping pattern for
sustained crop production
HAOUE M.O. (1), RAHMAN M.H. (1), BEGUM Rokeya (1) and ISLAM M.F. (2)
(1) Soil Science Division, Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh,
Bangladesh
(2) DAE, Khamarbari, Farmgagte, Dhaka-1215, Bangladesh
A field experiment was conducted on a Non calcareous Grey Floodplain soil (Aerie
Haplaquept) in three consecutive years during 1997 to 2000 to study the effect of different
combinations of inorganic and organic fertilizers on crop yields in the wheat-T.aus-T.aman
cropping pattern. Both grain and straw yields of the crops were significantly influenced by the
treatments. The highest grain yield of wheat 3.25 t ha"1 (average of three years) was obtained in the
treatment T4 (N120, P25, Kgo, S27, Zn5 and Bi kg ha"1). The treatment T3 (N8o, P17, K40, S,2 and Zni kg ha"1
+ cowdung 5 t ha"1), gave higher grain yield compared to T2 (N«o, P17, K40, S12 and Zni kg ha"'). In
T.aus rice (Var. BR-26) the highest grain yield of 4.35 t ha"1 was recorded in treatment T5.] (N90,
Pi6, K.50 and S10 kg ha"1 along with residual effect of cowdung 5t ha"1 applied in wheat crop) which
was statistically identical with T4.1 (4.55 t ha"1) and T5.2 (4.50 t ha"1). In T.aman rice (Var. BRRI
Dhan 32) the highest grain yield of 4.76 t ha"1 was obtained in T4.1 (N70, P9, K.50 and SJJ kg ha"1).
The N, P, K. and S uptake by grain and straw of wheat, T.aus and T.aman were also influenced by
the different treatments. The average nutrient removal by wheat -T.aus-T.aman cropping pattern
was found to follow the order of K>N>P>S. The status of soil pH, organic matter, total N, available
P, IC and S were assessed after completion of three cycles of the crops. No substantial changes in
soil nutrient status occurred for use of varying fertilizer packages along with cowdung. Economics
of fertilizer uses for three years cropping cycle demonstrated that the highest net benefit of US $
1607 ha"1 was obtained in T4.1 followed by US $ 1572 ha"' and US $ 1549 ha' in T43 and T42
treatments, respectively.
Keywords: integrated, inorganic, organic, sustained, crop and production
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Macronutrient concentrations and contents in sorghum fodder
as affected by nitrogen fertilization and irrigation intervals
HUSSEIN M.M.(l), SALEH A.L. (2), ABD EL-KADER A.A. (2) and AHMED ABO-ELLIELL A.A.
(1) Botany Dept. NCR, Dokki, Cairo, Egypt
(2) Soil and Water Use Dept. NCR, Dokki, Cairo, Egypt
Two field experiments were conducted in the Agriculture Experimental Station of the National
Research Center in Shalakan, Kaloubia Governorate during 1999 and 2000 summer seasons to
evaluate the effect of different doses of nitrogen fertilization (0, 20, 40, 60 and 80 kg fed" ) and
different irrigation frequencies (7, 10, 13 and 16 days) on macro-nutrients concentration and
contents in leaves and steams of sorghum for fodder.
In the first cut, N and Na% were more in plants irrigated every 13 days while K and Ca %
decreased by intervals more than 7 days. P% showed the lowest values by 13 days intervals and
tended to increase by narrowing or widening the irrigation intervals. In the second cut, irrigation
every 13 days showed the highest percentages of N, P, K, and Ca but, the highest Na % and the
lowest P, K, N and Ca % were by 10 days irrigation intervals. K content was higher in plants of the
Is' and 2 nd cuts by 16 days intervals. N, K, Ca, Na contents decreased by increased irrigation
intervals than 13 days.
The concentration as well as content of different macro-nutrient, generally increased as the N
fertilizer rate increased up to the highest level used (80 kg fed"1).
Keywords: irrigation, nitrogen, fertilization, sorghum, macro-nutrients
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Kinetics of oxyflourfen in soils
JAYAKUMAR Raiannan
Radio Isotope (Tracer) Laboratory, Department of Soil Science and Agricultural Chemistry, Tamil
Nadu Agricultural University, Coimbatore, 641 003, Tamil Nadu, India
Experiments under laboratory conditions were conducted to study the kinetics of oxyfluorfen in
soils. Soil samples were collected from different locations of Tamil Nadu comprising two alluvial,
black and red soils. The adsorption and desorption studies were conducted by treating 20, 30, 60,
80 and 100 mg kg"1 of oxyfluorfen and the oxyfluorfen in equilibrium solution was analysed using
Gas Chromatography. The desorption was done by 0.0IM CaCh- The highest adsorption was seen
in black soils followed by alluvial soils. The red soils registered the lowest desorption of
oxyfluorfen while the desorption was the highest (62.4 and 69.0 percent) in red soils. The lowest
desorption was noticed in black soils indicating its high absorbability. The movement of
oxyfluorfen in different soils was studied using a detachable glass column. The saturated soil
sample was treated with 10 mg kg"1 of oxyfluorfen and leached with 250 ml of water. The soil
samples at 0-10 cm, 10-20 cm and 20-30 cm depth and leachates were analysed for oxyfluorfen
using Gas Chromatography equipped with an Electron Capture Detector. The results revealed that
oxyfluorfen was retained to the extent of 67.9 percent in the top 0-10 cm layer in black soil, which
was lesser in red soils (15.3 percent). The movement in lower layers was low in black soils and
below detectable levels in leachates. In red soils the oxyfluorfen could move fast and nearly 34.2
percent was seen in 20-30 cm layers and 32.8 percent was seen in leachate. The degradation and
persistence was evaluated by treating 50 g soil in a glass container with 10 mg kg"1 of oxyfluorfen
and incubated at 25 ± 1°C at field capacity moisture level. The soil samples were analysed at 10
day intervals up to 90 days and the half lives of oxyfluorfen in different soils were worked out. The
persistence up to 70 days was seen in black soils with a half life of 16.54 days followed by alluvial
soils up to 60 days and red soils up to 50 days indicating the highest persistence in black soils.
Keywords: oxyfluorfen, adsorption, desorption, movement, degradation, persistence, half life
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Performance of Zea Mays grown under short term duration
fallow systems
RUTUNGA V. (1), KARANJA N.K. (1), GACHENE C.K.K. (1) and PALM C. (2)
(1) University of Nairobi, Department of Soil Science, P.O. Box 29053, Nairobi, Kenya
(2) Tropical Soil Biology and Fertility Programme c/o UNESCO ROSTA, P.O. Box 30592,
Nairobi, Kenya
Application of biomass into the soil can improve crop production but this organic input is often
insufficient in quantity and quality. Tephrosia vogelii Hook F.and Tithonia diversifolia (Hemsley)
A. Gray are fast growing shrubs and produce large amount of high quality biomass during one to
three years fallow period. This period is still too long for farmers with small farms (0.5-2.0 ha) as
is the case in Western Kenya. The current study assesses the potential of the two shrubs for
producing sufficient biomass during a six-month fallow period and the effect of such fallows for
increasing maize productivity. Two fallows alternating with two maize crops were then planted and
their performance (biomass, nutrients, grains yield) recorded. The two shrubs produced more than
9 Mg of total biomass and accumulated more than 150 kg N and less than 15 kg P ha"1, and this
were significantly higher compared to the production in the natural fallow. Fallow aboveground
biomass incorporated in situ or transferred and incorporated in the continuously cropped plot had a
positive effect on maize yield (yield increase of about 2.5 times compared to the control).
Supplementation of inorganic P at a rate of 20 kg P ha' increased the yield maize by about 40%.
The effect of these inputs was declined over the seasons following the biomass application. The
productivity in the plots where aboveground biomass was removed was low for the subsequent
fallow and maize crops compared to that of plots where biomass was incorporated.
Keywords: biomass, improved fallows, Tithonia diversifolia, Tephrosia vogelii
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Characterization of crop residue quality in relation to
their decomposition and nutrient release
KUMAR Kuldip and ROSEN Carl
Department of Soil, Water and Climate, University of Minnesota, Saint Paul, MN 55108, USA
In the last few decades a lot of effort has been devoted to quantify the crop residue quality
based on their biochemical composition. Nitrogen concentration, lignin concentration, polyphenol
concentration, C-to-N ratio, lignin-to-N ratio, Lignin+polyphenol-N ratio and other similar indices
have been proposed and used to predict the decomposition of crop residues and the nutrient release.
Although general trends have been observed, no unique relationship has been developed. This has
been attributed to (i) lack of appropriate methods for proximate analysis of lignins and polyphenols,
(ii) variation of polyphenol concentration and characteristics with the varying age of plants used in
different studies, (iii) variation in methods used for determining decomposition rates, and (iv)
variation in composition of same plant species at different sites and different plant parts. No
attention has been paid towards the genetic make-up of plants. Recent advances in molecular
biology and biotechnology has provided some information on the different type of genetic structure
of some plants. For example, wound-inducible proteinase inhibitors have been clearly shown to be
involved in plant defense and some plants have these inhibitors naturally present in them. Recently
protease inhibitor genes have also been incorporated into transgenic plants and also some toxin
producing transgenic plants have been produced, for example, Bt corn, Bt Cotton etc. (these plants
have Bacillus thuringiensis insecticidal protein). The presence of these or similar genes may
modify the structure of plants and when plants mature may affect the decomposition and nutrient
release from their residues. In this paper we would discuss the role of genetic make-up, natural or
modified by genetic engineering, on the decomposition of crop residues and nutrient release.
Keywords: residue quality, transgenic plants, residue decomposition, nutrient release
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Slash-and-char: a feasible alternative for soil fertility
management in the Central Amazon?
LEHMANN Johannes (1), DA SILVA Jose Pereira Jr. (2), RONDON Marco (1),
CRAVO Manoel da Silva (3), GREENWOOD Jacqueline (1), NEHLS Thomas (4),
STEINER Christoph (4) and GLASER Bruno (4)
(1) College of Agriculture and Life Sciences, Department of Crop and Soil Sciences, Cornell
University, Ithaca, NY 14853, USA
(2) Embrapa Amazonia Ocidental, 69011-970 Manaus, Brazil
(3) Embrapa Amazonia Oriental, Belem, Brazil
(4) Institute of Soil Science, University of Bayreuth, 95440 Bayreuth, Germany
The application of charcoal to nutrient-poor upland soils of the central Amazon was tested in
lysimeter studies in comparison to unamended control to evaluate the effects of charcoal on plant
nutrition and nutrient leaching. Testing the application of charred organic matter was stimulated by
the fact that anthropogenic soils in the Amazon (so-called "Terra Preta") with high soil organic
matter contents contain large amounts of pyrogenic carbon. These soils also show high cation
exchange capacity and nutrient availability. Charcoal additions significantly increased biomass
production of a rice crop in comparison to a control on a Xanthic Ferralsol. This increase was
largely an effect of improved P, K, and possibly Cu nutrition, whereas N and Mg uptake decreased
in charcoal amended soils. In order to improve crop growth, fertilizer applications of N, S, Ca, and
Mg may be necessary in addition to charcoal for optimizing rice growth. Combined application of
N with charcoal resulted in a higher N uptake than what would have been expected from sole
fertilizer or charcoal applications. The reason is a higher nutrient retention of applied ammonium by
the charcoal amended soils. Charcoal applications therefore acted in two ways, first as a direct
fertilizer and secondly as an adsorber which retained N. The amount of charcoal which can be
produced from forest biomass is significant and corresponds to charcoal amounts needed for
effectively improving crop growth. The slash-and-char technique is an alternative to burning of the
above ground biomass and only the biomass from the same cropping area will be used for charring.
Field trials need to be conducted to investigate the efficiency of charcoal production and
applications under field conditions.
Keywords: Amazon, humid tropics, Ferralsols, leaching, nutrient cycling, slash-and-burn
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Organic matter dynamics in the wet tropics
under different sugarcane residue management regimes
MEIER Elizabeth (1.2), THORBURN Peter (1), WEGENER Malcolm (2) and BASFORD
Kaye (2)
(1) CSIRO Sustainable Ecosystems and Cooperative Research Centre for Sustainable Sugar
Production, 120 Meiers Rd, Indooroopilly Qld 4068, Australia
(2) The University of Queensland, Brisbane Qld 4072, Australia
Retention of sugarcane leaves and tops on the soil surface after harvesting has almost
completely replaced pre- and post-harvest burning of crop residues in the Australian sugar industry.
Since its introduction around 25 years ago, residue retention has increased soil organic matter to
improve soil fertility as well as improve harvest flexibility and reduce erosion. However, in the wet
tropics residue retention also poses potential problems of prolonged waterlogging, and late-season
release of nitrogen which can reduce sugar content of the crop.
The objective of this project is to examine the management of sugarcane residues in the wet
tropics using a systems approach. Subsidiary objectives are (a) to improve understanding of
nitrogen cycling in Australian sugarcane soils in the wet tropics, and (b) to identify ways to manage
crop residues to retain their advantages and limit their disadvantages.
Project objectives will be addressed using several approaches. Historic farm production data
recorded by sugar mills in the wet tropics will be analysed to determine the effect of residue
burning or retention on crop yield and sugar content. The impact of climate on soil processes will
be highlighed by development of an index of nitrogen mineralisation using the Agricultural
Production Systems Simulator (APSIM) model.
Increased understanding of nitrogen cycling in Australian sugarcane soils and management of
crop residues will be gained through a field experiment recently established in the Australian wet
tropics. From this experiment the decomposition and nitrogen dynamics of residues placed on the
soil surface and incorporated will be compared. The effect of differences in temperature, soil water
content and pH will be further examined on these soils under glasshouse conditions.
Preliminary results show a high ammonium to nitrate ratio in tropics soils, which may be due to
low rates of nitrification that increase the retention of nitrogen in a form (ammonium) that is less
subject to leaching. Further results will be presented at Congress.
Keywords: mineralisation, nitrogen, sugar, trash blanket, nitrification
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Effect of locally available organic manure on maize yield
in Guinea, West Africa
MENTLERA. (1), PARTAJ T. (1), STRAUSS P. (3), SOUMAH M. (2) and BLUM W.E. (1)
(1) Institute for Soil Science, University of Agricultural Sciences, Gregor Mendelstrasse 33, A1180 Vienna, Austria
(2) Service National des Sols (SENASOL), Conakry, Guinea
(3) Institute for Land and Water Management Research, Federal Agency for Water Management,
Petzenkirchen, Austria
Effects of two locally available organic fertilizers (bat guano and chicken manure) and
conventional mineral fertilizer on yields of maize in low input agriculture were compared on two
test sites in the Lower Guinea region of Guinea, West Africa. The climatic conditions in the
experimental area are characterized by one rainy season (April until October) and annual rainfall
ranging from 3,000 mm to 4,000 mm, with a maximum in July and August. Soils on the two sites
were classified as Plinthosol and Ferralsol on one site and as Fluvisol on the other site (FAO). On
the two test sites the treatments were: 1) bat guano, 2) chicken manure, 3) mineral fertilizer, 4) bat
guano plus mineral fertilizer, 5) chicken manure plus mineral fertilizer, 6) treatment without
fertilizer application (control plot), with six repetitions. Results of the first experimental year show
that both organic fertilizers resulted as apt or even better alternatives compared with conventional
fertilizers. Currently recommended rates of mineral fertilizer application are too low according to
the study results. Grain yield and biomass production of maize on plots where treatments included
organic manure were raised significantly compared with the control plot.
Keywords: guinea, West Africa, organic fertilizers, biomass production of maize
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Dynamics of charge bearing soil organic matter fractions
in highly weathered soils
OORTS Koen (1), MERCKX Roel (1), VANLAUWE Bernard (2), SANGINGA Nteranya (3)
andDIELSJan(3)
(1) K.U.Leuven, Dept of Land Management, Kasteelpark Arenberg 20, 3001 Heverlee, Belgium
(2) Tropical Soil Biology and Fertility Program, Unesco-Gigiri, P.O. Box 30597, Nairobi, Kenya
(3) International Institute of Tropical Agriculture, c/o Carolyn House, 26 Dingwall Road,
Croydon CR9 3EE, UK
Soil organic matter contributes significantly to cation exchange capacity, especially in highly
weathered soils, where it can account for up to 90% of the total CEC of the topsoil. To determine
how different amounts and qualities of plant residues affect the development of charge in these
soils, we set out to (i) determine the effects of litter quality on the development of charge in soil and
in its size separates and to (ii) determine the dynamics of this phenomenon in the field. For (i) we
relied on a 20-year old arboretum where we collected soil samples under seven multipurpose tree
species: Afzelia africana, Dactyladenia barleri, Gliricidia sepium, Gmelina arborea, Leucaena
leucocephala, Pterocarpus santalinoides, and Treculia africana.
For (ii) we installed
decomposition tubes in the field with six treatments (control and Afzelia, Dactyladenia, Gmelina,
1
Leucaena and Treculia at 15 Mg dry matter ha" ) and followed the development of charge in the top
10 cm over a period of two years.
Samples from both experiments were dispersed by ultrasound and then physically fractionated
by wet sieving and sedimentation. CEC measurements were made at 6 different pH values between
7.5 and 2.5 with the silver-thiourea method.
In the arboretum samples, carbon contents and CEC at in situ pH ranged between 7.16 and
13.62 g C kg"1 soil and between 2.8 and 6.5 cmolc kg"1 soil respectively. The clay and fine silt
fractions were responsible for 76 to 90% of the soil CEC at pH 5.8. The contribution of the fine silt
fraction to this CEC ranged from 35% to 50%. After 20 years, the fine silt reflected the treatment
differences most clearly (Carbon: 34.1 - 65.8 g C kg"' fraction and CEC: 16 - 36 cmolc kg"1 fraction
at pH 6). The clay fraction seemed to be unaffected by the different organic inputs as it did not
show clear differences in carbon content and CEC between treatments. Carbon content and pH
together explained more than 85% of the variation in CEC for the whole soil and the fractions.
Differences in CEC between treatments could, as a consequence, be explained by the differences in
carbon content. In total, SOM was responsible for 75 to 85% of the CEC of these soils.
The decomposition tube experiment revealed that after 23 months total soil carbon contents
ranged between 3.8 and 5.3 g C kg"1 soil while CEC values at pH 5 (=average pH) ranged between
1.9 and 2.5 cmolc kg"1 soil. Fine silt carbon contents ranged between 18.3 and 26.5 g C kg"1 fine
silt and CEC values at pH 5 varied between 5.3 and 8.9 cmolc kg"1 fine silt. Fine silt fractions again
reflected the differences between the treatments most clearly, indicating that the lowest quality
residues such as Treculia and Dactyladenia resulted in the largest CEC values and the largest
carbon contents.
While the results from the first experiment confirm a role of low quality residues in the buildup of charge in weathered soils after 20 years, the second experiment indicates that even a single
addition of these residues enhances charge characteristics significantly and for a significant length
of time.
Keywords: soil organic matter, charge characteristics, CEC, weathered soils, multi-purpose trees
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Multiplication of Azolla simultaneously with Br14 rice
in boro season for using as biofertilizer
MIAN M.H., RAKIB A.T.M. and ISLAM M.R.
Department of Soil Science, Bangladesh Agricultural University, Mymensingh 2202, Bangladesh
A field experiment was conducted on silt loam soil of Bangladesh Agricultural University
farm, Mymensingh in the Boro season (February to June) of 1998 to grow Azolla together with
BR 14 rice for incorporation as biofertilizer in order to reduce the use of urea fertilizer. Inoculation of
0.2 kg m"2 Azolla inoculum at 7 DAT produced 16.4-16.8 t ha"1 biomass within 27 DAT containing
35.7-36.7 kg N ha'1 whereas inoculation of 0.1 kg m'2 Azolla produced 13.3-13.5 t ha'1 biomass
containing 29.1-29.4 kg N ha'1 during the same period. The highest grain yield of 4.74 t ha"1 with
the highest total (grain + straw) uptake of 81.4 kg N ha"1, 20.5 kg P ha"1 and 10.5 kg S ha"1 were
recorded for incorporation of 16.4 t ha'1 biomass of Azolla (grown from 0.2 kg m" inoculum) at 27
DAT plus application of 50 kg N ha'1 in three splits (at 15, 45 & 60 DAT) compared to 4.13 t ha"1
grain yield containing a total uptake of 69.0 kg N ha"1, 16.5 kg P ha"1 and 7.50 kg S ha"1 (grain +
straw) respectively, obtained due to the application of 100 kg N ha"1 as urea (the recommended
dose). However, statistically there was no significant difference between these two treatments. The
use of 0.2 kg m"2 inoculum was found better than that of 0.1 kg m"2 inoculum. Incorporation of
Azolla biomass grown from 0.2 kg m'2 inoculum and 50 kg N ha" as urea might be a good practice
in reducing the use of costly urea fertilizer by about 50%. Incorporation of Azolla biomass slightly
increased organic matter contents (from 1.827-1.831% at harvest in place of 1.812%) in soils.
Keywords: Azolla, rice biofertilizer, urea
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Organic resource management in sub-Saharan Africa:
validation of a residue quality-driven decision support system
VANLAUWE Bernard (1), PALM Cheryl A. (1), MURWIRA Herbert K. (2), MERCKX Roel
(3) and DELVE Rob (1)
(1) Tropical Soil Biology and Fertility programme, Gigiri, P.O. Box 30592, Nairobi, Kenya
(2) Tropical Soil Biology and Fertility programme, P.O. Box MP228 Mt.Pleasant, Harare,
Zimbabwe
(3) Laboratory of Soil Fertility and Soil Biology, Faculty of Agricultural and Applied Biological
Sciences, Kasteelpark Arenberg 20, 3001 Heverlee, Belgium
While agricultural production has depended for ages on organic resources, their management
has only been recently subject to scientific hypothesis testing. A conceptual Decision Support
System (DSS) for organic N management was developed based on information on residue quality N mineralization relationships extracted from the Organic Resource Database (ORD). The DSS
makes recommendations for appropriate use of organic resources, based on their quality as
determined by their N, polyphenol, and lignin contents. The current paper aims at validating the
DSS using data obtained under field conditions in West, East, and southern Africa, using biomass
transfer cropping systems with maize as a test crop. The percentage fertilizer equivalency (%FE)
values of the organic resources increased linearly with their N content above a minimum of 2.3% N.
For organic resources with high polyphenol contents, the slope of the regression tended to decrease
and the critical N content to observe yield increases above the unamended control was 2.8%. For
manures, no clear relationship between their %FE and quality, as assessed using similar criteria as
for plant materials, was observed. In the DSS, medium to low quality materials are recommended to
be applied in combination with mineral N. Several cases are discussed in which added benefits as a
result of positive interactions between the organic resources and mineral N were generated and
attempts are made to identify the mechanisms causing these benefits. Finally, thought is given on
the information needed to turn the DSS from a concept into a useful soil management tool and on
the form such a tool could take.
Keywords: farmyard manure, fertilizer, organic-mineral interactions, organic resource database,
percentage fertilizer equivalency values, plant materials, residual effects
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Effect of green manure crops intercropping with
corn on Korat soil series
NAKAPRAVES Pracha. PIRIYAPRIN Singjeaw and PATSARAYEANGYONG Touchamon
Organic Matter and Waste Products Sub-division, Soil and Water Conservation Division, Land
Development Depertment, Chatuchak, Bangkok 10900, Thailand
This experiment was done on the Korat series starting in July, 1995 to September, 1997 at the
experimental area of Agricultural Development Research Center in Northeast, Amphoe
Kaosuankwang, Khon Kaen Province. The Randomized Completed Block Design was used
comprising of 7 treatments and 4 replications which were 1) Control, 2) Application of chemical
fertilizer (15-15-15) at the rate of 50 kg rai"' (1 ha = 6.25 rai) for the maize, 3) Crotalaria juncea
growing between the maize rows, 4) Sesbania cannabina growing between the maize rows, 5)
Sesbania rostrata growing between the maize rows, 6) Vigna spp. Growing between the maize rows
and 7) Canavalia ensiformis growing between the maize rows. All kinds of intercropping plant
were grown after 7 days of maize growing. The chemical fertilizer application was applied 2 times,
starting with 25 kg rai"1 as a basal and the remainder adding after 4 weeks of corn growing. The
experimental result was obtained that Vigna spp. gave highest biomass, 1,200 kg rai" in the first
year and 1,124.15 kg rai"1 in the second year, before ploughing in the soil. Consequently, the highly
out come of Suwan 3 corn yield was 337.43 kg rai"1 and 388.42 kg rai"' in the first and second year
respectively. Nevertheless, soil improvement by incorporation 5 green manure crops could increase
in average of organic matter in Korat series from 0.55% to 0.60% and 0.77% in the 1st and 2 nd year
respectively. Moreover, those green manure crops had the capability to adjust soil pH from 4.80 to
5.67 and 6.41 in 2 years of experiment. Besides, that amount of soil macro and micro elements, N,
P, K, Ca, Mg, S had tendency to raise when the experimental had ended. However, when the
economic return was considered, growing maize with Vigna spp. as an intercropping could make
the best of net profit which was 340.58 baht rai"1 in the frist year and 620.81 baht rai'1 in the second
year. So, the application of Vigna spp. as an intercropping between corn rows was suitability more
than the others in the Korat series.
Keywords: green manure, intercropping, corn, organic matter, macro and micro elements
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Management of organic matter under cassava cultivation
in Northeast Thailand
NAKV1ROJ Chumpol (1) PAISANCHAROEN Kobkiet (1), and MATSUMOTO Naruo (2)
(1) Soil Science Division, Department of Agriculture, Thailand
(2) Japan International Research Center for Agricultural Sciences, Japan
Upland soils in Northeast Thailand, are sandy and have low fertility. Cassava is a staple crop
and has a tolerance to drought and poor soil fertility, but its production is low and unstable when
land is continuous planting in long time. To increase and be stable root production, improvement of
soil fertility by organic matter application is one of effective measures.
The experiment has been conducted on Fine-loamy, siliceous isohyperthermic Oxic Paleustults
(Yasothon soil series) at Khon Kaen Field Crops Research Center (KKFCRC) for 25 years.
Treatment consists of 1) control; without chemical fertilizer and organic matter application,
2) incorporation of cassava residue without chemical fertilizer (CR), 3) 50-50-50 kg N-P2O5-K2O
ha"1 (NPK), 4) NPK+Compost 12.5 t ha"1 and 5) NPK+CR
The result in 24' year showed that cassava root yield ion Tr. 2, Tr. 3, Tr. 4 and Tr. 5 increased
7.9, 33.2, 83.4 and 104 percent respectively compared to the control. In addition, they had able to
maintained organic matter in soil from 11.1 to 88.7% better than the control.
Keywords: organic matter, fertilizer, cassava, Northeast Thailand
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Effects of successive rotations of Eucalyptus on tree growth
and soil nitrogen mineralization in Congo
NZILAJeandeDieu(l), LACLAU Jean-Paul (2), BOUILLET Jean-Pierre (2) and
RANGER Jacques (3)
(1) UR2PI, BP 1291, Pointe-Noire, Congo
(2) UR2PI/CIRAD-Forèt, BP 1291, Pointe-Noire, Congo
(3) INRA, Centre de Nancy, 54280 Champenoux, France
About 42 000 ha of clonal Eucalyptus plantations have been established since 1978 on coastal
savannas of the Congo. A short rotation silviculture is carried out in these plantations with high
inputs (fertilization, weeding) and harvests every 7 years. Although soils are Ferralic Arenosols
with very low reserves of total N and exchangeable cations, the MAI is around 15 m3 ha"1 y"1
under-bark. Field trials point out that nitrogen is the main factor limiting the growth of eucalypt
plantations and that inputs of N by fertilization have to increase over successive rotations.
The in-situ mineralization of N was studied in 3 sites located in a 500 m radius, on a plateau: a
native savanna, a planted crop of eucalypt at the end of the rotation (age 7-8 years), and a
replantation of the same clone of eucalypt after 1 rotation. An experimental design was set up in
the replanted site to quantify the impact of the slash management on the soil properties and the
growth of the stand. The treatments were: R, all above-ground organic residues removed from the
plot; SH, stemwood only removed and DS, double slash treatment. A classical methodology of
incubation in soil cores gave an index of N mineralization, useful to compare situations. Soil cores
were contained in situ in 12 PVC tubes with anionic or cationic resins at the bottom. Soil was
incubated (ca 14 days), sequentially sampled and mineral N measured. The experiment lasted one
year in the savanna and the planted crop, and 2 years in the replanted site.
The annual production of mineral N in the top soil (0-13 cm layer) of the savanna and the
planted crop was 21 and 33 kg ha"1 y"' respectively. The rate of net nitrification was much lower in
the savanna than in the eucalypt stands (5% vs > 77%). This low rate of nitrification in the savanna
might be a result of an inhibition by the species Loudetia arundinacea of the micro-organisms
responsible for nitrification. Planting eucalypts might remove this inhibition. In the replanted site,
between Ages 7 and 30 months, the production of soil inorganic nitrogen was 49 kg ha"' y , 46
kg ha"1 y ' , and 56 kg ha"1 y"1 for R, SH, and DS respectively. The low impact of slash management
on N mineralization during the first years after logging might be a result of the relatively high
fertility of the site. The accumulation of N in the biomass of trees at Age 1 year ranged from 50 (R)
to 62 (DS) kg ha"1 y ' . The high rates of nitrification in Eucalyptus plantations indicate strong risks
of nitrogen leaching in the early development stage when trees are not able to take up all the
nitrogen produced.
Keywords: Eucalyptus, nitrogen, mineralization, in-situ studies, sandy soils, Congo
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On the use of conditioned water hyacinth residue
for soil fertility improvement in Nigeria
MBAGWU Joe S.C. and OGUIKE Paul C.
Department of Soil Science, University of Nigeria, Nsukka, Nigeria
Water hyacinth (Eichnornia crassipes) (WH) is an obnoxious, aquatic weed that is ubiquitous
in the coastal waters of Nigeria where it causes persistent environmental problems. Many efforts
have been made, albeit unsuccessfully, to control or irradicate it. However, its ability to produce
large biomass in a short time interval could be utilised beneficially to explore its usefulness as a
biofertiliser. Such investigation is rare in Africa but in Asia it has been reported to improve crop
yield through enhanced soil nutrient status. This green house study had the objective to characterise
WH residue chemically to assess its potential for enhancing the fertility status of a degraded tropical
Ultisol and improving the growth and yield of maize on WH/soil mixtures. It is hoped that this
study will provide a sound basis for field trials using WH residue to solve problems of agricultural
sustainability as well as waste disposal in Nigeria, thereby negating its present environmental
impact.
This study was carried out with two texturally contrasting soils in Nigeria, a clayey Entisol
(Lithic Usorthent, Si) and a sandy Ultisol (Typic Kandiustult, S2). Two samples (0-20 cm) were
collected from the Ap horizons of the soils at the University of Nigeria, Nsukka, Teaching and
Research farm (06° 52'N, 07°24'E), air-dried and passed through a 2 mm sieve to obtain the fineearth fraction. The WH residue was collected from a ditch in the coastal area of Lagos. The
conditioners used were rice-mill waste (RW), poultry manure (PM) and inorganic fertiliser (F). The
treatments, arranged in a split-plot in a Randomised Complete Block Design, consisted of the two
soil (Si and S2) as the main plots and control (C) , N-P-K-Mg at 240, 60, 240 and 80 kg ha"1 (F),
WH, (201 h a ' ) , WHi+F, WH2 (401 h a ' ) WH 2 +F, WH,+RW,, WH,+PD, and WH,+RW 0 5+PD0.5 as
the sub-plot treatments. All amendments were mixed thoroughly with the soils and incubated for 10
days before planting 8 maize grains which were thinned down to 3/pot 7 days after germination.
The second maize planting followed after harvesting the first cropping to ascertain the residual
effects of the WH residue on the soil chemical properties and maize yield.
From the results the exchangeable cations, CEC, OC, total N, available P and pH increased in
the WH-amended soils relative to the control. The performance of the residues was better on the
more fertile Si than S 2 and is a reflection of the enhanced nutrient status on this Si due to the
amendments. Even though maize germination percentage on these soils was statistically the same,
maize height and dry matter yield were better on Si than S2 during the first planting but the same
during the second planting. The residual effect of this residue was better on the less fertile S2 than
Si. Conditioning WH with RW or PM benefited Si more than S2 and shows that the potential of this
residue as a biofertiliser is soil-dependent.
Keywords: water hyacinth residue, biofertilizer, agricultural sustainability, waste disposal,
environmental impact, Nigeria
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Effect of cowpea organic residues and fertilizer N
on soil fertility, growth and yield of upland rice
OKEREKE Gilbert (1). EGWU Samuel (2) and NNABUDE Peter (1)
(1) Biotechnology Research Center, Nnamdi Azikiwe University, PMB 5025, Awka, Nigeria
(2) Department of Soil Science, Faculty of Agriculture, Enugu State University of Science and
Technology, Abakiliki, Ebonyi State, Nigeria
Increased pressures on land resulting from rapid population growth in many parts of the tropics
and sub-tropics have resulted in soil deficient in organic matter and nitrogen. Since farmers in
developing countries of the tropics and sub-tropics cannot afford costly inputs, it is necessary to
develop a low input soil management technology that can sustain crop productivity. The first
objective of the study was to screen cowpea cultivars for suitability as a cash crop and for use for
improvement of soil fertility for the succeeding rice crop. The second objective was to determine
the N requirement for upland rice on plots previously incorporated with selected cowpea cultivars
from the previuos experiment. In the screening study, 30 cowpea cultivars were planted on 30 plots
with 4 replications plof1. Nodule number was counted at the flowering stage while shoot dry
matter, total N and grain yield were recorded at harvest. The range in nodule number, dry matter
yield, total N and grain yield of the 30 cowpea cultivars were 1 6-26 plant', 2.7-5.8 t ha"1, 51-126 kg
ha"' and 0.47-1.28 t ha"1 respectively. Cowpea cultivars IT 86D-440, IT 86D-1056, IT-86D-1010
IT 85D-3550-1, IT 86D-2850-2 and If Brown which had the highest nodule number, shoot dry
matter, total N and grain yield were selected for subsequent cowpea rice rotation experiment. In the
second experiment three levels of nitrogen (0, 40, and 80 kg N ha"1) were applied on rice planted on
plots where residues of six selected cowpea cultivars from the previous experiment were
incorporated. Soil analysis after incorporation of cowpea residues and prior to rice planting showed
that the incorporated cowpea residues significantly improved the N and organic C content of the
soil compared with the fallow plots. The growth performance of rice grown on cowpea residue
incorporated plots show that tiller number, shoot dry weight, %N, total N and grain yield of rice
were significantly improved relative to the fallow treatment. Plots incorporated with cowpea
residues of cultivar IT85D-3850-1 had the highest NH+4-N level of 39 kg ha"1 while the fallow plot
had 32 kg N ha"1. At the maximum tillering stage, NH+4-N values decreased for all the plots. The
higher NH+4-N values before planting was due to organic matter decomposition and subsequent
release of NH%-N to the soil. After incorporation of cowpea residues in non fertilized soil the
organic C content of the soil increased drastically from 0.95% to a range of 1.1 to 1.2% at panicle
initiation and flowering stage. The high residual N due to incorporation of cowpea residues
suggests that productivity of rice in marginal soils with low fertility can be restored and maintained
by using cowpea green manuring in cowpea rice cropping system. At 40 kg N ha" fertilizer
application, grain yield under fallow plots were 2.3 t ha"1 representing an increase of 1.6 t ha"1
which is a substantial increase in grain yield for the fertilizer supplement. This shows that in spite
of the high contributions in yield resulting from cowpea residue incorporation maximum yield can
only be achieved by the application of 40 kg N ha'1 inorganic fertilizer. Further increase in
fertilizer level to 80 kg N ha"1 did not cause a significant increase in grain yield. The results
highlight the significance of cowpea residues in improving and sustaining the productivity of
marginal soils in the tropics and sub-tropics for sustained production of rice.
Keywords: cowpea organic residues, soil fertility, N fertilizer, sustainability
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Effect of hedgerow farming to soil conservation in terms of
soil-plant relationship
PHAM OUANG Ha and THAI Phien
National Institute for Soils and Fertilizers Chem, Hanoi, Vietnam
Study the effect of green hedgerows and crop residues returning to soil on soil loss and run-off
limitation and on soil chemical properties in relation with food crop production and economic
return on sloping land was conducted from 1992 to 1999 at Luong Son District, Hoa Binh Province,
Vietnam on slopping land. The soil in place was skeleti-hyperdystric soil according to FAOUNESCO classification. Four main treatments without or with hedgerows of tea, tea/tephrosia or
tephrosia only were realized in combination with food crop production as maize, peanut and
soybean. A non-crop grown treatment without hedgerows was also realized. All treatments were
conducted with four replication of 52.5 square meters each. A system of collectors was designed for
soil loss and run-off measure for all years. The quantity and nutrient quality of green materials
returning to soil were determined after each crop. Soil chemical characteristics after 7 years of
hedgerows practices were analyzed. To determined plant nutrient, maize leafs and ear leaf at silk
stages were sampling and analyzed (Ca, Mg, Mn, Fe, Cu, Zn). The economie value of food crop
production and hedgerows management were also taken in consideration to discuss for possibility
of scaling up the results.
Results from a systematic and long term study conducted in Hoa binh Province of Vietnam
supporting by Asian Sloping Land Net-Work (International Board for Soils Research Management)
showed that after 7 years of soil conservation practice by establishing hedgerow with tea, tea and
tephrosia or tephrosia only and returning green material and crop residues to soil reduced runoff and
soil loss of almost 50% in comparison with no hedgerow. Soil fertility is also improved by some
characteristics as pH, organic matter, available phosphorus and potassium. But the quality of cation
exchange capacity remains still very low and soil is very poor in calcium and magnesium. This may
affect the nutrient status of food crop like that of maize for example. The maize nutrient diagnostic
by leaf and ear leaf analysis (maize materials) at silk stage showed very clearly that N, P remains
still limiting factors for maize and Ca and Mg in maize materials are very low as comparison with
minimum concentration level.
Keywords: hedgerows, soil conservation, organic matter, plant
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Beneficial effects of organic amendment on improving
phosphorus availability and decreasing aluminium toxicity
in two upland soils of Vietnam
PHAN Thi Con g (1), ROEL Merckx (2), CONG Doan Sat (1) and NGUYEN Quang Chon (1)
(1) Institute of Agricultural Science of South Vietnam, 121 Nguyen Binh Khiem street, district 1,
Hochiminh City, Vietnam
(2) K.U. Leuven, Department of Land Management, Kasteelpark Arenberg 20, 3001Heverlee,
Belgium
Beneficial effects of residue amendment other than nutrient release-related aspects were
investigated to develop better soil fertility management practices for humid tropical soils. Field
experiments were conducted to judge the role of organic amendment in improving crop yield,
phosphorus availability and decreasing aluminium toxicity of two highly-weathered soils of the
uplands of South Vietnam by substituting part (10%, 20% and 30%) of the inorganic P with organic
P derived from Mucuna pruriens, Tithonia diversifolia and cow dung. Yield, above ground
biomass, soil pH, and Olsen P increased with the increase in application rates of a Ca and Mg-rich
phosphate (FMP), and extractable Al decreased. At the same rate of P applied (50 kg P ha' 1 ),
organic-inorganic treatments significantly increased maize yield, phosphorus availability, soil pH
and decreased extractable Al. Mucuna showed greater effectiveness for changing soil properties
than the other amendments. Tithonia increased yield and biomass to levels as high as those obtained
from the treatments receiving two to four fold times the P rate as inorganic. Although the increase
in proportion of organic substitution with Tithonia entails more N and K added to the system, maize
yield and biomass did not significantly increase which confirms that those increases were due to the
effect of organic amendment on P availability. Olsen P did not increase with the increase in
percentage of organic substitution. This may be due to not measuring the amount of organic P
extracted by the Olsen method. The aged cow dung did not significantly improve soil properties.
Keywords: extractable Al, phosphorus availability, residue amendment, Tithonia diversifolia,
Mucuna pruriens, Al toxicity
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Granulated fertiliser from composted pig slurry soilds
and agricultural wastes
KILPATRICK M. (1), STURGEON S. (1), RAO J.R. (1,2), MOORE J.E. (3), WAT ABE M.
(3) and STEWART A. (4)
(1) N1HPBS, Department of Agriculture and Rural Development Loughgall, Co Armagh,
BT61 8JB.UK
(2) Department of Applied Plant Science, The Queen's University of Belfast, Belfast BT9 5PX,
UK
(3) Public Health Laboratory, Belfast City Hospital, Belfast, Belfast BT9 7AB, UK
(4) ApT Solutions, Co. Antrim, BT39 OEA, Northern Ireland, UK
Composting is increasingly becoming a popular option in the United States of America and
Canada as an environmentally sustainable method of recycling municipal wastes. To date, either in
Europe or in Ireland, this technology has not been seriously applied to the problems of large volume
wastes particularly pig slurry solids, spent mushroom compost, green wastes, coconut fibre, saw
dust cereal straw, shredded paper, cardboard and poultry litter and for their profitable conversions
into economically viable 'green' fertilisers. Our preliminary work includes the technology to
separate pig slurry solids and the addition of one or more of the above mentioned large volume
wastes (locally available in Ireland) as absorbent materials. Composting was carried out in aerated
bunkers over a 6-8 week period under controlled conditions. Approximately 6 tonnes of each of the
mixtures after composting is pelletised using a patented procedure and a pelletising machinery
developed in the USA. The poster / paper will discuss the full details upon the technologies
adopted during and after composting of the various mixtures and the analyses of a range of
constituents such as moisture content, total N, dry matter, available, N, P, K, Ca, heavy metals,
carbon-nitrogen ratio (C/N), bulk density and risk assessments for storage and pathogens of concern
in the final pellitsed product. (Acknowledgement: This project, no. 2000-LS-lb-M2, is supported
by EPA (Eire)-EU).
Keywords: composting technology, pig slurry solids, agricultural wastes, spent mushroom
compost, granulated organic fertilizers
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Influence of no-tillage and cover plants on water and
nitrogen dynamic in the Cerrados, Brazil
REYES GOMEZ Victor (1). FINDELING Antoine (1), MARLET Serge (1), OLIVER Robert
(1), MARAUX Florent (1), ALVES MOREIRA Jose Aloisio (2), STONE Luis Fernando (2),
DOUZET Jean-Marie (2), SCOPEL Eric (2) and RECOUS Sylvie (3)
(1) CIRAD TA 40/01, avenue agropolis, 34398 Montpellier Cedex 5, France, Conacyt-SfereInecol, Mexico
(2) Embrapa Arroz e Feijäo, Rodovia Goiänia-Nova Veneza, km 12, Caixa Postal 179, CEP
75375-000, Santo Antonio de Goias-GO, Brazil
(3) INRA, Unite d'agronomie, rue F. Christ, 02007 Laon, France
Cropping systems with no-tillage and cover plants (CPCS) is a common practice in the region
of the Cerrados in Brazil. To better understand the benefits of such a practice, we carried out a
study to quantify the water and nitrogen balances of 3 different cropping systems (1 conventional
system (TO) and 2 CPCS (Tl and T2)) in Santo Antonio de Goias (Brazil). The main terms of the
water and nitrogen balances (soil hydraulic properties, nitrogen content, crop and cover plant
biomass, soil mineralisation, cover plant decomposition) were measured during a one year
experiment. The results showed a better water conservation with T2 and Tl than with TO, mainly
due to a higher water infiltration rate. Nitrogen was more efficiently recycled by the cover plant in
Tl and T2, than with TO where N was leaching was high.
Keywords: water, nitrogen, rice, cropping systems, cover plants, no-tillage
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Management practices to help prevent sterility in wheat
SAIFUZZAMAN M. (1), MEISNER C.A. (2), SAMAD M.A. (1), DUXBURY J.M. (3) and
LAUREN J.G. (3)
(1) Wheat Research Centre, Bangladesh Agriculture Research Institute, Joydebpur, Bangladesh
(2) CIMMYT, P.O. Box 6057, Gulshan Dhaka-1212, Bangladesh
(3) 917 Bradfield Hall, Cornell University Ithaca, NY 14853, USA
Wheat sterility is an illusive event in South and Southeast Asia, occurring occasionally in
growers' fields and dramatically reducing their yields when it occurs. Sterility is a multi-factored
event characterized mostly by boron deficiency within the plant during pre-flowering. The
deficiency can be caused by low soil boron levels, by waterlogging or foggy weather conditions that
reduce transpiration. Irrigation practices that cause soil crusting may exacerbate waterlogging.
Additionally, wheat genotypes can be susceptible or resistant to any of these factors. Besides
finding more tolerant varieties, management practices involving organic and inorganic fertilizers,
planting date, weeding and careful irrigation management have been shown to help prevent wheat
sterility. An experiment addressing these management variables was conducted in growers' fields
where wheat sterility had been consistently observed for many years. Use of cow dung, fertilization
with boron, weeding after the first irrigation (breaking soil crust) and irrigation practices that
avoided waterlogging were treatments in the experiment. Results will be shown and management
practices illustrated that help prevent wheat sterility.
Keywords: wheat, sterility, boron, water, logging
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Evaluation of some soil chemical properties after lime and
organic residues application
BR1TO O.R. (1), SASSO P.B. (2), FILHO J.T. (1) and PRETE C.E.C. (1)
(1) State University of Londrina, Agronomy Department, P.O. Box 6001 CEP: 86051-990
Londrina PR, Brazil
(2) Agronomy Undergraduate Student, P.O. Box 6001 CEP: 86051-990 Londrina PR, Brazil
The experiment was carried out in a clay typic Haplustox soil, at the State University of
Londrina, Parana, Brazil, with the objective of evaluating the effects of different chemical and
organic treatments on some soil chemical properties. The treatments were: 1. Control, 2. Dolomite
lime, 3. Calcite lime, 4. Calcined dolomite lime, 5. Bovine manure, 6. Laying manure, 7. Poultry
litter, 8. Sheep manure, 9. Straw of coffee fruit, 10. Silage residue. The lime quantities were
calculated based in the correction of values of basis saturation (V%) to the 70% using the following
equation: t CaC0 3 ha"'= (Vr-Vj)*CEC/100. A randomised block design with split plot and three
replications were used. In the main plot, the effect of different treatments was studied and in the
split plot the different sampling times (3, 6, 9 and 12 months). Soil samples of 0-20 and 20-40 cm
layers were analysed. The averages were compared by Tukey test at 5% level. The limes increased
the soil pH best in the surface layer, however in the 20-40 cm layer the effects of treatments were
not observed. The highest phosphorus levels were observed in all sampling times, in soil surface
layer treated with laying manure. However, these phosphorus levels did not differ of soil treated
with poultry litter and sheep manure. On the other hand, the sheep manure resulted in the highest
phosphorus levels in 20-40 cm layer. It could be observed that in the surface layer there was the
highest exchangeable potassium level, which was obtained with sheep manure and the straw of
coffee fruit application. The cation exchangeable capacity (CEC) values in two soil depth with
sheep manure utilisation were higher than with lime use. CEC values in the surface layer increased
in all sampling times, but in the 20-40 cm layer, it was observed a great variation in these values,
probably by organic matter transport and decomposition in the soil.
Keywords: organic residues, soil chemical properties, lime
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Phytotoxicity to rice seedlings due to organic materials
under flooded conditions
RAO Rajashekar, SRINIVASAMURTHY C.A. and SIDDARAMAPPA R.
Dept. of Soil Science & Agril. Chemistry, UAS, GKVK, Bangalore-560 065, India
Subsequent to the green revolution rice yields in the Indian sub-continent have been declining
gradually due to imbalanced fertilizer application and the decreased use of organic manures. Now
many farmers are shifting to traditional systems of crop production where the use of organic
materials as nutrient source is mostly preferred. Also there is a common question among farmers as
to what type of organic materials can be used and in what quantities and whether there are any
adverse effects. In order to find out an answer to these questions, this study was initiated.
An investigation was carried out to assess the effect of the incorporation of selected organic
materials (viz., paddy straw, neem litter, pongamia litter, glyricidia litter and mixed forest litter) at
0, 2.5 and 5.0 percent carbon basis interms of production and accumulation of phytotoxic
compounds (if any) in soils under submerged conditions. Also, the phytotoxic effect of such
compounds on transplanted rice seedlings at different dates after incorporation of organic materials
was evaluated using two soils collected from traditional rice growing areas of Karnataka.
Addition of organic materials under flooded conditions resulted in the release of organic acids
and high molecular weight phenolic acids. Further production of these compounds was enhanced in
both of the soils by increasing the carbon load from 2.5 percent to 5.0 percent Production of low
molecular weight organic acids was found to increase by the 45"1 day of flooding. However, the
phenolic acids concentration seemed to increase with time up to 45 days of flooding.
Transplanting of rice seedlings after 21 days of flooding the soils previously incorporated with
paddy straw and litters at 2.5 and 5.0 percent level showed immediate mortality of seedling. The
number of days required for successful transplanting of rice seedlings extended up to 45 days of
flooding, they showed various degree of shoot growth retardation.
Bioassay conducted using organic acid and phenolic acid mixtures confirmed that causal agent
for death of seedlings are low molecular weight organic acid. The growth retardation up to 60 to 90
days may be due to the presence of phenolic acids. In addition to these two compounds many other
anaerobic decomposition products are suspected to be responsible for mortality and stunted shoot
growth of rice seedlings.
Histochemical studies conducted on roots of rice plants grown in soils treated with heavy loads
of (both 2.5 and 5.0 percent) organic carbon showed root surface damage due to toxic substances.
Keywords: organic materials, flooded condition, rice
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Modelling the impact of sugarcane crop residue management
on soil carbon and nitrogen
THORBURN P.J., HORAN H. and BIGGS J.S.
CSIRO Sustainable Ecosystems, 120 Meiers Rd, Indooroopilly Qld 4068, Australia
Management of sugarcane crop residues is becoming an important issue world wide, as
pressure is applied on sugarcane growers from urban communities to stop burning residues. Also,
sugarcane crop residues contain substantial biomass (10-20 t DM ha"1), nitrogen and potassium and
thus represent a considerable source of organic matter and nutrients. Unlike potassium, the
availability of nitrogen in the residue is complicated because most of the nitrogen cycles through
the soil organic matter. To gain insights into the long-term fate of nitrogen contained in the crop
residue and the impact of residue management practices on soil organic matter, nitrogen and
organic carbon dynamics were simulated in a range of long-term residue management experiments
in the Australian sugar industry. Simulations were conducted with the APSIM-Sugarcane cropping
systems model. Initially, the model was verified against cane yields and soil carbon data measured
in the fertilised treatments of the experiments. Cane yields, organic carbon and nitrogen were then
predicted under different management scenarios, including a variety of residue removal rates and
nitrogen application rates. Agreement between measured and predicted values was generally good.
Long-term organic matter rundown was well predicted, as was the response in cane yield, where
residues were removed and fertiliser application rates were low. However, the retention of residues
reduced or prevented the rundown of organic matter. Scenario analyses showed that nitrogen
applications could be reduced where residues were retained and that the soil water conservations
from residue retention was a considerable benefit in drier environments.
Keywords: soil carbon, soil nitrogen, sugarcane residue, soil water conservation, impact
modelling
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Gaseous N 2 0 fluxes from legume-maize crop rotations
in soil of the derived savanna zone of Nigeria
ROING K. (1), GOOSSENS A. (2), DIELS J. (1), SANGINGA N. (1), ANDREN O. (3),
VANLAUWE B. (4)
(1) International Institute of Tropical Agriculture, c/o L W Lambourn & Co, Carolyn House, 26
Ingwall Road, Croydon CR9 3EE, England
(2) Ghent University, Faculty of Agricultural and Applied Biological Sciences, Laboratory of
Applied Physical Chemistry, Coupure links 653, B-9000 Gent, Belgium
(3) Swedish University of Agricultural Sciences, Department of Soil Sciences, Box 7014 750 07
Uppsala, Sweden
(4) Tropical Biology and Soil Fertility Program, UNESCO-Gigiri, P.O. Box 30597 Nairobi, Kenya
Legume - maize crop rotations are used as a mechanism to overcome declining soil fertility in
West Africa. However, such crop rotations exhibit a relatively low recovery of legume N.
Temperate region studies partly attribute low N recovery to gaseous N losses, but this has not been
established for tropical soils.
The effect of organic matter incorporation and fertiliser application on in situ gaseous N 2 0
fluxes was studied in a field trial at the International Institute of Tropical Agriculture, Ibadan (3°
54' longitude, 7° 30' N latitude) in the derived savannah zone of Nigeria. Gaseous N 2 0 fluxes were
obtained 1, 3, 5, 8 and 15 days after OM incorporation using a vented closed chamber system.
Gaseous N 2 0 fluxes are discussed in relation to N balances, soil moisture conditions, soil mineral N
status and rainfall patterns. Fertiliser application and incorporation of Pueraria phaseolides OM
increased soil mineral N content and gaseous N 2 0 fluxes. Over the 15-day period, the total N 2 0
fluxes were in the range of 21-30 mg N m"2 for Pueraria and 12-15 mg N m'2 for natural fallow.
Fertiliser application is associated with an increase in N 2 0 emission.
Keywords: N 2 0 fluxes, sub-humid tropics, legume-maize crop rotations, soil fertility, N loss
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Ecological studies of reduced forest-fallow shifting cultivation
of Karen people in Mae Chaem watershed, Northern Thailand
WANGPAKAPATT ANA WONG Prasit
Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai, Thailand
The forest-fallow system of shifting cultivation of upland rice and other food plants practiced by the
Karen people of Mae Hae Tai village, Chiang Mai, Northern Thailand, is changing due to increasing
population and a resulting decrease in per capita arable land-base. This has resulted in a reduction of the
fallow period, which was 10 or more years in the past. The fallow is traditionally believed to act to restore
and sustain soil fertility and control weed populations, but may also be important for the maintenance of
upland rice productivity by maintaining soil structure and in other ways. Presently, this system involves
one year of cropping followed by five years of crop-free fallow. There has been little empirical research to
examine the advantages and disadvantages of the system.
Ecological studies were conducted to examine nutritional aspects of the forest-fallow shifting
cultivation using field experiments and a chronosequence of fields. The farmers were interviewed
about their traditional knowledge of shifting cultivation system management. The yield of the
upland rice crop under this system was found to be about 1 t ha" , but is variable within fields,
between fields and between years. The chronosequence study revealed that during the five years of
fallow there was an increase in soil organic matter and total N attributed to the addition of litterfall
from the fallow species, but a decline in pH, available P and extractable K., Ca and Mg. These
decreases are attributed to nutrient uptake by the fallow vegetation and the decline in the effect of
the burning at the end of the previous rotation. The largest changes in soil conditions took place
when the 5-year fallow field was slashed, burned and cropped. Standing-tree biomass increased
gradually during the fallow period. Chromolaena odorata dominated the first two years of the
fallow period and it accumulated about 7 t ha'1 of aboveground biomass within one year after rice
harvesting. Fertilizer trials of the regular first-year and the experimental second-year upland rice
crop showed that N was the most deficient nutrient in upland rice productivity, which support the
nutritional role of the fallow. Growing rice for a second-year also revealed that soil pathogens may
play an important role in decreasing upland rice productivity in consecutive-year cropping.
Interviews with farmers were explainable in an ecological context. The fanners responded that the
fallow period could be reduced to a minimum of two to three years and the data support that this
might be associated with increased weed competition and less ash.
The biogeochemical studies of the forest-fallow shifting cultivation system showed that
nutrient losses via slash burning and harvested rice grain are important outputs of N. P was found to
be lost the most via harvested rice grain, while losses in erosion and leaching may be important for
K, Ca and Mg. Quantitative assessment of other pathways of nutrient inputs (e.g. N fixation and soil
weathering) and outputs (e.g. erosion and leaching) are needed for a complete biogeochemistry of
the ecosystem of the forest-fallow shifting cultivation in order to examine its sustainability. The
current fallow period of five years appears to be sustainable at the present landscape condition, but
a further reduction in fallow length may pose a risk to the apparent sustainability of this forestfallow shifting cultivation. Comparison of nutrient cycling between forest-fallow shifting
cultivation and fixed-field farming by simple and/or computer models is needed to assess their
sustainability.
Keywords: Chromolaena odorata, fallow, indigenous knowledge, nutrient cycling, soil fertility,
sustainability
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Effects of natural fallow on topsoil properties and subsequent
crop yields in a forest Oxisol of Southern Cameroon
YEMEFACK Martin (1), NOUNAMO Laurent (2), NJOMGANG Rosaline (2) and BILONG
Paul (3)
(1) International Institute of Geo-Information Science and Earth Observation (ITC), P.O. Box 6,
7500 AA Enschede, The Netherlands
(2) Institute of Agricultural Research for Development (IRAD) Nkolbisson, P.O. Box 2067
Yaounde, Cameroon
(3) University of Yaounde I, Faculty of Sciences, P.O. Box 812 Yaounde, Cameroon
Studies were conducted on farmers' agricultural practices in the Tropenbos Cameroon
Programme situated in the humid forest zone of Southern Cameroon, in order to provide
information to be used in the management planning of the area. This paper describes changes
occurring in soil characteristics and soil productivity of Oxisols during the natural fallow period
within the shifting cultivation system. A synchronic approach analyzing at the same time fallows of
different duration was used. Soil characteristics from fallow of various ages were statistically
compared. Stepwise analyses of multiple linear regressions were used to evaluate relationships
between soil properties variation and crop (maize, groundnut, cocoyam and cassava) yields from
mixed crop fields following each fallow type. The results showed that (i) ashes from burned
vegetation biomass at the beginning of the cropping period act like lime fertilizer and significantly
(p<0.05) increase soil properties such as pH, exchangeable bases (especially calcium), and decrease
exchangeable acidity; (ii) there is a slow but almost irreversible decrease in topsoil clay content
during the cropping period; and (iii) at the age 7 to 9 year bush fallow, there is a morphological
recovery of the topsoil thin (3-5 cm) Ai organic horizon, which was destroyed by tillage during the
cropping period. For subsequent mixed cropping, crop yields were generally very low due to the
low quality of breeding varieties in use. Fallows of more than 15 years appeared to be unsuitable for
groundnut cultivation. On the whole, the productivity index (LER) showed higher crop productivity
following bush fallow (7-9 years). The multiple linear regression analyses showed that the dry
biomass yields of maize and groundnut were related to soil chemical properties while grain yields
correlated mostly with soil physical properties. Cocoyam yield correlated positively with soil CEC
and organic matter. For a sustainable management of the area, there are possibilities to intensify
crop production and productivity within a rotational bush fallow (BF) system using for example, an
integrated management approach combining application of mineral and organic fertilizer.
Keywords: shifting cultivation, natural fallow, soil properties, oxisols, crop yields
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Soil fertility and plant productivity rise
by the organic wastes application
ZAMANOV Pasha. ALIYEVA Albina, PASHAYEV Ragim and VEKILOVA Elmira
Institute of Soil Science and Agrochemicstry of AS, Baku, Azerbaijan
A rise in agricultural production and yields of the major plants on the basis of conservation and
raising of soil fertility is one of the main problems of agriculture. An important place in an
arrangement system, to solve this problem belongs to organic fertilizers, which are an indispensable
means for soil cultivating and securing high and consistent harvests.
The investigation results showed, that it was necessary to return 500 kg of humus, 75-80 kg of
nitrogen, 25-30 kg of phosphorus, 60-70 kg of potassium, microelement and useful microorganisms
into soil with the application of organic fertilizers for the conversation of soil fertility and
increasing of crop capacity of the irrigated soils.
By the analysis of the industrial situation in Azerbaijan it was determined that soil cover is in
need of an annual supply 10-12 t ha"1 of manure and other organic fertilizers.
The investigations carried out showed that there are about 40 denominations of organic wastes
by weight of more than 30 million tons, soiling environment in Azerbaijan, which after their
processing by the method of bioconversion it is possible to use as organic fertilizers, not yielding on
the manure composition, effect and effectiveness.
Only the organic fertilizers can raise the humus maintenance in soil. They are a source of
carbon for the reproduction of humus losses, they improve the physical soil properties, increase the
absorbing ability and buffer of soils and promote the mineralizing of the organic matter.
2.5-3.0 ton of manure to each hectare of the 1 700 000 hectares of the irrigated area was applied
and this is 3-4 times less than the norm.
The organic fertilizers obtained on the basis of the local wastes by the method of bioconversion
are the rational and effective fertilizers, because of the deficiency of manure in the Republic.
The usage of the different kinds and doses of fertilizers, obtained on the basis of local organic
wastes, promotes the increase of accessible forms of nutritious elements (N, P, K) and humus 0.070.19%, improvement of agrophysical properties and structural-aggregate 4.4-6.8%, condition
increase in the number microorganisms 2695.3-3810.8 thousand g"1 and biological activity 1.3-1.9
mg kg'1 h'1 of the irrigated gray-brown Apsheron soil.
Under the application of different wastes in the dose 10-30 t ha"' raising of the level crop yield
of vineyard, almond and fruit trees, tea, cotton and tobacco plants, maize, sorghum, vegetable plants
in the open ground, tomato, cucumber, egg-plant in closed ground makes up in average from 12%
till 25%, depending on applicable composts and biological features of the growing crops; also trade
quality of the obtained production improves. At the same time the environment purification and
mineral and organic fertilizers deficit decreasing takes place in the agricultural of Azerbaijan.
It may concluded that fertilizers obtained on the basis of organic wastes influence on the soil
fertility and the rise of plant productivity positively.
Keywords: organic wastes, soil fertility, plant productivity
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Assessment of slag as soil amelioration and their effects on
the uptake of some nutrient elements by radish plants
ABOU SEEDA Mohamed. EL-AILA Hesham and EL-ASHRY Soad
Solis and Water Use Dept., National Research Center, Dokki, Cairo, Egypt
In Egypt a tremendous mass of slag has been produced from iron and steel industries. To
overcome this problem a series of laboratory and greenhouse experiments were conducted to
evaluate the agricultural recycling of Helwan slag. Results revealed that application of slag
increased the pH of the soil. The extractable fraction of Fe by CaCb increased with organic matter
addition due to increasing the solubility through complexation of Fe with soluble organic acids.
Data indicated that organic matter's addition shifted the inorganic precipitates of Fe to organic
complexes. The order of the sequential extractions were organically > occluded > adsorbed >
exchangeable + soluble.
Results also revealed that increasing rates of slag increase the mobile fractions of P, K, Ca and
Mg during the incubation period. Addition of organic matter to Helwan slag at any rate increased
the availability of nutrients. It was noticed that application of slag stimulates the growth of radish
plants, and gradually increased with organic matter addition. The application of slag enhanced the
nutrients uptake by radish plants. Results also revealed that slag with organic matter added at
different doses of slag, stimulate the accumulation of nutrients (N, P, K, Fe and Zn) in both leaves
and roots of the radish plant, due to the regulation of nutrients release from slag combined with
organic matter which play an important role for ensuring efficient utilization of nutrients.
Keywords: slag, soil amelioration, nutrient elements, radish plants
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Nutrient balance and use efficiency by soybean
in a Nigerian Alfisol
APURAMIGBA-MODUPE V.O. (1). TIJANI-ENIOLA H. (2) and JAGTAP S.S. (1)
(1) International Institute of Tropical Agriculture, PMB 5320, Ibadan, Nigeria
(2) Agronomy Department, University of Ibadan, Nigeria
Field studies were conducted during the 1995 and 1996 growing seasons at Ibadan (7° 56' N; 3°
45' E) - a derived savanna in Nigeria, to evaluate the dynamics and balance sheet of soil N and P
and measure N and P use efficiency (kg grain per kg available soil N and P) under two N (0 and 60
kg ha"1) and fractional recovery (FR) model calculated P (MP): (0, 15, 30, and 60 kg ha"1) rates,
with soybean as a test crop. Mineral N ranged from 46.1 to 57.5 kg ha"1, while P varied between
1.9 and 5.4 kg ha"1. The mean N content across all P levels showed 6% decrease by 60 kg N ha"1
(60N) rate over the control (0 kg N ha"1), while that of P was 20% less than the control. Addition of
60 kg N kg ha"1 with MP gave the highest grain and stover yields of 1.77 and 3.62 Mg ha"1
respectively; the grain yield was 18% better than that of the soil P (0 kg P ha" ) rate. Grain N and P
uptake was enhanced by applications of N and P fertilizers, with the MP and 60N combinations
having the highest amounts of 92.1 kg N ha"1 and 1.9 kg P ha' respectively. The mean N and P
uptake was 19 and 6% higher than the control, respectively. The amounts of P in the soil have a
strong relationship with P uptake, leading to higher grain yield. Mean N and P balances (-121 kg N
and -7.7 kg P ha"1) showed (P<0.05) depletion at higher N and P fertilizer levels suggesting those
output components (crop uptake, N and P losses from soil) accounted for the negative balances. The
MP rate however increased N and P balances by 19 and 14% over the control. NUE and PUE of
soybean decreased (P<0.05) with increasing rates, suggesting that under low N or P, differences in
fertilizer NUE and PUE were due to variation in N and P utilization, whereas at high levels,
differences were due mainly to variation in uptake efficiency. The integration of nutrient use
efficient legume and balance studies with the MP rate can lead to a better understanding of the
fertility of Nigerian Alfisols.
Keywords: nutrient balance, efficiency, soybean, Alfisol, fractional recovery, model
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Potassium leaching under different nitrogen managements
ALFARO Marta (1), JARVIS Steve (1) and GREGORY Peter (2)
(1) Institute of Grassland and Environmental Research (IGER), North Wyke Research Station,
Okehampton, Devon, EX20 2SB, UK
(2) University of Reading, Department of Soil Science, Reading Berks, Reading, RG6 6DW, UK
Nitrogen (N) affects the availability of potassium (K) in soils. Applications of N increase levels
of dry matter production and decrease the levels of available soil K. It was expected that smaller
losses of K would occur from systems given high N inputs.
The study was carried out in small farmlets receiving 0 or 280 kg N ha"1 a"1 as mineral fertiliser
(N-, N+) with or without Farm Yard Manure (FYM), and with and without artificial drainage. Two
drainage seasons were studied and amounts of total K lost and K concentrations in the leachates
were measured. The trend of K concentration in leachates over time and its interactions with rainfall
intensity and flow characteristics were analysed.
Preliminary results showed that total K losses were 52% higher in the N+ plots and 50% lower
in the D+ plots. The first results reflect the higher K concentration measured in the samples
obtained from N+ treatments, related to the application of FYM. The second effect was probably
related to the higher levels of dry matter production observed in the D+ treatments during the
growing season prior the drainage period in study.
The incorporation of N to the system should reduce the amounts of K lost when no K inputs are
made to the system at critical points of the drainage season, such as previous to heavy rainfall
events. Rainfall controlled K losses by leaching by affecting the total amount of drainage generated.
Keywords: potassium, leaching, grassland systems, nitrogen
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Sustainahilit\ of sugarcane production evaluated based on
organic matter cycle and nitrogen fixation
ANPO Shotaro (1), MEUNCHANG Sompong (2), THIPPAYARUGS Srisuda (3),
PRASERTSAK Praphan (4), MATSUMOTO Naruo (1) and YONEYAMA Tadakatsu (5)
(1) Japan International Research Center for Agricultural Sciences, Tsukuba, Ibaraki 305-8686,
Japan
(2) Soil Science Division, Department of Agriculture, Bangkok 10900, Thailand
(3) Khon Kaen Field Crops Research Center, Department of Agriculture, Khon Kaen 40000,
Thailand
(4) Suphan Buri Field Crops Research Center, Department of Agriculture, Suphan Buri 72180,
Thailand
(5) Department of Applied Biological Chemistry, The University of Tokyo, Bunkyo-ku, Tokyo
113-8657,Japan
Nitrogen input by nitrogen fixation infield-grownsugarcane in Thailand was estimated by the
natural l5N abundance (515N) method. Leaves of sugarcane and neighboring weeds growing inside
sugarcane fields as presumed non-ty-fixing reference plants were collected. Of the total of 62
sugarcane samples, 515N values of 20 samples were lower than of all neighboring plants. Average
contribution of N2 fixation to total plant N of these 20 sugarcane samples was estimated to be 30%,
but the average estimate for all sugarcanes was 10%. N input by N2 fixation in sugarcane, which
was planted in the field of research center, was also estimated by the natural 15N abundance (8I5N)
method using cassava as a non-N2-fixing reference plant. All the four varieties of sugarcane showed
lower 81 N values than that of cassava. Averages value of N input by N2 fixation was estimated to
be 34%. Furthermore, analysis of organic matter cycle of sugarcane production suggested that N
input by N2 fixation in sugarcane plays an important role in compensating for the removed N from
the field. In order to maintain a sustainable cycle of nutrients, leaves of sugarcane should not be
burned at harvest and filter cake should be returned to the field properly.
Keywords: sugarcane, nitrogen fixation, natural l5N-abundance method, organic matter cycle,
Thailand
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The mobility and distribution of endosulfan in tropical
agricultural soils: lysimeter with nuclear techniques
ANURAKPONGSATORN Patana (1). PAKKONG Pannee (2) and PARKPIAN Preeda (3)
(1) Department of Environmental Science, Faculty of Science, Kasetsart University,
Bangkok 10903, Thailand
(2) Department of Applied Radiation and Isotopes, Faculty of Science, Kasetsart University,
Bangkok 10903, Thailand
(3) Environmental Engineering Program, Asian Institute of Technology, Pathum Thani 12120,
Thailand
Two types of soils, Rangsit and Phrabat, were selected from different locations in Thailand.
Both types were acid soil which predominately cover a large proportion of the cropping area in
Thailand. 14C-labeled endosulfan was used as a tracer to follow the mobility and distribution of
endosulfan in this study. Rangsit soil had more adsorption to endosulfan as compared to Phrabat
soil, especially in plow soil layer. Chromatographic packed-soil column was used to study the
relative mobility and distribution of endosulfan in soil. With water saturated flow and gravity,
Phrabat soil showed much more relative mobility and distribution than Rangsit soil. This result was
in agreement with the adsorption coefficient (kj) of the two soils which was higher in Rangsit soil
compared to Phrabat soil. The distribution of endosulfan was found mostly in the top 10 cm of soil.
As expected distribution to a deeper extent was observed in Phrabat soil.
In semi-field studies, i.e. lysimeter studies, lysimeter was filled with soil layers similar to the
actual field conditions. Soil was filled up to be 20 cm deep of sub-soil and 20 cm deep of plow soil
layer and well stabilized with wet-and-dry conditions. Two crops were selected for this study.
Mung bean was selected for first field crop followed by Chinese kale as a second vegetable crop.
Endosulfan was the foliarly application to mung bean only. Whereas Chinese kale was used as a
model plant to study the bioavailability of endosulfan contaminated in soil to food crop.
Endosulfan as a member of organochlorine pesticides, had a high persistence in tropical soils.
With two cropping periods of about 107 days of mung bean and Chinese kale in combination,
residues of endosulfan were still presented in soil which indicated it's bioavailability to crop.
Distribution of endosulfan in tropical soil systems was possible far below root zone. Fortunately,
with a great adsorption capacity to soil particles, the possibility to reach ground water was limited.
Endosulfan activity was not found in leachate. However, moving with soil particles by surface
runoff seems to pose a potential risk to waterbodies and needs a further study.
Keywords: endosulfan, tropical soil, lysimeter, nuclear technique, mobility, distribution
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Agronomic evaluation of fertilizing efficiency of vinasse
ARAFAT Saved and YASSEN Abd Elazim
Agriculture & Soils Dept., National Authority for Remote Sensing and Space Science Soils and
Water Use Dept. National Research Center, Dokki, Cairo, Egypt
Vinasse as an industrial waste presents a disposal problem for the sugar industry. It represents
the residues from molasses fermentation. The sugar and integrated industries company in
Hawamdyia produces more than 2000 m3 day"1 of vinasse. The large amount of vinasse can harm
the environment, causing salinization and river Nile pollution. Therefore it was thought useful to try
to overcome the created problem using it in agriculture land. A greenhouse experiment was
conducted to assess and evaluate the nutritional value of vinasse and its effect on nutrient uptake
and yield production of wheat. Vinasse was applied at three rates 5, 10 and 20 ml L'1 in irrigation
water along the period of plant growing. The obtained data revealed that the addition of vinasse to
sandy soil increased the productivity of wheat yield. The highest yield was obtained with 5 ml L"1
of vinasse applied. Also vinasse application increased the uptake of nitrogen, phosphorus and
potassium. The residual available N, P and K. and organic matter in soil after harvesting generally
increased with increasing rates of vinasse applied. As an organic fertilizer, the optimum level of
addition of vinasse in sandy soil with irrigation was 5 ml L" . Finally, it could be concluded that
vinasse is a good source of available P and K when applied to soil and its application may reduce
the amount of fertilizers required for optimum crop yield. It is suggested that vinasse could
substitute for about 62% of P and 100% of K required for wheat yield.
Keywords: fertilizing efficiency, sugar cane, vinasse
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Periodic changes in the nutrient status of crops
in Punjab, India
ARORA C.L. and HUNDAL H.S.
Department of Soils, Punjab Agricultural University, Ludhiana-141004, Punjab, India
In view of the ever increasing list of nutrient deficiencies in field, fruit and vegetable crops,
nutrient indexing surveys were conducted and repeated periodically on the bench mark sites in the
representative crop areas in the state of Punjab. The present paper reports the status and changes in
the nutrient composition of wheat, rice, cotton, Egyptian clover and maize. In wheat-1974, the
concentrations of P, K, Ca, Mg, Zn, Cu, Fe and Mn were 0.30%, 2.2%, 0.39%, 0.21%, 12 mg kg"',
9.8 mg k g ' , 117 mg kg'1 and 55 mg kg"1 respectively. Zn emerged to be the most widespread
deficient element (51%) followed by 16% samples deficient in Cu. Subsequent surveys during
1979, 1986, 1993 and 1999 showed the concentrations of Zn and Fe to increase consistently from
12 to 34 mg kg'1 and 117 to 210 mg kg'1 respectively while those of Cu and Mn had inconsistent
decreasing trends. Rice crop was surveyed four times in 1974, 1983, 1993 and 1997. The more
recent study of 1997 has shown a slight decrease in the average concentrations of K. (from 2.2% to
1.5%), and B (from 21 mg kg"' to 10 mg k g ' ) while Ca, Zn, Cu, Fe and Mn increased consistently.
The cotton crop was surveyed during 1976, 1982, 1991 and 1999. The concentrations of P, K, Ca,
Mg and Zn did not vary much over the periods of study. Almost consistent increase was observed
in the concentrations of Cu, Fe, Mn and B. Despite no changes in the average concentrations the
percent samples deficient in P and Zn increased upto 37 and 29 respectively during 1991 which
showed a decrease to 33 and about 8% during 1999. In Egyptian clover, the average concentrations
of Ca, Zn, Cu, Fe and B have increased consistently over a period of about 20 years from 1976 to
1996. None of the nutrients were found to be deficient. Maize crop was surveyed during 1990 and
2000. The average concentrations of P, K, Ca, Mg, S, Zn, Cu, Fe and Mn were 0.21%, 1.31%,
0.54%, 0.27%, 0.23%, 18 mg k g ' , 8.8 mg kg"1, 118 mg kg"1 and 55 mg kg"1, respectively. P, K., Zn
and Fe have increased while Ca, Mg, S and Cu tended to decrease. The percentages of samples
deficient in P, K and Zn have decreased from 37 to nil, 45 to 28 and 29 to nil respectively. While
the increase in Zn in almost all the crops is attributed to the adoption of the practice of applying
zinc sulphate to every crop as a matter of package of practices, the change in the cropping system
from groundnut-wheat to rice-wheat over the last 20 years seems to be the cause of other changes
like consistent increase in Fe in almost all the crops.
Keywords: nutrients, indexing, deficiencies, wheat, rice, cotton, clover
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Improved management of N fertilizer with introduction of
a forage/grain legume and directly drilled wheat
in rice-wheat systems
ASLAM Z„ IQBAL M. Mohsin and SALAH-UD-DIN
Plant Breeder, Ayub Agricultural Research Institute, Jhang Road, Faisalabad, Pakistan
The rice-wheat production system is one of the major cropping patterns in south Asia and
China. These two staples are commonly grown in rotation, with rice in the monsoon months and
wheat in the cooler winter months. While population is increasing, a net productivity decline in rice
wheat production is feared, in these areas. Most common causes implicated in this productivity
decline includes poor management of nitrogen fertilizers, insufficient time for land preparation
before wheat sowing, deficiency of organic matter and scarcity of water. Some of these factors are
inter-related and can be addressed by including forage/grain legume crops in the crop rotation
and/or adopting the zero tillage technology for wheat sowing. A short duration mungbean or
cowpea variety developed at N1AB with nuclear techniques could be useful for addition in ricewheat crop rotation for the reasons that 1) these are legume crops and have been shown to fix
atmospheric N into soil. 2) these are short duration less water requiring crops and 3) sale of grains
would be an extra source of income for the farmers. These two interventions in rice-wheat systems
in Pakistan and possibly elsewhere in south Asia would help decrease application of environmently
unsafe N fertilizers. This paper describes the application of nuclear techniques in experinmental
work, planned in participation of local farming communities in target areas to quantify the possible
savings of N fertilizer and water in rice-wheat system as a whole. This participatory approach of
N1AB is also likely also to serve the extension needs of the project in a big way.
Keywords: N fertilizer, rice-wheat production, nuclear techniques
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Transformation of sulphate salts in coastal saline rice fields
under submergence and its effect on growth
and nutrient uptake by rice
BANDYOPADHYAY B.K., SEN H.S. and MAJI B.
Central Soil Salinity Research Institute, Regional Research Station, Canning Town-743329, West
Bengal, India
Sulphates constitute about 40-50 percent of salts in coastal saline soils of eastern coast of India.
The soils are under extensive paddy cultivation during June-July to October-November when the
area receives high amount of monsoon rains. Under paddy cultivation these soils undergo reduction
reactions resulting in transformation of sulphate salts into sulphides that includes H2S gas as evident
from strong smell of H2S. Hydogen sulphide is highly toxic to plants and aerobic organisms and
adds to environmental pollution. A simple technique for measurement of H2S gas evolved from
field was developed. It was estimated that during peak periods about 390 to 1,180 cm3 of H2S gas
per m2 per 24 hours (day time) escaped to the atmosphere from waterlogged rice field, the extent of
which depended on the level of soil salinity (ECe 5- 9 dSm') and the dose of green manure
(Sesbania aculeatd) applied (0-5 Mg ha" ) in the experiment. Higher soil salinity and application of
green manure increased the production of H2S. Reduction of sulphate salts in soil also produced
acid volatile meta-stable water insoluble metallic sulphides. It was further estimated that under
different field treatments an amount of 229 to 429 mg kg' of insoluble metallic sulphides (FeS
equivalent) accumulated in the rhizosphere soil of rice during a period of 54 days after
transplanting. With increase in the period of submergence the content of insoluble metallic
sulphides in soil increased. The effect of H2S on rice was further studied in a pot culture
experiment. H2S gas was applied to pot culture through irrigation water (0-80 mg kg" ). A
significant reduction in dry matter yield of rice was noticed when the H2S concentration in
irrigation water exceeded 60 mg k g ' . The concentration of P and micronutrients in both shoot and
root of rice decreased considerably at higher concentration of H2S in irrigation water. The insoluble
sulphides precipitated on root surfaces possibly interfered with the growth and nutrient uptake by
plants. The acid soluble metallic sulphide (FeS equivalent) content of soil increased from 221 mg
kg"' soil to 381 mg kg"' soil as the H2S content of irrigation water increased from 0 to 80 mg k g ' .
The primary cationic constituent of the precipitate on root was Fe, the solubility of which increased
considerably after submergence of soil accompanied by a sharp fall in the redox potential. It was
inferred that besides the direct toxic effect of H2S gas the indirect effect of sulphate reduction in
interfering with the nutrient uptake by plants was also responsible for decrease in yield of rice.
Keywords: saline soil, rice, sulphate reduction, sulphide
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The effects of fertilizer types, soil texture and water quality
on K movement in soil profile
BAZARGAN K. (1), MALAKOUTI M.J. (2), ASADI H. (3) and ARDABILI M.F. (4)
(1)
(2)
(3)
(4)

Soil Chemistry Division, Soil and Water Research Institute, Iran
Soil, Tarbiat Modarres University, Iran
Tehran University, Iran
Soil and Water Research Institute, Iran

The interest in understanding potassium movement through soil profiles can be elucidated by
the results of some experiments where crop yields have been affected by the method of potassium
addition to soils. For example cotton yield improved by adding K to the irrigation water, side
dressing of potassium or mixing potassium fertilizer with soils are likewise recommended as a
result of experimental data showing that K+ spreads rather slowly specially in heavier soils.
We conducted some laboratory soil column experiments where potassium concentrations in soil
solutions were measured in soil slices down the column after the soil surface had been flooded with
a potassium solution. In one experiment a heavy soil (34% clay) and a light soil (18% clay) were
flooded with potassium solution different concentrations in 0.01 M CaCb matrix. Potassium spread
deeper in the heavier soil irrespective of its concentration or of the solution volumes. In another
experiment solutions of 125 g K.C1 L"1 prepared with two different waters, one with EC= 580 dSm"'
and another on with EC = 1735 dSm"1 were applied to the columns. Potassium spread deeper
through the soil in the water of higher EC. The initial soil moisture (airdry vs. 0.5 FC) or the
potassium salt (KCl vs. K.2SO4) did not seem to have any clear effects on the movement of the
potassium. In a separate experiment potassium spread deeper with increased volumes of the
potassium solution, but the opposite seemed to be the case with increasing potassium
concentrations. This latter observation seems contrary to simple diffusion equations. In experiments
where the volumes of potassium solutions equaled 2 FC, the concentrations of K in the column
leaches were nearly 10 times those of average K concentrations in soil solutions, indicating that
sufficient K movement into the root zone or its loss from these is likely. This movement of
potassium could be due to absorbtion of dissolved potassium in the upper parts of the soil profile
resulting in lowering of the ionic ratios of potassium to the other ions and its translocation through
the lower soil slices without being absorbed under certain conditions.
Most important of all, however, is the result of 50 such column experiment showing that from
40 to over 70% of K applied in solution stayed in the top 2.5 cm of the soil profile.
Keywords: fertilizer types, soil texture, water quality, K movement soil profile, root zone
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Soil fertility, vegetation dynamics and ecosystem sustainability
in Australian temperate grasslands
BOLGERT.P.(l) and GARDEN D.L. (2)
(1) CSIRO Plant Industry, GPO Box 1600, Canberra, ACT 2601, Australia
(2) New South Wales Agriculture, GPO Box 1600, Canberra, ACT 2601, Australia
Temperate native grasslands occupy several million hectares and constitute a major land use
and an important resource for sheep grazing and wool production on the New South Wales
tablelands. Native Australian plants have evolved in soils generally low in N and P, and many of
these plants are unable to tolerate or respond to high levels of fertility. However, many introduced
annual grasses, legumes and dicot herbs can utilise increased nutrient levels successfully. Their
vigorous growth under high nutrient conditions allows them to crowd or shade competing plants,
thus leading to changes in the species composition of these grasslands.
An experiment was initiated in 1998 on a temperate grassland dominated by the native
perennial grass Austrodanthonia duttoniana. The site also contains other native perennial grasses,
introduced annual grasses, introduced annual legumes, rushes, and dicot herbs. The soil at the site is
a deep loamy sand over clay, which had an initial pH of 4.2 and available soil P of 6 mg kg" . The
treatments are rates of superphosphate fertiliser (0, 62.5, 125 and 250 kg ha"1) matched by increased
sheep stocking rates. Measurements include aboveground plant biomass and species composition,
basal cover, soil mineral N and N mineralisation rates, and soil organic carbon.
Stability of the native vegetation in these and other temperate grasslands seems to be conferred
by the low rates of N cycling within them. Additions of superphosphate have increased the legume
content and consequently N fixation inputs, and have resulted in increased rates of soil N
mineralisation. These increased levels of soil mineral N availability correspond to increases in the
proportion of annual grasses which are better adapted to higher soil N status, and decreases in the
proportion of perennial grasses. Continued application of superphosphate may result in the (perhaps
irreversible) loss of the perennial grasses by competition from the annual species both directly on
the established perennial plants and indirectly by preventing the recruitment of new perennial plants
from seedlings.
The key ecosystem functions relating to sustainable soil management which are under threat in
southern Australia due to land use and vegetation changes are deep drainage, nitrogen leaching and
loss of ground cover. Ecosystem degradation results where deep drainage leads to dryland salinity,
nitrogen leaching leads to soil acidification, or loss of ground cover leads to soil erosion and
declining water quality. The presence and persistence of a substantial perennial grass component is
a key factor in stabilising these ecosystem functions and maintaining sustainable grazing enterprises
in these grasslands. These results from Australian temperate grasslands provide a good example of
the linkages and feedbacks between soil fertility, vegetation dynamics and ecosystem sustainability.
Keywords: competition, ecosystem function, nitrogen cycling, plant-soil feedbacks, perennial
grass
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Foliar fertilization to increase the yield of crops under
intensively cultivated Indo-Gangetic Plains of India
BRAR M.S. and BRAR A.S.
Department of Soils, Punjab Agricultural University,, Ludhiana-141004, India
Soils of the northern Indo-Gangetic plains of India, including Punjab state are light in texture
with low CEC and low to medium organic matter status. The present investigation was aimed to
study the effect of foliar application of nutrients over and above the basal soil application on the
yield of cotton and potato. Replicated field experiments were conducted at the research farm of
Punjab Agricultural University, Ludhiana. In addition to 75 kg N and 30 kg P three foliar
applications of 2.0% potassium nitrate, urea, potassium chloride and di-ammonium phosphate were
applied at weekly intervals starting from flower initiation to cotton. In potato soil application of
120 and 180 kg nitrogen, 60 kg phosphorus and 0, 60, 90 and 120 kg potassium per hectare
followed the foliar application of 2.0% KNO3 at 30, 45 and 60 days after sowing. On an average (3
years) foliar application of KCl, DAP, Urea and KNO3 increased the seed cotton yield by 19.7,
24.1, 25.3 and 33.1% respectively, over the control. Maximum increase in yield over the control
with the foliar application of KNO3 was to the extent of 49.3% during 2000-2001. Seed cotton
yield increased due to increase in the number of bolls per plant. Result of the potato experiment
showed that in the absence of soil application of potassium very little response to either increased
levels of nitrogen or foliar application of KNO3 was observed. When potatoes were graded in to
different sizes the yield of large size (>4.5 cm) potato increased by 62% with increase in level of
nitrogen froml20 to 180 kg N ha'1 and by 266% with the application of 60 kg K20 ha'. Foliar
application of KNO3 further increased the yield of large size potato by 26%. There was either no
increase or some decrease in smaller sized potato with both soil and foliar application of nutrients.
Balanced fertilizer application increased the quality of potato by increasing their size.
Keywords: foliar nutrition, cotton, potato, fertilizer
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Efficiency of inoculation and nitrogen fertilization
on common bean (P. vulgaris) quality and yield
BRKIC Suzana. MILAKOVIC Zlata, KRISTER Andrija and BUKVIC Zeljko
University of J.J. Strossmayer, Faculty of Agriculture, Trg Sv. Trojstva 3, 31000 Osijek, Croatia
Influence of seed inoculation by nodule bacteria biopreparation Rhizobium leguminosarum bv.
phaseoli and fertilization of 0, 20 and 60 kg N ha"1 on grain yield, dry matter yield, thousand-grain
weight, nodules dry weight as well as protein content in grains were observed on two soil types.
The experiment was set up by completely randomized design in four replicates and six various
variants of inoculation and fertilization. Variety of common bean «Biser» was used on both soil
types in three investigation years (1998, 1999 and 2000). Elements of the investigation were as
follows: seed inoculation (control + seed inoculation; 20 kg N ha"1 + seed inoculation; 60 kg N ha"1
+ seed inoculation), nitrogen fertilization (control; 20 kg N ha"1; 60 kg N ha"1) and locality
(meadow-loessive and cambisol soil - 1.78% of humus; humogley - 2.25% of humus). An
experiment on influence of common bean seed inoculation by a nodule bacteria biopreparation
Rhizobium leguminosarum bv. phaseoli D-344 (produced by the Faculty of Agronomy in Zagreb;
counts of rhizobium cells per 1 g inoculant - 1 , 1 0 ) and various nitrogen fertilization on bean grain
yield and quality was set up on two soil types. The bean was sown by hands with row spacing of 40
cm and a space within a row of about 8 cm. Stand density was 30 plants m" , i.e. 300,000 plants h ' .
Sowing depth was 4 to 6 cm. The experimental plot was sprayed with a herbicide Galex 500 EC
(5 L ha"1) after sowing but prior to crops emerging. The basic plot was 10 m . Seed inoculation was
carried out with nodule bacteria biopreparation Rhizobium leguminosarum bv. phaseoli by dry
treatment during the sowing which was the main reason why sowing was performed out by hand.
Nitrogen was applied in urea form. Apart from nitrogen fertilization, phosphorus and potassium
fertilizations were carried out in doses of 100 kg P2O5 and 80 kg K 2 0 per hectare.
The highest values with all investigated indicators were achieved in inoculated variants.
Influence of nitrogen fertilization depended on locality, i. e. chemical soil properties. Most of the
investigated indicators obtained highest values at fertilization with 60 kg N ha" on meadowloessive and cambisol soil where humus amounted to 1.78%. The highest values on humogley
(humus content 2.25%) were achieved with fertilization of 20 kg N ha"1.
On the basis of obtained results from a three year investigation a conclusion could be drawn
that nitrogen fertilization could be reduced by seed inoculation with a nodule bacteria
biopreparation Rhizobium leguminosarum bv. phaseoli. At the same time values of yield elements
and bean quality can be increased. This is very important in terms of economics and ecology aspect.
Keywords: inoculation, nitrogen fertilization, Rhizobium leguminosarum, bean
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Effect of soil organic amendments on the growth and
grain yield of rice under lowland conditions in Ghana
BURI Mohammed M.(l). ISSAKA Roland N. (1) and WAKATSUKI Toshiyuki (2)
(1) Soil Research Institute (CSIR), Academy Post Office, Kwadaso, Kumasi, Ghana
(2) Faculty of Life and Environmental Science, Shimane University, Matsue, Japan
Ghana is not only faced with such problems as environmental degradation, declining soil
fertility, low soil productivity and erratic rainfall patterns but also with low mineral fertilizer usage
(poor resource farmers). However, rice consumption continues to increase annually thereby leading
to large annual imports of the crop. This has led to the crop being currently ranked as a number one
priority (cereal) in terms of production.
For sustainable agriculture, production has to be fine-tuned with efficient economic and
environmentally sound production principles that lead to proper soil fertility management. To this
end, for any integrated sustainable nutrient management system, plant nutrient supply packages
need to be developed for the poor resource farmer (main rice growers in Ghana). With this in mind,
three soil organic amendments (poultry manure, cattle manure, rice husk) were used either solely or
in combination with mineral fertilizer on rice at three different sites (Potrikrom, Biemso No. 1,
Biemso No. 2) in the forest agro-ecological zone of Ghana. Sole organic amendments were applied
at a rate of 7.0 t ha"1, sole mineral fertilizer was applied at N, P2O5, K.2O (90-60-60) ha"1 while for
combinations, half rates (organic amendments + mineral fertilizer) were applied.
Results from this study show that organic amendments significantly contributed to total growth
and grain yield of rice. A combination of poultry manure and mineral fertilizer (half rates) gave
similar yield as mineral fertilizer (full rate) at two out of the three locations. Rice grain yields were
6.2, 7.3 and 4.1 t ha'1 each for the combination (poultry manure + mineral fertilizer) at Potrikrom,
Biemso No. 1 and Biemso No. 2 respectively while full rate mineral fertilizer gave 6.6, 7.3 and 3.91 ha"'
respectively. A combination of organic amendments with mineral fertilizer out-yielded organic
amendments alone at all of the three sites. Among the organic amendments, Poultry manure
showed a greater promise by out-yielding both cattle manure and rice husk at all three sites.
At Site 1 (Potrikrom), sole Poultry manure out-yielded the control by 256%, Cattle manure by
171% and rice husk by 97%. At Site 2 (Biemso No. I), poultry manure out-yielded the control by
77%, cattle manure by 74% and rice husk by 53% while at Site 3 (Biemso No. 2), the trend was
similar with poultry manure out-yielding the control by 154%, cattle manure by 103% and rice husk
by 90%.
Considering the long term beneficial effects of organic matter on both soil physical and
chemical characteristics, environmental soundness and the availability and affordability of these
materials within the Ghanaian society as against the high cost of mineral fertilizers (100%
imported), organic amendments could be relied upon as not only effective sources of plant nutrients
that can significantly help in increasing rice production under effective management but also as
effective sources of preventing any further soil/environmental degradation and
maintaining/improving soil productivity.
Keywords: forest ecology, Ghana, lowlands, organic amendments, rice
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Micronutrients residual effects in vineyards on
the calcareous soils
MALAKOUTI M.J., BYBORD1 A. and MAJIDI A.
Tarbiat Modarres University and Researchers, Soil and Water Research Institute, Iran
Grapes, being one of the high calorie foods, could become a good source for exchange
currency, if improved and exported as high quality raisins. An experiment was designed to test the
additional effects of potassium and micronutrients on the grape yield, size and color, and its nutrient
contents for the first harvest and the following two years. No fertilizers were supplied to the
vineyards in the third year. Two vineyards more than 15 years old were selected at Malayer and one
vineyard at Malakan. During mid April 1998 the Malayer and Malakan vineyards were treated with
fertilizers. Each vineyard was divided into two halves. One half received grower's conventional
fertilizers. The other half received balanced fertilization. The treatments were completed before the
growing season, after the vineyard soils had been sampled for analyses. Two years later the plant
leaves as well as the soils were sampled for test results. The vineyards yielded 87% more grapes in
the first year, when the average yield from the treated sections of the two Malayer vineyards had
increased from 21.8 t ha'1 (control section) to 32.4; at Malakan the treated sections yielded 72 t ha''
compared with 28 for the control sections. Furthermore, the sugar content had increased by 4% for
Malayer and by 7% for Malakan. The resulting raisins were also larger with a more desirable
yellowish color. The concentrations of iron, zinc, and copper in the grapes from the control section
of Malayers vineyards were 23, 11 and 7 mg kg" while these values were 27, 9, and 8 and 1.7
respectively for the fertilizer treated grapes. These measurements were made during the August of
the second year of treatments for Malayer vineyards and after the first treatment for Malakan
vineyards. In the latter case the grapes iron, zinc and copper contents were 20, 7, and 4 mg kg"1
respectively for the control sections and 38, 12, and 7 mg kg"1 for the treated sections. The results
for the three consecutive years show that the soil application of fertilizers will improve grape yield
and quality for at least two years and on the basis of soil and climatic conditions, the yields maybe
higher for the third year.
Keywords: micronutrients availability, grape, yield, quality, calcareous
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Sugarcane monoculture and environment
CABRERA llODRlGUEZ Adriano
National Institute of Agricultural Sciences, Gaveta Postal No.1, San José de las Lajas CP 32700,
La Habana, Cuba
In sugarcane producing countries, a common practice has been monoculture. Starting from the
decade of the 70's, the use of mineral fertilizers was intensified and preharvest burning was used
thoroughly, and short, medium and long term changes that took place in agroecosystems by this
management practices could be observed. Long term trials are effective tools to measure such
changes. Based on the above-mentioned situation, 3 fertilizer trials with sugarcane under dry land
conditions, were planted in the year 1973 on Eutric Tipic Red Ferralic (Ferralsol) soil, with the aim
to evaluate the best rates of N, P and K to the crop; the P and K residual effect in the soil and the
environmental impact of monoculture. A randomised blocks experimental design was used with 10
treatments and 4 to 6 replications. For each trial, 3 harvest cycles with 6 crop cycles each ones
corresponding to plant cane and 5 ratoons were evaluated. Harvest was always done after burning
the plantations. At the end of the 3 rd harvest cycle (year 1994), the experimental areas were rotated
by first occasion, with soybean (Glycine max.) for N and K trials and peanut (Arachis hipogaea) for
P trial. In the 21 year-old course, plant cane never showed a response to N fertilizer applications,
which generally happens under our conditions, and the plant cane responses to K fertilizer took
place only in the 3 harvest cycle when the content of exchangeable K in soil fell below 0.38
cmol kg" , a value considered as the critical level. None of the crop cycle showed response to P
fertilizers, in spite of the continuous extractions and exports of the nutrient that were carried out
with successive crops, due to the high content of soil P. In that time, soil fertility was modified.
Organic C diminished exponentially, averaging in the first 20 cm soil depth, 0.9 t ha"1 y ' , it being
like a tendency in the first 6 years. In a similar way, the contents of exchangeable Ca, Mg and K
diminished, with the exception of the 1st harvest cycle of K trial, where in the plots in that rates of
300 and 360 kg ha"1 of K2O were applied, the content of K was increased. All the experimental
areas were acidified, being reflected in a decrease of the pH-KCl and in an increase of the acidity
determined in NaOAc. In the P trial, an increment of the available soil P was evidenced in each
harvest cycle, including the plots that did not receive P fertilizer, due to the biogenic accumulation,
the mineralization of agricultural wastes and the P incorporation to soil with the ash originated by
burning. After the rotation with soybean and peanut, there was a tendency of an increase of the
contents of organic C, available P, exchangeable cations Ca and K. and the soil acidity.
Keywords: sugarcane, monoculture, fertilizers, organic carbon, environment
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Effect of methods of application of fertilizer
on nutrient concentrations in young oil palms
CHAME GOWDA T.C. (1), JANARDHAN K.V. (2) and UDAYAKUMAR M. (2)
(1) University of Agricultural Sciences, Department of Soil Science and Agricultural Chemistry,
GK.VK., Bangalore-560 065, India
(2) University of Agricultural Sciences, Department of Crop Physiology ,GKVK, Bangalore-560
065, India
An experiment was conducted to study the effect of plant density and mode of application of
fertilizers in young oil palm (one year old, var. IRHO, Costarica) with three different spacings in a
triangular pattern. At each spacing level that is at 8.0m x 8.0m and 8.5m x 8.5m, fertilizers were
applied both on per palm basis to the palms. The palms at 9.0m x 9.0m spacing received
recommended dose of fertilizers on land area basis. Plant samples were collected from the
representative palms of each treatment at 2° , 9' and 16' leaf for nutrient element analysis. The
leaf N content varied initially between 2.40 to 2.73 percent, generally increased during in February
1997 in all the three leaf positions on the palm. A gradient in the N concentrations in leaf positions
on the palm was observed at all times of sampling, which became steeper by April 1997 with top
leaves having higher N concentrations and bottom leaves having low content. At all the three times
of observation the foliar N content significantly differed among the treatments. However, the
recommended populations (142 palms ha"1) had significantly higher N concentrations during
November 1997 compared to that in other populations. A similar trend was maintained during the
subsequent sampling (Feb. 1998). But, the trend changed in April 1997, with T| and T2 (181 palms
ha'1 and fertilizer on per palm and land area basis) registered significantly higher N concentrations
of 2.73 percent over that in normal population (2.55%). The variation in content of P in the 2" , 9'
and 16' was not considerable, decreasing trend of P content was noticed from top to bottom
position on palm. The mean P content varied from 0.18 to 0.24 percent in 2nd leaf, 0.2 to 0.24
percent in 9' leaf and 0.17 to 0.23 percent in 16' leaf indicating that they were well within the
range of reported values for young palms. The leaf P content did not vary significantly among the
populations and fertilizer treatments and at all the periods of sampling.
The K content in the different leaves over a period of time showed a decreasing trend from top
to bottom. Generally there was a gradual increase in leaf K content of all the three leaf positions
during February 1997 samplings. The K. content was relatively high in 2 nd leaf while that in 9'h and
16' h leaf were lower, but well within the range as reported for young palms. Significant differences
due to fertilizer cum population treatments was observed at all the three months of observations.
Increased population appears to improve leaf K. status as observed at all the time of sampling
particularly at the higher plant population (181 palms ha"1).
Keywords: plant density, mode of applications, fertilizers, leaf positions, young palms
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Phosphorus management in fish ponds
of red and lateritic soil zones
CHATTOPADHYAY G.N.. MUKHERJEE Rajarshi and BANERJEE Abira
Soil Testing Laboratory, Institute of Agricultre, Visva-Bharati, Sriniketan- 731236, W. Bengal,
India
Red and lateritc soils constitute an important soil group of tropical and subtropical countries
occupying about 13% of total land area of the world. Fish ponds situated in such soil zones are
predominantly low in productivity owing to occurrence of some soil related constraints which affect
the abundance of primary fish food organisms and, in turn, the growth of fish in these ponds.
However, in spite of the widely accepted importance of bottom soils in maintaining the productivity
of fish ponds, adequate attention has not been paid to adopt soil specific management practices for
such ponds while undertaking any aquaculture operation. Under this context, a series of studies on
nutrient management of fish ponds situated in red an lateritic soil zones was carried out under a
Potash and Phosphate Institute of Canada sponsored programme for increasing productivity levels
of such ponds.
A survey on nature and properties of bottom soils in fish ponds under red and lateritic soil
zones and production rates of primary fish food organisms through photosynthesis revealed primary
productivity of these fish ponds to be affected significantly due to the low availability of P in such
soils. Studies on chemistry of these ponds soils showed that the bottom soils of such ponds
exhibited high P fixing capacity and hence use of a generally recommended schedule of P fertiliser
appeared to be of little value for promoting growth of primary fish food organisms in this soil-water
environment. Further studies through yard experiments showed application of a higher rate of P
fertiliser in split dose and in combination with organic matter to be highly useful in this respect.
Since bottom soils of red and lateritic soil zones are predominantly acidic in nature, use of lime
appears to be an important management practice for these ponds. Application of lime @ 50% of
recommended dose tended to improve the efficiency of applied P in such an environment.
Potassium was also observed to be a significant productivity limiting soil nutrient in fish ponds of
red and lateritic soil zones and use of K. along with P fertiliser appeared to improve upon the
benefits of application of P alone. The results of these yard experiments were tested through onfarm trials and the adoption of the P management practice developed under this work programme
was observed to be considerably superior to traditional pond fertilisation programme in increasing
production of primary fish food organisms and consequently that of fish in the ponds of red and
lateritic soil zones.
Keywords: fish pond fertilisation, phosphorus, red and lateritic zones
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Boundary line approach in specifying
durian nutrient standards
POOVARODOM S. (1) and CHATUPOTE W. (2)
(1) King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand
(2) Department of Earth Science, Prince of Songkla University, Songkhla, Thailand
The boundary line approach was used to improve the diagnostic criteria for durian leaf nutrient
standards. The mature 'Mon Thong' commercial orchards located in 3 provinces in Eastern
Thailand were surveyed during the 1999/2000 growing season. At each location, three to five
orchards from each category of low, medium and high-yield orchards were selected. In each
orchard, 8-10 uniform and representative trees were chosen for sampling. Second and the third
leaves from the terminal of the first flush after harvest were sampled (when leaves were 5-7 months
old) at one month intervals from October to December, 1999. Eight exposed leaves from the
perimeter of each tree were collected to make composite samples for nutrients analysis. The yield of
each durian tree was estimated using the equation developed by Koseki et al. (1987).
The basic assumption of the boundary line approach uses the best performance in the
population lines at edge of any body of data, and it is valid only where a cause-and-effect
relationship exists between two variables. Although conventional correlation coefficients would not
be significant between the surveyed nutrient concentrations and yields, it is logical to search the
surveyed data for the characteristic of triangular pattern or the existence of the boundary lines (BL)
which indicated biological cause-effect relationship between nutrient concentration and yield.
For the high yielding orchards (>250 kg tree"'), the scattered plot diagrams were constructed
between leaf nutrient concentrations and yields, and boundary lines were shown to exist in the N, P,
K, Ca, Mg and Zn. The BL of each nutrient could be quantified by fitting in 2 linear lines. The
goodness of fit also indicated the possible cause-and-effect relationship existing between two
variables. The linear relationship between nutrient concentrations and yields were also used to
establish the sufficiency range. The yield ranges of the low, deficient and optimum were defined at
the relative yield range of <60%, 60-80% and 80-100% respectively. The high or excessive nutrient
ranges were assumed at the concentration beyond the optimum range and caused the decrease in
yield. The results were consistent with the tentative standard values established by Poovarodom et
al. (2001) using the minimum variation range of leaf nutrients during the growing period of the
same orchard. The result showed that the boundary line approach could be used to upgrade the
efficiency of plant testing because of more precise interpretation and/or narrower range of critical
values. The other advantage of the sufficiency ranges over the critical concentration was that it
could identify the hidden hunger nutrient concentration ranges which might not show the deficiency
symptoms and might cause the decreasing yield in the future.
Keywords: durian, boundary line approach, nutrient sufficiency range, leaf nutrient standards
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Wheat yields, nitrogen losses and use efficiency in
response to simulated tillage and sowing time
CHHONKAR P.K.. PATRA A.K. and KHAN M.A.
Division of Soil Science & Agricultural Chemistry, Indian Agricultural Research Institute New
Delhi 110 012, India
Low and declining organic matter (OM) and N in soils under rice-wheat cropping systems is a
major concern in India. There is an urgent demonstrated need for research at both strategic and
applied levels involving an holistic approach to arrest OM decline and maintaining soil fertility on a
sustainable basis. To achieve this goal, in recent years, much research has been initiated on
alternative soil and crop management techniques, such as zero tillage in wheat crop. No-till wheat
saves labour and fuel, advances sowing time closer to optimum, thus reducing the chances of yield
reduction. In addition, zero till reduces soil and nutrient losses including organic-C due to reduced
soil erosion and slowing OM decomposition. However, prior to develop recommendations
quantitative information is necessary, particularly on N use efficiency, losses and organic C
dynamics. The objectives of this study were to: (1) assess the effect of no tillage on the fluxes of
NH3 and inorganic N during initial period after sowing of wheat following hybrid rice, and (2)
examine the effect of soil perturbation (i.e. tillage) and sowing time on the wheat yields and N use
efficiency in a loamy soil. The treatments were: S|Ti (early sowing and soil disturbed up to 20 cm);
SiTo (early sowing and zero tillage); S2T1 (later sowing and soil disturbed up to 20 cm); S2T0 (later
sowing and zero tillage). Nitrogen was applied at 120 kg ha" on the surface of zero tilled soil (To)
and incorporated in the tilled soil (Ti, i.e. disturbed soil). Ammonia fluxes were determined by
absorption in boric acid-indicator (2%, pH 5.0) solution using static chamber technique. Soil
samples collected on the 5lh day and 15th day after sowing of wheat were analysed for NHt + and
NO3" contents. At the maturity of wheat, yield parameters were recorded, and soil and plant samples
(above and below ground) were analysed for N uptake and use efficiency, as well as N balance.
Results showed that NH3 volatilization is a short-term phenomenon, which was completed within 7
days after urea application. It has been estimated from the daily flux of NH3 that amount of N loss was
16.4% from surface applied N on zero tilled soils and 7.5% when urea was incorporated in soil (0-20 cm).
Soils under later sown wheat shown lower NH3 losses. Inorganic N, mostly N H / - N, was noticed
higher in undisturbed soil (+ urea N, surfaced applied) on 5 ,h day, whereas on 15th day N03_-N was
maximum in disturbed soil (+ urea N, incorporated). At the harvest, plant parameters showed no
significant differences in terms of height, spike length, or number of grains per spike. The yields of
wheat were in the following order: Dry matter (grain + straw, g pot'1) = S2T0> SiTo> SiTj> S2T1;
Grain yields (g pot" ) = SiTi> S2Ti> SiTo> S2T0. Further studies are continued to find out the N use
efficiency and balance of N and C in response to tillage and sowing time will be included in this
presentation.
Keywords: zero tillage, nitrogen, organic C, wheat
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Ecological processes in eroded soils under conservation
and conventional tillage
COLEMAN David C. (1), ADL Sina (1), REED Frederick (2) and LACHNICHT Sharon (3)
(1) Institute of Ecology, University of Georgia, Athens, GA 30602, USA
(2) University of Georgia Extension Service, Douglas, GA 31533, USA
(3) USDA-ARS J Phil Campbell, Sr., Conservation Research Center, Watkinsville, GA 30677,
USA
Agroecosystem researchers have noted enhanced nutrient retention and biotic diversity in
conservation-tillage vs. conventionally tilled sites in the southern Piedmont, USA. We conducted
studies of organic matter levels and biotic diversity in sites ranging from low to high severity of
erosion in coastal plain sandy soils of cotton fields (Coffee County, south Georgia). Highly eroded
sites were under conventional management, whereas the recovering sites under no-tillage
management, were from a chronosequence of 4-25 y into conservation management. There were
high correlations between levels of organic matter, microbial biomass carbon, micro- and
mesofaunal diversity and abundance in fields ranging from 0 to 25 y in continuous-cover
conservation tillage. Microbial biomass ranged from 20 to nearly 200 micrograms g~' soil across
the sequence, with ciliates ranging from 5-600, and testate amoebae from 0-1,400 g~' soil.
Nematodes (bacterial feeders) varied between 5 and 30 g~' soil. Much greater numbers per gram
soil of all biota were measured in composted municipal waste, 30 and 90 days old. Opportunities
for future studies using composted yardwaste and poultry litter to "jump start" the aggrading
process will be presented.
Keywords: conservation tillage, soil organic matter, microbes, fauna, biodiversity
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Efficiency of chelated zinc (Zn-EDTA) on the maintenance
of Zn in soils in relation to yield and nutrition
of rice (Oryza sativa L.)
DAS D.K., KARAK T. and KARMAKAR S.K.
Department of Agricultural Chemistry and Soil Science, Faculty of Agriculture, Bidhan Chandra
Krishi Viswavidyalaya Mhonpur-741252, Nadia. West Bengal, India
Zinc is an indispensable micronutrient for optimum plant growth and development. On average
50 percent of Indian soils are deficient in Zn. Rice is the important cereal crop grown mostly on
Indian soils irrespective of soil types and conditions. However, rice is mostly transplanted under
puddled lowland soil conditions, where, Zn deficiency is a common phenomenon. Therefore, the
source of Zn may be the important criteria in minimizing the intensity of Zn deficiency in rice,
where, chelated form of Zn like Zn-EDTA (Chelamin) may play an important role in increasing the
use efficiency of applied Zn in rice. Therefore, field experiment on Aerie heplaquept using rice cv.
IET-4094 (Khilish) to study the effect of chelated Zn on the maintenance of available Zn in soils
with the simultaneous increase in rice yield. Treatment used in the experiment were : To, control, no
application of Zn; Ti, 10 kg ha"1 Zn-EDTA as basal; Tj, 20 kg ha'1 Zn-EDTA as basal; T3, 10 kg ha"'
Zn-EDTA at grand tillering + 10 kg ha"' at panicle initiation stage; T4, 10 kg ha"' ZnS0 4 7H 2 0 as
basal; T5, 20 kg ha"1 ZnS0 4 . 7H 2 0 as basal and T6, 10 kg ha"' ZnS0 4 . 7H 2 0 at grand tillering + 10
kg ha"1 ZnS0 4 7H 2 0 at panicle initiation stage. All the treatments were received NPK at the
recommended rate of 100, 50 and 50 kg ha"' respectively in a randomized block design replicated
thrice.
The results showed that the amount of DTPA-extractable Zn content in soil consistently
decreased with progress of rice growth irrespective of treatments. The higher amount of Zn was
maintained initially with the treatment Tj, where, entire amount of Zn as Zn-EDTA @ 20 kg ha"1
was applied as basal, while maintenance of Zn in soil was recorded a consistent higher amount
throughout the growth period in the treatment Ti, where, Zn as Zn-EDTA 20 kg ha"' was applied in
two splits with the simultaneous highest (5.17 t h a ' ) increase in rice yield. The percent increase in
yield of rice was increased with the application of Zn-EDTA than that of equivalent level of
ZnS0 4 .7H 2 0 application. The split application of both Zn-EDTA and ZnS0 4 (twice - 50% at the
grand tillering and remaining 50% at panicle initiation stage) increased the yield of rice, being
varied from 7.41 to 27.65 percent over that of control.
Keywords: rice, chelated zinc, yield
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Effects of different tillage methods on some soil properties and
crop yields in semiarid soil of Southern Italy
DE GIORGIO Donato, FERR1 Donato and CONVERTINI Grazia
Istituto Sperimentale Agronomico-Via C. Ulpiani, 5-70125, Bari, Italy
To reduce production costs and the environmental impact it seems very important to revise the
use of traditional tillage methods. To study effects of different tillage methods on crop yields and
some soil properties in southern Italy an experiment was carried out in silty clay soil (Typic
Chromoxerert) comparing four tillage systems : conventional (double-share ploughing at 45 cm
depth, two rotary tillage applications at 20 cm with disc plough, 10 cm rotary tillage); two-layer
(combined equipment - 60 cm subsoiling + 10 cm rotary tillage; surface (20-25 cm five-share
ploughing, 10 cm rotary tillage); minimum (10 cm rotary tillage), combined with three nitrogen (N)
rates: 0, 50, 100 kg ha'. The experimental design was a split-plot with tillage as whole plot
treatments arranged in three randomised blocks and Nitrogen fertilization as subplot treatments.
Climatic conditions in experimental sites are characterized from summer hot and dry and
winter cold and rainly; in consequence the climate is "thermomediterranean accentuated" as FAOUNESCO classification. In differently-treated plots a two year-rotation sugarbeet - durum wheal
was cropped. Once a year differing soil characteristics were studied with soil sampled from all
elementary plots. From harvest to yield, the main bioagronomic parameters were measured for both
of the crops.
The soil were characterized for total organic C, total extracted C, N-NO3, exchangeable
N-NH4, NaHCOi-P, NH4OAC-K, pH, CEC, urease, nitrate reductase, glucosidase, galattosidase
before and after different treatments. In fact, on autumn the soil was sampled for the entire profile
to evaluate the variation caused by different kind of tillage. The obtained results show a strong
interaction " treatment per year". Although the tillage reduction positively influences total organic
and estracted C. urease and glucosidase, in the soil, no effect were found on moisture, nitrates and
nitrate-reductase.
Keywords: soil tillage, sugar beet, chemical characteristics
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Effect of boron fertilizer on red clover seed production in
Chilean volcanic soils
DEMANET R. and MORA M.
Universidad de La Frontera, Temuco, Casilla 54-D, Chile
The Ninth Region, 37-39 °S, 74 -71 °W, has a climate similar to that of temperate seed growing
areas of the world. Rainfall averages 1,400-2,000 mm per annum. The two soil groups used for
growing seed are classified as Ultisol and Andisol. Ultisols have phosphate retention of
aproximately 60% and organic matter of approximately 9%, whereas Andisols have high phosphate
retention (approximately 90%) and high organic matter (16-18%). Trifolium pratense L. seed
production area reaches to 5,000 ha in Southern Chile and the average yield is less than 300
kg ha"1. The principal factor which regulates the crop production is a high acidity condition in these
soils, hampering nutrient availability. Boron is highly deficient in these soils. The database of soil
service laboratory in the Universidad de La Frontera indicates that the 50% of soils have less than
0.5 mg kg"1. The availability of boron to the plants generally decreases with an increase in soil pH,
resulting in lime-induced boron deficiency in some cases. Boron plays an important role in the
pollination process and deficiency affects pollen germination and pollen tube growth in the plant.
Boron is also involved in many other essential processes, including the translocation of sugar and
other biochemicals, protein synthesis, nodule formation in legumes and regulation of carbohydrate
metabolism (McLaren and Cameron, 1994)
The aim of this work was to determine the boron fertilizer requirements on Trifolium pratense
L. seed production growing in volcanic ashes derived soils.
The research was developed in an Andisol of Freire Serie with 0.32 mg kg"1 of Boron and pH
5.5. A split plot design with four replicates was used to evaluate the effect of 5 doses of boron
fertilizer. The doses were 0, 1,2,3,4 and 6 kg B ha"1. Previously seedling the soil was liming with 1
ton of calcite. The experiment was conducted over two years (1999/2000 and 2000/2001). The
boron source was calcite boronatre applied in the first year in the row and overcastted in the second
year.
The result indicate a very good relationship between boron dosis and yield. In the first year the
maximum average yield was 1,096 kg ha'1 when it was apply 6 kg of B ha"1. With the same dosis in
the second year the average yield was 1,401 kg ha"1. The yield increase from 24% to 73% with the
boron rate from 1 kg ha"' to 6 kg ha"1 reaching in the soil over 1 mg kg"1. The increase boron in the
soil depends the interaction liming and boron rate.
Keywords: Trifolium pratense, boron, pollination, seed production, Andisol
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Effect of long term integrated use of farmyard manure and
inorganic fertilizers on soil P availability
DHILLON N.S.. JOSAN M.D. and BRAR B.S.
Department of Soils, Punjab Agricultural University, Ludhiana, India -141 004
Continuous use of differential amount of inorganic P fertilizers and farmyard manure (FYM)
over the years in a particular cropping system may create variable soil P fertility and affects
sorption and desorption behavior of added P. In the present study, soil samples were drawn at 0-15
cm, 15-30 cm, 30-60 cm and 60-90 cm soil depth from a long term fertilizer experiment on maizewheat cowpea (fodder) cropping system at Punjab Agricultural University, Ludhiana (India)
initiated in 1971 where fertilizer treatments consisted of an absolute control, 50%, 100% and 150%
NPK, 100% N and 100% NPK + FYM (100% NPK means 320 kg N + 83 kg P + 110 kg K ha"1 to
one crop cycle, source of P is SSP & FYM at the rate of 10 t ha"1 before the seeding of maize).
There was a considerable build up of available P with all rates of P application both in surface and
sub-surface soil after 28 years of cropping. However, in control plot (no P added), available P
declined from 8.8 kg ha"1 to 6.0 kg ha"1 and this magnitude of decline was of higher order in plots
receiving N alone. The result also indicated that P availability declined sharply with soil depth.
The values of available P were of higher order in 150% NPK treated plot through out the profile,
showing the possibilities of P movement in the super optimal P amended plots.
As the amount of P added increased, the amount of P adsorbed also increased correspondingly
and was of higher order in plots receiving 100% N or absolute control. Further, increasing rates of
long term P fertilizations caused reduction of P adsorbed and it increased with soil depth.
Adsorption maxima were the maximum in control and 100% N treatments and were the least in
100% NPK + FYM treatment. The affinity constant for P showed wide variation among different
long term fertilizer treatments. The values of Freundlich constants were the highest in absolute
control and 100% N treatments. Differential buffering capacity (DBC) and Maximum buffering
capacity (MBC) had the lowest values in 100% NPK + FYM treatment followed by 150% NPK
treatment. Adsorption maxima, MBC, DBC and extent of P adsorption showed a significant
relationship with various yield/P uptake values of wheat crop. Phosphate desorption was far less
when compared to P adsorption. Desorption maxima (Dm) was the maximum in 100% N treatment
followed by control and it was correlated significantly with both relative yield and dry matter
production.
Keywords: long-term, integrated fertilizer use, P availability, P adsorption
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Utilization of slow release nitrogenous fertilizers to
le-conte pear trees grown in sandy soil
EI-AILA H.I., ABOU Rayya M.S. and KASIM N.E.
Sous and Water Use Dept. National Research Center, Dokki, Cairo, Egypt
Modified urea has been used to rectify the limitation of easy dissolution in water. The hard
durable layer that is formed on the granule conveys slow-release characteristic to the final product.
Field experiments were conducted to study the utilization of slow release nitrogenous fertilizers to
le-conte pear trees grown in sandy soil. Results revealed that the treated urea with bentonite (Bcu)
stimulate the total yield and number of fruit trees as compared with urea alone. Low rate of slow
release fertilizers had a more pronounced effect on total yield than urea alone high rate. Results
observed that the urea added gave the lowest fertilizer nitrogen efficiency (FNE) and nitrogen
recovery in the two seasons as compared with slow release fertilizers, increasing levels of applied
urea, decreased the FNE in the two seasons. It was noticed that addition of BCU2 bentonite coated
urea (thick coating) gave a higher value of NPK concentration than BCUi thin coating urea and
slow release fertilizers had a more pronounced effect on fruit weight, fruit volume, fruit length and
diameter as compared with urea alone in both seasons. Results observed that BCU2 had a more
remarkable effect on total soluble solids than the other treatments, and also gave the highest total of
inorganic nitrogen, phoshporous and potassium in soil compared with BCUi with urea and the
modified urea material may provide a strong incentive for improving the management practices of
nutrient supply and can be considered as a potential means for both reducing environmental hazards
and maintaining high nutrient use efficient (NUF).
Keywords: slow realease, le-conte pear trees, nitrogen, phosphorus, potassium, thickness of
coating levels of nitrogen
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The bio-organic farming and its effect on nodulation, growth
and yield parameters of Vetch (Vicia sativa L.)
GOMAA A.M. (1), BAHR A.A. (2), El-KARAMANY M.F. (2) and El- KHOLY 1V1.A. (2)
(1) Agricultural Microbiology Department, National Research Center, Dokki, Cairo, Egypt
(2) Field Crops Research Department, National Research Center, Dokki, Cairo, Egypt
A pot trial was implemented during the winter season of 2001/2002 at the greenhouse of the
National Research Center to evaluate, against the recommended doses of NPK, the effect of
application of certain bio-organic treatments on nodulation, growth and yield parameters of vetch as
a leguminous forage crop. The maximum root nodule numbers were recorded with farmyard
manure + Rhizobium + Klebsiella treatments (11 and 13 nodules plant') and chicken manure +
Rhizobium + Klebsiella treatments came at the second order (9 and 10 nodules plant') while no
nodules were detected for the positive control (full dose of NPK). Except nodulation, the
comparison was in favour of chicken manure, for all growth and yield parameters, compared to
farmyard manure. No significant differences were found among both applied rates (10 m & 15
m' fed') of organic manures except seed yield, seed index and seed protein content parameters.
Synergistic effect was observed between both applied biofertilizers where the combined inoculum
significantly overcame the single one regarding nodulation, seed yield and biological yield. In
comparison with the positive control, comparable results were recorded due to the application of
bio-organic treatments for the majority of tested growth and yield parameters. The combined
inoculum associated with either chicken or farmyard manures could be applied to get a reasonable
productivity when the bio-organic farming was taken into consideration.
Keywords: bio-organic farming, vetch, vicia sativa, chicken manure, farm yard manure,
Rhizobium, Klebsiella
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Green manure and its interaction with nitrogen doses
on the potato crop in the Cuban conditions
GARCIA Margarita, ALVAREZ Mayte and TRETO Eolia
National Institute of Agricultural Sciences, The Habana, Cuba
With the objective of quantifying the contribution of N in units fertilizers of the green manure
Canavalia ensiformis in rotation with the potato, a field experiment was carried out between 19921995 on a Red Ferralitic soil in Havana. The treatments consisted of the factorial combination of the
use or not of the green manure with five doses of N (0, 40, 80, 120 and 160 kg ha"1 of N),
distributing these in the field according to a design of divided parcels with five repetitions. The
results showed a positive response of the potato to the application of N, to the incorporation of the
green manure and to the integration of both alternatives. The magnitude of the response to the
application of several doses of N was independent of the employment or not of the green manure.
In the 1992-1993 campaign with the use of the canavalia, the maximal yield was 33 t.ha"' with only
the application of 53 kg ha"' of N (32% of the maximum dose); in the 1994-1995 campaign, the
maximal yield was (29 t ha"1) with only the application of 67 kg.ha'' of N (50% of the maximum
dose) and the use of the canavalia. With the use of green manure alone, it was obtained equivalent
yield of potato of 80 kg.ha" of N as Urea. When the green manure was not used, the response to
nitrogen fertilization was lineal, the yield being (31 t ha"1) in the 1992-1993 campaign with the
application of 164 kg ha"1 of N, and 130 kg.ha"1 in the 1994-1995 campaign. The results revealed
increments of the yields with the use of green manure (3.5 t ha"'), as well as significant savings of
nitrogen fertilizers (30-50% of the necessities of the cultivation), equivalent to a dose of 60-115 kg
ha"1 in Urea form. The previous results were likewise in correspondence with the positive effect of
the green manure in the increment of the contents of P and exchangeable nutrients of the soil and to
the improvement of leaf nutrition with NPK in the cultivation of the potato; everything due to the
high contributions of green matter, dry matter (5.6 t h a ' ) and of N (205 kg ha"1) of the green
manure Canavalia ensiformis.
Keywords: potato, green manure, nitrogen, interaction, yields
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Potassium nutrition of groundnut in Western India
GOLAKIYA B.A.. GUNDALIA J.D. and SHOBHANA H.K.
Department of Agril. Chemistry and Soil Science, G.A.U., Junagadh-362 001 (Gujarat), India
Groundnut has been a monocrop for the last 60 years in the western regions of India Hence
nutritional disorders, stagnation of yield, epidemics of pests & diseases, soil sickness etc. are the
common problems. In that context potassium nutrition of groundnut has been studied thoroughly in
a single project. About 80 field trials, three long term trials, 6 pot trials, several laboratory trials
were conducted to investigate physical chemistry of K in soils, root influx of K in groundnut
cultivars, varietal response of groundnut to K and the determinants of groundnut response to K.
Narrow activity ratio of K in the Vertic ustochrepts of Western India limits the bioavailable K.
Crops grown even in soils with moderate available K suffers from temporary K deficiency at 60
days after sowing. Root influx of K varies with root morphology and growth habit of the groundnut
cultivars. The strains with low harvest index responded batterly to K application. Major
determinants of groundnut response to K fertilization were: level of productivity, soils status of K,
rate of K fertilization, status of N and P in the soils and rainfall pattern.
Groundnut crop responded to K fertilization significantly when the productivity was above
1,500 kg ha"1, soil status was of low to medium NP fertility was not low, K was applied @ 80 kg
K.2O ha"1 and or cv percent of rains was around 35. Potassium nutrition management has been
studied for sustaining the productivity of groundnut based cropping system viz., groundnut pearlmillet (3 years), groundnut - wheat (12 years) and groundnut - wheat - sorghum (20 years) on
LTFE basis. The yields of groundnut and pearlmillet increased 26 and 24 percent under NPK as
compared to NP treatments. Groundnut and wheat yield increased by 45 and 25 percent under NPK
as compared to NP treatments. The yield of groundnut, wheat and sorghum were increased by 82,
42 and 41 percent under NPK as compared to NP treatments. Yields of most of the LTFE's declined
after eight years. Potassium fertilization is essential for sustaining higher yields.
Models were developed from entry of 10,000 data derived exclusively from the field trials.
Useful information on the maxima, minima, rate of change and path co-efficients is available for
regional planning.
Keywords: groundnut, potassium, wheat, sorghum, balance nutrition
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Characterization of nitrogen fractions of Indo-Gangetic
alluvial plains
GREWAL M.S., RAMAN R.S., DAHIYA LS. and KUHAD M.S.
Department of Soil Science, CCS Haryana Agricultural University, Hisar-125 004, India
To evaluate the productive potential, it is essential to consider spatial variability in soil
properties. Invariably, soil properties display spatial dependence, i.e., properties at one site are
statistically dependent on those at nearby sites. Their statistical analysis depend mainly upon
classical statistical methods which assume that soil properties do not exhibit spatial dependence. In
recent years, there have been important advances in geostatistical tools for the detection and
characterisation of spatial dependence. This relatively new approach affords a means of quantifying
the spatial dependence among sampling points for a given variable by semivariogram analysis and
additionally also allows unbiased interpolation of values by kriging techniques, which is not
possible by classical statistical methods.
The present study was undertaken with the Objectives: i) To quantify the spatial dependence of
variation in ammonical nitrogen (NH4+-N) and nitrate nitrogen (NOj~ -N) of the soils of a part of
Indo-Gangetic Alluvial Plains by semivariogram analysis; ii) To use the spatial dependence (if any)
to interpolate the values of these fractions at shorter and unrecorded sites by kriging techniques; iii)
To prepare isarithmic maps of the spatially dependent parameter based on interpolated (kriged) and
observed values for farm and environmental advisory services; and iv) to suggest optimum
sampling strategy based on the results obtained.The study area comprises of 5600 km* of IndoGangetic Alluvial Plains, formed by alluvial deposition brought by the Himalayan rivers. Seventytwo composite surface soil samples (0-15 cm) at a grid of 10 km x 10 km were collected. These
were analysed for NH/-N and NOi~-N by extraction with 2M KCl method.
The unboundedness of semivariogram showed that NH4-N is spatially dependent for all
distances more than the sampling distance of 10 km. The semivariogram was well expressed by
power function regression model. Nugget variance was 7.97 (mg kg"1)2 i.e. 8% of the sample
variance. The semivariogram of N O i - N was expressed by spherical model with a range of 30 km,
sill 57 (mg kg' 1 ) 2 and nugget variance 25 (mg kg"')2 i.e. 42% of the sample variance. Hence, the
semivariograms were used for interpolation of values between the grids by point and block kriging.
It demonstrates a many fold improvement in estimation precision by block kriging over the classical
and point kriging method. The results from geostatistical analysis of the data showed that kriging
could explain most of the variation in the original data. Practically it means that if a variable is
spatially dependent, the estimation of variance by the classical method is not a reliable parameter
for the interpretation of the data. The observed and kriged values were used to draw isarithmic maps
of NH4*-N and N O r - N . The estimation variances obtained by block kriging for NH4+-N were 9.10
and 13.10 times less than that obtained by point kriging and classical technique, respectively.
Geostatistically analysed data can be used for designing an optimal sampling scheme for a given
parameter. The statistical parameter of observed and kriged estimates of NH4+-N and NO3-N were
used for calculating the number of samples required to improve the precision within ± 10% of the
true mean at 90, 95 and 99% confidence levels. The sample size of NH4+-N and N(>f -N within
+ 10% of the true mean at 95% confidence level gave only 6 and 7 samples for block kriging and 55
& 62 for point kriging, respectively for future sampling, provided the semivariogram model is
known.
Keywords: spatial variability, nitrogen fractions, alluvial plains
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Soil related constraints to productivity of
soybean based cropping systems in Central India
GUPTA R.K.
Research Services, J.N. Agricultural University, Jabalpur-482 004, Madhya Pradesh, India
Soybean crop has witnessed a phenomenal rise in its area over the last three decades in India.
The crop merely covered 0.03 m ha in 1970 as against 5.89 m ha in 2000. A major area under the
crop, however, lies in Central India. The states of Madhya Pradesh and Maharashtra (17.4°N to 27°
N latitude, 73.5°E to 84°E longitude) account for about 90% and 88% of the total area and
production respectively in the country. The crop is mainly grown on black soils under rainfed
conditions either in rotation with chickpea, wheat, linseed or with an intercrop of pigeonpea, maize
or sorghum. Inspite of an unparallel and impressive expansion of soybean area, the productivity of
soybean has remained around 0.9 t ha"' which is very low when compared with realisable yield
potential of 3.5 to 4 t ha" . Many soil and weather related factors individually or collectively
contribute to the yield gap. Most significant of these are poor internal drainage, narrow workable
soil moisture range, coarse tilth, wide spread deficiency of sulphur and zinc, non-availability of
potent rhizobium cultures adapted to varied agro-climatic conditions, the high intensity of rainfall
leading to run-off induced soil and nutrient losses, and the occurrence of long dry spells during
reproductive phrase, leading to sub-optimal soil moisture regime and inadequate and unbalanceduse
of plant nutrients. Effective and economically viable technologies have been generated with a view
to address these constraints. Use of rotavator for seed bed preparation, planting of soybean crop on
ridges for facilitating root zone aeration, use of raised and sunken bed land configurations, use of
mulches for conserving soil moisture, use of vegetative barriers for reducing runoff, soil and plant
nutrients losses; nutrient recommendations based on targeted yield concept conjunctive use of
organics and chemical fertilizers as source of plant nutrients, sulphur nutrition of the crop through
application of S-containing fertilizers, runoff recycling lead to enhanceed sustainability of soybean
based production systems. The paper coalates, analyses and interprets experimental data on
"Performance of Soybean-based cropping systems in relation to soil, rain water and nutrient
management practices". The practices, most of which have been validated for large scale use, if
adopted have the potential to narrow down the yield gap and minimise risks associated with rainfed
soybean-based crop production systems.
Keywords: potential, soil moisture, land configurations, raised-sunken beds, vegetative barrier,
internal drainage, nutrient management
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Boiling KCl-extractable N, nitrogen mineralization potential
|N„) and crop N availability in semiarid soils
HAER Harmanjit Singh and BENBI, Dinesh Kumar
Department of Soils, Punjab Agricultural University, Ludhiana 141 004, India
Both chemical and biological methods have been used to quantify soil's ability to supply
nitrogen (N). Biological methods involve incubation techniques to study N mineralization kinetics
in soils and to estimate potentially mineralizable nitrogen. Though the incubation methods provide
accurate estimates of N mineralization kinetics, these have the disadvantage of being time
consuming and cannot fit into batch analysis of soil testing laboratories. The present study was,
conducted with the following objectives i) to determine N mineralization potentials of benchmark
soils from north-western India, ii) to study relationship between N mineralization potential (N0) to
crop N availability in soils of varying texture and organic carbon content iii) to test boiling 2M KCl
as an extractant for determining potentially mineralizable nitrogen in soils.
A laboratory incubation experiment was conducted in 13 benchmark soil series from a semiarid
region of India. The soil samples ranged sandy loam to clay loam in texture, 0.17-0.82% organic
carbon (OC), 302-1,402 mg organic N kg"1 soil, 330-1,430 mg total N kg"1 soil, 28-140 mg mineral
N kg' soil and 8-48 mg KMnCvoxidizable N kg' soil. The laboratory experiment was conducted
at 32±2°C temperature and 0.33 bar moisture for time periods of 0, 1, 3, 6, 9, 14, 28, 42, 56, 70, 84,
98, 112 days. Kinetic models of varying complexity were fitted to N mineralization vs. time data.
Potentially Mineralizable Nitrogen (PMN) was calculated by subtracting the quantity of mineral N
extracted at room temperature from the amount extracted by boiling KCl for different boiling
periods of 0.5, 1.0, 1.5, 2.0 hours. A greenhouse experiment was conducted on five selected soils to
relate N0 and PMN to the nutrient uptake by wheat crop. Dry matter yield and plant N uptake 21
and 63 days after seeding was related to N„ and PMN.
The time course of N mineralization showed that mineralization was faster during initial days
of incubation followed by relatively slower rate subsequently. At 112 days after incubation, the
cumulative N mineralized ranged from 8.2 - 75.6 mg N kg"' soil that was significantly correlated to
soil OC (r=0.96**), KMn0 4 -oxidizable N (r=0.93**), organic N (r=0.90**) and total N (r=0.90*).
A comparison of models showed that first order double compartment (FODC, Nt= Nj(l-e" ')+
N,(l-e' ")) best described the experimental data. The N„ (calculated as sum of Nd+Nr) ranged 2189.7 mg N kg" soil. The potentially mineralizable N PMN after 2 hours boiling ranged 2.2 to 39.3
mg N kg"1 soil. Power relationship of the type Y=ax best described the relationship between PMN
(x) and N 0 (y). The PMN estimated from 1.5 and 2.0 hours boiling explained 71 and 78% variability
in N0, respectively. Boiling KCl extractable N was significantly related to plant N uptake. The PMN
estimated from 2 hours boiling was significantly correlated to crop dry matter ( r=0.97 and 0.95 for
21 and 63 days, respectively) and N uptake (r=0.90 and 0.94 for 21 and 63 days respectively). For
the wheat grown on these soils, PMN determined by boiling KCl was found to be good index of N
availability.
Keywords: nitrogen mineralization, plant N availability, organic matter, boiling KCl extractable
nitorgen, nitrogen mineralization potential
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Urea super granule point placement on potato: a new concept
HAOUE S.A.
Department of Soil Science, Bangladesh Agricultural University, Mymensingh-2202, Bangladesh
Urea is the most dominant nitrogen fertilizer being used in Bangladesh. However, broadcast
application of urea fertilizer favors high losses of N, particularly through volatilization losses (6070%). To avoid urea N losses, point placement of USG has been developed and is popularized in
the country, particularly in rice production. The objective of the present experiment was to study
the feasibility of applying USG deep point placed in upland vegetable crops such as, potato. The
experiment was set up in two agro-ecological zones of Bangladesh, (1) AEZ-9 (Old Brahmaputra
Floodplain) at Bangladesh Agricultural University farm, Mymensingh and (2) AEZ-28 (Madhupur
Tract) at a farmer's field in Madhupur, Tangail.
The potato experiment was conducted in the Rabi season (November-March) of 2000-2001.
The experimental sites were located both at Bangladesh Agricultural University (BAU) farm and a
farmer's field at Madhupur. Four treatments were used in the experiment, viz. (1) Control (without
any fertilizer), (2) Urea (granulated) with 109 kg N ha"1 from urea, (3) USG-2 with 73 kg N ha'1
from USG, (4) USG-3 with 109 kg N ha"1 from USG. Basal fertilizers applied included P @ 110 kg
P2O5 ha', K @ 150 kg K 2 0 ha"1, S @ 14 kg S ha', Zn @ 6 kg Zn ha"1, B @ 2 kg B ha"1. Each
treatment was replicated thrice in a randomized block design. A high yielding variety of potato,
Diamond was used as the test crop.
Point placement of USG greatly increased yield of potato tubers both at BAU farm and at
farmer's field in Madhupur. Maximum yield of potato tubers at BAU farm was obtained in USG-3
treatment, which was 24.16 t ha"1 compared to 17.52 t ha"1 as obtained in urea treatment having the
same rate of N. The increase in tuber yield in USG-3 treatment was 37.89% over urea treatment
and 131.63% the over control treatment. The second highest tuber yield of 18.40 t ha"1 was
obtained in USG-2 treatment against 17.52 t ha"' obtained in urea treatment (with 33% reduction in
N rate from that used in urea treatment).
Maximum yield of potato tubers was also obtained in USG-3 treatment at Madhupur farmer's
field, which was 26.50 t ha'1 compared to 20.78 t h a l as obtained in urea treatment having the same
rate of N. The increase in tuber yield obtained under USG-3 treatment was 27.52% over urea
treatment and 75.96% over the control treatment. It also showed an increase of 15.01% in tuber
yield over USG-2 treatment. The second highest tuber yield of 23.04 t ha"' was obtained in USG-2
treatment against 20.78 t ha'1 obtained in urea treatment (with 33% reduction from normal N rate as
used in urea treatment). The USG-2 treatment had also registered an increase of tuber yield of
10.87% over urea treatment. USG-3 treatment appeared to be the best in producing highest yield of
potato tubers at the BAU farm in Mymensingh and also at the farmer's field in Madhupur.
Keywords: N-rate, USG, point placement, potato, tuber yield, Bangladesh
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Litterfall and nutrient flux in tropical rain forest,
West Sumatra, Indonesia
HERMANSAH. AFLIZAR Zakaria, TSUGIYUKI Masunaga and TOSHIYUKI Wakatsuki
Faculty of Life and Environmental Science, Shimane University, Matsue, 690-8504, Japan
Litterfall and nutrient flux variation were studied in a I ha plot of tropical rain forest, in West
Sumatra, Indonesia. Seasonal and spatial patterns of litterfall and its nutrient concentrations
throughout a year were determined using circular litter traps installed at 25 sites in the plot. The aim
of this study were to determine the relationship of seasonal pattern of litterfall, rainfall and
temperature and to qualify the spatial variation of litterfall and nutrient content in relation to tree
composition and soil edaphic factors within the study site. To characterize the relationship between
spatial variation of litterfall and nutrient flux with tree composition and soil edaphic factors, the
omega index of Iwao was applied. Mean litterfall was 11.7 t ha"1 y"1 and it varied both seasonally
and spatially. The variation of litterfall were 0.4 to 1.9 t ha'month"1 from December 1997 to
November 1998, and ranged from 5 to 22 t ha' y"1 between the sites. The litterfall amount showed
considerable variations that nearly reached 5 times the difference between the lowest and the
highest both seasonally and spatially. Seasonal pattern of litterfall positively correlated with
temperature and showed weak negative correlation to rainfall. Spatially, variation of litterfall
positively correlated with basal area, tree population and tree species diversity. In relation to
edaphic factors leaf litterfall positively correlated with extractable P. Fe, Zn and Cu. However, there
were no clear relationship with the other major element Ca and Mg. Based on the total elemental
analysis of leaf litter, nutrient flux was found to be varied within the site. The nutrient flux of
various elements through leaf litter were N (59-161), P (2-5), K. (9-32), Ca (56.-164), Mg (6-20), S
(6-19), Al (5-22) Fe (1-4), Zn (0.1-0.4) and Cu (0.1-0.2) kg ha"1 y', respectively. Nutrient flux
corresponded with the litterfall and as expected, the amount of nutrient flux positively correlated
with tree population and number of tree species. The relationship between nutrient flux and soil
edaphic status of K, Mg and Al showed negative omega values, meaning negative correlation.
Whereas Ca, P, Fe, Zn and Cu showed positive correlation. These results suggest that tree species
diversity creates the diverse of edaphic niche by means of nutrient cycle, i.e nutrient uptake,
accumulation and return through litterfall.
Keywords: litterfall, nutrient flux, tree species diversity, tropical rain forest, West Sumatra
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Biochemical dynamics under different types
of tropical seasonal forests in Western Thailand
HIRAI Keizo (1), TAKAHASH1 Masamichi (1), LIMTONG Pitayakon (2) and
SUKSAWANG Songram (3)
(1) Forestry and Forest Products Research Institute, 1 Matsunosato, Kukizaki, Inashiki, Ibaraki,
305-8687, Japan
(2) Land Development Dept., Phaholyothin Road, Chatuchak, Bangkok 10900, Thailand
(3) Royal Forest Dept., Phaholyothin Road, Chatuchak, Bangkok 10900, Thailand
In tropical seasonal forests, soil moisture gradients are one of the major factors for regulating
forest types, which imply that soil physical, chemical and biological properties are different among
forest types. The aim of this research is to determine nitrogen availability and amount of microbial
biomass carbon and nitrogen in the soils under different types of tropical seasonal forests for
understanding the effect of seasonal environmental changes on soil biological activities.
The study site is located at the Mae Klong Watershed Research Station, Kanchanaburi, western
Thailand. Soils in the mixed deciduous forest (MDF), the dry dipterocarp forest (DDF), the dry
evergreen forest (DEF) are sampled. A 21 yrs-old and a 8 yrs-old teak (Tectonagrandis) plantation
and a grassland were also surveyed for soil sampling. Nitrogen availability and soil microbial
biomass carbon and nitrogen in the surface and the subsurface horizons were determined at the
rainy and the dry season.
Available nitrogen in the soil was high in the grassland and the DEF and low in the DDF in
both of the rainy and the dry season. Nitrate nitrogen was the major part of mineralized nitrogen so
that nitrification rates were more than 80% in almost of the surface soils examined. Nitrogen
availabilities in the rainy season (3.5-5.3%) were higher than those in the dry season (0.9-2.1%).
Similarly, soil microbial nitrogen content changed seasonally but microbial carbon contents did not
vary with the season. As the result, microbial carbon to nitrogen ratios fluctuated with the season.
We concluded that soil moisture regime was important factor for controlling biochemical processes,
especially nitrogen dynamics such as availability and microbial biomass nitrogen in the soils.
Vegetation types also affect nitrogen dynamics in this area.
Keywords: grassland, microbial biomass carbon and nitrogen, nitrogen availability, tropical
seasonal forests, teak plantation
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Integrated nutrient management for
different cropping patterns in Bangladesh
ISLAM M.S. (1), SATTER M.A. (2) and RAHMAN Md. Anisur (3)
(1) Bangladesh Agricultural Research Institute, Gazipur-1701, Bangladesh
(2) Soil Science Division, Bangladesh Agricultural Research Institute,
Gazipur-1701, Bangladesh
(3) Soil Resource Development Institute, Krishi Khamar Sharak, Dhaka, Bangladesh
Bangladesh is one of the mostly densely populated (798 persons km') countries of the world
with a population growth rate of 2.15%. The urgent need is to produce more food to feed the
teeming millions. Targeting high yield with a high cropping intensity is the most logical way to
raise the total production from the limited land resources. Soil is the most important natural
resource, which is the principal supplier of plant nutrients. Unfortunately, most of the soils of
Bangladesh have low nutrient supplying capacities. As a result crops suffer from different nutrient
deficiencies. This is reflected in poor yield and quality. Therefore, nurturing crop plants through
balanced nutrition is the most important factor to obtain the desired yield. Nutrient contents in the
soils is becoming more and more unbalanced due to continuous and intensive cropping. In order to
derive the maximum benefit, fertilizers should be applied in a judicious way. Some nutrients such
as P, K, S & Zn leave considerable residual effects and only a fraction of the total applied amount is
recovered by a single crop. In such cases, application of nutrient in full dose on each crop would not
be economical. For judicious and efficient nutrient management, Rabi (winter) season crops should
be considered as the first crop of cropping patterns and should receive all necessary nutrients. In the
subsequent crops, the fertilizer doses should be reduced and in certain cases no fertilizer is required.
A large number of cropping patterns i.e. Wheat- B. Aus- T. Aman, Wheat-Jute-T. Aman, Fallow-B.
Aus-T. Aman, Boro-Fallow-T. Aman, Blackgram- B. Aus-Fallow, Potato- Jute-Fallow, WheatMungbean-T. Aman, Wheat-Jute, Wheat-GM-T.Aman, Boro-GM- T.Aman, Chickpea -GM- T.
Aman are widely practiced in Bangladesh. Different nutrient management packages are practiced
for increased nutrient use efficiency. Cropping pattern based nutrient management is the most
efficient way for getting a higher yield, increased higher nutrient use as well as maintaining the soil
in a healthy condition.
Keywords: integrated, nutrient, management, cropping patterns, soil health
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Crop residue treatment with mineral salts and its recycling
under different tillage management practices and
their impact on crop yields and soil health in
a rice-wheat cropping system in Indo-Gangetic Plains
JAT M.L., PAL S.S. and SINGH R.
Sustainable Resource Management Unit, Project Directorate for Cropping System Research,
Modipuram-250110, Meerut, U.P. India
Rice wheat system currently practiced over 26 m ha (Timsina and Conner, 2001) in south and
east Asia (sub-tropical to warm-temperate climates) is the major food security system, contributing
72, 85, 92, 100 and 71% of the cereal production in China, India, Pakistan, Bangladesh and Nepal
respectively (Singh and Paroda, 1994; Aslam, 1998; Yadav et.al, 1998). During last decade a series
of question marks has been pin pointed on the sustainability of rice-wheat production system.
Several published reports from south and east Asian countries (AICRPCS. 1990-91 to 1998-99,
AICRPCS. 1998-99, Pandey et. al, 2001, Sinha et. al, 1998, Aggarwal et. al, 2000, Narang and
Virmani, 2001) has shown declining trends in productivity of this system mainly due to imbalance
use of chemical fertilizers along with high input responsive cultivars of rice and wheat which led to
negative nutrient balance in the soil. With the modernization of agriculture, less importance has
been paid on the traditional sources of nutrients (FYM) due to non-or negligible availability with
the farmers. This has led to diminishing trend in the organic carbon contents, nutrients reserve pool
and beneficial microbes of soil particularly where rice and wheat are grown in rotation continuously
year after year. In the changing scenario of agriculture during last decade, management of crop
residues in rice-wheat system are the issue of concern from soil productivity and environmental
viewpoints and are a big challenge to the researchers. The window period for wheat-rice is little
shorter in Indo-Gangetic Plains of India but reverse is true for rice-wheat. When this smaller
window period combins with low thermal regimes of soil, it is very difficult for microbes to act on
the high lignocellulosic material (rice-residues) resultantly farmers compelled to burn it which
creates environmental pollution along with loss of valuable organic source of nutrients and adverse
effect on soil biota. Lot of research has been done on residue management in rice-wheat system but
was mainly concentrated on incorporation, burning and removal but our ultimate users have
adopted the technique which has not recommended (burning) due to easy way of management and
adverse effects of mere incorporation of residues on the mineralization of the soil nutrient pool as
well as externality applied nutrients. The problem of residue management in rice-wheat cropping
system becomes more acute after increased mechanization of this system and introduction of
conservation tillage technologies. Therefore, a thought has been developed to evaluate the efficient
and client oriented technologies for effective management of crop residues in rice-wheat system.
Keeping in view of the above facts, an experiment on residue recycling under different tillage
management practices has been initiated during kharif 2000.
Keywords: crop residue treatment, mineral salts, tillage practices, soil health, rice-wheat cropping
system, Indo-Gangetic Plains
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Soil fertility and nutrient contamination of water
in a hilly catena of Sri Lanka under intensive cropping
JAYAKODY A.N.
Department of Soil Science, Faculty of Agriculture, University of Peradeniya, Sri Lanka
An assessment of soil fertility of a catena intensively exploited for vegetables was conducted
along with nutrient contamination of wells therein. Soil and a well in a forest at the catenal top
served as controls. The objective was to educate the community related to fertilizer/manure
applications and pollution of water, as recommendations is not adhered to.
Pattippola of Nuwara Eliya District provided a representative catena, which is situated 1800
feet above msl. having an average annual rainfall and a temperature of 2,000 mm and 15°C
respectively. For sampling, the catena was primarily divided into upper, middle and lower slopes,
and subdivided considering topsoil color as dark, medium and light established through unequal
manure applications. Composite samples were prepared from the A-horizon while monitoring their
depths. Soils were analyzed for texture, pH, cation exchange capacity (CEC), organic C, total N,
and available K. and P. Water from 9 wells were sampled in weekly intervals during 3 months in
which pH, Ca++ K+, Mg*\ PO4", NH%, NO3, Cu++, Zn++ and Mn++ were determined. Two "shower
irrigation issues" were monitored for quantification of nutrient recycling.
An expansion of A-horizons by three folds was observed in soil under cultivation compared to
the depth range of 5 - 14 cm of the forest. Soils were moderately to strongly acidic irrespective of
land use, position and the color indicating the dominant effect of climatic environment. pH of the
water also showed a similarity. These stressed the need of pH adjustments prior to fertilizer
applications. Clay contents around 3% showed their insignificant contribution to nutrient retention.
Organic fraction was more responsible for moderate CEC values observed. Despite high
percentages of organic matter in forest and dark soils, a CEC of 30.2 cmol (+) kg"1 was observed
only in the forest indicating a better humification over the cultivated locations ranging from 13 to
20 cmol (+) kg"1. Narrowest C: N ratio of 6 was, observed in the forest and those of the rest were
around 10. However, the acidity should have retarded N-mineralization. P and K. availability were
increasing towards the lower slope and dark color though the acidity kept P at lower levels.
An increase of Ca in wells towards the lower slope was observable. NH44 and PO4""" were
found in minimum. NO3' -N contents were alarming in the wells of middle and lower slopes
exceeding the safe level of 12 mg kg"1 for drinking. Around 20 kg of N returned through a "shower
irrigation issues" worthy to be considered in recommending fertilizers.
Other major nutrients were in the average range of a foliar spray. Mn was detected as traces
though Cu and Zn were not detectable in wells. Reduction of fertilizer applications and drinking of
water from wells with algae were stressed. Establishment of a drinking water reservoir in the forest
was advocated.
Keywords: soil fertility, water pollution, nutrient recycling, Sri Lanka
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Change of soil properties after forest fire in red pine
(Pinus densiflora) stands, Korea
KIM Choonsig and JEONG Jin-Hvun
Korea Forest Research Institute, Seoul 130-012, Korea

i

This study aimed to investigate change on soil properties for two years due to the fire in
Pinus densiflora Sieb, et Zucc, one of the most important timber species in Korea. After one year,
bulk density of the high intensity fire area increased in surface soil (0-5 cm) compared with the
unburned area. Bulk density to 25 cm was greater in the high than in the low intensity fire areas. In
the first year after the forest fire, soil pH, total nitrogen, available phosphorus, potassium, calcium,
and magnesium increased in surface soil of the burned area compared with the unburned area, but
there was no marked change in subsurface soil (5-25 cm). Organic matter, total nitrogen, available
phosphorus, and exchangeable cations in the surface soil were generally less in the high than in the
low intensity fire areas, suggesting volatilization. Soil pH, total nitrogen, available phosphorus,
potassium, calcium, and magnesium in surface soil of the burned area decreased rapidly after one
year since the forest fire. The decrease of nutrients may be associated with uptake by vegetation,
and accelerated erosion and leaching losses by the exposure of mineral soils. The decrease of soil
nutrients with time after the fire may be detrimental for tree growth.
Keywords: fire intensity, forest fire, forest soil, Pinus densiflora, soil property
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Short-term dynamics of carbon and nitrogen in
in-soil earthworm casts under tropical grasslands
JIMENEZ J.J. (1), DECAËNS T. (2), MARIANI L. (3), ASAKAWA N. (1), AMÉZQLITA E.
(1) and THOMAS R.J.(l)
(1) Soil and Plant Nutrition Unit, Centro Internacional de Agricultura Tropical (C1AT), AA 6713,
Cali, Colombia
(2) Laboratoire d'Ecologie, UFR Sciences, Université de Rouen, F-76821, Mont Saint Aignan,
France
(3) Laboratoire d'Ecologie des Sols Tropicaux, IRD, 32 Av. H. Varagnat, F-93143 Bondy, France
Earthworms are considered to belong to the functional group of soil ecosystem engineers, since
they modulate the availability of resources, not only trophic but also spatial, via the physical
structures they produce. Through their burrowing activities, mixing soil with litter and casting
inside the soil or at the soil surface they affect physical properties of soils, nutrient cycling and
plant growth. To assess the contribution of soil biota to ecological processes and ecosystem
functioning a previous step is to describe the phenomena that occur in casts. Some studies have
been conducted in order to assess the role of earthworms through their activities in nutrient cycling;
nonetheless, only a few have dealt with nutrient dynamics in casts deposited in the soil under field
conditions. We evaluated the effects of cast ageing on C and N short-term dynamics by artificially
injecting fresh casts of the native anecic earthworm Marliodrilus sp. in the soil. The study was
carried out on a native earthworm community at the Carimagua Research Station in the welldrained isohyperthermic savannas of the Eastern Plains of Colombia. The experiment was
conducted in a long-term experiment where two paddocks were selected: a native herbaceous
savanna and an introduced grass-legume pasture. In each paddock two 4 m2 areas were isolated and
divided into eight lm quadrats. In the pasture, these quadrats were isolated using metal jails in
order to avoid cattle trampling. 20 points separated 15 cm were distributed in a regular grid and
fresh surface casts were injected in 1 cm dia x 10 cm long dug holes. Fresh casts were previously
collected and were used as a control. Soon after all fresh casts were injected two samples were
collected in each quadrat to assess the effect of physical manipulation on casts. Soil samples were
taken 1 m aside each quadrat using two cylinders, 0-5 and 5-10 cm for evaluation of physicochemical soil properties. Aggregate size distribution, total C, total N. N H / and NO3" content in
earthworm casts were compared across time (90 days). The physical manipulation of casts led to
the formation of important quantities of aggregates larger than 10 mm, although aggregates
constituting surface casts are generally large indeed (7-10 mm). High contents of NH 4 + were
measured in the first days of cast deposition and decreased across time. Besides, these contents
were higher in casts from the native savanna compared with the introduced pasture. However, the
reduction was not associated to an increase of nitrification processes. C contents, on the contrary,
were higher in casts from the introduced pasture than that from the native savanna, maybe due to
the fact of greater C acummulation in soil under introduced pastures in relation to soils under native
vegetation. We conclude that nutrient dynamics in in-soil casts of this anecic earthworm in the soil
is quite similar to that on surface casts, as previously assessed by some authors.
Keywords: earthworms, soil fertility, biota, casts, nutrient dynamics, tropical savannas

508

Symposium no. 14

Paper no. 2178

Presentation: poster

Increasing yield and quality of sugarcane by adjusting
row spacing and fertilizer rates: offseason planting
JINTAKANON S-, KLINHOUN S. and JINTAKANON P.
Department of Soil Science, Faculty of Agriculture,, Kasetsart University, Bangkok, Thailand
Yield and quality of 90-2-029 plant cane clone growing on Yasothon soil series (Yt: Typic
Paleustults) were cultivated under rainfed area at the farmer field of Pimai district, NakornRatchasima province during November, 2000 to November, 2001. The design of the experiment
was a split plot in randomized complete block with 4 replications. Three row spacings 60, 120 and
166 rows ha"' were used as a main plot. The subplot was 3 rates of nitrogen fertilizer 50, 125 and
312.5 kg N ha"1. Each individual plot was applied with 62.5 kg P2O5 ha"1 and 125 kg K2O ha"1. Pfertilizer was applied at planting date while 1/3 of N and K fertilizers were applied 4 months after
planting and the remaining 2/3 were applied 2 months after the first top-dressing.
The results revealed that regardless to fertilizer rates, the highest planting density (166
rows ha"1) gave the highest yield of 132.36 t ha"1 which was 35.6% over the standard row spacing of
1.65 m (60 rows ha"1). The increase in millable cane yield was strongly associated with the higher
number of cane stalks at harvest. While regardless of the row spacings, the 125 kg N ha" gave the
yield almost equal to that of 312.5 kg N ha"1 which was around 11 percent significantly higher than
50 kg N ha'1. The impact of row spacing and fertilizer rates had no effect on yield quality, therefore
the increasing of millable cane yield translates directly to increase sugar yield.
Keywords: sugarcane, row spacings and fertilizer rates, cane yield, yield quality, sugar yield
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International methods validation for soil analysis
in the third millennium
KALRA Yash
Natural Resources Canada, Canadian Forest Service, Northern Forestry Centre, 5320-122 Street
Edmonton, Alberta, T6H 3S5, Canada
The AOAC INTERNATIONAL is dedicated to methods validation and quality measurements
in the analytical sciences. It collaborates with the Soil Science Society of America Committee
S889 (Coordination of Official Methods of Soil Analysis Committee) for the interlaboratory studies
on soil analysis. Although AOAC has been conducting the official methods program for several
years, the program for soil analysis is less than 10 years old. As discussed by the author at the 7th
International Symposium on Soil and Plant Analysis last year, currently the following collaborative
studies are at different stages of the validation process: (1) Soil pH (2) Nitrates in soils (3) Plant
available P for acid soils (4) Plant available P for calcareous soils (5) Plant available K for soils (6)
Plant available Cu, Fe, Mn, and Zn (7) Calcium carbonates in soils (8) Lime requirement
determination in soils and (9) Inorganic carbon analysis of soils. One of the objectives of
Committee S889 is decide parameters and methods that should be validated for soil analysis. This
paper priorizes soils methods for future collaborative studies.
Keywords: collaborative studies, AOAC INTERNATIONAL, nutrients, Soil Science Society of
America, soil analysis, methods validation
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Evaluating boron behavior in soil and water as a step toward
achieving sustainable agriculture
KANGYumei (1), TSUJI Miki (1), KOSUGA Hiroki (2), SAKURAI Katsutoshi (1) and
TRAN Khanh Van (1)
(1) Faculty of Agriculture, Kochi University, Monobe b200 Nankoku City, Kochi Prefecture,
Japan
(2) Shimazu Technol Group, Kyoto, Japan
Boron is an essential trace element for plants. Certain plants such as cauliflower and Chinese
cabbages can absorb large amounts of boron. Therefore, boron fertilizers are necessary for such
vegetables if the boron availability of the soil is low. However, boron is also toxic and can affect
plant growth and human health. Since a deficiency of boron is often observed in humid areas, there
is concern that boron leaching out from the soil will influence the water system. In this study, the
boron availability of cultivated soils was evaluated, and the leachability of the boron added to soil
was investigated by a fractionation method in the laboratory. Moreover, experiments in a
greenhouse were carried out to quantify the leaching during crop production.
First, 30 samples of cultivated soils including paddy, upland, orchard and green house soils
were used to investigate boron availability. The total boron content of these soils ranged in 20.2 77.1 mg kg"1, which hold within the range of values that compare with the natural abundance of
boron (2-100 mg kg"1). While concentration of the hot water-extractable boron was extremely low
in most soils, around 0.2 mg kg"1, the limit for estimating boron deficiency. A positive correlation
was obtained between the concentration of hot water-soluble boron and the amount of organic
matter, suggesting that this fraction contains some organic boron.
Second, a laboratory experiment for estimating the behavior of the boron added to soil was
conducted. In 3 soils (paddy, upland or greenhouse), boric acid was mixed in at 5 mg B kg"1. The
boron originally present or added to the soils was fractionated into water-soluble, non-specifically
adsorbed, specifically adsorbed, Mn oxide-adsorbed, amorphous Fe and Al oxide-adsorbed and
residual forms. More than 90% of the boron originally in soils was of the residual form. However,
over 70% of that added was found in the water-soluble and exchangeable fractions, indicating that
added boron (namely B fertilizer) easily leaches from soil, and may impact the water systems.
The fate of boron fertilizers during crop production was investigated in a greenhouse. Celery, a
boron-demanding vegetable was planted in two kinds of soils with 4 levels of fertilization. In 34
days, 1.4 tol 7.4% of the total water-soluble boron in the fertilizers leached out. It is interesting that
bark manure showed a boron-trapping effect in this study.
Keywords: boron, availability, fertilizer, leachability, environment
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Efficiency of iron and humate on the decreasing of
iron chlorosis in peach trees in Tokat region
KARAMAN M. Rustu
Gaziosmanpasa University, Department of Soil Science, Tokat, Turkey
The availability of Fe in calcareous soils may be increased by application of humic substances
with iron fertilizer. For example, application of humic substances to peach trees may increase Fe
availability and decrease the cost. In this study, effect of different Fe-sources and humic substances
on the decreasing of iron chlorosis in peach trees growing on the calcareous soils of Tokat region
was investigated. Soil applications of inorganic Fe, humat and Fe-humate had less effect than
FeEDDHA (synthetic chelate) on the decreasing of Fe chlorosis under these calcareous conditions.
But, because of the high cost of synthetic chelates, cultural expedients also seems to be valuable
and economical.
Keywords: peach trees, iron chlorosis, humic substances
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Estimation of the long-term changes in extractable soil-P:
model and its practical application
KARPINETS T.V. (I) GREENWOOD D.J. (2)
(1) The Institute for the Protection of Soil from Erosion, Karl Marks Street, 70-b, Kursk, Russia
(2) Horticulture Research International, Wellesbourne, Warwick, CV35 9EF, UK
Management of fertilizer-P, in many regions of the world, aims to increase the level of soil-P
above a critical value and then maintain it at that value. If the soil is allowed to fall too far below it,
then yields are sub-optimal, no matter how much broadcast fertilizer-P is incorporated in soil
immediately before planting. The usefulness of the "maintenance" concept for a given situation
depends on the physical-chemical reactions of soil P and its total reserves.
Processes of P precipitation, absorption, desorption, fertilization, and plant uptake, were, after
some approximations, combined into a model. The model was calibrated with the results of a longterm field experiment on a typical chernozem that included soil-P-treatments. Levels of extractable
P (estimated by 0.5 N acetic acid) in the treatments were created as a result of difference in P
balances induced by cropping and application special rates of nitrogen, phosphorous and potassium
fertilizers. The trial was carried out by the Ukraine Scientific Research Institute of Soil Science and
Agrochemistry. Predictions from the model were tested against the results of two field experiments
on typical and leached chernozems and two microfield experiments on calcareous and typical
chernozems, where various cropping and fertilizer applications had created different P-balances.
Measurements of extractable soil-P were measured as described above.
Analysis of the model and its parameters indicates that soils that have either received fertilizerP or have been depleted of P by cropping will tend towards values of extractable and total soil P
that are characteristic of the soil. If for example, fertilizer brings the extractable P above these «
steady stationary» values the extractable P will fall towards it and likewise if the soil is depleted by
cropping the level will progressively increase towards it. Any deviations from the steady stationary
levels of extractable P will decline exponentially with time with an initial rapid phase of typically of
between 1 and 3 years. To support a stationary level of extractable P, which is higher than steady
one a constant positive P balance must be supported in chernozems by P fertilization. These
stationary levels are predicted by the calibrated model for different subtypes of chernozems.
The model predicts that the arable soil of the forest steppe zone of Russia will have a very
strong tendency to restore their extractable levels of P to their steady stationary values and
impractically large quantities of fertilizer-P will generally be required to induce a sustainable
increase in available P. An alternative to the maintenance concept of P fertilizer practice is clearly
needed for these soils.
Keywords: soil phosphate, simulation, model, phosphate fertilizer
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Effect of nitrogenous fertilisers and plant growth regulator
on cotton cultivar MCU- 7
KARTHIKEYAN P.K. and R. JAYAKUMAR
Radio Tracer Laboratory, Department of Soil Science and Agricultural Chemistry, Tamil Nadu
Agricultural University, Coimbatore-641003, India
A Field experiment was conducted at Agricultural Research Station, Bhavanisagar, TamilNadu
Agricultural University, India on Typic Ustrothent with cotton cultivar MCU.7 during 1998-99 to
find out the influence of nitrogenous fertilizer rates, phosphorous and potash fertilizers and plant
growth regulator, i.e. chlormequatchloride on growth, yield and quality of cotton. The treatments
consisted of three nitrogen rates (60, 80 and 100 kg ha"1) along with phosphorous and potassic
fertilizers and two chlormequatchloride formulations (50% AS, 30 mL h a ' , 50% AS, 60 mL ha"1,
10% AS, 150 mL ha"1 and 10% AS, 300 mL ha"1 were the four levels). The field experiment was
laid out in split plot design with three replications. The spraying of the chlormequatchloride was
done during flowering phase of cotton viz., 60, 70, 80 and 90 days after sowing. Adopting all the
recommended package of practices the crop was grown to maturity and harvested. The results
showed that the height of the cotton plant was markedly increased with graded doses of N and
reduced to the chlormequatchloride treatments. There was profuse vegetative growth of the test
crop of MCU- 7 cotton at 100 kg of N ha"1 With reference to the yield attributes,
chlormequatchloride sprayed in two formulations (chlormequatchloride 50% AS, 30 ml ha"1 x 4
applications at 60, 70, 80, 90 days interval and 10% AS, 150 ml ha"1 x 4 applications at 60, 70, 80,
90 days interval) and with increased N rates had produced more number of monopodia, sympodia
and bolls as compared to control that did not receive chlormequatchloride. The boll weight was also
profoundly increased. The favorable influence of nitorgenous, phosphotic and potassic fertilisers,
along with chlormequatchloride on yield attributes resulted in marked increase in the yield of seed
cotton.
Keywords: chlormequat chloride, formulations, MCU- Madras Cambodia Uganda
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Incubation experiments on net N-mineralization
in sandy soils of Northern Greece
KARYOTIS T. (1), PANORAS A. (2) and TZIOUVALEKAS M. (1)
(1) National Agricultural Research Foundation, Inst. For Soil Mapping and Classification, 1
Theophrastou Str., 41335, Larissa, Greece
(2) National Agricultural Research Foundation, Land Reclamation Inst, of Thessaloniki, 57400,
Sindos, Thessaloniki, Greece
Net N-mineralization was determined under laboratory incubation experiments in sandy soils
sampled from an arable land in Northern Greece. The experiments were performed over four years
and during the dry periods of the growth season irrigation was performed by applying fresh water,
or water from municipal wastes or lagoons. Soil sampling was performed in two depths 0-30 and
30-60cm from the surface, within a horizon where annual crops develop most of their root system.
Total soil nitrogen, organic carbon, pH were determined after air drying and sieving (fine earth<2
mm). Mineralized organic N was determined at a temperature of 35°C for a total period of 23
weeks. Mineralization determinations were performed on homogenous sub samples whereas
measurements were also performed during certain time intervals of 2, 4, 7, 10, 14, 18 and 23 weeks.
The estimations of potential N mineralization capacity were obtained by using the expression: log
(N 0 - N,) = logNo - k/2.303 (t).
Nitrate was found the dominant form of the mineralized nitrogen and the cumulative net
mineralization among soils varied and ranged between 22.72 to 31.49 mg N kg"' soil for the surface
and 16.71 to 19.02 mg N kg" soil for the subsurface layers. This indicates the different degree of
soil organic matter resistance to microbial decomposition, within both studied soil depths. A mean
value of net mineralization was 27.12 mg N kg" soil for the surface samples, whilst the respective
for the subsurface layers was found 17.61 mg N kg' soil. Nitrification ranged between 9.24 to
22.43 mg N kg"1 soil and ammonification ranged between 7.31-9.06 mg N kg"1 soil. The ammonium
mineralization was lower and this may be due to individual conditions and factors, which do not
favour the first stage (ammonification) of N mineralization.
These rates are relatively low in comparison with those obtained from experiments conducted
in sandy soils of Central Greece. In samples with higher content in soil organic nitrogen, the N
mineralization was increased, whilst the elevated pH may affect the mineralization decline.
Mineralization potentials and rate constant k, were also estimated. The percentage of N mineralized
ranged between 3.8-5.6% of the total soil organic nitrogen.
The values of "k" were not constant and ranged between 0.00734 to 0.00930, indicating that the
organic sources of mineralizable N were not similar despite variations in origin and management
history of soils. The mineralized nitrogen can easily be used by plants and contributes to yields if
leaching can be reduced by applying rational irrigation schedules and taking into consideration the
avoidance of excess downward water movement by means of drainage.
The purpose of this study was to determine soil nitrogen mineralization under controlled but
nevertheless realistic conditions. Laboratory predictions can be used as a tool of optimising nitrogen
balances or addressing N models under field conditions. The results indicate that there is a potential
of improving nitrogen use efficiency in Greek cropping systems, together with economic and
environmental considerations.
Keywords: nitrates, ammonium, mineralization, incubation
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Comparison of capsule resin data and kinetic parameters
with some static soil tests to predict K uptake by rice
KAVOOSI M. (1), KALBASI M. (2) and ALIAKBAR A. (3)
(1) Soil and Water Department, Rice Research Institute of Iran, Rasht 3657, Iran
(2) Soil Science Department, Agriculture Facultity, Isfahan University of Technology, Iran
(3) Department of Chemistry, Guilan University, Rasht, Iran
Different forms of K are in a dynamic equilibrium in soils. The potassium supplying power of
soil therefore depends on the accurate determination of proportional contribution of each form of K
to plant nutrition. Numerous empirical techniques for the extraction and estimation of "available K"
have been proposed and used to some extent in routine soil testing. Since K* movement to plant
roots is a dynamic process, true thermodynamic equilibrium of K+ with the soil probably never
occurs in the active rhizospere during crop growth. This study was carried out to compare the
kinetic parameters and capsule resin data with some static soil test procedures for predicting the K
uptake by rice plants in some paddy fields, north of Iran. A pot experiment with 2 treatments (0 and
300 mg K kg"1 of soil), 3 replicates and 10 soils was performed. Soil potassium was extracted by
CaCl2 (0.01 M), ammonium acetate, ammonium acetate from submerged soil samples, magnesium
acetate, boiling nitric acid, distilled water, sulfuric acid, Morgan, Texas, Cellovana and by capsule
resin as well. Resin adsorption quantity (RAQ) was a function of incubation time and may be best
described with a fractional power equation. Results showed that RAQi (resin adsorption quantity
for the first period) had higher correlation coefficient with soft extractants such as 0.0IM of CaCb
and distilled water, while RAQ2 (resin adsorption quantity for the second period) showed lower
correlation coefficient with soft extractants and higher correlation with stronger extractants such as
ammonium acetate, Texas and sulfuric acid. Parameter a, of the fractional power equation had also
higher correlation with the soft extractants as compared with stronger ones. Resin adsorption
quantity for the second period (RAQ2) had the highest correlation with total K uptake and K
concentration of rice straw as compared to other periods. RAQ2 also predicted K uptake better than
the kinetic parameters and the chemical extractants. In this study a, parameter showed a relatively
high correlation coefficient with K uptake by rice while bj parameter showed no correlation.
Keywords: rice plant, kinetic, potassium, capsule resin, soil test methods, paddy fields
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Liming under no-tillage and effects on soil acidity,
nutrient availability and yield of corn and soybean
MOREIRA Silvino Guimaräes (I). KIEHL Jorge de Castro (1), PROCHNOW Luis Ignäcio
(1) PAULETTI Valdinei (2)

(1) ESALQ/USP, Caixa Postal 9, Piracicaba, SP 13418-900, Brazil
(2) Fundacäo ABC, Caixa Postal 1003, Castro, PR 84166-900, Brazil
With the introduction of the no-tillage (NT) cultivation system in Brazil, a question was raised
regarding the effectiveness of lime applied on the soil surface and the effects of this practice on soil
characteristics and crop yield. To study this problem, a field experiment was carryed out in the
State of Parana, Brazil, to evaluate the effect of liming on soil acidity, soil nutrient availability and
yield of corn (Zea mays L.) and soybean (Glycine max L.). These crops were grown on a Red
Latosol (Oxysol) which had been cultivated for three, six and nine years under no-tillage. Lime
was broadcast on the soil surface in four rates- 0%, 33.3%, 66.7% and 100% of the amount
calculated to increase the soil base saturation (V%) to 70%; an additional treatment consisted of
broadcasting the highest rate of lime and mixing it to the 0-20 cm layer of the soil. Calcium,
magnesium and V% showed the most uniform distribution in the profile when soil was cultivated
under NT for nine years; in addition, exchangeable Al was low and pH was constant in all the
studied soil layers. In the soil cultivated for three years, the highest figures for Ca and Mg in the 05 cm layer were observed when lime was broadcast on the soil surface at the full rate, while pH and
V% were not changed with liming. The highest lime rate mixed in the soil increased pH and Ca
content of the 10-20 cm layer, as well as the Mg content and V% of both 10-20 cm and 20-30 cm
soil layers. This treatment also reduced the Al content of the 20-30 cm layer. In the soil with sixyear cultivation period pH, Ca and Mg of the upper layer generally increased with the highest rates
of lime broadcast on the soil surface. When mixed with the soil, lime reduced the exchangeable Al
and increased the V% and the content of Ca and Mg of the deepest soil layers. In the soil cultivated
for nine years, lime influenced only the surface layer; when applied on the surface, the increase in
pH, V%, Ca and Mg by lime was generally higher than when mixed with the soil. Liming did not
influence the contents of N, P, K and S in the soybean leaves. Corn and soybean grain yields were
not influenced by liming, but the soil with six years of cultivation under NT produced the highest
yield of soybean.
Keywords: no-tillage, liming, corn, soybean, soil acidity
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Problem of soil tests in assessing bioavailability
of soil phophorus in Aluandic and Silandic Andosols
KIKAWA Naoto. ITO Toyoakl and SAIGUSA Masahiko
Experimental Farm , Graduate School of Agricultural Science, Tohoku University, Japan
Andosols have large amounts of active aluminum (Al) and iron (Fe) derived from short-rangeorder minerals and show a very high phosphorus (P) fixation. Two major types of andic horizons
are recognized, one in which allophanic clay is predominant (the silandic type), one in which Alhumus complex prevails (the aluandic type). It is very important to evaluate optimum bioavailable P
contents in order to save P resources and to produce high crop yields. Soil test is useful for
evaluating bioavailable P contents of soils. In this study, we investigated whether soil-P tests can
evaluate equally the P bioavailablility in aluandic and silandic types of Andosols and furthermore
clarified the cause of the problem of available P measurements in two types of Andosols.
Soil samples used in this study were 3 high-humic aluandic horizon soils and 5 silandic horizon
soils including 3 high-humic soils and 2 low-humic soils. Soil P levels were varied in the range of
0.07 to 3.46 g P kg" (5 levels in each soil) by adding calcium phosphate to the soils and standing 9
months. To estimate bioavailable P (P uptake by crop), dent corn (Zea mays. L) was grown in 2L
pots for 38 days in a greenhouse. The cultivation experiment was conducted under sufficient
nutrients except for P with four replications. Available P contents of soils were determined by
Truog (0.001M H 2 S0 4 , pH3.0), Bray no.2 (0.03M NH4F-0.1M HCl) and Olsen (0.5M NaHCO,,
pH 8.5) methods. Phosphorus re-sorption during extraction of available P was determined by adding
sodium phosphate to the extractants.
Good correlation was obtained between P taken up by dent corn and soil-test P values in each
soil types. Dent corn absorbed significantly larger amounts of P from the silandic high-humic and
low-humuic soils than from the aluandic soils when the available P measured by soil tests was the
same. Such differences in P uptake between two types of Andosols with the same amounts of P
extracted by soil test methods were as follows; Bray no.2-P > Truog-P > Olsen-P. Available P
values assessed by soil tests underestimated the bioavailablility of soil P in the silandic soils
compared to the aluandic soils. The silandic soils sorbed larger amounts of added P during
extraction using Bray no.2 and Truog solutions than the aluandic soils when the soils had the same
P sorption capacity measured under solution pH of 7. It is due to the intensive increase of P sorption
by allophane with decrease of solution pH. Differences in the amounts of P re-sorbed during
available P measurements between the two types of soils coincided with the order of the differences
in P uptake by dent corn. The problem of available P measurements was considered to be due to the
fact that the re-sorption of P during the extraction happened more intensively in the silandic soils
than the aluandic soils under acidic conditions (Bray no.2 and Truog extractants). We recommend
the use of different critical P values by soil tests for assessing the bioavailability of soil P in
aluandic and silandic types of Andosols.
Keywords: silandic Andosols , aluandic Andosols , available phosphorus, bioavailability
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Fertility evaluation of tobacco fields by landscape
and soil survey data with chemical properties
HONG Soon-Dai and KIM Jai-Joung
Department of Agricultural Chemistry, Chungbuk National University, #48 Gaeshin-dong
Cheongju, 361-763, Korea
To find evaluating method of soil fertility by the application of geographic information system
(GIS), field experiments were conducted on 23 tobacco fields located at Cheongweon and
Eumseong counties in 1996, 25 fields at Boeun and Goesan counties in 1997, and 19 fields at
Jincheon and Chungju counties in 1998 to cover the wide range of distribution in landscape and soil
attributes in Chungbuk Province, Korea. Tobacco was grown on the field that was applied any
fertilizer at all. The dry weight of tobacco leaves (DWTL) showed high variations by five times in
difference plots with minimum yield and maximum yield indicating the diverse soil fertility among
the experimental fields. Dry weight and nutrients (N, P, and K) uptakes of tobacco leaves were
considered as basic fertility of the soil (BFS). The BFS was estimated by twenty-five independent
variables including 13 chemical properties and 12 G1S data. Twenty-five independent variables
were classified by two groups, 15 quantitative variables and 10 qualitative variables, and were
analyzed by multiple linear regressions (MLR) of REG and GLM models of SAS. Evaluation for
the BFS by the MLR including independent variables was better than that by simple regression
showing gradual improvement by adding chemical properties, quantitative variables, and qualitative
variables of the G1S. The variability in the DWTL by MLR was explained 34.2% by only chemical
properties, 35.0% by adding quantitative variables, and 72.5% by adding both the quantitative and
qualitative variables of the GIS compared with 21.7% by simple regression with NO3-N content in
soil. Consequently, it is assumed that this approach by the MLR including both the quantitative and
qualitative variables was available as an evaluation model of soil fertility for tobacco field.
Keywords: soil fertility, evaluation variable, multiple linear regression, dry weight, tobacco
leaves, geographic information system
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Changes in chemical and microbiological properties of
soil by steam sterilization
KOBAYASHI Takavoshi, MAEDA Kazuhiro, YAMANE Shinzo, IWASAKI Közö, TANAKA
Sota and SAKURAI Katsutoshi
Faculty of Agriculture, Kochi University B200, Monobe, Nankoku, Kochi 783-8502, Japan
The Effects of steam sterilization (SS) on soil chemical and microbial properties including the
microbial community were examined in a greenhouse used to cultivate tomatos and compared with
those of two fumigants, methyl bromide (MB) and chloropicrin (CP). An accumulation of NH4-N
was observed after the SS and CP treatments due to a marked decrease in ammonium oxidizing
bacteria. The microbial diversity following the SS treatment, evaluated by carbon substrate
utilization with Biolog ECO MicroPlates, decreased markedly immediately after the treatment
while that following the CP treatment gradually decreased until the removal of the covering sheet.
The plant growth for the SS and CP treatments was enhanced due to an increased availability of N
in the soil. The MB treatment affected these measurements to a lesser extent than the SS and CP
treatments. The SS treatment caused a decrease in Mn oxide and a remarkable increase in water
soluble Mn which remained up until the end of the experiment. The levels of water soluble Mn
correlated with those of water soluble reducing hexose, suggesting that reductive groups of these
sugars caused the solubilization of Mn oxide. It was shown that the effects of steam sterilization on
the chemical and microbial properties of the soil were greater than and different from those of the
fumigants.
Keywords: ammonium nitrogen, manganese, microbial biomass, microbial diversity, nitrification,
steam sterilization
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The role of phosphorus in wild grasses in the phosphorus
dynamics of grassland
KONDO Hiroshi. TAKAHASHI Shigeo, HARADA Hisatomi, K1TAHARA Norihisa,
HARASH1MA Norikazu, NISHIDA Tomoko and HOJITO Masayuki
National Institute of Livestock and Grassland Science (N1LGS) Senbonmatsu, Nishinasuno,
Tochigi 329-2793, Japan
In order to understand phosphorus dynamics in native grasses, phosphorus content in several
grasses were investigated. The amount of phosphorus retained in native grass shoots of
azumanezasa (Pleioblastus chino Makino)- dominant grassland was found to be almost the same in
fertilized perennial ryegrass (Lolium perenne L.) -I white clover (Trifolium repens L.) - mixed
grassland, twice as much as in silver grass (Miscanthus sinesis Andress.) -dominant grassland, and
seven times as much as in Japanese lawngrass (Zoysia japonica Steud.) -dominant grassland.
Azumanezasa- or silver grass- dominant grassland could maintain the same or considerably high
production compared with fertilized grassland, and phosphorus concentrations in their shoots were
much lower. These suggest that one of the factors in low-phosphorus tolerance of native grasses is
the high efficiency of phosphorus utilization for dry matter production in the plant. Root-mat layer
was established in the surface of Japanese lawngrass-dominant grassland where high root density
was observed. The amount of Olsen phosphorus (Olsen-P) of that layer varied in close relation to
the amount of phosphorus of the shoots. This suggests that Olsen-P plays an important role on the
phosphorus cycle in Japanese lawngrass-dominant grassland. While a comparatively large pool of
phosphorus was present in the roots and litters in the silver grass-dominant grassland, this pool
contributed more significantly to the shoot production of this species than soil phosphorus. Native
grassland was able to maintain considerably high grass production even under very low phosphorus
fertility conditions. Two general types of native grasslands are recognized; Silver grass-dominant
grassland and Azumanezasa-dominant grassland, which grow by effectively utilizing the
phosphorus between shoots and underground parts, and Japanese lawngrass dominant grassland,
which is significantly assisted by available phosphorus in the dead shoots, litter, roots and soil.
Keywords: native grasses, phosphorus cycle, fertility, Japanese lawngrass, silver grass, Olsen-P
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Response of fenugreek {Trigonella foenum-groecum, L.) to
sulphur, zinc and molybdinum in Ustipssament soils of India
KOTHARI 1V1.L. and JETHRA J.K.
Department of Soil Science and Agril. Chemistry, Agricultural Research Station, Rajasthan
Agricultural University, Durgapura: Jaipur-302018, Rajasthan, India
Fenugreek is an important spice crop and the State of Rajasthan in India enjoys a special status
in its production. It contributes about 80 percent of the country's total area as well as its production.
The grain and green leaves of fenugreek are used as vegetables and as medicines for control of
diabetes and arthritis in human beings. Sulphur, zinc and molybdenum are key nutrients for protein
synthesis, enzymes activities in plants and nitrogfen fixation in soils. Soils of semi-arid eastern
plain are found to be deficient in available S, Zn and Mo due to light textured and low organic
matter content of soil (Singh, 1999). Yield obtained in these soils is poor and required application
of these nutrients to meet the requirement of the fenugreek crop. Limited research information is
available about the response of fenugreek to S, Zn, and Mo application in loamy sand soils of semi
arid eastern plains of Rajasthan. So a field experiment was undertaken for three years in Rabi 1994-95
to 1996-97 in irrigated coarse textured microfarming siutation to evaluate the effect of S, Zn and
Mo application on the yield and quality of fenugreek (Trigonella foenum-graecum L.) in loamy
sand Typic Ustipsammant soil, alkaline in soil reaction (pH 8.1) low in available N, medium in
available P & K, deficient in available S (4 mg kg ) and marginal in their available zinc (0.64 mg
kg"1) for increasing its production in semi arid regions. Treatments comprising three levels each of
sulphur and zinc as soil application and three levels of molybdenum as seed treatment and absolute
control. Ten treatments were replicated four timed in a RBD and crop was sown in November and
harvested in March, grain and soil samples were collected and analysed for different nutrients by
standard methods.
Three years pooled data revealed that soil application S. and Zn and seed treatment with Mo
gave significantly higher grain yield of fenugreek & increased the available N in soil as compared
to control. Among the treatments, soil application of 10 kg S ha"' through gypsum, 5 kg Zn ha"
through zinc sulphate and seed treatment of 0.10 kg Mo ha"' through sodium molybdate
significantly increased the grain yield of fenugreek by 4.13, 8.89 and 6.72 q ha" respectively over
control (20.70 q h a ' ) and can be considered as suitable doses for loamy sand soil. Increase in grain
yield by the soil application of sulphur and zinc might be due to more availability of these nutrients
in soil and meet the requirement of the nutrients by fenugreek crop as the soil in deficient in
availabile Sulphur and marginal in available zinc content. Seed treatment of molybdenum increased
the grain yield of fenugreek might be due to increased activity of nitrogenase and nitrate reductase
enzymes, which helps in fixation of more nitrogen by nodules and increased the availability of
nitrogen in soil. Similar results, were also reported by Singh and Singh (1994) and Jethra and
Kothari (1998) for different crops.
Keywords: fenugreek, soil application, seed treatment, gypsum, zinc sulphate, sodium molybdate
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Nutrient deficiencies in agricultural soils of Sri Lanka
KUMARAGAMAGE Darshani and INDRARATNE Srimathi
Department of Soil Science, University of Peradeniya, Peradeniya, Sri Lanka
The inherent low fertility status of most agricultural soils in Sri Lanka makes nutrient
deficiencies a serious problem for profitable crop production. At present, few farmers are using soil
test based fertiliser recommendation, considering only N, P, K and Mg deficiencies. Soils are
usually not tested for deficiencies of S and micronutrients, and these nutrients are therefore, not
supplied by most farmers. Deficiencies of S and micronutrients, however, have been often reported
for various crops in different parts of the country. This study was conducted to examine the
available nutrient status and identify the nutrient deficiencies in major agricultural soils of Sri
Lanka. Soil analysis along with sorption studies and a greenhouse experiment using a modified
missing element technique were conducted to identify nutrient deficiencies in 25 soils located in
different agro-ecological zones. Soils used were Alfisols, Ultisols, Inceptisols and Entisols, under
major agricultural crops grown in Sri Lanka, including paddy, tea, rubber and coconut. Soil samples
were analysed for important physical and chemical properties and available nutrients, i.e. N, P, K,
Ca, Mg, S, Fe, Mn, Cu, Zn and B using standard techniques. Sorption studies were carried out to
determine the capacity to adsorb nutrients by soils. A modified missing element technique, in
which, the nutrients were supplied based on the nutrient content and adsorption characteristics of
soils was conducted, using sorghum as the indicator plant. Fourteen treatments, i.e, optimum, minus
N, minus P, minus K, minus S, minus Ca, minus Mg, minus Fe, minus Mn, minus Cu, minus Zn,
minus B, minus Mo and minus CaCOj were arranged in a randomized block design with four
replicates. The plants were harvested and dry weights were taken after 4 weeks. According to soil
analysis, all soils were acidic in reaction with pH values ranging from 4.7 to 6.8 with low effective
cation exchange capacities and low organic matter contents. Soil analysis for nutrients indicates that
experimental soils are very poor in fertility. All soils were deficient in N and B. Most of the soils
were deficient in P, K. and S as well. Only one soil showed sufficient level of K while only 3 and 4
soils showed sufficient levels of P and S, respectively. Few soils were deficient in Ca and Mg,
while in some, micronutrients were at deficient levels. Results of the greenhouse study clearly
indicated N deficiency, P deficiency and in some soils deficiency of S and micronutrients. The dry
weights of the final harvest were significantly lower than in the optimum treatment in treatments
with minus N and minus P in most soils. In some soils plant dry weights were significantly lower in
minus S treatment, compared to the optimum. Even though soil test results indicated B deficiency,
it was not apparent in the greenhouse study. Deficiencies of Fe and Zn were observed in few soils.
The results indicate the importance of diagnosing nutrient deficiencies and balanced fertiliser
application including S and micronutrients.
Keywords: nutrient deficiencies, Sri Lanka, soils
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Impact of short rotation forestry on soil fertility assessed by
ecosystem input-output nutrient budgets
LACLAÜ Jean-Paul (1), RANGER Jacques (2), NZILA Jean de Dieu (3),
BOUILLET Jean-Pierre (1) and DELEPORTE Philippe (3)
(1) CIRAD-Forêt, Programme Arbres et Plantations, TA/10C, 34398 Montpellier Cedex 5,
France
(2) INRA, Biogéochimie des écosystèmes forestiers, 54280 Champenoux, France
(3) UR2PI, BP 1291, Pointe-Noire, Republique du Congo
Clonal plantations of Eucalyptus have been introduced since 1978 on savanna soils of the
coastal plain of Congo. These high productive stands grow on Ferralic Arenosols of very low
chemical fertility. Sustainable management of such short rotation forests depends both on
enhancement of stand productivity (constant genetic improvement) and maintenance of the capacity
of soil for long term production (sustainability).
Nutrient storage in soils and trees and main nutrient fluxes were estimated from the following
measurements: i) nutrient content throughout stand development, uptake, internal translocation,
litterfall, and forest floor decomposition, using a chronosequence of 5 stands and, ii) atmospheric
deposition, canopy exchange and transfer through the soil on the whole rooting depth (6 m) over
three years in the native savanna and in the plantation. Nutrient input-output budgets were
calculated for the whole rotation of Eucalyptus and compared with the native ecosystem of savanna.
Results showed that:
• Strong changes in the ecosystem mineral functioning occurred since afforestation. \n^
particular dry depositions of Na4", Ca2* and CI" as well as water and nutrient uptake were largely
"Higher in the Eucalyptus stand than in savanna. High amounts of litter fall led to the accumulation
of a forest floor in the plantation whereas dead material was burnt every year during the dry season
in savanna.
• High production was achieved in this alien plantation due to an effective nutrient cycling
both in the plant (internal translocations), large restitutions by litterfall, and weak losses by deep
drainage. External inputs (atmospheric inputs and fertilization) and mineralization of organic
matter played a crucial role for the supply of nutrients to trees in this highly weathered soil.
However weeding in the plantations led to the destruction of a leguminous species which was
responsible for a N input of about 20 kg ha" y" by symbiotic fixation in savanna.
• Fertilization practices must be reconsidered from these results for the present time and for the
future. A N budget clearly unbalanced in the Eucalyptus ecosystems points out that inputs by
fertilization will have to increase over successive rotations. By contrast the budgets are rather well
balanced for the other nutrients when compared to the amounts available in the soil. These results
are consistent with field trials of fertilization and show that introduction of a leguminous understory
in these plantations might allow to reduce the cost of fertilizations.
Keywords: Eucalyptus, savanna, biogeochemical cycles, nutrients, sustainability
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Climate change and fertilization effects on potato
(Solanum tuberosum L.) yield and quality
LÄSZLO Marton
Research Institute for Soil Science and Agricultural Chemistry of the Hungarian, Academy of
Sciences. Budapest, Hungary
Climate change in Hungary was initiated about of 1850. Nowadays, among the natural
catastrophes, drought and flooding, caused by over-abundant rainfall, cause the greatest problems in
field crop production. The droughts and the floods experienced in the early eighties as well as today
have drawn renewed attention to the analysis of this problem.
The potato is a demanding indicator crop of climate factors (temperature, rainfall) and soil
nutrient status. It has a particularly high requirement for quantity of precipitation and for supply of
soil nitrogen, phosphorus, potassium and magnesium.
The effect of climatic factors (especially rainfall) on certain crop fertilization factors (N, P, K,
Mg, potato yield and quality) was studied in long-term field experiments on sandy brown forest soil
set up in 1962 and 2001.
The experiment years (1962-1963, 1964-1965, 1966-1967, 1968-1969, 1970-1971) were
characterised by frequent extremes of climate under vegetation periods of potato. Three of the
periods had average rainfall, while two were very dry.
The unfavorable effects of climate anomalies (drought, over-abundance of water in the topsoil)
on the yield formation, yield quantity and quality of potato depended decisively on the time of year
when they were experienced and the period for which they lasted. All in all, droughts in the winter
or summer half-year had much the same effect on yields. Precipitation deficiency in the winter
could not be counterbalanced by average rainfall during the vegetation period, and its effect on the
yield was similar to that of summer drought.
Yield and quality were influenced by rainfall to a greater extent than by fertilization. In
vegetation periods poor in rainfall, yield and quality safety in potato could not be secured by
fertilization alone, they were decreased to 35%. It was also concluded that economic yields could
not be achieved with poor nutrient supply even with a normal quantity and distribution of rainfall.
With the help of regression analysis it was found that the polynomial correlation between
rainfall and yield and quality could be observed in the case of N, NP, NK., NPK and NPKMg
nutrition systems. The optimum yield and starch yield ranges between 17-20 t h a ' , 3.0-3.5 t ha"1 at
280-350 mm of rainfall.
Keywords: climate change, reinfall, fertilization, potato, yield, quality
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Assessment of the relative agronomic effectiveness of
phosphate rock materials in a soybean-maize crop rotation
using isotope techniques in field experiments
MAHISARAKULJ. (1), SIRIPAIBOOL C. (1), CLAIMON J. (1) and PHANEE PAKKONG
(2)
(1) Nuclear Research in Agriculture, Bangkok, Thailand
(2) Kasetsart University, Bangkok, Thailand
Field experiments were conducted at Phrabudhabart Field Crop Research Station, Lopburi
Province during 1995-1997. Oxic Paleustults (Pakchong soil series) were selected for determining
relative agronomic effectiveness (RAE) in soybean - maize crop rotation using isotope techniques.
Three rates of P application in the form of TSP (40, 60, 120 kg P ha"1) and 120 kg P ha"1 from four
phosphate rocks (PRs) were used. The PRs included Algerian PR (ARPR), North Carolina PR from
USA (NCPR), Petchaburi PR from Thailand (PBPR) and Ratchaburi PR from Thailand (RBPR).
For the first year harvest, soybeans absorbed more P from TSP fertilizer (% FPU) applied at 40 kg P
ha'1 than maize, but there was no yield response. Among for PRs, North Carolina phosphate rock
(NCPR) gave the highest % Pdff as well as the highest RAE. Maize was planted after soybean to
study the residual effect of TSP and PRs. The results were the same as in soybean. In the second
year (1996) the grain yield of soybean was higher than in the first year (1995), and there was
significant response to P from TSP. The RAE of NCPR was very high. Maize showed the opposite
results. In this case Algerian PR (ARPR) had the highest RAE. In 1997, TSP and six PRs (same
four used in 1995 and 1996, Morocco PR (MCPR), and Lumphun PR (LPPR) were applied at 60 kg
P ha" . Phosphate rocks were applied either alone or in combination with TSP (50:50). Application
of TSP resulted in high yields of soybean. In terms of RAE the P sources ranked as follows:
LPPR+TSP>ARPR>LPPR>MCPR>NCPR+TSP>NCPR. The residual effect of P on the following
maize crop resulted in a high RAE for MCPR and LPPR. It was concluded that TSP should be
applied to every crop. The reactivity of PRs in the first and the second year experiments were:
ARPR>NCPR>RBPR>PBPR. Morocco PR and LPPR were also reactive PRs in the third
experiment. The combination of PR and TSP resulted in better P uptake (%Pdff)
Keywords: RAE, isotope dilution techniques, TSP, PR, % PDff, acid soil
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A pot experiment on N release of legume tree prunings and
maize stover and subsequent crop uptake of N
MAKUMBA Wilkson I.H. (1), JANSSEN Bert H. (2), OENEMA Oene (2) and
AKINNIFESI FestusK. (1)
(1) SADC-ICRAF Agroforestry Project, P.O. Box 134, Zomba, Malawi
(2) Department of Environmental Sciences, Wageningen University, POB 8005 Wageningen,
The Netherlands
A pot experiment involving mixtures of low and high quality organic materials was conducted
at Wageningen University, The Netherlands. The objectives were (1) to determine the rate of N
mineralization or immobilization by the materials, and (2) to assess the effect of mixtures of these
materials on nutrient uptake by maize. The experimental design was an 8 * 3 factorial comprising
various combinations of sources of easily available N with a source of low quality organic material
(maize stover). The 8 levels of easily available N were 0, 50, 100 and 150 mg N per pot in the form
of NH4NO1, and about 34 and 132 mg N per pot with Gliricidia sepium (1.25 and 5 g) and Sesbania
sesban prunings (1 and 4 g per pot). The levels of maize stover were 0. 2.5 and 5.0 g per pot. The
required quantities of maize stover, Gliricidia and Sesbania had been produced in pots in the
greenhouse during a preceding period of 50 days. The organic materials were chopped and mixed
thoroughly with 2000 g of quartz sand. The organic materials-sand mixtures were potted in 2.5 L
pots with a bottom of gauze, and moistened to field capacity. The pots were placed on a tank
containing a nutrient solution without N. The test crop, maize, could take up N only from the
organic materials-sand mixtures in the upper pots, and the other nutrients from both the upper pot
and from the nutrient solution in the lower tank. Maize biomass yield and N concentration in shoot
and roots were determined at 28, 42 and 49 days after planting.
Forty seven days after potting all the leaves of maize and legumes had been decomposed, and
only small twigs and the hard skin of the maize stems were still remaining. Nevertheless from the
results of N uptake, it was inferred that the substitution rate, i.e. the ratio of the fraction of legumeN that was recovered in the maize crop to the fraction of NH4NO1-N that was recovered, was far
below 1. It was between 0.4 and 0.5 for Sesbania N, and between 0.1 and 0.2 for Gliricidia N.
Maize biomass yields in Gliricidia treatments were lower than the control yields. Gliricidia
prunings had an inhibitory effect on maize root development. Mixtures of Sesbania prunings with
2.5g and 5.0g maize stover reduced crop biomass yield by 16% and 33%, respectively. Application
of 5 g maize stover resulted in N immobilization up to 3 1 % during the first 28 days and to 19%
between 28 and 42 days after planting. The lower immobilization of N after 28 days was ascribed to
remineralization of immobilized N. The experiment lasted not long enough to allow for a complete
remineralization.
Keywords: Gliricidia, Sesbania, maize stover, N immobilization, N mineralization, substitution
rate
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Optimizing yield and quality of canola seed with balanced
fertilization in the parkland zone of Western Canada
MALHI S.S. and LEACH D.
Agriculture and Agri-Food Canada, Research Farm, Highway 6 South, P.O. Box 1240, Melfort,
Saskatchewan, SOE IAO, Canada
A number of field experiments were conducted from 1998 to 2001 (or are underway) in
northeastern Saskatchewan to determine the effects of various rates (0 to 30 kg S ha" ), sources
(sulphate S - potassium sulphate, ammonium sulphate, potassium thiosulphate and ammonium
thiosulphate; and elemental S - ES 90 and ES 95), times (autumn, sowing, bolting and flowering)
and methods (incorporation, sideband, seedrow, topdress and foliar) of S application, ratios of
fertilizer N:S (0 to 150 kg N ha"1 and 0 to 30 kg S h a ' ) and cultivars (Quantum - Brassica napus,
AC Excel - Brassica napus, Maverick - Brassica rapa and AC Parkland - Brassica rapa) on seed
yield and quality of canola. The S deficiency in canola can be corrected and seed yields restored
with application of sulphate-S fertilizer in the growing season, substantially until bolting growth
stage and moderately at early flowering stage. There was no significant increase in seed yield from
the elemental S fertilizers in the initial year of application. Even after three annual applications, the
elemental S fertilizers had seed yields lower than the sulphate-S fertilizers in many cases
particularly when the S fertilizers were applied in spring. Autumn-applied elemental S had greater
seed yield than the spring-applied elemental S. For higher N application rates, there is a need of
increased amount of fertilizer S to adequately meet the S requirements of canola. The severity of S
deficiency, increase in seed yield of canola from applied S and seed quality varied with canola
cultivars. In general. Quantum had the highest seed yield, followed by AC Excel, Maverick and AC
Parkland. Application of S fertilizer also increased oil content in canola seed. In conclusion, seed
yield and quality of canola can be optimized with proper fertilizer management.
Keywords: canola, elemental S, growth stages, methods of application, sulphate S, yield
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Calcium and zinc the forgotten nutrients for orchards
in calcareous soils
MALAKOUTI M.J. and MANOUCHEHRI Sasan
Tarbiat Modarres University, Soil and Water Research Institute, Inst. North Kargar Ave. Jalale-AleAhmad St., Iran
Calcium (Ca) is one of the vital elements in the nutrition of fruit trees and its main function is
to increase the plant cell walls stability, cell growth, and its participation in the cellular functions as
well as increasing the resistance of the cell membrane to the external factors such as cold, diseases,
etc. Despite the calcareous nature of soils, in fruit orchards, calcium deficiency symptoms are
noticeable among these trees because of the slow translocation of this element in the xylems and
also because of the greater rate of transpiration in leaves compared with fruits. Various
investigations in the past 3 years on the role and time of foliar application of calcium chloride on
apple showed that the fruit texture had improved. The greatest result came from 1% solution of
CaCb (corrected pH) which has been applied 10 times. This treatment resulted in 11.5%
improvement, which lasted more than 160 days in storage. In conclusion red apple varieties need
more frequent foliar sprays than yellow apple varieties. Dipping apple in calcium chloride solution
will only stabilize the outer coatings of the apple but will not improve the internal firmness.
Applying zinc sulfate at the rate of maximum one kg tree" , placed in deep holes, will cause
lowering of plant cell pH in trees irrigated with bicarbonated waters, and eventually will correct the
pale color of the fruit trees. Neither soil tests, no leaf analysis will provide the answer for fruit trees
nutritional requirements in such areas of the country where the soil is calcareous, and where the
irrigation water has bicarbonates. Rather the chemical characteristics of the fruit itself will be
necessary for fertilizer recommendations. The fruit yield improved significantly at 1% level. Low
level applications of zinc sulfate in the form of broadcast had no significant effect in lowering the
scald incidence and preventing development of chlorotic leaves. Foliar application, however,
improved the yield and quality of the apple under calcareous conditions. Zinc is one of the essential
elements in plant growth and it is known to be deficient in most of the calcareous soils of Iran.
Keywords: nutrient availability, higher pH, yield, quality, calcareous soils
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Response of breadwheat to application of different sources of
nitrogen fertilizers, in Karatu District, Northern Tanzania
MANSOOR H.A. and NGATOLUWA R.
Selian Agricultural Research Institute, P.O.Box 6024 Arusha, Tanzania
Low soil fertility is one of the main causes of low wheat yields obtained in northern Tanzania.
Studies conducted have revealed that responses to nitrogen in the northern zone do exist. These
studies fell short of evaluating the influence of different nitrogen sources and their relative
efficiency of uptake. Thus, an on farm trial was conducted in 1997, 1998 and 1999 at Karatu district
in the northern zone of Tanzania to evaluate the nitrogen uptake efficiency of breadwheat from
application of four nitrogen sources. The sources included ammonium sulfate {(NH^SO,!}; urea
((NH 2 ) : C01, NPK (20-10-10) and Calcium Ammonium Nitrate (CaNH 4 N0 3 ) all applied at a rate of
60-kg N ha"1. Indirect isotope labeling technique (using 5% 15N-labeled urea) was used to assess
nitrogen uptake and Fertilizer Use Efficiency (FUE). Combined analysis indicated significant N
effects. All treatments that received nitrogen resulted to higher grain yields compared to control
treatment. Among the four nitrogen sources used NPK, CaNFUNOj and (NFk^CO resulted to
highest nitrogen uptake and FUE whereas (NH4)iS04 had the least. Across the range of wheat grain
prices considered in the economic analysis (NF^^CO and CaNH 4 N03 were economically optimum
whereas NPK and (NH4)iS04 were not due to the high price of unit of N and low FUE respectively.
The current results provide a sound basis for recommending Urea and CAN as sources of nitrogen
fertilizer for small-scale wheat farmers in Northern Tanzania.
Keywords: soil fertility, nitrogen sources, fertilizer use efficiency, economic analysis
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Factors controlling magnesium availability in
musaceas grown in highly weathered soils
MARTINEZ Gustavo A. (11. SNYDER Victor A. (1), VAZQUEZ Miguel A. (2), GONZALEZ
Agenol (2) and GUZMAN José L. (3)
(1) Agricultural Experiment Station, University of Puerto Rico, P.O. Box 21360, Rio Piedras,
00928, Puerto Rico
(2) Department of Agronomy and Soils, Agricultural Experiment Station, Rio Piedras, Puerto Rico
(3) Department of Horticulture, Agricultural Experiment Station, Corozal, Puerto Rico
Magnesium deficiency has been identified as a major yield constraint to banana and plantain
production in highly weathered soils. A study was conducted on an ultisol (aquic haplohumult) of
the central mountainous region of Puerto Rico to evaluate the effect of several factors on
magnesium availability to plantains. Four target levels of soil exchangeable Mg:K ratio: 8:1, 4:1,
1:1 and 1:4; two lime application treatments: no lime, limed to pH 5.5; and two fertilization
programs were evaluated on a split plot experimental design.
Results indicate a strong correlation between soil Mg levels and crop performance. Significant
effects were observed on days to flowering, number of leaves at flowering, leaf Mg content, yield
and plant height. A 25% yield increase was observed at the lowest Mg increment relative to the
control. In addition, the ratio of non-bearing plants per experimental plot was reduced with
increments in soil Mg.
It was calculated that on this soil a value close to 2.0 cmol(+) kg'1 soil would be needed to
reach the 0.30% considered critical for bananas and plantains. This value may vary for soils of
different mineralogies, and also due to the influence of factors affecting the availability of Mg to
plants (e.g., antagonistic effect of potassium, Mg fixation).
Our results confirm the need to base fertility recommendations on a soil test. Establishing a
universal recommended dosage for all soils of the island, as has been attempted in the past, would
be highly impractical due to the highly heterogeneous nature of the soils in Puerto Rico.
Keywords: magnesium nutrition, plantations, tropical soils
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A new approach for estimating soil
organic matter mineralization
MATUS Francisco and MAIRE Christian
Universidad de Talca, Facultad de Ciencias Agrarias, Casilla 747, Talca, Chile
It is a necessity to have a successful method for estimating the mineralization of soil organic
matter (SOM). The effort to establish a relationship between soil mineralization and the content of
SOM has not been successful. It is well known that there are several pools of soil carbon (C),
whose stabilisation is influenced by soil texture and soil structure. The C content of the clay and silt
particles of soils (with the same % of clay and silt) was used to estimate the mineralization of soil
organic matter. Because of the great difference in mean residence time between the passive pool of
C (Cpsv) and the other less stable pools (Cesi), any variation in the C concentration of the clay and
silt fractions can be assumed to represent changes in Cest rather than in Cpsv. The objective of this
work was to estimate C mineralization from the difference in the concentration of C in the clay and
silt < 50 urn (AC<F50), compared with the total soil C or the total C in the clay and silt fractions.
To determine AC<F50, a reference C (Cr<F50) was used. Cr was obtained from the C in the clay
and silt as function of clay and silt content (% <F50):
Cr<F50 = 0.13 x (% <F50 )°62 (R2 = 0.72, P < 0.004)
The C mineralization was obtained from cropped and grassland soils from incubation for 30
days under laboratory conditions. As expected, C mineralization declined as AC<F50 increased.
The R2 of the linear regressions with and without addition of clover residues to the soils were 0.93
and 0.96, respectively. These figures were greater than those found for total soil C (0.77 and 0.92)
or for total C in the clay and silt fractions (0.71 and 0.88). Results indicate that measurements of
total soil C, or of total C of the clay and silt fractions include a sizeable C pool which does not
participate on the C flux. More research, for instance, on nitrogen mineralization, would enable
verification of this pattern. The method reported here would be especially useful in studies of zero
tillage where the total amount of crop residue is incorporated into the soil.
Keywords: soil organic carbon, C mineralization, soil texture

532

Symposium no. 14

Paper no. 420

Presentation: oral

Soil N constraints on productivity of eucalypt plantations with
different harvest management
CORBEELS Marc (1) and McMURTRlE Ross E. (2)
(1) CSIRO, Forestry and Forest Products, P.O. Box 5 Wembley WA 6913, Australia
(2) University of New South Wales, School of Biological Science, Sydney, NSW 2052, Australia
There are concerns about sustained productivity of Eucalyptus globulus plantations growing on
ex-agricultural land in south-western Australia, because soil nitrogen (N) inputs from leguminous
species under plantations are lower than under legume-based agricultural systems. One way of
increasing N inputs into the plantation system is through retention of slash residues produced during
harvest operations. Our objective is to investigate the implications of altered N inputs and outputs
under different options of harvest residue management for long-term sustainable plantation
productivity. We use the G'DAY model of C and N cycling in plant and soil to investigate the
relationship between soil N fertility and stem productivity when E. globulus planted on legume-rich
pasture land is grown over several 10-year rotations. We parameterise G'DAY using data from field
experiments conducted at two E. globulus plantation sites with contrasting productivity. We find
that simulated productivity (represented by mean annual increment MAI at harvest) declines over
successive rotations under all options of N management, and that the decline is sensitive to rates of
N removal. However, productivity still declines when there is no net N loss from the ecosystem,
because the plantation system immobilises N in the plant biomass and soil organic matter (SOM).
We compare our simulations with a previously published graphical method for quantifying
sustainable forest yield (Dewar and McMurtrie, 1996, Tree Physiology 16: 173-182). Our
simulations of G'DAY show a similar pattern as provided by the theoretical analysis with MAI and
rotation-averaged N supply both declining over successive rotations. A nutrient feedback operates
whereby N immobilisation and losses over one rotation lead to decreased biomass production, and
hence decreased N losses in harvests and slash fires, in the next rotation. Eventually this feedback
leads to a steady state at which rotation-averaged N losses equal N inputs. We show that the
relationship between MAI and N supply is independent of management options, but that the rate of
MAI decline and the steady state MAI differ with management practices. Our analysis indicates that
a coupled model of plant-soil C and N cycling is a useful tool for assessing soil fertility constraints
on sustainable plantation productivity and for evaluating the benefits of management options for the
long-term maintenance of site N fertility.
Keywords: ecosystem fertility, ecosystem modelling, Eucalypt globulus, plantation productivity,
slash residues, sustainability
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River sediment influence on Azerbaijan soil fertility
MEHDIYEV Huseyin. SHIRINOVA Shohrat and AHMADOVA Maleyka
Institute of Soil Sciences and Agrochemistry of NAS, Azerbaijan Republic
The main quality of soil is fertility- an ability to satisfy a plant demand in nutritious elements.
In soil fertility forming multiform influence of the man's society with the development of its
productive powers, economical and social conditions.
The natural environment urbanization and pollution dictate the necessity of the construction of
cleaning structures and utilization of natural waters sediment. Azerbaijan's economical and social
development foresees spacious measure complex realization on the environment guarding and
rational use of the natural resources, the perfection of existence and creation of new methods,
working out and utilization of sediments forming under reagent cleaning and natural waters
preparing. Sediments of natural waters are most secure for matter environment. The problems of
their expedient use are highly actual and includes agronomic, economic and nature guarding
aspects. For the Republic's population increasing demand provision in drinking water, a
construction acts on water cleaning of Kur and Araks.
The main purpose is a study of an application chance in agricultural sediments, got in watercleaning constructions of Kur and Araks.
Sediments are taken from three separate water-cleaning constructions. These sediments are
characterized by fertility noticeable potential. In them humus forms 0.77-1.99%, mobile phosphorus
-0.13-1.39 mg kg"1, mobile potassium-36.0-48.8 mg kg"1, nitrogen- N/NO3- 12.59-37.69 mg kg'.
With the purpose of revealing of sediment influence of Kur and Araks on soil structure and
agricultural plant productivity, were put vegetative and field experiences on greyish-brown sandy
soils of Absheron peninsula. An important part of the peninsula are greyish-brow sandy soils, which
are less fertile in the natural condition.
The scheme of the vegetative experience: 1) greyish-brown sandy (control); 2) control with
entering N120P120K90+ manure 20 t ha"1- phone; 3) phone + sediment 1 (15 t ha"1); 4) phone +
sediment 1 (30 t ha"1); 5) phone + sediment 2 (15 t ha'); 6) phone + sediment 2 (30 t ha"1); 7) phone
+ sediment 3 (15t ha"1); 8) phone + sediment 3 (30t ha"1); 9) sediment 1 without soil; 10) sediment 2
without soil; 11) sediment 3 without soil.
The field experience was put on the scheme: soil with bringing N120P120K90 and manure 20 t ha"
(control). The control with bringing sediment from the calculation of 5, 10, 20 and 30 t ha"1.
Keywords: utilization, fertility, urbanization, sediment, structural, optimization
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Performance of rice cultivars of different growth durations
at different levels of nitrogen application
MEHLA D.S. (1), SINGH J.P. (2) and YADAV P.S. (1)
(1) RRS, Kaul, India
(2) Department of Soil Science, CCSHAU, Hisar 125 004, Haryana, India
Two field experiments were conducted during kharif seasons of 1999 and 2000 at CCS H.A.U.,
Regional Rice Research Station, Kaul on clay loam soil to evaluate the performance of already
released or likely to be released rice cultivars of short- and medium growth durations in the state of
Haryana, India. The experiments were laid out in split-plot design with cultivars in main plots and
levels of N in sub-plots. The short-duration group experiment included three cultivars (HKRH-1002
(hybrid), UPR-1230-9-2 and Govind) and five N levels (0, 90, 120, 150 and 180 kg N ha"1). The
experiment on medium-duration group included six cultivars (HKRH-1059 (Hybrid), HKR-46, PR114, HKR-126, HKR-95-222 and HKR-95-192) and five N levels (0, 120. 150, 180 and 210 kg N
ha" ). The cultivars under both the groups represent released and promising varieties/hybrids for the
state of Haryana, India. Treatments were replicated four times in each experiment. Plots were
flooded as and when required to maintain 5 cm water level until 7 days before crop maturity. Onethird of N as per treatments along with 60 kg P2O5, 60 kg K 2 0 and 25 kg ZnSC»4 ha"1 was applied
basal. The remaining N was applied in two equal splits i.e. Vi N at 21 days after transplanting
(DAT) and V, N 42 DAT.
In both the years, significant differences in grain yield, yield attributes and nutrient uptake
(N, P and K) were observed among cultivars within each growth-duration group. Among the shortduration group, hybrid HKRH-1002 gave significantly higher yield and nutrient uptake as compared
to cultivar UPR-1230-9-2 or Govind at each level of applied N. Significantly more number of
panicle, grains panicle"1 and 1000-grain weight contributed towards higher yield of hybrid HKRH1002. In medium-duration group, cultivar HKR-95-222 out yielded all the other cultivars tested.
However, the grain yield and nutrient uptake of cultivates HKR-95-222 did not differ significantly
from that of HKR-126 and hybrid HKRH-1059. Cultivar HKR-46 gave the lowest yield and
consequently removed lower amount of nutrients from the soils as compared to other cultivars.
Yield attributes like panicle m"2, grains panicle"1 and 1000-grain weight of medium-duration group
almost followed the same trend as that of grain yield. Grain yield of both the groups increased
significantly upto 150 kg N ha"1 level and the response to applied N was curvilinear. Nutrient
uptake of all the cultivars increased with the increase in N levels. However, the significant increase
in nutrient uptake occurred upto 150 kg N ha"' level in case of short-duration group and upto 180 kg
N ha"1 level in case of medium-duration group.
Keywords: rice, cultivars, growth-duration, yield attributes
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Catch crops in organic farming systems without
livestock husbandry: model simulations
MÜLLER Torsten (1), JENSEN Lars Stoumann (2), MAGID Jakob (2), NIELSEN Niels
Erik (2), HANSEN Seren (3) and THORLP-KRISTENSEN Kristian (4)
(1) Dept. of Soil Biology and Plant Nutrition, Faculty 11, University of Kassel, Nordbahnhofstr.
la, D-37213 Witzenhausen, Germany
(2) The Royal Veterinary and Agricultural University, Dept. of Agricultural Sciences, Plant
Nutrition and Soil Fertility Lab., Frederiksberg, Denmark
(3) The Royal Veterinary and Agricultural University, Dept. of Agricultural Sciences,
Agrohydrology and Bioclimatology Lab., Hoje Tästrup, Denmark
(4) Danish Institute of Plant and Soil Science, Dept. of Horticulture, Research Centre Aarslev,
Denmark
This paper presents simulations of the soil-plant-atmosphere model DAISY based on an
organic crop rotation with incorporation of different catch crops following pea as a leguminous cash
crop. Special emphasise was put on the simulation of N-mineralisation/-immobilisation and of soil
microbial biomass N. The DAISY model was able to simulate soil mineral N and soil microbial
biomass N after soil incorporation of catch crop plant residues to some extend. Several processes
need further attention and may be integrated into the DAISY model: (1) soil tillage induced
mobilisation of organic material including considerable amounts of organic N, (2) winter killing of
sensitive plant species and varieties, (3) decomposition of plant residues at the soil surface as
occurring after winter killing, (4) decomposition of easily decomposable plant residues at low
temperatures, (5) soil microbial residues as an organic pool temporarily protected against turnover.
Furthermore, reliable criteria for the subdivision of green plant residues into an easily
decomposable pool and a more recalcitrant pool have to be developed.
Keywords: organic farming, catch crop, DAISY, modelling, mineral N, soil microbial biomass
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Nitrogen and phosphorus responses to wheat
under FYM application
GUPTA A.P., NARWAL R.P. and ANTIL R.S.
Department of Soil Science, CCS Haryana Agricultural University, Hisar 125 004, India
The results from the long-term field experiments conducted at various locations indicated that
the productivity of the soil is decreasing due to the decrease in the organic matter content of the
soils. The results of another long-term (starting winter 1968) field experiment under a pearl milletwheat cropping system indicate that application of nitrogen responded linearly up to the highest
dose i.e. 120 kg N ha'1 at all the levels of farmyard manure ranging from 0 to 90 t FYM ha'1 y'. It
was also concluded that application of 15 t FYM ha'1 y"1 preferably to wheat could sustain higher
productivity. Several workers reported that the fertilizer N dose could be reduced under manured
conditions. Therefore another field experiment was initiated in 1996-97, to study the response of
nitrogen and phosphorus under manured conditions. Farmyard manure was applied in winter at 15 t
FYM ha'1 y'. Nitrogen was applied at 0, 40, 80, 120, 160, 200, and 240 kg N ha"1 and phosphorus
at 0, 30, and 60 kg P2Os ha"1 to wheat crop. The experiment was conducted in randomized block
design keeping three replicates of each treatment. In summer pearl millet was grown on residual
nutrients. At maturity, the crop was harvested and the grain and straw yields were recorded.
The results indicate that wheat crop responded to nitrogen application but did not respond to
phosphorus application after two years of FYM application. Therefore the data for last two years
was selected to study the N responses to wheat. The response of wheat to N application was
quadratic for both the years - 1998-99 and 1999-2000. The dose of N for highest grain yield was
188 kg during 1998-99 and 196 kg N ha"1 during 1999-2000. The increase in the dose by 8 kg N ha"1
during 1999-2000 was due to high grain yield owing to the favorable weather conditions
particularly in the months of February and March. The quadratic function was used to estimate the
optimum dose for nitrogen using price of 1 kg N, price of 1 kg wheat grain, price of 1.5 kg of wheat
straw, coefficients "b" and "c" of the equations. It was observed that the optimum dose of nitrogen
was 173 kg during 1998-99 and 183 kg during 1999-2000. Higher doses of nitrogen in the presence
of FYM was due to the increased productivity of wheat crop coupled with more N loses under
manured conditions. Increased N losses under manured conditions have been reported by several
workers. The results of the soil test indicate that organic carbon, available P and K. content
increased due to FYM application. Available K content of the soil increased under manured
conditions whereas, with the application of K fertilizer there is continuous depletion of available K.
Thus manure application is must for maintaining K status of the soils.
Keywords: farmyard manure, wheat, nitrogen response, optimum dose
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The role of soil properties, culture and fertilizers in
change of fertility of degradated soils
NAZARYUK V.M., YAKLTINA O.P. and KLENOVA M.I.
Institute of Soil Sciense and Agrochemistry of Siberian branch of Russian Academy of Sciences,
Novosibirsk, Russia
Degradation is one of the major factors resulting in essential reduction of soil fertility. On
degradated soils grain yield is significantly reduced as the soil fertility is exhausted. In particular,
on non-degradated leached Chernozem the yield of spring wheat cropped without application of
fertilizers has practically remained without change in four years of rotation, and on weakly
degradated analogue it has decreased by a factor of 3.1. The decrease in wheat productivity is first
connected with the changes of the soil's nitric regime. Plants nutrition occurs at heat deficiency due
to initial stocks of nitrate soil nitrogen and current mineralization of organic matter. In experiments
the initial contents of nitrate nitrogen in non-degradated_and weakly degradated soils were similar
i.e. 76-96 at the beginning of experiment and 30-37 mg kg' at the end of the third year
respectively. The basic changes occur at the expense of current mineralization of organic substance
of soil.
The agricultural cultures differently mobilize nitrogen of soil resources. For wheat, barley
and oats, which have wide ratio C:N (>20) in overground phytomass, trash covering results in
reducing the rate of nitrogen uptake. In the course of three rotation of model crop-rotation (9 years)
at trash covering a tendency was observed to decrease the productivity of cereal crops and remove
to nitrogen of phytomass approximately as much as 5%. It is connected with the prevalence of
immobilization of soil nitrogen over its mobilization. To compensate the effect, the weak nitrogenmobilizing ability of plants and the additional application of mineral nitric fertilizers is required.
For the cultivation of vegetable cultures, on the contrary, trash covering which is characteristic
of narrow ratio C:N, results in increasing the productivity and as, consequence, increasing crop
removal of soil nitrogen up to 12%.
The properties of soil play an impotent role in the mobilization of nitrogen in soil resources.
For five years of realization of experience on leached Chernozem the productivity of grain cultures
was higher by a factor of 1.4, than on soddy podzolic soil. Simultaneously with the increase of
productivity of grain cultures nitrogen uptake from soil has raised. The plants used nitrogen on
Chernozem by 42% more than on soddy podzolic soil.
The application of mineral fertilizers allows, under favorable hydrothermal conditions, to
increase the yield of grain cultures by 69%, on soddy podzolic, grey forest soils 102% and leached
Chernozem 2 1 % respectively. Hence, using opportunities of culture and fertilizers it is possible
appreciably to lower a role of processes of degradation and to increase thus sustainability of the
functioning of the agroecosystem.
Keywords: fertility, arable soil, soil properties, nitrogen, phosphorus, potassium
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Linking litter quality with decomposer functionality for
a better understanding of plant litter mineralisation
NEERGAARD Andreas de and MAGID Jakob
Royal Veterinary and Agricultural University, Department of Agricultural Sciences,
Thorvaldsensvej 40, DK-1871 Frederiksberg C, Denmark
We wished to study how nitrogen and substrate availability affected the decomposition of plant
litters and the enzyme activity in the soil.
It has been demonstrated that in some cases higher nitrogen levels in soil slow down the
decomposition of recalcitrant litters (reviewed in Fog 1988). In a laboratory study we incubated
rape straw in soil and followed its decomposition for 200 days. Three main variables were tested: 1.
Grounded or ungrounded plant material, 2. Plant litter mixed or stratified (layered) in the soil and 3.
High or low mineral N content in the soil.
All three variables influenced the carbon mineralisation from the plant litter. Stratifying the
plant litter, increasing soil N, and grinding the litter all led to lower carbon mineralisation rates.
Contrary, the nitrogen immobilisation was larger in the treatments containing ground material, than
in the ungrounded. Net nitrogen immobilisation was 3-4 times larger in the mixed treatments than
in the stratified. It is suggested that the microbial biomass is better protected from predation when
the plant litter is ground and mixed leading to larger immobilisation of nitrogen.
Future aspects of the study are discussed.
Keywords: litter quality, decomposer community, carbon mineralisation, enzyme activity,
nitrogen availability
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Agroforestry intervention on soil fertility management under
the Nepalese hill farming systems
NEUPANE Ramji Prasad
Nepal Agroforestry Foundation (NAF), Koteswor, Phulbari G.P.O.Box 9594, Kathmandu, Nepal
In the hill farming systems of Nepal, trees and crop supply fodder, forage and bedding
materials to livestock and in turn receive draft power and manure from livestock. Fertility of the
farmlands is primarily maintained by the use of manure, which depends on biomass collection from
forest and farm sources. Widespread deforestation and increasingly intensive use of land to provide
for the subsistence needs of a growing population has increased soil erosion, lowered soil fertility,
and reduced agricultural productivity. This has raised serious concern over sustainability of the
farming system. There is growing evidence that introduction of trees and grass species as
agroforestry can be a potential solution to minimize the rate of soil degradation, improve soil
fertility and increase crop yields that are key to sustaining agricultural productivity. In these
regards, this study examined farmer's soil fertility management practices and the effect of
introducing number of fodder species on soil fertility of cultivated farmlands as agroforestry
intervention project. The information is based on a sample of subsistence farm households in
Dhading district. The project was implemented by a Non-governmental Organization in 1993/94 to
increase fodder production through the promotion of agroforestry. A total of 223 households (82
'with' project and 141 'without' project) were interviewed during May-October 1998 to collect
information on production and farmer's perception toward agroforesty's impact on soil fertility.
Besides, household survey, soil samples taken from both project and non-project areas were also
analyzed to examine agroforestry's impact on various soil nutrients with respect to different types of
land. The information on varieties of soil fertility management strategies adopted by farmers were
documented through RRA sessions, direct field observations and informal group discussions.
Though the differences on nutrient levels were not found significant at 0.05 level, the results
revealed that agroforestry has made a positive contribution to soil fertility. Bari (upland) soil had
relatively lower amounts of organic matter, nitrogen and silt but had higher (p<0.05) levels of
phosphorus and potassium than Khet (Lowland) soils in both project and non-project conditions.
Results showed that farmers have been practicing multiple soil conservation measures and fertility
management strategies to sustain the production levels. It was also found that farmers put higher
amounts of manure in Bari than Khet land to supply plant nutrients. Thus, under the hill farming
system, introduction of suitable fodder species as agroforestry has potential for enhancing land
productivity by improving soil conditions in a sustainable manner through its positive contributions
to soil fertility.
Keywords: hill farming systems, agroforestry, soil fertility management, soil nutrients and fodder
species
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Taking into account plant quality in models which simulate
C and N transformations in soils
N1COLARDOT Bernard (1). MARY Bruno (2) and HDADI Kawtar (1)
(1) INRA, Unite d'Agronomie, 2 esplanade Roland Garros, BP 224, 51686 Reims cedex 2, France
(2) INRA, Unite d'Agronomie, rue Fernand Christ, 02007 Laon cedex, France
Decomposition of plant residues in soils is mainly affected by "plant quality" (e.g. biochemical
and physical characteristics) and environmental conditions (temperature, moisture, N availability,
...). Plant quality is generally described in models simulating C and N transformations by
considering several compartments which can be accessible to experimental measurement; however
few workers have evaluated the interest of measuring these fractions to predict C and N dynamics.
The aim of our work was to evaluate the ability of two models (NCSOIL: Molina et ai, 1983 and
CANTIS: Gamier el at., 2001) to reproduce laboratory experiments conducted with plant residues
whose quality is defined by the biochemical fractions measured by the Van Soest method (1963):
soluble fraction, hemicelluloses, cellulose and lignin. We used experimental data coming from soil
incubations with mature oilseed rape organs: roots, pod walls and shoots (Trinsoutrot et al., 2000).
All residues were C labelled. They were either labelled with 15N and mixed with an unlabelled soil
or unlabelled and mixed with a labelled soil (inorganic 15N). Experimental data (unlabelled and
labelled CO2, mineral N and microbial biomass) were compared to model outputs. Some of the
model parameters (2-4 out of 25) were calculated by model inversion using a minimisation
procedure. Results showed that the knowledge of biochemical composition was useful to improve
model predictions. The relative error between measured and simulated values decreased from 23%
to 13% with NCSOIL and from 13% to 11% for CANTIS when the 4 measured fractions were used
instead of a single fraction. The quality of fit was slightly better with CANTIS. Using the 4
fractions, both models could satisfactorily simulate the kinetics of C and N mineralisation, but overestimated the l3 C02 and the biomass production. Furthermore, the C and N kinetics were better
simulated for residues poor in N (high C:N ratio) than for N rich residues. Therefore additional
criteria of plant quality are needed to fully explain the differences between plant residues. Both
models were also compared to a simpler decomposition model (Nicolardot el al., 2000) which is a
submodel of STICS (Brisson et al., 1998). This model has only 5 parameters and plant quality is
simply described by the C:N ratio of residues. This model gave an as good prediction as CANTIS
and better than NCSOIL. It is concluded that simple models are easier to parameterise than complex
ones and are valuable for C and N predictions.
Keywords: plant residues, 13C and ' N labelling, decomposition, N mineralisation, N
immobilisation, transformation models

Srr)c«C
541

Symposium no. 14

Paper no. 994

Presentation: poster

Effect of gypsum application on erodibility of
an acid Kunigami Mahji soil
N1SHIMURAT. and KATO M.
Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183-8509, Japan
Acid soil covers one third of the world's arable lands. Excess Al + and H', and lack of
nutrients in acid soil are not favorable for most plants. Calcium carbonates and gypsum (CaSC>4)
are used to improve the chemical status of the acid soil. However, application of Ca cation
sometimes enhances the dispersion of highly weathered acid soils. This study discusses the effect of
gypsum on dispersion and the erodibility of a Japanese acid.
Acid Kunigami mahji soil (Hapludult), pH (H20):4.4, from Okinawa, Japan was used. The soil
was sieved through a 3 mm mesh screen and packed into an acrylic plastic box of 30cm x 50cm x
10cm in depth with bulk density of 1.15 Mg m . Initial moisture condition of the soil was mass
water content of 5% (air dried) and 22% (moist), respectively. Following to 2.5 or 5 t ha"1 of gypsum
application onto soil surface, simulated rainfall of 32 mm hr'1 was applied. Kinetic energy of the
simulated rainfall was 14.1 J m"2 mm"1. During rainfall, surface runoff and effluent at the bottom of
the box was collected and pH, and electric conductivity (EC) of surface runoff was measured. After
the halt of rainfall, dry mass of sediments were weighted
In this study, gypsum application enhanced the beginning of runoff. The air dry and moist
mahji soil required 120 and 30 min of rainfall to have runoff while runoff has started 60 and 20 min
from the beginning of rainfall at those with gypsum application. Most of the case, EC of the runoff
was 1.2 dSm"1 and greater at the beginning of runoff. This suggested electrolyte concentration of
the runoff was greater than the critical coagulation concentration of clay fraction of the soil
material, and the soil could be flocculative. The peak sediment concentration of runoff was
observed earlier for the gypsum cases than those without gypsum. Steady sediment concentration
of runoff from the initially moist soil was greater for the gypsum cases (0.02 g L"1) than without
gypsum application (0.05 g L"1). More than 80 weight% of particles of sediment from the soil
without gypsum were larger than 0.02 mm, while more than 90 weight% of particles from the soil
with gypsum application were smaller than 0.02mm.
Keywords: acid soil, gypsum, dispersion, aluminum, erodibility
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Organic carbon-land use relationships in the Ring Road area,
Northwest Cameroon
TCHIENKOUA, NJOMGANG R„ YEMEFACK M. and BOLI B.Z.
Institute of Agronomic Research for Development (IRAD), P.O.Box 2067, Yaounde, Cameroon
Organic carbon is a major determinate of ecosystem productivity. Data describing 64 surface
horizons (0-10 cm) in the grasslands of the Ring Road of the Northwest province, Cameroon were
evaluated in order to have a quantitative understanding of organic carbon (OC) distribution, actual
land use and population density.
OC varied widely across the region ranging from 11 to 108 g kg" of soils. For all soils OC was
highly correlated with elevation (r=0.40**) and not with mean rainfall (r=0.16). In terms of textural
fractions, sand (r= -0.83**) and silt (r= 0.58**) predicted better OC spatial variability compared to
clay. When data were pooled per parent material (PR) and soil temperature regime (STR), 43 and
11 % respectively of total OC variance was accounted for by those to factors. The combined effect
of PR and STR discriminated 4 distinct agroeclogies (p<0.05) which differed in terms of land use
diversification and intensification. The prime agricultural land was the isohyperthermic soils
derived from volcanic ejecta which had a mean OC of 79 ± 6 g kg"1, a higher population density
(110 inhabitants/km2) and were cultivated on a sustained and intensive basis. The poorest soils of
the region were the isohyperthermic soils from the basement complex (granite and migmatite) with
a mean OC content of 32 ± 46 g kg"1. These soils have the lowest population density (20-40
inhabitants km"2) and farmers generally practice long fallow, cassava-based cropping systems and
extensive grazing.
Keywords: organic carbon, land use, parent material, Cameroon
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The effect of fertigation rates on durian
(Durio zibethinus Murr.,) yield in Eastern Thailand
NUNTAGIJ Itthisuntorn (1). WAIJAROEN Surin (2) and LERDRAT Panjaporn (3)
(1) Department of Soil Science, Faculty of Agricultural Technology, King Mongkut's Institute of
Technology Ladkrabang, Bangkok 10520, Thailand
(2) Land Development Department, Chatuchak, Bangkok 10900, Thailand
(3) Department of Agriculture, Chatuchak, Bangkok 10900, Thailand
Durian is one of the most valuable fruits exported from Thailand. In 2000, Thailand exported
more than $ 51.5 Million worth of durian to Asian countries and other part of the world. The
experiment was conducted to determine the impact of fertilization applications on durian's yield
(Durio zibethinus Murr. Mon Thong variety). This 2-year experiment was conducted on sandy loam
soil in the eastern part of Thailand, on 8-year old durians. The experiment consisted of two different
methods of fertilization applications, namely soil application and fertigation application. Different
levels of nutrient application rates were applied and tested for that impact on the yield. For soil
application, the nutrient application rate of 1.1 kg N, 1.4 kg P2O5, and 2.7 kg K2O per plant per year
was used; for fertigation application, three lower nutrient application rates were used at 30%, 50%,
and 70% reduction in the nutrient content used under soil application.
After two years, the results thus far indicated that fertigation application, with lower nutrition
content, has no impact on durian's yield. However, further analyses indicated that a very low
nutrition application rate (70% reduction) has lowered Nitrogen and chlorophyll content as well as
the number of flowers on each plant. Pending further investigation, this may prove to have a
negative impact on durian's yield in the future. The experiment also indicated that the proper use of
water, during the dry season, for 8-year-old durian is approximately 250 to 300 litres per plant per
day.
Keywords: fertigation, durian, Eastern Thailand
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Effects of the Shea butter tree {Vitellaria paradoxa) on soil
fertility at different catena positions in South Mali
TRAORÉ Kalifa (U OLIVER Robert (2) GANRY Francis (2) and GIGOU Jacques (2)
(1) IER BP 11449 Bamako (Mali), France
(2) CIRAD AMIS TA 40/01, Avenue Agropolis, 34398 Montpellier Cedex 5, France
The role of the Shea butter tree (Vitellaria paradoxä) on soil fertility was analysed for a soil
catenary sequence in the Fana region of south Mali. A descriptive analysis of the structure of the
catena and of the parkland led to a structured sampling of the cultivated soil layer below and outside
the tree crown at different positions in the catena.
Measurements of leaf litter in the various parts of the parkland has enabled us to quantify the
annual amount of leaf fall. Analysis of the soils shows variation in fertility according to the position
in the catena and a different expression of the influence of the parkland on fertility depending on
this position. Soil genesis and use of the environment by farmers may explain the observed fertility
gradients and the different expression of the trees' influence. The effect of the trees on fertility is
considerable within the zone of influence of the crown, but because of the sparseness of the trees, it
is not great on the scale of the whole landscape except at the foot of slope, which is also the most
fertile zone. Likewise, leaf fall alters the quality of the soil organic matter, mainly at the bottom of
slopes where the localised additions are largest.
Keywords: Parkland, Vitellaria paradoxa, Shea butter tree, agroforestry, soil organic matter
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Precision chemical analysis of soils to support
precision management decisions
OLNESS Aland), KUNZE Bruce (2), LIESER Michael (3), WEISER Hal (4) and RINKE
Jana (1)
(1)
(2)
(3)
(4)

USDA-ARS, N. Central Soil Conservation Res. Lab., Morris, MN 56267-1065, USA
USDA- NRCS, Brookings, SD 57006-0626, USA
USDA-NRCS, Fergus Falls, MN 56537-2505, USA
USDA-NRCS, Jamestown, ND 58402-2096, USA

Technological advances in application of fertilizers and crop cultivars have expanded the
potential for more precise management of soil. These advances are enhanced by careful mapping of
soil resources and an evaluation of their physical and chemical attributes. Chemical characterization
of soil by conventional methods is tedious, expensive and provides limited information. Resinextraction of soils enables the simultaneous extraction of 20 or more readily exchangeable elements
(Olness et al, 1990; Olness and Rinke, 1994) when the resin capacity is maintained as a fraction of
the soil exchange capacity and neutral salts are used as exchange ions. Through use of this
technique, Olness et al (1999, 2000, 2001 a, and b) were able to identify complex vanadium (V)
interactions with phosphorus (P) and of magnesium (Mg) interactions with calcium (Ca) with plant
genotypes of maize (Zea mays L.), soybean (Glycine max L.), and wheat (Triticum aestivum L.).
Grain yield gains or losses of as much as 20% were associated with the specific soil exchangeable
ions and either variety or hybrid. They were also able to show that soil mapping-units were
distinguished easily by their suite of exchangeable ions.
Olness and Rinke (1999) were able to show distinct differences in the suite of resin-extractable
elements between soils within a field. From these early observations, the question emerged as to
whether or not units within a region maintained distinct profiles throughout the range of mapping
units. Also, did chemical extractions obtained in one portion of a mapping region remain the same
for soil mapping units in other portions of the region? If the resin-extractable characteristics
associated with plant productivity remain stable throughout the region, then soil mapping can be
used as an important tool in selecting soil management options for crop production. In order to
address these questions, we examined the Barnes and Buse soils throughout their mapped region
(170,000 km2) in the Northern Great Plains.
Keywords: resin-extraction, phosphorus, calcium, sulfur, magnesium trace-elements

546

Symposium no. 14

Paper no. 1988

Presentation: oral

Soil fertility as an ecosystem concept
PALM Cheryl (1) and SWIFT Mike (2)
(1) 1015 King Drive, El Cerrito, California 94530, USA
(2) P.O. Box 30592, Nairobi, Kenya
The intention of this paper is to open debate on the selection of research priorities in soil
fertility that is based on a framework in which the management of soil is approached from an
ecosystem perspective. This ecosystem framework involves understanding the properties and
processes within the soil, biota, and vegetation components as well as the interactions among them.
There are underlying biogeochemical processes that describe the component processes and
interactions among the ecosystem components; these processes can be quantified and thus the
framework could serve as a basis for identification of the keystone properties and processes
essential for maintaining the production and environmental functions of agroecosystems. The soil
is seen as the integrator that determines many soil and ecosystem processes and functions. The first
step for proposed approach is to identify key soil processes and properties that influence fertility
and then to manipulate them through agroecosystem design. An agroecosystem is characterized by
its vegetation - in terms of diversity, spatial and temporal arrangement and management. This
design influences the quality of the organic inputs, composition and activity of the associated biota,
the nutrient-use efficiency and net nutrient and energy balance of the system. A major research
challenge is to determine the amounts and diversity of carbon inputs needed to maintain the soil
biological system, including the key functional assemblage of biota, and component soil properties
and functions. Once the links are known the challenge is to design and manage agroecosystems
accordingly. Ultimately people are the key to sustained management or agroecosystems. The
selection of agroecosytems by farmers is determined by their production goals and strongly
influenced by experience, knowledge and culture. The target for research is to identify the set of
agroecosystems that is possible within those human and environmental conditions that meet the
joint aims of the production goals of the farmer and a sustained natural resource base.
Keywords: ecosystem, nutrient cycles, biodiversity, scale
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Study of the status of available P and K in 23 Esfahan soil
series, their relationships with some soil properties
PANAHI KORDLAGHARI M.
Esfahan Agricultural Research Center Amir hamzeh area P.O. Box 199, Esfahan, Iran
The amount of available phosphorus and potassium and their relationship with calcium
carbonate, organic carbon, clay content and electrical conductivity of surface and subsurface
horizons of 23 soil series of Esfahan area was studied
The results showed that 65% of the soils were contained 20-45 mg kg' available phosphorus.
Less than 18% of these soils have low available phosphorus with regard to plant nutrition. In more
than 90% of the soil series the amount of available phosphorus was higher in the surface horizon
than subsurface horizons and a correlation coefficient of 83% was found between the amount of
available P in surface and subsurface horizons. Calcium carbonate content of surface horizon of
soils ranged between 10 and 50%. A power relationship with high correlation coefficient was found
between available P and calcium carbonate in both surface and subsurface horizons. No significant
correlation was found between available P and EC or OC.
Out of 78% of the soils which contained moderate to high amounts of available K, Only less
than 20% of them contains low available potassium. A negative correlation (r = -58%) were found
between available K and CaCOi content of the soils in surface horizon and the relationship was
polynomial. A high correlation (r = 0.71) was found between available K. and EC (in saturated
extract).
In almost of the soils a significant differences was found between clay content in surface and
subsurface horizons, showing a transfer of clay particles from surface to subsurface horizon.
Keywords: phosphorus, potassium, calcium carbonate, surface horizon, subsurface horizon
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Effect of iron foliar fertilization on two mungbean cultivars in
calcareous soils
PANPRU1K P. (1), CLAIMON S. (1), PANPRUIK L. (1) and SUWANNARAT C. (2)
(1) Soil Science Divisoin, Department of Agriculture, Bangkok, Thailand
(2) Department of Soil Science, Faculty of Agriculture, Kasetsart Univevsity, Bangkok, Thailand
Two consecutive field experiments were conducted in early and late monsoon seasons in 1999
at Nakhon Sawan farmer's fields to study the effect of iron foliar fertilization for two mungbean
cultivars. Result from the experiment showed that mungbean cultivar Chainat 72 gave seed yield
higher than Kamphaengsaen 2; the mean yield were 475 and 938 kg ha"1, respectively. Foliar spray
of FeS04.7H 2 0 and Fe-EDDHMA significantly increased Kamphaengsaen 2 yield, the response
rate were 19 and 31 kg h a ' , respectively. However, the effect of iron foliar application did not
significantly increase Chainat 72 yield.
Keywords: iron foliar fertilization, mungbean, calcareous soil
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Irrigation water and fertiliser interaction under water deficit
conditions in sugarcane in Northern Ivory Coast
PÉNÉCrépinB.(l) and ASS A Désiré A. (2)
(1) CNRA, Research Station of Ferké/Sugarcane Division, P.O. Box 121 Ferké, Ivory Coast
(2) Faculty of Earth Science and Mining Resources, University of Abidjan-Cocody, P.O.Box V 34
Abidan, Ivory Coast
A field experiment on interactions involving irrigation water and fertiliser treatments was
carried out over a couple of years as first and second ratoon crops at the CNRA Research Station of
Ferké, in northern Ivory Coast. A split plot design was used with irrigation water applied over a
specific growth stage as the main treatment and N-P-K fertiliser as the sub-treatment. Except for
juice purity, the interaction effect was not significant with respect to cane and sugar yields, and
number of yield components (stalk length at harvest, juice quality parameters, foliar nitrogen and
potassium contents), regardless the growth stage where deficit irrigation was practised (tillering and
stem elongation or yield formation stages). This showed that in most cases, crop response to
irrigation treatments was not affected differentially by fertiliser treatments. However, significant
reduction (from 7 up to 47.5%), due to water deficit as well as fertiliser deficit, was observed on
crop yields, millable stalk length at harvest and foliar nitrogen and potassium contents. Increasing
fertiliser rates resulted in higher irrigation water use efficiency. A moderate application of water
deficit (i.e. 25% reduction of irrigation requirements) was suggested at the yield formation stage,
whereas normal watering regime was rather necessary regarding tillering and stem elongation
stages. Full fertiliser rates were suggested as they were profitable, taking into account fertiliser
application efficiency as well as price of one kg of sugar produced.
Keywords: irrigation, fertiliser, interaction, sugarcane, water balance, efficiency.use, fertiliser use
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Post effect of farmyard manure with different C:N ratios
in a pot experiment
PETKOVA Zdravka
N.Poushkarov Institute of Soil Science, 7 Shosse Bankya, Sofia 1080, Bulgaria
Adequate soil organic matter can greatly reduce the difficulties of a good crop production
system. Animal manure is commonly applied to the soil to improve soil fertility and to increase
crop yields. It is necessary to know not only the quantity of applied manure but also its quality and
especially the C:N ratio which is the main regulator of the N turnover (mineralisation immobilization) in a soil. Nitrogen uptake by maize and wheat from manure with different C:N
ratio has to be studied in detail, especially by using ' 5 N. According to this the main aim was to
examine the effect and post effect of a low (10.7) and a high (21.7) C:N ratio of applied manure on
the N uptake by wheat and maize due to allocation of manure N for the period of three years in soilfertility-plant system. The studies have been conducted as a pot experiment with Leached
Chernozem, with 5 kg soil-pot'. The soil type has been characterized as follows: total N (0.131%),
humus (2.69%), soil acidity (pH KCI = 5.3), high content of available K. (31.8 mg 100 g~' soil) and
low content of available P (2.9 mg 100 g"1 soil). The soil has been initially labeled with 15N. Maize
(H 708 hybrid) and wheat (Sadovo 1) has been used as a test crop.
The data of yields show that they are lower during the second year in comparison with the first
one. There is an exception only in treatments with high rate and high C:N ratio manure. In the
mentioned pots the yields are 3 times higher than in control pots. Such kind of manure and such
rates are very adequate and excellent for fertilising maize and wheat and have long-term post effect.
During the third year the yields of maize are much lower than the yields obtained during the
previous 2 years. The manure with high C:N ratio (21.7) again gives a higher increase in yields in
comparison with application of manure with low C:N ratio. Nitrogen uptake by plants increased
gradually during the vegetation. The value of manure N share in total N uptake by plants is 31.7%
for the first and 22.1% for the second year in the treatments with low rate and low C:N ratio
manure. These values are respectively 43.9 and 18.7% for manure with high C:N ratio. This trend is
also observed in treatments with application rate of manure. The difference between both kinds of
manure is negligible. The "extra N" for the first year is lower in comparison with the second.
Moreover the manure with high C:N ratio creates considerably higher quantity of extra mineralised
N quantity from the soil. This "extra N" matters at low and high application rate of manure 136.7
and 244.3%. respectively. For the manure with the low C:N ratio (10.7) these values are lower -88.4
and 82.8%. During the third year the ratio between soil and manure N in total N uptake by plants
shows an increase for manure N share in comparison with the second year. This is stronger in the
treatments with low application rate of manure. This is possibly connected with the remineralisation
of immobilized N by soil microflora. The "extra N" decreases but is still evident in the treatments
with low C:N ratio and high rate of manure, but also for the other kind of manure both application
rates. The post effect of applied manure is still substantial not only during the second but also
during the third year unlike to the mineral fertilizers in which the coefficient of N utilization by
plants is not higher then 1-2% (Smirnov, 1982, Livanova, 1973) during the second year. Under the
conditions of Leached Chernozem the manure with balanced C:N ratio (21.7) is more effective.
This kind of manure (21.7 C:N ratio) mineralised considerably more quantity of additional soil N.
By this way the manure with high C:N ratio provides a more favorable nutrient regime during the
plant vegetation period
Keywords: extra N, manure fertilisation, l5N dilution method, N uptake
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Microelements in soils of the south slopes
in the great Caucasus and Apsheron Peninsula
RAGIM-ZAPE Aida
Baku State Universiti, Baku, Azerbaijan
A great variety of soil-climatic and litologo-geochemical conditions are typical for the region
under research that determines considerable differentiation of naturally-evoluational soils on the
element content. The factor defining element content in soils is the mineralogical structure of soilforming rocks, correlation of sandstone, carbonate and clay in Jurassic, Cretaceous, NeogeneQuaternary, Quaternary deposits presented in the region. With the increase of the sandstone and the
carbonate of rocks, the element content reduces. The varying limits of element average content in
soil humus horizon of the region are: Cu 8-60, Pb 5-44, Co 4-21, Ni 7-75, V 5-140, Cr 21-230, Ti
150-5000, Mn 150-3000, Zr 16-110, Mo 0.6-4, Ag 0.3-1.1 mg kg"1
At the result of the soil-forming process in mountain forestry brown soils on Jurassic deposits
migration Cu, Pb, Zn, Co, Ni, V, Cr is observed. The intensity of the migration is 1.2-3. In soils in
Cretaceous deposits the type of the element distribution is weakly differentiated. Ti is accumulated
in soils of all deposit types. In soils on Jurassic deposits Mn is accumulated, in soils on cretaceous
deposits decrease of Mn anomalous content is noted.
At the result of clay-forming process in mountain forestry brown soils element correlation
connection changes as compared to rocks: Cu-V-Ni in Jurassic rocks, Ti-Cr-V in Cretaceous rocks,
Cr-V-Ni-Cu-Pb-Co-Mn-Ti in soils. In rocks antogonizm is clearly expressed of Mn with Ti-V-Cr,
in soils the dependence is positive.
The soil organic matter does not influence the gross content of Cu, Pb, Co, Ni, V, Cr, Mo (the
correlation dependence is below the level of importance). The organic matter is a factor of biogen
accumulation of Mn, Ti, Ag (positive dependence with humus, reaching importance level under
high humus contents).
In arable horizons of agrolandscape, soil geochemical background of elements is 1.3-2.1 times
below, as compared with natural-evolution soils.
In soil humus horizon of pyrites layers heightened geochemical background Pb (1.5-5 times
higher than background content) and the presence of anomal contents Pb 100-1,000 mg kg"1,
informing about layers availability, is noted.
On the basis of the coefficient of student it is established that under the normal distribution, the
difference between average element content are essential, beginning from ratio 1.3.
Keywords: microelements, organic matter, soil-forming process
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Status, threshold value and chemical fractions of zinc in
apple orchard soils of Himachal Pradesh, India
RAINAJ.N., KUMAR Sanjeev and BHANDARI A.R.
Department of Soil Science & Water Management Dr YS Parmar University of Horticulture and
Forestry Nauni, Solan 173 230, Himachal Pradesh, India
Based on productivity, hill aspect and altitude, a total of 144 apple orchards (cv. Royal
Delicious) located in different districts of Himachal Pradesh were selected to study the Zn status
and its chemical fractions. The DTPA extractable Zn was in optimum range in most of the surface
soils, however, sub-surface soils registered Zn deficiency to the extent of 34.0 - 100.0 percent in
different apple growing districts of the State. Leaf analysis, also, revealed Zn deficiency to the tune
of 25.0 to 90.0 percent.
Field trials executed in sixteen apple orchards having a wide range of Zn content in different
district revealed "1.40 mg kg'" as the threshold value of DTPA extractable Zn for apple orchard
soils of the state. DTPA Zn was significantly correlated with Bray's percent yield increment (r =
0.872**).
Bulk of the native Zn (amounting to 77.8 to 90.5%) was in the residual fraction strongly bound
to the soil minerals. The amount of Zn in other fractions was in the order Acid soluble > Citrate
bicarbonate Dithizone soluble > organically bound > complexed > water soluble + exchangeable
Zn. Correlation coefficient values revealed that WS + Ex and complexed Zn are the main supplier
of Zn to the growing plants.
Keywords: apple, soil and leaf Zn, threshold value, chemical fractions
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Effect of ferrous sulphate on sugarcane varieties grown in
iron deficient soil
RAKKIYAPPAN P. and THANGAVELU S.
Sugarcane Breeding Institute (ICAR) Coimbatore-641 007, Tamil Nadu, India
A field experiment was conducted during 1999-2000 to study the response of sugarcane
varieties to iron nutrition at Sugarcane Breeding Institute, Coimbatore, India. The main plot
treatments consisted of soil application of four levels of ferrous sulphate (0,75,150 and 225 kg ha"')
and foliar application of ferrous sulphate (2%) thrice during tillering stage at weekly intervals. Six
varieties viz. Co 8021, Co 8371, Co 86010, Co 86032, Co 86249 and Co 87025 formed the sub-plot
treatments. The soil of the experimental field was sandy clay loam in texture with pH of 8.47, EC of
0.67 dSm"' and calcium carbonate content of 8.04%. It was deficient in iron and well supplied with
zinc, manganese and copper. Soil available iron and iron content in leaves at tillering stage were
studied. Juice sucrose content and yield were studied were studied at harvest. Soil available iron
content at tillering stage was improved by soil application of ferrous sulphate at 150 and 225 kg ha '
over control, but foliar application was more effective in improving iron content of leaves and in
alleviating the chlorosis. The iron content of leaves progressively increased with levels of ferrous
sulphate. Cane yield was influenced by ferrous sulphate, varieties and their interaction. Foliar
application recorded the highest mean cane yield of 92.24 t ha"' and was on par with 150 and 225
kg ha"' soil application. Higher yield response to foliar application of ferrous sulphate compared to
soil application could be due to the higher calcium carbonate content of the soil. Co 86032 recorded
the highest cane yield of 99.17 t ha"1 followed by Co 8021 and Co 86249. Co 86010 recorded the
lowest yield (76.69) t h a ' ) and was on par with Co 87025 (78.47 t ha"'). Varieties Co 87025, Co
86010 and Co 8371 showed good response to ferrous sulphate treatment with an yield improvement
of 26.87, 17.83 and 23.1 t ha"' respectively revealing their susceptibility to iron deficiency.
Varieties Co 86032, Co 8021 and Co 86249 showed only a marginal yield improvement to ferrous
sulphate application indicating their tolerance to iron deficiency. Co 86032 recorded higher cane
yield (94.63 t h a ' ) than other varieties except Co 8021 under control. The varieties Co 86032 and
Co 8021 could be recommended in iron deficient soils.
Keywords: sugarcane varieties, chlorosis, iron deficiency, tolerance
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The acidification process and
the reaction buffering capacity of soils
RIZEA Nineta and BORLAN Zenoviu
Research Institute for Soil Science and Agrochemistry-Bucharest, Bdl., Märästi 61, 71331,
Romania
The study of the reaction buffering capacity of soils becomes more urgent because of
progressive acidification phenomena of soils, caused by acid rains and by of the application of
fertilizers with high potential of acidification.
In the green house, an experiment was carried out in small pots, using soil material from the
0-20 cm layer of three kinds of soil: Cambic Chernozem, Albic Luvisol and Chromic Luvisol.
Three levels of protonation were set up for each soil type.
Using four indices of reaction buffering capacity of soils (I-RBCS) containing sizes as sum of
exchangeable bases, hydrolitical acidity, the cation exchange capacity of the soils and the proton
activity in soil solution, the characterization of these soil types from the point of view of their
reaction buffering capacity was obtained.
The strong regression between delta pH values (pH at a 95% base saturation degree minus pH
at any given base saturation status of soils) and each of these four indices confirm their validity to
characterize and quantify the reaction buffering capacity of soils.
The Cambic Chernozem stands acidification the best and has the highest reaction buffering
capacity; in the case of Albic Luvisol, the acidification process is the strongest and this soil shows
the lowest reaction buffering capacity. The Chromic Luvisol has an intermediate position from this
point of view.
Keywords: soil reaction, soil buffering capacity, soil acidification
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Nitrogen management in a maize cover crop rotation
ROSOLEM C.A. and PACE L.
Dept. of Crop Science, College of Agricultural Sciences, Säo Paulo State University C.P. 237,
18603-970 Botucatu SP, Brazil
Conservation tillage and the use of cover crops are key factors to achieve sustainability in
tropical agricultural systems. Considering N conservation a leguminous crop should be used as
cover crop, but in tropical areas with dry winters there are no leguminous species able to grow well
and develop a good mulch for the following crop. Some grasses such as black oats and pearl millet
are suitable as cover crops, but in this case there is a strong competition with the following main
crop for nitrogen. An experiment was conducted to evaluate the effect of non-conventional N
management on a maize cover crop rotation in avoiding the deleterious effect of N competition.
Black oats, pearl millet, white lupin, black oats fertilized with 60 kg ha'1 of N, pearl millet fertilized
with 60 kg ha" of N, were grown during part of fall and winter. The next spring maize was planted
without tillage in subplots receiving 0, 60 and 120 kg ha"1 of nitrogen. Soil, straw and plant samples
were taken at 30 day intervals. The soil was sampled down to 60 cm deep. Most of the N released
from the straw was found as nitrate and ammonium in the soil up to 60 days after maize emergence.
The NÜ3:NH4 rate found in soil was around 1:1, and there was no effect of N management or cover
crops. NO3 and NH4 contents in the soil down to 60 cm were uniform. After 60 days from maize
emergence, the soil N declined as it was absorbed in considerable amounts by maize. Pearl millet
and black oats were better than white lupin as catch crops for nitrogen, but there was a decrease in
maize yields when it was cropped after these grasses without N fertilization. To avoid N
competition when using black oat or pearl millet as cover crops before maize the N rate to be used
must be split, applying half of the rate to the cover crop and the other half to maize.
Keywords: ammonium, conservation tillage, nitrate, no till, soil fertility, soil nitrogen
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Modeling of the mineralization processes after
manure fertilization in soil
ROSSITZA Mitovska and ZDRAVKA Petkova
N. Poushkarov Institute of Soil Science, 7 Shosse Bankya, Sofia-1080, Bulgaria
D.Kirham and W.Bartholomew (1954, 1955) are the first who had used the mathematical models for
determination of mineralisation and immobilization rates upon the data obtained through the method.
Simultaneous usage of N dilution technique and mathematical modeling allowed to elucidate the essence
of N transformation in soil and their dynamics. This is important for N nutrition of plants and creating of
correct agrochemical management. The experiments are carried out using 2 soil types with contrasting
properties - Leached Chernozem and Pseudopodzolic Cinnamon Forest Soil. Both laboratory experiments
are three-factor ones, as the first factor in experiment A is mineral fertilisation with N, while in experiment
B the first factor being fertilisation with P2O5 applied in two levels: 0 and 0.2 g kg"1 soil. The second factor
is manure with five levels of variation for creating different C:P ratio, namely 45, 30 and 15. The third
factor is humidity in two levels - 40 and 80% of the water holding capacity (WHC). Experimental results
showed that the highest quantity of NH4-N is measured in compost with Leached Chernozem 2 weeks
after manure application. The same regularity is established also in compost with the second soil type.
Nitrification processes run with bigger rates during the first 2 weeks. The highest quantity of NH4, NH:
and NOi is accumulated in compost where C:N ratio is 10 and 20 and the lowest - where C:N ratio is 30
and 40. Nitrification processes run more rapidly in 80% humidity but amonification processes - in 40%. In
compost with Pseudopodzolic Cinnamon Forest Soil the mineral N fertilisation do not accelerate
mineralisation of organic matter in comparison with Leached Chernozem. During the composting of
manure and superphosphate in this soil there is observed to be a negligible NH4-N quantity. The
nitrification runs most intensively in compost with C:P ratio 45 during 2 months. The quantity of mineral
N is decreased with the increasing of composting period. The quantity of mineral N is decreased also with
the decreasing of C:P ratio while with C:N ratio the situation is opposite. In the composts with the second
soil type the content of NOj-N is increased with the increasing of the composting period. It is observed
more intensive mineralisation in the treatments with C:P ratio - 45 and 30 in comparison with the different
C:N ratio. The data of the experiments A and B is processed applying the dispersion analysis method. This
method allowed to determine which controllable factors (mineral fertilizing with N and P, soil humidity
and time) affect significantly the transformation of the organic N compounds in soil after application of
organic matter. Having in mind the disadvantages of the empirical models received for NH4, NHT and
NO3 the following semiempirical model is proposed for the experiments A and B: Y = bo +b,*n +b:*org
+b3*(H^40)*exp(b4*t)log(b5*t), where Y is the amount of NFI4, NH2 and NO3; n - the nitrogen applied;
org - the applied organic substances; H%- humidity; t- time of sampling. This model has the advantage
that its parameters allow an interpretation rich in content. For example the bo coefficient is the initial
amount of nitrogen in the soil; bi is the change after the mineral fertilizer application; bi - the change after
application of organic substances; by - the influence of humidity. The exp(b4*t) term determines the
immobilization and the log(b5*t) - nitrification. The empirical and semiempirical models obtained allow as
to estimate quantitatively the processes of mineralisation in soil, conducting to NHt, NH2 and NOi
formation and nitrogen assimilation by plants after manure application through the indices yield and
nitrogen uptake. To the main conclusions should be added that the C:N ratio 20:1 is optimal for Leached
Chernozem, while for Pseudopodzolic Cinnamon Forest Soil it is 10:1. The mineralisation of organic N
increases during the first 2-8 weeks, reaches minimum towards the 16th week and then reaches a certain
level towards the 48th week.
Keywords:
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Comparative study of water and N fertilizer application
on potato crops under drip and surface irrigation system
by using l5N
S A I F A . ( l ) , AL-KIRSHI A. (1), JAILAN A. (1), ALBABILI M. (1), HAIDARA A. (2),
andHUSAINS.(2)
(1) Northern High Land Research Station-Sana'a, Yemen
(2) Central High Land Research Station-Dhamar, Yemen
Two Experiments were conducted at Al-erra and Dhamar research farm which belonged to
Northern Highland Research Station and Central HighLand Research Station of Agricultural
Research and Extension Authority. The soil characteristics of the experimental sites where silty
clay loam and clay loam for both sites respectively, with low content in organic matter and total
nitrogen. The two experiments were planted at 25/3/2000 in Randomized Block design (RCBD)
with five replications. Treatments which were investigated are: Nl=50 kg ha" ; N2=100 kg ha" ;
N3=150 kg ha"1; N4=200 kg ha'1 (fertigated treatments) and Ns=150 kg ha"1 (surface nitrogen
application). Labeled fertilizer was applied to subplot within fertigatred plots in order to determine
the total N uptake by plant and use efficiency. The objective of this study is to investigate the effect
of the surface nitrogen application with fertigation, on yield, water and nitrogen use efficiency of
potato crop variety (DA1MONT).
Results indicated that, the soil application treatment (Ns) tend to give a better yield compare to
other fertigated treatments without significance differences in Al-erra location, but significantly
differed in other location. The total and marketable yield didn't increased significantly with
increase of N rates.
Concerning the dry matter weight of tuber, the fertigated treatment (N3) gave a better yield
than all treatments including surface application treatment (Ns), followed the treatment (N2).
Parameters related to water and fertilizer use efficiency, consumed water per unit dry matter and
total fresh yield, all fertigated treatments were gave higher yield and differed significantly surface
application treatment (Ns). The drip system and method of firtigation are promising in saving water
reached up to half in all fertigated treatments and increase the efficient use of fertilizer compare to
the surface application treatment (Ns).
Keywords: potato,

I5

N, Al-erra, Dhamar, farm

558

Symposium no. 14

Paper no. 2090

Presentation: poster

Minerals in barley grains as affected by benzyl adenine
and salinity from diluted seawater
SALEH A.L. (1), HUSSEIN M.M. (2), EL- FAHAM S.Y. (3), ABO-EL-KIER M.S. (2) and
ABDEL-KADER A.A. (1)
(1) Soils and Water Use Dept., National Research Center, Dokki, Cairo, Egypt
(2) Botany Dept., Agric. & Biological Div., National Research Center, Dokki, Cairo, Egypt
(3) Food Technology Dept., Food Technology ÄNutrition Div., National Research Center, Dokki,
Cairo, Egypt
A pot experiment was conducted in the Greenhouse of National Research Center, Dokki, Cairo.
Egypt during the winter season of 2000/2001 to evaluate the effect of different salt concentrations
(Tap water 2,000, 4,000, 6,000 and 8,000 mg kg"1 by diluted seawater) and spraying benzyl
adenine (0 and 50 mg kg') on the concentration and content of different nutrient elements in grains
of barley plants. Concentration of N, P, K, Na, Zn and Fe were increased by salt cone, up to 4,000
mg kg'1 in root media. The higher levels of salinity decreased all determinate elements. N, Ca, Mn,
and Zn contents in grains decreased as salt doses were increased . K. and Na contents increased until
4000 mg kg"' and tended to decreased by 6,000 and 8,000 mg kg"1 salts in water of irrigation. P and
Fe contents clearly depressed by the higher salt solutions . B.A. spraying lowered the concentration
of N but the reverse were true for Mn and Zn .The concentration s of P, K, Ca, Na and Fe were not
affected, while the grains content of Mn and Zn significantly increased but the content of other
nutrients was not affected.
Keywords: salinity, benzyl adenine, minerals, barley grains

559

Symposium no. 14

Paper no. 568

Presentation: poster

Studies on the phoshorus adsorption of different soil types
and nutrient levels
SARDI K. (1) and CSATHÓ P. (2)
(1) Veszprém University, Georgikon Faculty, Keszthely, Deék F. Str 16, H-8361Keszthely,
Hungary
(2) Research Institute for Soil Science and Agricultural Chemistry, Herman O. Str. 15, H-1022
Budapest, Hungary
Differences in soil properties and among plant species may play an important role in the
effectiveness of residual and freshly applied phosphorus fertilizers. However, a limited number of
experimental results are available on this subject.
For studying the importance of several soil characteristics, pot experiments were carried out
with soils from 9 sites of the National Long-Term Fertilization Trials thus being different in their
main characteristics such as pH, soil texture, organic matter content and P status. Soil samples were
taken after 20 years from the unfertilized control and from plots annually fertilized with 200 kg
P2O5 ha"1. Effects of long-term fertilization as well as that of freshly applied phosphorus were
studied in our experiments. Perennial ryegrass (Lolium perenne L.) was used as a test plant.
The objective of our present study was to develop quantitative relationships between selected
soil parameters and the phosphorus adsorption characteristics of experimental soils.
Amounts of P removed by plants during 5 cuts were correlated with DM production of plants
as well as with the available phosphorus extracted at pH 3.7 by ammonium lactate, AL-P mg kg'
soil (Egner-Riehm-Domingo 1960). Phosphorus nutrient balance was calculated from the results to
evaluate supply or adsorption characteristics of experimental soils.
Results of the experiments were computed by stepwise regression analyses using the
STATGRAPHICS program package.
Soil parameters involved in our study were as follows: humus content, pH values (ranging
between 4.46 and 7.27), clay mineralogy, total P contents of soils, P rates applied for 20 years,
freshly applied P in the pot experiment,
Based on the results of regression analyses, the importance of soil parameters were evaluated.
It was established that several soil parameters significantly determined phosphorus adsorption of
soils. Regression coefficients were ranging between R2 = 0.619 and R2 = 0.285 (n = 86).
Long-term effects of P application, higher pH values and humus content had a favourable
influence on the phosphorus adsorption of experimental soils. On the other hand, increasing
phosphorus adsorption could be attributed to higher CEC, vermiculite content as well as with
increasing rates of freshly applied phosphorus. It was also observed that long-term efects of P
applications on the P supplying power of soils were related also to the increasing N and K rates,
providing a balanced nutrient supply in soils.
Our results may help for the wider understanding of phosphorus adsorption characteristics
under various soil conditions.
The authors acknowledge the financial support given by the National Research fund (OTKA)
under Grant No. T 029355.
Keywords: P adsorption of soils, long-term effects of P, soil types, pot experiments
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Reuse farm wastes and sawdust for increasing yield and
quality of some field crops and improving soil properties
SELIM MM.
Field Crops Department, National Research Center, Dokki, Cairo, Egypt
The strategy of the Egyptian Government in the last few years of the 20th century and new
commencement of the 21s' century aimed at narrowing the gap between production and
consumption of agricultural products by several means. The most promising one is increasing the
cultivated area by reclamation of sandy soil and the unfavorable conditions of those soils
concerning their properties such as low fertility and the high leaching rate. Application of mineral
fertilizers raised the costs of products and caused pollution with biomagnified agrochemical
residues. Our main task is to establish new farming systems (biofertied) committed to maintaing
the environment and leading to sustainable approaches, and the production of healthy food. For
many years field experiments were conducted in the El-Tahric region in sandy land which had pH
of 8.3 and low organic matter (0.43%) on some field crops i.e., maize, soybean, sunflower, sesame,
lentil and millet. The objective of the study was to manipulate new models of fertilization of some
field crops growing in new reclaimed sandy soil. Results indicated that biofertified farming
systems directly increased yield of maize lentil by 36% as well as the fresh and dry matter of millet
was increased significantly over application of the recommended dose of chemical fertilizers. In
addition soil properties were improved by application of a biofertified farming system. For
example organic matter content and water field capacity were increased.
Keywords: sawdust, farm wastes, organic matter, biofertilizer
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Fertilizer use efficiency of sugarbeet in Greece
MASLARIS Nickolas (1), SETATOU Helen (2) and SIMONIS Asterios (3)
(1) Hellenic Sugar Industry SA, Sindos 57400, Greece
(2) Analipseos 4, 552 36 Panorama, Greece
(3) Petrou Syndica 60B, 542 48, Thessaloniki, Greece
The fertilizer use efficiency on sugarbeet crop was studied in commercial scale, for a period of
28 successive years (1973-2000), in five sugarbeet growing areas of Greece. Fertilizer use
efficiency defined by the ratio of yield (kg) produced per fertilizer applied unit (kg). It can be
improved by increasing the yield and/or reducing the amount of fertilizer applied. In this study the
raw sugar yield was used, as the yield component of the sugarbeet production.
Raw sugar yield followed an upward trend until 1993, and then it began a slow downward
trend. There are many management factors affecting yield, but providing adequate plant nutrients is
essential. Fertilizer use was rather unchanged until 1997, when the total amount of fertilizer applied
increased considerably. Fertilizer use efficiency varied from 21.0 to 48.4 kg of yield kg"' of
fertilizer applied. It slightly increased until 1993, and thereafter began to decrease getting the value
of 24.1 during 2000. Nitrogen user efficiency varied from 53.9 to 134.3 kg of raw sugar kg"' of N
applied. It increased until 1983, decreased for several years, reached its higher value in 1993 and
began to rapidly decrease since. Phosphorus use efficiency varied from 68.0 to 142.1 kg of raw
sugar kg" of P2O5 applied. It, initially, showed an upward trend and then began to decrease. On the
other hand, K2O Use Efficiency had a downward trend. This survey clearly showed that fertilizer
use efficiency can be improved through best management practices (BMP) without hurting
sugarbeet yield.
Keywords: fertilizer use efficiency, sugarbeet, raw sugar yield
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The productivity of phytocenoses and soil fertility of
steppe geosystems of Southern Siberia
SHCHETNIKOVA.I.
Institute of Geography at the Siberian Branch of the Russian Academy of Sciences Russia, 664033,
Irkutsk, 1, Ulan-Batorskaya Street, Russia
Tendency to a rise of productivity of the South Siberian steppes and to increase of fertility of
soils in spite of anthropogenic influence and fluctuations of natural-climatic parameters has been
established as a result of thirty-year of uninterrupted observations on the geographic permanent
establishment in South Siberia. This process we connect with global warming of climate helping to
a realisation of a potential of the Southern Siberian steppes.
On the dominant surfaces (southern gentle slopes) under conditions of protected regime four
periods of evolution of post-pasture geosystems are distinguished: relaxation (8 years), passionarity
(inner urge to an activity - 4 years), stagnation (8 years) and degradation becoming after 19-20
years of protecting. But characteristics and fertility of soils have the similar dynamic of evolution
with phitocoenosis. Difference is in being late of soils' reaction on the changes in vegetables cover
(5-7 years) and absence of period of degradation characterizing by simplification of structure and
degradation of vegetable productivity during an evolution of protected post-pasture steppes of
South Siberia, but characteristics of soils become better in contradistinction to phitocoenosis, their
trothness is increasing and their fertility is rising.
The processes in hierarchically subordinated geosystems stock in another way. The experiment
lasting for 15 years in autonomous (tops of relief), transitional (slopes) and teraccumulative (dry
foot of slope) geographic facises allow to establish the following regularities. In wide spread
transitive facieses of gentle southern slopes under conditions of moderate pasture loading reduction
of quantity of floor covering and rags takes place, urgency reserves of green mass of plants and
alive roots are being reduced, projected cover decrease. Soil loses a part of potential fertility,
quantity of gross humus, mobile phosphorus and potassium becomes lower: in 1,5 time a content of
mobile salts which level remains lower of a threshold of taxing increases; and change of site of
vegetables. But, a general production of phytomass (including estranged by animals) which quantity
is becoming higher than on a protected area increases. Form (biologically active) of humus of soil
becomes more aqueous dissolved. Further increase of loading of grazing brings a sharp fall of
productivity of phytocoenosisses and trothness of soils. In autonomous faciesses these processes
proceed under a strict regime because the propitious circumstances are low, but relative changes are
very important. Transitive faciesses of the northern slopes resist the graze loadings and their
reaction to a change of soil characters is languid.
Moderate loading of synthetic and natural genesis play a stimulated role in an evolution of a
biota of the southern - Siberian steppes, they increase the trothness and fertility of soils.
Observations during many years show that a return of steppe geosystems to a starting condition
after powerful anthropogenic influence is impossible. Some apophyteous and adventive aspects can
be kept in recovered plant associations during for a long time. Changes connected with a ploughing
and strong re-grazing remain in a "memory" soils for ever. RFBR 00-04-49583.
Keywords: steppe geosystems, productivity, soil fertility, pasture load, restoration dynamics,
stability, contrast range
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Effect of acacia on dry matter yield of sorghum and nitrogen
recovery under saline soils, using 15N isotope tracer technique
SH1RAZI M.U., ANSAR1 R., KHANZADA B., KHAN M.A., ALAM S.M. and
MUJTABA S.M.
Nuclear Institute of agriculture, Tandojam, Pakistan
A pot culture study was conducted to observe the effect of acacia (acacia Nilotica) residues on
dry matter yield and nitrogen recovery under saline condition, using a l5N tracer technique. Acacia
residues containing total nitrogen (t.n=1.05%) were added at the rate of 0.10 15 and 20 t ha" soil
ECe of the control plots was (5.0dSm"')and was further salinized by neutral salt (NaCl) to give the
salinity treatment 7.0 and 9.0 dSm'. Soil reaction (pH) was 7.5 and saturation percentage 50% for
nitrogen recovery studies single dose of labeled NH4SO4 (10 atoms% N) was applied at the rate of
120 kg N ha" in all the treatments. Addition of Acacia residues resulted in an increase of dry matter
yield of Sorghum. In control treatments (no salinity), maximum yield was recorded in pots, where
Acacia residues were added at the rate of 15 t ha"'. In low salinity treatment maximum values were
observed in pot, where Acacia residues were applied at the rate of 20 t ha"1, while under high
salinity treatment highest yield was recorded in 10 t ha', Acacia residues treatments. Nitrogen
recovery studies, using '5N isotopes tracer technique showed that the application of Acacia residues
alongwith inorganic N fertilizers have increased the availability of soil nitrogen to Sorghum plants,
comparatively more in low salinity treatment and less under high salinity. Maximum nitrogen
derived from soil (NDFS) was observe din pots where Acacia residues were applied at the rate of 20
t ha"' (i.e. 62%), while this was reverse in case of inorganic fertilizer (NDFF), i.e. decreased N
uptake with the increase in the rate of Acacia residues, both under control and saline soils as well.
The increased availability of soil nitrogen, might be due to stimulation of microbial activity by
the addition of N fertilizer, nitrification of NH4 and amide fertilizer, causing acid hydrolysis of soil
organic substances, increased root growth in fertilized pots, changes in plant physiological
processes induced by fertilizer N and osmotic effect. The present studies showed that the
application of Acacia residues alongwith inorganic fertilizer, improved dry matter yield of sorghum
and soil nitrogen uptake, due to increased microbial activity and NH4 nitrification. However, the
rate of N fertilizer utilized by plant, is reduced.
Keywords: Acacia residue, dry matter yield, sorghum, nitrogen recovery, saline soils, '5N tracer
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Available potassium reserves and release rate of nonexchangeable potassium in Greek soils
SIMONIS A.D.
Petrou Syndica 60B, 542 48 Thessaloniki, Greece
Thirty soils from several areas of Northern Greece were investigated. The available reserves
and release K. characteristics were determined in soils grown with ryegrass for 335 days and by
continuous leaching of the soils with 0.01 M HCl. The available K reserves of the soils ranged from
346 to 2058 kg ha'1 under ryegrass and from 603 to 3211 kg ha"1 under continuous leaching,
respectively. The rate of release of non-exchangeable K. from soils ranged from 27 to 913 kg ha"1 y" ,
and 2/3 of the soils released the non-exchangeable K at a rate <400 kg ha"1 y ' . The total amount of
potentially available K of the soils taken up by ryegrass, during the 335 days of experimentation,
averaged 3% of the total potassium. The HCl-extractable K. yielded a high correlation with the total
K.-uptake (r=0.90 ). The information on the rate of release of non-exchangeable K can be used as
an index for the time period needed to cover the available reserves and as a measure for the
comparing soils with respect to their capacity to supply crops with non-exchangeable potassium.
Keywords: available K reserves, release rate of non-exchangeable K, exhaustively cropping
technique, continuous leaching technique
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Boron and zinc nutrition on soil and petiole boron
and zinc content and yield of grapes
SINGARAM P. and PRABU C.P.
Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agricultural University,
Coimbatore - 641 003, Tamil Nadu, India
Since the grape (Vitis vinifera L) growing soils of South India are low in boron (B) and zinc
(Zn) due to the presence of CaCOi. a study was undertaken at a farmer's field in a six-years-old
Muscat grape vine in a calcareous (CaCCh 37.5 g kg"1) sandy loam soil to mitigate the root zone
constraints for the availability of B and Zn through foliar application besides soil application. The
experimental soil had a pH of 8.1, org.C 5.2 g kg" , DTPA Zn 1.05 mg kg"' and hot water soluble B
0.23 mg k g ' . The experiment was laid out in a randomized block design with 12 treatments and
replicated thrice with zinc sulphate at two levels (10 g and 20 g vine'1), borax at two levels (4 g and
8 g vine') and combination of these two nutrients were applied to soil after pruning. Foliar
application of ZnSC>4 at 0.5% vine', borax at 0.2% vine"' and combination of these two nutrients
were done at vegetative (20 days after pruning) and full bloom stages. The doses were
supplemented with the recommended doses of NPK. The soil and petiole samples (5 th leaf petiole
from base) were collected during vegetative, full bloom and harvest stages. The bunch wt, berry wt
and yield were taken during harvest. Soil application of ZnS0 4 10 g vine"' either alone or with
borax recorded low petiole Zn (28 mg k g ' ) as compared to ZnSC>4at 20 g vine"1 (39 mg kg"1). This
might be due to high soil P content coupled with interaction of Zn with P. The B content
considerably increased due to B application along with Zn. But application of Zn through soil or
foliage considerably reduced the B content in petioles. The application of B and Zn to the vines
through soil or foliage, alone and in combination with one another, considerably increased the B
content in the petioles. The B content in petiole increased with the application of borax alone and
in combination with Zn. A high B content of 29 mg kg"1 was recorded in vines sprayed with B and
Zn. It increased the petiole B content as compared with the other treatments. At the same time, soil
application of borax at 8 g vine"' alone and in combinations with ZnSCu recorded low petiole B
content (21 mg k g ' ) presumably due to the interactions of nutrients in soil. The bunch number,
cluster wt, berry wt and yield increased with the application of Zn and B supplied through soil and
foliage. But higher soil and petiole nutrient content were found in the treatment which was applied
with ZnSO.) at 0.5% + Borax at 0.2% through foliage twice during vegetative and full bloom stage.
To conclude this, the root zone soil nutrient constraint is alleviated by foliar nutrition of B and Zn in
calcareous soils.
Keywords: muscat, Zn, B, petiole Zn, petiole B and yield
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Nitrogen and potassium dynamics in fertigation systems
SINGH A.K.. CHAKRABORTY D., MISHRA P. and SINGH D.K.
Water Technology Centre, Indian Agricultural Research Institute, New Delhi-110012, India
Water and nutrients are the two key inputs in agriculture but their use efficiency is low and
their injudicious use leads to environmental degradation. Among the various techniques of water
application, drip or trickle irrigation is the most efficient method of delivering water to the root
zone. Applying fertilizers through irrigation water, particularly through the drip system, termed as
fertigation, also provides the most effective way of supplying nutrients to the plant roots. In fact,
the supply can be tailored to meet the precise requirement of the plant depending on its growth
stage. A considerable amount of work has been done on drip irrigation and also on fertigation, but
studies on the dynamics of nutrients in soil after their exit from the emitter are very few. In this
paper, results of two separate experiments conducted to study the fate of nitrogen and potassium in
soil applied through fertigation have been presented.
In both the experiments, water-soluble fertilizer was applied through a drip system (Ti). In the
second treatment (T2), the fertilizer was applied on soil but water was applied through drip system
while in the third treatment (T3) fertilizer was applied on the soil with conventional irrigation
method (check basin/furrow). In the experiment in which nitrogen dynamics were studied, the crop
was broccoli while potassium dynamics were studied in radish.
In the experiment on nitrogen dynamics, it was observed that in the fertigation treatments,
ammonium form of nitrogen dominated in the upper soil layers. Almost all the nitrogen applied
remained confined to the root zone. In the conventional method of irrigation, the nitrate-nitrogen
dominated and a significant amount was leached out. Leaching losses were also observed when the
fertilizer was applied on soil and water through a drip system. In the second experiment, in which
potassium dynamics were studied, it was observed that in fertigation treatments, potassium was
confined to the root zone of the radish crop, while it moved in significant quantities beyond the root
zone in the conventional method (furrow irrigation). Movement beyond the root zone was also
observed in the soil-based fertilizer application with water through a drip system but to a lesser
degree.
Keywords: fertigation, nitrogen, potassium, broccoli, radish, water use
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Tillage, liming, and straw management effects on
N cycling in an acid soil
SOON Y.K. and ARSHAD M.A.
Agriculture and Agri-Food Canada, P. O. Box 29, Beaverlodge, AB, TOH 0C0, Canada
We investigated the effects and interactions of tillage, liming and crop residue removal on
inorganic and microbial biomass N, and N uptake of crops grown in rotation in an acid soil from
1998 to 2000. The experimental treatments were factorial combinations of no-till (NT) or
conventional tillage (CT), unlimed (soil pH 5.0 in 0.01 M CaCb) or limed (7.5 t ha"1, pH 5.9), and
straw removed or retained. The crop rotation was a barley-canola-field pea sequence, with all
phases grown every year. Nitrate content in the surface soil at seeding was increased by NT
compared to CT only in unlimed soil, whereas soil microbial N during crop growth was increased
under NT in the limed soil only. Straw retention decreased soil nitrate at seeding and increased soil
microbial N. However, soil management effects on soil N stock were not significant every year.
Crop yield and N uptake was increased by liming, and by NT as compared to CT. However, the
yield and N uptake differences due to tillage systems were significant only in the limed soil, i.e.,
followed the trend shown for soil microbial N. Crop residue effect on yield and N uptake was small
and not significant. N cycling over the study period was not affected by straw management. The
partitioning of plant N from different sources in the soil was influenced only by the cropping
sequence.
Keywords: N cycling, crop rotation, legume, liming, straw management, tillage
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Effect of the levels of saturation for bases of soils in the uptake
and available of nutrients in coffee tree
SOUZA Luiz Humberto. SOUZA José Olimpio de Jr., CARNICELLI José Humberto de
Araujo, MELO FILHO José Fernandes, CARVALHO Gilberto Santana and OLIVEIRA
Carlos Alberto Costa
UESB - DFZ, Cx. Postal 95,45100-000, Vitória da Conquista, Bahia, Brazil
Acid soils occupy about 30% (3.95 b h a ' ) of the world's ice-free land area. Plant growthlimiting factores in acid soils include deficiencies (N, P, Ca, Mg, Zn) and toxicities (Al, Mn, Fe, H)
of elements (Foy, 1984). The efficiency of added fertilizers is very low in acid soils. The integrated
plant nutrient management system is important to improve crop yield potentials in acid, infertile
soils. In tropical South America, 85% of the soils are acidic and approximately 850 m ha"1 of underutilized acid soils exist in this region. The objective of that work was to determine values of
saturation of ideal bases, for the tree coffee, for soils with different textures and sources of acidity
(H and Al). The experiment was formed by 4 soils (Table 1) and 5 saturation levels for bases
(natural soil, 30%, 50%, 70% and 90%), with randomized in blocks to the maybe and with 4
repetitions. The change induced in the levels of saturation for bases of soils to get at liming,
affected the uptake of nutrients of the tree coffee. P, K, S, B, Mn and Zn in sand soils and N, K and
S in clay soils. The amount of K, Cu, Mn and Zn available, increased at V= 33% in media, on
application of the 2.5 t ha"1 in pot. Increase two time the liming in the field. Probably in sand soils
this dose is low.
Table 1

Mean values for four tropical soils acids characteristics (0-20 cm)

pH" P27
S3'
K2' Al4'
V
B2'
Fe 2 ' Mn5'
dm"3 mmolc dm"3 %
mg
34
0.7 19
4.5
LA UESB
0.3
68
1
4.3 2
LA EBDA
27
0.9 18
15.3
0.3
108
4
4.6 1
LV Palmira 4.2 1
0.6
96
1
79
1.3 11
9.8
LA Limeira 4.2 2
0.4
76
2
48
1.4 23
9.2
"Relation soil: water 1:2,5; 2 Mehlich-l; 3/ CaHP0 4 .H,0; 4/KCl 1 mol/L;
Soils

Cu2/
0.9
0.7
1.7
0.9
"Hot

Zn2' clay sand
"gkg"'0.9 315 577
0.9 354 443
1.0 451 285
0.5 538 311
water.

Foy, C D . 1984. Physiological effects of hidrogen, aluminum and manganese toxicities in acid
soils, pp.57-97. In F. Adams (ed.). Soil Acidity and Liming. Am. Soc. Agron., Madison.
Keywords: coffee, acid soils, uptake nutrients
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Forms of nitrogen under NASREC programme
in Karnataka, India
MANJLNATH. J, BADRINATH M.S., SRIKANTH K.. CHIDANANDAPPA H.M. and
SATHISH A.
Department of Soil Science and Agricultural Chemistry University of Agricultural Sciences,
GKVK, Bangalore-65, India
Karnataka forms the South Western part of the Deccan peninsular India. It lies between 11° 30'
and 18° 30' N latitudes and 74° 75' and 78° 30' E longitude with the geographical area of 1.91 lakh
km"2. It experiences a wide variety of geological, climate, vegetation and phisiographic conditions.
As a result of this the soils of Karnataka are highly diverse and variable depending upon their
conditions. Information available on the forms of nitrogen in the state are scant and such forms of
nitrogen and their relationship with some soil characteristics in different agro-climatic zones
covered under the USREC activities of the NASREC programme are studies with the objectives viz,
study the distribution pattern of total and available nitrogen in the pedons of different agro-climatic
zones, depth wise distribution of different forms of nitrogen and correlationship of there fractions of
N with some physico-chemical properties of soils in Karnataka. The forms of N were characterized
by following standard procedures.
Fifteen soil properties were studied and fifty-five soil samples of the collected horizon were
analyzed for various forms of nitrogen besides some morphometries. The results revealed that total
N in the pedons decreased with the depth and were more closely related to organic carbon. Its
distribution in the soil sample was dominantly controlled by organic carbon which is the best single
indicator and followed by types of clay minerals. The exchangeable NH4-N was the dominant form
of mineral nitrogen with the higher values in the surface horizon due to continuous mineralization
of added organic matter to the soil. Whereas fixed ammonical nitrogen followed the trend largely
similar to lay content of the soil sample. Amino acid nitrogen constituted nearly one third of total N
in all the pedons. Hydrolysable NH4-N was higher in lower depths due to release of fixed NH4-N on
clay minerals. Amino sugar -N was lower than amino acid-N in the pedons. The ammonium fixing
capacity of the soil varied from 0.61 to 2.59 cmol kg"1. Soils from the southern transition zone fixed
least while highest fixation was observed in Northern transition zone. Hence a knowledge of the
relationship between soil types with different nitrogen pools, their distribution and the availability
of reliable information about soil nitrogen.
Keywords: agro-climatic, forms of nitrogen, fixing capacity, depth wise distribution
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Improving phosphorus nutrition of cultivated plants by colloid
protonation in base-saturated soils
STEFANESCU Daniela and BORLAN Zenoviu
Research Institute for Soil Science and Agrochemistry-Bucharest, Romania Bdl. Märästi, 61,71331,
Romania
The paper deals with some unconventional ways and means of improving phosphorus nutrition
of cultivated plants on base-saturated soils, especially by protonation of their colloids so giving rise
to an increased bioavailability of phosphorus from highly basic calcium phosphates and to an
enhancement of micronutrient mobilization from existing nutrient reserves in fine fraction of soils.
The authors suggest that extent and duration of significant positive effect of colloid protonation as
well as its economics in crop production, are all closely connected with binding strength of protons
in soil acidoids especially phosphates and hydroxillic surfaces containing metallic micronutrients as
hydroxides and basic salts. Considering that binding strength of protons in the acidoids on the
surface of soil colloids is inversely related to free energy of their dissociation into soil solution one
may expect a prolonged duration of their existence and beneficial effect on phosphorus and
micronutrient nutrition of plants. Indeed, existing experimental data have shown that beneficial
effect of colloid protonation on cultivated plants in base-saturated soils may last for at least five
years, subject to further confirmation by currently performed accurate plant field and laboratory
experiments. The aim of the paper is to give an account and a general information on, "state of art"
in the problem of influencing mineral nutrition of plants by colloid protonation on base-saturated
soils on the expense of existing phosphorus reserves in the fine fraction of these soils.
Keywords: soils, colloid protonation, phosphorus, micronutrients
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Nutrients budgeting in a long term fertilizer experiment
SUBEHIA Suresh Kumar and SHARMA Surya Prakash
Department of Soil Science, Chaudhry Sarwan Kumar Agricultural University, Palampur 176 062
H.P., India
In a long term field experiment on maize-wheat cropping sequence, the effect of recommended
doses of NPK alone and in combination with farmyard manure (FYM) and lime was studied on
nutrient budgeting after completing 28 years of cropping cycles. At 100 percent recommendation
rate, a total of 6,240 kg N was added through chemical fertilizers to maize and wheat crops during
rabi, 1972-73 to kharif, 2000. A maximum removal of 4,863 kg N was recorded with the use of 100
percent NPK+FYM with percent recovery of 78 percent. Unlike N, only 10-18 percent P was
removed by the crops under different set of treatments. Out of total of 4,260 kg P2O5 added under
100 percent NPK rates to both the crops, till kharif, 2000, the removal was only 567 kg and rest of
amount was retained in the soil. The K removal, unlike N and P was much higher than the added
rates, particularly with the integrated use of chemical fertilizers and organics. The mining of native
reserves of K, even under its optimal application rates may affect the productivity of the land in the
years to come. A maximum K removal of 3,561 kg against addition of 2,780 kg was also recorded
under 100 percent NPK+FYM treatment. Unlike N and P, a negative balance of K was noted in
most of the treatments. The higher removal of K than its addition by both the crops under 100
percent NPK+FYM/lime, throughout the cropping period has resulted in its mining as is evident in
the declining available K status of soils. This points towards taking a fresh look at the existing
recommendations for maize and wheat crops.
Keywords: long term fertilization, maize-wheat cropping system nutrients budgeting
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Nutritional status of apple orchards
of Himachal Pradesh, India
TALATAM Satvanaravana and RAINA J.N.
Department of Soil Science & Water Management, Dr YS Parmar University of Horticulture and
Forestry Nauni, Solan 173 230, Himachal Pradesh, India
A nutritional survey of apple orchards in Himachal Pradesh was carried out during 1999-2001
to determine the nutritional status and to develop correlation coefficients of soil characteristics with
nutrient elements. A total of 144 representative apple orchards located in different districts of the
state were selected. Soil (0-20 and 20-40 cm depth) and leaf samples collected from these orchards
were analyzed for some of the physico-chemical properties and for their macro and micro nutrient
status.
Soil reaction was found to be slightly acidic to near neutral and electrical conductivity values
were in safe limits (<0.8 dSm"1). All the samples registered high organic carbon content. However,
soils were low to medium in available N, medium to high in P, K. and Cu and high in their Fe and
Mn status. Leaf analysis revealed low to sufficient N, P, K, Cu and Mn status, whereas Fe was in an
adequate range.
A significantly negative correlation of pH with available N, K, Cu and Fe was observed,
whereas its negative relationship with P and Mn was statistically non-significant. Electrical
conductivity was significantly and positively related with available K and Cu content. Organic
carbon was positively and significantly related with all the analyzed nutrients both in the surface as
well as sub-surface soils. Clay content also exhibited an similar relationship with the available
nutrients. Organic carbon and clay content were also positively and significantly related with leaf
nutrient elements. Surface, as well as sub-surface, soils exhibited a positive and significant
relationship with all the analysed leaf nutrient elements except P, K. and Fe which was statistically
non-significant.
It is expected that the present results may be helpful to the growers, planners and other user
agencies for effective and judicious application of fertilizers in order to increase the productivity of
apple crops in the state.
Keywords: apple, macronutrient status, micronutrient status, correlations, leaf nutrient status
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A study on plant-soil relationship in
Markazi Iran - rangelands
TAVILl A.. JAFARI M. and CHAHUKI M.A. Zare
Range Management Department, Karaj Natural Resources Faculty, P.O. Box 31585-4314, Iran
The study was carried out to investigate the relationships between rangeland index species and
soil characteristics in Markazi province, ten plots (1 x 1 m) were used in each of the vegetation
types. Ten profiles (depths of 0-20 and 20-40 cm) were dug in each type and soil samples were
collected. The following characteristics of soil were determined in the lab: texture (percent of clay,
silt and sand), organic matter (OM%), amount of lime (CaC03), electroconductivity (EC) and pH.
Using SPSS, one way ANOVA and multiple regression analysis were made. The results showed
that Artemisia herba alba had the highest relationship with sand and clay in 0-20 and 20-40 cm
respectively. Noeae mucronata showed a negative relationship with EC in upper horizon and a
positive relationship with loam and CaCC>3 in the subsoil. Stipa barbata had a negative relationship
with loam in both horizones. Cousinia sp. showed a positive relaionship with OM% in the upper
horizon. According to the results, as a general rule, each species, depending on its ecological
requirements and condition of habitat soil, has relationships with specific kinds of soil properties,
which provide moisture and nutrients.
Keywords: Iran, Markazi province, plant, soil, rangeland, organic matter
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Evaluation of pre-side dress soil nitrate test for sugar beet in
Iran
TEHRANI Mohammad Mehdi (1) and MALAKOUTI Mohammad Jaafar (2)
(1) 25, Saraswati Apt., Pusa campus, Indian Agricultural Research Institute, New Delhi 110012,
India
(2) Soil and Water Research Institute, Tehran, P.O. Box 14155-6185, Iran
Field experiments were conducted to evaluate the accuracy of PSNT (pre-side dress soil nitrate
test) in semi arid region of Iran where sugar beet is grown under irrigation water. In a randomized
complete block with three replications urea-N was side dressed at 0, 90 and 180 kg ha'1 N based on
nitrate concentration of soil at V4 to V6 growth stage and 180 kg ha"1 N applied at planting and mid
season pre-side dress based on farmers practice. Sugar beet responded to nitrogen application in all
sites where the soil nitrate was low. The high applications of N where the soil nitrate were higher
than 17 mg kg'1 resulted insignificant increase in concentration of impurities such as sodium,
potassium and nitrogen content of roots. The amount of measured nitrate in soil at V-6 stage of
growth was significantly correlated (at 1% level of significant) with root yield and sugar content of
beet (1^=0.64 and 0.58, respectively). The lower critical level on nitrate test could be due to lack of
conversion of organic matter and accumulation of nitrate in depth higher than 0.3 m, as a result of
lower leaching rate in semi arid area which can be utilized by sugar beet during late stage of
growth. The Pre-side dress Soil Nitrate Test method proved to be a very reliable method to predict
nitrogen requirement of sugar beet in order to produce high yield and quality of sugar.
Keywords: PSNT, sugar beet, nitrate
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Utilization of biofertilization in field crops production
yield response of groundnut to inorganic,
organic and biofertilizers
AHMED M.K.A., SAAD A.O.M., THALOOTH Alice T. and KABESH M.O.
Field Crop Research Dept., National Research Center, Dokki, Cairo, Egypt
Groundnut plants c.v. Giza-5 (early bunch) were grown in sandy soil supplied with either
chemical fertilizer, biofertilizer, farmyard manure or with a combination between them in different
ratios. The highest dry matter accumulation, kernels yield and oil percentage were achieved due to
fertilization with 60 m3 fed"1 FYM plus biofertilization. Kernels of plants supplied with 75% of 30
m3 fed'1 FYM + 25% chemical fertilizer contained the highest protein percentage.
Keywords: groundnut, inorganic fertilizer, organic fertilizer, biofertilizers
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Peanut and some leguminous crops as nitrogen fertilizer
substitute for sugarcane planting during dry period
THIPPAYARUGSSrisuda(l). TOOMSAN Banyong (2), VITYAKON Patma (3),
LIMPINANTANA Viriya (2) and CADISCH G. (4)
(1) Khon Kaen Field Crops Research Center, Department of Agriculture, Mitraphab Rd., Khon
Kaen 40000, Thailand
(2) Department of Agronomy, Faculty of Agriculture, Khon Kaen University, Mitraphab Rd.,
Khon Kaen 40002, Thailand
(3) Department of Land resources and Environment, Faculty of Agriculture, Khon Kaen
University, Mitraphab Rd., Khon Kaen 40002, Thailand
(4) Department of Biological Sciences, Imperial College at Wye, University of London, Wye,
Kent, TN25 5AH, UK
In the Northeast of Thailand before new sugarcane is planted during dry period the land is
normally left fallow throughout rainy season. Grain legumes, peanut (Arachis hypogaea L.), three
green manuring legumes, pigeonpea {Cajanus cajan (L.) Millsp.), swordbean (Canavalia
ensiformis), sunn hemp (Crotalaria juncea) and two local leguminous weeds, Crotalaria striata and
Indigofera hirsuta (Harvey) were planted instead of fallow as N provider. N2 fixing ability of these
legumes was compared using ' 5 N dilution method, N beneficial from the decomposition of these
legume residues to sugarcane was determined using high ' 5 N enriched residues, decomposition rate
was determined using the litter bag technique in field conditions, and N transformation after
incorporating different plant parts was determined using a pot experiment. The highest biomass
production was sunn hemp (9.4 t ha"1). The legumes fixed high N2 especially pigeonpea (85%). The
decomposition rate was fastest with non-nodulation peanut but pigeonpea was the slowest than the
other legumes. Nitrate-N was the dominant form of mineralization N from decomposing legume
residues, which increased with time. Leaf was the largest N provider when the stalk was the
poorest or even immobilize N. N recovery from legume residue when sugarcane was in the late
tillering stage and early elongation stage was 4, 7, 17 and 10% of incorporated residue N of peanut,
pigeonpea, swordbean and sunn hemp, respectively. N from these legume residues contributed 6,
14, 19 and 19% of total sugarcane N. The millable cane yield obtained from N application at
planting providing from legume residues (12-94 kg ha"1), ranged from 115 to 137 t ha"1 while
application of chemical fertilizer (46.87 kg ha"1 at planting) obtained 134 ton ha"1 with incorporated
weeds and 140 t ha"1 with removed weeds and l i l t ha"' without any source of N application in both
incorporated weeds or removed weeds treatments.
Keywords: sugarcane, grain legume, green manure, leguminous weed, chemical fertilizers, N
mineralization
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Increasing the rice grain protein content through
nitrogen management
TH1RUPPAYATHANGUDI MUTHUKUMARASAMV Thivagaraian. SANTHANAMUTU
Aruna Geetha and PALANI Janaki
Center for Soil and Crop Management Studies, Tamil Nadu Agricultural University, Coimbatore641 003, India
In many Asian countries, rice (Oryza saliva L.) is an important source of protein. But, common
rice generally has low protein content, particularly if does not receive adequate nitrogen fertilizer.
Nitrogen supply to crops is one of the crucial aspects of crop production and has played a major
role in the green revolution in India, as most of the cultivated soils are deficient in nitrogen. Field
experiments were conducted in Tamil Nadu Agricultural University farms, Coimbatore, India, to
study the influence of different nitrogen management strategies on the grain protein content of
different genotypes. In an experiment during 1997, three genotypes viz., ASD16, ADT36 and
ASD20 were grown under minus-N (No-N), Soil Test Crop Response based N (STCR-N), Green
manme(Sesbania rostrata) + 150 kg N (GM+N), Chlorophyllmeter (SPAD) based N and
Controlled Release Fertilizer(CRF-N)N application. The protein content was higher with STCR-N
application in ASD16, and with SPAD-N application in ADT36 and CRF-N and SPAD-N in
ASD20. The protein yield ranged from 227 in minus N to 509 kg ha"1 in STCR-N with ASD16,
from 224.6 in minus N to 444.4 kg ha'with GM+N with ADT36 and from 245.2 in minus N to
576.6 kg ha"1 in ASD20. In another set of trials conducted in the same site with different genotypes
during 1998 and 1999, Minus N (No-N), Basal 25 kg N ha"'+ SPAD-N, Sesbania Green manure+N
(SGM+N), SPAD-N, SGM+SPAD N application strategies were employed. The mean values of
protein concentration under different N regimes ranged from 71.6 to 96.5 g kg"1 on 1998 to 75.0 to
88.5 g kg"1 in 1999. The mean values showed that about 4.0 kg of protein will be produced per kg
of N absorbed by rice crop. Based on the normalized values, genotypes, which were efficient in
utilizing absorbed N towards protein yield could be identified.
In all the experiments, both the protein content and protein yield were significantly higher in
SGM+N and lower in Minus N and all the other three SPAD guided N regimes were on par in their
effect. Experiments conducted with IR64 in Paiyur and Tirur in Tamil Nadu, India also revealed the
same. With adequacy of other inputs, increasing levels of N resulted in higher percentages of
protein. Thus, it would be of interest to consider the protein yields instead of grain yields at the
higher nitrogen application levels. In terms of protein supply to rice eating population nitrogen
mangement thus could be a viable option.
Keywords: rice, protein, N management
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Effects of P and K fertilizers on dry matter yield and
nutrient uptake by sorghum plants on an acid soil
TSAKELIDOU Kiriaki and KARAGIANNIDIS Nikitas
National Agricultural Research Foundation, Soil Science Institute of Thessaloniki, 57001 Thermi,
P.O. Box 435, Greece
Soil acidity has become the primary determinant to crop production in many arable soils in
Northern Greece. Even though liming with CaCC>3 is the most effective way for alleviating soil
acidity, this practice is not allways economially possible and may not be practical in many plant
production systems. Because of the ionic antagonism in elemental absorption by plants, under
circumstances form and kind of fertilizers are also considered as a useful alternative approach. The
objective of this work was to evaluate the influence of phosphorus and potassium application to an
acid soil on dry matter yield as well as on nitrogen, phosphorous, and potassium concentrations and
accumulations in shoot and root of sorghum plants (Sorghum sudanense) under greenhouse
conditions. Interactions between added phosphorous and potassium upon yield and tissue N, P, and
K concentrations and accumulations were also performed. Triplicate soil samples were potted (2 kg
pof') and thoroughly mixed with P (0, 70, and 140 mg 2kg"1 of soil) and K (0, 300 mg 2kg ' of soil)
and seeds of the sorghum cultivar 'krokion' were planted. The soil used in this study was taken
from the top 30 cm of a farmer's field and belongs to a sandy clay loam textured Alfisol with pH
4.2. Six weeks after planting shoots and roots were harvested, prepared and analyzed for N, P, and
K concentrations. Using the Duncan's Multiple Range Test compared the means at the level of
probability of 0,05.
Results indicated that P addition significantly decreased shoot and root dry matter yield over
control. On the contrary, application of K fertilizers increased shoot and root dry matter yield at 22
and 18 percent, respectively. Moreover, it was noticed that the presence of K added might have
mitigated the negative effects of P on the dry matter yield of shoot and root of the sorghum plants.
Nevertheless, the interactions between P and K addition upon yield were not significant. Addition
of phosphorous and potassium fertilizers increased N concentrations and accumulations in shoot
and root, though the differences were not significant. Increasing levels of P application increased
significantly P concentrations and accumulations in sorghum plants, whereas, K addition did not
affect P uptake by plants at all. As it was expected addition of K. fertilizers to the soil caused
significant increases in K concentrations and accumulations in shoot and root. On the other hand,
the addition of phosphorous levels to the soil increased partly significantly the potassium
concentrations and accumulations in shoot and root. In addition, there were observed highly
significant interactions between P and K. additions upon shoot K concentrations and accumulations.
Correlation coefficients between K addition and yield showed significant increases in shoot (r=
0,491 P< 0,05) yields. Increases were also observed in root yields when K. was added, though not
significant. On the contrary, the relationship between P addition and yield was negative and highly
significant when correlated with the root yield (r= -0,624, P< 0,01) but not significant when
correlated with the shoot yield of the sorghum plants.
Keywords: acid soil, fertilization, yield, N, P, K
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Transformation of superphosphate in calcareous Chernozem
TS1GANOK V.D. and ANDRIESH S.V.
Moldavian Institute of Pedology, Agrochemistry and Hidrology, 2070, Kishinev, street Ialoveni,
100, Institute of Pedology, Agrochemistry and Hidrology, Republic Moldova
Calcareous chernozems in Republic Moldova contain in the ploughed layer 2.5-3.5% of humus,
1-4% CaCCh. Generally they have heavy loam texture. Phosphorus nutritive regime of long-term
cultivated unfertilized soils is forming mostly on account of humus decomposition. It provides near
10 kg P ha"1 annually. Participation of soil mineral fraction in the forming of the available
phosphorus reserve is about 1 kg ha'1 y . In multiannual cycle stabile reserve of labile phosphorus
is forming around 90 kg P ha"1. Content of labile P in not fertilized chernozems is 0.6 mg kg" in the
ploughed layer and diminishes to 0.3 mg kg"1 at a depth of 60-80 cm, according to Olsen's method.
Such poor phosphorus nutritive level is enough to get yields of winter wheat and maize 2.4 and 3.5
t ha"'. Average annual rainfall 450-500 mm allows to increase production to 50-60%. For such
yields content of labile phosphorus according to Olsen's method must be 1.5-1.7 mg kg" . This level
can be reached by an annual systematical fertilizer rate P30.
In laboratory and field experiments authors have got next information about solubility of
compounds formed in the process of interaction between granulated superphosphate (7% water
soluble P) and calcareous chernozem. New formed phosphates distributed in 1% volume of
fertilized soil. In layers remoted from granules to 0-2, 2-3 and 3-4 mm, 5130, 1480 and 610
mg kg"' P precipitated. After 6 months interaction about 59% of precipitated phosphates
corresponded to solubility product of CaHPCv All precipitated compounds were soluble in repeated
extracts with 0.5 N NaHCCh. The size of the reaction zone was constant during the 3 years. The
processes of diffusion and washing away were slight, phosphorus almost did not migrate in the
surrounding soil. Small reaction zones shrinked into themselves, future transformations elapsed
directly there.
In laboratory conditions where humidity and temperature of soil were 20% and 20-30°C, new
formed phosphates after 17 months transformed in less soluble salts intermediated between
octacalcium phosphate and apatite. Amond them 65% were not extracted in 0.5 N NaHCCh. In
field more arid conditions the process of phosphorus aging was slower by almost twice. About 20%
of applied phosphorus corresponded to solubility of CaHPCu after 3 years, 20% transformed in
compounds which were not dissolved in 0.5 N NaHCCh.
Keywords: superphosphate, soil, interaction, distribution, solubility
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Phosphorus loss from grassland soils to water
TUNNEY Hubert, DALY Karen and KURZ Isabelle
Teagasc, Johnstown Castle Research Centre, Wexford, Ireland
In Ireland about half the phosphorus (P) loss to water is from agricultural sources and has
increased significantly over the past 50 years. National and European Union policy and legislation
aim at reducing P loss to water in order to reduce eutrophication. In Ireland, the average soil test P
has increased ten fold, from less than 1 to over 8 mg P L"1 soil, over the past 50 years. In the region
90% of the agricultural area (4 million ha) is grassland. Results of work on soil P dynamics in 11
Irish soils and on the loss of P in overland flow from four field sites are presented. Soil P
desorption, using three methods, depended on soil P test (STP). Soil P sorption correlated
negatively with soil organic matter (OM) indicating that OM may inhibit adsorption from solution
to soil. There is strong evidence of a washout effect of P when overland flow starts in the autumn.
The high P concentrations at the start of the overland flow season decreased several fold over the
first two months and stabilised at a lower level until the end of the main overland flow period in
March. The dissolved reactive P (DRP) concentration in overland flow varies from below the
detection limit (0.005 mg L~') to over 6.0 mg L"'. The DRP losses were from <0.5 to >4.0 kg ha"1
per year. In the region of 75% of total P loss is present as DRP, which is considered to be mainly
orthophosphate. During heavy rainfall periods the DRP concentration increases with the increasing
limb and decreases with the decreasing limb of the hydrograph. Therefore, much of the P load
(concentration by volume) to water occurs in relatively short periods during less than 20 days of the
year. The results indicated a positive relationship between STP and dissolved reactive P (DRP) in
water from the four grazed grassland fields and are in good agreement with four studies from the
literature. The equation of best fit for the five studies was: DRP = 0.002(STP) 2 , with R2 = 0.92. The
results indicate that water quality and grassland production are compatible. However, for good
water quality it appears that STP should be at or near the lower end of the range for optimum
grassland production.
Keywords: phosphorus, water, soil, grassland, eutrophication, agriculture
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Establishment of soil organic matter analysis
by microwave heating
BOO Chang-Ho (1), SONG Sung-Jun (2) and U. Zang-Kual (1)
(1) Faculty of Horticultural Life Science, College of Agriculture, Cheju National University,
Cheju 690-756, Republic of Korea
(2) Applied Radioisotope Research Institute, Cheju National University, Cheju 690-756,
Republic of Korea
This study was conducted to establish the analytical method of soil organic matter(SOM) by
microwave heating. This method was compared with some conventional methods being used such
as the Tyurin method, the Walkley & Black method, the wet oxidation-redox titration method and
Dumas method, by investigating the factors related to heating time and temperature. The more
numbers of flasks in microwave oven, the more time needed to get the oxidation temperature. The
titer for blank sample was decreased as the sample temperature exceeded the oxidation temperature.
When the organic matter content of glucose was measured, the heating time varied with the number
of flasks placed in microwave oven. It took 3 minutes with 2 flasks and 8 minutes with 7 flasks, the
heating time being increased with increment of flask number. Eight minutes of heating time was
enough for analyzing soil organic matters when seven flasks were used. It was found that the
standard deviation (SD=3.05) from the microwave heating method was lower than that (SD=6.96)
from the hot plate method.
The microwave heating method proved to be superior to the conventional methods being used
until now in aspect of accuracy and precision. Furthermore it was shown that this method could
save electric power, chemical reagents and analyzing time.
Keywords: soil organic matter, analysis, microwave heating
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Effect of fertilizer levels on the nutrition and productivity
of coconut based cropping system
UPADHYAYA.K. PALANISWAMI C , SR1NIVASA REDDY D.V., HAMEED Khan H. and
SUBRAMANIAN P.
Division of Crop Production, Central Plantation Crops Research Institute Kasaragod-671 124,
Kerala, India
Under mono cropping in coconut, in traditional coconut growing states in India, the farm yields
are poor; farmers are underemployed spending only 100 and 120 man-days under rain fed and
irrigated systems. The farm production and productivity are not sustainable. Coconut grooves offer
excellent opportunities to exploit the inter-space potential in the garden for maximizing returns per
unit area. In the present investigation, the sustainability of coconut based cropping system
comprising coconut, banana, clove and pineapple are assessed. The soil is Arenic Paleustult. The
experiment is laid out in 1.2 ha area, under graded dose of fertilizers (full, two third, one third, one
fourth and one fifth of the recommended level of fertilizer and no fertilizer) with each treatment laid
out in 0.2 ha block. The nitrogen content in the coconut leaf was below the critical level of 1.8% in
the treatments, control (no fertilizer), one fifth and one fourth of the recommended dose. However,
the N content was optimum in the other treatments. Phosphorus and potassium status of the
coconut leaf was found to be optimum under all the treatments, though it was more at higher doses
of fertilizer application. In the component crops, N, P and K. status of the leaf increased with
increasing fertilizer doses. The available N, P and K status of the soil increased with increasing
fertilizer levels. The annual nutrient export (in terms of harvested produce and removable waste
from the system) in case of coconut on per hectare basis ranged from 92.37 to 149.31 kg, 12.94 to
20.79 kg and 119.09 to 183.62 kg for N, P and K respectively whereas it ranged from 5.90 to 11.95,
0.31 to 0.59 and 7.56 tol5.72 in terms of N, P and K. respectively for clove, 3.55 to 16.14, 0.96 to
1.90 and 19.03 to 85.65 in terms of N, P and K respectively for banana and 2.63 to5.52, 0.66 to 1.09
and 9.73 to 19.74 in terms of N, P and K respectively for pineapple under different fertilizer levels.
The yield of the coconut palm was highest at two-third of recommended fertilizer application (155
nuts/palm/year), which declined with the reducing fertilizer inputs. In the case of component crops
also, the highest yield were recorded with two-third treatment, which declined with the reducing
fertilizer inputs.
Keywords: fertilizer levels, coconut based cropping system, nutrient export, nutrient status, yield,
biomass production
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The effects of Al on Scots pine {Pinus Sylvestris) root
development and nutrient uptake
VANGLELOVA E. (1), NORTCLIFF S. (1), KENNEDY F.M. (2) and MOFFAT A.J. (2)
(1) Department of Soil Science, University of Reading, Reading RG6 6DW, UK
(2) Environmental Branch, Alice Holt, Forest Research Station, Wrecclesham, Surrey OU10 4LH,
UK
Roots play an important role not only in plant - soil interactions, but also in the soil system
itself in relation to soil organic matter and mineral nutrient cycling. Roots change their environment
at the same time as they are influenced by environmental factors. An increase in the acidity of the
soil, caused by acid deposition is followed by dissolution of Al ions, which may negatively affect
the root system by reducing water and mineral uptake. Increase in soil solution concentrations of Al
to 'toxic levels' leads to changes in root branching, root elongation rate and specific root length.
However, Ca amelioration reduces the toxic effects of Al and hence Ca/Al molar ratio in soil
solution has been used as a biological criterion for evaluating the risk of damage to plants arising
from soil acidification.
This paper describes the effects of increased concentrations of Al in nutrient solution on
mineral uptake and fine roots development of Scots pine (Pinus sylvestris). An experiment with
one-year-old seedlings, in a randomised block experimental design was performed in lightcontrolled grasshouse conditions, with a Control and Al supply of 0.5, 1, 2.5, 5 and 15 mg L ,
added as AlCh, adjusted to pH 4.5. The required nutrient proportions were supplied by the ideal
Ingestad nutrient solution. Temporal changes in soil solution and root elongation rate were
monitored for 3 months. Seedlings were harvested after 6 months of treatment, and needle and root
composition were measured.
The nutrient solution Ca+Mg+K concentrations showed significant increases (p<0.05) in the
highest Al treatment (15 mg L"1), which suggests less uptake of these cations with high Al supply,
since Al may disturb the uptake mechanism at the root surface, by competition at adsorption sites,
in the root membrane and cytoplasm. N in the nutrient solution shifted from NH4-N to NOj-N in the
control and all treatments during growth, which may be either due to nitrification or preferential
uptake. A positive significant correlation (r2=0.94, p<0.01) was found between Al supply and Al
uptake. Ca/Al and Mg/Al root and needle molar ratio fell below the critical range considered to be a
possible risk of further tree decline. Root elongation rate decreased significantly with an increase of
Al concentration of 5 (p<0.05) and 15 (p<0.01) mg L , showing the inhibition of Al at these
concentrations on root growth. All results suggest a threshold of 2.5 mg L"1 of Al, above which root
growth and substantially tree health is depressed.
Keywords: Al, nutrient uptake, fine roots, Scots pine, soil solution
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A systematic approach of fertilizer optimization
in rice-rice ecosystem
MURINGATHERI RAMAIYER Latha and VELAYUDHAM Murugappan
Department of Soil Science, Tamil Nadu Agricultural University, Coimbatore 641 003, India
The average per hectare production of rice in India is hardly 2.0 tonnes. Further, the average
yield growth has reached a plateau in recent years due to nutrient imbalances and deficiencies
caused by intensive cultivation. These nutrient deficiencies have to be identified and removed
before defining fertilizer optima for ensuring balanced fertilization or otherwise the targeted rice
production can not be reached and the soil fertility of the rice-rice ecosystem can not be sustained.
With the objective of evolving a systematic approach of experimentation, which enables the
identification and removal of such surprise nutrient deficiencies if any in the experimental soil, the
present study was conducted.
An incubation experiment was carried out to know if any of the applied plant nutrients, viz., P,
K, S, Zn, Cu, Mn and B react (fix or complex) abnormally with the experimental soil .On the basis
of critical levels of nutrient in the soil and nutrient sorption curves drawn using the data of
incubation experiment, an Optimum Nutrient Treatment (ONT) consisting of P, K and Zn besides
N, which are deficient in the soil, was formulated and tested for its validity by means of a green
house nutrient survey experiment with sorghum (CO 27) as the test crop. These results confirmed
that the exclusion of N, P, K and Zn significantly reduced the dry matter yield. But the addition of
other nutrients like Ca, Mg, S, Cu, Fe, Mn, Mo and B did not significantly influence the dry matter
yield. Thus, through this green house study it was confirmed that in the experimental soil N, P, K
and Zn were the deficient nutrients.
A treatment structure was developed based on the ONT for field experiments which were
conducted in a farmer's field in the major rice growing tract of Tamil Nadu state of India, viz.,
Cauvery Delta Zone, in a calcareous black soil belonging to Kalathur series (Typic Haplusterts).
The soil was sandy clay loam in texture and contained 0.66 percent organic carbon, 240, 15 and 300
kg ha"1, respectively of KMn0 4 -N, Olsen-P and NH4OAc-K and 3.31 mg kg of DTPA-Zn. Its pH
was 7.3 and EC 0.66 dSm'. Short duration rice (ADT 36) was grown during dry season (June September, 1999) and medium duration rice (CO 43) during wet season (October, 99 January,2000). From a fit of the grain yield data on a quadratic polynomial surface, the optimum
amounts of nutrients which ensures balanced fertilization were evolved. The results revealed that
175, 54, 50 and 30 kg ha"1 for ADT 36 rice and 165, 63, 65 and 30 kg ha"1 for CO 43 rice,
respectively of N, P2O5, K.2O and ZnSÜ4 were the optimum doses of nutrients in this soil. The
results of test verifications in the field revealed that the rice yield as well as profit were higher with
balanced fertilization by the new systematic approach as compared to the blanket fertilizer
recommendation. This new approach will be useful to sustain production in rice- rice system.
Keywords: rice, yield limiting nutrients, fertilizer optima
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Effects of soil parameters on potential yield of vineyards
(cv. Xynomavro) grown in Northern Greece
VELEMIS P.. ALMALIOTIS D., BLADENOPOULOU S. and SPVROPOULOS A.
N.AG.RE.F., Soil Science Institute, P.O. Box 435, Thermi 570 01, Greece
Twenty four vineyards planted with cv. Xynomavro grown on own roots, were randomly
selected for a two year study (1999-2000) at Vegoritis district in northern Greece. The area of the
vineyards ranged from 0.3 to 1 ha and the age of the vine ranged from 6 to 20 years. Planting
density was about 2.500 vines ha"1 and standard cultivation practices were applied as regards insect
and disease control. Irrigation water was applied only in very dry years in order for the produced
wine to obtain excellent quality characteristics. Soil samples were taken during autumn from depths
0-30, 30-60 and 60-90 cm. They were analysed for mechanical composition, pH, electrical
conductivity (mmhos/cm), free CaCÜ3 content (%) organic matter content (%) and P, K, Ca, Mg, B,
Mn, Zn, Fe and Cu mineral content (mg kg" ). The application of fertilizers to the vineyards was
consisted by addition of 80 kg N ha"1 annualy, while the rest macro and micronutrients were
applied occasionaly, when soil and leaf nutrient levels were below standard values. The yield of the
above vineyards was recorded ranging from 8 to 15 t ha"1 with a standard deviation (sd) of 2.23 t/ha
and a mean yield equal to 10 t ha" . Multiple regression analysis was performed for yield prediction
based on physicochemical and soil nutrient values and showed that vineyard yield was highly
correlated with the studied soil parameters [r2(adj.)= 0.969]. As regards the effect of
physicochemical soil properties included in the model the higher values of pH and electrical
conductivity resulted in higher yield while CaC03 content and organic matter content in lower
yield. In addition, increase soil content in P, K., Ca, B, Zn, Fe and Cu influenced yield positively
while in Mn and Mg negatively. From the above parameters, Mn from one side and B with Fe from
the other side were found to be statistically significant because they changed yield more than the
measure of the standard deviation. However, only Mn was taken into account due to its negative
effect on yield with a threshold soil value of 6.5 mg kg'1. From the obtained results, it is obvious
that all the studied soil parameters were found to exert an important effect on vineyard yield. Thus,
the sufficient range of soil parameters in the studied vineyards in the area were as below: pH 6.908.28, CaCÜ3 content 0.88-96.8%, electrical conductivity 0.413-3.7 mmhos/cm, organic matter
content 0.45-1.76%, P 10.5-70.8 mg kg' 1 , K 30-500 mg kg' 1 , Ca 198-1,370 mg kg"1, Mg 15.6-106.8
mg kg"1, B 0.19-1.29 mg k g ' , Mn 0.6-6.5, Zn 0.1-1.9 mg kg' 1 , Fe 1.74-6.55 mg kg"1 and Cu 3.2640.7 mg kg"1.
Keywords: vineyards, soil fertility, yield, regression
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Hunter's concept of estimation of P sorption in selected soils
of Kolar district of Karnataka
VENKATESHA M. and PARAMA V.R. Ramakrishana
Department of Soil Science and Agricultural Chemistry, University of Agricultural Sciences,
GKVK, Bangalore 560 065, India
Phosphorus is one important element second only to nitrogen. Whereas its availability is more
critical that any other element. Hence a study was taken up to evaluate the P fixing capacity of
soils. Thirty surface soil samples were collected from three soil series namely Hoskote, Malur and
Thimmasandra from the Kolar district. Hunter's concept ensures to evaluate the P fixing capacity of
soil not only due to application of P fertilizers but also due the interactive effect of host of other
nutrient elements. Sorption solutions were prepared with varying concentrations of P keeping other
nutrients constant. Soils were incubated with sorption solutions. Then the soils were extracted with
Bray's solution and analysed for P availability. Sorption study re vealed that Hoskote series
(233.57 mg kg'1 P) sorbed the highest followed by Thimmasandra series (229.88 mg kg"1 P) then
by Malur series (222.66 mg kg'1 P) when 320 mg kg"1 P solution was applied. Hence the quantity
of P to be applied was of the order Hoskote series>Thimmasandra series>Malur series. It was thus
found that P when applied at the rate of 134.4 kg P2O5 ha"1 in Hoskote series 129.92 kg P2O5 ha'1 in
Malur series and 132.16 kg P2O5 ha'1 in case of Thimmasandra series along with recommended
dose of N and K to soil for soybean would be optimum and yield the maximum in respective soils.
Keywords: phosphorus, sorption, hunter's concept, soybean
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Does biodiversity matter soil microbial communities and
microbial function?
VERCHOT Louis V. (1), BOSSIO Deborah (I), SWIFT Mike (2), PRETTY Jules (3) and
BORELLI Teresa (1)
(1) International Centre For Research in Agroforestry, Nairobi, Kenya
(2) Tropical Soil Biology and Fertility Programme, Nairobi, Kenya
(3) University of Essex, Essex, UK
Microbial communities govern nutrient and carbon cycles, and are therefore responsible for soil
fertility and soil carbon cycling. Many components of soil quality are manifestations of the
microorganisms living in the soil. In the past it was optimistically presumed that soil microbial
diversity offered limitless resilience. More recently the importance not only of the size (biomass)
of the microbial community, but also its composition, has been appreciated. Our objective is to
develop a predictive understanding of the relationships between farm management and the soil biota
that are responsible for carbon and nutrient cycling processes. This work was conducted in western
Kenya. We measured soil biodiversity using DNA and phospholipid fatty acid (PLFA) profiles and
soil biological activity with a suite of enzyme assays. Our approach was to sample soils across two
gradients: one comparing four soil types with similar management regimes, including cropping
history and inputs; the second comprising a land-use transect, with a gradient from undisturbed
forest to a highly degraded agricultural field on one soil type. Results will be presented showing
the relationships between two measures of biodiversity and soil microbial function.
Keywords: belowground biodiversity, microbial function, biogeochemical cycles, soil quality,
microbial communities
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Restoration of degraded inland valley watersheds in
West Africa: eco-technology approach
WAKATSUKI Toshivuki HI. OTOO Ernest (2) and OLANIYAN O. Godwin (3)
(1) Faculty of Life and Environmental Science, Shimane University, Matsue 690-8504, Japan
(2) CRI, Crops Research Institute, Kumasi, P.O.Box 3785, Ghana
(3) NCRI, National Cereal Research Institute, Bida, Nigeria
In tropical Africa, agriculture is mostly upland crops by traditional systems, which destroys
upland forests, and lowlands have not been yet widely used. As a result, about 400 million hectares
of forests have already been lost and turned into degraded land. During the 1986-1995, the authors
group took soil samples at 182 locations in inland valleys and at 62 sites in flood plains in West
Africa. The fertility of soils in West Africa's inland valleys and the flood plains were the lowest
among the lowland soils in the world. Tropical Africa's total potential for lowland sawah, paddy,
based farming is more than 20 million hectares. Among the lowlands, inland valleys are especially
important for sawah development. The sustainable productivity of lowland sawah systems is over
ten times as high as that in upland cropping systems because of geological fertilization, i.e., soil,
nutrients and water flow, from upland to lowland in a watershed. Because of this, if these 20 million
ha of potential land were turned into sawah fields in 50 to 100 years from now, that would not only
bring about food for 500 million to one billion people but also prevent deforestation of more than
200 million ha, which would ultimately pave the way to restore forest. Reforestation will conserve
water resources and promote soil formation by the work of trees, thereby increasing the sustainable
productivity of lowland sawah fields further. Thus we propose the strategy for the reforestation and
the checking desertification through lowland sawah development in West Africa. The carbon to be
fixed by restored forests will reach about 2.5-5 t ha"1 y" and will total to 500 million to one billion
tons a year in 50-100 years from now.
Keywords: eco-technology, geological fertilization theory, inland valley watershed, soil
degradation and restoration, sawah hypothesis, West Africa
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Element cycling of Cambic Arenosols under beech forest and
arable land with respect to ecosystem stability
WETZEL H.m. SCHIMMING CG. (2) and HORN R. (1)
(1) Institute for Plant Nutrition and Soil Science, University of Kiel, Olshausenstr. 40, D-24118
Kiel, Germany
(2) Ecology Center Kiel, University Kiel, Schauenburger-Str. 112, D24118 Kiel, Germany
In the dynamics of ecosystems imbalanced transformations of elements constituting biomass as
well as fomiing oxianions, play an important role because of related changes in acidity and
dissolved element composition of soil solution.
The two investigated ecosystems are located Bornhoeved Lakes Region which is part of the
Weichselian-morain landscape in north-west Germany. The dissolved element and free acidity
dynamics of the soils were attained by chemical analyses of soil solution sampled fortnightly by
ceramic cups installed at different soil depths.Ecosystemal transformations of nitrogen from
atmospheric deposition and fertilized organic nitrogen were most important in loading
neutralization capacities of the soils and ecosystem buffer capacities. The ratio between free acidity
(pH) and total metal activity (1/n pMe) in soil solution was found to be an appropriate measure to
asses the dynamics and efficiency of the buffering systems of both soils. Time series analyses
applied on this concept, demonstrate interacting dynamics of pH and 1/n pMe . It was clearly
demonstrated that changes in pH with time not necessarily detect a different activated buffer
system and vice versa.
Keywords: acidification, ecosystem stability, soil solution, element cycling
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Effect of compost and chemical fertilizer on soil properties
and Chinese kale yield in Roi-Et soil series
KHIEWSEE Nithat (1), WONGWICHARN Apom (1) and PIRIYAPRIN Siengjeaw (2)
(1) Department of Microbiology, Faculty of Science, King Mongkut's University of Technology
Thonburi, Thungkru, Bangkok 10140, Thailand
(2) Soil and Water Conservation Division, Land Development Department, Ministry of
Agriculture and Cooperative, Chatuchak, Bangkok 10900, Thailand
Compost of filter press cake (FPC-compost), a solid waste from sugar factoicsy and chemical
fertilizer (N:P:K=15:15:15) were replaced in Roi-Et soil series at various ratios in order to study the
change of chemical and microbiological properties as well as the yield of Chinese kale (Brassica
oleracea Var. alboglabra. Bail). The pot experiment was conducted at the Department of
Microbiology's Laboratories, Faculty of Science, King Mongkut's University of Technology
Thonburi. Randomized complete block design (RCB) with 7 treatments and 3 replications were (1)
the control (without replacement of FPC-compost or chemical fertilizer), (2) chemical fertilizer, 50
kg rai'1, (3) chemical fertilizer, 100 kg rai"1, (4) FPC-compost, 4 t rai"1, (5) FPC-compost, 8 t rat ,
(6) FPC-compost, 4 t rai"1 plus chemical fertilizer, 50 kg rai"1, (7) FPC-compost, 8 t rai"1 plus
chemical fertilizer, 50 kg rai" .
The microbiological properties and the moisture content of soil mixture in all treatments were
investigating at 0, 10, 20, 30 and 40 days. The chemical properties and the yields of Chinese kale in
all treatments were analyzed after harvesting at the end of the experiment (40 days). The results
showed that the number of bacteria, Actinomycetes and fungi of all treatments substituting with
FPC-compost increased significantly at 20 days. Moisture content and some nutrients such as
nitrogen, phosphorus and potassium in soil mixtures containing FPC-compost (treatment 4-7) were
higher than the control or treatments replenishing with chemical fertilizer alone. The yields of
Chinese kale: leaf length and total length of the 6th and 7,h treatments were significantly higher than
other treatments but the yields comparing these two treatments (6&7) were not significantly
different. The experimental results revealed that FPC-compost is a potential compost for using as
soil conditioner or for improving Chinese kale yield in Roi-Et soil series.
Keywords: filter press cake, sugar industry, compost, chemical fertilizer, Chinese kale, Roi-Et soil
-—
series
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Ability of black soil supplying potassium and effect of
potassic fertilizer on soybean
X1AOZENG Han and SHOUYU Wang
Heilongjiang Institute of Agricultural Modernization, Chinese Academy of Science, Harbin 150040,
P.R. China
The black land is distributed in a narrow area from south to north in northeast of China Nine
soil samples with high, middle and low fertility were collected in the field of south, north and
middle area. These samples were analyzed in laboratory, and pot experiment was performed mainly
in Harbin. The results showed that Black soil has high potential of providing potassium, the
concentration of available potassium in the soil was 121-212 mg kg"' in different fertility soils and
a different place; the slowly available potassium was 656-1256 mg kg"1, all of which are of middle
or high level. The content of potassium is sufficient for soybean growth under normal production
conditions and they are no effect on increasing yield. Under drought condition, the potassium
increased yield by 15.6%. Under the condition of serious plant diseases and insect pests, the
potassium increased the yield by 10.5%-22.6% under soybean following other crops and by 11.6%23.8% under continuous cropping. Increasing the N and P application singly for high yield, there
would be no increasing effect in yield. But if the N, P and K were increased at the same time, the
yield would be increased by 8.6%.
Keywords: black soil, providing potassium, soybean, potassium fertilizer
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Effect of long term fertilization and manuring
on soil fertility and uptake of nutrients
under rice-wheat cropping system in sodic soils
YADUVANSHI N.P.S.
Division of Soil and Crop Management, Central Soil Salinity Research Institute, Karnal, India
Proper nutrient management is an integral part of any crop production technology. The fertility
status of gypsum amended sodic soils is generally poor, high pH, with excess soluble and
exchangeable Na and low organic matter and available N. The continuous use of inorganic
fertilizers, deteriorates the soil health and aggravates nutrient imbalances. The study was
undertaken with the objective to evaluate the effect of using organic manures with inorganic
fertilizers on uptake and availability of N, P, K, Zn, Mn and Fe under rice-wheat cropping system in
gypsum treated sodic soils.
A long-term fertilizer experiment was conducted during 1994 on a sandy loam (Acquic
Natrustalfs) soil at the Central Soil Salinity Research Institute, Zarifa Farm, Karnal, India. The
characteristics of the experimental soil had pH 8.7, ESP 18.0, organic carbon 0.32%, available P
11.8 kg h a ' , available K 220 kg h a ' , DTPA Zn 0.79 mg k g ' , DTPA Mn 3.7 mg kg"1 and DTPA Fe
4.5 mg kg"1. The treatments consisted of: Ti, Control; T2, Nuo kg ha"1; T3, N120 P26 kgha"';T 4 ,N 1:1)
P26 K42 kg ha"1 (100% recommended); T5, Neo P B K 21 kg ha"1 (50% recommended); T6, T5 plus
dhaincha green manuring before rice; T7, T4 plus dhaincha green manuring before rice; T8, T5 plus
FYM @ 10 Mg ha"1 before rice; T9, T4 plus FYM @ 10 Mg ha"1 before rice and Tm, N,8o P39 K«
kg ha"1 (150% recomended). The experiment was laid out in randomized block design with four
replications. The farm yard manure (FYM) and dhaincha as a green manuring crop were
incorporated each year before 15 days of transplanting of rice. Sesbania aculeta as a green manure
crop was sown on May 20th in each year. Rice variety cv Jaya (30 day old seedlings) was
transplanted on July 7lh every year. One third of N and full doses of P and K were added at the time
of transplanting / sowing of rice /wheat. The remaining dose of nitrogen was broadcast in two
equal splits after 21 and 42 days of in both crops. Wheat crop (CV HD 2329) was sown during the
second week of November. The yield of the total bio-mass of rice and wheat were recorded.
Surface soil samples (0-15 cm) were taken after the harvest of the wheat crop and analyzed for
available N, P, K, Zn, Mn and Fe. Plant samples taken at the harvesting of both crops, were
analyzed for N, P, K, Zn, Mn and Fe contents and their uptake was computed.
Application of NPK and its combination with green manuring and farmyard manure (FYM)
increased the rice and wheat yield significantly. There was no response to K fertilizer. The mean
response varied from 44 to 123% over control in rice crop. Application of NPK as 150%
recommended increased rice yield by 9.4% and decreased wheat yield 4.0% over 100%
recommended NPK. Use of inorganic fertilizer with and without organic and green manure
significantly enhanced the available N, P, K, organic carbon and micronutrients (DTPA Zn, Mn,
and Fe). Where N alone was applied, available P and K declined from the initial level of 11.8
kg ha"1 and 220 kg ha'1 to 7.5 kg ha"1 and 183 kg h a ' , respectively. Application of N, P, and K
enhanced the uptake of these elements in both crops, the effects being more pronounced with
integrated use of organic and green manure.
Keywords: fertilizers, sesbania green manuring, FYM, rice-wheat cropping, uptake, sodic soils
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Effect of long-term fertilization on crop yields and nitrate
accumulation in calcareous soil of Northwest China
YANG Shengmao (1,2), SUO Dongrang (3), GUO Tianwen (1) and JIN Shaoling (1)
(1) Institute of Soil and Fertilizer, Gansu Academy of Agricultural Sciences, Lanzhou, 730070
P.R. China
(2) State Key Laboratory Arid Agroecology, Lanzhou University, Lanzhou 730000, China
(3) Institute of Agricultural Sciences of Zhangye Prefecture, 734000, Zhangye, Gansu, China
Fertilization plays a key role in grain production. To evaluate the effects of chemical fertilizers
and organic manure on crop yields and soil NO3-N accumulation, a long-termfixed-locationfield
fertilizer experiment has been conducted on a Calcareous soil: the irrigation-desert soil at the
Zhangye Oasis, Gansu Province of northwestern China since 1982.
A randomized block design with three replications was used. Twenty-four plots were set up to
evaluate the factorial combination of 4 kinds of fertilizer [nitrogen (N), phosphorus (P), potassium
(K), and manure (M)]. Chemical fertilizer was applied with N:P205: K2O ratio 1.0:0.5:0.5. N rate
was 120-150 kg N ha"1 to wheat and 240-450 kg N ha'1 to corn, and M applied at 60-75 t ha"1 to
both wheat and corn. All manure, P, and K fertilizer were applied only once to crop yearly as basal
dressing. Soil NO3-N was measured in 0.2 m increment to a depth of 1.8 m after corn harvest in
2000. Results showed that:
l.The order of different fertilizer combination on crop yields was NPKM> MNP> NPK> MN>
NP> M> N> CK based on the fixed trial with 19 years data and the treatment of NPKM was the
optimum fertilization strategy.
2. Non-fertilization for 19 years caused soil fertility and soil productivity to decline
remarkably. Corn yield of plots without any fertilizer in 2000 was only 28.2% ofthat in 1984, and
of wheat in 1999 was 33.7% ofthat in 1982.
3.The impacts of fertilizers on crop yields decreased as following order: N>M>P>K. Yieldincrease effect with N fertilizer trended upward as trial went on; P fertilizer effect was smooth and
stable; K fertilizer showed no significant increasing effect on yield during the initial 10 years of the
trial, and after the years, its effect increased as the experiment prolonged.
4. Accumulation of NO3-N in the soil was significantly affected by continual fertilization
during the experimental years. Combined chemical fertilization (NP and NPK) lead to NO3-N
accumulation mainly occurred in the 0.6-1.0 m soil profiles; Combined application of inorganic
fertilizers and manure (MNP, MNPK) reduced soil NO3-N accumulation, and a rather high NO3-N
was found in the 1.4-1.8 m soil layer. Compared with chemical fertilization, soil NO3-N was
susceptibly to leaching into underground with irrigation water and had a threat harmful to
groundwater quality. It was concluded that fertilization can improve crop yields in this rotation
system, but what more important is to control chemical fertilizers amounts as well as manure rate in
order to protect soil and underground water from potential NO3-N pollution.
Keywords: long-term fertilization, fertilizer effect, crop yields, N03-N accumulation calcareous
soil, Northwest China
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Hydraulic lift of spring wheat and its effect on
the nitrogen uptake in a loess soil
ZHAO Shiwei. XIUJUAN Guan and MINGAN Shao
Institute of Soil and Water Conservation, Chinese Academy of Science, Yangling Shaanxi, 712100
P.R. China
Hydraulic lift was investigated in a loess soil column simulation experiment with spring wheat
during the booting, heading and flowering stage. Root systems were grown in two soil
compartments- a drier upper soil with 40% RW and a wetter deep soil with 55% and 80% RW. The
soil gravity water content in the upper pots was measured with the oven drying method at the
coming of the dusk and second daybreak in the stages above. The nitrogen uptake from the upper
pots by spring wheat was tested with the kjeldahl method and a mass spectrograph. Hydraulic lift
has been proved on spring wheat. The amount of water exuded from roots in the top soil layers was
greater (5.85, 6.28 and 2.93 mL plant"'»night) in the treatment one of 40% RW in upper and 80%
RW in deep than that (2.05, 2.37 and 0.2 mL plant') of the treatment two of 40% RW in upper and
55% RW in deep during the three stages respectively. The exuded water ceased in the flowering
stage. The experiment also showed that the water exuded in the upper soil through roots from the
deep soil could alleviate draught harm to upper roots, delay roots decline and promote root and
crown's growth. It also could increase N availability and uptake in the top soil, promote N fertilizer
use efficiency and WUE. The N uptake of treatment one was bigger in the stages with 58.3 mg,
61.9 mg and 83.3 mg than that of the treatment two with about 55.20 mg during the three stages
respectively.
Keywords: spring wheat, splite roots experriment, hydraulic lift, nitrogen uptake
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Slash and burn agriculture and forest soils
on sloping lands of Nepal
ADHIKARI Keshav Raj
Institute of Agriculture and Animal Science, Tribhuvan University, Chitwan, Nepal
The study was conducted in Kabilash VDC of Chitwan district, during 1998/99 to compare
differences in selected soil characteristics between slash and burn agricultural system (SBAS) and
adjacent natural forest sloping lands and contribution of SBAS to food sufficiency. Three slope
positions, viz., crest, middle and bottom were chosen by transect and soil pits dug on each position
representing both land-uses. From each pit, soil samples were collected, and analyzed for selected
soil properties. Soils under SBAS were found to be superior than soils under forest vegetation. The
findings indicated that because of uncontrolled access to land resources under state-governed forest,
stable and productive landscapes were chosen by the disadvantaged local people for cultivation.
Typical indigenous technologies included localized forest firing to increase the mineral content
of soil, developing terraces across the slope to retain soil and organic matter, mixing biomass with
soils in the field from where top soils were removed to fill the depression thereby equalizing soil
fertility throughout the field, growing crops on the cleared area for some years thereby utilizing
nutrients left from the clearing and burning of native plants and alternate fallowing of the fields for
varied period of time to rejuvenate soil fertility thus preparing fields for the next crop cycle. SBAS
contribution to soil fertility increased from crest to middle and bottom slope positions. However,
food-sufficiency analysis indicated that SBAS could meet hardly half of the food requirement of the
community, which forced people to make earning also from off-farm sources.
Keywords: slash and burn agriculture, terracing, soil nutrients, poverty
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Traditional farmers utilization of the soil of south-eastern
coastal zone of Ghana, West Africa
AWADZI Theodore Wola
University Of Ghana, Department of Geography and Resource Development, P.O. Box LG 59
Legon, Accra, Ghana
Some soil scientists have always looked down on traditional farmers and their traditional
farming systems as unscientific and lacking good management practices. However, a close look at
some of these systems reveals an in-depth understanding of the natural environment in which the
African traditional farmer operates. The shallot agricultural system is a specialized horticulture
system, which has been practiced on the sandy soils of South Eastern Ghana by many illiterate
farmers since the 1930s. The farmers have selected the Keta soil series (Entisols) as the only soil in
the area that can be cultivated. The farmers for over several years developed management practices
for Keta soil series and have selected crops to suit the climatic conditions. Tube wells have also
been constructed to make up for the inadequate and unreliable rainfall.
Thirty farmers were randomly selected and interviewed to collect data on the soil type and
management. Data was also collected on field preparation and irrigation by studying the system
from September 1997 to March 2001. For scientific study, three soil profile pits were dug,
described and sampled horizon by horizon. However, for physical and chemical analysis one
representative profile was selected and particles size analysis was carried out on it. Chemical
analysis carried out included organic matter, nitrogen and cation exchange capacity.
Findings show an in-depth understanding of the environment and high levels of adaptation to
the environment. The traditional farmer perceives the Keta soil series as low in clay and organic
matter with low water holding capacity. The farmers therefore add organic manures to the soils and
irrigate from tube wells to make up for the moisture deficiency. Whilst scientists have seen these
soils as being only suitable for the growing of coconut and ginger, the farmers adopted crops with
short maturing periods, which they cultivate in rotation. These include shallot (Allium escalanicum),
okro (Abelmoschus esculentus), maize (Zea mays), pepper (Capsicum frutscens), and tomatoes
(Lycropehscon). To avoid or to control pest and diseases especially of shallot, the farmers adhere
strictly to a period during which crops are planted. The farmers also understand the hydrology of
the area and are very careful in sinking their wells. Care is taken not to go under the surface aquifer,
which is separated from the saline water by a clay horizon. In addition, traditional farmers are also
aware of the effect of salinity on crop yields and have also avoided several areas where salinity is
high. Comparing the management of the shallot agricultural system by the traditional farmers with
those of scientific agricultural management, it seems clear that the African traditional farmers
management practices have now been confirmed by scientists as the best for the environment.
However sustainability of this system is in question, because of possible depletion of the acquifer.
Keywords: traditional, farmers, soil, perception, system management
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The impact of some technological elements on the biological,
physical and chemical properties of the brown-reddish soil
in Southern Romania
BABEANU Narcisa, MARIN Doru loan and Gl DE A Mihai
University of Agronomical Sciences and Veterinary Medicine Buchareast Bv. Marasti, nr.59. cod
71331 Bucharest sect I, Romania
Research was carried out on the University didactic fields. The brown-reddish soil had a humus
content of 2.2%. the two agroecosystems werw as follows: agricultural (maize crop for grains at
Moara Domneascä ) and horticultural (plum-tree plantation at Bäneasa). The experiments were
bifactorial, organized according to the subdivided lots. In the maize crop, the variants studied were:
A factor-the basic soil tillage (al-poloughed at 20 cm-Mt; a2-paraplow; a3-cissel; a4-disk) and B
factor-fertilisation (bl-chemical; b2-straws+chemical; b3-manure+chemical). In plum-tree
plantation, A factor: soil maintenance (al-permanent grassing; a2-blackcarth; a3-herbicided earth
Roundup) and B factor-fertilisation (b 1-unfertilized, b2-NPK, b3-manure). The research was aimed
at observung the influence of the technological elements on the biological properties (soil
microflora, enzyme activity, vital activity), physical properties (hydric stability, bulk density,
porosity, hidraulic conductibility) and chemical properties (Ht, Pal, Kal, Ct%, Ph), their
interrelations and the agroecosystems productivity in view of adapting the crop technologies to the
systems of sustainable agriculture.
In maize crops, the minimal tillage system had a favourable effect on the biological properties
of soil. Depending on fertilization, the synthetical indicator of soil fertility (measured on the basic
of the data on the vital and enzyme activity of soil) was 70.52%-89.67% in the disk and cissel, and
68.81% in the control. The hight values of the vital activity were correlated with the chemical
properties. Thus, Ct% was 1.53-1.95%in minimal tillage, compared with 1.40%-1.57% in
20cploughing; Nt 0.127-0.165%, compared with 0.122-0.141%; PAL 645-128 mg kg"1, compared
with 42-1 mg kg"1; KAL 168-618 mg kg"1, compared with 131-243 mg k g ' . The highest values
were recorded in b3. The favorable level of minimal tillage also influenced the physical properties
of soil. Compared with the classic tillage, the percentage of hydrostable structural aggregates
recorded an increase by 2.1-2.4%. In plum-tree plantation, the grassing and postemergent
herbicided variants had a favorable effect on the biotic potential (ISFS varied between 82.2-84.3%,
significanly different from the black earth variant). The values of the vital activity indicators
(IPAV), the enzyme activity (IPAE) and ISFS increased in the sense of unfertilized, chemically
fertilized, organically fertilized in all systems. The organically fertilized variants al and a3 recorded
the highest number of bacteria and actynomicetes. A series of correlations between the
agrochemical and biological indicators was evident, as follows: direct correlations between soil
content in Ct% and accumulated catalasiys (r-0.8539 ), ureasic (r-0.8521 ), between Nt% and
catalasis (r-0.6816 ), ureasic (r-0.7500 ), invertasic (r-0.9304 ), and consumable celulosis (r0.8773**); between the P content and phosfatase (r-0.8161**); between pH and catalysis (r-0.9705)
and ureasis (r-0.9851 ). Physical properties recorded the same favourable development in variants
al and a3. In both experiments (annual and perenial crops), the non conventional systems of soil
maintenance determined an accumulation of energetic matter in the superior soil level, stimulating
the biotic activity - a positive process of increasing soil conservation and, at the same time, a
requirement for a sustainable agriculture system.
Keywords: soil management, biotic activity, sustainable agriculture, energetic matter, microorganisms
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Ethnopedological research: a worldwide review
BARRERA-BASSOLS Narciso (1,2) and ZINCK Alfred (1)
(1) Institute de Ecologia A. C , Departamento de Ecologia Vegetal, km 2.5 Antigua Carretera a
Coatepec, 91000 Xalapa, Veracruz, Mexico
(2) International Institute for Aerospace Survey and Earth Sciences, Soil Science Division,
P.O. Box 6, 7500 AA Enschede, The Netherlands
Ethnopedology, a hybrid discipline nurtured by natural as well as social sciences, encompasses
all empirical soil and land knowledge systems of rural populations, from the most traditional to the
modern ones. The current status of ethnopedology in a worldwide perspective is assessed from a
compilation of 895 references with respect to the abundance, distribution, diversity and findings of
ethnopedological studies (EPS). EPS are distributed over 61 countries, mainly in Africa, America
and Asia, referring to 217 ethnic groups. The Geographic density of EPS is positively correlated
with linguistic and biological diversities. Most EPS have been carried out in fragile agro-ecological
zones, where communities living from limited resources have developed complex land and water
management systems to compensate for resource scarcity. Ethnopedological research covers a wide
range of topics, centered around four main subjects: (1) the formalization of local soil and land
knowledge into classification schemes, (2) the comparison of local and technical soil classifications,
(3) the analysis of local land evaluation systems, and (4) the assessment of agro-ecological
management practices. From the three main components of ethnopedology, more attention has been
given so far to the local cognitive systems (Corpus) and the local management systems (Praxis) than
to the local belief and perception systems (Kosmos). Shifting the research emphasis onto the
cosmovision of local peoples would improve the contribution of EPS to the formulation and
implementation of rural development programmes.
Keywords: ethnopedology, local people, local soil knowledge, worldwide review
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Indicators of soil physical properties in the use and
management of sandy soils in South Brazil
BORTOLUZZI Edson C. (2), TESSIER Daniel (1) and ISABELLE Bastien (1)
(1) INRA, Soil Science Unit, 78026 Versailles, France
(2) CNPq Brasilia, Brazil
Soil management is responsible for important changes in soil quality parameters, particularly
those related to soil structure, soil erosion, and water movement. In sub tropical areas, soil
ecosystems are often constrained beyond their natural capacity, thus reducing their productivity and
their sustainability. Natural prairies of the Rio Grande do Sul, Brazil covers approximately 12
millions hectares, representing a potential area for grain production. A no-tillage cultivation system
is thought to be the most appropriate management for these areas because it mainly preserves soil
physical properties. Despite the large amount of information available on no-tillage, there is still a
lack of information related to the use of sandy soils on natural prairie. To address this issue, this
study evaluates parameters of soil quality due to different soil uses and management, and especially
those related to physical properties.
This work is as part of a long-term experiment at the University of Santa Maria in Rio Grande
do Sul, Brazil (53° 43' W and 29° 43' S). The soil is a Typic Paleudalf, with - 6 5 % sand, 15% clay
in the surface horizon. The reference state was (i) a natural prairie (P) and (ii) a forest. On prairie,
different techniques of soil management were used, i.e. (iii) conventional tillage alone (CT) - for the
past 30 years; (iv) no-tillage after conventional tillage (NTCT) - 18 years of conventional tillage
followed by 12 years no-tillage; and, (v) no-tillage alone (NTP) - for the past five year.
Different horizons were described, i.e. i) Ala horizon (0-7.5cm); ii) A l b (7.5-15.0 cm); iii) A2;
iv) E, and v) Bt. Intact (no-disturbed) soil samples were collected in May 2000. Bulk density, water
retention curve, pH, exchangeable cations, total carbon were measured. Soil structure stability tests
of aggregates in water on < 2.0, 2.0 - 5.0 and 5.0 - 8.0 mm fractions and their MWD (means weightdiameter) determined after laser diffractometry were carried out.
After conventional tillage the soils lost nearly 50% of their carbon content. Correlatively, soil
structure stability tests showed that the MWD also evolved since < 2 mm and 2-5mm fractions
decreased from prairie to no-tillage and conventional tillage (NTCT, CT). The bulk density ranged
from 1.11 t m"3 under forest and 1.45 under prairie to 1.70 t m"3 in conventional tillage (NTCT, CT).
With no-tillage practice on prairie (NTP), a smaller decrease in bulk density was observed (1.34 t
m 3 ).
A relationship was found between aggregate stability in water and carbon rate (r = 0.71 and
0.87 for < 2.0 and 2.0-5.0 mm, respectively). Furthermore, for 5.0-8.0 mm aggregates, a
relationship was only found between MWD and soil bulk density.
This work showed that soil management affects soil organization, and behavior, especially its
structural stability and porosity, but without significant change on water retention properties. On
sandy soils, no-tillage practice appeared to be the best practice to avoid soil degradation and even
restore some porosity to conventionally plowed surfaces. The fate of carbon in the upper part of the
soil Ala, seems to be the main factor that control both soil erosion and porosity, and thus
sustainability of those cultivated systems.
Keywords: no-tillage, prairies, management, stability, sustainable systems
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Correlation of indigenous and scientific soil classes:
an example from Nigeria
BRA1MOH Ademola
Savannah Agricultural Research Institute (GLOWA Project), P.O. Box 52 Tamale, Ghana
Permanent Address: Center for Development Research University of Bonn Walter -Flex Str 3
53113 Bonn, Germany
The correlation of local soil knowledge with modern soil science is very important because it
engenders participatory agricultural land use planning for sustainable development (Barrera-Bassols
and Zinck, 2000). Also, correlation of soils especially at the most homogeneous categorical level in
each of the classification systems being compared is crucial for agrotechnology transfer. This paper
will examine the use of multivariate techniques in soil correlation using data from past soil surveys
from different parts of Nigeria. Attempts will be made to correlate local soil series with the
FAO/UNESCO 'scientific' soil classification system using techniques such as multiple
discriminant, cluster and principal components analyses. Correspondence and differences between
the local and scientific systems will be highlighted as well as implications for soil management and
agrotechnology transfer.
Keywords: indigenous soil classification, correlation, agrotechnology transfer
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Land management on organic matter status in
a laterite landscape of peninsular India
BYJU G. (1) and VARGHESE T. (2)
(1) Central Tuber Crops Research Institute, Dumduma, Bhubaneswar, Orissa-751 019, India
(2) Professor & Head, Department of Soil Science & Agricultural Chemistry, Kerala Agricultural
University, Vellayani - 695 522, Kerala, India
Soil organic carbon is sensitive to impact of human activities such as deforestation, biomass
burning, land use changes and environmental pollution. It is well known that transforming a forest
into cropland or grassland implies generally a considerable loss of soil carbon and the massive land
use changes, which have occurred in the last two centuries, have caused the release of a relatively
large quantity of CO2 to the atmosphere. Over the years, vast area under natural vegetation has been
converted to agricultural land in the southern part of Indian peninsula owing to the ever-increasing
pressure on land due to increasing human and animal population. Five major land uses were
selected along with natural forest vegetation as control and under each land use system, four
representative locations were identified and soil profile pits were dug and studied up to a depth of
2m. The land uses selected for the study were cassava, rubber, eucalyptus, acacia and no-tillage
besides natural forest as a control. The forest soil had the lowest bulk density (0.88 Mg m"3) while
the surface horizon of soils under acacia had the highest bulk density value. Organic carbon is
found to be the best predictor of bulk density in these soils (R~ = 0.76). Regression analysis
revealed that clay and organic carbon accounted for more than 51% and up to 69% of the variation
in bulk density in these soils. Land use appears as an important determining factor for the mean
concentration of organic carbon in a soil. Natural forest differs significantly with respect to mean
SOCC from all other types of land use. No-tillage differs from cassava, eucalyptus, acacia and
natural forest. No significant difference was found among cassava and eucalyptus, and rubber and
acacia. The average soil organic carbon (SOC) and total nitrogen (TN) contents were significantly
higher (P < 0.05) in soils under natural forest both in the 0-20 cm and 20-40 cm depths.
Keywords: organic carbon, total nitrogen, forest vegetation, cassava, rubber, no-tillage
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Pig slurry management for agricultural use
DELGADO M. del Mar, PORCEL Miguel Angel, MIRALLES DE IMPERIAL Rosario,
BELTRAN Eulalia M., MARTIN José Valero and BERINGOLA Luisa
Department of Environment, 1N1A Apdo 8111 Madrid, Spain
The hod breeding sector in our country estimates the annual production of pig slurry around 25
million of TM. This huge development makes necessary study of the environment impact of this
compound.
The pig slurry has certain characteristics that make it a better recycled organic fertilizer than
others.
It is mainly an organic residue, its application improve soil structure and soil microbiology
activity. But the main advantage is its high value in nutrients, especially in nitrogen and potassium.
However, it shows some disadvantages: the difficult manage due to its volume (94% of water),
contaminant effects derive of its content in heavy metals and sodium.
The liquid waste in lagoons contains high concentrations of nutrients and salts and, in many
cases, is applied to farmland as fertilizer.
The study was conducted at the National Institute for Agricultural Research in Madrid an the
objective of this research was to evaluate the level of evaporation and the evolution of ammonium,
nitrate, total nitrogen Kjeldahl and Chemical Oxygen Demand (COD) in animal waste, using a
evaporation system.
Finally, mean concentration obtained in this test (2,400 g m"3 in COD, 171 g m"3 in total
nitrogen Kjeldahl, 114 g m"3 in NH4+-N and 4 g m"3 in NO3*-N) confirm the possibility to use this
evaporation process in order to be able to apply pig slurry as fertilizer.
Keywords: fertilization, evaporation, ammonium, nitrate, pig slurry, Chemical Oxygen Demand
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Soil fertility: from a natural heritage to a social construction;
example of Gakoudi Village, Niger
DOSSO Mireille
CNEARC (Centre National d'Etudes Agronomiques des Regions Chaudes), 1101 Avenue
Agropolis, BP 5098-34033 Montpellier cedex 01, France
The village of Gakoudi (2000 ha for 1300 people, that is about 150 farms) is located in the
south of the Mayahi district, in the Maradi department, in Niger. There is a semi-arid climate, and
sandy soils developed from quaternary dunes. Farmers have seen their yields decreasing for 40
years; managing soil fertility is crucial for the village survival.
The village is located on the limit between two types of sandy soils named by the farmers:
«jigawa » - in the west part - and « hako » - in the east part -. These names correspond to two
different types of behaviour linked to a slight difference in texture: «jigawa» soil type is very
sandy (more than 90% of sand on the whole profile), and therefore easier to work with (and
preferred even though it is chemically poorer), specially in dry conditions; whereas for the « hako »
type, only the few 30 centimeters have more than 90% of sand.
The history of the village is about one hundred years only; so, on an enquiries basis, the genesis
of the structure of the village's territory was understood. Superimposed to this bipolarity of the soil
cover, naturally inherited but man stressed, was the double ring structure of the fields (close ones
and distant ones), and the land division linked to the social differentiation but mainly to the farmer's
differentiation.
To cope with the sustainability of soil production at the scale of the village, one has to take into
account these different social conditions for soil fertility management: if only one category of
farmers no longer has the ability to recover its soils fertility, the whole village is in danger.
In the regional scale context, it appears that Gakoudi is representative for the south of the
department where the population density is increasing, where fallow practice is disappearing, where
agro-pastoralists are disappearing too. Soil fertility management and the evolution of the society
are linked.
Keywords: Niger, semi-arid, sandy soils, soil differentiation, farmers differentiation, soil fertility
management
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Contribution of Leucaena prunings in providing nutrients to
maize grown with Leucaena trees in an alley cropping system
SOLT AN S.A. (1), EL-GHANDOUR I.A. (2) and ABDEL-AZIZ H.A. (2)
(1) Soil Sei. Dept., Fac Agric. Moshotor, Zagazig Univ., Banha Branch, Egypt
(2) Soil And Water. Dept., Nuclear Research Center, Atomic Energy Authority, 13759 Abu-Zabal,
Egypt
To study the contribution of Leucaena trees to sustainable agriculture in sandy soils using
tracer techniques; a field experiment was carried out at Inshas, Sharkia Governorate. The field was
planted with Leucaena seedlings in rows. Single superphosphate and potassium sulphate were
added at rates of 150 and 50 kg fed."', respectively. Nitrogen was added as either (NFLthSC^ or
NH4NO3 at rates of 0, 15 and 30 kg N fed."1. After one year of Leucaena planting, samples from
branches and leaves were collected to determine N, P, K, Zn, Fe, Cu and Mn. Leucaena prunings
was used as a green manure to maize under alley cropping system. Seeds of maize were planted
between Leucaena rows in main plots (2m x 2m) with subplots (75 cm x 75 cm) for 15N fertilizer
addition. Different doses of N sources (chemical N fertilizer and/or Leucaena green manure) were
added. At harvest time, the plants were collected, oven dried and dry matter yield was recorded.
Samples of grain and shoots were wet digested for macro and micronutrient determination.
The results showed that, green manuring of sandy soil with Leucaena prunings was considered
as one of the more important means in enriching sandy soils with different nutrients and increasing
maize productivity (grains and straw) grown in alley cropping system with these trees. Manuring
rate of 100 kg N fed.'combined with 20 kg N fed.'as (NFLt^SO^ was the best treatment in
increasing maize yield of grains and straw over either organic manuring or chemical fertilizer alone.
Maize yields of grain and straw recorded by the application of Leucaena prunings alone were 4.55
and 10.61 kg plot"1, respectively while the corresponding values due to nitrogen application alone
were 5.06 and 12.00 kg plot"1, respectively. Concerning macronutrients, uptake by maize plants,
data obtained clearly showed that combined treatments (organic manure + nitrogen fertilizer)
yielded the highest values of NPK contents in grains and straw of maize as compared to the single
treatments. Manuring soil with 100 kg N, as Leucaena prunings combined with 20 kg N as
(NH4)2S04 had the superiority in increasing micronutrients uptake (Fe, Mn, Cu and Zn) by maize
over the other tested treatments. By using the tracer techniques, the amount of N2-fixed by
Leucaena trees which transferred to maize plants could be determined (it ranged from 5.09 to 7.65
kg N fed.'1).
Keywords: Leucaena, organic manure, maize, alley cropping, N2 fixation, 15N tracer techniques
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Agroforestry land use systems for the rehabilitation of
degraded areas in the Venezuelan Amazon Basin
ESCALANTE Eduardo and ARENDS Ernesto
INDEFOR, Facultad de Ciencias Forestales y Ambientales, Universidad de Los Andes, Mérida,
Venezuela
An estimated 180,000 km2, of the Amazon Basin is located in southern Venezuela, near and
along the border with Brazil. Several native family groups are dispersed throughout the Orinoco
River area. One of the family groups the Piaroas and Guahibos who are the inhabitants of the
Sipapo Forestry Reserve, located south of Puerto Ayacucho, the capital of the Amazona State in
Venezuela. Proximity to the city has influenced the migration of many Piaroa families closer to the
state capital, therefore the Piaroa agricultural systems have changed over time, shifting from
diversified agricultural production, based on rotation of plots in larger areas, to a more sedentary
agriculture based on annual crops like cassava and maize. Cassava is a staple crop in Piaroa and
Guahibo culture, because it is one of the principal components of the daily diet, the root in
processed into a flour to produce Manoco and Casabe cake, both of which is either consumed or
marketed. The intensive production of annual crops has degraded the land. The Amazon ecosystem
is very fragile, the few soil nutrients that are present, are washed out or depleted by cropping the
land, the forest is not allowed to recover, leaving cleared areas within the forest. A major constraint
exists due to the aforementioned land use practice. Therefore a study financed by the National
Council of Scientific Research (CONICIT) is being conducted by the Faculty of Forestry and
Environmental Sciences (INDEFOR) of the Los Andes University. The study area is in the northern
part of the Sipapo Reserve. An inventory of agricultural systems (Conucos) in the area was
undertaken using Spot Satellite images, structural forest composition in several growth stages is
being studied; the different agricultural system practices by the Piaroa had been characterized,
including the stage of development, structure and composition (species and their numbers). Species
botanical identification and their importance in Piaroa culture has also been determined, the type of
micorrizas are being identified, and a social-economic characterization of the groups was also done.
Finally, the main objective is to develop multi-strata agroforestry systems, with a diverse
composition in time and space, that simulates, to a certain degree, the Amazon forest structure, and
allows the Piaroas to be included within the agricultural system components, trees, palms, and other
forest species that are part of the forest, and that have several uses in Piaroa culture, such as Tupiro
(Solanum tüpiro), Temare (Pouteria caimilo), Pijiguao (Bactris gasipaes), Copuazü (Theobroma
grandißorä), and Guamo (Inga edulis). It is expected, that using such agroforestry systems, the
Amazon ecosystems will be better protected by, increasing the soil organic matter, and allowing
more effective nutrient cycling and improving the land use management for benefit of the Piaroa
and Guahibo family groups.
Keywords: land use, agroforestry, Amazonas, Sipapo, Piaroas, Venezuela
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Inorganic nutrients management system through intelligent
compounds to promote sustainable agriculture in South China
FAN Xiaolin (1), HUANG Cailong (1) and JU HANI U. (2)
(1) College of Environment and Nature Resources, South China Agricultural University, China
(2) KEMIRA AGRO OY, Finland
Contribution of inorganic nutrients from chemical fertilizer (CF) to increment the food
production is about 50% in China. The investment of the inorganic nutrients has been half of the
total material input of Chinese farmers at present. However, sustainable agricultural production in
China faces serious challenges because of the low efficiency of nutrients use, especially N. The
reason of the low N use efficiency is as follows. Firstly, there is a great gap between the theory and
technology of balanced fertilization and the extension of the theory in farming. Secondly, CF,
especially compounds produced are divorced from both plant demand and soil fertility. Thirdly, the
quality of locally made compounds is poor. Finally, so called specialty compounds are not
specialized. Therefore, inorganic nutrients from CF may be lost into the ground, surface water
system or accumulated in the soil to cause environmental problems as a side effect. In order to
realize sustainable agricultural production and to increase nutrients utilization efficiency we have
concentrated on developing technique to manufacture a series of specialty compounds (SSC) as
loaders or carriers of balanced fertilization theory and the technology to establish an intelligent
nutrients management system. The effect of the system on lychee, hot pepper, rice and winter
wheat production, on N use efficiency and mechanism of the effect were discussed.
Results of lychee trials showed that yield of lychee treated with specialty compounds increased
from 17% to 37% for 8 years old trees and 19% to 40% for 5 years old trees compared to normal
fertilization management systems respectively. Field experiments showed that rice yield increased
about 16.5%. However, inorganic NUE increased 40% after urea treated into multiple coating ureas
as controlled release fertilizer in comparison with normal urea. The reason is that the velocity of N
supply of the coated urea is significantly lower than that of normal urea. The velocity coefficient k
(dynamics constant) of the coated urea is 0.3148 and the normal one is 0.3865. Therefore, both CRF
and the intelligent compounds or intelligent nutrients management systems are achievements
integrating soil fertility and plant nutrition and fertilization to promote balanced fertilization in
farming practice.
Keywords: intelligent nutrient management system, intelligent compound, fertilizer use
efficiency, balanced fertilization, multiple coating urea (MCU), CRF
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Sustainable soil fertility management by indigenous and
scientific knowledge in the Sahel zone of Niger
HAYASHI Keiichi and WAKATSUKI Toshiyuki
Faculty of Life and Environmental Sciences, Shimane University, 1060 Matsue, Shimane 690-8504,
Japan
The objective of the study is to establish a sustainable soil fertility management system
considering not only the relationship between peoples and nature but also the harmony of the
society by farmers and nomads. Soil characteristics, indigenous soil classification system, the
function of crop residues as a trap for Harmattan dust, were surveyed in a benchmark watershed of
the Sahel zone of Niger, West Africa.
Results showed that the soil in the benchmark watershed is quite sandy (<90%) and the fertility
level in terms of its chemical and biological properties is generally poor. However, the soil
characteristics are diversified in relation to its geographical position. Interesting results were
obtained on indigenous soil classification system. It is a well-developed system especially as an
agricultural land. Although the soil is generally observed as sandy, the farmers classified the soil
based on soil color, texture and fertility (productivity), as well as geographical position. The
validity of this classification system was verified through scientific methods and presented as a
significant information. However, it is still necessary to preserve this information in order to keep
track of the rapid change in the society, the environment, as well as the increase in population. In
line with the acquired information on indigenous knowledge, a field experiment on the
incorporation of Harmattan dust by mulch application was conducted to come up with a technology
to improve the fertility level of the soil. Results revealed that mulch application in the upper stream
and animal grazing in the lower stream can be practiced based on the indigenous soil classification
system as a diagnosis for the local soil.
Keywords : Sahel zone of Niger, sustainable soil fertility management, indigenous soil
classification system, harmattan dust, co-existence of farmers and nomads
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Existing ecological problems in Azerbaijan:
the reasons of their origin and the ways of solution
MAMMEDOV Garib
Institute of Soil Science and Agrichemistry of the Azerbaijan Academy of Sciences, M. Arif str.5,
370073, Baku, Azerbaijan
The research which has been carried out shows that in Azerbaijan, within a short period of time
under the antropogenic influence, more than 30 thousand hectares of valuable land has been
tecnogenically polluted and destroyed and has become useless. Land cover, fauna and flora of the
occupied territories have been totally destroyed. To explore the ecological conditions of land, and
to work out scientifically founded measures, different methods and approaches are used. As a result
of complex of investigations we have carried out to solve scientifically- practically the ecological
problems using the "In-basin" method, it is suggested to implement the following measures:
1. Substituting administrative regions of Azerbaijan by in-basin ecological regions to create
on the borders of these regions large and small river basins' passing- control observation points.
2. Preparation of "lands' ecology value maps" (lands' ecology passports) for every microregion, region units and for the whole republic.
3. The rehabilitation of soil fertility, its protection and management, model of ecological
fertility (passport) to be prepared.
4. To work out and to implement a complex of measures directed to fight erosion.
5. In preparation of the maps which define the parameters of loading on winter and summer
pastures and forage units with the purpose of preventing regression which takes place.
6. Mapping and working out related complex of recultivation measures and their
implementation for the lands which have been techno-polluted and destroyed under the long-term
antropogenic influence and the regions where dangerous ecological problems were created.
7. To work out and implement measures directed to fight with repetitive salting and
solonetzing.
8. To pay great attention and to bring to a higher stage the culture of using mineral fertilisers
and pesticides in agriculture.
9. To implement complex of measures directed towards the decrease of penetration of
radionucleads into the agricultural products and radiation of the population.
10. To upgrade the ecological culture to the level of government's policy.
11. To create "ecological bank" covering industries, agriculture and subjects for quick and fair
solution of ecological problems.
12. To establish ecological pension fund in order to carry our important measures in ecological
sectors of the basin.
13. In order to liquidate the law violations in the field of ecology, to work again on the articles
of the Azerbaijan Civil Code related to the ecological crimes.
14. To organise ecological co-ordination centres together with regional neighbouring states.
15. In general, the systematic implementation of all these measures can greatly help to
liquidate the difficulties of the present state of ecology.
Keywords: ecology, fertility, model of fertility, soil protection, ecology of soil
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The effectiveness of different application methods of
zinc sulfate on nutritional conditions of apple
in calcareous soils of Iran
RASOULI SADAGHIANI M.H. (1). MALAKOUTI M.J. (1) and SAMAR S.M. (2)
(1) Dept. of Soil Science, School of Agriculture, Tarbiat modarres University, P.O. Box 14115111, Tehran, Iran
(2) Soil and Water Research Institute, North Kargar Ave., P.O. Box 14155-6185, Tehran, Iran
To evaluate the effectiveness of the different application methods of zinc sulfate in apples, an
investigation was carried out in one of the orchards of West Azerbaijan province in 2000 growing
season. The treatments with five replications were tested: Tl) control, T2) balanced fertilization
based on soil test except zinc application, T3) Tl+trunk injection of zinc (1.0%), T4) T2+trunk
injection of zinc, T5) Tl+zinc broadcast, T6) T2+zinc broadcast, T7) Tl+zinc spray (0.5%), T8)
T2+zinc spray, T9) Tl+deep placement of zinc and T10) T2+deep placement of zinc.
Analysis of soil tests from 0-30 cm and 31-60 cm depths indicated that the level of soil fertility
was low, and the concentration of several nutrients was about or below the critical level. The zinc
concentration from both soil layers were 0.2 mg kg'1, indicating a severe deficiency of this element
resulting from its continuous uptake without supplementing it. The analysis of the irrigation water
showed high levels of bicarbonates. The results demonstrated that the greatest leaf area, chlorophyll
index of leaves resulted from deep placement and spray treatments. Also the effect of zinc on the
levels of the current year's growth of branches was significant and spray of zinc appeared to be the
most effective method in this respect. The zinc concentration in the samples from the control plants
were low (15 mg kg"1), and it was below the critical level so that trees showed severe deficiency
symptoms. The foliar application of zinc sulfate resulted in high levels of zinc in the leaves, but a
great percentage of this supplement remained in the leaf epidermis as well as in the dead spaces
between the leaf cells instead of being carried to other plant tissues. The concentrations of P, Ca,
were low in the samples from spray treatments, most probably due to antagonistic reactions
between zinc and these elements. The effects of these fertilizer treatments on the concentration of
N, K, Mg, Fe, Mn, Cu and B were statistically insignificant. The chemical analysis of the fruits
showed high levels of N from spray treatments, which were correlated with high levels of zinc in
the same samples due to direct spraying of fruits. The Ca levels of sprayed fruits were low. Other
quality factors such as TSS, acidity level, sugar content and pH of the fruit juice were not affected
by zinc sulfate. However, balanced fertilizer treatments especially deep placement along with spray
application of zinc sulfate, resulted in improvements in apple quality indices.
Considering soil condition (calcareous), and the obtained results, it appeared that the placement
of zinc sulfate in the holes along with manure was the best method of zinc application in apple
orchards.
Keywords: zinc, spray, trunk injection, deep placement, apple
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Indigenous and scientific conceptions of landuse management:
a case study from Ecuador
RHOADES Robert E. and NAZAREA Virginia
Department of Anthropology. Baldwin Hall 250, Athens, GA 30602-1619 University of Georgia,
USA
This paper presents an innovative methodology which is useful for landuse planning or soil
management wherever scientists and local people wish to combine their respective knowledge and
expertise to explore alternative pathways to the future. The methodology involves comparing
scientific "robust" models of landuse change with indigenous conceptions of the same landscape or
watershed. In the first instance the scientists "model" change and arrive at derived change rules and
alternative scenarios of the future. These rules and scenarios and then "ground truthed" through
ethnoecological methods which reveal local people's perceptions and assumptions. Both images of
the landscape and then visualized through photo-simulations of scenarios. The final step involves
using the contrasting images of the landscape (scientific and indigenous) as a springboard for
planning, policy, action, and technology generation.
Keywords: indigenous knowledge, future visioning, landuse, Andes, participation
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Traditional system of early-mature millet associated
crop/sorghum in Burkina Faso: management strategy of
climatic risk, water and soil preservation
SAGNON S. (1), SEDEGO P.M. (1) and ASSA A. (2)
(1) Institut de 1'Environnement et de Recherche Agricole (INERA), 01 B.P. 675 Ouagadougou 01,
Burkina Faso
(2) National University of Cote d'TVoire
Crop association is a generalized traditional practice in Burkina Faso. The types of associations
commonly met include leguminous cereals (millet/bean or sorghum/bean) and/or sorghum and
millet sown in the same hole. However, the association millet/sorghum in the eastern region of
Uurkina Faso is of particular importance. Ancestral technique, consisting in growing simultaneously
the early-mature millet and late -mature sorghum on the same plot and/or on the same field. The
two crops are either sown the same day in alternate rows (a row of millet follow by a row of
sorghum). The millet (growing time of 70 days) is sown right after the first rains (third decades of
May) and harvested at the end of July . The stalks of the millet are ploughed in. According to
interviewed farmers that were contacted during a participatory diagnosis carried-out in 1998, this
technique which was formally used, overcame the gap-bridging periods and allowed the possibility
to maximize production, but nowadays it includes other advantages, management of climatic risk,
maximum exploitation of little suitable land for agriculture regarding the demographic growth,
preservation of water and soils and food security.
Therefore, to verify these farmer's point of views an appraisal of the system's agronomic
impact was carried out during three (3) agriculture cycles (1998 to 2000) in farmers plots for
associated crops. The grain yield of associated millet was 700 kg ha"1 against 400 kg ha" in pure
crop. The grain yield of associate sorghum was 700 kg ha'1 against 700 kg ha"1. The absolute yield
of the association (sorghum + millet) was 1400 kg ha" . The millet was harvest in the last decade of
July and the maturity of the sorghum was hampered by a drought that occurred in September,
nevertheless the association was proven to be efficient. The association crop system of early
millet/late sorghum in the eastern region of Burkina Faso seems to be a strategy of climatic risk
management, food security, water conservation, and income generation . The cultural attachment of
producers to this system and the advantages it generates call upon extension workers and researcher
to find ways to improve the system.
Keywords: millet/sorghum association system, Burkina Faso

615

Symposium no. 15

Paper no. 2105

Presentation: poster

Inland floodplain productivity of under different
land use systems in the Northeast Thailand
case study: Ban Pak Yam Srisongkram District, Nakonpanom Province
SITHIRACH N. and RUAYSOONGNERN S.
Department of land Resources and Environment, Faculty of Agriculture, Khon Kaen University,
Khon Kaen 40002, Thailand
Floodplain and its natural vegetation are important wetlands in Northeastern Thailand that
supports the livelihood of surrounding communities for a long time in Northeast history. Currently,
the floodplain productivity has degraded rapidly due to inappropriate land use and management. As
such, studies of the ecosystem of the floodplain are required for sustainability management. In this
study, level of degradation is evaluated using C-labile pool in relation to agricultural environmental
and resources uses at Ban Pak Yam, Srisongkram District, Nakonpanom Province. The conceptual
frame work of this study is based on agroecosystem analysis and the quantitative indicators of soil
resources quality. The soil quality has been assessed using total carbon, labile carbon and nonlabile carbon in carbon pool in floodplain vegetation soil under the different land use systems.
Analytical method of this study is the KMnCu oxidation technique. The preliminary results show
that changes in soil carbon coincided with types of land use. Total carbon, labile carbon and nonlabile carbon in less disturb forest were higher than higher degree of forest disturbances and in
cultivation area. Thus, after 10 years of land transformation from forest to cultivation, total carbon,
labile carbon and non-labile carbon tend to decline. In higher disturbed forest and cultivation area,
the data show decline in the labile carbon pool. Changing in labile carbon was in greater proportion
than total carbon and non-labile carbon. Therefore, it might be used as an indicator of potential
productivity. Subsequently, existing level of soil productivity using rice yield in relation to labile
carbon will be used to assess potential floodplain productivity of the study site with implications for
the general situation in the Northeast.
Keywords: floodplain, productivity, land use, carbon pool

616

Symposium no. 15

Paper no. 688

Presentation: poster

Ancient slope terracing in the Black Sea region
SKRIPNIKOVA Marina I.
V.V. Dokuchaev Soil Science Institute, Pyzhevskii per. 7, Moscow 109017, Russia
Mountains surrounding the Black Sea were already subjected to slope terracing long ago.
Terrace systems of the Scythian epoch are found in the Crimea; up to 30% of slopes in Western
Georgia were terraced in the Medieval time; human-constructed terraces of different ages are
known in the Krasnodar region along the coast from Anapa to Adler; they also exist along western
and southern mountainous coasts of the Black Sea (in Bulgaria and Turkey). Terrace construction
made it possible not only to develop efficient agriculture but also to protect mountainous landscapes
from natural degradation processes. Human-made terraces can be considered the most important
factor of the stability of mountain landscapes; moreover, they also protect foothills, valleys, and the
coastline from catastrophic natural phenomena. It should be noted that recent attempts of terracing
are not always successful. In this context, it is interesting to study the reasons of a high stability of
ancient terraces.
The techniques used in the past for slope strengthening and soil moisture control, as well as the
properties of paleosols and modern soils of ancient terraces were investigated by the multiple soil—
geomorphic analysis of ancient terrace systems. Aerophotos and geophysical sounding were used
along with traditional soil study methods.
The degree of preservation of ancient terraces depends on a number of factors: the erosion
tolerance of rocks, relief, terrace construction peculiarities, climatic conditions and their temporal
changes, and the character of land management in recent times (after the appearance of agricultural
machines). The highest stability is typical of the terraces created on bench-like outcrops of hard
calcareous rocks; the terraces created on colluvial derivatives of these rocks and on the outcrops of
sandstone are less stable. The slopes composed of slates are the least suitable for the creation of
stable terraces. Local peculiarities of geological structure were always taken into account by ancient
terrace builders. The width of the terrace surface and the thickness of loose sediments deposited
onto it were calculated so to ensure a more or less even soil moisture distribution. In the areas
without subhorizontal steplike outcrops of limestone, the natural geomorphic factor of terrace
stability is reduced to a minimum. In these conditions, is was important to calculate correctly the
distance between separate terraces along the slope to prevent runoff concentration and the
development of linear erosion.
The stability of ancient terrace systems is based on their capacity to maintain the reasonable
soil moisture level even upon considerable variations in atmospheric precipitation. After rainfalls,
terraces prevent intensive surface runoff via its conversion into slow subsoil flows; in dry periods,
their water supply is due to the moisture condensed in the stony beds. The correct proportion
between the rocks of different textures composing the terrace body prevents the development of
landslides. Ancient terraces are an example of self-regulated natural-anthropogenic systems with
the highest resilience toward various disturbing phenomena. Their construction in coastal areas
reduces the height of floods and makes the sediment discharge into the sea more even, which favors
the stability of the coastline.
Keywords: ancient terracing, landscape stability, self-regulated terrace system
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Tepetates of Central Mexico: paleogeographical background
and functioning in modern agroecosystems
SOLLEIRO-REBOLLEDO Elizabeth. FLORES-ROMÄN David, GAMA-CASTRO Jorge
and SEDOV Sergey
Institute de Geologia, Universidad Nacional Autónoma de México, Circuito de la Investigación
Cientifica s/n, 04510 México, D.F.
Volcanic soils with indurate subsurface horizons (having the local name tepetates), totally or
partly cemented by silica, 1:1 clays, and iron oxides or calcium carbonates, cover about 660,000
km . In a number of earlier works, focused on identification of cementing agents and ecological
significance of tepetates, they were considered as pedogenic phenomena; however, though they are
often inter-layered with or overlain by paleosols, they were never related to the past soil forming
processes and environmental conditions. We studied spatial distribution and properties of tepetates,
associated soils and paleosols in Morelos State/ Central Mexico to understand the (paleo)
environmental conditions and processes of their formation which pre-determinate their specific
impact on the functioning of agroecosystems. In the key site of Glacis de Buenavista, tepetates are
overlain with thick profiles of welded Luvisols of the Late Pleistocene-Holocene age. The Luvisol
Bt horizons are characterised by extensive 1:1 clay accumulation due to in situ weathering and clay
illuviation, high content of free iron oxides, and redoximorphic pedofeatures. All these properties
indicate long-term pedogenesis under humid forest environments. Underlying tepetates have lower
clay and free iron content. In tepetates' thin sections, we observed a peculiar combination of the redeposited material of Luvisol Bt horizons and fragments of fresh volcanogenic rocks and minerals.
Materials, typical for the surface soil horizons - phytoliths and small charcoal fragments - were
also found. Besides re-deposited illuvial pedofeatures, there are in situ clay coatings and infillings
as well as ferruginous mottles and nodules. We interpret the observed combination of properties in
the Luvisols and tepetates as result of interaction of long-term humid pedogenesis and regular
catastrophic volcanic events. The period between eniptions was long enough for formation of
Luvisols with Bt horizon rich in crystalline 1:1 clay. Association of re-deposited material of
different soil horizons and fresh volcanic components in tepetates suppose that they are formed by
mass movement processes, linked to eruptions: lahars and mud flows. The sediment, thus formed,
contains sand and silt, mostly of volcanic origin, and clay from soil material, in proportions that are
favourable for its structural collapse and hvdroconsolidation when moistened and loaded. Further
clay illuviation and redoximorphic segregation of iron oxides filled few pores left after primary
consolidation, and thus contributed to tepetate induration. Presence of subsurface indurate horizons
with low permeability promotes lateral soil drainage and could provoke erosion. Such LuvisolTepetate profiles are stable in the natural ecosystems, were dense forest vegetation prevents soil
losses with runoff. Under cultivation the accelerated erosion could destroy quickly the upper part
of the profile, exposing tepetates to the surface and causing advanced land degradation. High
density that hampers root penetration and provokes strong surface runoff, very limited water
availability and low cation exchange capacity cause the drop of agroecosystem productivity. Vast
areas covered by tepetates are set aside as badlands.
Keywords: tepetate, paleosols, pedofeatures, agroecosystem
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Banjarese traditional land management system inspires
management of potential acid sulphate soils
SUMAW1NATA B. and MULYANTO B.
Department of Soil Sciences, Faculty of Agriculture, Bogor Agricultural University, Jl. Raya
Pajajaran, Bogor 16144, Indonesia
Potential acid sulphate soils are found in many places in Indonesia where former brackish
sediments have accumulated on coastal plains. Related to their natural ecosystem the coastal plains
have good water supplies and are therefore attractive for development as paddy fields. However
these soils mostly contain pyritic materials that are susceptible to oxidation and produce acid,
consequently development of these soils has to be very careful. Some experiences in development
modern agriculture area on the potential acid sulphate soil in Sumatra and Kalimantan were less
successful. A long time before the Indonesian government open wetland for agriculture
developments in very large area, the Banjarese people of South Kalimantan, had already opened the
wetland area with a traditional system. Although this system produces low production, after more
than 25 year, the production remains continuous.
This study aims to describe the Banjarese Traditional Land Management (BTLM) system and
tries to find scientific facts dealing with every part of this system for the development of agriculture
management on potential acid sulphate soils for rice production.
In this system the Banjarese people set up a drainage system on a relatively small scale, where
the main canals were dug perpendicular to river bodies towards the middle island in about a 5-7 km
length from the river bodies. The swamp forest remains in the end of the main canal to provide
relatively 'fresh' water to flush out hazardous acid water from oxidation of pyritic material. The
BTLM system is a cycle including natural forest, forest and paddy field stage, climax paddy field
stage, transition land use stage, abandoned stage and back to forest stage. Every stage of the cycle
has its own chemical, physical and mineralogical characteristics of soils. The straw and grasses
were submerged in the paddy field in order to keep reduction stage of soil so that the sulphur and
iron in reduced condition and the acid could be diminished. Minimum tillage and no plowing in
this system were related to the fact that pyrite oxidation residues were coated by iron oxides, hence
if the soil was disturbed by plowing, the coating would broken and the acid would be produced
again.
It can be concluded that the BTLM system is considered as adaptive land management of
potential acid sulphate soils and the improvement of potential acid sulphate soils should think about
the results that occurred in the BTLM.
Keywords: acid sulphate soils, paddy field, traditional land management
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Compilation of farm level soil information systems
in Hungary
SZABÓ József, PÄSZTOR Laszló and BAKACSI Zsófia
GIS Lab, Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy
of Sciences, Budapest, Hungary
A great amount of soil information is available in Hungary due to agrogeological surveys
conducted in the past. In the 1990s small-scale (1:100,000-1:2,500,000) data were organized into
computerized geographic soil information systems (Agrotopo, HunSOTER, MERA) by RISSAC
GIS Lab. Recently the more challenging large-scale systems are coming to the fore. Beside the
compilation of a national 1:25,000 scale soil information system, pilot projects were initiated for the
digital reambulation and GIS adaptation of the large-scale (1:10,000) practical soil mappings.
In the early sixties a system was elaborated by soil scientists, soil surveyors and soil mapping
specialists for the large-scale soil survey to satisfy the practical needs of soil information of large
farming units (state and co-operative farms), which characterized the Hungarian agriculture
between 1950 and 1990. Such maps were prepared for about one-thirds of the area of Hungary (for
-35,000 km'). The system consists of four main parts: (i) genetic soil map, indicating soil taxonomy
units, and the parent material; (ii) thematic soil maps on the most important physical and chemical
soil properties; (iii) thematic maps, indicating recommendations for rational land use, cropping
pattern, amelioration, tillage practice and fertilization; (iv) explanatory booklets including a short
review on the physiographical conditions; description of soils, recommendations for their rational
utilization; field description of soil profiles; results of field observations or measurements and data
of laboratory analyses. These maps were widely and successfully used in Hungary and became an
easily applicable scientific basis of intensive, large-scale agricultural production, in spite of the fact
that generally these maps were not published in printed form and are available only as manuscripts
at the given fanning units or at the Plant and Soil Conservation Stations. The large-scale soilmapping programme restarted in 1986 within the framework of the National Land Evaluation
Programme (aiming to evaluate the agricultural land based on soil information surveyed in a scale
of 1:10,000) but was also left uncompleted.
Digital processing and GIS adaptation of soil information carried by these archives is
unavoidable due the recent challenges (like requirements raised by Hungary's EU-accession,
introduction of national agri-environmental program). A farm level information system completed
for the whole territory of a farming unit makes the study and treatment of agro-environmental
problems possible.
After some initiatives on various farming units a complex system was elaborated by RISSAC
GIS Lab in co-operation with the Plant and Soil Conservation Station of Fejér County for the whole
territory (about 3,500 ha) of a co-operative farm in Central Hungary. In addition to carrying out the
digital reambulation and GIS adaptation of large-scale soil mappings further information was
integrated into the system: (i) topographic data, ensuring the delineation of the geographical
environment and helping information processing and positioning; including a DTM; (ii) property
register data determining the ownership and registration conditions of parcels; (iii) multitemporal
data of nutrient control based fertilization advisory system monitored yearly. In our paper, beside to
present the compiled integrated system, we would like to share our experiences learnt during our
work.
Keywords: farm scale, GIS, integrated soil information system, reambulation
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On the enhancement of crop productivity: improvement of
poor internal drainage, soil compaction and acidification in
farm land soils of Taiwan
TSENG Kuo-Jin. LIN Chengfang and CHANG Chia M.
Department of Soil and Environmental Sciences, National Chung-Hsing University, Taichung 402,
Taiwan
Taiwan's agriculture has progressed to a new stage since 1980. Government proceed to
execute the policy of re-utilization of paddy soil, release of arable land, and WTO-entering
continuously. Moreover, consumer pursues high quality of agricultural products. Therefore, the
land-planning use is to promote soil productivity and to raise the capability of agricultural
competition. Healthy plant root systems can increase soil productivity effectively. Some soil
problems limiting root development are commonly found in Taiwan, such as poor internal drainage,
compaction, strong acidic soil. These can restrict soil productivity seriously. Texture profile is
based to classify soil series in Taiwan. Texture stratification is one of the most important
characteristics in Taiwan alluvial soil, which is also the main reason that causes poor internal
drainage in profile. Drainage class based on grey horizon occurred in varied soil depths and can be
observed easily and clearly. According to field investigations, the result indicates that about 80 area
of arable land has poor internal drainage, 30 of the total is extremely poor. Rice planting is the
major land use. When paddy soil turned to upland, plowpan become the major restrictive factor for
root development toward deep soil. Compaction in deep horizons occur with poor internal
drainage, simultaneously. Additionally, strong acid soil (pH < 5.5) resulted from natural
pedogenesis and/or over application of acid-forming N fertilizer spanned over a 200,000 ha area in
Taiwan, which affects crop growth and root development seriously. In the present study, a
technique of soil improvement (e.g. deep tillage with excavator) can solve problems of poor internal
drainage and compaction, which also diminishes acidification in the subsoils if lime material is
applied prior to the improvement practice. Benefit evaluation of deep tillage engineering and the
economics of upland crops, is clarified in an attempt to promote the competitiveness of agricultural
commodities.
Appropriate soil management, preparation and improvement practices are
recommended to provide valuable principles to make strategic decisions for land use.
Keywords: poor internal drainage, texture stratification, soil compaction, strong acidic soil
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Soil science and the capacity to feed the world:
a historical overview
VAN BAREN J.H.V. and HARTEMINK A.E.
International Soil Reference and Information Centre (ISRIC), P.O. Box 353, 6700 AJ Wageningen,
The Netherlands
Human population grew very fast in the past century and much of this growth occurred in
tropical regions. There is no doubt that the concentration of people had environmental implications
and in many cases it is likely that the environment has degraded. There are also cases whereby the
environment is improved. Various studies in the past predicted gloom: more people, less to eat,
scarcity, starvation, misery, war, environmental devastation etc. Obviously, these studies need to be
examined against the available information in their times, but it could be argued that the political
and emotional content often exceeds the scientific content including the uncertainties in the
predictions. On the extreme, there are two groups in the world that either believe that food
production and yield increases have reached a plateau (the pessimists) or those who argue that
sufficient food can be produced for many billions to come (the optimists). The pessimists, and
followers of Malthus, believe that the world is approaching its carrying capacity, that no more
cultivable land is available and land degradation is widespread, and that production cannot be
sufficiently increased to decrease the 800 million or so who are chronically malnourished. They
also believe that socio-economic constraints limit the adoption and spreading of improved cultural
practices. The optimists believe that there is room to grow more food by taking new land under
cultivation, that the green revolution has not run out of steam and that biotechnology has great
potential to feed the growing population. They further believe that future generations would
produce enough geniuses to solve the problems that more people would cause. Both pessimists and
optimists have non-scientific motives in their baggage. It can be argued that the preaching of gloom
is fruitless unless it is underpinned with science, and is harmful as it encourages fatalism instead of
much needed determinism. Given the many unknowns it is fortunate that the discussion on the
carrying capacity of the world continues. The discussion should be based on the collection and
careful interpretation of facts and figures. Science can provide much needed answers and guide the
future focus of the political and research agenda. Since agricultural production is largely depending
on the soil's productive capacity, soil science should be providing the much needed data on soil
resources and scenario studies how the soil and land-use change affects food production. It seems
that interests of the developed world moves to human ageing instead of population growth. This, in
combination with reduced funding for soil research and the apparent inability of the soil science
community to clearly demonstrate the importance of soil science, leaves not much room for
optimism.
Keywords: soil science, history, food production, population growth

622

Symposium no. 15

Paper no. 124

Presentation: oral

Beyond stewardship: from conservation to intrinsic soil value
WARKENTIN Benno P.
Department of Crop and Soil Science, Oregon State University, Corvallis, OR, 97331, USA
Human requirements for food, shelter and space are increasing at the same time that soil
degradation makes less land available. Soil conservation efforts have been based on the concept of
stewardship—wise use of land so it will be available for future generations. This is a utilitarian
concept based on economic gain from present and future uses. The imperatives of a global marketdriven economy and the needs of expanding populations are pushing the use of soils beyond their
capacity to continue to provide optimum levels of soil functions in the landscape. Degradation,
where land uses are not matched to soil limitations, results.
So the question is raised whether stewardship is sufficient as the basis for sustaining soils.
Setting aside fragile lands from human use is at best a delaying expedient, which is not working
well for needs such as water quality. What is there beyond stewardship? What actions would stop
degradation? Restoration Ecology is the term used for activities that bring land back to its original
physical, biological, and cultural condition, defined in terms of whether the soil is carrying out its
functions in the landscape. This obviously goes beyond reclaiming land, for example from surface
mining activities, to some productive use. The cultural condition specifically includes people in the
landscape. Ecological restoration is now a worldwide activity, with small and large projects, and
active debates about "original condition" and how people are part of landscapes. The Land Care
concept and projects can also go beyond a utilitarian stewardship.
A next step beyond stewardship is to change our attitude, because our feelings toward land are
at the heart of how we treat soil. This goes beyond a merely economic attitude, to a land ethic as
described by Aldo Leopold where land would have certain rights. Soil then becomes part of the
community of humans, plants and animals, rather than a commodity controlled by humans. We
have greater care for members of our community than for those outside. Technical solutions to soil
degradation are easy; social and policy initiatives are not. This change in attitude could provide a
normative guide for land use.
Finally, does soil have intrinsic value, a value of itself regardless of economic use or functions
in ecosystems? Many cultures outside the western Judeo-Christian group have such an attitude to
land. The fertility cults of early civilizations, the beliefs of early Americans, and many Asian
cultures are very comfortable with the concept of intrinsic value of soil. Most people would argue
that soils are not sentient, and therefore a moral imperative cannot be advanced. Yet, the feeling of
well-being from smelling freshly-disturbed soil and sifting it through the fingers indicates that this
concept is widely held. Would these changing attitudes in the stages beyond stewardship help us
maintain the soil resource?
Keywords: degradation, land ethic, restoration, belief systems
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"Land moves and behaves": indigenous discourse on
sustainable land management in Mexico
ZINCK Joseph Alfred (1) and BARRERA-BASSOLS Narciso (2)
(1) International Institute for Geoinformation Science and Earth Observation (ITC), Soil Science
Division, P.O. Box 6, 75O0AA Enschede, The Netherlands
(2) Institute de Ecologia A.C., Departamento de Ecologia Vegetal, km 2.5 Antigua Carretera a
Coatepec, 91000 Xalapa, Veracruz, Mexico
Farming in the Pätzcuaro region, western Mexico, began about 4000 years ago with the
production of a large number of maize varieties. Paleo-ecological studies suggest that soil erosion
took place in this region during pre-Hispanic times, with a peak just before the Spanish conquest,
and accelerated from the 16' century onwards. Nowadays, physical degradation and chemical
depletion of soils, resulting from deforestation of steep slopes marginal to agricultural uses and
from intensification of cropping on long-time cultivated land are leading to significant fertility
decline. From 80,000 people during the 16lh century, when the Pätzcuaro region was the Purhépecha
Empire core, population has increased to 120,000 inhabitants currently. About 10,000 small farmers
continue producing mainly maize with traditional land management practices. Previous studies
question the capability of traditional farming to contribute to soil conservation and sustainable
management. Starting from the standpoint that local soil perception, knowledge and management
are essential to successful agricultural development, an ethnopedological research was conducted in
an indigenous community in the highlands of Lake Pätzcuaro. An integrated research approach was
applied, including a geopedological survey, an ethnographic study with the participation of local
people, and the use of GIS to assess and integrate local and technical knowledge systems. The
research reached the following results: (1) human-induced erosion is and was not an alarming issue
at local level; (2) the community handles a complex symbolic, ecological and practical soil
knowledge; (3) farmers assess land suitability for multiple uses according to soil variability of a
large variety of local agro-habitats; (4) farmers have adopted and adapted exogenous crops and
farming practices via agronomic and cultural hybridization; (5) the symbolic perception of land and
the rituals related to the land fertility cycle are fundamental elements of local people's cosmovision;
(6) farmers share a common theory and attitude towards soil and land use, (7) the fate and
sustainability of the community are challenged by the loss of internal cohesion and the impact of
externalities; (8) the research framework carried out can be implemented elsewhere to facilitate the
dialogue between the various actors involved in rural development.
Keywords: ethnopedology, indigenous people, local attitudes towards soil health, local land use
systems, mountain landscapes, Mexico
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The effect of oil on the survival rates
of Bradyrhizobium japonicum in some liquid carriers
ARZANESH M.H. and KHAVAZI K.
Soil and Water Research Institute, Ministry of Jihad-e-Agriculture, North Kargar, AVE., Tehran,
Iran
An investigation on the effect of olive oil on survival rates of a Bradyrhizobium japonicum,
strain CB 1809 was carried out with five liquid carriers. A completely randomized factorial design
experiment including five liquid carriers (1- a 50% solution of Corn steep v/v; 2-a 50% solution of
Whey v/v; 3-a solution made up of equal volumes of carriers 1 and 2; 4- HK., an organic liquid
carrier; and 5-Twice distilled water), two levels of olive oil added to the above carriers (0, and 1%
v/v) and two incubation temperatures (4 and 280 °C) was performed for this test. Each treatment
was replicated three times and the bacterial numbers were estimated by a plate count technique after
0, 15, 30, 45, 60, 75 and 90 days of incubation. The statistical data were analyzed using a MSTATC
software. The results showed that after 90 days of incubation significantly more bacteria survived in
the liquid carriers 1 to 4 containing oil. The bacterial numbers had increased during this period with
the greatest increase being of the order of magnitude 1.25 involving liquid carrier number 4
containing the oil. The results also showed that the bacterial numbers were significantly higher at
280°C for the carriers 1 to 3 containing oil as compared with 40°C incubation. There were no
significant differences between the two oil levels among the bacterial numbers for the organic
carrier HK at the end of the incubation period even though there were significant differences during
the first two months.
Keywords: Brodyrhizobium japonicum, carrier, inoculant, liquid carrier, oil
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Soil nutrient management research in
the humid forest zone of Nigeria for cocoa production
between 1940 and 2000: missing gaps
AYANLAJA Samson A.
Ogun State University, PMB 2002, Ago Iwoye, Nigeria
Soil nutrient balances in the forest zone of Nigeria to sustain cocoa production has been an
object of research for some sixty years. After its introduction into the zone of West Africa in 1890,
the area planted to cocoa increased rapidly to its present 1.5 million hectares and yield increased to
peak of 310,000 tons in 1965. However, as early as 1940 manifestation of deficiency symptoms
necessitated the need for research to balance soil nutrients, and from 1966, yield declined gradually
to its present 155,000 tons, and many workers have attributed this yield decline essentially to soil
nutrients imbalance. Observations of many workers between 1959-69 revealed gross micro nutrient
deficiencies and comparison of soil nutrient contents under cocoa and virgin forest revealed that
Org C and major nutrients were higher in virgin forest soils than adjacent cocoa soils. Thus
indicating gradual soil nutrients depletion under cocoa, and that litter decomposition and nutrient
recycling are not adequate to maintain nutrient balance.
Many fertilizers experiments including the series I, II, III, factorial combinations involving
NPK Ca Mg were conducted in many farmer's farms in Southern Nigeria between 1970 - 79. Six
years observations showed significant effects of Phosphorus and K/Mg combination and the need
for application of Boron and other micro nutrients were recognised. Research effort were therefore
concentrated on micro nutrients between 1980 and 1989. Many micro nutrients - Zn, Cu, B, and Mn
were found not to be in proper ratios and proportions in plant leaves while toxic levels of micro
nutrients cations were found accumulated in the soil and in micro plants growing in the
environments. Yield declines continued despite increasing volume of fertilizer research to balance
soil nutrients indicating that other aspects of soil research needs to be addressed. Recent researches
by Ayanlaja between 1990 - 1999 which seem to be capable of bridging the missing gaps, were
directed on the appropriate farming systems which can, by natural soil nutrient recycling, maintain
a high balance of micro and macro nutrients. The use of organic residue especially in the form of
urban refuse, agro-industrial processing waste, refuse dump compost, pit latrine compost, foot of
the hill compost, mulching, passive refuse dump in home gardens and alley cropping with
appropriate nitrogen fixing shrubs, have been found capable of increasing and balancing soil
nutrients with consequential increasing effects on yield and crop performance. This paper therefore
describes the village level methods of compounding, preparing, procuring and use of organic
manures.
Keywords: micronutrients, soil organic matter, moisture, cocoa
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Increasing the efficiency of fertilisers
through fluid applications
BERTRAND Isabelle (1), HOLLOWAY Bob (2) and McLAUGHLIN Mike (1)
(1) CSIRO Land & Water, PMB 2, Glen Osmond, 5064, Southern Australia
(2) SARDI, Minnipa Research Centre, Minnipa, SA 5654, Southern Australia
Alkaline soils represent a large fraction of the soils throughout the world and are an important
agronomic area of southern Australia. The major constraints for agricultural productivity associated
with alkaline and particularly highly calcareous soils under the dryland climate of Southern
Australia include low availability of P and micronutrient (Zn, Cu, Mn, Fe) deficiencies. To cope
with these fertility problems, granular P fertilisers and foliar micronutrient applications have been
used for more than 40 years in Southern Australia. However, on highly calcareous soils, responses
of wheat to increasing rates of granular P fertiliser are very low and not economically viable. To
improve the efficiency of fertilisers in alkaline soils, new fertilisation strategies were assessed using
fluid formulations, injected directly into the root zone at sowing. Field and laboratory experiments
were performed to test if the reported increased efficiency of fluid compared to granular fertilisers
on some alkaline soils of Southern Australia was due to a placement effect rather than a chemical
effect and to understand the chemical interactions between fertilisers (fluid and granular) and soils.
Field experiments were conducted on a red and a grey calcareous soil in South Australia.
Fertilisers applied in the field were MAP (10:22:0) or TSP (0:20:0) as granular products and
Technical Grade MAP (TGMAP)(12:26:0), or orthophosphoric acid (H3PO4)(0:26:0 w/w) as fluids.
Nitrogen and zinc were applied so that all plots received 15 kg N ha"1 and 2.5 kg Zn ha"1. The
amount of water applied was adjusted to give 400 L ha"1 for all treatments and both forms of
fertiliser. Controls consisted of nil P or nil fertiliser (nil N and Zn).
Laboratory plant experiments were performed with the same soils and also with two noncalcareous soils. Plant-available P and Zn pools following granular and fluid fertilisers applications
in pots, were assessed using an isotope dilution procedures (L value). Fertilisers were added as
MAP, DAP (18:20:0) and TSP as granular products and as TGMAP, ammonium polyphosphate
(13:20:0, 1% Zn) and H3PO4 as fluids. Fertilisers were uniformly mixed with the soil. In a parallel
experiment soils and fertilisers were incubated at 20 °C and P was extracted by Anion Exchange
Membrane (AEM) at differing times.
Results showed that the use of fluid fertilisers in the field increased wheat yields by up to 3 1 %
on highly calcareous soils and the relative effectiveness of fluid formulations was up to 15-fold
greater than similar products applied in granular form in these conditions. In the controlled
environment pot experiments, fluid and granular fertilisers were uniformly mixed with soils. Wheat
dry matter yields were again significantly greater using fluid fertilisers compared to similar granular
products in both the highly calcareous grey soil and in one of the the non calcareous soils. These
results suggest that the greater efficiency of fluid fertilisers was not only related to a placement
effect but also due to differences in fertiliser reaction products in the soil. A significant increase in
AEM extractable-P was found in soils incubated with fluid fertilisers compared to granular products
or controls. However these differences tended to disappear after 5 weeks incubation time. The
potential for using fluid fertilisers to improve management of fertility in alkaline soils will be
discussed.
Keywords: calcareous soil, fertiliser efficiciency, liquid, phosphorus, wheat
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Innovative methods for developing nutritional diagnosis
and leaf nutrient norms in horticultural crops
BHARGAVA Bhagwan S.. RAGHUPATHI H.B. and ANJANEYULU K.
Indian Institute of Horticultural Research, Hessaraghatta Lake P.O., Bangalore-560089, India
Plant analysis data needs to be processed for developing the index tissue norms for all the plant
nutrients. The diagnosis using deficient, hidden hunger, optimum, more than required and excessive
or toxic range can be developed for making rational fertilization using integrated nutrient
management. Traditionally the investigators take long time whereas using the innovative methods
the same information can be generated in 3 to 4 years. The investigators have developed Bhargava's
Physiological Stage Concept, Modified DRIS, Compositional Nutritional Diagnosis and
Recommendation Integrated System. Compositional Nutritional Diagnosis and Principal
Component Analysis for integrated nutrient management in fruit crops.
Keywords: Bhargava's physiological stage concept, boundary line concept, modified DRIS,
compositional nutrient diagnosis, principal component analysis
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Soluble phosphorus to diagnostic the nutritional status
in Sorghum bicolor
CAMACHO Rafael (1) and MALAVOLTA Euripedes (2)
(1) Gallegos, Center for Research and Extension of Soils and Waters (CIESA), University Ro
mulo San Juan de los Morros, 2301, Guärico, Venezuela
(2) Center for Nuclear Energy in Agriculture, University of Sao Paulo, Piracicaba, CP 96; CEP:
13400-970, SP, Brazil
Seeds of eight genotypes of grain sorghum (Criollo-1, Criollo-8, Sefloarca-7, Sefloarca-10,
Himeca-101, Himeca-303, Pioneer YSB-83, and Wac 8228-Br) were placed to germinate on
vermiculite moistened with a 1/104 M solution of calcium sulfate (CaS0 4 ). Seedlings were kept for
10 days in the solution of Johnson et al. (1957) diluted five-fold. Afterwards the young plants were
transferred to the full strength solution modified in order to supply three P concentrations, 0, 0.5,
and 1.0 mM, wherein they were grown during three weeks until the nutritional status was evaluated.
Immediately after harvesting, the second and third leaves from the top were washed three times
with distilled water, dried at 70°C, and a nitric (HN03)-perchloric (HCIO4) acids extract was
prepared according to Malavolta et al. (1997). Soluble-P (in 2% acetic acid) and total P were
analyzed by the methods described by Malavolta et al. (1997).
In order to verify both the efficiency and the usefulness of soluble as method destined to
evaluate the nutritional status, correlations were calculated between the following variables: (1) dry
matter and P0 4 - P level, and (2) Soluble-P and total-P.
Soluble-P was capable to asses the nutritional status of sorghum plants. In this way, negative
and significant correlations were adjusted by an linear model for PO4- P and root dry matter in five
genotypes, but positive correlations were observed among PO4-P and: shoot (exponential fit) and
total dry matter (quadratic adjustment). On the other hand, as expected, a positive linear correlation
was found between total-P and soluble-P (R2 = 0.935 **).
Keywords: soluble P, sorghum, nutritional status
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Bio indicators of land quality in the tropics :
an attempt to integrate soil and vegetation approaches
MASSE Dominique (1), CHOTTE Jean-Luc (1) and PONTANIER Roger (2)
(1) UR Ibis R083, Centre IRD BP 1386 Dakar, Senegal
(2) US Jachère SO 17, Centre IRD BP 1386 Dakar, Senegal
Knowledge of the condition and the management of environmental resources has become an
increasing matter of concern because of the pressure put on soil, water and plant by expanding
populations. It is of crucial importance to predict any variation of these conditions to prevent
irreversible changes. Therefore, the establishment of indicators to provide warning of early
perturbations has received a lot of attention.
When investigating an ecosystem and prior to any search for indicators one should ask the
question "What function is of interest in the investigation ?". In agroecosystem, the most notable
functions are those involved in N and C cycling. Therefore indicators of agroecosystem trends
should tackle above (i.e. vegetation, crops, etc) and below (root, soil biota) ground part of these
cycles.
In 1994, two multidisciplinary projects on fallow in West and Central Africa supported by the
European Union have been launched by research organisations of the north and the south.
Our results revealed the impact of the quality of organic input on soil biota. As a matter of fact,
the shift in soil vegetation (crops, herbaceous or woody vegetation) modifies the abundance and the
composition of the soil biota. Among them termites and plant parasitic nematodes have proved to
be very sensitive to changes in the quality of organic residues. These indices were more sensitive to
changes in vegetation than soil organic matter content mainly due to the predominance of coarse
textured soils in the studied area.
Keywords: bio-indicators, vegetation, soil, fallows. West and Central Africa

634

Symposium no. 16

Paper no. 7

Presentation: poster

Efficacy of a phosphobacterium {Bacillus firmus)
in combination with phosphates and organics
on rice productivity in acid soils
DATTA M. (1), BANIK S. (2) and DHIMAN K.R. (1)
(1) ICAR Research Complex for NEH Region, Lembucherra, Tripura 799210, India
(2) National Institute of Research on Jute and Allied Fibres Technology Calcutta, 700040, India
Use of biofertilizer or microbial inoculant to replace or increase the efficacy of chemical
fertilizers partially, or totally, is effective in reducing the cost of crop production and maintaining
the natural fertility of soil. Thus studies with a strain of phosphate dissolving and phytohormone
(Indole-3-acetic acid) producing bacteria, Bacillus firmus Bredemann & Werner (NCIM 2636) were
undertaken to evaluate the effectiveness of this biofertilizer for augmenting rice production and
mitigating the phosphatic hunger of acid soils.
Soils (Typic paleochrults) of the experimental area in Tripura, India were acidic, medium in
organic carbon, available nitrogen, low in available phosphorus and low to medium in available
potassium. Field experiments (1995-98) were undertaken in HYV rice to evaluate the effectiveness
of bacterial inoculation in combination with phosphates and organics. Kaolin - based Bacillus
firmus containing 1-10 million cells g"' was mixed with sufficient water and sprayed on rice 10 days
after its germination/transplanting, on the basis of 1000 cells plant'. A similar second inoculation
was made in an experiment at the flowering stage. Supplementation of phosphatic fertilizers applied
@ 21.8 kg P ha"1 alone or in combination with poultry manure were in the forms of single super
phosphate containing 7% P and rock phosphate containing 8.2% P. Poultry manure applied @ 5 t
ha"' contained 1.7% N, 1.55% P and 1.28 K. Basal N and K fertilizers were applied in accordance
with recommended doses.
Results of the field experiments indicated that Bacillus firmus in combination with rock
phosphate and poultry manure produced an increase in grain yield from 3.17 to 4.17 t ha"' with
31.6% increase in wetland HYV rice. Similar was an increase in grain yield from 15.7 to 20.2 g and
straw yield from 33.3 to 40.0 g in pot experiment. Another field experiment conducted in wetland
rice after bacterial inoculation indicated a maximum increase in grain yield from 2.97 to 4.42 t ha"'
and straw yield from 6.03 to 6.48 t h a ' . In upland ecology, bacterial inoculation combined with
rock phosphate gave 7.9 to 40.5% increase in rice yield and 7.5 to 52.7 kg grain per kg P applied
was also recorded. Available P level of the rhizophere soils was raised from 8.5 to 15.7 kg ha and
11.3 to 36.9 kg ha"' after single and double bacterial inoculation respectively. The highest P-fixation
capacity (127 to 365 mg g" soil) in the soils treated with single super phosphate indicates that a
major portion of the available P becomes unavailable for plant uptake. But only 65 to 200 mg
phosphate g"' soil underwent fixation after bacterial inoculation. P-uptake by rice with high Precovery (7.5-24.5%) also underwent an increase from 15.0 to 19.2 kg h a ' .
It is concluded that the bioinoculant B. firmus (NCIM 2636) in combination with rock
phosphate and organic manure serves as biofertilizer and this combination is superior to single
super phosphate in acid soil.
Keywords: rock phosphate, phosphobacterium, acid soils, poultry, manure, rice
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Determining temperature coefficients for soil organic nitrogen
mineralization using TDR
DE NEVE Stefaan, HOFMAN Georges and HARTMANN Roger
University of Gent, Department of Soil Management and Soil Care, Coupure Links 653, 9000 Gent,
Belgium
We have used the TDR's ability of directly measuring electrical conductivity of the bulk soil
<7„ to determine the temperature dependence of N mineralization from soil organic matter in a
loamy sand soil, and have compared this to actual measurements of the temperature dependence of
N mineralization. Calibration measurements were made with different amounts of K.NO3 at
different soil moisture contents to calculate the electrical conductivity <rw of the soil solution from
the bulk electrical conductivity^ and the moisture content ft The actual <rw was determined from
the conductivity of 1:2 soil:water extracts (CT12) with a mass balance approach using measured NOj"
concentrations. Using the paired combinations of <r„ <xw and ft the parameters of the Rhoades
electrical conductivity model were estimated. Mineralization of N was measured during laboratory
incubations at six temperatures and also monitored using TDR. Zero order rate constants for
measured N mineralization ranged from 0.164 at 5.5°C to 0.865 mg N kg"1 soil day"1 at 30°C,
respectively. Zero order mineralization rate constants k for TDR calculated NO3" concentrations
varied between 0.070 (at 5.5°C) and 0.734 mg N kg"1 soil day"1 (at 30°C), which were slightly
smaller, but in the same range, as the measured values. Underestimation of the measured NOV
concentrations by TDR was due, at least partially, to differences in cation composition of the soil
solution between calibration and mineralization experiment. A temperature dependence model for
N mineralization from soil organic matter was fitted to both the measured and the TDR calculated
mineralization rates, k and £TDR, respectively. There were no significant differences between the
model parameters based on measured and TDR calculated data. The results obtained here were
promising for further use of TDR to monitor soil organic N mineralization.
Keywords: N mineralization, electrical conductivity, TDR, temperature
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Determining critical nitrogen application rates
to reduce nitrate leaching in dairy pastures
PI Hong J. and CAMERON Keith C.
Centre for Soil and Environmental Quality, Lincoln University, Canterbury, New Zealand
Over the past decade, there has been a rapid increase in dairy farming in New Zealand. Nitrate
leaching from intensive agricultural systems, e.g. dairy farms, is considered a major contributor to
increased nitrate concentrations in ground and surface waters. The objective of this research
programme was to determine nitrate leaching losses on dairy pasture systems as affected by the
application of dairy shed effluent (DSE), nitrogen (N) fertilizers and cow urine on free-draining
soils using large, undisturbed soil lysimeters. The data obtained were used to develop a simple,
semi-empirical computer model to estimate nitrate leaching losses and critical N application rates to
minimize nitrate leaching.
Undisturbed soil monolith lysimeters (50-80 cm diameter and 70-120 cm depth) were collected
from a free-draining Templeton fine sandy loam (Immature Pallic soil; Haplustepts) and were
installed to a field lysimeter laboratory. N leaching losses were measured after the application of
urea, ammonium chloride, DSE, and/or cow urine. The data obtained were then used to develop a
simple, semi-empirical management model to estimate N leaching losses and critical N application
rates.
The nitrogen leaching estimation (NLE) model is based on the concept that the annual N
leaching loss is related to the annual average amount of potentially leachable N (mineral N and
mineralizabe N) in the soil, and the annual drainage. The potentially leachable N (NPL) is
determined by the sum of annual fluxes of N cycling processes including atmospheric N deposition
(NAD); fertilizer or effluent N application rate (NF); biological N fixation (N B ); net N mineralization
(NM); animal N returns (mainly urine) to the pastures (NA); pasture N uptake (Np); volatilization
losses after the application of N fertilizers or effluents (Nv); and denitrification loss (ND) (Eqn 1)
(kgNha"').
NPL = NAD + N F + NB + NM + N

A

-NP-NV-N

D

(1)

The relationship between nitrate leaching and NPL was established on the basis of the data
obtained from the lysimeter studies.
The NLE model estimated that the critical N application rates (above which the NO3-N
concentration in the drainage water will exceed 11.3 mg NO3-N L~') for grazed pasture systems
(with urine input) were 160-200 kg N ha' y" if urea was applied, or 250-300 kg N ha' if dairy shed
effluent was applied. For cut pastures (i.e.no urine input), the critical application rates were about
400 for urea, and 600 for DSE.
Keywords: nitrogen, leaching, cycling, denitrification, grassland, nitrate
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The role of organic matter and iron oxyhydroxides in
association of copper in selected arable soils
P¥BKOWSKA-NASKRÊT Halina and JAWORSKA Hanna
Department of Soil Science, University of Technology and Agriculture, 85-029 Bydgoszcz,
Bernardyfiska 6, Poland
Copper frequently is added to agricultural soils as fertilizers, pesticides and waste materials.
High level of Cu is considered to pose a potential hazard to plants and animals. Many studies have
shown that copper can react with organic matter, with clay minerals and with hydrous oxides of
metals such as iron. Copper in the soil solution and exchangeable and organically bound fractions
are potentially available for plant uptake. In contrast, Cu in the hydrous Fe oxides occluded fraction
is relatively unavailable. However, under conditions of low soil Eh copper is released to plant
available forms during dissolution of the oxides.
There are few data on the role of soil organic matter as well as hydrous Fe oxides in association
of Cu in high productive, intensively agriculturally used soils from Wielkopolska Lowland,
Northern Poland.
The purpose of the study was to investigate the ability of soil organic matter and Fe hydrous
oxides (amorphous and crystalline) to bound copper in typical arable soils (black earths, Gleyic
Phaeozems). A further aspect of the research was to asses downward movement of this metal in the
area, where accumulation of Cu has been observed.
Sequential extraction procedure was used for the characterization of Cu fractions, and DTPA
solution for the estimation of plant available Cu.
Furthermore, chemical, physical and mineralogical properties of the soils have been
investigated.
The data indicate that organic matter plays very important role in association of Cu in studied
soils. The considerable amount of Cu bound to amorphous Fe oxides was detected in samples poor
in organic matter.
There was no downward movement of copper due to its accumulation caused by agricultural
practice.
Keywords: copper, arable soils, organic matter, iron oxyhydroxides
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Integrated nutrient management strategies in Eastern Uganda
ESILABAA.O.(l). BYALEBEKA J.B. (2), NAKIGANDA A. (3), MUBIRU S. (3), DELVE
R.J. (1,4), SSALI H. (2) and MBALULE M. (5)
(1) Centro Internacional de Agricultura Tropical (CIAT), Kawanda, P.O. Box 6247, Kampala,
Uganda
(2) Kawanda Agricultural Research Institute, P.O. Box 7065, Kampala, Uganda
(3) Namulonge Agricultural and Animal Production Research Institute (NAARI), P.O. Box 7084,
Kampala, Uganda
(4) Tropical Soil Biology and Fertility Programme (TSBF), P.O. Box 30592, Nairobi, Kenya
(5) Forestry Resources Research Institute, P. O. Box 1752, Kampala, Uganda
A project of the CGIAR systemwide program on Soil, Water and Nutrient Management
(SWNM), concerned with improving integrated nutrient management practices on small-scale farms
in Africa, has been carried out in Kenya, Tanzania and Uganda for last two years (September 1999
to September 2001). The project aims to enable small-scale farmers to profitably reverse nutrient
depletion of their soils by increasing their capacity to develop, adapt and use integrated natural
resource management strategies, and to improve the participatory skills and tools of research and
extension personnel to support this process.
This paper reports on a Participatory Learning and Action Research (PLAR) process that was
initiated in three villages in Eastern Uganda in September 1999. The farming systems of the area
were characterised for socio-economic and biophysical conditions that include social organisations,
wealth categories, gender, crop, soil, agroforestry and livestock production. Farmers identified soil
fertility constraints, indicators and causes of soil fertility decline and suggested strategies to address
the problem of soil fertility decline. Soil fertility management diversity among households indicated
that most farmers were not carrying out any improved soil fertility management practices, despite
previous research and dissemination in the area. Following the diagnosis stage and exposure visits
to other farmer groups working on integrated soil fertility projects, the farmer groups designed
eleven experiments for testing in the first season. One hundred and twenty farmers then chose, for
participatory technology development, sub-sets of these eleven experiments, based on the main
agricultural constraints and potential solutions identified and prioritised by the fanners. Quantitative
and qualitative results from the testing, farmer evaluation and adaptation, training, dissemination
strategies and socio-economic assessment of these technologies are discussed.
Keywords: soil fertility management, integrated nutrient management, participatory methods,
Uganda
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Periodical mineralization of nitrogen under
FYM amended soil
GUPTA A.P. and LAIK Ranjan
Department of Soil Science, CCS Haryana Agricultural University, Hisar 125 004, India
Sustainability of productivity is a major thrust to feed the ever-increasing population of the
world. The result of the various studies conducted indicates that integrated nutrient management is
the only way for sustaining yields of various cropping systems. The results of a long-term
experiment conducted at this station indicate that the response of nitrogen is linear up to 120 kg N
ha" . At all the doses of FYM ranging from 0 to 90 t ha~' y ' . It becomes all the more important to
know the fate of applied nitrogen through organic and inorganic sources. Thus the present
investigation was undertaken to know the mineral content of the soil at various periods of wheat
growth.
A field experiment is under progress since winter 1967 in the research area of Department of
soil science, CCS HAU, Hisar. The treatment includes three doses of FYM (15, 30 and 45 t ha' 1 )
applied in three modes i.e. to every summer season, every winter season, and both the seasons.
There was one FYM control. These ten treatments were assigned in main plots and each main plot
is divided into three subplots receiving N at 0, 60 and 120 kg ha"1. Nitrogen at 0 and 120 kg ha'1
were selected for the present study. Surface soil samples (0 to 15 cm) were collected at an interval
of 24 days after whet sowing. The soil samples were subjected to moisture estimation by
gravimetric method and wet samples were extracted with 2M KCl. N H / and NO3-N were
estimated in the KCl extract by steam distillation method.
The addition of nitrogenous fertilizer has increased the availability of nitrogen in the FYM
amended plots and thus its suitable combination is required for proper management of nitrogen. 30 t
ha' FYM applied during summer season has been found to be the most suitable dose when
combined with urea at 120 kg N ha"1 in releasing the available N with higher nitrification. If the
chemical fertilizer is avoided then 30 t ha " FYM will have to be applied during both seasons for
higher release of nitrogen.
Keywords: sustainability, mineralization, farmyard manure
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Changes in electro-ultrafiltration fractions of potassium in
major benchmark soil series of India
under long-term cropping
[MAS Patricia (1), BANSAL S.K. (3), SRINIVASA Rao Ch. (2) and PASRICHA N.S. (3)
(1) IPI Coordinator for India, c/o DSW, Beer-sheva, Israel
(2) Indian Institute of Pulses Research, Kanpur-208024, Uttar Pradesh, India
(3) Potash Research Institute of India, Sector 19, Gurgaon-122 001, Haryana, India
The electro-ultrafiltration (EUF) is a comparatively modern technique in soil analysis
developed by Nemeth (1978) and it is a combination of electro-dialysis and ultra filtration. The
EUF method has an advantage over the conventional methods as it determines the rate of nutrient
release alongwith the nutrient content.
To monitor the changes in EUF fractions of potassium under cropping, selected surface soil
samples from 10 benchmark soil series were analyzed initially and after 10 years of intensive
cultivation. These soil series are located in intensively cultivated areas of different states of India,
representing Inceptisols / alluvial (Nabha, Lukhi, Rarha, Khatki and Akbarpur), Alfisols / red
(Kodad, Vijayapura and Tyamagondalu) and Vertisols / black (Noyyal and Kalathur) soil orders.
5g soil samples were placed in an extraction chamber, and 7 fractions of K were collected
successively at every 5 minutes interval, employing different voltages and temperatures. EUF-10 is
the cumulative amount of K extracted in the first two extractions ( 0 - 5 and 5-10 minutes) and it
represents K in soil solution, EUF-30 is the cumulative K extracted in first 6 fractions (0 - 30
minutes) it represents mostly exchangeable K, EUF 30-35 is the amount of K extracted in the 7th
fraction (30 -35 minutes). EUF-35 represents the cumulative K extracted in all the 7 fractions (0-35
minutes). EUF-K-Q is the quotient of EUF 30-35/EUF-30 and is a measure of K buffering power of
the soil.
In the -alluvial soils, water-soluble K concentration was generally higher than the EUF-10, but
the opposite was observed in the red and black soils. This may stem from the presence of illitic
minerals in the alluvial soils, which have more affinity for K than smectite and kaolinite minerals
present in the red and black soils. EUF-10 values ranged from 13.4 to 29.2 mg kg"1 in alluvial soils.
EUF-30 was less than the NH4OAc extractable K. It did not show any appreciable change with
cropping except in Akbarpur soils, where it decreased from 61 to 49 mg kg'1. EUF-30 was very
high in Noyyal soils—EUF-K-Q , was generally higher in alluvial and black soils than in red soils.
No change in EUF-K-Q was observed with continuous cropping except in the kaolinitic red soils,
which got comparatively more depleted of their easily extractable fractions of K with cropping. In
some soils such as Nabha (illitic) and Noyyal (smectitic), with large-easily extractable fractions ,
buffering capacity was underestimated because of the larger amount of soluble and weekly bound K
(EUF-30) in these soil series. Results suggest that EUF technique can be effectively used to monitor
changes in K fractions in soils under long-term cropping.
Keywords: potassium, electroultrafiltration, long-term cropping, benchmark soils, India
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Balanced use of plant nutrients in some major cropping
patterns in Bangladesh: on-farm research experience
ISLAM Fokhrul (I), RIJPMA Jan (1) and FAZLUL Haq (2)
(1) SFFP, DAE, Khamarbari, Farmgate , Dhaka 1215, Bangladesh
(2) OFRD, BARI, Khamarbari, Farmgate, Dhaka 1215, Bangladesh
Current nutrient use in Bangladesh is low and highly unbalanced. A quantitative understanding
of the nutrient balance will provide information needed to develop improved nutrient management
strategies for optimizing yields, returns, and maintenance of the soil resource base in the long run.
The estimated percentage of cultivated hectarage by most predominant cropping patterns under
irrigated condition are Boro rice - T.aman rice (76%), Wheat-T.aman rice (6%) and Mustard-Boro
rice-T.aman rice (4%).
Separate trials were conducted at different Farming Systems Research and Multilocation testing
sites of On-Farm Research Division of Bangladesh Agricultural Research Institute for 2-3 years to
evaluate the effects of six different nutrient management packages on productivity of three
dominant cropping patterns and on soil fertility. The nutrient management packages used were:
EDI: Estimated nutrient dose for moderate yield based on site specific soil analysis.
ED2: Estimated nutrient dose for high yield based on site specific soil analysis.
1PNS: Nutrient dose for high yield following integrated plant nutrition systems of nutrient
management with inorganic and organic sources
FRG'97: Agro-Ecological Zone (AEZ) basis nutrient dose for moderate yield
FP: Farmers practice of nutrient use
Control: Absolute control
Rice grain yield in Boro rice-T.aman rice systems was increased by 0.68 t ha"1 with present
Agro-ecological Zone (AEZ) basis nutrient recommendation over fanners practice. Further grain
yield improvement by 10-12 percent was possible by application of high yield goal dose (1.4 times
higher than that of AEZ basis) of nutrients either with inorganic fertilizer alone or following IPNS.
Nutrients applied either following AEZ basis recommendation or location specific soil test basis
resulted in similar grain yield of rice. High doses of nutrients (ED2) were found less profitable and
lowest B:C ratio was with IPNS because of high price of organic manure. In general, soil N and K
balance were found toward the negative sides but considering the soil supplying capacity this
negative trend was more manageable with IPNS basis nutrient management.
Grain yield increment in wheat-T.aman rice systems due to FRG'97 was higher than
corresponding site specific soil test based nutrient management. But the yield level further was
increased by 9 percent though nutrient rate increment was about 40 percent. The present AEZ basis
nutrient recommendation was found most profitable. Soil N and K balance was found most negative
while P and S balances were positive when those nutrients were sufficiently added.
Grain yield of mustard and rice increased by 23 and 16 percent, respectively with AEZ basis
nutrient use (220-32-88-23 kg NPKS ha"1) over fanners practice (206-55-72-14). Crop yields were
further increased by 33 percent (mustard) and 9 percent (rice) when high dose of nutrients were
used either in the form of inorganic fertilizers (ED2) or IPNS basis. B:C ratio was highest (4.41)
with FRG'97. Soil phosphorus balance was positive in all nutrient packages except in FRG'97.
Though NKS balances were negative but were manageable with FRG'97 basis nutrient use. Present
AEZ basis nutrient management is profitable for moderate yield but IPNS based nutrient
management is found best for maintaining soil fertility.
Keywords: balanced nutrition, cropping pattern, on-farm, IPNS, AEZ, B:C ratio
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Management of phospate rock in
cowpea-maize cropping system
1SSAKA Roland Nuhu. DENNIS Edward Albert and BLRI Mohammed Moro
Soil Research Institute, Academy Post Office, Kwadaso-Kumasi, Ghana
Declining soil fertility is presently the major constrain that limits soil productivity in Ghana. In
the forest zone, P is the major yield-limiting nutrient in most of the well drained soils. In fertilizer
application emphasis is usually on N and in some cases P and K. Basic cations are generally
assumed to be unlimited. Consequently, in some cases, high rates of nitrogen do not normally result
in high crop yield. This study looked at the possibility of improving phosphorus and calcium status
of the soil for maize production through the use of ground Togo phosphate rock (TPR). TPR is
unreactive and it is therefore necessary to allow for a time lag between time of application and
nutrient availability. The possibility of legumes to enhance the dissolution of TPR was also
exploited.
The experiment was started in the minor season of 1998. Initial soil properties show that the
soil is acidic and very low in available phosphorus. The experimental design was a split plot.
Surface broadcast and broadcast incorporation were the main plot treatments. Four rates of TPR viz.
400, 600, 800 and 1200 kg ha"1 and two checks (control and 200 kg ha"1 SSP) constituted the
subplot treatments. All treatments (only in the major season) received 30 kg N ha"1 and 30 kg K2O ha"'
at planting and a second dose of 20 kg N ha"1 six weeks after planting. SSP was applied directly to
the maize in the major season while TPR was applied only to the cowpea in the minor season.
For the three years of the experiment, cowpea grain yield was similar for all the subplot
treatments. Incorporation gave significantly higher cowpea grain yield only in the first year. While
maize grain yield was similar for all the treatments in the first year, SSP (4.47 t ha"1), 800 kg TPR
ha"' (4.591 ha') and 1200 kg (4.35 t ha') gave significantly higher yield than the control (3.19 t ha"1) in
the second year.
Improvement of soil properties such as available P and exchangeable calcium by TPR 800 and
1200 kg ha"1 treatments suggest that these treatments can support higher maize yield if rates of N
and K are increased.
Keywords: farming system, maize-cowpea, phosphate rock, soil fertility, dissolution
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Integrated nutrient management for sustainable yield in
rice-rice cropping system
ZAMANl S.K. (1). JAH1RUDD1N M. (2) PANAULLAH1 CM. (1), MIAN M.H. (2) and
ISLAM M.R. (2)
(1) Soil Science Division, BRRI, Gazipur, Bangladesh
(2) Soil Science Department, BAU, Mymensingh, Bangladesh
We have examined the effect of rice straw, Sesbania, mungbean residue, poultry manure and
dung manure in combination with 30% or 50% reduction of the recommended NPKS fertilizers
(100%) on crops in a T.Aman-Boro rice cropping sequence in two locations of Bangladesh over
two years (1998-2000). The experiment was laid out in a randomized complete block design with
three replications. The organic manure and crop residues were applied to T.Aman rice (I s crop) and
the residual effect was evaluated on Boro rice (2 crop). The effectiveness of different manure and
crop residues with respect to crop yields followed the order of poultry manure > mungbean residues
> Sesbania > dung manure > rice straw. Generally, an application of 70% NPKS fertilizers plus 3
t ha"' poultry manure gave the highest grain yield and an identical yield was obtained with 100%
NPKS fertilizers with no use of manure or crop residues. The lowest crop yield was always
recorded in unfertilized control plots. The same treatment resulted in the highest N, P, K and S
uptake by the crops. The economic analysis also indicates the highest benefit with the use of poultry
manure along with a 30% reduction of chemical fertilizers.
Keywords: crop residues, fertilizers, INM, manure, rice
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The movement and loss of mineral N and labile C in a tropical
forage legume-maize rotation in Zimbabwe
WHITBREAD Anthony (1), JIRI Obert (2), MAASDORP Barbara (2) and PENGELLY
Bruce (1)
(1) CSIRO Sustainable Ecosystems/APSRU, P.O. Box 102, Toowoomba, Queensland 4350
Australia
(2) Department of Crop Science, University of Zimbabwe, P.O. Box MP 167, Harare, Zimbabwe
Using tropical forage legumes as a source of high quality forage and/or as an organic N source
have been found to improve animal and maize production in a resettled farming community at
Wedza in Zimbabwe. Efficiency of recovery of the N in subsequent maize crops can be very low
and the loss of mineral N and soluble C down the soil profile prior to maize N demand is proposed
as a reason for these losses.
An on-farm, farmer participatory experiment was established to compare the effect of a weedy
fallow, a grazed velvet bean (Mucuna pniriens) pasture and a 'ploughed in/green manured
M. pruriens pasture on the dynamics of soil N and C prior to planting and up to 4 weeks after
planting of a maize crop in the season following the fallow/legume treatments. The trials were
situated on 9 farmers fields (4 of these are reported here) and the soils were generally acidic
(pHcaci,^), inherently infertile (low available P, Ca, Mg and mineral N, total C <1.5%) sands,
loamy sands or light clays. The biomass production of velvet bean with inorganic P fertiliser
applied at planting (18 kg P h a ' ) ranged from 6.5 to 17.7 t DM ha"1 (range was 3.7 to 11.8 t DM
ha"' without P fertiliser).
Soil samples (0-15, 15-30, 30-60, 60-90 and 90-120 cm intervals) were collected following the
opening wet season rains, at maize planting and at 1 and 2 weeks after planting (1 and 2 WAP).
Soil mineral N (nitrate-N) and labile carbon (CL, 33 and 333 mM KMnÜ4 oxidisable C) were
determined on these samples. The measurement of CL at preplanting and 2WAP failed to show
evidence of soluble C movement down the soil profile. Prior to planting (pre wet season) on all 3
sites, the soil nitrate N content ranged from 1.5 to 4.5 kg N ha"' following a weed fallow to a
maximum of 54 kg N ha" following the green manure M. pruriens treatments. Total nitrate content
following the green manured treatment peaked at 99 kg N ha"' 1WAP and rapidly fell, as in all
treatments, by 2WAP and following 32 mm rainfall.
Improving the synchrony of nutrient release and uptake is discussed in the context of applying
high quality residues which breakdown relatively slowly due to chemical and/or physical
restrictions. It is proposed that this practice could result in significant inputs of C, release nutrients
more slowly and reduce soil nutrient losses.
Keywords: forage legumes, green manures, leaching, nitrogen, carbon, denitrification
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Root CEC of wheat in relation to nutrients uptake and
dry matter as influenced by Zn application
KHARUBA.S.(l) and GUPTA S.P. (2)
(1) Wheat Research, Kunjpura Road, Karnal-132001, India
(2) Department of Soils, CCC HAU Hisar, India
Grain and straw yield of plant and its mineral composition has been reported to be influenced
by cation exchange capacity (CEC) of plants roots and can be explained by Donan distribution
Variation in absorption and translocation of nutrients by different varieties/species had been
reported by many workers. Zn deficiency had also been reported in soils of many parts of world. So
the objective of the present investigation was to study the root CEC of different wheat varieties and
its relationship with yield and mineral composition of grain and straw under various doses of zinc
application.
A screen house experiment was conducted with sixteen wheat varieties and three Zn levels (0,
5 and 10 mg Zn kg'1 soil) in a loamy sand soil having sand 88%, OC 0.17% pH 8.1 EC 0.28 dSm"1
CEC 3.80 cmol(p+) kg'1 DTPA extractable zinc 0.33 mg kg"' soil. All the nutrients including
micronutrients except Zn were applied according to soil test basis. Deionised water was used for
irrigating the pots through out the experiment and the crop was allowed to grow till maturity. Plant
roots were washed gently in tap water and subsequently in distilled water to remove adhering
particles. These root samples were air dried, oven dried, weighed and ground to pass through 0.5
mm sieve. Root CEC was determined in triplicate by adopting Crooke (1964) method.
The root CEC increased significantly with the gradual doses of zinc application. Root CEC
varied among varieties, it was in the range of 5.28 (HD 4502) to 5.48 (PBW 34) in durum wheat
and 5.32 (HD 2009 to 5.52 (WH 542) in aestivum wheat varieties at zero zinc level. The increase in
root CEC with Zn application also varied among varieties. The magnitude of increase in root CEC
was more in case of susceptible varieties (PBW343, WH147, WH912, PDW215) compared to the
resistant ones (PBW34, RAJ 1556, WH157, UP2338). A higher uptake of nutrients with an increase
in the root CEC may be attributed to excretion of organic acids from plant roots. These acids might
lowered the pH and the low pH is known to increase the uptake of nutrients.
Irrespective of zinc levels, a significant positive correlation was observed between root CEC
and yield, zinc concentration & uptake of grain & straw , P & Fe uptake whereas a negative
correlation was observed with respect to P & Fe concentration in grain and straw which might be
due to the interference of zinc in absorption and translocation of these nutrients. There was increase
in yield with the successive increase in root CEC as shown by linear regression.
Y = -55.3 + 12.89 X (^=0.72) for durum wheat
Y = -46.3 + 11.28 X (1^=0.77) for aestivum wheat
Keywords: root CEC, zinc application, wheat genotypes
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Nitrogen supplying capacity of paddy soil
KIM Yoo-Hak (1), YOON Jung-Hui (1), JUNG Byung-Gan (1), JO In-Sang (1) and
KIM Min-Kyun (2)
(1) Soil Management Division, National Institute of Agricultural Science and Technology, RDA.
249 Seodun-dong Kweonseon-gu Suwon 441-707, Korea
(2) School of Agricultural Biotechnology, Seoul National University, Suwon 441-744, Korea
Although nitrogen is a principal element in rice growth, an accurate soil testing method for the
determination of the nitrogen fertilizer requirement is not fully established. To develop a method to
predict the nitrogen supplying capacity of paddy soils, an anaerobic incubation experiment was
carried out.
The anaerobic incubation was conducted at 30°C for 0, 2, 4, 7, 10, 14, 21, 28 days on fifteen
paddy soils. Soil solution was collected in the incubation experiment using an extractor (Centurion
model 24-03). Ammonium was measured by Indophenol method. Ammonium accumulation after
10 days, when rate constant peaked, was defined as net N mineralization. Non-linear regression
was used to relate mineralization to the chemical and physical properties of the fifteen soils.
The amount of cations in soil solution was equal to the amount of anions. From the changes of
chemical composition of soil solution over time, a chemical system of paddy soil could be
established and summarized. The activity of H+, e and bicarbonate were increased as a result of
organic matter decomposition. Nutrient solubility was changed due to reduction and precipitation
reaction between carbonate and some cations.
The amount of N mineralized from soils was influenced by the soil chemical changes, which
was related to soil characteristics. A non-linear equation using soil organic matter, organic
aluminium, Eh, clay content, silica, and soil C:N was suggested. These equations may be useful in
predicting soil N-supplying capacity.
Keywords: nitrogen supplying capacity, chemical changes, paddy soil, nitrogen mineralization
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Nutrient budgets: sustainability assessment of rainfed rice
systems in Northeast Thailand and variability along
microtopographic catenae
KONBOON Y. (1), WIJNHOUD J.D. (2) and LEFROY R.D.B. (2,3)
(1) Ubon Rice Research Center (URRC), P.O. Box 65, Ubon Ratchathani 34000, Thailand
(2) International Board for Soil Research and Management (1BSRAM), (now the International
Water Management Institute - IWMI) P.O. Box 1025, Chatuchak, Bangkok 10903, Thailand
(3) Centro Internacional de Agricultura Tropical (CIAT), P.O. Box 783, Vientiane, Laos PDR
The sustainability of rainfed lowland rice-based systems in Northeast Thailand is a concern for
the welfare of the population in this relatively poor area of the country. Poor soil fertility and low
inputs are seen as major causes of these problems. In this context, nutrient balance analyses are seen
as a powerful tool for the assessment of critical components of the sustainability of these land-use
systems (LUS). However, such tools are challenged by the complexity of these systems. This
complexity arises from spatio-temporal biophysical, socio-economic and institutional variability at
different spatial scales and with different stakeholders being involved.
Biophysical, socio-economic, and management-related data on the farming systems were
collected in Ubon Ratchathani Province, Northeast Thailand. After a pilot survey of 10 farms in one
district, a subsequent and more comprehensive survey yielded a data set of about 80 farms, from six
districts, that included the major LUS of the province. A relational database system was developed
to manage and analyse the data. As a parallel study, a semi-structured on-farm crop, water and
nutrient monitoring activity was undertaken at three positions (upper, middle and lower) of three
toposequences, each with different relief characteristics, that covered the "typical" range for the
region. An experimental component was added to the monitoring activity for eight of the nine plots.
Two soil fertility treatments, namely zero-fertiliser and farmer nutrient applications, were imposed
on sub-plots, separated by impenetrable sheets, within each of the eight bunded paddy fields. Soilhydrological parameters, nutrient dynamics, and crop growth were monitored. The spatio-temporal
variability revealed in the data set provides a good entry point for the development of improved and
sustainable dynamic and site-specific water, nutrient, and land management along the
toposequences of rainfed lowland rice-based systems in Northeast Thailand.
Mean partial nitrogen, phosphorus, and potassium balances for a set of 80 farms having ricebased cropping systems were 11.1, 6.5 and 12.4 kg ha"1 y , respectively. The partial nutrient
balances included additions in fertilizer and organics and nutrient removal in product and residues;
there were no inputs through erosion or leaching processes. Large variations in partial N, P, and K
balances exist among different farms and, even more so, for different LUTs, with many negative
partial balances. Farmers manage nutrients for similar parcels of land in very different ways, which
results in a large variation in the partial nutrient balance. This large variation was confirmed from
the toposequence study, which demonstrated clearly that position in the landscape has a significant
affect on the growth of rice in the NE of Thailand. In general, rice yields were greater in the middle
and lower parts of the toposequence. For the sites monitored, average yields were 40% greater in
the lower parts of the toposequence. The lower partial nutrient balances in the lower parts of the
field, largely due to greater offtake, were not reflected in the soil N status, presumably as a result of
movement of nutrients down the toposequence.
Keywords: rainfed lowland rice, nutrient balance, toposequence
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Ecological models of fertility of soils suitable for
tea planting with purpose of their management
MAMMEDOVA Sara
Institute of Soil Science and Agrichemistry, Academy of Sciences of Azerbaijan, 5 str.Mammed
Arif, 370073, Baku, Azerbaijan
Models of fertility of soils are complex of agronomically significant properties and soil regimes
which answer to the definite level of plants' productivity. Such definition allows to mark out and to
design models of different levels of fertility. More difficult is to develop the model of fertility of
tea plant suitable soils. This work is being carried on in Azerbaijan since 1985.
In conditions of humid subtropics of Lenkoran region of Azerbaijan three models of soil
fertility of tea plantations according to main groups of tea plant suitable criteria have been marked
out. Among them mountain forest yellow soils more answer to the demands of tea plant, the other
two groups of soils are in the second and third turn suitable for tea planting with root melioration
and other agritechnical measures.
The point is that the tea plant demands to a special type and of species of soils with specific
physico-chemical properties. Related to this, cultivation of tea in our republic demands a basic
scientific approach, non-mistakable optimization of soil conditions with prognoses of preserving
necessary level of soil fertility for many years.
For the management of fertility of soils suitable for tea planting the following melioration and
agritechnical measures have been marked out:
1. To reach normal density of investigated soils it is necessary to fight against local
underground waters- main reason of their aqua- physical properties becoming worse.
2. Where surface-clay soils develop, construction of even not deep dump channels will lead to
weakening of process of claying and thus to the improvement of aqua- physical properties of soil.
3. To stop the process of depth claying of soils it is primary to construct enough deep drainage
net, which must decrease the level ground water to such an extend that edging capillary wetness is
below 60cm from the surface.
4. For normal development of tea plants two or three waterings are necessary within JuneAugust. The norm should be within limits of 700-1200 m3 ha"1.
5. It is necessary to improve the regime of nourishment in tea soils which play very important
role in raising the productivity of tea bush.
6. Incalcating of organic and mineral fertilizers (nitrogen and phosphorus) in parallel with
rational mechanical processing and laying thick drainage net we can fight with relative poverty,
non-structuring and excess dampness of yellow soils of Talish lowlands.
7. These soils demand incalcating sulphur and sulphate ammonium.
8. It is necessary to improve aqua- air regime of tea soils of Lenkoran zone.
9. Manure under tea soil is put 30-40 t ha"'
With the help of model of fertility of soils we can correctly solve the issues of rational disposal
of tea plantations, planning and forecasting of crops, comparison of the results of production
activities, farms and their devisions, and alloting lands for non-agricultural needs.
Keywords: soil, fertility, models, ecology, fertilizers
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Set of agricultural technical procedures for
sugar cane in Vertisols
MARIN C M . Antonio. ROMERO H., Gaspar and CRUZ M., Abel.
Research Department on Agricultural Sciences, Institute of Sciences of the Autonomous University
of Puebla, P.O.Box 1292, Postal Code 72000, Puebla, Pue., Mexico
Economically, sugar cane is the most important crop in the zone of La Gloria sugar industry in
the mexican state of Veracruz. However, most of the sugar cane farmers of the region apply the
same set of agricultural technical procedures without to take into consideration that in the zone exist
different soil types, sugar cane varieties, and crop management. For example, for all the region only
one fertilizer dose is recommended, in spite of that exist différents levels of soil fertility, soil
depths, soil slope gradients, soil organic matter contents and textures, between other factors. Thirty
percent of the soils of the region are Vertisols. which demands a detailed knowledge of soil
preparation because of the particularities in the vertisols management.
In the present work the purpose was to generate a set of agricultural technical procedures for
sugar cane crop specific for vertisols in the region above mentioned.
Region is located at 19°26'31" north latitude and 96°26'44" west longitude. Soils are vertisols
without strong limitations for the development of sugar cane crop. Four experimental plots were
selected for field work, a different technical procedure was applied to each plot. The technical
procedures were selected according to bibliography and the farmers experience.
The highest sugar cane yields obtained were of 120 and 140 t ha"1. Based in the yields obtained
it is recommended the following technical procedure for this region: a) subsoiling; b) fallowing; c)
fallow crossing; d) furrowing (1.2 m of spacing between furrows); e) cutting and seed canes
transport (the variety sow is known as MEX 69-290, which is recommended for its sugar content);
f) planting (seed cane distributed in the furrow at double row), the seed cane was covered by handwork with plow; g) irrigation; h) application of a pre-emergence weed killer, it is recommended
amethrin and atrazin combined at a dose of 3-5 L ha"1; in post-emergence it is applied amethrin at a
dose of 3-4 L ha"1; i) mechanical fertilization at a dose of 270 kg N ha"1, 90 kg P ha"1, and 90 kg K
ha"1 is apply and mulching; j) carbofuran insecticide is applied to control colored fly (Aenolamia
postica) and nematodes (Meloidogyne spp); control of stemborers (Diatraea spp) is obtained by
applying the insecticide monocrotofos; k) it is applied irrigation until the rain season begins; finally,
harvesting process includes burning, cutting, and transport.
Keywords: sugar cane, soil fertility, fertilizer, Vertisols
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Nitrogen mineralization from green manures and
it use by maize in an Oxisols from Havana, Cuba
MARTIN Gloria M. and RIVERA Ramon A.
Institute Nacional de Ciencias Agricolas, Cuba
This work was made with the purpose of determining the influence of the C:N ratio of the
green manures regarding the mineralization and immobilization of the soil nitrogen. Moreover, the
exercised influence of the different nitrogen sources (green manures and mineral fertilizer) over the
nitrification's process will be studied and the participation of these sources in the corn's nitrogen
nutrition in a Ferralsol Cuban soil will be valued. Two experiments were made. One of them took
two species used commonly like green manures: Canavalia ensiformis and Crotalaria juncea. At
this time the nitrogen quantity freed during the decomposition of leaves, stems and the whole air
system of the plants was evaluated by the aerobic incubation method. In the first experiment, the
studied treatments were compared with two controls: the soil alone and the treatment that received
75 mg kg"' N-urea. The experiment was developed at a constant temperature and humidity (30 C
and 65%). The second experiment was made in pots conditions that contained 5 kg of Ferralsol soil
and corn plants, using the isotopic and the differences methods. The treatments consisted in the
application of Canavalia ensiformis enriched with 3.667 at % N exc and ammonium sulfate with
an enrichment of 5.10 at % ' N exc and there was also a treatment in which equal parts of nitrogen
of these fonts were combined being the green manure marked with 3.66 at % N exc and the
mineral fertilizer without enrichment. The content of the whole N, at % 15N, the whole dry mass
and the soil's contents of N-NH4 and N-NO3" were determined and taking this into account the
nitrogen's extractions and the direct and indirect N-supply coefficient were counted. In the first
experiment the mineralization of the different species of green manures was inversely related to the
C:N ratio, finding a critic index of 36. In the second experiment, the two nitrogen sources were
combined, and this had the best results. The greater values of the evaluations were obtained and the
possible existence of priming effect was detected. The N- supply coefficient in this experiment was
superior to the coefficient obtained in the first experiment since the influence of the environmental
factors and plant's at the process of mineralization was eliminated. The N applied mineralization's
occurred rapidly and after 15 days the N at the pots was not found, which is a consequence of the
active absortion of this element by corn plants.
Keywords: maize, nitrogen, efficiency, green manures, Oxisols
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Sustaining crop production in the developing world through
"The Nutrient Buffer Power Concept"
NAIR Kodoth Prabhakaran
Indian Council of Agricultural Research, "Akshaya" 1/4171 East Hill, Calicut - 673005, Kerala
State, India
Sustaining crop production in the developing world is crucial to its food security and of all the
factors of production, the nutrient factor is the most critical and, yet, the least resilient to
management. This paper summarises research results of the author in Europe, Africa and Asia,
spanning a period of more than two decades on revolutionary soil management technique to sustain
crop productivity. It is now known, the world over, as "The Nutrient Buffer Power Concept". The
technique precisely quantifies a soil nutrient's "Buffer Power" which is then integrated into the
computations to devise accurate fertilizer recommendations. The concept centres on the dynamics
of soil nutrient bioavailability and is essentially rooted in Fick's first law, F = -D (dC/dx) where F =
the flux, dC/dx = concentration gradient across a particular section, and D = the diffusion
coefficient for which Nye (1979) gave an operational definition as D = D|9fi (dCi /dC) + Dn where
Di = diffusion coefficient of the solute in free solution, 6 = the fraction of the soil volume occupied
by solution and gives the cross section for diffusion, fi = an impedance factor, Ci = concentration of
solute in the soil solution, DE = an excess term which is zero when the ions or molecules on the
solid have no surface mobility, but represents their extra contribution to the diffusion coefficient
when they are mobile. DE can generally be neglected since only in rare instances will it play any
role in diffusion of plant nutrient ions in soil (Mengel, 1985). When we consider plant nutrient
bioavailability, dCi/dC representing the concentration gradient, where C|= concentration of the
nutrient ion in the soil solution and C= concentration of the same ion species in the entire soil mass
assumes considerable significance in lending a practical meaning to nutrient bioavailability. When
the term "capacity" or "quantity" is ascribed to C and "intensity" to Ci, we have in the above term
an integral relationship between two parameters that may crucially affect nutrient bioavailability.
Since the concentration gradient of the depletion profile of the nutrient in the zone of nutrient
uptake depends on the concentration of the ion species in the entire soil mass (represented by
"capacity" or "quantity") in relation to the rate at which this is lowered on the plant root surface by
uptake (represented by "intensity"), Nair (1984) argued that a quantitative relationship between the
two should represent the rate at which nutrient depletion and /or replenishment in the rooting zone
should occur. This relationship which was functionally quantified by Nair and Mengel (1984) was
designated as "Nutrient Buffer Power" and Nair (1996) has made an extensive review of the
experimental results obtained with regard to the importance of the "Buffer Power Concept" in
precisely explaining soil nutrient bioavailability. The revolutionary technique has been field tested
in a wide variety of soils right across Europe, Africa and Asia using a variety of test crops, such as
maize, rye, white clover, turmeric (spice crop), among annuals, and black pepper and cardamom
among perennials. The International Fertilizer Industry Association in Paris selected this project for
the "First Runner Up" position, from among 25 nominations around the world, for the very
prestigious International Fertilizer Award, 1999. Currently it has been nominated for the 2001
Robert E.Wagner Award of the Potash & Phosphate Institute, U.S.A.
Keywords: buffer power, nutrient bioavailability, sustaining crop production
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Relationships between nutrient elements and heavy metals
in the plants and peat soils in the mire
OMOTE Juichi and KUSANO Hiroaki
Department of Bioengineering, Faculty of Engineering, Soka University, Tokyo 192, Japan
The information of elemental fluxes in the mire is incomplete. Quantitative data on elemental
fluxes are virtuality lacking for mire. The meteoric input of dust and rain is relatively important as
a nutrient source in the mire, because especially the raised bogs are usually built up only by rainfall.
Therefore, the relation ship between nutrient elements and heavy metals contents of mire plants and
peat soils from different mires was studied. The slope and the shape of the Trophic and heavy
metals status of mire may serve perhaps as a basis for mire classification or Typology. In this
connection the N, P, K, Mg Na and Al, Cr, Ni, Cu, Zn, Br, Rb, Sr, Ba, Pb, Fe, Mn amounts in plants
and peat soils taken from the four mire types represented by a communities of such plant
associations were determined
1. qualitative date on the variation of plants, and soils chemistry (nutrients and trace elements)
within and between a broad spectrum of different vegetation types
2. a relationships between mire plants and peat soils
3. to develop a comprehensive, floristically and substrate chemistry based, peatland
classification
4. how do peatsoil and chemical contents of plants influence the wetland plant communities
and mire types?
On the nutrients and trace element characteristics of plants and peatsoils from different
associations has been estimated. The results of their studies clearly show that bogs and fens form
on quite different substrates. This difference may be attributed to the influence of the source of
nutrients and human activity to four mire types is large. The range of ecological variation within
different mire types is considerable and largely results from differences in water chemistry, nutrient
levels and topography et al. In recent years as a result of agricultural practices and industrial
sources have been polluted, which have resulted in large increases in concentration of certain
chemical elements and toxic compounds. This means that nutrients requirments of mire plants
between different mire types and into simlar mire types are very clearly distinction. Chemical
contents of different vegetation communities of high moore,hang moore, intermediate moor and
low moor are very varied.
Keywords: mire, nutrients and trace elements, classification
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Soil analyses in the Bosque Esquinas,
a primary tropical lowland rainforest in Southern Costa Rica
PAMPERL Susanne (1), MENTLER Axel (1) and OTTNER Franz (2)
(1) University of Agricultural Sciences, Institute for Soil Research, Gregor-Mendel-Str. 33, 1190
Vienna, Austria
(2) University of Agricultural Sciences, Institute for Applied Geology, Gregor-Mendel-Str. 33,
1190 Vienna, Austria
The Bosque Esquinas is part of the Corcovado National Park, situated on the pacific side of the
Southeastern Costa Rica. It is a tropical lowland rain forest with very high biodiversity. The
exceedingly high diversity in trees has been studied in ecologically different plots in the past years
by botanists of the Institute of Botany, University of Vienna. In the present study physical and
chemical soil properties as well as the mineralogical features of four plots (representative of ridge
forest, upper and lower slope forest, and ravine forest) were analyzed in order to find correlations
with the distibution of tree species.
Results. The soils of the sites show significant differences in chemical properties and display
the important influence that the topography on the ecology has in this steeply dissected landscape.
For each plot the soils have been classified according to the international classification system
of the "World Reference Base of Soil Resources" and can be characterized as follows:
• Alumic profondic ACRISOL (hyperdystric): ridge forest
• Hyperdystric profondic ALISOL: upper slope forest
• Hyperdystric CAMB1SOL: slope forest
• Orthieutric CAMBISOL: ravine forest
Pedological conditions vary within relatively short distances from highly weathered, aluminium
saturated clay to well structured, nutrient rich soils with high CEC. The differences in the soil
properties contribute to the high variety of habitats. The floristic composition is very characteristic
for each site of the study area and correlates with the soil and mineralogical properties. It is
apparent that the soil structure and chemistry plays an important role in the distribution of tree
species.
The differences in the properties of soils may provide further explanation for the high tree and
plant diversity in tropical rain forests.
Keywords: Central America, soil mineralogy, soil chemistry, soil classification, rain forest, soil
and vegetation
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Effect of P- solubilizing bacteria as coinoculant with
Bradyrhizobium in presence of FYM on soybean grown
with different doses of P under rainfed conditions
PANTL.M.(l), SHARMA C.L. (2), GANGWAR S.P. (2), SINGH R.K. (2) and DW1VEDI
M.K.(2)
(1) Department of Plant Sciences, Alemaya University, P.O.B. 231, Ethiopia
(2) Department of Agrometeorology, College of Agriculture, G.B. Pant University of Agriculture
and Technology, Pantnagar- 263145, India
Phosphorus plays an important role in biological nitrogen fixation through energy
transformation and biochemical reactions. There is positive response of Brdyrhizobium japonicumsoybean symbiosis to phosphorus application (Singh, 1985; Israel, 1987). The efficiency of
phosphorus fertilizers is low and due to poor solubility, sometimes, there is a build up of insoluble
phosphorus from phosphatic fertilizer applied over a long period. Under such situations, seed or soil
inoculation of phosphate solubilizing bacteria (PSB) may benefit the crop by increasing the
availability of phosphorus (Bapaiah, 1985; Gaur, 1990). Coinoculation of B. japonicum and PSB
alone or with super phosphate increased nodulation, shoot weight, nitrogen and phosphorus content,
seed yield and phosphorus use efficiency of soybean (Dubey, 1997).
In the present investigation a field trial on a Mollisol having pH 7.73, organic carbon 0.96%,
available nitrogen 181.89 kg ha"1, available phosphorus 17.4 kg ha"1 and available potassium 145.6
kg ha"1 was conducted with 13 treatments and 3 replications in a factorial randomized block design.
The coinoculation of B. japonicum (strain P-2) and phosphorus solubilizing Pseudomonas sp.
(strain PSM- 2) was followed with soil application of farm yard manure (FYM) @1 mt.ha"1 and
single super phosphate (SSP) @ 30, 45, and 60 kg P2O5 ha"1 under rainfed conditions. The
observations on number of nodules, nodule and plant dry weight were taken at 50% flowering stage
and grain yield was recorded at maturity.
In general, the nodulation, dry matter production and grain yield increased as the doses of SSP
alone were increased from 0 to 30, 45 and 60 kg P1O5 ha"1. Similarly, application of FYM,
irrespective of phosphorus doses and PSB inoculation, showed improvement in nodulation and
grain yield over absolute control. The application of FYM alone @ 1 mt ha" recorded a grain yield
of 2886 kg ha"1 against 2816 kg ha"1 in absolute control. The yield further increased to 3069 kg ha"'
when seed inoculation was done together with sole application of FYM. Progressive increase in the
doses of phosphorus, combined with FYM application and PSB inoculation, further improved the
nodulation, dry matter production and grain yield with the treatment combination FYM @ 1 mt ha"'
+ SSP @ 60 kg P2O5 ha"' + PSB inoculation recording the highest number of nodules (102 nodules
plant"1), maximum nodule dry weight (802 mg plant" ), plant dry weight (30.9 g plant') and grain
yield (3764 kg ha"1). The results of the investigation have indicated that with coinoculation of
suitable strains of PSB and B. japonicum followed by application of FYM, the availability of
phosphorus from soil or chemical phosphorus fertilizers could be increased, resulting in better
nodulation, greater biomass and increased grain yield of soybean.
Keywords: B. japonicum, phosphate solubilizing bacteria, soybean, coinoculation, nodulation
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Leaf age and position on mineral composition of
mangosteen leaves
POOVARODOM S. (1), KANYAWONGHA P. (1), LERTRAT P. (2) and BOONPLANG N.
(1)
(1) King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand
(2) Chantaburi Horticultural Research Center, Chantaburi 22110, Thailand
Before leaf analysis can be successfully used as a guide in diagnosing nutritional status and as a
basis for fertilizer recommendations in fruit trees, a standardized leaf sampling technique must be
established. Position of sampled leaves and time of sampling are the most important factors in
ascertaining the nutritional status of fruit trees. The sampling should be done when the variation in
nutrient concentration is minimum during the period of plant development. The present study on
mangosteen is directed toward the objective above. Mineral nutrient concentrations in mangosteen
leaves were investigated at three mature orchards and one experimental plot in Chantaburi province,
Eastern Thailand. Fifteen uniform and representative mangosteen trees from each orchard were
sampled monthly and nutrient concentrations of N, P, K, Ca, Mg, Fe, Mn, Cu and Zn in their leaves
were analyzed. The leaves sampled were the only pair of leaves from the current flush started when
they were two months old (December 2000). At the first sampling date, the effects of 4 leaf
directions (North, East, West, South) and two branch positions on the tree canopy, lower (1-2 m
height) and middle (3-4 m height), on leaf mineral composition were investigated. Thereafter,
leaves from all four directions were pooled to create one sample for each tree. The sampling
continued until November 2001. As leaves matured, concentration of N and P decreased. The
concentration of K. also decreased with leaf age especially during fruit development (January April). Then, the K. concentration increased slightly before it again decreased. Concentration of Ca
increased slightly at the beginning of the sampling period and gradually decreased while Mg
changed only slightly throughout the sampling period. In contrast, concentrations of Fe and Mn
increased with leaf age, but the patterns of the two elements were slightly different. Zn was rather
stable except at some sampling dates due to foliar Zn spray. Fluctuations in Cu concentrations were
observed during the growing season due to pesticide spray. The effects of leaf direction were
observed in N, K, Ca and Mg. On the other hand, K is the only nutrient that was significantly
influenced by the position of leaves on the tree canopy. However, the differences among nutrients
found at different positions were relatively small. Seasonal variations in mangosteen leaf nutrient
concentrations are similar to those of other tree crops but the concentration of most nutrients were
relatively low compared to other fruit trees growing in the same soils. Minimum variations in
nutrient concentrations in mangosteen leaves occurred over a wide range of sampling dates.
However, considering the practical time for both growers and service laboratories, it is suggested
that mangosteen leaves should be sampled for diagnostic purposes when leaves are 8-10 months
old, which is usually after fruit harvest.
Keywords: Garcinia mangostana L., mangosteen, leaf analysis, macronutrients, micronutrients,
nutrition
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Influence of Cyanobacteria on the availability of nitrogen
and cationic micronutrients in flooded rice ecosystem
DAS D.K. (1) and PUSTE A.M. (2)
(1) Department of Agricultural Chemistry and Soil Science, Faculty of Agriculture, Bidhan
Chandra Krishi Viswavidyalaya Mhonpur, 741252, Nadia, West Bengal, India
(2) Department of Agronomy, Faculty of Agriculture Bidhan Chandra Krishi Viswavidyalaya
Mhonpur, 741252, Nadia, West Bengal, India
In view of the global crisis of fossil fuel energy and the consequent increase in the price of
chemical fertilizers particularly nitrogen and micronutrient fertilizers especially zinc, an emphasis
has been made to study the influence of Cyanobacteria on the availability of nitrogen and cationic
micronutrients (Fe, Mn, Cu and Zn) in rice soils of sub-tropical countries like India. Therefore, a
field experiment was conducted during the rainy season using rice cv. IET-4049 (Khitish) with an
objective to study the effect of Cyanobacteria on the changes in nitrogen and cationic micronutrient
content in submerged soil in relation to yield and nutrition of rice (Oryza sativa L.).
Field experiments were conducted Aerie Haplaquept during kharif (rainy) season in a factorial
randomized block design with five treatments viz. T|, control, no application of nitrogen and
phosphorus; Ti, 30 kg N ha"1 as prilled urea basal + 30 kg PjOs ha '; T3, 60 kg N ha"1 as prilled urea
basal + 30 kg P2O5 ha~' as basal; T4, 15 kg N ha"1 as prilled urea basal + 15kg N ha"1 as green
manure (Dhaincha, Sesbania aculeata) + 30 kg P2O5 ha ' and T5. 30 kg P2O5 ha"1 only as single
super phosphate. Each treatment was divided into two series - inoculated with Cyanobacteria and
uninoculated. Each treatment under each of above two series was replicated thrice. A soil mass
culture containing a mixture if Anabaena, Nostoc, Cylindrospermum and Tolypothrix spp. were
used @ 12 kg ha" for inoculation.
The results shown that the inoculation of Cyanobacteria brought about an increase NH4 and
NO3-N as well as Cu and Zn content in soils while that of Fe and Mn content decrease due to
inoculation of Cyanobacteria the mean magnitude of increase in NH4-N content over uninoculated
series was recorded as 18.54, 8.87 and 9.08 percent at 15, 30 and 45 days after transplanting (DAT),
respectively. The overall mean increase in the NH4-N content in soil due to inoculation was highest
in the treatment Tj. The results further showed that the amount of DTPA extractable Fe content
decreases while that of Zn content increases due to inoculation, being 9.4 and 2.7 percent decrease
19.28 percent increase in Fe and Mn; and Zn content in soils, respectively. Such increase in NH4-N
and Zn content in soil due to inoculation may be attributed to the release of extracellular
nitrogenous and other organic compounds fixed by Cyanobacteria and their subsequent
mineralisation in soil. The results also revealed that the yield of rice grain and straw was recorded
higher in all the treatments inoculating with Cyanobacteria, being highest in the T3 treatment.
The results, therefore, suggest even while growing high yielding varieties of rice with relatively
higher level of nitrogen application, Cyanobacteria inoculation is likely to be beneficial in relation
to higher availability of nitrogen as well as Cu and Zn in soils with simultaneous increase in rice
yield.
Keywords: Cyanobacteria, flooded ecosystem, micronutrient, nitrogen
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Boron deficiency in cotton in calcareous soils of Pakistan:
I. convenient soil test and fertility mapping
RAF1QUE E. (1), RASHID A. (1), BHATTI A.U. (2), RASOOL G. (3) and BUGHIO N. (1)
(1) Soil Fertility and Plant Nutrition Program, National Agricultural Research Center, Islamabad45500, Pakistan
(2) NWFP Agricultural University, Peshawar, Pakistan
(3) Engro Chemical Pakistan Ltd., Bahawalpur, Pakistan
In Pakistan cotton (Gossypium hirsutum L.) is grown on ~3 M ha low organic matter alkalinecalcareous, alluvial soils, predominantly classified as Aridisols. This irrigated crop in the cottonwheat system is grown by applying micronutrient-free fertilizers (of nitrogen and phosphorus) and
negligible use of organic manure. Considering nature of the soils and nutrient mining with
centuries-old cropping, boron (B) deficiency was a suspected cause of low seed cotton yield (-1500
kg ha"'). Therefore, this study evaluated B status of the crop and associated soils, and also mapped
spatial variability of B status in cotton belt of the country. In an effort of finding a convenient soil
test for evaluating B, it was observed that the 0.1 M HCl method (which is less tedious, rapid and
less prone to error) extracted slightly lesser B, but was comparable to HWE test for assessing B
fertility of alkaline-calcareous soils under cotton. The relationship between soil B contents extracted
by the two tests was: HCl B = 0.032 + 0.843 (HWE B). The nutrient indexing study, based on
sampling and analyzing most-recently matured leaf blades at early flowering (leaf no. 4 from the
top) and associated soils from a randomly selected 450 farmers' fields, revealed that B deficiency
prevailed in 50% cotton fields. There was a good agreement between B status of soils and cotton
plants (r = 0.45; P <0.01). The soil and plant B data were used for mapping spatial variability in B
status using geosatistical analysis techniques and computer graphics. These contour maps of six
geographical districts of the cotton belt delineated areas affected by B deficiency, and thus would
help focus future research and development endevours.
Keywords: cotton, boron deficiency, calcareous soils, soil test, fertility mapping

658

Symposium no. 16

Paper no. 2231

Presentation: poster

Foliar nutrition of PeaK on rice
RAMANATHAN Samidurai (1), STALIN Palaniandi (1), THILAGAVATHI Thiagarajan (1),
NATARAJAN Kalyanasundara (1) and ANKORION Yossi (2)
(1) Tamil Nadu Rice Research Institute, Aduthurai, 612 101, Tamil Nadu, India
(2) Nova PeaK Division, Rotem-Amfert-Negev Ltd., Israel
Field experiments were conducted in the Cauvery Delta Zone of Tamil Nadu in wet and dry
seasons of 1999-2000 in two soils i.e., silty clay (Typic Haplustert) and sandy loam (Udic
Haplustalf), to study the efficacy of foliar application of "Mono Potassium Phosphate" (PeaK) at
different concentrations viz., 0.5 and 1.0 percent of PeaK alone and in combination with 1 percent
urea and compared with 2 percent diammonium phosphate +1 percent urea + 1 percent muriate of
potash spray. Different stages of spraying viz., seed, nursery bed, end of tillering, panicle initiation
and booting stages were tried. Seventeen treatment combinations replicated thrice in randomized
block design were compared in rice in dry and wet seasons. The results of dry season experiment in
the silty clay soil indicated that application of one percent PeaK was found to be the best
concentration and the spray given at end of tillering and panicle initiation recorded the highest grain
yield (5412 kg ha"1) as compared to soil application of 50:50 kg ha"1 of P2O5 and K2O,
respectively, (4005 kg h a ' ) which could not meet the requirement of P and K, and needs
supplementary addition through foliar spray of 1 percent PeaK at the critical stages viz., end of
tillering and panicle initiation stages. However, the results of the grain yield obtained in the dry and
wet seasons of sandy loam soil, and the wet season of silty clay soil indicated that the
supplementation of P and K through 1 percent PeaK as seed enrichment, and spray at nursery,
panicle initiation and booting stages recorded the highest grain yield (5,303-6,123 kg ha' 1 ). The
supplemental requirement of P and K nutrients right from the early stages viz., seed enrichment up
to booting besides the soil application indicated that the crop utilization of these two nutrients is
comparatively slow but continuous in the wet season due to the prevailing occasional low
temperature (below 20° Celsius) irrespective of the soils compared. The favourableness of getting
higher yield with the same treatment in the sandy loam soil in the dry season could be ascribed to
the clay mineralogy of the soil (kaolinite), which is not providing adequate quantities of the two
nutrients during the growth phases despite the supply of these nutrients through soil.
Keywords: PeaK, foliar nutrition of PeaK, rice response to PeaK
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Boron deficiency in cotton in calcareous soils of Pakistan:
II. correction and internal boron requirement
RASHID A. and RAFIQLE E.
Soil Fertility & Plant Nutrition Program, National Agricultural Research Center, Islamabad^t5500,
Pakistan
On the revelation of widespread boron (B) deficiency in cotton (Gossypium hirsutum L.), 26
replicated farmers' field experiments were conducted over 4 years in soils with <0.6 mg HWE B
kg" . Boron was supplied either through soil surface broadcast or foliar feeding. Soil application
rates ranged from 0-3 kg B ha"1 as borax and foliar feeding was done by three sprays of boric acid
solution containing 0.1% B (plus 0.05 detergent as a surfactant) 45, 60 and 90 days after crop
sowing. Boron application enhanced boll weight from 3.4 to 3.6 g boll"1 and boll bearing from 24 to
27 bolls plant'. Consequently, B application resulted in 8 to 27% enhanced crop yield generally
corresponding to severity of B soil deficiency. Mean yield increase was 13% over control (average
~2,000 kg seed cotton ha" ). Fertilizer B requirement associated with near-maximum (95%) yield
was 1.0 kg B ha"1. Higher dose of soil applied B, up to 3 kg B ha"', did not prove toxic. Foliar
feeding of B proved equally effective, but was more cost-effective compared with soil application:
value:cost ratio (VCR) of B use was 16:1 in soil application and 30:1 in foliar feeding. Boron
concentration in cotton leaves increased with B application. Contrary to widely reported 20 mg B
kg" as the critical B level in youngest matured leaf blades at early flowering, our research revealed
that B requirement in this plant tissue was much greater, 53 mg B kg"1. Further studies are
warranted for determining critical B range in a more sensitive foliar tissue, like youngest leaves of
cotton.
Keywords: cotton, boron deficiency, foliar analysis, critical level, soil application, foliar feeding
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Non-exchangeable NH4+-N levels in
Swedish long term field experiments
ROING K.. MATTSSON L. and ANDREN O.
Swedish University of Agricultural Sciences, Department of Soil Sciences, Box 7014 750 07
Uppsala, Sweden
Efficient nutrient use in intensive agricultural systems is of great importance for ensuring both
optimal crop performance and sustainable environmental management. Recent studies in temperate
regions accredit non-exchangeable N H / - N with a significant impact on crop productivity and soil
N dynamics. To determine the quantity and plant availability of non-exchangeable N H / - N in
Swedish soils, ryegrass was grown in a pot culture using 27 soils (0-20 cm) that were collected
from five long-term soil fertility field experiments. Initial non-exchangeable N H / - N content was
determined as well as ryegrass N uptake and non-exchangeable N H / - N content 56, 112 and 168
days after planting. The effect of long-term soil fertility management, crop rotation, soil type and N
and K. fertiliser application on quantity and plant availability of non-exchangeable NH/-N are
presented and discussed.
Keywords: non-exchangeable ammonia, soil N dynamics, Sweden, long term field experiments,
fertilizer
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Fractionation of soil nitrogen in Japanese agricultural lands
with reference to availability
SANO Shuii, YANAI Junta and KOSAKI Takashi
Laboratory of Soil Science, Graduate School of Agriculture, Kyoto University, Kyoto, 606-8502
Japan
The nitrogen contents of soil samples collected from throughout Japan were characterized
according to form and availability, and these qualities related to land use and soil type. In total, 147
plow layer soil samples were collected—80 from paddies and 67 from upland fields to include
various soil types. Soil N was fractionated into four parts; inorganic extractable-N (lex-N), fixed
NH,4*-N (Ifix-N), organic mineralizable-N (Omin-N) and organic stable-N (Osta-N). In the analysis,
total-N was determined by dry combustion method. Iex-N was determined by extracting with 2 mol
L"1 KCl solution and Ifix-N was determined by extracting with HF-HC1 solution after removing
organic-N. Omin-N was evaluated as potentially mineralizable N based on the long term incubation
method and Osta-N was calculated as the difference between total-N and above mentioned three
fractions.
The average total-N content was 2593 mg kg"1, of which Iex-N, Ifix-N, Omin-N and Osta-N
accounted for 37, 124, 159 and 2273 mg kg"1, respectively. Thus the available fraction (Iex-N and
Omin-N) accounted for 8.5%, and the stable fraction (Ifix-N and Osta-N) for 91.5% of total-N.
Assuming a plow layer depth of 15 cm and a bulk density of 1.0 Mg m"3, the amount of total-N, IexN, Ifix-N, Omin-N and Osta-N were 3890, 56, 186, 239, and 3411 kg ha'1, respectively. The
available fraction (295 kg ha"1) is comparable to total annual N input (266 kg ha"1), whereas the
stable fraction (3597 kg ha"1) is more than ten times larger.
Land use and soil type affected the distribution of soil N fractions. Iex-N was lower (both in
absolute and relative terms) in paddy soils (32 mg kg' 1 , 1.4%) than in upland soils (43 mg kg"1,
1.8%), whereas Omin-N was higher in paddy soils (200 mg kg"1, 8.9%) than in upland soils (108
mg kg"1, 4.4%). No differences due to land use were observed in the stable N fraction. In contrast to
this, differences due to soil type were not observed in the available fraction but were clearly
observed in the stable fraction (Ifix-N and Osta-N). It was concluded that in Japanese agricultural
soils the available N fraction is strongly affected by land use, whereas the stable N fraction is
mainly determined by soil type.
Keywords: agricultural land, fractionation, Japan, land use, nitrogen availability, soil type
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Productivity, efficient nutrient use and profitability of crops
through integrated use of nutrient sources
SANTHI R.. SELVAKLMARI G. and NATESAN R.
Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agricultural University,
Coimbatore-641 003, India
Economic rationality dictates a more comprehensive approach for fertiliser utilisation
incorporating soil tests, field research and economic evaluation of results. Since the yield frontiers
are relatively limited, meeting the future demand for food was to be mainly through crop
productivity enhancement using technological changes. These aspects have culminated in a
programme called Integrated Plant Nutrient Supply System (IPNSS), where the efficient use of
nutrients is aimed through optimisation of the benefits from various sources of plant nutrients.
The targeted yield concept outlined by Troug (1960) and modified by Ramamoorthy el al.
(1967) was used for generating fertiliser adjustment equations under IPNSS. The fertiliser
adjustment equations developed for specific soil types and crops are refined through test
verification trials and based on them the fertiliser doses are calculated. Entire quantities of N, P2O5
and K2O are applied as fertilisers as well as through various sources such as fertilisers, manures and
bioinoculants. According to this concept, the fertiliser nutrients are adjusted to that contributed
from the soil when fertilisers alone formed the source. Under IPNSS, the nutrient doses are
adjusted to that contributed from the soil as well as the other organic sources that form the
components of IPNSS.
A number of trials (30) were conducted from 1996-2000 on Inceptisols, Vertisols and Alfisols
with various crops. The treatments consisted of absolute control, blanket/farmers practice, fertiliser
recommendation based on targeted yield concept-applied as fertilisers alone and through IPNSS.
The efficiency of fertiliser nutrients was assessed through response ratio (ratio of response to added
fertiliser nutrients in kg ha"1 to the total quantities of N, P2O5 and K 2 0 added in kg ha"1) and the
profitability was assessed through BCR (ratio of cost of additional produce to the cost of fertiliser
inputs).
The results of the trials conducted in different agro-climatic zones highlighted the possibility of
increasing the productivity of crops, efficiency of added nutrients (Response Ratio) and profitability
of crops (Benefit Cost Ratio) due to IPNSS over fertilisers alone. The increase in producitivity of
crops due to IPNSS over fertilisers alone was found to be 130-240, 200, 260, 100, 3,300, 520 and
700 kg ha'1 respectively for rice, cotton, groundnut, sunflower, tapioca, onion and bhendi. The
increase in nutrient efficiency was 3.8-5.2, 3.8, 4.4, 5.2, 5.5, 2.9 and 3.8 kg kg"1 and the increase in
profitability was 2.8-10, 10, 3.7, 6.5, 8.1 3.1 and 9.4 respectively for rice, cotton, groundnut,
sunflower, tapioca, onion and bhendi.
Keywords: targeted yield concept, IPNSS, productivity, nutrient efficiency, profitability of crops
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Soil fertility and productivity as influenced by fertilizer
application based on different concepts in rice ecosystem
SELVAKUMARI C , SANTHI R. and NATESAN R.
Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agricultural University,
Coimbatore-641 003, India
To monitor the changes in soil fertility and rice productivity due to the continuous adoption of
different methods of fertilizer recommendation viz. Blanket, Targeted Yield and Targeted Yield
under Integrated Plant Nutrient Supply System (IPNSS), experiments were conducted in rice
ecosystem of Tamil Nadu. In Blanket method the doses of fertilizer nutrients (N, P2Os and K.2O)
were applied without considering the initial soil tests; whereas under Targeted Yield method, the
fertilizer nutrients are adjusted to that contributed from the soil. Under IPNSS, the nutrient doses
are adjusted to that contributed from the soil as well as from the organic sources that form the
components of IPNSS. The experiment was initiated in the year 1999 and four rice crops were
harvested. The fertility status of the post harvest soils of each experiment was assessed in terms of
alkaline KMn0 4 -N, Olsen-P and neutral normal NH4OAc-K.
The results of post harvest soil test values (rabi 1999 - rabi 2000) indicated that the plots that
received nutrients based on Blanket recommendation showed a declining trend in available N (254235 kg ha"1) after the harvest of the fourth rice crop as compared to that received N as per Targeted
Yield approach (254-260 kg ha"1). Under Targeted Yield- IPNSS the available N status was found
to improve (240-280 kg ha"1). The built up of available N in IPNSS might be attributed to the
beneficial effects of organic manures. In the case of available P, the trend did not show any
variations. Regarding available K, the Blanket as well as Targeted Yield method (where only the
maintenance dose was applied) maintained the K. status in the soil. Probably the dynamic
equilibrium among non-exchangeable and exchangeable K would have taken care of the
replenishment of available K. With reference to rice yield, the Targeted Yield concept was found
to record higher yield than the Blanket method in all the years thereby indicating sustained rice
productivity.
Keywords: targeted yield concept, blanket method, sustenance of soil fertility and rice
productivity
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Localized placement of fertilizers and their residual effects in
relieving apple tree nutritional problems for calcareous soils
SHAHABl A. and MALAKOUTI M.J.
Tarbiat Modarres University, Tehran, Iran
The predominance of calcareous soils in Iran and the associated nutritional problems of apple
trees in such soils have encouraged some investigators to look for proper management solutions. An
experiment was carried out in this regard during 1998-2000 growing seasons on golden delicious
apple trees in a calcareous soil to find out the efficiencies and the residual effects of localized
application of chemical fertilizers along with animal manure as practiced by the farmers. The
experiment had a completely randomized block design with 5 treatments and 5 replications each
including 5 fruit bearing seed stalk apple trees. The treatments included: T|= placement of nitrogen,
potassium and phosphorus fertilizers together with animal manure in the trees shade area and
working the materials into the soil with spade as done by the growers. T:=placing the annual
requirement of nitrogen, potassium and phosphorus along with animal manure in 3 deep holes in the
soil with 60 cm deep and 50 cm in diameter each located 120 cm from a particular tree trunk.
T3=T2+Zn; T4=T2+Fe; T5=Tj+Fe+Zn. Zinc and Iron were added in their sulfate form at 350 g tree'1
and 1000 g tree'1 respectively. No fertilizers and cultivation practices were involved during the 2 nd
and 3 rd years on T2, T3, T4 and T5 treatments; rather, the residual effects of previously applied
fertilizers were considered by the comparison of soil analysis data (0-30, and 31-60 cm depths) and
the leaf analysis data (leaf concentrations of macro and micronutrients) and the intensity of
chlorophyll development using a Minolta SPAD 502 Chlorophyll meter. Apple yield and quantities
like flesh firmness, TSS, pH and titrable acidity of the juice were also determined each year.
Nutrient absorption by the trees were shown to be significantly better with all the treatments
compared with Ti. Similarly with every treatment where chemical fertilizers with animal manure
were placed deep holes, the extent of chlorophyll development had increased, this increase was
carried on into the 2 nd and 3 rd year; and T5 involving from 40 to 60% more fertilizers than Ti
showed the greatest amount of chlorophyll intensity in the associated leaves. The leaf
concentrations of N, P, K and Zn increased due to fertilization along with animal manure using
deep placement method, compared with T|, while the respective DTPA extractable iron decreased.
The apple yields were statistically the same for all the treatments in the first year, but were
significantly different among the treatments for the 2 nd and the 3 rd year. Accordingly, T2 and T5
yielded 21000 and 24800 kg apple ha"' compared with 15,000 kg obtained with Ti. No significant
differences were found for flesh firmness, TSS, juice pH and titrale acidity for the different
treatments. T5, however, yielded slightly more juice than the other treatments.
The results showed that the placement of chemical fertilizers along with animal manure in the
manure pits had a distinct improving effect on the relieving apple trees nutritional problems such as
Fe and Zn deficiencies while improving the vigor and the yield of the apple trees, because of the
favorable physicochemical properties brought about in the root zone. Furthermore, since there is a
minimum of contact and reaction between the fertilizers and the highly calcareous soil (>40%
TNV) with this method of application, the residual effects are measurable for several years,
meaning higher returns in the long run.
Keywords: localized placement, fertilizer, residual effect, apple tree, calcareous soils
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An effective water extraction procedure for
the determination of available soil phosphorus
BOPARAI H.K. and SHARMA K.N.
Department of Soils, Punjab Agricultural University, Ludhiana (Punjab), 141004, India
To determine the P status of soils, soil-testing procedures have been used extensively with
varying degrees of success in making recommendations for P fertilizer use in crops and cropping
sequences. The present study deals with the development and calibration of an easier and
convenient method (water soluble P) to measure P concentration in the soil environment
particularly among soils supplied with a sufficient quantity of P fertilizer. For this purpose, the
study was conducted on the soil samples (twenty-nine) collected from potato growing regions of
Punjab, India. The samples were collected from the selected sites at the time of seeding of potato
crop, 30 and 60 DAS (days after seeding) and at the harvest of the crop. The P extractants used
were 0.5M NaHC0 3 (pH 8.5), Bray & Kurtz 1, 0.01M CaCl2, saturation extract and distilled water.
For determination of water soluble P (distilled water) in these soils of varying soil textures, after
calibration, a ratio of 1 : 0.8 was selected from among a range of 1:0.4 to 1:1 tested for a variety of
soils. Shaking time was also standardized after determining P concentration in the extract The P
concentration in the extract obtained by shaking for six hours was at par with that obtained by
keeping the suspension for a period of 24 hours. In the present investigation, water soluble P refers
to amount of P obtained after equilibration of soil samples for 24 hours by keeping soil : water ratio
as 1 : 0.8. To evaluate the potential of water extraction as a soil testing procedure for P, a
comparison was made between water-soluble P and the amount of P obtained by the conventional
extractants for P at all stages of soil sampling. In general, the amount of P extracted by different
extractants was in the order of Bray P>01sen P>water soluble P>0.01M CaCb P>saturation extract
P. The lesser amounts extracted by water, 0.0IM CaCb and saturation extract methods may be due
to less extraction of Ca, Fe and Al bound P by these weaker extractants as these extractants are
considered to reflect the intensity parameter (i.e. soil solution P), which is normally rather small.
Correlation matrices showed a significant positive relationship of Olsen P and Bray P with watersoluble P and saturation extract P. Both water-soluble and saturation extract methods used for
determining P availability do not involve the use of any chemical extractant and can extract
sufficient amount of P for colorimetric determination. As such these may replace the existing
NaHC0 3 extractant for determining P in the potato growing soils. While comparing saturation
extract P and water soluble P, the latter one may be preferred because of its certain advantages over
the former. To obtain a saturation extract, saturation paste of the soil with water is made which
follows the use of a suction pump to obtain the extract. On the other hand, water-soluble extract can
be obtained conveniently (keeping the suspension for 24 hours). The results of the present study
clearly suggest the usefulness of water soluble P particularly in soils receiving frequent P
application.
Keywords: water-soluble P, saturation extract, P application, potato
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Integrated nutrient management in cowpea-wheat
crop sequence
PUROHIT H.S. (1) SOMANI L.L. (1) and SHARMA V. (2)
(1) Department of Agricultural Chemistry and Soil Science, College of Agriculture, Udaipur313001, India
(2) Department of Biochemistry Rajasthanm, College of Agriculture, Udaipur-313001, India
A field experiment with integrated nutrient management approach as its objective, was
conducted in cowpea-wheat crop sequence with four levels of NPK (based on STR) applied to both
crops in sequence and two levels of FYM (0 and 10 t ha"1 applied in cowpea only) in main plots.
Four biofertilizers (no inoculation, N2-fixers, PSB and N2-fixers + PSB) were added in sub plots as
seed treatments.
The results reveal that application of chemical fertilizer upto 100% NPK levels increased
significantly the grain and stover of cowpea while in case of wheat the yield increase was upto 75%
NPK level. Addition of FYM to cowpea crop led to significant increase in yields of both crops in
sequence. Use of biofertilizers (N2-fixers and PSB) alone or in combination increased the yields of
both crops in sequence. The additive effects was observed when N2-fixers and PSB were used
together. Combined effect of NPK and FYM increased the grain and stover yield of cowpea. The
beneficial effect of FYM in grain yield was reflected at 50 and 100% NPK level, stover yield at 0,
50 and 75% NPK level while in case of wheat the grain and straw yield of wheat upto 75% NPK
with inoculation either alone or in combination. Combined effect of FYM and biofertilizers led to
significant increased in grain and straw / stover yield of both cowpea and wheat in sequence. The
effect of Ni-fixers + PSB were additive and was distinctly prominent in presence of FYM (residual).
Application of NPK at increasing level increased the uptake of macronutrients (N, P and K) by both
the crops in sequence. Addition of 10 t FYM ha"' to cowpea crop significantly increased the
macronutrient uptake by both the crops. Similarly inoculation with biofertilizer (N2-fixer and PSB)
alone or in combination increased significantly macronutrient uptake by both crops in sequence.
Dual inoculation led to distinct additive effect on uptake of nutrients by both the crops.
The results of the present investigation clearly reveal that about 25% of nutrient requirement of
both the crops could be supplemented by making effective combination of chemical fertilizers with
FYM and biofertilizers.
Keywords: integrated nutrient management, FYM, biofertilizers, NPK, N2-fixers, PSB
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Effect of divided potassium on yield and quality of
Virginia tobacco
SIAVASH MOGHADPAM S. ( R ESFAHANI M. (2), SAFARZADEH M.N. (3) and ASSIMI
M.H. (1)
(1) Guilan Tobacco Research Center Rasht P.O.Box 41496-336, Iran
(2) Fac. of Agricultural Sei., Guilan University, Rasht P.O.Box 41335- 3179, Iran
(3) Azad University of Guilan, Rasht, Iran
In order to study the effect of divided potassium sulphate on yield quality of Virginia tobacco
(CV.VEl), an experiment was conducted with five treatments in completely block design with four
replicates.
The treatments were: 1) Basic K20 = 150 kg ha'; 2) Basic K20 = 100 kg ha"', dressing 40-50
days after transplanting K.20 =50 kg ha"' and spraying, 70 days after transplanting; 3) K 2 0 = 5
kg ha"1, dressing 70 days after transplanting K20 =45 kg ha'; 4) Basic K20 =75 kg ha"' and
dressing 40-50 days after transplanting K20 • 65 kg ha'1 and spraying 70 days after transplanting
K20 =10 kg ha" ; 5) Basic K20 = 144 kg ha"' and spraying 70 days after transplanting K20 = 6
kg ha'.
The results of variance analysis showed that there were significant differences between divided
K20 treatments with control.
Also comparison of means by the Duncan test showed that the highest fresh and cured yield
belonged to treatment 5, but it did not differ significantly from treatments 3 and 4.
The difference of mean yield of treatments 3, 4 and 5 with treatment 2 was significant. The
average price of 1 kg tobacco of treatment 5 was more than those of other treatments. The potash
percent in leaves of treatment 5 was more than those of other treatments.
Keywords: Virginia tobacco, potassium sulphate

668

Symposium no. 16

Paper no. 760

Presentation: poster

Nutrients efficiencies and their evaluation in toria
(Brassica campestris CV. Bhawani) on farmers' fields
for prescription based fertilizer recommendations
SURI V.K., VERMA T.S. and PAUL Jai
Department of Soil Science, CSK. H.P. Agricultural University, Palampur (H.P.), 176062, India
The nutrient requirement per quintal of grain production, efficiency of soil available nutrients
and that of applied nutrients have been worked out and given for toria (Brassica compestris cv.
Bhawani) in the sub-humid sub tropical zone of Himachal Pradesh along with fertilizer adjustment
equations. Using these fertilizer equations, eight field experiments wee conducted during rabi
1995 - 96 and rabi, 2000 - 2001 at different locations in farmers' fields. The experiments indicate
that it is possible to target the toria yield upto 15 q ha '
Keywords: oilseed crops, prescription based fertilizer, yield target concept, targetted yield
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Developing biophysical and socio-economic tools
for assessing soil fertility
TRIPATHI B.P. (1) and ELLIS-JONES Jim (2)
(1) Agricultural Research Station, Lumle, P.O. Box 1, Pokhara, Kaski, Nepal
(2) Silsoe Research Institute, Wrest Park, MK.45 4HS, Silsoe, Beds, UK
The middle mountain region of Nepal, which occupies about 30% of the total land, is the
homeland of 45% of the total population. Agriculture is the main source of livelihood for most
people in the hillside of Nepal, where hill farming is primarily based on organic manure with
livestock, forest and crops being major components of an integrated system. The purpose of our
work is to develop and promote improved methods for research and development organisations to
identify cost-effective and appropriate soil fertility enhancing technologies and management
strategies. In undertaking this, we seeks to provide:
• An improved understanding of the biophysical and socio-economic factors (and their interrelationships) effecting the adoptability of sustainable soil management strategies in hillside
systems.
• Develop methodologies for evaluating soil fertility technologies and management systems
for differently resourced farmers in different farming systems.
• Strengthen the capability of local professionals in collaborating institutions to provide useful
information to farmers.
The work is placing emphasis on promoting cost-effective methods of soil fertility
management, building on farmers' own knowledge and systems. Participatory techniques have been
used for gaining a better understanding of fertility indicators, trends and existing soil management
practices. Farmers are now concerned that increasing amounts of chemical fertilizer at increasingly
higher cost have to be applied, soils are becoming "harder" and production is declining. As a result
farmers in four agro-ecological zones, opted to either test methods for "improving" the quality of
farm yard manure (FYM), or "improve" crop residue management. Early results show that through
covering the FYM with black plastic sheets, yield increases of over 30% can be achieved. The use
of participatory farm management techniques is providing a basis for local NGOs and farmers to
evaluate their own experiments and develop soil fertility technologies and systems for their
environments. At the same time, work is ongoing relating farmers soil fertility indicators to
scientific ones.
Keywords: soil fertility, biophysical and socio-economic tools, participatory methods
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Immobilisation of As, Cd, Pb and Zn in the soil by the use of
inorganic and organic amendments
VACHARadim(l). PODLESAKOVA Eliska (1), NEMECEK Jan (2) and POLACEK Ondrej (1)
(1) Research Institute for Soil and Water Conservation, Zabovreska 250, Prague, Czech Republic
(2) Czech Agricultural University, Kamycka ul., Prague, Czech Republic
The possibility of the immobilisation of As, Cd, Pb and Zn was investigated in agricultural
soils with increased values of hazardous elements. Five soil types (Arenic Regosol, Typic
Cambisol, Dystric Cambisol, Typic Chernozem, Typic Fluvisol) with different intensity of the
contamination were used for the study. Organic amendments (the mug, the compost, swamp peat,
acid peat, green manure) and inorganic amendments (synthetic zeolite, loamy shale, dolomite
limestone, synthetic Fe2Ü3 material, nature ferrous primary mineral and ferrous clay) were observed
by the use of laboratory experiments, pot trials and field trial. The objective of the study was the
characterisation of the efficiency of the amendments for each hazardous element in the used soil
types (the influence of soil characteristics). The reduction of the mobility and transfer of As, Cd, Pb
and Zn from the soil into crops (radish, carrot, spinach, mustard, rye, maize) was measured. The
extraction of hazardous elements by different agents and sequential analyses were used.
Mobile elements Cd and Zn - show good response on the application of the amendments. The
reduction of the mobility in the soil and the transfer of these elements from the soil into the plants
was reached after the incorporation of the materials with neutralistion properties. The pH value was
determined as most important factor, which dwarfs the influence of the other factors. The increasing
of the intensity of the binding of Cd>Zn on stabile organic substances was detected after the
incorporation of swamp peat.
Immobile element Pb - in comparison with Cd and Zn, the changeover of Pb mobility and Pb
transfer from the soil into the plants by the use of amendment application is less effective. Soil pH
value, binding of Pb on stabile organic substances, P and the surfaces of minerals were described as
the factors influencing Pb mobility in the soil. The binding of Pb on stabile organic substances in
swamp peat reduced Pb mobility in the soil but the binding of Pb on unstable organic substances in
the mug and green manure increased Pb mobility in the soil. The changeover of Pb content in plant
tissues after soil amendment application was detected only in sensitive plant species (spinach,
radish and mustard).
Immobile element As - As immobilisation needs separate approach because of positive
correlation As mobility with pH and As anion form in the soil. Only swamp peat and loamy shale
slightly reduced As mobility in the soil. The reduction of As transfer into plant was marginal.
Conversely, synthetic zeolite increased rapidly As extractability in the soil and increasing of As
transfer into plant (radish) was observed, too. The study with synthetic materials (Fe oxide) and
natural materials (nature ferrous primary mineral and ferrous clay) runs in the present time. Specific
laboratory analyses for As fractionation are proved.
The results show that immobilisation techniques by the use of environmental friendly
amendments are suitable for mobile hazardous elements mainly. The efficiency of this technique
was higher in acid and poor soil. The marked changeover of the concentration of hazardous
elements in plant tissues was reached in roots of the plants and in the shoots of sensitive plants. The
changeover of the concentrations of hazardous elements in generative organs (the grain) was
distinctly less intensive.
Keywords: hazardous elements, soil remediation, immobilisation, organic and inorganic
amendments
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Can non-legume crops be as successful as legumes
when used as green manures?
VAN ANTWERPEN Rianto. SCHUMANN Rhonda A. and MEYER Jan H.
South African Sugar Association Experiment Station, Private Bag X02, Mount Edgecombe, 4300,
South Africa
Sugarcane production is a monocultural operation in South Africa as in most other cane
producing countries. One way of breaking this monoculture is to plant and incorporate a green
manure crop prior to re-establishing a new cane crop. The effect of two legume species, lupins
(Lupinus angustifolius) and sunn hemp {Crotalaria juncea /,.), and a non-legume, oats (Avena
saliva) incorporated as green manures (at peak flowering and after harvesting the seed) before
planting to cane was evaluated in a randomised block experiment with five replications at Mount
Edgecombe in winter (May). One half of the post green manure sugarcane planting was balanced
with additional N fertiliser according to soil test results to ensure that the sugarcane crop received at
least 110 kg N ha"1. Tissue analysis of the green manure crops showed that lupins had the highest N
content at 3.1%, followed by sunn hemp with 2.5% and oats with 1.7%. However, biomass
determinations revealed that oats had the highest dry mass of 5 t ha"1 followed by lupins and sunn
hemp with 4.4 and 2.9 t ha"1 respectively. Total N contents of the green manure crops were 134 kg
N ha"' for lupins, followed by 79 and 69 kg N ha"1 for oats and sunn hemp respectively. The
amount of P and K supplied by each crop respectively was 13, 8 and 6 kg P ha"1 and 170, 53 and 40
kg K ha"1 for oats, lupins and sunn hemp. Oats also contained the highest S content at 11 kg ha"1,
followed by sunn hemp and lupins with 6.0 and 4.9 kg ha"1. The net cane yield response following
the green manures was 4.3, 2.5 and -2.3 t cane ha"1 for lupins, oats and sunn hemp respectively.
The differences in cane yield were not statistically significant.
Keywords: green manures, cover crops, lupins, oats, sunn hemp, sugarcane
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Leaf colour chart (LCC): a simple tool for monitoring
nitrogen requirement in rice
VELU V., SAVITHRI P. and THIYAGARAJAN T.M.
Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agricultural University,
Coimbatore-641 003, India
Phasing of N application at critical developmental stages of rice is very important for the
efficient utilisation of the applied N. This basically requires proper monitoring of N requirement of
the rice crop. Moreover, the N requirement varies among crop varieties. There are time variations
in the onset of different physiological stages from one variety to another, and hence, their N
requirement have to be meticulously monitored.
Farmers use leaf colour as a visual and subjective indicator of the nitrogen requirement of rice
crop. A chart, developed in Japan, is used to measure the green colour intensity of rice leaves
(Furuya, 1987) and is being standardised with chlorophyll meter for rice varieties under Indian
conditions.
Though the leaf colour chart (LCC) can not indicate smaller differences in leaf greenness as the
chlorophyll meter does, but still it can serve as a better tool to assess the N requirement to a greater
extent. When properly calibrated with rice cultivars under local conditions, LCC can be a simple
and easy to use tool for farmers to assess the leaf N status and to determine the time of N top
dressing to rice crop. It can help in promoting need based variable rate N application to rice crop
based on soil N supply and crop demand (Saradha and Thiyagarajan, 2000). The LCC, being a
cheaper tool, could become a part of the kit of the extension personnel for on the spot N
requirement evaluation.
A field study was taken up in the mixed alluvial soil (Noyyal series) during Kuruvai season to
evaluate and standardise the use of LCC in assessing the N requirement of some of the direct
(drum) seeded rice varieties viz., ADT 43, ADT 36, ASD 18 and MDU 5 under wetland conditions.
LCC critical values of 3, 4 and 5 were adopted to determine the time of N application by taking the
LCC readings at weekly intervals from 21 days after sowing and compared with the existing blanket
recommendation of 120 kg N ha" .
The results indicated that the LCC critical values 4 and 5, being on a par, recorded comparable
grain yields of rice to that of the blanket recommendation. Adoption of LCC critical value 4 has
registered the highest nitrogen use efficiency in all the varieties tested. The N applied under LCC 4
was 105-120 kg N ha"1 and for LCC 5 it was 150 kg N ha"' for the different varieties tested,
indicating that the use of LCC critical value 4 may be a better method for deciding the N
requirement of rice under direct sown wetland conditions
Keywords: direct seeded rice, leaf colour chart, N management, N use efficiency
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Agronomic effectiveness of Zn fertilizers:
solubility and relative availability coefficient relationships
WESTFALL D.G., GANGLOFF W.J., PETERSON G.A. and MORTVEDT J.J.
Department of Soil and Crop Sciences, Colorado State University, Fort Collins, CO 80523, USA
The process used to manufacture Zn fertilizers can have an effect on its agronomic efficacy.
Some manufacturing processes use industrial by-products as a Zn source while others use highly
refined ZnSÜ4 Many claims are made in the market place regarding the agronomic effectiveness of
these organic, inorganic and chelated Zn sources, all of which are based upon the total Zn content of
the fertilizer. Water solubility has not been of concern since many products have traditionally been
highly water soluble. However, with the integration of various industrial by-products into the
manufacturing streams, questions arise as to their agronomic effectiveness. The objectives of these
studies were to determine the relationship between water solubility, relative availability coefficient
(RAC) and agronomic effectiveness of some "typical" Zn fertilizers (organic and inorganic). The
water solubility of the Zn sources ranged from 0.1 to 99%. The RAC is defined as the slope of the
response curve for Zn uptake or biomass production divided by the slope of the response curve of
the most effective Zn source over a range of Zn rates. The RAC of our Zn sources ranged from 14
to 100% for biomass production and -12 to 100% for Zn uptake. There was highly significant
positive correlation between water solubility, RAC, biomass production and Zn uptake by the plant.
When comparing all sources, water solubility was the primary factor governing the performance of
Zn fertilizers. Reacting Zn with an organic complexing agent does not guarantee the resulting
fertilizer will perform like a true chelate and have high plant availability. If the end product is not
highly water soluble, it will be very inefficient in supplying Zn to the plant. These results showed
that a Zn fertilizer must be from 40-50% water soluble to be an effective Zn source for crop
production.
Keywords: zinc, micronutrient, zinc availability, water solubility
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Root-induced changes of potassium in the rhizosphere of
lowland rice (Oriza sativa L.)
LI H. (1), YANGX.m. KIRK G.J.D. (2) and DOBBERMANN A. (2)
(1) Dept. Resource Sei., Zhejiang Univ., Huajianchi Campus, Hangzhou, China
(2) Soil and Water Sei. Division, International Rice Research Institute, P.O. Box 3127, MCPO,
1272 Makati City, Philippines
Potassium deficiency in paddy soils has become the most limiting factor for sustainable
increasing of rice yield, especially in China and Asia. As potassium fertilizer resources are in short
supply in China and Asia, it is important to increase K use efficiency in paddy rice production
sysytem. In this study the changes of different K. fractions in the rhizopshere of lowland rice were
examined at low and high K. supply using a rhizobox system. The results obtained indicated that the
root system of lowland enabled changes in soil K fractions in the rhizosphere. The depletion of
readily available K and exchangeable K in the rhizosphere could extend over 10 mm from root
surface at both low and high K supply levels. The readily-released K and slowly-released K in the
rhizosphere of lowland rice depleted 6-8 mm from root surface at low K level, whereas up to 2-4
mm from root surface at high K supply. The rice roots also induced the depletion of mineral-K in
the rhizosphere, within 0-2 mm and 0-3 mm from root surface for the low K and high K. treatments,
respectively. The depletion of these five fractions of K in the rhizosphere of lowland rice was
greater at low K supply than at high K supply. The fertilizer K applied was mainly in the forms of
readily available and exchangeable fractions of K in the soil. These results imply that rice roots
could increase the solubility and availability of potentially available K and even mineral-K in the
rhizosphere under submerged condition. It is suggested that improving rice root morphology and
physiology for efficiently uptake and use of potentially-available K. in the rhizosphere would be
important for increasing external K use efficiency in lowland rice. The factors influencing the
depletion of different K forms in the rhizosphere are discussed.
Keywords: rhizosphere, potassium fraction, root induced change, rice plant
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Effects of amounts and sources of N fertilizers and harvesting
time on yield and accumulation of nitrate in
Koral cultivar of tomato
ZOMORODI Sh. (1), MONTAZARI A. (1) and KHOSROWSHAHI Asl A. (2)
(1) Agric. Res Center of West Azerbaijan, Azerbaijan
(2) Department of Food Sei., Urmia University, Azerbaijan
As nitrate accumulation in foods is dangerous for human health, so this is necessary to control
their amount in plant products. In this study the effects of amounts and sources of nitrogenous
fertilizers and harvesting time on yeild and nitrate accumulation in Koral cultivar of tomato were
studied. This research was carried out using split-split-plot designs with 14 treatments and three
replicates in the 1378/79 season crops at Kahriz Agricultural Research Center in West Azarbaijan.
The main plot was consisted of harvesting time in two levels of morning and evening. Sub-plots
were consisted of nitrogenous rates in four levels of 0, 120, 180, 240 kg pure N ha"1, and two levels
of N sources were consisted of ammonium nitrate and Urea. The results showed that there was a
significant relationships between the amount of fertilizers and yield products at the level of 5% and
the maximum yield was obtained using 180 kg pure N ha"1. The effects of harvesting time on nitrate
content was significant at the level of 5%. The amount of nitrite in tomato had also correlation with
the rate of nitrogenous fertilizers and this correlation was significant at the level of 1%. The
interaction between amounts and the sources of nitrogenous fertilizers was significant at the level of
5%.
Keywords: nitrite and nitrate, yeilds, nitrogenous fertilizers, tomato, harvesting time
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Investigation of the source of aeolian sediments in
Negar Plain of Bardsir Region
AHMADl Hassan
College of Natural Resources, University of Tehran, Iran
Negar Plain is located in the northern part of Ab-bakhsha watershed and the area of its sand
dunes is about 8000 hectares. In this research, a geomorphologic map of the area was prepared first.
The geomorphologic faces have shown that conglomerate, alternated marl and sandstone
formations, and outcropping in the uplands are susceptible to erosion and are the origin of the
sediments in the lower parts of the watershed. These sediments are then transported by wind. The
sensitive geomorphologic faces in Negar plan are eroded by wind. The winds with west and
southwestern trend have great influence on transporting upland alluviums and the northeastern trend
winds cause the formation of Barkhanoids in the center of Negar plain. Samples were taken from
different sand dunes and faces. The granolometery, statistical parameters, morphoscopy and
mineralogy of the samples were studied. The results showed that the main origin of sand dunes in
Negar plain is the mentioned geomorphologic faces. Therefore in Negar plain, water erosion plays a
major role in producing fine particles, which are then transported by wind.
Keywords: source determination, sand dunes, Erg, Barkhan, Nebka, Rebdou, Barkhaniod, playa,
water and wind erosion
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Evaluate the efficiency of foam sulfur on increasing
the availability of phosphorous fertilizer from
rock phosphate
ALADAMI Zavdoon A. and JASIM Abdulrazzak A.
Ministry of Higher Education and Scientific Research Baghdad, Iraq
The experiment was conducted to evaluate the efficiency of foam sulfur on increasing the
availability of soil phosphorous and rock phosphate fertilizer. The study included the application of
foam sulfur (% 90 S) at the levels (0, 40, 80, 120 and 160 kg ha"1) to the fixed quantity of
phosphorous rock (40 kg ha"'). 240 (kg N ha"1) was added to all experimental treatments. Nelum
corn plant species was used as a biological indicator.
Results revealed a direct positive effect of the applied sulfur on increase the availability of
phosphorous from rock phosphate in soil. This was accompanied by increased solubility of
phosphorous. Significant corn growing characteristics and yield increases were obtained up to the
(80 kg S ha') of applied sulfur.
Results of this study proved the possibility of using foam sulfur to increase the availability of
phosphorous from rock phosphate fertilizer instead of using chemical fertilizers.
Keywords: rock phosphate, foam sulfur, corn
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Carbonatites as a natural nutrient source for
Cerrado soils fertilization
ANDRADE L.R.M. de, MARTINS E. de S. and MENDES I. de C.
Embrapa Cerrados, Planaltina-DF, 70301-970, Brazil
In the Cerrado region of Brazil about 50 million-hectares are occupied with pastures. About
80% of these areas are under some degree of degradation, with less than 0.8 AU ha"1. This low
productivity is due to low soil fertility and inadequate pasture management. Research results for this
region indicate that liming and soil fertilization can increase pasture productivity and animal
support capacity.
With the objective of reducing the costs of pasture establishment, related to the use of chemical
fertilizers, some trials have been conducted using ground rocks as alternative natural fertilizers.
Carbonatite complexes found in Brazil, with high levels of carbonates and certain levels of P and K,
can be used as an alternative natural source of fertilizer in pasture establishment. This work was
carried out with the objective of evaluating the performance of carbonatite rock (CBT), as a source
of P and K, for a Brachiaria ruziziensis pasture. Two experiments were established in
December/1999. The soil was a clay-loam red yellow Oxisol, with low pH and low nutrients
availability. The total composition of the rock was 29.8% CaO; 10.3% MgO; 4.8% P 2 0 5 , and 1.5%
K2O. The treatments consisted of: Experiment 1 included seven treatments: 0; 44 and 88 kg P ha"1
as CBT and the same levels of P as TSP; 88 kg P ha"1 as CBT+13 kg P h a ' as TSP and finally 100
kg P ha"'as TSP. Experiment 2 included four treatments: 0 and 50 K kg ha"1 as CBT and 50 K kg
ha" as KCl; and an additional treatment: three applications of 16.7 kg K ha' 1 , as KCl - at planting,
and after each cutting. Each treatment, in both experiments, was replicated four times in a
randomized block design. The seeds of B. ruziziensis were sowed in December/1999. The plants
were cut at the flowering stage in: April/2000, in February/2001, and May/2001. The concentration
of major and minor nutrients in plant leaves and shoot dry matter were determined. Soil samples
were collected and analyzed for chemical composition. Results obtained 560 days after the
application of the treatments demonstrated that higher dry matter (DM) productions were achieved
with 88 kg P ha'-TSP (24.7 t ha"1). There was no significant effect (P < 0.05) of the CBT (88 kg P
ha' 1 ), as a P source, on DM production (8.7 t ha" ), in comparison with the treatment where there
was no application of phosphate to the soil (8.7 t ha" ). However, when a small amount of soluble
phosphate (13 kg P ha"1) was applied with CBT (88 kg P ha"1), there was a significant increase in
the DM (14.7 t h a ' ) . The accumulated P in the plant tissue in the treatments with CBT was
significantly lower than in the treatments with soluble phosphate. Due to the initial K content in the
soil, there were no significant differences among the treatments with or without K application,
regardless of the K sources.
Keywords: alternative P source, alternative K source, carbonatites, natural fertilizer
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Amelioration of soil fertility in variable-charge
dominated soils
BONIAORenatoD.(l). SHAMSHUDDIN Jusop (2), VAN RANST Eric (3), ZAUYAH Siti D.
(2) and SYED Omar Syed R. (2)
(1) College of Agriculture, Mindanao State University, Marawi City, Philippines
(2) Department of Land Management, Faculty of Agriculture, Universiti Putra Malaysia, 43400
Serdang, Selangor, Malaysia
(3) Laboratory of Soil Science, Ghent University, Krijgslaan 281 (S8), B-9000, Gent, Belgium
Variable-charge soils have high pH0, low reserve of nutrients, high P adsorption and very low
cation exchange capacity. Such properties, attributed to high amount of sesquioxides in a highly
weathered and intensely leached Oxisols or to short-range order minerals such as allophane,
imogolite and Al/Fe humus complexes in Andisols, lead to serious fertility problems in these soils
at certain pH conditions, which often is aggravated by cultivation. To assess the effect of cultivation
on the charge properties, particularly pHo, and the subsequent effects of ameliorants such as peat,
ground basaltic pyroclastic and calcium silicate on the above properties, laboratory and glasshouse
experiments were conducted on these soils collected from Malaysia and the southern Philippines.
The study also evaluated the growth of corn on one of these soils after the treatments. Laboratory
experiments consisted of pHo determination: on untreated samples of Oxisols, between cultivated
and uncultivated ones; and on an Oxisol and Andisols samples treated with ameliorants. The
Andisols (Philippines) were incubated with 20% (air-dried) peat, ground basaltic pyroclastic and
calcium silicate for nine months while, an Oxisol (Kuantan Pininsular Malaysia) was incubated
with calcium silicate only but using three rates. In the glasshouse experiment, the treatments
consisted of four rates of the above materials: 20, 10, 5 and 0% per unit weight soil. Corn was
planted after nine months of incubation period. The results showed that cultivated soils, having lost
some organic matter due to oxidation, have lower CEC and higher point of zero charge (pHo). On
amelioration, a similar response to treatments was obtained in both Oxisols and Andisols.
Incubation with peat reduced pH0, increased the CEC, and improved their ion retention. Addition of
ground basaltic pyroclastic improved the charge properties but indicated that more incubation time
is needed to get an optimum effect. Calcium silicate effect was uncertain due to a relatively high
application rate. Corn response showed that nutrient uptake increased with the applied amendments.
It also showed that relative plant heights and weights were linearly correlated with Mg
concentration in the soil solution.
Keywords: pH0, amelioration, CEC, Malaysia, Philippines
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Combatting soil acidity in Ireland:
500 - 750 years of experiences
COLLINS James F.
Faculty of Agriculture, University College Dublin, Belfield, Dublin 4, Ireland
An excess of precipitation over evapotranspiration from ca. 400 to >2000 mm y" has ensured
substantial leaching losses of free carbonates and of basic cations, together with the widespread
development of organic surface layers and ombrotrophic peats, in Ireland. However, the extensive
occurrence of limestone bedrock (ca. 60%) and an even higher percentage occurrence of base-rich
parent materials of Pleistocene and Holocene age has ensured that materials to counteract acidity
were, and are, near at hand. These materials included rock outcrops for burning or crushing,
deposits of gravels, sands and clays at shallow depths, lacustrine/estuarine marls with shells, and in
coastal areas, shelly sea sand and coral. Documented evidence of use of these as amendments in
agriculture dates to the 13th century for sea sand, 15th century for gravels and pit sand, and 16lh
century for marls and burnt lime. Their use reached a maximum early in the 19th century, with burnt
lime being replaced by ground limestone as recently as ca. 1950. The use and repute of these native
soil amendments was superseded by imported fertilisers (phosphates, nitrates) ca. 1850, with
rebalancing being a feature of 20th century agricultural science.
The manuscript and printed records show various responses and comparisons, means and
distances of conveyance, costs of procurement and rates of application. Very large application rates
of marls, gravels and sands at intervals of 12, 15 or more years eventually gave way to smaller and
more frequent applications. Warnings against excessive use started about 1790. As a result of 14'
and 15th century deforestation, lime burning was hampered by the scarcity of fuel in some counties
and a poor road system hindered transport generally in the 17,h and early 18th centuries. Spot checks
with acids (e.g. Spirit of vitriol, vinegar) date from the mid-1700s, with the first-recorded
identification of soil acidity as a soil property in 1793.
Map evidence (some of it pre-1800) exists for the geographic distribution of lime kilns and
marl pits; census and statistical data commence ca. 1850. Soil profile data take the form of sandy
plaggen soils, elevated ash contents of peaty topsoils (Oap horizons) and inflated A-horizon pH
values of many mineral soils.
Keywords: Ireland, marling, gravelling, sanding, liming, historical
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Sulfur and acid induced increase the nutrients activities
in the calcareous soils
MALAKOUTI M.J. and DAVOUDI M.H.
Tarbiat Modarres University Tehran, P.O. Box: 14155-6185, Islamic Republic of Iran
Iran is an arid and semiarid region of the world, and consequently a large proportion of the
cultivated land consists of calcareous soils. In such soils, nutrient deficiencies especially P, Zn, and
Fe result from high amounts of Ca and high levels of soil pH which are associated with fixation of
these elements. Sulfuric acid is an appropriate way to reduce soil and irrigation water pH, but since
its handling is very dangerous for humans, the use of sulfur is not advisable. Sulfur oxidation in
soils is an effective process in the reclamation of saline soils besides providing the sulfur needs of
plants. More importantly, this process will lower the pH of the soil resulting in an increased activity
of some plant nutrients near the root and consequently cause an improvement in the yield and
quality of agricultural crops. Sulfur is being produced at a rate of a million tons per year as a byproduct of the oil and gas industries, and is available cheaply in the country. Even though the
activity of Thiobacillus in our soils is low because of low organic matter content, these bacteria can
be produced on a large scale commercially in the country. Sulfur application should be promoted
since calcareous soil conditions, bicarbonated irrigation waters, low levels of soil organic matter,
and soil water stress require the use of sulfur. Therefore, because of the calcareous nature of the
soils, high pH. and insufficient knowledge about the soil conditions and irrigation water quality, a
high percentage of the applied nutrients precipitate in the soil or even in the plant phloem's.
Bicarbonates in irrigation waters is one of the main factors in reducing the chemical activities of
plant nutrients in the soil or plant tissues because of high pH associated with bicarbonates makes
the nutrients less available for plant growth as a result of the lower rates of their translocation from
soil to roots to stems to leaves, therefore, resulting in poor growth. Eliminating or reducing
bicarbonates in water results in improved yield and quality of plants. The experimental results
showed an increase in the concentrations of P, Mn, and Cu and a reduction in the boron and zinc
concentration at a 5% level of significance. The decrease in boron and zinc concentrations is
perhaps due to high rates of absorption by the plant tissues. The soil pH decreased by 0.2, but it was
not statistically significant. The increase in the concentrations of soil Fe, Zn, and P were statistically
significant, and, therefore, the bicarbonate problem can be easily and inexpensively taken care of
with safety.
Keywords: nutrient availability, higher pH, Thiobacilli bacteria, calcareous soils
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Influence of silicate application on P sorption and charge
characteristics of Andisols from West Sumatra, Indonesia
FIANTIS Dian (1), VAN RANST Eric (2), SHAMSHUDDIN Jusop (3), FAUZIAH Ishak (3)
and ZAUYAH Siti (3)
(1) Department of Soil Science, Faculty of Agriculture, Universitas Andalas Kampus Unand
Limau Manis, Padang 25163, Indonesia
(2) Laboratory of Soil Science, Department of Geology and Soil Science, University of Gent,
Krijgslaan 281/ S 8, B-9000 Gent, Belgium
(3) Dept. of Land Management, Faculty of Agriculture, Universiti Putra Malaysia, 43400 Serdang,
Selangor, Malaysia
Soils from the surface horizon of Andisols from West Sumatra, Indonesia were mixed with
calcium silicate and incubated in a moist condition for 9 months. The amendment was added at
rates of 0; 1.25; 2.50 and 5% per unit weight soil. Some changes occurred in soil chemical
properties after addition of these amendments. In the beginning, Ca-silicate application increased
soil pH and point charge of zero (pH0). The CEC increased from 3 t 15 cmolc kg"1 after adding Casilicate at the rate of 120 t ha"1. The inverse relations obtained between pHo and the CEC as well as
with the sum of basic cations verify the beneficial effect of application silicate in increasing cation
retention of volcanic ash soils. AEC values were unchanged which could mean that the soil pH
values were well above the pH where amphoteric surfaces could generate positive charge.
The P sorption data of the incubated soils were fitted to Langmuir and Freundlich equations.
There were significant decreases on the Langmuir P sorption maximum (Ki), binding energy of
Langmuir equation (K.2), P needed to provide 0.2 mg kg"1 and as well as Freundlich sorption K after
the soils were treated with different levels of Ca-silicate. However, there were no differences
between Si, S2 and S3. The decrease of the Ki and K2 values with increasing level of Ca-silicate
added was related to the presence of competing inorganic ions like silicate
The curvature of the Langmuir isotherm line gave an indication that there are two or three
adsorption sites. At regions I and II, adsorption was fast probably governed by chemisorption,
while at region III the adsorption was slower probably because only physical adsorption was
involved. Nine months after application, P sorption was decreased by 96% and the P sorbed to
provide 0.2 mg kg"1 in soil solution was reduced to one-tenth after applying 5% of Ca-silicate. For
silicate application, it is believed that a nine month incubation is sufficient to detect the effect.
Unlike the Langmuir equation that can provide important information on phosphate adsorption,
binding energy and prediction for P sorbed at 0.2 mg k g ' , the Freundlich equation only predicts the
phosphate adsorption by a soil. Some authors criticized the use of Freundlich equation because it
is an empirical equation with no physico-chemical meaning of its parameters. Nevertheless, the
Freundlich equation can be used as effectively as the Langmuir equation to describe phosphate
adsorption by a soil. There are some of the advantages of the Freundlich equation over the
Langmuir equation, such as (1) only two adsorption points are required for the determination of K.
of Freundlich, while K, of Langmuir need at least four points, and (2) transformation the data into
log value produces a straight line. On the other hand, Freundlich equation can not predict the P
requirement for optimum plant growth.
Keywords: Andisols, surface charge, P sorption isotherm
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Application of compost, green manure and biologically based
fertiliser products to agricultural sandy soils
FLAVEL Tamara. MILTON Nui, COOKSON Richard, ABBOTT Lyn and MURPHY Daniel
Centre for Land Rehabilitation, Faculty of Agriculture, The University of Western Australia, 35
Stirling Highway, Crawley, WA 6009, Australia
Many southern Australian soils consist of high sand, low clay content materials with low
organic matter, structural stability and biological activity. The region has a Mediterranean type
climate with two seasons - a wet winter susceptible to large leaching events and a dry summer
where primary production is minimal. Consequently the inherent capacity of these soils to store
nutrients is low. Traditionally commercial plant production has relied upon the application of
inorganic fertilisers, which result in large leaching losses, poor nutrient efficiency and resultant low
returns of above- and below-ground plant residues. However, the agricultural industry in Western
Australia depends on the use of these soils for grain, timber, horticultural, grape and stone fruit
production as well as for sheep and cattle grazing. Our goal is to define 'best' practices for these
soils which are required for sustainable crop production.
Given the wide range of land uses these soils support, the identification of 'best' practice for
each situation is difficult without a fundamental understanding of how natural resources influence
rates of plant nutrient supply, leaching loss and organic matter formation. It is widely accepted that
organic matter is an important factor controlling nutrient release and soil fertility. Whilst traditional
management of these soils has paid little attention to organic matter returns this is now considered
crucial for future soil productivity. To combat declining soil fertility a variety of natural resources
are currently being trialed with the intention of providing a regular supply of plant available
nutrients and organic matter. Such resources include fresh residues, composted green waste, vermicompost, microbial inoculations and commercial soil amendments along with improved land
management practices (e.g. green manures, tree-crops, organic farming). In addition, amendments
such as clay and bauxite residue are being promoted to enhance soil fertility through improved
nutrient and water storage.
Field based trials, lysimeter studies, and long-term glasshouse experiments were run
investigating treatments of various natural resources and amendments. Techniques employed
include ' N isotopic pool dilution, to quantify gross N mineralisation, and soil organic matter
fractionation, to trace the fate of soil amendments. Other trials researched the impact of treatments
on key aspects of soil biology, as this component of soil fertility is poorly understood for sandy
soils in this climatical region. We will report findings from these studies and discuss the
implications of building soil fertility within sandy soils of Mediterranean type climates.
Keywords: organic matter, Soil biological fertility, natural nutrient sources
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Acidic soils supplied with pulp sludge and its effect on wheat
and ryegrass growth
GALLARDO Felipe (1) and DIEZ M. Cristina (2)
(1) Chem. Sei. Dept., Universidad de La Frontera, Casilla 54-D, Temuco, Chile
(2) Eng. Chem. Dept., Universidad de La Frontera, Casilla 54-D, Temuco, Chile
Sludges from pulp and paper primary wastewater treatment are composed primarily of wood
fibers, clay, and lime. The sludge has an important organic matter content, some minerals as N and
P, and low concentration of trace metals. This sludge can eventually be used as nutrient source or
weed suppressor. The usefulness of this waste as a N and P source for plant growth depends on its
degradation an N and P mineralization rates. Primary pulp and paper mill sludges tend to have a
high carbon/nitrogen ratio, reflecting the high content of wood fiber. The aim of this work was to
evaluate the effect of a primary pulp and paper mill sludge addition to the soil as nutrient
complement.
Sludge from pulp and paper effluent primary treatment was evaluated as a complementary
nutrient source for two soils (Temuco and Gorbea soil series) for wheat (Triticum aestivum L cv.
Kona) and ryegrass {Lolium multiflorum cv. Tetrone) cultivars growth. Sludge was mixed with the
soils in the following proportion: 10/90, 25/75 and 50/50% w/w. The experiment with four
replications was conducted in a growth chamber for 35 days under the following conditions:
temperature of 25 ± 2°C, a 14 h photoperiod at a photon flux density of 500-600 uMs-1 m-2 and 5060% relative humidity. Physical, chemical composition of the soils and the sludge were determined.
Root growth and aerial mass of the plants and P and N contents in leaf mass were evaluated.
Nitrogen content for Temuco and Gorbea soil series were 30 and 19 mg kg"', respectively.
Whereas phosphorous content were 27 and 16 mg kg' for Temuco and Gorbea soil series,
respectively. On the other hand, sludge N and P content were 18 mg k g ' . Root length increased in
ryegrass cultivar when 10% of sludge was added to the Gorbea and Temuco soils series.
Phosphorus content in the leaves also increased compared with P leaves content in Temuco and
Gorbea control soils. The major P absorption was consequence of the greater plants root length that
increased the specific surface area to absorb P. Nitrogen plants content decreased when sludge was
added to the soils due to a lesser availability of this element in the soil mixtures. Otherwise, wheat
and ryegrass root length and aerial mass decreased when sludge addition to both soils was over
10%. This inhibiting effect can be associated with the high organic matter content in the sludge that
can restrict the soil oxygen availability. On the other hand, sludge N and P are apparently not
available for the plants in short cultivation period.
Keywords: acidic soils, wheat, ryegrass, pulp sludge, plant growth, nutrient complement
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Shift in ZPC after incubation with lime in acid soils
of Karnataka, India
GANGADHARAPPA Kumari Roopa (1), SIDDARAMAPPA R. (2) and
ANANTHANARAYANA R. (1)
(1) Regional Remote Sensing and Service Center, Isro, Gsi Campus, Eshwar Nagar, Banashankari
II Stage, Bangalore-560 070, India
(2) Department of Soil Science and Agricultural, Chemistry, College of Agriculture, University of
Agricultural Sciences, G.K.V.K., Bangalore-560 065, Karnataka (State), India
Some chemical and electro-chemical properties of twelve acid soils of Karnataka, representing
Alfisols, Inceptisols, Entisols, Ultisols along with shift in chemical and electro chemical behavior
after incubation with lime in acid soils of Karnataka, representing different agro-climatic regions,
were studied. Exchangeable acidity varied from 0.17 to 3.60 cmol(p+) kg"1 and constituted 16.7 to
66.7 percent of total acidity. pH dependent acidity was the major constituent of total acidity. Thus
the nature of acidity is pH dependent. The ZPC varied from 3.9 to 5.5 while surface potential
varied from - 36.6 to - 112.1 mV. Upon liming ZPC has shifted from 4.5-6.4 and surface potential
from -43.1 to -81.4 mV. In all the soils, the permanent charge were negative indicating therefore,
that the soils, though leached, are not extremely weathered. The clay minerals in association with
free sesqui-oxides and organic matter contributed towards the development of variable charge. The
charge characteristics of these acid soils in agro-climatic regions of Karnataka, have appreciable
amount of hydrous oxides of Iron and Aluminium. The zero point of charge (ZPC) of the soils
occurred below the natural pH value of the soil indicating that the soils had net negative charge
under natural conditions. The o"i (ZPT-ZPC) values indicated that soils had almost the same
amounts of permanent negative charge. ZPC was found to vary with change in organic matter and
the sesqui-oxide contents of soils, but showed different trends in all the profiles.
Keywords: acid soils, cation exchange capacity, potential acidity, variable charge, zero point of
charge, surface potential
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Recover of productivity in acid sulfate soils non-coast
in Colombia
GOMEZ SANCHEZ Manuel Ivan (1). CONTRERAS SERRANO Pablo (1), HANKE Franz,
CASTRO FRANCO Hugo (1), BELLO P. Francisco. (1) and PACHECO SERRANO William
(2)
(1) Facultad de Ciencias Agrarias, Universidad Pedagogica Y Tecnologica de Colombia Avenida
Central Del Norte-Tunja-Boyaca, Colombia
(2) Facultad de Ciencias grupo de investigacion en suelos sulfatados acidos (gissa), Universidad
Pedagogica Y Tecnologica de Colombia Avenida Central Del Norte-Tunja- Boyaca, Colombia
Within the Boyaca (Colombia) irrigation zone, the acid sulfate soils (ASS) restricted for high
extreme acidity, have been identified. These ASS are caused by both oxide-reduction chemical and
biological reactions of iron sulfurs, some of them are results of drainage, tillage, and other
agricultural and engineering practices. Besides, these soils contain excessive quantities of S, high
levels of organic matter and some parts are affected by salts and sodium, which together with
flooded areas and poor drainage make them inadequate for cultivation. This situation has brought
about an increasing degradation of approximately 1200 ha of unproductive land. For this reason,
they are looked for to make productive these ASS of high influence in plane areas.
The state and possible management of these ASS were characterized and identified. Calcium
hydroxide (5-100 t ha"1) - one amendment, which exists near the problem area, as a way to
neutralize extreme acidity in these soils was used. Increasing doses of Ca (OH)2 through incubation
soils tests in laboratory were carried out, in order to get the appropriate doses. Hen-dung (5-10
t h a ' ) like other one amendment was applied. Afterward the research continued in greenhouse and
field works, using hen-dung alone and mixes with lime, and using Avena sativa like indicator plant
evaluating dry matter and wet matter, in a random block design experimental - Duncan test 10
treatments and four reapplies were made. The experiment showed the chemical changes and the
reaction of soil: pH, Al, CECE, %A1, %Ca, total S, Mn, Fe and P. After treatment additional
statistic correlations and function analysis were done. All these studies permitted recognition of like
ASS actual non- coast and classified Typic Sulfaquept (USDA).
The finding indicated that the better treatment corresponded to the mixes of Ca(OH)2 12.5
t ha"1 with organic matter 10 t ha"1, which obtained the best performance in the development of dry
matter production in A. sativa; which is reflected in the positive chemical changes of the ASS.
Keywords: acid sulfate soil actual non-coast, incubation test, calcium hydroxide, organic matter,
iron sulfurs
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Response of wheat to zinc application
as influenced by genotypic variability
GUPTA S.P. and KHARUB A.S.
Department of Soil Science, CCS Haryana Aagricultural University, Hisar 125 004, India
Sixteen durum and bread wheat genotypes were grown in zinc deficient soil up to full maturity
period to study the differential response of these genotypes to Zn application and distribution of Zn
in different plant parts in a screen house experiment. Zinc was applied @ 0, 5 and 10 mg kg" of
soil. All the genotypes showed zinc deficiency symptoms but the most severe were observed in
WH912 and PDW215 of durum wheat genotypes. These genotypes were also highly responsive to
Zn application compared to other genotypes. On the other hand, PBW34 and Raj 1556 were the
least responsive and have more Zn content at zero Zn level compared to other genotypes. Similarly
PBW343 and WH147 genotypes of aestivum wheat were susceptible/highly responsive and WH157
& UP2338 were least responsive to Zn application. The magnitude of response varied from 7 to 46
percent in grain and 7 to 31 percent in straw under durum wheat and 8 to 29 in grain and 8 to 29
percent in straw of aestivum wheat genotypes. A significant variation among genotypes were
observed in grain and straw yield. Zinc concentration and uptake in grain and straw increased in all
the genotypes with Zn supply. On the basis of mean value tolerant genotypes contained more Zn
(14%) than the susceptible ones at zero Zn level. The enhanced capacity of Zn uptake and
translocation under deficient. Zn supply might be the most important factor contributing to Zn
efficiency of wheat genotypes. A systematic screening of wheat germplasm is necessary to identify
efficiency traits so as to incorporate high yielding genotypes. Phosphorus/zinc and iron/zinc ratios
were higher in grains of susceptible genotypes to Zn stress and lower in genotypes tolerant to Zn
stress.
Keywords: wheat, zinc response, genotypes, Zn concentration, P/Zn ratio, Fe/Zn ratio
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Nutrient stocks and nutrient cycling of fallows in the humid
lowlands of Papua New Guinea
HARTEMINK A.E.
International Soil Reference and Information Centre (1SRIC), PO Box 353, 6700 AJ Wageningen,
The Netherlands
Shifting agriculture is widely practised in the humid lowlands of Papua New Guinea where
each year approximately 200,000 ha of forest, secondary fallow or grassland are cleared for villagebased food and cash crop production. The shifting agricultural system in parts of the lowlands
consists of a short fallow period (< 3 to 5 y) alternated with a cropping period of about one year.
Fallow vegetation is dominated by Piper aduncum which invaded from S America, and by Imperata
cylindrica in areas where bushfires are common. At the end of the fallow period, the vegetation
debris is left to dry for some weeks whereafter the woody parts are removed and are mostly used for
firewood. Taro (Colocasia esculenta) or maize (Zea mays) are commonly firstly planted after a
fallow period and these are gradually interplanted with sweet potato (Ipomoea batatas), which is the
major staple in the lowlands, bananas (Musa sp.) and sugar cane (Saccharum sp.). No information is
available on the amount of nutrients cycled in these short fallow shifting cultivation systems.
A series of experiments were conducted on Typic Eutropepts investigating nutrient stocks and
cycling under natural (Piper aduncum, Imperata cylindrica) and improved or managed fallows
(Gliricidia sepium). Plots were planted with piper, imperata and gliricidia, which were slashed after
one year and planted with sweet potato. Litter bags were installed with the planting of sweet potato
to quantify (i) the chemical contents and decomposition rates of the fallow vegetation leaves, (ii)
nutrient release pattern during decomposition, and (iii) the effects of decomposition on some
selected soil chemical and physical soil properties. Large differences were found in the rates of
decomposition and nutrient release pattern. Piper leaf litter is a significant and easily decomposable
source of K. Gliricidia leaf litter contained much N whereas imperata leaf litter releases relatively
little nutrients and keeps the soil more moist. Gliricidia fallows are more attractive than an imperata
fallow for it improves the soil fertility and produces additional saleable products.
In addition, plots with piper and imperata were planted and sampled every three months for 23
months to assess above ground biomass and nutrient content. It was found that for the
accumulation of biomass and nutrients imperata fallows should not exceed one year. Piper
accumulated large amounts of biomass and nutrients, particular K, which is an important nutrient
for root crops that dominate the cropping phase in the humid lowlands of Papua New Guinea.
Keywords: nutrient cycling, nutrient accumulation, improved fallows, Papua New Guinea
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Wood ash: a natural nutrient source for compensation of
nutrient deficiency in forest soils caused by acidification
HOLMBERG Sirkku and CLAESSON Tommy
Department of Biology and Environmental Science, University of Kalmar, SE-391 82 Kalmar,
Sweden
The Scandinavian bedrock is largely composed of granites and gneisses with a low weathering
rate. The soils formed from these rock types can, generally, not compensate for the nutrient loss
caused by whole-tree harvesting and acidification. Therefore, to maintain long-term productivity of
forest soils, nutrient recycling back to forest soils using wood ash is a favourable option.
Approximately 650,000 hectares forest soil in southern Sweden need to be limed because of the low
pH-level in the upper mineral soil. In Sweden, about 150,000 tons of wood ash is produced
annually. A major part of this ash is deposited as waste. Recycling of unhardened wood ash is not
ecologically acceptable due to the damage it initially causes in the forest ecosystem (pH chock, salt
chock, burning of plant tissues). Additionally, unhardened wood ash is unhealthy because it is very
dusty and difficult to spread uniformly. Thus, the nutrient recycling system must be
environmentally safe and the decomposition rate of the ash should optimally be close to the natural
decomposition of forest residues. The ash must be hardened before spreading on forest soils in
order to reduce the nutrient dissolution rates. It is urgent to improve technologies for hardening the
ash materials in order to obtain very slow dissolution rates. Over recent years, a number of methods
for ash hardening have been suggested. The aim of this work is to discuss the use of wood ash as a
natural nutrient source and demonstrate how it can be treated by dolomite and water before
spreading. A unique method of granulation using dolomite as binder is tested, and the results from
laboratory and field tests in Sweden imply that this method is also applicable for hardening of ashes
with moderate amounts of heavy metals. Therefore, ashes that otherwise would be deposited in
land fill can now be recycled back to forest soil. Ash, dolomite and water are mixed to a
homogenous paste that is granulated in a drum or by roll-pelleting equipment. The drying of the
granules is ideally performed by the flue heat from saw dust combustion. Granules are easy to store
and spread. The chemical analyses by ICP show that the main components of the granules are Ca,
Mg, K and S. By using dolomite sufficient amounts of Ca and Mg are obtained and the heavy metal
concentrations are diluted to an acceptable level. SEM and XRD analyses show that hardened
granules contain the minerals dolomite, calcite, quartz, ankerite, albite and alumohydrocalcite.
Calcite, alumohydrocalcite and magnesite are further formed in the granules after spreading on
forest soils. Leaching tests in the laboratory and monitoring of granule leaching in the field imply
that the dissolution rate of the granulated wood ash is approximately twenty years.
Keywords: wood ash, ash recycling, acidification

692

Symposium no. 17

Paper no. 1890

Presentation: poster

The availability of phosphorus from rock phosphate
as affected by acidifying nitrogen fertilizers
CHANNABG B.E. (1), IWUAFOR E.N.O. (1). VANLAUWE B. (2) and AGBENIN J.O. (1)
(1) Department of Soil Science, Ahmadu Bello University, Samara PMB. 1044, Zaria, Nigeria
(2) Soil Microbiology Laboratory, UTA Ibadan, Nigeira, c/o Lambourn, Carolyn House. 6
Dingwall Road Croydon CR9 3EE, UK
Laboratory incubation and greenhouse trials with maize as a test crop were used to evaluate the
influence of various acidifying nitrogen fertilizers on the availability of phosphorus from Togo rock
phosphate, from non to slightly acidic soils of the Northern Guinea and Derived Savanna zones of
Nigeria. Four sources of nitrogen namely; KNO3, Urea, CAN and Ammonium Sulphate (AS) and
three soils (Kaya-1, pH 7.1 Olsen P 6.92 mg P kg"1 soil; Kaya-2, pH 5.4, Olsen P 5.64, Mg P kg"1
soil; and Ibadan, pH 5.8, Olsen P 33.29 mg kg'1 soil) chosen on the basis of their varying pH and
available P (Olsen-P) content were used. The incubation lasted for sixteen weeks during which soil
samples were collected at 0, 1, 2, 4, 8, 16 weeks and analysed for available P, pH, NO3" -N and
NH4+-N. In all the three soils, the order in which N-fertilizers acidified the soil was AS > CAN >
Urea > KNO3. The observed changes in pH were consistent with the calculated changes based on
nitrification, initial soil pH and soil buffer capacity. Significant release of P obtained, as a result of
nitrification acidifying the soil was observed only in one soil (i.e. Kaya-2), the soil with the lowest
pH (5.4) and available P. It is concluded that although considerable acidity is being generated by
the use of nitrogenous fertilizers, the acidity so generated does not necessarily improve the
availability of phosphorus from RP in soils with already high pH and available P due to
precipitation of P as Ca-P at high pH and common ion effect. A similar trend was observed in the
pot experiment in terms of soil acidification by the N-sources. It was also in Kaya-2 that a
significant difference was observed in dry matter yield between the treatment (RP) and the control.
It is concluded that the further lowering of pH in the acid soil (Kaya-2) significantly improves the
availability of phosphorus from RP by acid forming nitrogen fertilizers. Technical options to
translate the current observations to field management practices need to be developed.
Keywords: P availability, rock phosphate, acidifying N fertilizer
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Rapid and slow release of nutrients from pools of varying
stability in natural resources
JANSSEN Bert H.
Sub-department of Soil Science and Plant Nutrition (Soil Quality), Wageningen Agricultural
University, P.O. Box 8005, 6700 EC Wageningen, The Netherlands
In many parts of the world, chemical fertilisers are considered to be too expensive as a source
of nutrients for small holders. As a consequence several scientists and research institutes have tried
to develop fertilising methods using less expensive materials. During recent decades considerable
efforts have been made for the development and introduction of improved fallows, green manure,
and other agroforestry systems. In general the emphasis lay on the use of organic resources and on
nutrient cycling. Rather little attention has been paid to inorganic natural resources such as
phosphate rock, volcanic ash, fluvial and marine sediments, ash from burnt fallow vegetation and
from households. A likely reason for this neglect is the slow release of the nutrients these materials
contain, and by that the weak immediate response of crops upon application making the farmers
loose interest. Also, modelling activities have been directed to the rapid turnover of organic nutrient
sources rather than to the slow processes in natural inorganic materials. Yet the contribution of
sediments and volcanic ash to the world food production has always been very substantial as
evidenced by the high population densities in areas where such natural additions of not immediately
available nutrients do occur.
This paper presents the general outline of a simple model for the calculation of the release of
nutrients on the short, as well as on the long, term. The calculation procedures have been derived
mainly from some earlier developed models, one on the quantitative evaluation of soil fertility, and
another on the residual effect of fertiliser phosphate, but some new relationships were established as
well. On the basis of the data obtained in classical soil tests, including the analysis of the total
nutrient content, the nutrient stock of the natural resource is sub-divided into some, usually four,
pools of increasing stability. As examples model parameters are calibrated for soils, for ash of
burnt fallow vegetation, for volcanic dust, and for fertiliser residues.
The merits and weaknesses of the model are discussed. The calculated availability of nutrients
on the short-term and the long-term is compared with the measured effects. This is done for various
situations, such as bush fires in shifting cultivation systems, annual deposition of volcanic ash,
erosion losses of enriched soil material, soil nutrient depletion in agro-ecosystems with negative
nutrient balances, and mining of soils that are phosphorus saturated as a result of heavy applications
of animal manure in areas with so-called bio-industry. Finally it is tried to estimate the magnitude
of the positive and negative contributions of the mentioned processes to the world food production.
Keywords: ash, modelling, natural resources, sediment, soil nutrient pools, volcanic ash
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The plant availability of phosphorus and potassium
from soil subsurface layers
KOBZARENKO Valeriv. I.
Timiriazev Agricultural Academy, Moscow, Russia
It is common knowledge that the plant roots being developed within the soil plow horizon
penetrate into the subsurface layers and even the parent materials. According to data provided by
Modestov (1932) the rooting depth of field crops and perennial grasses is estimated to 0.9-2.8 m
and 3-5 m respectively. The nutrient reserves are rather high in subsurface layers reaching from 10
to 47 t ha'1 of phosphates with different degree of solubility and from 120 to 383 t ha'1 of total
potassium in the 1 m soil layer (Sokolov, 1958; Pestryakov, 1977). The proper uptake of nutrients
by plants has been attracting particular attention but there is still much uncertainty in determining
the amounts available for plants in plow horizons and in those underlying them.
Under consideration is a microfield model method proposed to detect the plant availability of
nutrient elements in the soils subsurface horizons.
The methodology is as follows: a small field plot (4 m2) was divided into 4 trenches, 20 cm
wide and 140 cm in length at a depth equal to the plow horizon; bottomless polyethylene flasks
were placed onto the subsurface horizon, filled with clean washed sand (5 kg) and the nutrient
mixture containing phosphorus in a starter dose of 12 mg P2O5 which is quite sufficient for the
initial plant growth. Subsequently the plant roots penetrated the subsurface layers to be supplied
with this nutrient element. In the other trial version with potassium, its starter dose made up 60 mg
K.2O per flask. The oat was used as a sandy crop with 25 plants in every flask. After harvesting the
yield removal of nutrients under study was calculated with the deduction of their starter doses, thus
determining the nutrient availability for plants in subsurface horizons. The microfield trials carried
out on the cultivated sod-podzolic soil showed that the oat plants have used in subsurface layers
from 315 to 492 mg P 2 0 5 and from 349 to 841 mg K 2 0 in every flask.
Keywords: subsurface layers, nutrient availability, sod-podzolic soil, plant uptake, microfield
model method
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Dry matter yield, N and P uptake of soybean with
Glomus manihotis and Bradyrhizobium japonicum
LUKIWATl D.R. (1) and SIMANUNGKALIT R.D.M. (2)
(1) Animal Science Faculty of Diponegoro University/Research Institute of Diponegoro
University, Jl. Kagok II/5 Semarang 50252, Indonesia
(2) Research Institute for Food Crops Viotechnology; JI. Tentara Pelajar 3A, Bogor 16111,
Indonesia
Soybean is one of crops that is used for human food and livestock feed. Plant improvement
generally seeks to increase the proportion of dry matter (DM) production that goes to seed
production. The Latosolic soil used for food crop production in Indonesia, is characterized by low
pH, and low nutrient availability, particularly of nitrogen (N) and phosphorus (P).
Two symbiotic associations between the roots of agricultural crops and soil microorganisms are
extremely important for crops production improvement in the acid soils. These associations are
vesicular-arbuscular mycorrhiza (VAM) and the legume-rhizobium symbiosis. The symbiosis
between plants and VAM fungi has been less studied. While the symbiosis between legumes and
rhizobia has been studied extensively.
A greenhouse experiment was conducted on acid Latosolic soil. The experimental design was
a factorial (2x4) in randomized complete design in 5 replicates. The treatments were as follow
:Varieties of soybean : var. Wilis and var. Galunggung. Inoculation treatment : without inoculation,
Glomus manihotis, Bradyrhizobium japonicum, and dual inoculation (G manihotis + B.
japonicum). All pots received basal fertilization of 50 kg N ha"1 (0.22 g urea pot '), 83 kg K ha"1
(0.33 g KCl pot' ), and 132 kg P ha"1 (2 g rock phosphate pot"'). The Latosolic soil was sterilized
by autoclaf at 121°C for 15 minutes. Each pot contained 4 kg of dry soil inoculated with B.
japonicum and 40 g crude inoculum of G. manihotis according to the assigned treatment at the time
of planting. Each pot contained 2 plants of soybean.
Soybean was cut at ground level at 6 weeks after planting and analyzed for DM, N and P
content. Dual inoculation (G. manihotis and B. japonicum) resulted in significantly higher DM
production, N and P uptake than the others treatment. Root colonization and spore number of VAM
were significantly higher with dual inoculation than the others' treatment. The DM production, N
and P uptake of two varieties of soybean were not significantly different. Dual inoculation could
therefore be used to improve the productivity of soybean grown on acid Latosolic soils.
Keywords: dry matter, nitrogen, phosphorus, Glomus manihotis, Bradyrhizobium
Latosolic soil
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Elemental sulfur as nutrient for crops in the Pampean
Mollisols of Argentina
MELGAR Ricardo J., LAVANDERA Javier and CAMOZZI M. Elena
Exp. St. Pergamino INTA. CC N° 31 2700 Pergamino, Argentina
Research conducted by a large number of groups has demonstrated important agronomic and
economic responses to the addition of sulfur (S) to the fertilization programs on the main crops of
the pampean region. Yield increases approached 10% and were seen in the principal crops, but the
greatest gains were in double-cropped programs such as wheat-soybean, conditions, which produce
more biomass and protein. Sources of S containing sulfate, with S immediately available to the
crop were those, which received the most acceptance by the farmer. In addition. Ammonium
sulfate (AS) provides N nutrient for crop requirements. Double cropping led to the farmer
fertilizing wheat with AS and hoping for a residual S impact on soybean. Large amounts of
elemental sulfur, a by- product of the oil and natural gas industry, may be available for agriculture
when appropriately conditioned. The elemental sulfur sources can be cheaper and agronomic
equally effective as sulfate sources when suitable time and edaphic conditions are given to
mineralize.
Elemental sulfur was tested at varying application rates and compared to other sources of sulfur
in sulfate form. Seventeen tests in different years and locations were undertaken using: soybean as
1st crop and wheat-soybean 2nd crop. Evaluation of the sulfur benefit was for both the direct and the
residual effect on the subsequent crop. When applied to wheat in comparison with AS, the N
application was normalized.
Results showed significant benefits from applications of sulfur in both the elemental form and
sulfate, indicating that summer temperature conditions are adequate to mineralize the requisite
amount of S as a nutrient for wheat or soybean absorption. Considering the average of all the sites
the sulfate source of sulfur was superior to those sites receiving S in the elemental form be it in
wheat (0.36 vs. 0.25 t ha"1) or soybean as a 1st crop (0.50 vs. 0.35 t ha"'). But there was no
difference between sources when the residual effect was measures, either on soybean as l sl or 2
crop, (0.10 t ha"1). Direct and residual responses varied from 0 to 0.8 t ha"1 depending on the
location/year of the test. Wheat saw responses of 0.05 to 0.8 t ha"' and soybean 0.2 to 0.5 t ha"1 at
20 kg S ha'1. All applications of sulfur showed statistically significant responses. Economic
responses were equally beneficial, suggesting that elemental sulfur is an attractive alternative to that
presented by other products. Sulfur fertilization can contribute to this movement by replenishing
nutrients while at the same time generating additional revenues for farmers.
Keywords: double crop, wheat, soybean, S fertilizers, sulfates
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Effect of recycling of plant silicon
for sustainable rice farming in South India
NAGABOVANALLI B. Prakash (1), NAGARAJ H. (1), VASUKI N. (1), SIDDARAMAPPA
R. (2) and ITOH S. (3)
(1) Department of Soil Science and Agril. Chemistry, College of Agriculture, Shimoga 577204,
Karnataka, India
(2) Department of Soil Science and Agril. Chemistry, UAS, GKVK, Bangalore 560065. Karnataka,
India
(3) Department of Soils and Fertilizers, NARC, 3-1-1, Kan-non-dai, Tsukuba, Ibaraki, 305-8666,
Japan
Silicon is the second most abundant element found in the earth's crust. Although silicon is yet
to consider an essential element for growth and development, addition of this element can increase
growth and yield of rice. Past investigations have revealed the usefulness of silicate materials in rice
farming. However, information on the effect of recycling of plant silicon materials in rice farming is
very limited. Rice hull, a byproduct of rice milling is being used as a source of fuel in many
countries. Rice Hull Ash (RHA), thus obtained contains appreciable amounts of silicon and is being
used in rice seed beds and in main fields of South India.
A field experiment was conducted to know the effect of RHA as a source of silicon along with
two sources of phosphorus on growth and yield of rice. The experiment was conducted at the
Regional Research Station, Shimoga (Southern Transition Zone of Karnataka), South India, for four
consecutive seasons during 1999 and 2001. The experiment was arranged in a randomized complete
block design with nine treatments and three replications. RHA was applied at 2 and 4 t ha'along
with and without phosphatic fertilizers viz. Single Super Phosphate (SSP) and Rock Phosphate
(RP).
Application of RHA @ 2 and 4 t ha"' without phosphorus source increased the grain yield of
paddy over control (without RHA and P). Addition of P as SSP or RP also increased yield over
control. Application of RHA along with P sources has further increased the grain yield of paddy
during all the four seasons. The highest grain yield of 55.52, 70.82, 39.37 and 55.16 q ha"' was
recorded during kharif-1999, summer-2000, kharif-2000 and summer-2001 seasons respectively by
the application of RHA @ 4 t ha"' along with SSP. The average grain yield of all four seasons
shown that addition of RHA @ 2 and 4 t ha' increased the yield by 65.51 and 65.80% respectively
over control. Further, application of RHA @ 2 and 4 t ha"1 with SSP as P source increased the yield
to an extent of 89.82 and 99.42% and with RP as P source to an extent of 58.76 to 75.31%
respectively over control. The panicle emergence was delayed by 5 to 14 days in plots receiving no
phosphorus. Early panicle emergence and maturity were noticed in the SSP treated plots with RHA
applied at 2 and 4 t ha"1. The rice yield obtained by the application of RHA @ 4 t ha'1 without P
source was on par with SSP and superior over RP fertilizer. Recycling of plant silicon material like
RHA helps in achieving sustainable rice yield besides mobilizing soil phosphorus.
Keywords: silicon, rock phosphate, nutrient recycling, rice hull ash, sustainability
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Occurrence and properties of apatite in fresh tephras
and its utilization by plants
NANZYO Masami
Graduate School of Agricultural Science, Tohoku University 1-1, Tsutsumidori-Amamiyamachi,
Aobaku, Sendai 981-8555, Japan
Rhyolite-to-andesite tephras from Mt. Usu that erupted in 1977 and from Mt. Pinatubo that
erupted in 1991 contained apatite as a major P bearing mineral and showed high Truog P values
comparable to Ap horizons soils. The method used to detect apatite was particle-size fractionation
and particle-density fractionation followed by element mapping using energy dispersive X-ray
(EDX) microprobe equipped with the scanning electron microscope (SEM).
Fine particle size fractions of these tephras showed higher Truog P values than the coarse ones.
The Truog P values further increased in the heavy fraction with a particle density of 2.8 or greater.
Apatite was detected in this heavy fraction. After locating the positions of apatite particles, the
sample on the carbon holder was treated with Truog extracting solution. The apatite particles were
found to be gradually dissolved in the Truog solution, indicating the contribution of the mineral to
the high Truog P. However, it is already known that apatite in the volcanic origin is single
crystalline and much less soluble than those of sedimentary origin that shows microcrystalline
nature. In order to increase solubility of the Mt. Pinatubo apatite, low pH such as 4.5 or less and
chelating reagents such as oxalate or citrate. Allophanic clay, allophanic soil, noncrystalline
aluminum hydroxide and so on showed only very low reactivity with the Mt. Pinatubo apatite under
the conditions of pH 5 to 7 in a short period of 16 hours although iron minerals such as hydrous iron
oxide and synthetic goethite showed slightly higher reactivity than those aluminous minerals. Rice
plant (Oryza sativa L., japonica) could not use the Mt. Pinatubo apatite. Dissolution of apatite from
1991 Mt. Pinatubo ash was significantly increased by i) low pH (<4.5) and ii) the existence of
chelating organic acids in soil. Pigeonpea (Cajanus cajan (LINN) MILLSP.) and chickpea (Cicer
arietinum L.) were selected as test plants to examine the possibility of utilizing apatite in the
Pinatubo volcanic ash because of their ability to exude chelating organic acids. These two plants
were grown in a greenhouse with and without P application. N was applied as NH 4 + or NOV to
examine the effect of N forms on plant growth and on pH in the volcanic ash ( N H / plots, NO3"
plots). Lower pH and higher soil solution P concentration were observed in the NrU+ plots than in
the NO3' plots of pigeonpea. In the NH4 plots, dry matter yield of pigeonpea without P was similar
to that with P. Dry matter yield of chickpea grown in the NOV plots without P was 75% of that in
the P-amended plots. Soil solution pH of the NO3" plots was maintained between 7 and 8, and the
citric acid concentration of the soil solution was mostly higher in the NOV plots without P than in
the NH 4 + or P-amended plots for both plants. It was suggested that plant P uptake in the NOV plots
without P was caused by organic acid exudation by these plants.
Keywords: apatite, volcanic ash, pigeon pea, chick pea, SEM, EDX
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Partial acidulation of phosphate rock : an approach to
improve low grade and less reactive materials
NARAYANASAMY G. and D.R. BISWAS
Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute, New
Delhi-110012, India
Phosphate rock deposits to the tune of 260 million tonnes are estimated in India, but most of
these are low grade materials (<30% P2O5) unsuitable for production of conventional P fertilizers.
Direct application of these materials to soil as ground mineral phosphate is not advisable in India, as
the reactivity (as adjudged by carbonate substitution for phosphate in apatite structure) is very low.
Hence there is a need to increase the effectiveness of low grade Indian phosphate rocks. Partial
acidulation of phosphate rock (PAPR) is one such avenue.
Partial acidulation of four phosphate rocks of India (Jhabua, Mussoorie, Purulia and Udaipur
deposits) was done with three mineral acids (H2SO4, HCl and HNO3) at four levels (25%, 50%,
75% and 100% of the theoretical acid requirement to convert all rock P into water soluble P). Some
of the products of HCl and HNOi remained moist even after prolonged curing at 30±1°C, and
therefore they were discarded. Other PAPRs were ground to a coarse powder and analysed for total,
water soluble, citrate soluble and citrate insoluble P contents. Acidulation of phosphate rocks
resulted in successive decreases in total P2O5 content of PAPRs as the degree of acidulation
increased. This is attributed to the dilution effect. The extent of such decreases, insofar as the acids
is concerned, followed the order: H2SO4 > HN0 3 > HCl. However, water-soluble P (WSP) and
citrate soluble P (CSP) fractions in PAPRs increased successively with increasing levels of
acidulation. With H2SO4 as the acidulant, the sum of WSP+CSP in PAPR increased from 28.3% to
93.2% of total P when Jhabua sample was acidulated to the level of 25% to 100%. Corresponding
values were 10.2% to 50.7% for Mussoorie phosphorite, 19.3% to 42.9% for Purulia rock and
12.3% to 44.4% Udaipur phosphate rock. PAPRs prepared with H2SO4 recorded a larger amount of
available P (WSP + CSP), followed by HNO3 and HCl. PAPRs prepared at 25% and 50%
acidulation level were evaluated as a source of fertilizer P through soil incubation study and pot
culture experiments.
Effect of the addition of PAPRs on 0.5 M NaHCOi-extractable P status of a P-deficient coarse
loamy slightly alkaline soil was monitored periodically for 119 days in a laboratory soil incubation
(under moist soil condition) study. PAPR-treated soils recorded significantly higher extractable P
than the no-P (control) treatment. But, P status due to addition of diammonium phosphate (DAP)
was markedly higher than those due to PAPRs. The higher the level of acidulation in PAPRs, the
larger was the extractable P in soil. WSP, CSP or combination of both forms of P in PAPRs had
strong association (as revealed by correlation statistics) with extractable P status of the soil.
Performance of acids was in the order: H2SO4 > HNO? > HCl.
In pot culture experiments, PAPRs produced wheat biomass in the range of 2.5% to 60.3% of
that resulting from DAP application. Similarly in terms of P uptake by wheat the PAPRs were only
2.1% to 35.6% as effective as DAP. However, to a second crop (mungbean) grown on residual
fertilizer P, the PAPRs, compared to DAP, were 44.3% to 209.3% efficient for biomass production
and 33.0% to 141.1% in terms of P uptake. When both direct and residual effects of these P
fertilizers are considered, the efficiency of PAPRs, as compared to DAP, were in the range of
13.8% to 52.5% in terms of P uptake.
Keywords: phosphate rocks, partial acidulation, soil P status, wheat, mungbean
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"PREP-PAC": a product for nutrient replenishment in
smallhold farms of Western Kenya
OKALEBOJ.R. (1), KARANJA N.K. (2), WOOMER P.L. (3), MARITIM H.K. (1), OBURA
P.A. (1), NEKESA P. (1) and MWAURA F. (1)
(1) Faculty of Agriculture, Moi University, P.O. Box 1125, Eldoret, Kenya
(2) Department of Soil Science, Nairobi University, P.O. Box 30197, Nairobi
(3) SACRED Africa, P.O. Box 79, Village Market, Nairobi
Soil fertility depletion largely accounts for declining crop yields and subsequent food insecurity
in sub-Saharan Africa. Technologies to replenish fertility of soils exist but are costly to smallhold
farmers and recommendations cut across many soil orders and climates. Hence very negligible
technology adoptions are evident countrywise. Thus in Kenya, with widespread nitrogen and
phosphorus deficiencies in soils, the Phosphate Rock Evaluation Project (PREP) at Moi University,
has developed an field-tested a product, the PREP-PAC, an affordable product that combines
fertilizer, legume seed and rhizobial inoculant techniques, from the University of Nairobi. It is
targeted to low soil fertility patches rampant on smallhold farms in the highly weathered soils of
western Kenya; about 0.5 million hectares of Acrisols (Ultisols), Ferralsols (Oxisols). PREP-PAC
contains 2 kg of biogenic locally available Minjingu (Tanzania) phosphate rock (PR), 0.2 kg
imported urea, 0.13 kg seed of a N-fixing food legume, rhizobial inoculant (Biofix), seed adhesive
(gum Arabic), lime pellets and instruction sheet for use in English and Kiswahili. The pack is
assembled at US $0.58 per unit and is intended to ameliorate 25 m" patch. The product is
particularly effective in acid (pH< 5.5) and low P (<10 mg P kg"1) soils. Several experiments have
been conducted from 1998 to test PREP-PAC in the field. The general principle is to apply the
available PR sufficient for several cropping seasons with nitrogen as urea and to intercrop with a
legume that provides residual fixed N and organic inputs to the soil. This approach was tested in 52
on-farm trials where the PACs were tested in patches; growing maize-bean intercrops with and
without an improved variety of climbing beans, cv. Flora. Unammended patches produced
significantly lowered maize and bean yields, but with cv. Flora outyielding the bush bean cultivar.
Another experiment examined interactions between PREP-PAC components in a maize-soybean
intercrop in depleted soils and 3 on-farm sites. Treatments were ± PR, ± urea and ± inoculants.
Total value of the intercrops was between $0.83 in unammended plots and $2.44 in PREP-PAC
plots. The return ratio to PREP-PAC investment reached 3.7. A third experiment compared the
responses of dry bean and soybean to rhizobial inoculants with tolerance to acidity in 3 acid and
low fertility soils. Significant site x PREP-PAC treatment effects were found across sites for both
legumes. Inoculant effectiveness varied with site PREP-PAC is being field-tested by 5
developmental organizations. Outreach activities plus refinement of PREP-PAC are to be pursued.
The PAC is also being evaluated along with other prominent nutrient amelioration technologies in
Kenya.
Keywords: rock phosphate, PREP-PAC, nutrient depletion and replenishment, Kenya
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The interaction impacts of organic resources quality and
earthworms on rock phosphate solubilization
OUEDRAOGO Elisée (1,2), MANDO Abdoulaye (2), JANSSEN H. Bet (1), BRUSSAARD
Lijbert (1) and STROOSNIJDER Leo (3)
(1) Institut de 1'Environnement et de Recherche Agricole (INERA) 01 B.P. 476 Ouagadougou 01
Burkina Faso
(2) Wageningen University and Research Centre, Department of soil quality, P.O. Box 8005/ 6700
EC Wageningen, The Netherlands
(3) Wageningen University and Research Centre, Department of Erosion and soil & Water
Conservation, Nieuwe Kanaal, 6709 P.A, Wageningen, The Netherlands
Soil fauna plays a key role in the decomposition of organic material, soil organic matter and
nutrient dynamics in tropical agroecosystems. However, soil fertility management practices
determine the contribution of this fauna on those processes. A field experiment was laid out in
Burkina Faso to assess the interaction impacts of organic resource quality and earthworms' on rock
phosphate solubilization. The experimental design was factorial complete block design 2 x 4
factors in four replications. Organic resources of contrasting quality used consisted of straw of
maize, sheep dung and compost applied at a rate of 40 kg N ha"1. Rock Phosphate used was
Burkina rock phosphate applied at a rate of 25 kg P ha" . The sorghum variety used was
SARIAS014. The experiment was conducted on Eutric Cambisol. The results showed that organic
resource quality have a significant impact on earthworms casting activities. Sheep dung has the
most significant impact on earthworms casting intensity followed by straw. Addition of rock
phosphate reduces earthworms casting activities. However, more available phosphorus was fund in
earthworms' casts in plot, which received rock phosphate than in surrounding soil. The interaction
earthworms' activity and sheep dung gives the best impact on rock phosphate solubilization.
Keywords: organic resource, earthworms, rock phosphate, Burkina Faso, West Africa
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Using coal-derived substances to improve the fertility of
some acidic soils
PATTI Antonio F.C1.21. JACKSON W. Roy (1), ISSA Jason (G) (1) and MARSHALL Marc. (1)
(1) Centre for Green Chemistry, School of Chemistry, Monash University, Clayton, Victoria 3800,
Australia
(2) School of Applied Sciences, Monash University, Churchill, Victoria 3842, Australia
Acidity in soil is one of the most serious problems faced in agriculture, with about half of the
world's arable land being classified as acidic. Acidification of soil is a naturally occurring process.
Factors such as the use of excessive nitrogen fertilisers, pollution, and over-harvesting of land can
greatly multiply this effect.
A major problem associated with increased soil acidity is the increased solubility of metals
such as aluminium and manganese which can be phytotoxic to crops, and the reduced availability of
nutrients such as phosphorus.
Previous research has shown that the use of humates from brown coal, in conjunction with a
calcium additive, can alleviate this situation. The characteristic of humates that makes them
attractive for use in soil amelioration is their large amount of oxygen functional groups which act as
ion-exchange sites useful for pH buffering, nutrient transport, and binding/chelating phytotoxic
aluminium, rendering it harmless to plants. The objective of this study is to characterise, improve,
and quantify the effect of using a commercial Victorian brown coal derived humate and fly ash as
an organic and calcium amendment, respectively. The La Trobe Valley in Victoria, Australia is a
vast source of brown coal, and an abundant source of humate material.
Investigations were carried out by repacking columns with an acidic soil, applying various
combinations of treatments on the soil surface, and then leach these columns to simulate rainfall.
Similar experiments were carried out with intact cores taken directly from the ground as opposed to
repacked processed soil. A field trial experiment was subsequently set up which involved using
square metre plots. There were nine treatments and a control, with four repetitions; forty plots
altogether. Treatments were varied combinations of K Humate (trade name), fly ash, lime, and
phosphorus. Core samples of each plot were taken at intervals over several months and analysed for
various parameters at different depths.
Major findings in most of these experiments were that in soil treated with K Humate and fly
ash, pH increased whereas aluminium levels decreased. For the same treatments, total organic
carbon, and plant-available phosphorus also increased.
Possible explanations for the decrease in exchangeable aluminium are that it has been bound by
the humate, or that the increase in pH has led to the reduction in free aluminium, converting it to a
form that has rendered it harmless.
This work provides a reliable model for using humates to improve acidic soils, and may be
expanded to the use of humates from sources other than brown coal, such as composts, municipal
wastes, and grape marc.
Keywords: humate, fly ash, coal, acid soil, phytotoxic aluminium
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The use of high-energy milling with reactive additives to
improve the release of nutrients from silicate rock fertilizers
PRIYONO Joko (1,2), GILKES Robert John (2) and McCORMICK Paul (3)
(1) Department of Soil Science, University of Mataram, Jalan Pendidikan 37 Mataram, NTB,
Indonesia
(2) Department of Soil Science and Plant Nutrition, The University of Western Australia, Nedlands
WA, Australia 6009
(3) Department of Mechanical and Materials Engineering, The University of Western Australia,
Nedlands WA, Australia 6009
This study investigates if high-energy milling with reactive additives accelerates the release of
nutrients from silicate rock fertilizers. Basalt, dolerite, gneiss (< 250 u,m), and K-feldspar (<150 |i
m) were further milled with a ball mill (Spex-8000) under dry and wet (300% moisture) conditions
for 10, 30, 60, 90, and 120 minutes. Basalt, dolerite, and gneiss, were separately mixed with 10% of
NaCl, KCl, and 50% of K-feldspar then milled for 120 minutes in dry and wet conditions to
promote chemical reaction. The investigated properties of the milled rocks included particle size
distribution (Malvern Mastersizer), surface area (BET method), mineralogy (XRD), exchangeable
Ca, Mg, K, and Na (NH4OAC pH 7), and amorphous constituents (oxalic-acetic acid soluble Fe, Al,
Si). Twenty three soils from Western Australia were used for evaluation of the release of nutrients
from milled rocks in the soil environment, at an application rate of lg 100 g"1 (=10 t ha"1). Soil pH,
EC, and extractable Ca, Mg, K, and Na were measured after 2 months of incubation. Results
indicated that milling reduced particle size and induced some amorphization; dry milling was more
effective than wet milling. Reduced particle size, however, was not consistently associated with
increased surface area due to aggregation or sintering of fine particles, especially for dry-milled
basalt. Most of the effect of milling was achieved in 10 minutes. Milling in dry and wet conditions
increased exchangeable cations (Ca, Mg, K, and Na) in the rocks. For dry milling, plots of
exchangeable cations vs milling time were parabolic reaching maximum values at 30 - 90 minutes.
Wet milling linearly increased exchangeable cations but to lower levels than for dry milling.
Adding NaCl, KCl or K-feldspar significantly increased exchangeable cations for basalt, dolerite,
and gneiss. Intensively milled rocks applied to the soils significantly increased soil pH, EC,
extractable Na, K, Ca, and Mg, and dissolution percentages of the rocks. However, the increases in
pH and EC were low (0.1 - 0.4 units for pH, 10-30 (iS/cm for EC). The increase in extractable
nutrients was < 50% of exchangeable cations in applied rocks, and dissolution was < 1% of the
rocks for 120 minutes of milling. We conclude that high-energy milling accelerates nutrient release
from silicate rocks, and is likely to be an appropriate method for manufacturing silicate rock
fertilizer.
Keywords: high-energy milling, reactive additives, silicate rock fertilizers, agglomeration
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Effects of differently treated sludge on heavy metals
by cowpea under sandy soil application
ABDEL KAREM H. (1), RADWAN S.1VI.A. (2) and ATTIA M. (2)
(1) National Center for Radiation Research and Technology, Atomic Energy Authority, Nasr City,
P.O. 29, Cairo, Egypt
(2) National Research Center, Dokki, Cairo, Egypt
A study was carried out to assess the role of gamma radiation, liming and biofertilizers on
sludge-amended sandy soil and their effects on cowpea productivity.
Sludge from El-Gabal El-Asfer treatment plant was taken to minimize the population densities
of certain microbial groups of hygienic significance throughout the treatments of gamma radiation
and lime. Ten kGy dose level of gamma radiation and 20% lime were the optimum treatments to
reduce the microbial load of sludge namely, total bacterial counts, total sporeformers, Enterococcus
faecalis, total coliform, Aeromonas hydrophila and total fungi.
A pot experiment was conducted to evaluate the role of arbuscular mycorrhizal fungi (AMF)
and Pseudomonas fluorescens as a biological agent in controlling certain soil borne diseases and
reducing the toxicity of heavy metals comparing with 20% lime and 10 kGy gamma radiation using
4% sludge application and its effect on yield of cowpea components. Treatments with gamma
radiation, liming and biofertilizers reduced certain soil borne diseases, moreover liming and
biofertilizers reduced the concentration of heavy metals in shoots and grains of cowpea plants.
However, the application of lime at the rate of 20% with sludge exerted negative effect in all
studied parameters as compared to control (NPFC) or sludge alone. The greatest values of number
and fresh weight of nodules were observed under biofertilizers and gamma radiation treatments.
Results revealed that significant effects on dry weight of roots and shoots as well as grain yield
production of cowpea plants treated biofertilizers and gamma radiation at dose level 10 kGy under
sludge application.
Keywords: sludge, radiation, lime, biofertilizers, cowpea, sandy soil
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Use of neem cake for recycling nutrient reserves for
resource poor banana farming in semi-arid tropics
RAJA Edward M.
Indian Institute of Horticultural Research, Hessarghatta Lake Post, Bangalore 560 089, India
A greenhouse experiment was conducted in a calcareous soil of pH 7.9 to evaluate the effect of
neem cake application at three levels on the solubilisation and utilisation of native soil Zn, Mn and
B by two different banana cultivars Ney Poovan (AB) and Robusta (AAA) with different growth
characteristics. The neem cake application at 0.5 kg plant"' resulted in rhizosphere acidification
indicated by decrease of 1.1 to 1.3 pH units in Neypoovan and resulted in increase in availability of
Zn by 34%, Fe by 45% and Mn by 110% and B by 25%. This resulted in increased uptake of Zn,
Fe, Mn and B and correction of Zn and B deficiencies observed in both the banana cultivars and
better growth. Out of the two cultivars Robusta recorded a higher growth and dry matter production,
and also higher rhizosphere acidity resulting in highest available micronutrient status in soil and
uptake.
Keywords: banana, neem cake, rhizosphere acidification, micronutrient reserve, release to crop
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Mix of acidulated de-calcinated phosphate rock and
elemental sulfur as an effective phosphate fertilizer
RAZAO LB.. AL-HAD1THY A.H., AL-OBAIDI H.S., HASSAN A.F., RASHEED I.GH. and
MUHAWISH N.M.
Agriculture & Biology Research Center, Iraq Atomic Energy Commission, P.O. Box 765, Baghdad,
Iraq,
Mixtures of phosphate rock (PR), H2SO4 and elemental sulfur (S) as an effective sources for
plants available-P in calcareous soils were prepared and evaluated on the bases that: Partial
acidification of phosphate rock may liberate enough orthophosphate for the first few weeks of
growing season while acid effect of sulfur oxidation may be intensive enough to secure plant needs
for P for the rest of growing season. Accordingly, beneficiated and pulverized PR was mixed with
equal amount of S of which either 10 or 20% added as H2SO4 and the resulted slurry was granulated
at 90 °C. Similarly, other 3 Mixes using MAP, KPP and TSP, as a P source instead of PR, were
also prepared. The four mixes were separately added at a rate of 20 \ig P per gram of three most
common soils of Lower Mesopotamian Plain of Iraq and incubated at field capacity level of
moisture content for a 24 weeks. NaHCCVextractable P in any of three soils incubated with either
TSP, MAP, KPP or PR exponentially decreased with the time of incubation, while incubating mixes
of these compounds resulted in a tremendous increase of NaHCOi-extractable P in the three soils
over the entire incubation period. NaHCCh-extractable P after 16 weeks of incubating equal P of
any of these four Mixes are 2 to 3 folds higher than that of incubating P source alone. Accordingly,
most effective Mix of PR and S was evaluated using wide ratio of PR:S. Mix of 2:1 ratio of PR:S,
of which 20% of S was added as H2SO4, is the most effective Mix in term of corn yield and amount
of P recovered. NaHC03-extractable P remained in soil after crop harvest was in the following
order: 2:1 > 1:1 > 1:2 > 1:3 > 1:4 Mix. Furthermore, NaHC0 3 -extractable P in soil treated with 2:1
mix was 200% higher than that of other Mixes and TSP as well. Residual effect of this Mix
evaluated in a field experiment using wheat-corn-wheat rotation showed that residual effect of this
new mix is large enough to support three successive cropping. Therefore, Mix of beneficiated
phosphate rock and elemental sulfur of which 20% added as H2SO4 may be considered as an
effective new phosphate fertilizer for calcareous soils.
Keywords: orthophosphate, growing season, oxidation, extractable-phosphorus, triple super
phosphate

707

Symposium no. 17

Paper no. 2226

Presentation: poster

Effect of gypsum on growth and yield of peanut
SAFARZADEH V1SHKAEI M.N.. HOSSINZADEH A., MAZHARI S.M. and
RAMAZANI A.
Islamic Azad University of Rasht, 92 Ave., Rasht-Golsar street, Iran
In order to evaluate the effects of sulfur on growth and yield of peanut, a factorial trial on the
basis of randomized complete block design was conducted in Kiyashahr (north of Guilan province
in Iran) in the 2001. Gypsum was used as sulfur fertilizer. This experiment was a 4x2 factorial field
trial with three replicates. Rate of application (0, 50, 100, 150 kg S h a ' ) with time of application
(apply whole amounts of gypsum at planting and dividing gypsum into two equivalent amounts
used at planting and flowering) factorialized and following parameters were measured: the
concentration of N and P in whole plant tissues (without pods) at flowering and harvesting stages,
crop growth rate, pod growth rate, partitioning factor, effective pod filling period, no. of mature
pods per plant, pod yield foliage yield, harvest index, shelling percentage, protein and oil content of
seeds.
Analysis of variance indicated that there was significant differences between treatments. The
result also indicated that interaction of factors had significant effects on the parameters.
Comparison of means indicated that the concentration of N and P in plant tissues increased in
100 kg S ha"1 (apply whole amount at planting) treatment. In harvesting stage, 150 kg S ha"'
treatment (in the divided form) increased concentration of these elementals remarkably. Effect of
150 kg ha"' in divided form on crop growth rate, pod growth rate, pod yield, no. of mature pods per
plant, foliage yield, partitining factor, shelling percentage, harvest index and oil content of seeds
was greater than other treatments. This treatment, therefore, is suggested as the best treatment to
increase growth and yield of peanut in the area.
Keywords: peanut, gypsum, CGR, growth, yield
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Availability of organic phosphorus in
soil affected by sheep urine
SHAND CA.. COUTTS G. and YOUNG M.E.
Macaulay Land Use Research Institute, Craigiebuckler, Aberdeen, AB 15 8QH, Scotland
Sheep return much of the N ingested from herbage back to the soil in urine. Urine patches
represent areas where N is recycled and are an important component in the maintenance of
production in extensively managed grassland. The main N-compound in sheep urine is urea, which
can be rapidly hydrolysed in the soil to produce ammonia. This results in an increase in soil pH
along with increase in bacterial populations and changes in root structures. This paper focuses on
the effects of increased pH on the solubilization of soil organic matter and associated organic
phosphorus.
The objective was to determine the availability of the solubilized organic phosphorus in soil
solution under sheep urine patches as a source of inorganic orthophosphate for plant uptake.
Soil was from an upland area that was typically used for extensive grazing by sheep. The soil
was thin and classified as a brown ranker. The fresh soil was sieved and packed into a container (5cm deep), which had a perforated base. Synthetic sheep urine was surface applied at a rate typically
found for sheep urine patches in the field, providing 500 kg urea-N ha"1. After 7 days, soil solution
was obtained by centrifugation (1000 x g). The soil solution was dark in colour and contained
around 4000 mg L" dissolved organic carbon. The potential of the organic phosphorus in the soil
solution to supply phosphate for plant uptake was assessed using a suite of hydrolytic enzymes
(acid phosphatase, phytase, alkaline phosphatase) under controlled conditions. The data was
supplemented by experiments growing hill grasses in sterile sand cultures with soil solution as the
sole source of added phosphorus and monitoring the uptake of phosphorus into roots and shoots.
The paper will discuss the results of these experiments and provide information about the potential
impact of grazing animals on phosphorus availability from soil.
Keywords: enzymes, organic phosphorus, sheep, soil solution
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Improving the efficacy of phosphatic fertilizers using
VAM fungi with soybean as test crops
SHARMA Vikas and SIDDARAMAPPA R.
SKUAST-J, RARS, Rajouri (Jammu and Kashmir), India
The present study covered the effect of super phosphate and rock phosphate application, with
or without VAM fungi on the yield, availability and uptake of phosphorus by soybean;
transformation of phosphorus in soil and activity of phosphates and dehydrogenase in the
rhizosphere soil. Related effect on availability and uptake of nitrogen, potassium, calcium,
magnesium and sulphur were also studied. Single super phosphate and four different rock
phosphates viz. Mussoorie rock phosphate (MRP), Udaipur rock phosphate (URP), Tunisian rock
phosphate (TRP) and compacted Udaipur rock phosphate (CURP) were involved in the study.
Vesicular arbuscular mycorrhizal (VAM) fungi used for inoculation was Glomus agreggatum. Soil
used for pot culture was Kandic paleustalf with an acidic reaction.
Dry matter yield of, P uptake by and P availability to soybeans increased with application of
super phosphate and rock phosphates at all the stages of crop growth. Single super phosphate
performed better than MRP and TRP followed by CURP and URP. Dry matter yield, P uptake and
availability were further improved when phosphatic fertilizer were applied in combination with
vesicular arbuscular mycorrhizal fungi. The best results however, were obtained by the application
of SSP with VAM and, TRP in combination with VAM performed on PAR with SSP alone.
Application of phosphatic fertilizers increased the N availability and N uptake of soybeans. SSP
performed better than rock phosphates, which were on par with each other. Further improvement in
N uptake occurred when P fertilizers were applied in combination with VAM but no such effect of
VAM was visible on available N status of the soil. Uptake of calcium, magnesium and sulphur by
soybeans and exchangeable calcium, exchangeable magnesium and available sulphur improved to a
small extent with the application of phosphatic fertilizers. Rock phosphates and SSP performed on
par with each other with respect to uptake and availability of calcium, magnesium and sulphur.
Application of SSP resulted in an increase in aluminum bound phosphorus, whereas rock phosphate
application resulted in an increase in calcium bound posphourus fraction. Control, where no P was
applied showed the least amount of aluminum, iron and calcium bound phosphorus in soil.
Inoculation with VAM did not affect the inorganic P fractions in any manner except a minor
improvement in the aluminum bound phosphorus fraction. The phosphates activity in the
rhizsophere increased with a decrease in phosphorus in the soil. Application of SSP or rock
phosphates decreased the phosphates activity in the rhizsophere soil. This effect was more
pronounced in the case of SSP. VA mycorrhizal fungi improved the phosphates activity in
rhizosphere soil to a certain extent. Rhizosphere dehydrogenase activity remained unaffected with
the use of phosphatic fertilizers with or without VAM.
Single super phosphate performed better with or without VAM, although a combination of
MRP or TRP with VAM gave results as good as SSP alone, with respect to uptake and availability.
Keywords: efficient nutrient use, soil fertility, phosphatic fertilizers, VAM
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Decision support tool box for soil amendments
SINGH U., BREMAN H., WILKENS P.W., HENAO J., CHIEN S.H., HELLUMS D.T. and
HAMMOND L.L.
International Fertilizer Development Center, P.O. Box 2040, Muscle Shoals, Alabama 35662, USA
Inorganic fertilizers represent an intrinsic part of combating nutrient depletion, preventing land
degradation, and increasing or maintaining agricultural productivity. The main constraints on the
use of inorganic fertilizers are (1) limited accessibility, (2) high prices, (3) poor nutrient recoveries,
and (4) lack of market and price stability for excess production beyond the fanner's need. This
situation is further confounded by general and inappropriate practices regarding fertilizer
recommendations. The latter reflects the poor accessibility and use of information for informed
decision making. Two main approaches are combined with the use of a natural resources database
and decision support tools by IFDC and partner institutions in the Combating Nutrient Depletion
Consortium program in sub-Saharan Africa (SSA) to overcome the above problems:
• Optimal use of local alternatives for fertilizers (organic residues and phosphate rock) in
combination with commercial fertilizers, and
• Application of locally available soil amendments to increase the efficiency of fertilizer use
(lime, phosphate rock, green manures).
Soil amendments and natural sources of nutrients can play vital roles in increasing crop
productivity and reducing environmental damage by improving soil fertility and fertilizer use
efficiency, promoting nutrient recycling, increasing soil moisture retention, and reducing soil
erosion and runoff. Yet, such amendments are under-utilized in the regions where they may have
the highest impact, for example, SSA. However, amendments such as lime or even green manure
may not always be available at a reasonable cost. A decision support toolbox, consisting of: (1) a
soil-crop model capable of simulating nutrient release patterns of organic sources and crop nutrient
demand, (2) a soil-crop simulation model with a lime management option, and (3) a phosphate rock
(PR) expert system, is evaluated for its performance and sensitivity in SSA. The toolbox also
provides economic assessment of different management strategies. The results of such ex-ante
analyses will assist stakeholders in making choices in an informed manner from the different
management options that are available. The decision support toolbox's development, improvement,
and applications are being facilitated through the Soil Water and Nutrient Management Program, a
system-wide initiative of the Consultative Group on International Agricultural Research (CGIAR).
Keywords: organic residues, phosphate rock, lime^ decision support toolbox, models, sub-Saharan
Africa
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Phosphatic guano combined with steel slag as effective way
for direct application of phosphatic guano to acid soil
SUWARNO (I) and GOTO Itsuo (2)
(1) Department of Soil Sciences, Faculty of Agriculture, Bogor Agricultural University, Jalan
Meranti, Kampus 1PB Darmaga, Bogor 16680, Indonesia
(2) Department of Applied Biology and Chemistry, Tokyo University of Agriculture, 1-1-1
Sakuragaoka, Setagaya-Ku, Tokyo 156, Japan
Phosphatic guano is solidify of sea bird excrement and solidify of bad excrement which their
nitrogen have been leached, and steel slag is by-product formed in the process of steel
manufacturing. Phosphate fixation and other problems in acid cause low efficiency of phosphatic
guano fertilizer in acid soil. However, application of phosphatic guano combined with calcite or
dolomite reduces dissolution of phosphatic guano, which in turn decreases its effectiveness. The
objectives of this experiment were 1) to evaluate the combined effect of phosphatic guano and steel
slag on plant growth and chemical properties of soil and 2) to study the mechanism of combined
effect of phosphatic guano and steel slag.
In experiment I, phosphatic guano combined with steel slag significantly enhanced the growth
of komatsuna, to an extent not significantly different from that of FMP with dolomite or SP with
dolomite. Moreover, the response of komatsuna to this treatment was significant compared to
combinations of phosphatic guano and dolomite. More P and B were available in soil on treatment
with phosphatic guano and steel slag than phosphatic guano and dolomite. The excellent effect of
phosphatic guano combined with steel slag relative to that of phosphatic guano with dolomite was
attributed to the superiority of the former in supplying P and B.
In experiment II, steel slag adjusting soil pH to 5.5 combined with phosphatic guano at a PAC
of 10% produced the highest yield and P uptake of komatsuna. Although the plant responded to
either steel slag or phosphatic guano, the response to their combination decreased with the
increasing amount of steel slag from that adjusting the soil pH to 5.5 - 6.5 or decreasing amount of
phosphatic guano. The P availability in soil with this combination was increased as the amount of
the steel slag was reduced or the amount of phosphatic guano was raised, though neither the steel
slag nor phosphatic guano raised the available P in soil. In addition, steel slag enhanced soil pH,
exchangeable Ca and Mg as well as available B, Mn and Fe, whereas phosphatic guano enhanced
only exchangeable Ca. The best response of komatsuna to combination of steel slag adjusting the
soil pH to 5.5 and phosphatic guano (PAC of 10%) was associated with favorable Mg and B supply
from the steel slag and P supply from phosphatic guano.
In experiment III, silicate ion enhanced the solubility of phosphatic guano in 0.01 A' KCl
through the anion exchange process, while Ca ion reduced the solubility of phosphatic guano in 2%
citric acid. It was suggested that the mechanism of the combined effect of steel slag and phosphatic
guano as follows. Reaction of the steel slag in the soil produced Ca, Mg and other cations in
addition to silicate, borate and other anions. The silicate ion exchanged for the phosphate ion of
calcium phosphate mineral in phosphatic guano, thus increasing the release of phosphate from
phosphatic guano, which in turn increased the concentration and the availability of P in the soil. On
the other hand, Ca ion from the steel slag shifted the equilibrium between soluble Ca and phosphate
ions with calcium phosphate mineral towards calcium phosphate mineral, thus reducing the
phosphate release from phosphatic guano. Increasing soil pH on addition of the steel slag also
reduced the solubility of calcium phosphate mineral in phosphatic guano. Moreover, the slag
improved supply of Mg and B to plants.
Keywords: acid soil, phosphatic guano, steel slag
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Anthropogenic soils in the US: conclusions from
an international workshop
AHRENS R.J., DITZLER C. and ENGEL R.J.
USDA-Natural Resources Conservation Service, National Soil Survey Center, 100 Centennial Mall,
North Rm. 152, Lincoln, NE 68508, USA
The International Committee on Anthropogenic Soils (ICOMANTH) is charged with defining
appropriate taxa in Soil Taxonomy for soils that have their major properties derived from human
activities. Soil Taxonomy uses soil morphology or properties of the soil that can be measured to
define diagnostic horizons and features. In this way Soil Taxonomy has operational definitions that
allow all users to derive the same classification for a given soil. At the same time the diagnostic
horizons and features are markers that reflect soil-forming processes. Classes in Soil Taxonomy,
defined by diagnostic horizons and features, combine soils into taxa with common threads of soil
genesis.
ICOMANTH sponsored an International Workshop on Classification, Correlation, and
Management of Anthropogenic Soils September 21-October 2, 1998. The purpose of the tour was
to identify some of the problems and potential solutions related to the classification, interpretations,
and mapping of human altered soils. The workshop began in Las Vegas, Nevada, and culminated in
the San Francisco Bay area of California. This part of the U.S. has a unique mixture of soils that
have been altered by humans for urban and agricultural uses, as well as for mineral and oil
exploitation.
Discussions at each stop on the tour centered on classification, map unit design, and
interpretations. The sites included a potential subdivision where the petrocalcic horizon was blasted
and crushed to meet building codes; soils developed from mine reclamation efforts; oil fields where
cuts, fills, trenches, and roads alter the soils drastically over small areas; saline-sodic soils
reclaimed and laser leveled for agricultural production; soils with duripans ripped or blasted and
leveled; subsidence in mineral soils from loss of groundwater and dissolution of gypsum with
irrigation water; subsidence in organic soils from oxidation; soils on stream terraces that were
mined for gold by dredging; and reclaimed acid sulfate soils along the Pacific Coast.
Several conclusions resulted from the workshop. Although many of the participants wanted
taxa developed for the drastically altered soils, several of these soils have few of the clues or
diagnostic markers of human manipulation required to develop classes within the philosophical
principles of Soil Taxonomy. For the most part, those soils with diagnostic markers already have
taxa developed in Soil Taxonomy. For example, the soils with ripped duripans fit comfortably into
the subgroup of Duric Xerarents. Perhaps a greater challenge than the classification is designing
map units and accompanying interpretations to accurately portray the spatial variability of
anthropogenic soils. Soil scientists learn to read the natural landscape and build conceptual models
for mapping soils. Few soil scientists have experience dealing with the spatial variability of soils
drastically disturbed by humans because there is no apparent predicable pattern. As pedologists we
need to work together and determine better terminology of anthropogenic landforms and
anthropogenic characteristics of soils in general.
Keywords: soil taxonomy, soil classification, anthropogenic soils
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Changes in soil ecology on the north of West Siberia as a
result of gas-extraction
PROCENCO E.P. (1), AMMONS J.T. (2), PROCENCO A.P. (3) and KARPINETS T.V. (1)
(1) The Institute of Soil Erosion Control, Karl Marks Street, 70-b, Kursk, Russia
(2) The University of Tennessee, Knoxville, Tennessee, 37901-1071, USA
(3) Kursk State Agricultural Academy, Karl Marks Street, 70, Kursk
A powerful trunk pipeline was constructed in the 1970's across the permafrost region in the
northern part of West Siberia to transport natural gas to Europe. This construction resulted in largescale disturbances of topsoil along the pipeline right of way. The objectives of this study were to
define the scale and character of these disturbances, to study main properties of the natural and
disturbed soils and to typify these soils for the purpose of their categorization according to the
degree of the disturbance.
The study sites were located near the gas trunk pipeline Nadym-Urengoy. Along the pipeline,
350 soil profiles were excavated and described. Soil samples from key plots of disturbed and
natural soils were analyzed to define soil texture, soil moisture, organic matter content, and the
content of macronutrients.
Analysis of the properties of the natural and disturbed soils indicated that the character and the
level of their anthropogenic changes are related to a large extent to the structure of the disturbed
soil, genetic features of different soil groups and types, degree of their resistance to man-caused
impacts and their capacity to restore the modified soil profile.
The main factor that defines soil division by degree of damages is the presence or absence of
soil horizons. When disturbances take place only within the top organic horizon or peat horizon and
fragments of the horizons are still present, then the soils are able to quickly refurbish the profile.
These soils are grouped into the weakly disturbed category. If changes take place in the central part
of the profile of swampy or swampy-podzolic soils or in the humus-accumulative horizon of
eluvial-gley soils, then these soils are grouped to moderately disturbed category. When the top of
the soil profile is completely truncated with outcroppings of sandy, gley horizons, ancient peaty
horizons, or other materials unsuitable for plant growth, then these soils are grouped into the
severely disturbed category. Disturbance caused by pipeline construction increases the average
temperature in eluvial-gley soils. This, in turn, leads to an increase in depth of thawing.
Additionally, the increase in temperatures are related the decrease in soil moisture content in these
soils. Soil fertility decreases in the disturbed eluvial-gley soils are caused by the destruction and
removable of the organic horizon resulting in lower organic matter and N contents. Soil acidity
decreases during this process.
Keywords: tundra eluvial-gley soils, classification, anthropogenic, disturbed, Gelisols
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Factors of soil degradation in plains of
the Mekong river basin
BELOBROV V.P.
V.V. Dokuchaev Soil Science Institute, Pyzhevskii 7, 109017 Moscow, Russia
Within the Mekong river basin, embracing the major part of Indo-China peninsula denudationaccumulative plains with absolute elevation of 250 m are widespread being composed of loose
deposits. The soil-forming rocks of prevailing red and yellow ferrallitic as well as yellow fersiallitic
soils are mainly presented by kaolinitic, variegated and ferrallitic weathering crusts of the above
bedrocks.
Degradation processes of soils are exemplified by those proceeded in soils of the plain
Savannakchet (left-bank Mekong river, Middle Laos) and Korat plateau (right-bank Mekong river,
Thailand). Sheet and linear erosion is the most destructive process conditioned.
Erosion processes have been studied on runoff plots under conditions of the most typical relief
and soils vulnerable to erosion to a considerable extent. Observations for liquid and solid runoff
were regularly performed during 4 months from July to October 1989. In that time the rainfall made
up 926.6 mm or 65% of its annual rate, being especially high in rainy August - 401.2 mm or 28%.
Gradient

Soils and land use of the plain Savannakchet

Red ferrallitic texture-differentiated light-loamy
(orchard used for a long time, a sodded soil surface)
Red and yellow ferrallitic hydrating texturedifferentiated loam-sandy (layland)
Red and yellow ferrallitic hydrating texturedifferentiated loam-sandy (cropland)
Yellow fersiallitic light-loamy (layland)
Yellow fersiallitic light-loamy (cropland)

1.5

Liquid
Solid
runoff (L) runoff (S)
Lha'
kg ha"1
546946
773.9

S/L
ratio
0.0015

3.0

473142

863.0

0.0018

3.0

609916

3965.0

0.0065

2.0
2.0

355516
658383

668.2
5253.5

0.0019
0.0079

Within the denudation-accumulative plains of the Mekong river the soil degradation and erosion
in particular is determined by a great majority of natural factors associated with bioclimatic reasons,
ecologo-genetic properties of soil and morpholithogenic conditions for their development.
Anthropogenic factor seems destructive and leads to accelerating the erosion of soils used under
tilled crops with the exception of rice. In areas occupied by rice soils within the accumulation or
transit terrace-shaped zones no degradational processes take place or they are prevented by soilprotective measures. On the whole, in denudation-accumulative plains of the Mekong river the
degradation degree of the soil mantle proved to be inversely proportional to soil use under rice crop,
i.e. the area covered by aquazems.
Keywords: degradation, sheet and linear erosion, solid runoff, liquid runoff, plain
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Soil nutrient changes after deforestation
and use of maize agrosystem in the Venezuelan Llanos
BERROTERAN José Luis
Universidad Central de Venezuela, Facultad de Ciencias, Instituto de Zoologia Tropical,. Apartado
postal 47058, Caracas 1041-A, Venezuela
Agricultural activities are known to result in a loss of organic matter and nutrient concentration
in the soil. In order to determine changes in soil macronutrient concentrations caused by an average
of 8 consecutive years of maize cultivation I examined soils from maize agrosystems and
nondeforested native ecosystems of the Orinoco basin Venezuelan Llanos (Northern South
America). The study area was located between 8°59'26" - 9°23'00" N and 66°35'26" - 67°3'19"E. It
was characterized by a humid period from May to November with an average annual precipitation
of 1070 mm and an annual mean temperature of 26°C. Soils were Ustropepts, Haplustalfs, and
Chomusterts in forests and shrublands, and Haplustoxs and Kandiustults in savannas. Agrosystem
sites characterized by rain-fed agriculture with traditional mechanized tillage, and a mean input of
400 kg ha'1 y"1 of fertilizer (12% N, 24% P, 12% K, and 5% Ca) were selected. Seven sites in
nondeforested ecosystems, and seven agrosystem sites whose previous natural cover corresponded
to the sampled native ecosystems (dense and sparse deciduous forests, dense and sparse shrubland,
and wooded savanna), were established using aerial photographies from 1978 and satellite images
from 1988. Three replicates, 5-10 m from each other, were sampled along line transects in each site.
Available nutrients in the surface and plowed horizon (0-20 cm) and the subsurface horizon (20-40
cm) were analyzed for each replicate, using 40 cm x 40 cm x 50 cm holes. Univariate and
multivariate analysis of variance (ANOVA and MANOVA) were applied to the data. Surface
horizon pH and potassium, and subsoil organic matter were not significantly different (p<0.05) after
deforestation for maize production. Surface organic matter concentration and subsurface horizon
phosphorus decreased 24% and 29%, respectively, in the maize agrosystem, whereas surface
horizon calcium and phosphorus, and subsurface horizon calcium and potassium increased 31%,
51%, 58%, and 4 1 % , respectively. On the other hand, magnesium showed significant reduction in
surface and subsurface horizons (26%) in the maize agrosystem compared to the native ones. Loss
of organic matter in maize agrosystems in considered high when compared to other tropical
agrosystems. The higher nutrient concentrations (P, Ca, K.) in the maize agrosystem is the result of
the fertilizer input, whereas decrease in magnesium concentration is due to its absence in the
applied fertilizer. I conclude that deforestation and agrosystem management induced nutrient gain
from fertilizer nutrients, such as phosphorus, potassium, and calcium, but it is advisable to
implement organic matter conservation and magnesium application for a sustainable farming
system.
Keywords: maize, tropical, soil nutrient, agrosystem, Venezuela, Llanos
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Human-induced soil changes: pine plantations above
apparent natural tree line, Sierra Nevada, Spain
BOETTINGERJanisL. (1), SCHUPP Eugene W. (2), GOMEZ Jose Maria (3), CASTRO
Jorge (3) and ZAMORA Regino (3)
(1) Department of Plants, Soils, and Biometeorology, Utah State University, Logan, UT, 843224820, USA
(2) Department of Rangeland Resources and the Ecology Center, Utah State University, Logan,
UT, 84322-5230, USA
(3) Grupo de Ecologia Terrestre, Departemente de Biologia Animal y Ecologia, Facultad de
Ciencias, Univ. de Granada, E-18071 Granada, Spain
There is an initiative in the Mediterranean Basin to "reforest" or "repopulate" mountain
landscapes that have no historical record of supporting trees. In the northwestern Sierra Nevada
mountain range of Spain, an apparent natural tree line occurs at 1900 m, above which native shrubs
dominate. About 30 years ago, native shrubs were cleared, slopes were terraced, and coarsetextured mica schist-derived soils were densely planted with Scots pine (Pinus sylvestris). At about
2300 m elevation on 35% slopes, we investigated the effects of a 30-year-old pine plantation on
native shrub soils. We sampled three pairs of pedons, each consisting of a soil under native shrub
and a soil under pine about 7 m apart. Surface horizons under pine had higher organic C, higher
CEC, higher BS, and higher pH than surfaces under shrub. However, pH was significantly lower in
subsurface horizons under pine. For example, pH was 4.7 at about 50-cm depth compared to 5.3
under shrub. Horizons with the lowest pH under pine also had higher clay, lower BS, and redder
color than horizons at corresponding depths under shrub. Thise data indicates that increased
chemical weathering and leaching occurs in pine subsoils. We attribute this pattern of change to
acidic litter decomposition products and cation pumping by pine. A related study compared the
properties of soil under 30-year-old pine plantations with soil recovering from the burning and
removal of pine 8 years prior (22 years of pine, 8 years after fire). Although the spatial pattern is
patchy, soil in the burned area was acidified (pH as low as 4.5) throughout the upper 50 cm. We
attribute this to intensified leaching of bare soils and loss of biocycling of base cations. Here also,
very strongly acid horizons have higher clay concentrations, indicating accelerated insitu chemical
weathering. These poorly buffered and intensely leached native shrub soils undergo rapid changes
in chemical properties and processes following conversion to pine and subsequent loss of pine by
fire. We speculate that continued changes in surface and subsoil properties such as these may limit
future success of pine plantations and may adversely affect revegetation with native species.
Keywords: soil acidification, Pinus sylvestris, accelerated weathering
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Survey of the alluvial plain quality and the pollution status
caused by human influences
VANDECASTEELE Bart and DE VOS Bruno
Institute for Forestry and Game Management, Ministry of the Flemish Community, Gaverstraat 4,
B-9500 Geraardsbergen, Belgium
The influence of shipping traffic and surface water pollution on the alluvial plain quality of the
rivers Scheldt and Leie (Belgium) was researched. Old dredged sludge landfills and sedimentation
zones were surveyed in the alluvial plain and heavy metal contamination of these sites was
determined. The geographical extent of both dredged and infrastructure sludge landfilling and clay
reclamation activities for brick production was investigated.
The field survey was based on the Soil Map of Belgium and other data sources. The landscape
situation described by the Belgian Soil Map gives an idea of the situation at the time of the soil
survey (1962-1966). Nowadays, the situation has clearly changed due to further human
intervention, especially the calibration of the Upper Scheldt for ship transport up to 2000 tons. The
levelled-up part of the alluvial plain increased, resulting in a decreased part with an original soil
profile or a profile dug off for brick construction.
The recognition of dredged sludge amended soils is based on field observations, soil physical
measurements (grain size analysis with laser diffractometry) and chemical analyses. This
recognition is developed through comparison of unaffected alluvial soil samples with known
dredged sludge landfills samples. The soil physical recognition by grain size analysis is based on
the measurement of the similarity between the textural spectrum of the Ap-horizon and the Bhorizon.
Nowadays, 52% of the area in the alluvial plain for the river section between Oudenaarde and
Gent has kept its original profile and texture, 20% of the area was reclaimed for brick production,
and 28% was levelled up with materials of different origin. 30% of the levelled-up sites are polluted
dredged sludge landfills.
Of the sampled terrains which were characterized as dredged sludge landfills, 82% was
polluted with Cd, Cr, Zn and/or Pb. Cu and Ni concentrations were of no environmental concern.
On most locations, both high concentrations of Zn, Cd and Cr were measured, up to 47 mg Cd kg"1
dried soil, 3950 mg Cr kg"1 dried soil and 4200 mg Zn kg"' dried soil. The presence of dredged
sludge landfills in the alluvial plain is an indirect consequence of the polluted water and sediments
in the river Scheldt and Leie. The pollution of these terrestrial sites with heavy metals is more
permanent than in the aquatic environment.
Keywords: heavy metals, dredged sediments, Scheldt, Leie
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The human factor of soil formation
PUPAL R. (1), NACHTERGAELE F.O. (2) and PLRNELL M.F. (3)
(1) Soil Science, Institute for Land and Water Management, K..U. Leuven, Vital Decosterstraat
102, B-3000 Leuven, Belgium
(2) AGL, FAO. Viale delle Terme di Caracalla, 00100
Rome, Italy
(3) AGL, FAO. Viale delle Terme di Caracalla, 00100 Rome, Italy
Soils are natural bodies that have been formed by the interaction, over time, between climate,
relief, parent material and living organisms. The latter soil-forming factor encompasses vegetation,
fauna and human influence. Although soil management practices and other human interventions
have been acknowledged as having an impact on soil formation, early soil classifications have not
systematically catered for soils, which have been modified by man.
The human influence on soil formation is much more pronounced and extensive than originally
perceived. Human interventions were either direct - through plowing, liming, manuring, fertilizing
- or indirectly through changing the natural soil forming factors - changing the vegetation by
deforestation, changing the relief by leveling and terracing, changing the soil moisture regime
through irrigation or drainage, and by changing the parent material through dumping or erosion.
How are soil 'improvement' or 'degradation' reflected in soil classification? How and at which
level does one distinguish 'natural soils' from 'anthropogenic soils'?
The diversity of 'anthropogenic soils' has given rise to a proliferation of different names and
units. In order to avoid a splintering of classes, it is attempted to identify the different types of
man-made soils:
a. Human induced changes of soil class
b. Human-made diagnostic horizons
c. Human induced new parent materials
d. Human induced deep soil disturbance
e. Human induced topsoil changes.
On this basis a more systematic characterization and subdivision of 'anthropogenic soils' could
be envisaged.
Keywords: human influence, soil formation, soil classification
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Effect of soil management on the wetting capacity
ELLIES Achim. RAMIREZ Carlos and MAC DONALD Robert H.
Instituto de Ingenieria Agraria Suelos, Universidad Austral de Chile, Casilla 567, Valdivia Chile
Wetting capacity on Andisols and Ultisols from Southern Chile submitted to different
managements was determined. The wetting capacity was inferred by the contact angle formed on
the water-air-solid interface. Very fine aggregates were spread on microscope slides and a
waterdrop was placed on the homogeneous surface. The drop was observed with a magnifying
glass with a horizontal vision field. The ocular of this magnifying glass had a goniometer, to
measure wetting angles. Wetting capacity was also determined on microaggregates, from the
external area of the aggregate to its centre and on organic substances that move in the soil. For this
last purpose glass slides were inserted for some years at different depths in the soils, during this
period diverse organic substances precipitated as a thin film over the glass.
Wetting capacity increases from surface toward deeper soil layers. A higher organic carbon
content reduces wetting capacity. The topsoil located under forest always present smaller wetting
capacity than sites with the same soil submitted to a higher degree of agriculture management, this
capacity increases when the soil is kneaded by tillage implements.
The wetting capacity also depends on substances that move in the soil. Organic substances with
a temporary permanency in the soil favour this resistance. The organic matter qualitative properties
affect in a high degree the wetting capacity. Soils with a smaller wetting capacity have a higher
proportion of aromatic and esters substances.
The wetting resistance of topsoil aggregates diminishes from the walls to the interior. In the
subsoil this tendency disappears with bigger aggregates. The wetting resistance increases to the
interior as aggregates become smaller.
Keywords: wetting capacity, soil management, aggregates, organic components
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Plagganthrepts in Northwest Russia?
genesis, morphology and properties
GIANI Luise (1), CHERTOV Oleg (2), GEBHARDT Christine (1), KALININA Olga (3),
NADPOROZHSKAYA Marina (2) and TOLKDORF-LIENEMANN Eva (1)
(1) Soil Science, Fb 7, Carl-von-Ossietzky University, P.O. Box 2503, D-26111 Oldenburg,
Germany
(2) Biological Research Institute of the St. Petersburg State University, Oranienbaum Road 2,
198504 Staryi, Peterhof, St. Petersburg, Russia
(3) Dept. Silvisulture & Soil Science, Technical State University, North Dvina Embarkmant 17,
163007 Arkhangelsk, Russia
In order to find out whether the anthropedogenic soils of the St. Petersburg area were
Plagganthrepts, exemplary 4 profiles were thoroughly investigated in respect to their genesis,
properties and classification. The soils were characterized by humus-rich, well strutured and
biologically active anthropedogenic epipedons, reaching depths of 44 and 55 cm. The texture,
mostly silty or loamy, underlined the different geological compositions of the profiles. The same
indications were given by the mineral distribution of the fine sand fraction and the XRD analysis of
the clay fraction. The substance volumes of the anthropedogenic epipedons were 48.3-52.2%, their
air volumes were 10.4-23.4%, whereas they were up to 75.7% and down to 0% in the underlying
horizons. The pH values were 4.9-6.5 (CaCb). Small lime amounts were found once. The Corg
contents were 23.5-59.4 g kg"1 and the N contents 2.0-3.5 g kg"1 in the anthropedogenic horizons
and 1.4-4.9 g kg"' and 0.2-0.3 mg kg"1 in the following ones. Decreasing humus contents in the
rooted zone indicated degradation processes. The base saturation was mostly 100% and the CEC
9.3-16.8 cmolc kg"1 in the top and 3.1-6.8 cmolc kg"1 in the sub soils. The „total" P contents were
1,069-1,835 mg kg"1 and the citric acid soluable P contents were 385-506 mg kg"1 in the
anthropedogenic epipedons and 189-299 mg kg"1 and 71-169 mg kg"1 in the underlying horizons.
The genesis of the anthropedogenic St. Petersburg's soils showed distinct similarities to the former
plaggen fertilisation in northwest Europe. After the establishment of St. Petersburg the progressing
demand for more arable let to cultivations. Fertilisation with municipal waste, but mainly peat
composts and cattle manures were introduced. Because of the shortage of cattle bedding material
not only rye straw was used, but additionally spruce twigs, sedge, reed grass, wood, sawdust, moss
and mainly peat. Together with the peat mineral components must have been distributed. The
genesis of the anthropedogenic St. Petersburg's soils supports a classification as "Plaggeneschs"
(German taxonomy) "Plaggenthrepts" (US taxonomy) or "Terric Anthrosol" (WRB taxonomy). But
the demanded thickness of the anthropedogenic epipedon is only reached partly. According to the
Russian taxonomy they have to be classified as anthropogenically changed natural soils: "Agrosem"
and "agro-natural soils". Thus, Plagganthrepts occur as small patches, which may even decrease,
because of soil degradation.
Keywords: soil genesis, Plagganthrepts, Plaggeneschs, Plaggic Anthrosol, Terric Anthrosol,
Russia
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The effect of long-term grazing prevention on
soil conservation
GIVI Javad (1), MOHAMMADI J. (1) and ASADI Esmaeil (2)
(1) Soil Science Department, Faculty of Agriculture, Shahrekord University,
P.O. Box 115, Shahrekord, Iran
(2) Natural Resourses Department, Faculty of Agriculture, Shahrekord University, P.O. Box 115,
Shahrekord, Iran
Pasture overgrazing may cause soil degradation in rangeland ecosystems. This may reduce
livestock production. The purpose of this research was comparison between morphology and
physico-chemical properties of a 15 year-grazing excluded rangeland and an adjacent grazed one
located in the Chahartagh region (Sabzkuh), Ardal township, Chaharmahal va Bakhtiary province,
Iran. The grazed rangeland was similar to the grazing excluded one as far as topographic
characteristics, plant cover and other environmental conditions are concerned. In each part,
observation points were selected 60 to 130 m apart and along two transects perpendicular to each
other. The soil profiles were described to study the soil morphology. Soil samples were collected
from different horizons of the profiles to determine texture, calcium carbonate equivalent, pH,
organic caarbon and saturation percentage of the soils. To select representative profiles, statistical
clustering analysis was used. The results of this statistical grouping showed that the groups of the
profiles of the grazed and the grazing excluded rangelands are different. A refrence profile was
selected from each group. Bulk density, available water, structure stability, macro-pore volume
percentage and CEC were determined for each horizon of the refrence profiles. Plant cover
percentage was also measured for each of the profiles. The soils of the grazing excluded rangeland,
covered with heaped grasses, compared with the soils of the grazed rangeland, lacking a full plant
cover, have higher organic matter, CEC and available water, lower bulk density, more stable
structure, more condensed roots and a better aeration. More optimal soil physical properties and
fertility of the grazing excluded rangeland, compared with the grazed one is due to its more
condensed grass cover. Overgrazing in the grazed rangeland destroys the plant cover, has adverse
effect on soil physical properties and reduces soil fertility. This is the reason why erosion is more
severe in this part of the rangeland.
Keywords: grazing prevention, soil conservation, soil morphology, soil physical properties, soil
chemical properties, rangeland
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Soil evolution as the result of the historical events
at the south of Russia
GOLYEVA Alexandra (1), CHICHAGOVA Olga (1) and TSUTSKIN Yevgeny (2)
(1) Institute of Geography Russian academy of science 109017, Moscow, Staromonetniy per., 29,
Russia
(2) Kalmykia's Institute for Socioeconomic and Legal Studies RAS 358005, Elista,
Khomutnicovaul, 111, Russia
Our research concerns the problems of reconstructing the former soil conditions and the
interaction between nature and human society at different historic times. Buried soil in the wide
flat-bottom valley (balka) was studied in the dry steppe in Kalmykia (South of the Russian Plain).
Studying soils buried in valleys, we can reconstruct not only the paleopedological and paleoclimatic
conditions, but also the factors (natural or anthropogenic) that caused the deposit accumulation.
The study area is located about 1500 km to the south of Moscow (45°41'N, 44°32'E), in the arid
zone. Modern climatic conditions are dry and warm: a mean annual precipitation is 350 mm, and
the mean annual temperature is 11.1 C. We observed modern Molli-Endogleyic Solonetz and
paleosol buried in the balkas. Paleosol has dark and thick humus horizons and resemble
chernozem-like soils, which have not been reported in this region before. It was found that paleosol
has a higher content of humus (which is equal to that in modem Haplic Kashtanozems and Gleyic
Phaeozems), a lower content of carbonates, lower pH values than studied modem soils. The humus
content in the upper horizons of paleosol is greater than in the overlying colluvium. It resembles
meadow-steppe soil but not Molli-Endogleyic soil developing on the modem surface. The age of
humic acids in paleosol from the Mu-Scharet balka increases with depth from 1000 to 4000 years
ago. Therefore, this soil developed in stable conditions for thousands of years and was buried only
about 1,000 years ago.
It can be assumed that the deposit accumulation and soil burial were induced by certain
historical events. These events were the downfall of the Khazar State (from 973 to 1048 years AD)
and the subsequent invasion of Guze tribes with large flocks of sheep. From the ecological point of
view, sheep husbandry is more dangerous than cattle or horse breeding. An extensive sheep pasture
resulted in destroying the grass cover and in desertification development. The data obtained are
indicative of the three stages of soil development. (1) The stable stage is at least 3,000 years long
(until the first millennium AD), formation of meadow-steppe soils. (2) The dynamic stage is likely
to be a short period of deposit accumulation and soil burying. (3) The modem stable stage is at least
500 years long (up to the present time), and is characterised by the formation of meadow-saline
soils (Molli-Endogleyic Solonetz) on deposits in gullies.
A severe ecological crisis happened in the territory of modem Kalmykia about 1,000 years ago.
It was induced mainly by the collapse of the Khazar State and resulted in burying fertile meadowsteppe soils and forming saline Molli-Endogleyic soils. Over thousands of years, climatic
fluctuations within this area were relatively smooth and could not influence the global soil
development, in particular, the development of meadow-steppe chemozem-like soils. However,
after an intensive sheep pasture, the pedogenetic trend changed. Thus, the human impact was
stronger factor of soil evolution than climatic fluctuations in the second half of Holocene in the
South of Russia.
Keywords: buried soils, nature and society, ecological crises, South of Russia
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Conduct of heavy metals in Vladimir Opolie soils of
various anthropogeneous pressing
IVANOV Andrei and KARPOVA Dina
Russian Academy of Agricultural Science, Bid. 2, 15, Krgiganovsky Str., Moscow 117218, Russia
The research was carried out on typical watershed plots on subtypes of light grey, grey, dark
grey forest soils and their most typical types such as soddy-podzolic sandy loam soils, alluvial
meadow ones taking into consideration accompanying soil forming processes. Conduct of total
forms for heavy metals such as Zn, Pb, Ni, Cu, Co, Fe, Mn and Cr was examined over a 6 year
period.
Fulfilled investigations testify that studying dynamics of heavy metals content change in soils
of natural and agrogene soil formation types is an important diagnostic element of Opolie's
agroecosystem evolution general monitoring.
Analysis of heavy metals content changes in the profile of an arable grey forest high cultivated
soil during a 3 year summer period (1993-1996) has shown decreasing Pb content in the top horizon
more than twice, increasing Zn content in the top horizons, decreasing Co content in arable horizon
and slightly decreasing Fe content in 1.5 m layer. Mn content has increased twice in 30-40 cm.
layer.
Cr content is fluently increased with depth and its maximum is on a soil forming rock.
According to data of 1999, Zn, Ni and Mn contents have decreased in 1.5 m. layer, and it is possible
to explain by some decrease of humus content.
Heavy metals redistribution has been recorded on soils of microrelief different elements, Pb
content has increased in the arable horizon during the 6 year period, Mn content has increased in 1.5
m layer, Co content has increased on the depth of 90-100 cm in micro lowering. On a rise plot Pb
quantity, on the contrary, has decreased in the top horizon, but Zn, Co and Ni contents have not
almost changed. Cr content has slightly increased on the profile.
Identification of granulometric fractions has been carried out according to Gorbonov's
methodology.
In general, the grey forest soil is characterized by high enough water-aggregate sapropel
content in comparison with water-peptizated one. Distribution of total forms of heavy metals on
fractions has shown that each investigated element conducts individually without any common
pattern, but quantative and qualitative differences in their contents on soil fractions have been
brought to light. The majority of investigated elements concentrates in its high dispersed part.
Keywords: anthropogeneous pressing, heavy metals, natural and agrogene soil formation,
agroecosystem evolution
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Soils, human activities and landscape relation in Anai river
watershed, West Sumatra, Indonesia
KAMIDOHZONO Akira (1), DARM AW AN (2), MASUNAGA Tsugiyuki (1)
and WAKATSUKI Toshiyuki (1)
(1) Faculty of Life and Environmental Science, Shimane University, Matsue 690-8504, Japan
(2) Faculty of Agriculture, Andalas University, Padang 25163, West Sumatra, Indonesia
Our strategies for understanding of landscape characteristics were to investigate natural
resource especially in soils and water and to carry out research on human activities.
A field survey was carried out at the Anai river watershed, West Sumatra, Indonesia. The
Minangkabau, a major ethnic group in West Sumatra, has practiced sustainable agriculture based on
mainly sawah. The term sawah is Malay word, which means leveled and bounded rice fields with
irrigation and drainage system.
The diverse landscape of the Anai river watershed was classified into three major units: (1)
volcanic highland in upper stream, (2) the foothills of the Barisan mountains and alluvial plains in
middle stream and (3) the flood plain in lower stream from toposequence of upper, middle and
lower. Various types of Andisols dominated volcanic highland plateau of the upper stream of the
watershed. The dissected mountains of the lower elevation and hilly landscape were the
characteristics of the middle stream of the watershed. The soil fertility status in this region was
highly diverse compared to the upper and lower stream of the watershed. Indigenous soil
knowledge and technologies of the people emphasized sedimentation rather than soil erosion from
forest and upland to lowland sawah. Their indigenous knowledge and technologies were not the
same as western scientific considerations, but this sawah based traditional system had been
sustained for a long time in the region. The areas of lower stream of the watershed that developed
most recently were flood plain and swampy landscape dominated by Histosols, Aquents and
Aquepts.
Keywords: Anai river watershed, landscape, minangkabau, sawah based agriculture, soil erosion,
sedimentation, watershed management
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Factors of transformation of plowed soddy-podzolic soils
on the Russian Plain
KARAVAEVA Nina
Institute of Geography, Russian Academy of Sciences, Staromonetnyi per. 29, Moscow 109017
Russia
The trends and degree of human-induced transformation of natural soils into agrosols are
determined by the following factors: (1) genesis and the profile organization of the original soil, (2)
changes in biological cycles, (3) changes in the water and temperature regimes, (4) the character of
agrotechnical and agrochemical impacts, and (5) the duration of agrogenesis. In humid temperate
regions, most agrosols are originated form acid soils with eluvial-illuvial and eluvial types of
profiles, in particular, from soddy-podzolic soils. The agrogenic transformation completely
changes their genetic nature. (1) The material of nearly all horizons is included into the plow layer,
and the genetic profile becomes simpler: the initial profile 0-A(AE)-E-EBt-Bt-BC-C transforms
into A-Bt-BC-C. (2) Herbaceous communities substitute forest phytocenoses. The most part of the
net primary production is withdrawn with harvest. The amount of falloff is decreased from 9.3 t ha"
in forest to 6.2-9.2 t ha"1 on cropland (wheat). The falloff is characterized by high contents of
nitrogen and ash (85, 116 kg ha"1, respectively), the predominance of cellulose, and a low content of
slow-decomposed compounds. This accounts for its rapid decomposition, which is also facilitated
by perturbation, good aeration, sufficient heating, and the contrast moisture regime of the plow
layer. (3) In agrosols, as compared to natural soils, the depth of soil heating to t>10° is doubled
(2.5 m as opposed to 1.2 m), the sums of t>10°in the plow layer and on the soil surface are
increased by 600° and 1000", respectively, and t>15° appears. At the same time, the frost season
becomes two months longer, the depth of soil freezing increases (1.3 m as opposed to 0.7 m), and
the moisture regime becomes more contrast and unstable. (4) The agrotechnical impact consists in
perturbation of the plow layer, which makes it more homogeneous and improves its physical
properties, regimes, and the conditions of plant growth. Fertilizers and lime are applied for gaining
the favorable balance of humus and ash elements in crop rotations. (5) The thick (>40 cm) fertile
plow layer can be formed in loamy agrosols within a decade; a shorter period is required for sandy
and longer—for clayey soils. Continuous agrotechnical treatments and fertilization provides for the
sustainable development of agrosols. The maximal duration of land use on the Russian Plain is
400-500 years. In such cases, the thick (about 45 cm) plow layer is characterized by a high content
of humus (5-8%), neutral pH, saturated exchange complex, and by the subangular blocky structure.
This layer has an accumulative-eluvial genesis, which is evidenced not only by its properties, but
also by numerous features of eluviation of clay, suspensions, and solutions. Therefore, the decrease
in the intensity of agrotechnical treatments and fertilization causes degradation of these soils
towards their original state. Changes in environmental factors can account for the transformation of
soil properties and processes during agrogenesis.
Keywords: human impact, agrosol, factors, transformation
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Several peculiarities of grey forest soil humus composition
for Vladimir Opolie
KARPOVA Dina and IVANOV Andrei
Vladimir Agricultural Research Institute 3, Central str., v. Novy, Suzdal-town, Vladimir rgn.,
601261, Russia
Studying main directions of an agroecosystem transformation and realizing forecast of their
modification trends are the most actual problems in regions with a traditionally developed culture of
arable farming such as the grey forest soils of Vladimir Opolie. The soil cover is characterized by
paleocryogene complexity related with microrelief and consisting by the following components,
namely: soils with second humus horizon in micro lowerings, residual-calcareous soils (limy soils)
in micro rises and surface-gley soils of deep gullies. Dynamic changes of humus content and
composition were studied over a long period. Three soil subtypes were researched. They are the
following, namely: light grey, grey and dark grey forest soils of different anthropogeneous pressing
including virgin soils, arable soils and permanently cultivated ones. The humus profile for virgin
soils has not changed during 5 year monitoring. Decrease of humus contents in upper horizons with
smooth character of its cutting down in the profile was observed for the intensively exploited arable
soil. Strongly expressed humus accumulation in 30-50 cm layer has been found in the permanently
cultivated soil. Group and fractional humus composition has been investigated according to the
Ponomareva & Plotnikova methodology using finally spectrophotometre "Specol". In general, the
investigated grey forest soils are characterized by dominance of calcium humats connected with
fulvous acids. Brown forms connected with fulvous acids are represented insignificantly. The
second humus horizon is characterized by increasing humus acids connected with calcium,
especially humic acids. It is recorded that intensive development of soils leads to increasing
strongly fixed forms with sesquilinear oxides and humins content in humus composition.
Keywords: agroecosystem transformation, humus composition, humus contents, calcium humats,
fulvous, humic acids
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Modern stage of the anthropogenic evolution of steppe soils
induced by progressing waterlogging
KHITROV Nikolai B. (1) and NAZARENKO Olga G. (2)
(1) V.V. Dokuchaev Soil Science Institute, Pyzhevskii per. 7, Moscow 109017 Russia
(2) Donskoi State Agrarian University, Persianovka, Rostovskaya oblact 346393, Russia
The Modern stage of the anthropogenic evolution of soils in the steppe zone of European
Russia is characterized by progressive development of soil waterlogging. Four groups of
environmental situations favoring this phenomenon can be distinguished: (a) natural landscape
positions with Meadow Chernozemic, Meadow, Swampy, and Floodplain soils; (b) territories
adjacent to artificially created large water reservoirs; (c) irrigated fields and neighboring areas; and
(d) initially automorphic rainfed soils on watersheds and slopes. The latter group is of special
interest, as the development of waterlogging in such sites is not easy to predict; it is argued that the
main reason for this phenomenon is connected with erosion control measures and surface runoff
regulation.
Waterlogging of initially automorphic soils takes place upon a certain combination of
lithologic, hydrogeologic, and relief conditions. First, this is the lithologic heterogeneity of the
territory both in the vertical and horizontal directions: (a) the presence of aquicludes or
impermeable layers at shallow (0-3, up to 5 m) depths; (b) impermeable layers have their own
surface topography that may differ from the topography of the soil surface; and (c) aquifers or the
horizons with temporarily perched water above the impermeable strata are heterogeneous in
horizontal direction with respect to water conductivity characteristics. Second, soil waterlogging is
observed in certain geomorphic positions: depressions, catchment basins on watersheds, hollows,
and concave parts of slopes. If all these natural prerequisites take place in the steppe zone, then land
management activities of humans directed toward the regulation of the water budget of agricultural
territories may serve as the triggering mechanism for local concentration and relative accumulation
of water in given landscape positions. Thus, waterlogged Chernozems appear, and hydromorphic
features in Meadow-Chernozemic soils become more pronounced. This is mainly caused by runoff
regulation measures, the main aim of which is to reduce surface runoff via its conversion into
subsoil flows.
Field survey of recently waterlogged areas was performed in the territory (84,000 ha) of the
Kuibyshev district (Rostov region) in 1985-1990 and 1997-2000. Space images were also used for
this purpose. It is found that the average rate of soil waterlogging in automorphic conditions reaches
100-150 ha y . The development of soil waterlogging (until its evident morphological
manifestation) in a particular place lasts for 1-3 years. The further expansion of waterlogged areas
at the same rate is hardly probable, as most of the sites with favorable natural conditions are already
subjected to waterlogging.
The general tendency of changes in the properties of Chernozems and Meadow-Chernozemic
soils upon their secondary human-induced waterlogging corresponds to the natural course of the
evolution of waterlogged soils developing in similar lithological and geomorphic conditions.
This study was supported by the Federal Program "Integration" (project no. 116-5.1.) and by
the Russian Foundation for Basic Research (project no. 98-04-49112).
Keywords: Chernozem, soil waterlogging, surface runoff, subsurface water flows
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C-rich sandy Ap horizons of Northwest Europe contain
a large fraction of very stable organic matter
KIRCHMANN Holger m and SPRINGOB Günther (2)
(1) Swedish University of Agricultural Sciences, Department of Soil Sciences, Box 7014, SE-750
07 Uppsala, Sweden
(2) University of Hannover, Institute of Soil Science, Herrenhäuserstr. 2, D-30419 Hannover,
Germany
The study focuses on a very stable organic matter fraction in sandy arable soils in which clay
and silt, commonly assumed to be the major factors for organic carbon (OC) stabilization, are
practically missing. We characterized 23 Ap horizons plus one subsoil with respect to total OC,
total N, chemical resistance of OC, microbial biomass, respiration during laboratory incubation, and
solubility of OC in water (WSOC). Data from long-term experiments on sand and sandy loam were
used considered as references. The soils varied with respect to historical land-use (heathland,
plaggen-manuring, woodland) and soil genetic factors (podzolization, groundwater).
The 24 samples showed a remarkably wide range of OC content ranging from below 10 to
about 50 g C kg" .soil Carbon to nitrogen ratios varied between 10 to 30 and were positively
correlated with total OC (R2=0.87). Graphitized C ('charcoal'), determined as the C resistant
against oxidation with H2O2, was of minor importance amounting to about 0.5 mg 'charcoal' C g'1
soil in most samples. Some plaggen and heath soils had charcoal contents around 1 and 1.5 mg g'1
but this was still less than 5% of the total OC. The HCl-resistant C fraction was extremely large,
amounting to 50 to 90% of total OC. Its percentage was closely related to the general C level (R2=
0.84). Biomass C contents (fumigation-extraction) were quite normal in all soils in absolute terms
but were not correlated with total OC. Consequently, the C-rich soils had low biomass C to total OC
ratios (<0.005). The activities of the enzymes catalase and dehydrogenase showed similar
relationships. This strongly indicated that major proportions of the organic material do not support a
microbial population and a major fraction is not in a process of decomposition in the field. The
average respiration rates per unit of OC after 100 days of incubation at 20°C were lowest in the Crich samples. Water-soluble organic carbon (WSOC) increased slightly with total OC. On average,
a sum of 379±80 ug C g'1 soil was obtained over 7 sequential extractions. This was about the same
amount as respired in 140 days (373 ± 107 ug CO2-C g"1 soil) but there was no significant
correlation between the respired CO2-C and the extracted WSOC. The steady-state rate of WSOC
released (steps 3 to 7) per unit of total OC was lowest in the C-rich soils, again indicating the high
stability of OC.
We concluded that old sandy Ap horizons soils may have high levels of OC consisting of a
large portion of very stable organic matter amounting to more than 50% of total OC or 10-30 mg C
g"1 soil. Historical land-use and soil genesis is the most probable reasons.
Keywords: plaggen, microbial biomass, respiration, water-soluble C, HCl-resistant C, charcoal
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Progress in defining Anthrosols in WRB
KOSSE Alan
Dept. of Natural Resources and Environmental Sciences, University of Illinois, Urbana, IL 61801,
USA
Progress in classification of anthropogenic soils requires a fundamental distinction between
anthropedogenic and anthropogeomorphic processes. Current definition of Anthrosols in WRB
treats these as the product of distinct anthropedogenic processes. Anthropogenic soils in this sense
are to be distinguished from soils where anthropogeomorphic processes predominate, which are
included in Regosols in WRB. While the current definition of Anthrosols in WRB has removed
much of the ambiguity in the earlier FAO definition, the distinction between anthropedogenesis and
anthropogeomorphology is incompletely understood. Recognition of a distinct set of
anthropedogenic processes is long overdue, and these can be expected to differ both in rate and kind
from the set of anthropogeomorphic processes. Anthropogenic soils in this sense should be
restricted to those soils commonly found in areas of old cultivation where traditional agricultural
practices have resulted in the development of anthropedogenic horizons of sufficient depth or
degree of pedogenic expression.
It remains to develop more fully the conceptual basis of the WRB system in classifying
Anthrosols. The published list of anthropedogenic processes was not intended to be exhaustive, and
obviously some overlap with anthropogeomorphic processes occurs. Nonetheless, the emphasis is
on long-term continuous processes taking place in the soil, leading to the development of unique
anthropedogenic horizons. Several distinct anthropedogenic processes have been recognized,
included deep working, intensive fertilization, additions of extraneous materials, irrigation with
sediment-rich waters, and wet cultivation. It is not, of course, meant to imply that any one of these
processes is dominant, and more than likely they often act in unison.
Diagnostic horizons in Anthrosols are seen as resulting from distinct anthropedogenic
processes. Several diagnostic horizons are recognized, including hydragric, irragric, terric, plaggic,
and hortic horizons, which are defined using diagnostic criteria. Separate field criteria are
discussed, but the separation between diagnostic and field criteria is not always straightforward.
Once the decision to recognize these horizons as anthropedogenic is made definitions need only aim
for internal consistency, and there is no reason to develop criteria separating these from "natural"
soils. Present definition of anthropedogenic horizons in WRB is not always consistent, and the
basic conception in some cases needs to be clarified.
Several Anthrosol soil units are recognized in WRB, following the published priority listing.
Irragric, Plaggic, Terric and Hortic Anthrosols are identified by surface horizons, but in the case of
Hydragric Anthrosols emphasis is on subsoil properties. It is suggested that a distinction be made
between "raised" Anthrosols and those developed in situ, which has not been retained in the present
system. Such Permixic or Cumulic superunits could be used optionally where these might prove
useful in resource management or soil corrrelation.
Keywords: Anthrosols, anthropogenic soils, anthropedogenesis, anthropo-geomorphology,
Regosols
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Application of soil analysis methods to study on contribution
of source sediments to recent alluvium in Kushiro Mire, Japan
KUSABA Takashi and MIYAJI Naomichi
(1) National Agricultural Research Center, Kannonndai, Tsukuba, Ibaraki, Japan
(2) National Institute of Vegetable and Tea Science, Ano, Mie, Japan
In Kushiro mire, a volcanic ash soil area of northern Japan, there are influxes of sediments
from the surrounding area which cause deterioration of the environments (ex. bio-diversity, ruin of
rare wild life and so on). Information on the source of the influxes of sediments has important
implication in the development of more effective sediment control strategies and land managing
systems. We examined the application of soil-physical and chemical analysis to study on relative
contribution of source sediments to recent alluvium along the Kuchoro River in Kushiro Mire.
The drainage basin of the Kuchoro River is composed of the Quaternary Volcanics and the
sediments derived from the volcanics. At the cliff, the Volcanic ash soils Layer (Vsl), the Loam
Layer (LL), the Akan Volcanic Materials (AVM), the Kuchoro Volcanic Ashes (KVA) and the
Toro Formation (TF; sedimentary formation mainly derived from volcanic materials) are exposed.
The Lowland soils Layer (LsL) and VsL are distributed on the plain and the terraces. About 90
samples of surface from the alluvium in the Mire, the arable field on the plain and the terraces and
the cliffs were collected.
Phosphorus contents in the sediment extracted by EDTA (EDTA-P; mg 100 g"1 soil) which is
closely related with the fertilizer P application to a field of volcanic ash soil (Nanzyo, 1991), carbon
contents in the sediments (%), allophane contents in clay fraction (A-contents; %) and texture are
selected as diagnostic chemical properties. Their properties are shown in Table.
Table Soil-physical and chemical properties of the layer or formation in Kuchoro basin.
Layer or form ation
Ciay fraction S ütand C lay fraction
Alluvium ofKushiroM ire
2-24
22-80
Low ]and soilLayer
10
50
V o]canic ash sous Layer
10
50
Loam Layer
10
20
3
AVM +KVA+TF
10

EDTA-P

A -contents

35

35

C malies

100

35

8

25

65

16

6

25

80

10

25

15

nd

If the alluvium is completely mixed of source sediments, we get, 65A - 10B - 10C = 10D
(about EDTA-P), 35B + 45C = 6D (about A-contents), 10A + 50B + 8C = 6D (about C-value) ,
where A, B, C and D are the amount of sediment derived from LsL, VsL, LL, and AVM+KVA+TF,
respectively. We have that the relative contributions of LsL, Vsl, LL and AVM+KVA+TF to recent
alluvium are 0.13, 0.05, 0.07 and 0.75, respectively.
Most of the alluvium in the Kushiro mire are revealed to derive from sediments exposed at
cliff. Surface soil in the arable field partly contributes to the alluvial deposits. This method is
available for the study on relative contribution of source sediments to recent alluvium.
Nanzyo, M.: AFFRC Research Report 259, MAFF, Tokyo, 11-16, 1991
Keywords: fingerprint technique, sediment sources, alluvium in volcanic soil area
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Impact of European occupation on the chemical properties of
Sydney's parkland soils
LAWRIE Roy
NSW Agriculture, Locked Bag 4, Richmond, 2753, Australia
Substantial changes to soil chemical properties have been found in the urban parklands of
central Sydney. The soils of five parks were studied with the aim of examining some of the factors
likely to affect the growth of large trees and other park plantings. The main profile features were
described using large undisturbed 15 cm diameter soil cores to depths up to 3 metres and major
horizons were sampled for chemical analysis. Salinity (e.c. 1:5 soil/water suspension), pH (1:5 soil/
0.01 M CaCb ) and exchangeable cations (in 0.05 M BaCb) were determined on all samples.
Organic carbon (Walkley-Black) and extractable phosphorus (Bray No. 1) were also determined on
selected profiles.
Some surface soils were preserved beneath layers of fill. Elsewhere the A horizon was
truncated by excavation or contaminated with debris but subsoils remained largely intact. The
highly leached texture-contrast soils of the Sydney area often become more acidic with depth.
Described as Kurosols (Australian Classification) or Ultisols (Soil Taxonomy), they occur on
sandstone and shale that is often deeply weathered and indurated. Exchangeable magnesium and
aluminium concentrations usually increase with depth, and the calcium saturation decreases, often
to less than 5%.
On the other hand many parkland soils have over 80% calcium saturation in the B horizon.
Their ECEC is elevated, their pH is up to 3 units higher and they have no exchangeable aluminium.
Although their morphological features are unchanged, these soils are classified as Chromosols or
Alfisols. Lime applications of 50-100 t ha"1 would normally be required to bring about such
substantial changes but there is no record of lime being applied. The distribution of the altered
profiles is erratic and is not consistent with the planting regime or variation in landform or
subsurface lithology. Such soils occur within 50 metres of others having the typical acidic reaction
trend.
Similar changes to soil chemical properties have been detected at historical archaeological sites
nearby. Evidence points to waste disposal practices by Sydney's early European inhabitants as the
most likely cause. A common tree in Sydney's original vegetation {Angophora costatd) has a
contorted growth habit and has no value except for firewood. However its ash contains 45%
calcium. Household ash collected from fireplaces and dumped in the adjacent parks in the early 19lh
century could have contributed the necessary calcium and resulted in the erratic distribution.
Fragments of charcoal and ash are common contaminants of the parks' original A horizons. Aided
by Sydney's 1,200 mm annual rainfall and permeable sandy surface soils, mobile constituents of the
wood ash have had up to 200 years to penetrate deeply into the profile and change substantially the
chemical properties of the subsoil.
Keywords: urban parks, soil pH, calcium movement
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Impact of grazing on a humus status of mountain-forest soils
of South-Western Tian Shan
LYHZIN Vadim Alexandrovich
Radioecology Lab., Soil Science Faculty, Moscow State University, 119899 Moscow, Russia
Mountain grass-herb communities are routinely exposed and most vulnerable to grazing loads,
and mountain forests are often under strong cattle pressure as well. Mountain forests ecosystems in
themselves are sensitive and vulnerable to anthropogenic factors compared to analogous ecosystems
in the plain landscapes. Our studies were carried out in the nut-fruit and juniper mountain
woodlands, within the altitudinal range 1,500-2,500 m above the sea level. Climatic conditions of
the pedogenesis in the region depends considerably on the slope exposition, which serves as a i
essential factor influencing the soil and plant patterns in the investigated territory. Chestnut, blackchestnut and brown-chestnut soils were investigated. Grazing promotes secondary zooanthropogenic spatial heterogeneity of soil and plant covers. It results in the development of
mosaic-like soil pattern including micro-areas with various degrees of disturbance. These microareas differ in soil properties, phytomass stocks, and species composition. It is very important to
take into account this secondary spatial heterogeneity to obtain correct field data on grazing
impacts. The humus content and fractional composition was determined using sequential extraction
of humus matter with alkali solutions (the Turin-Ponomareva-Plotnikova method). The investigated
soils exhibit manifested space heterogeneity both in humus content and in humus composition
depending on grazing load. The humus content decreases as the degree of soil affection increase.
The investigated soils are divided into two basic groups by changes to the humus composition in
accordance with increase of degree of degradation: first group include the soils of northern slopes
(both in the zone of nut-fruit woods and juniper woods), and the second includes soil of southern
slopes. The CHA/CFA ratio, humification degree and content of fraction 3 humic acids decrease in
soils of the first group, the FA and HA fractions 1 increase. The soils of the second group respond
to the increasing grazing loads by opposite way: CHA/CFA ratio, share HA fractions 2 and 3 grow,
FA content and HA fraction 1 decreases. Thus, the prime factor of grazing influence on a humus
state is the slope exposure and, to a some extent, the areas position in terms of "mesorelief". These
factors determine heat and moisture conditions in the investigated territory.
Keywords: Tian-Shan, mountain forests, erosion, pasture, humus
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The effects of different waterlogging periods on morphology
and clay mineralogy of paddy soils
B AHM AN I AR M.A. and M1RN1A S.KH.
Dept. of Soil Science, Sari College of Agricultural Science, Mazandaran Univ., P.O. Box 578, India
The effect of different rice plantation periods on the properties of selected soils in alluvial
plain was studied. The soils have been under continuous rice cultivation for less than 10 years, 1020 years, 20-30 years, and over a thirty-year period. In each field and non-rice field a soil profile
and two nearby auger holes were studied. Soil samples were taken from different horizons and
layers of the soil profiles and auger holes. Morphological features of each soil profile were
determined and soils were classified according to USDA, soil taxonomy. Soil samples were
analyzed by conventional methods and clay minerals were identified by x-ray diffraction analysis.
This study indicated that continuous rice cultivation, change soil moisture regime from xeric to
aquic, soil colour became greyish and surface horizons changed from mollic to ochric epipedons.
With increasing period of cultivation soil mottle increased and soil structure became massive.
Therefore the soil classification modified from mollisois to entisols. No illuviation and eluviation of
clay minerals occurred as a consequence periods of rice cultivation. X-ray diffraction analysis
showed that clay minerals in non-rice field were illite, vermiculite, montmorillonite, kaolinite,
chlorite and in rice field were illite, montmorillonite, kaolinite, chlorite respectively. But with
increasing the period of cultivation the amount of illite decreased and montmorillonite increased.
Keywords: paddy soils, morphology, clay mineralogy, period, waterlogged
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Productioty of grey-brown (Calcic Gypsisols) soils in arid zone
MIRZA-ZADE R.l.
The Institute of Soil Sciences and Agrochemistry of A.S. Azerbaijan, Baku, Azerbaijan
There are very dangerous changes for man and the biosphere in the environment because of
antronogeneus actions or to be more correct, because of rash economic actions by society. Over the
years humans have needed increases and as a result increased the volume of manufacture.
Poisonous connections and industrial waste are discharged into the environment polluting the
atmoshere, the water and the ground. The distraction of woods in many places results in the
reduction of green cover.
There are some specific ecological problems in Azerbaijan, such as air, water, and ground
pollution. According to the official forecasts 6 1 % of harmful waste is in an area of Baku. The
increasing level of the Caspian Sea makes flooding a menace. Besides, every year greater areas of
soils are exposed to erosion, wind, and rain which washes out the humus layer of soils and there is
the rise in salt level in some soil areas. You can still see lots of bogs and oil lakes around the
petrolium cafts of Azerbaijan. It is very important to dry them out and make them green. These
ecological problems should be solved in a complex with the representatives of different scientific
fields.
For many years there have been stationary researches on Absheron irrigative grey-brown
(Calcic Gypsisols) soils. The irrigative grey-brown (Calcic Gypsisols) soils have got a cultured
layer at a capacity of 40-55 cm and are characterized by the following biomorphogenetical
diagnostic parameters: humus contents 1.0-1.5%, nitrogen 0.10-0.14, nutritious elements P2O5
6.8-9.2; nitrogen 62-95, K 2 0 251-348 mg kg"1, easy soluble salt 0.2-0.5%, the structure of chlorinesulphate salts.
There is the necessity to prevent the deterioration and the restoration of irrigative grey-brown
(calcic gypsisols) soils fertility. In this case it is necessary to make a scientificly-basad scheme of
crop-rotations, correctly choose the puedecessar, to cultivate the stated and mixed crops.
The alternation of cultures in vegetable fodders crop rotations and optimum agroengineering
leads to restoration of soil fertility, content and nutritious elements strock, stabilization, and makes
better humus preservative conditions (1.0-1.5%). The productivity increases and quality improves.
Uncontrollable quality of water, neglected resorvoirs and main irrigative channels, foods, the
malfunction of irrigative and drainage systems cause the process of degradation, salt and soil
pollution. Taking into consideration the local soil-climatic conditions, the complex of agro-soil
improving measures is recomended; the realization vegetable-fadder crop rotations with perennical
cultures cultivation, normilized irrigative regime at account of cultures water requirement according
to development phases, entering of optimum dozes of local organic and mineral fertilizers are
expediented.
Keywords: ecological, productivity, biosphere, biomorphogenetical, diagnostic
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Anthropogenic impact on forest and cultivated soils
in the upper Indo-Gangetic Plains
MUKHOPADHYAY S.S. and SHARMA B.D.
Department of Soils, Punjab Agricultural University, Ludhiana-141004, India
Subsistence farming began with the dawn of the earliest agrarian civilization in the Indus
basins. It was intensified to business farming in this century with the advance of technology,
making anthropogenic activities the principal driving force of change in the ecosystem. We
attempted to elucidate this aspect in the genesis of the soils of farmlands under rice wheat cropping
system and adjoining forest lands in semi-arid Punjab (India). For this, six soil profiles were
described and samples were analyzed following USDA - soil survey methods. Anthropogenic
impacts in these soils were high Munsell colour values and chromas and low organic carbon content
in both forest and cultivated soils. The forests undergrowth are regularly scrabbled for fodder and
fuels and burnt to induce growth of grasses for grazing purposes. Antrhropogenic impact, however,
was more pronounced on soil cover change, as evident from Soil Taxonomy (Table 1).
Table 1 Soil Taxonomy of forest soils and cultivated soils
Pedon
1
3
5

Forest soils
Typic Psammaquents
Typic Haplustalfs
Fluventic Haplumbrepts

Pedon
2
4
6

Cultivated soils
Ustathrents
Typic Entrochrepts
Fluventic Ustochrepts

These man induced changes have been given little importance in conventional models of
pedogenesis. Although, a few diagnostic properties caused by human culture (anthropic, melanic,
plaggen and agric horizons) are recognized in Soil Taxonomy, these are not found in the Indus
basin. The agro-ecological approach may be useful in describing the anthropogenic changes in soil
system in this region. The soils showed cultivation-induced mixing of upper horizons, but also
have the inherent capacity of regeneration, as shown by their macromorphology and other
properties. Minearalogically, both forest and cultivated soils showed same trend and coarse
fractions were dominated by quartz, feldspars and micas. Clays were dominated by illite. It reflects
low intensity of weathering in soils under forest as well as cultivation.
Keywords: anthropogenesis, cultivated and forest soils, soil cover change, Soil Taxonomy
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Soil formation on a Mississippian mound in Illinois, USA
OLSON Kenneth R. (1), JONES Robert L. (2), GENNADIYEV Alexander N. (3),
CHERNYANSKII Sergey (3) and WOODS William I. (4)
(1) University of lllinois-Urbana-Champaign, Department of Natural Resources and
Environmental Sciences, W-401c Turner Hall, 1102 S. Goodwin Ave., University of Illinois,
Urbana, IL 61801, USA
(2) University of lllinois-Urbana-Champaign Department of Natural Resources and Environmental
Sciences, W-407 Turner Hall, 1102 S. Goodwin Ave., University of Illinois, Urbana, IL,
61801, USA
(3) Moscow State University, Faculty of Geography, Moscow, 119899, Russia
Southern Illinois University-Edwardsville, Department of Geography,
(4) Southern Illinois University, Edwardsville, IL 62026, USA
Monks Mound is a truncated quadrilateral earthen pyramid built in stages from A.D. 900 to
1150. The top of Monks Mound consists of four terrace levels. The primary objectives of this study
were to determine the extent of: (1) soil formation during the past 850 years and (2) mixing as a
result of farming 150 to 190 years ago. The nearly level 3 rd terrace is the 2nd highest level
(approximately 27 m above the base) of Monks Mound. The soil materials were apparently placed
(soil carried in baskets) by the Mississippian Indians on the 3 rd terrace level at approximately A.D.
1100. The surface was used by the Mississippian Indians until approximately A.D. 1300. After a
400 year hiatus, during which the Mound would then have been vegetated by grass and/or trees, the
Cahokia Indians occupied Monks Mound from 1730 to 1752. In 1809, a settlement of Trappist
Monks was established on the Mound. The Trappist Monks apparently cultivated the 3 rd terrace.
The Ramey family purchased the tract in 1864 and later sold it to the State of Illinois in the 1920s.
During the Ramey occupation, the terrace surface was in grass rather than trees. The soil profile
shows that a mollic epipedon and an A horizon were developed to 1.2 m. The high organic C
content and the 10YR 4/2 dry color support including this soil layer in the A horizon rather than the
B or C horizons. The 0-30 cm Al horizon shows a substantial drop in the organic C with depth for
each subsequent 5 cm layer. This trend in organic C data suggests the soil has not been disturbed or
tilled for many years. The fly-ash amounts to 20% in the upper 15 cm and 7% fly ash in the 15-30
cm layer. Any cultivation of the 3 rd terrace by the Trappist Monks between 1809 and 1864 would
have been prior to deposition of fly ash. Fly-ash presence or absence should indicate which soil
layers were exposed at the soil surface since the 1850s and also indicate the extent of soil mixing.
Cultivation by the Ramey family between 1864 and the 1920s may have mixed some fly ash into
the tillage zone which could have been 15 cm to as much as 30 cm deep and could account for part
of the fly ash in the 15 to 30 cm layer. In addition, the fly ash content in the 15 to 30 cm interval
may be a result of mixing by soil falling into cracks caused by wetting and drying and by burrowing
animals (krotovinas observed in cores). The fly-ash content of the 30 to 150 cm layer, which is
quite low and its presence may be a result of illuviation in channels and burrowing-animal activity
in the lower soil layers. This research contributes to understanding of time and pedoturbation as
factors in soil formation and is important to developing theories of soil genesis for the soil science
discipline and the larger scientific community.
Keywords: soil genesis, anthropogenic influence, soil classification, organic matter, soil
management, landscape history
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Biological diagnostics of antropogen soils in subtropic zone
ORUJOVA Naila
Institute of Soil Science and Agrochemicstry of ANS of Azerbaijan, Baku, Azerbaijan
In the contemporary stage for biomorphogenetic diagnostics the necessity of the exact
biological indices presentation appears. With this purpose the investigation objectives were chosen
in the following areas :
Dry - subtropic, irrigated grey-brown soils (Irragic Calcic Gupsisols), vegetable-fodder rotation
scheme;
Moderate subtropic irrigated meaclow-forestery soils (Irrigic Gleyic Huvisols), vegetablefodder rotation scheme.
Humid subtropic irrigated-yellowish-clayey soils (Irragic Gleyic Lixisols) vegetable-seedfodder rotation scheme.
The investigations were carried out in the field and laboratory conditions in comparison with
virgin soil and irrigated soils, continous culture and rotation, in dynamics the following biological
indications were studied: soil temperature, humidity, ferments activity, concentration of CO2
isolated from soil surface layer, intensity of cellulose decomposition and etc.
In comparison with virgin soil (2.0-5.0 kg ha"1 h"') the quantity of isolated from irrigated soils
(2.2-8.2 kg ha'h -1 ) is more.
On the profile of soils the quantity of cellulose decomposition intensity in irrigated soils
formed 10.2-28.2%.
In comparison with virgin soil ferment activity of invertara is more in irrigated soils.
In comparison with yellowish-clayey soils (Irrgic Gleyic Luxisols) the ureara ferment activity
in grey-brown (Irrgic Calcic Cypsisols) and meadow-forest soils (Irrgic Gleyic Huvisols)
possessing alkaline reaction and creating acid environment is more.
Keywords: diagoctika, ferments activity, irrigation, rotation

740

Symposium no. 18

Paper no. 326

Presentation: poster

The impact of long-term grazing on soil nutrients and
carbon dynamics in Sabz Kou rangelands
RAIESI GAHROOEE Fayez (1). ASADI Esmael (2) and MOHAMMADI Jahangard (1)
(1) Soil Science Dept., Faculty of Agriculture, ShahreKord University, P.O.Box 115, ShahreKord,
Iran
(2) Natural Resources Dept., Faculty of Agriculture, ShahreKord University, P.O.Box 115,
ShahreKord, Iran
In rangeland ecosystems, heavy grazing causes reduced input of aboveground litter to the soil.
This may have important consequences for soil nutrient cycling and soil organic matter dynamics.
Yet, the effect of grazing on soil nutrients and C dynamics in these ecosystems is not well-known.
In this study, we evaluated soil nutrients and litter decomposition in two sites protected from
grazing for 16-years in a semi-arid native rangeland (Sabz Kou region) in central Iran. Soil
sampling was performed to 15-cm depth in two adjacent non-grazed sites, and in one heavily grazed
site at a distance of 3 km far away from the non-grazed sites. Aboveground litter decomposition of
three dominant species (namely, Agropyron intermedium, Hordeum bulbosum and Juncus sp) was
studied using a litter bag experiment under field conditions.
The impact of grazing conditions on soil pH was significant, but inconsistent. Grazed and
ungrazed practices were similar in their effect on soil bulk density. Soil C and total N
concentrations did not vary between treatments, while extractable P and available K contents were
higher at non-grazed sites. The C and N pools were similar for both grazed and non-grazed sites.
The C/N ratio of soil was significantly higher at the grazed site. Grazing conditions had no significant
effect on the litter decomposition rate of all species. The three pasture species, however, showed
significant differences in the litter decomposition rate. Thus, 16-years protection from grazing by
sheep had no considerable impact on C and N sequestration in soil as compared with grazed sites,
however, plant nutrient inputs may increase as a result of increased herbage production under grazing
exclusion conditions. In summary, significant differences occurred in litter decomposition may
potentially affect C dynamics more than rangeland management practices.
Keywords: nutrient cycling, decomposition rate, available K, extractable P, Sabz Kou rangelands
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Salinization monitoring of common irrigated Chernozems
of the Bottom Don region
RYBIANETS Tatvana V. and RYAZANOVA Emma F.
University, Biological-Soil Department, Rostov State University, B. Sadovaya str., 105, Rostovon-Don 344006, Russia
Irrigation results in an infringement of a basic soil formation processes. As a result, a new
ecological system drastically differing from the initial natural one arises. Lower River Don territory
is one of the largest irrigation regions in Russia. As a result of irrigation degradation processes
occur on significant areas of irrigated territories that eventually lead to a soil fertility reduction. One
of the most important processes that lead to the degradation of irrigated soils and landscapes is
secondary salinization.
Since 1972 we observed changes in salt status of irrigated soils on the second terrace of the
River Don. We studied irrigated, nonirrigated and virgin common Chernozems. These types of soils
are located in working area of the Azov irrigating system. The mineralization of irrigating water
changes from 2.0 to 2.5 g L" . The chemical content of the water was basically sulfate-sodium one.
Subsoil waters were located on a depth of approximately 2.0 m and a degree of their mineralization
was close to 2.0 g L .
It was found that the average percentage of the sum of water-soluble salts in a soil layer
from 0 to 0.6 m on irrigated, nonirrigated and virgin sites were 0.106%, 0.05% and 0.03%,
respectively. It has allowed us to classify all investigated soils as non-salted ones. However,
comparison with previous years has revealed the tendency to increase the sum of water-soluble salts
in all irrigated soil profiles. This increase may be caused by an introduction of salts to the irrigation
water and by exchange reactions in Chernozems during irrigation.
Calculations by the hypothetical salts method showed an increase of toxic Na2SC"4 salt
content in the upper part of irrigated soil profile. This increase can be attributed to the introduction
of the SO42" ions with sulfate irrigation water and also to their penetration from the lower parts of
the soil profile and from subsoil waters. On the irrigated areas with the adverse land-reclamation
conditions (e.g. earthen irrigation channels, inefficient drainage, unsatisfactory fields lay-out) an
occurrence of soda was found in the upper layers of soil profile. Nonirrigated and virgin grounds
have constant hydro-carbonate-calcic structure.
The indicated salt condition on irrigated Chernozems led to a productivity decrease (up to 10 25%) of the agricultural crops, which have weak or medium resistance to salts. The processes of
secondary salinization and soda formation will in progress without the preliminary improvement of
irrigating water and land-reclamation of soils and without actions for improvement of the
engineering condition of irrigation systems.
Keywords: Chernozem, irrigation, salinization
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Anthrosols of Western Amazonia: mineralogy and chemistry
of Pre-Colombian soils
SCHAEFER Carlos (1), GILKES Robert (2), LIMA Hedinaldo (3) and De MELLO Jaime V. (4)
(1)
(2)
(3)
(4)

Dep. Solos, Universidade Federal de Vicosa, MG Brazil 36571-000
Soil Science and P. Nut. Dep. University of Western Australia, Nedlands, 6907 WA, Australia
Universidade do Amazonas, Manaus, Brazil
Universidade Federal de Vicosa, MG 36571-000 Brazil

The Terra Preta Anthrosols (Indian black earth) overlying deep weathered kaolinitic soils of
Western Amazonia represent one of the most interesting features of the Amazon Basin, with broad
implications for human ecology. We studied four different Terra Preta sites, emphasizing the
mineralogical, chemical and micropedological attributes, and their ecological implications. In all
Anthrosols, high levels of available P are due to the presence of comminuted fish and animal bone
apatite. Flakes of 2:1 layer silicates in pottery remain in the Terra Preta, indicate that they were
manufactured from neighbouring 'Varzea' soils. Amazon 'Varzea' environs were the only source of
the soil material for pottery, since 2:1 minerals are not found in Terra Finne kaolinitic sediments.
The lowland 'Varzea' also accounted for the large inputs of fish bones during periods of low water
level in the Amazon, creating large expanses offish-rich lakes. High available and abundant, very
small mineral-P particles (5 urn to 60 um) of Ca-P and Al-P, resolved by SEM/EDS at very high
magnification. These particles originate in animal and fish bones that have chemically reacted in
the soil environment. Earthworm and terminate channels exhibit high Al/P contents, due to apatite
ingestion, comminution and alteration. In transitional horizons, abundant Al/P is present in
biological channels indicating intense biological activity down to 1.50 m in the last 5 centiries. In
deeper Bw horizons, apatite fragments are very rare, and virtually absent in Bw2. No spatial or
concentration relationship was found between P and Fe-nodules or total free-iron of soil content.
High levels of exchangeable Mn, Zn and other microelements in the Anthrosols are mirrored in
areas could have developed Terra Preta Anthrosols on top of nutirent-poor, kaolinitic Latosols
(Oxisols), far away from lowland Amazon Varzea. The limited extent of Terra Preta Anthrosols
density for the pre-Colombian Amazon basin, based on incorrect assumption of the widespread
distribution of these special soils.
Keywords: Indian black earth, Anthrosols, Amazonia, human carrying capacity, soil formation,
organic phosphates
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Contrasting approaches for the classification
of eroded soils in the USA
SMECK Neil E. and BALDUFF Danielle
School of Natural Resources, The Ohio State University, 2021 Coffey Road, Columbus, OH 43210,
USA
Although most soils in the United States have been utilized for intensive agriculture for less
than 200 years, accelerated erosion has drastically modified the properties of many soils occupying
sloping portions of landscapes. For more than 50 years, eroded soils were identified as an erosion
phase of the taxonomie series used for associated uneroded pedons. Phases were established for
soils modified to such an extend that use and management were affected. The identification of
erosion phases commonly involves estimation of the quantity of soil that has been removed by
erosion. Such estimates are predicated on the premise that characteristics of an eroded soil, prior to
cultivation and ensuing erosion, were similar to those of associated uneroded soils. Because such a
premise involves subjectivity, protocol provided in the National Soil Survey Handbook mandates
classification of eroded pedons based on existing properties. The objective of this investigation was
to 1) document the change in soil properties as a function of accelerated erosion, 2) assess the
relative influence of pedogenesis and erosion on the differentiation of soils within a landscape, 3)
evaluate the impact of accelerated erosion on the classification of pedons within a polypedon, and
4) consider alternative approaches for the classification of soils impacted by accelerated erosion.
The study examined an uncultivated forest pedon and cultivated pedons with slight, moderate, and
severe classes of erosion that occur in a 5 ha segment of an Alfisol landscape on a Wisconsin-age
glacial moraine. Examination of the sequence of soils revealed progressive differences in bulk
densities and clay contents in surface horizons, horizon designations, and solum depths, but no
differences in maximum clay contents in the pedons as a function of erosion intensity. The data
indicate that the variation in soil properties within the landscape is a result of soil truncation by
erosion and not a result of differences in the magnitude of soil forming processes. Based on existing
soil properties, all four pedons classify into the same family (fine-loamy, mixed, mesic, Oxyaquic
Hapludalf), but the moderately and severely eroded pedons classify as different series than the
slightly eroded and forest pedon. The assignment of eroded and uneroded pedons to different
taxonomie units tends to obscure pedogenetic relationships between such pedons and masks the
impact of accelerated erosion on soil properties within landscapes with significant erosion.
Therefore, to taxonomically link genetically related pedons and facilitate the recognition of
erosional degradation, it is recommended that 1) only uneroded pedons be selected from
polypedons impacted by erosion for taxonomie classification of all phases used in mapping such
polypedons, or 2) series be independently established for both eroded and uneroded components of
polypedons using a common series designation with an appropriate adjective attached to identify
eroded mapping units.
Keywords: erosion, soil classification, pedogenesis, soil taxonomy, Alfisols
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Terra Preta and Terra Mulata: pre-Columbian Amazon
kitchen middens and agricultural fields, their sustainability
and their replication
SOMBROEK Wim (1), KERN Dirse (2), RODRIGUES Tarcicio (3), CRAVO Manoel da Silva
(3), JARBAS Tony Cunha (4), WOODS William (5) and GLASER Bruno (6)
(1)
(2)
(3)
(4)
(5)
(6)

MPEG, Belém, Brazil and 1SRIC, Wageningen, The Netherlands
Dept Ecologia, Museo Paraense Emilio Goeldi, Belém, Brazil
Dept Solos, Embrapa-CPATU, Belém, Brazil
Embrapa-CNPS, Rio de Janeiro. Brazil
Southern Illinois University, Edwardsville, USA
University of Bayreuth, Germany

Anthropogenic Black Earths (Hortic Anthrosols) occur in many places of the Amazon region,
in patches that vary from 5 to over 300 ha. They are locally known as Terra Preta (do Indio) and are
apparently kitchen middens of Pre-Columbian Amerindian settlements that have transformed the
original soils (Ferralsols, Acrisols, a.o.) into black Fimic Anthrosols, with approximately double the
amount of soil organic matter (SOM), higher amounts of phosphorus and calcium, and presence of
ceramic artefacts.
Recent field studies indicate that these soils are often accompanied by bands of soils with dark
brown rather than black colour and near absence of artefacts, but still with the same high amount of
SOM. They are locally called Terra Mulata, and would appear to be the lasting result of intensive
agricultural use by erstwhile Indian communities. The SOM of both the Terra Preta and the Terra
Mulata is very stable and at the same time more re-active than the SOM of the original soils under
primary forest cover.
An interdisciplinary and inter-institutional project is in the making, to establish the reasons for
the sustainability of the qualities of both types of anthropogenically enriched soils; to obtain an
inkling on the land use practises of the former Indian tribes that led to such a lasting enrichment,
and to develop a replicating land management package for the benefit of more sustainable and more
concentrated present-day small-holders settlement. A technical and socio-economically successful
package would substantially contribute to sequestering of atmospheric CO2 the managed soils, and
at the same time leave more primary forest intact with its own CO2 stock and sink function and
biodiversity values.
Keywords: Amazon region, Anthrosols, Pre-Columbian settlements, soil organic matter, carbon
sequestration, tropical forest conservation
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Evolution of acidity, fertility and organic matter content
in cultivated soils during the past 20 years
SZAFRANEKAntoni and SKLODOWSKI Piotr
Department of Soil Science and Soil Conservation, Warsaw University of Technology, Plac
Politechniki 1, 00 - 661 Warszawa, Poland
About 29% of Polish soils are composed of Cambic Arenosols (ARb) and 1/3 of Haplic
Luvisols (LVh) respectively. Cambic Arenosols tend to be infertile, acid with limited holding
capacity, and draughty. A significant decline in soil quality has occurred in those soils as well in
Haplic Luvisols due to cultivation, during the last over 20 years. The main soil degradation
processes observed in Polish soils besides of soil erosion is acidification and decreasing of organic
carbon. Acidification has a widespread impact on soil quality. Soil acidification causes an increase
of harmful elements, such as aluminum, soil impoverishment by leaching base cations, causing a
deficiency in nutrient elements. Soil acidification causes also an increas in sorption or
immobilisation of phosphorus.
The objective of the study was to measure the changes that took place in soils physical and
chemical properties - especially soil acidification, content of organic carbon and level of plant
available macronutrients which occured during the last 20 years in cultivated soils of the Central
Polish Glaciation. In 1995 and 2000 the sampling was undertaken on Haplic Luvisols developed
from boulder loam and Cambic Arenosols developed from sand corresponding to the sample
locations of the soil cartography for agriculture use, between 1973 and 1974.
Comparing results from 1995 and 2000 with the results obtained from the period of soil
cartography (1974) we can conclude decrease in pH KCl by about 0.5 unit to the level of 4 in Ol
and 0.1 - 0.2 unit in Lp. In many cases the organic matter content decreased in Ap horizons on
average by about 20%. In some regions a low content of magnezium and potassium as well were
observed. Plant-available phosphorus increased in Ap horizons 3.5 times in very good rye soils and
about 2-times in good rye soils. The correlation between hydrogen ion concentration (from pH in
1M KCl) and the CEC, content of plant available macronutrients, concentration of exch aluminum
was investigated.
Keywords: Haplic Luvisols, Cambic Arenosols, fertility, degradation
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Antropogenic soils of China
ZITONG Gong, ZHANG Ganlin and ZHANG Xuelei
Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, P.R. China,
Owing to the long history of agricultural production for more than 7000 years in China, Soil
development has been intensively and extensively influenced by human activities which make it
pedologically and agriculturally significant to study the anthropogenic processes and horizons in
China.
With the population increasing, the agriculture developed from the river terrace and vast plain
to the mountainous area, from the humid and semi-humid regions to the arid and semi-arid regions.
Soils have been ameliorated and cultivated gradually and persistently by all the changing natural
conditions, resulting in a series of forming processes of Anthrosols like hydragric process, irragric
process, cumulic process, fimic process, etc.
Under the condition of submerging cultivation, with the alternation of redox and fertilization,
antheraquic horizon sequence has been formed including anthraquic epipedon and hydragric
horizon; Under the upland farming circumstances, with irrigation and fimic process through
accumulation and vegetable plantation, irragric epipedon, cumulic epipedon and fimic epipedon
have been formed.
The classification of Anthrosols in Chinese Soil Taxonomy has been basically adopted to
World Reference Base for Soil Resources (WRB) as its classification of Anthrosols in 1998. The
Keys go as follows:
A. Anthrosols that have an anthraquic epipedon and a hydragric horizon.
Hydragric Anthrosols
B. Other Anthrosols
Orthic Anthrosols
B. 1 Orthic Anthrosols that have a fimic epipedon and a phos-agric horizon
Fimic Anthrosols
B.2 Other Orthic Anthrosols that have an irragric epipedon. Irragric Anthrosols
B.3 Other Orthic Anthrosols that have a cumulic epipedon with hydromorphic
characteristics, and have both of the following:
a. Rusty spots and rusty streaks with a high chroma value in reduced materials with a
low chroma; and
b. Relicts of aquatic animals, such as snails and shells. Mud-cumulic Anthrosols
B.4 Other Orthic Anthrosols
Earfh-cumulic Anthrosols
Keywords: human activity, anthropogenic horizon, Anthrosols
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Study on micromorphology of clay translocation in
selected soils of Eastern Azarbaijan Province, Iran
ABDOLVAHABI F. and AKPARPOUR M.
Soil and Water Research Institute, Tehran, Iran
Mechanical translocation of clay particles in arid zones either does not occur, or happens in
discountinious time intervals, due to the scaresity of moisture and the presence of carbonates.
Occurrence of clay translocation may cause texture heterogeneity, and imposes some changes in the
physical and chemical properties of the subsoil, and affects the plant's bioenvironmental media.
The main objective of the current study is to determine the physical, chemical, minerotogical,
and micromorphological characteristics of clay translocation in four selected soils of Eastern
Azarbaijan through preparation of soil thin sections.
Four pedons were selected in different locations of Azarbaijan including Meinag (Typic
Xerochrept), Dozdozan (Fluventic Xerochrept), Jolfa (Typic Haplocambid), and Tark (Calcixerolic
Xerochrept), and further analyzed with respect to the conventional physical, chemical,
minerological, and micromorphological procedures.
Obtained results were indicative of the presence of various carbonatic pedologieal features
either with inherited or non-ingerited origions. The kind and size of gypsic pedological features in
the pedon on Dozdozan (Fluventic Xerochrept), are related to pedological processes, that are
particularly influenced by soil fabric. Distinguished depositional argillo-calcitans in the pedon of
Jolfa (Typic Haplocambid), may be indicative of the simultaneous movement of clay particles and
carbonatic materials. Further results also revealed that periodic wetting-drying periods, and hence
imposed cracks, play definite roles in translocation of clay particles and the formation of related
pedological features. Soil phyical studies, along with prepared thin sections, revealed that various
carbonatic pedological features inhibit the movement of clays and influence the fate of plasma
seperations.
Keywords: clay translocation, gypsum pedofeatures, carbonate, soil micromorphology, carbonate
pedofeatures
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Toposequence as influenced by land use in
the inland valley watershed of Ashanti region, Ghana
ANNAN-AFFUL Ebenezer and WAKATSUKI Toshiyuki
Faculty of Life and Environmental Science, Shimane University, Matsue 690-8504, Japan
Inland valleys (TVs) offer a very high potential for sustainable agricultural production due to
relatively high soil fertility and water availability in Ghana and in other West African countries.
Within the Inland Valleys, different land use systems can be identified along the toposequence. The
selected land used for this study were, traditional rice farming in the valley bottom (TR), Mixed
cropping (MC), Young fallow (YF) and Cocoa plantation (CP) in the lower and upper slopes and
Primary forest (PF) at the crest or summit. Soil reaction, Cation exchange capacity (CEC) and
levels of major soil nutrients were determined. Results showed that, the pH of the soils were
moderately to slightly acid and MC had the lowest pH. The observed topsoil mean values were TR5.5, MC-4.9, YF-6.4, CP-6.1 and PF-6.2. With the exception of TR, pH generally decreased with
depth. Exchangeable cations, expecially K, Ca and Mg and effective Cation Exchange Capacity
were higher in the upland land use systems rather than the valley bottom, showing the degradation
by traditional slash and burn rice cultivation. Recorded mean topsoil eCEC (cmol(+) kg"1) was
TR-7.18, MC-6.07, YF-11.75, CP-14.08 and PF-14.56. Total Nitrogen (TN) levels ranged from
2.2% in TR to 4.4% in PF. Vegetation cover, litterfall and organic matter accumulation seemed to
influence the distribution of TC and TN. Available Phosphorus (Bray 1), on the other hand, was
higher in TR than the upland land use systems, maybe because of the hydromorphic and relatively
coarse nature of the soils. Sustainable lowland farming systems, such as, the Asian type of lowland
sawah system, have to be established. At the same time, since effective management of the uplands
reflect in the valley bottom soils, proper management of the upland soils could help increase food
production and conserve the environment.
Keywords: toposequence, inland valley watershed, sawah, hydromorphic, cocoa plantation
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Potentials of external environmental affects of soils
BIELEK Pavol
Soil Science and Conservation Research Institute, Gagarinova 10,827 13 Bratislava, Slovak
Republic
Nitrate, ammonium, nitrous oxide and carbon dioxide can be produced in soils with negative
influences on the quality of the environment (air and water mainly). Long-term research in 9
different soil ecological sites was carried out to determine it. Fertilized and non-fertilized plots were
observed.
Using 10 years observations some generalized data were deduced concerning net nitrates
production in soils. From the data it is clear that more productive soils produce more nitrates not only
under no-fertilized condition but mainly when N fertilizers are applied. About 900 t ha"1 of Slovakian
agricultural soils (particularly Podzols, Rendzinas and Salt-affected soils) produce the nitrate with low
intensity (up to 30 kg N-NOY ha"1 within growing season, 245 days). Approximately 520 t ha"1 of
farmland (Cambisols, Pseudogleys, Luvisols) belong to the soils of moderate nitrate accumulation
(30-45 kg N-NO3" ha" within growing season). At least 540 t ha'1 (Orthic Luvisols and some
Chernozems) can produce nitrate with high intensity (45-60 kg N-NO3" ha"1 within growing season)
and at least 400 t ha"1 (Chernozems, Phaeozems, Fluvisols) produce nitrate on an extremely high
level of intensity (over 60 kg N-NO3" ha"1 within growing season). All this is presented in the map
of Slovakia. It is valid in the case of non-N-fertilized soils. After nitrogen fertilizers application we
must expect additional nitrate accumulation in soils from about 1.20 to 1.35 kg per 1 kg of applied
N (priming effect) in the more and most productive soils. In low fertile soils it is only about 0.25
kg. The mean factor of acceleration is about 0.72. Complete GIS about nitrate production in Slovakian agricultural soils was created (on level of maps 1:5000).
About 111 th.tons of N-NO3" is produced yearly from all of the non-N-fertilized agricultural
soils of Slovakia. When N fertilizers are applied it is more.
Moreover, CO2 emissions from soils were determined as well. Generally it can be said that
about 10 061 th.tons of C-CO2 can be volatilized on average from soil cover (agricultural soils) in
Slovakia during the growing season. It is about 4.2 tons C-CO2 ha" . Most of C-CO2 is emitted from
Cambisols (3 475 th.tons), Fluvisols (1 710 th.tons) and Haplic Luvisols (1 348 th.tons). Less
productive soils release more CO2 than high productive soils.
Total C-CO2 emissions by Slovakian industry is about 12 500 th.tons. It means it is a very close
amount to the natural CO2 emissions from agricultural soils.
About 1.7 kg N-N2O is released yearly from 1 ha of soils into the air on average. It is about 4.3
Gg of N-N2O from all of the soil cover of Slovakia (agricultural soils). From traffic and industry it
is not more than 4 Gg yearly. It means that in total N-N2O production of Slovakia (8.3 Gg yearly)
almost 52% comes from agricultural soils.
Keywords: nitrates, nitrous oxide, carbon dioxide
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Soil and vegetation surveys on an alluvial lowland,
Itajai-Acu river, SC, Brazil
CURCIO Gustavo R. (1), BOGNOLA Itamar A. (1), ULHMAN Alexandre (2) and
BAHl\IUKAnelizeM.(3)
(1) Embrapa-Florestas, Caixa Postal 319, 83.411-000 Colombo-PR, Brazil
(2) FURB, C.P. 150789.010-971 - Blumenau-SC, Brazil
(3) Universidade Federal do Parana/graduate student. C.P. 19019, CEP. 81531-990 Curitiba-PR,
Brazil
The objective of this survey of soils and vegetation in the alluvial lowland of Itajai-Acu river
was to provide information to be used on reclaiming riparian forest, believing that, besides climate,
soil is an important variable affecting plant species distribution in this zone. This survey is being
conducted in two counties Taió and Navegantes, in Santa Catarina state, Brazil, for an extension of
200 km, where this river flows across different kinds of bedrock, mainly argillites, shale, granites,
siltics rocks and gneiss. Due to great lowland extension, it was grouped considering geology,
drainage pattern and geomorphological surface of the river. For each group, considering deposition
and degradation surfaces, a detailed soil survey is being done taking perpendicular straight lines
from the river bed to distances of 5, 20 and 50 m. At this distances soil is sampled and others
morphological observations were done. Where the bedrock is granite, the lowland is narrower and
the sampling distances from the river are smaller. This study has not been concluded yet, but it
found a great occurrence of Entissols and Inceptisols. The first class of soils is characterized by
showing loam texture with medium to low base saturation, the Gleissolos show clay texture and low
base saturation and Cambissolos show loam texture and also low base saturation.
The
hydromorphic pattern is highly variable, and it is a result of the height of the river margin bank and
of the distance from the riverbed. They are also the main characteristics determining the depth of
the gleyzation appearance in the Cambissolos. Special attention has been given to the appearance
of signs of gleyzation in soils, as a way of identifying the upper level of the water table in soil,
being the main factor on the occurrence or not of certain plant species. Besides soil chemical and
particle size distribution analyses, mineralogical analyses of sand fraction were performed to
correlate them with data of base saturation obtained by acid digestion. This survey is being
monitored by GPS to help to establish interactions between soil and plant species distribution, by
overlaying soil and vegetation surveys.
Keywords: soil survey, flood plains, riparian forest, soil-plant interaction
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The soil of the mountain regions in the west of Cote d'lvoire
and their traditional development
CAMARA Mameri
Agropédologue, CNRA, P.O. Box 440, Man-Cöte d'lvoire
The western area of Cote d'lvoire is unique when compared to the rest of the country, with its
mountain relief of more than one third of its surface area. In this area we can note:
Altitude greater than to 1000 meters Mt. Nimba its ivoirian part (1752 meters), the massive of
Man, including Mt.Momi (1302 meters), Mt. Mia (1077 meters), Mt. Glo (1175 meters) and Mt.
Tonkpi (1189 meters)
An uneven relief with slopes higher than 80 pc.
The prevailing rural population (61 pc) whose main activity is agriculture;
Traditional agricultural practice based on a system of extensive agriculture, space utilization
(coffee/cocoa) and a system of rotating crops with burning methods (fruit and vegetable Farming).
A narrowing of agriculture plots in the mountainous regions because of the presence of big
blocks of rocks and rocky domes (which look like the back of whales).
The shortening in time of the duration of the fallow. Therefore, the fruit and vegetable plots
are lain fallow only after two or three years of cultivation.
These different factors, consequently give birth to a short or long term shortage of cultivated
land.
In order to realise the stabilization of traditional agriculture a study aimed at understanding
deeply the production systems practiced has been initiated. The first results of the survey on
agricultural pratices have revealed:
The cultivation of the mountains sides whatever their slopes;
The use of blocks of rocks and strong hedges to slow down the speed of flowing waters in
order to minimise soil erosion;
The association of trees to coffee and cocoa plantations. This association provides in one hand,
shade for young trees and in the other hand, an abundant litter which will therefore contribute to
enrich the soil with organic matter. The leaves of the trees and the litter protect the surface of soil
against the impact of drops of rain;
The planting in the plots of coffee and cocoa, the "ALBIZ1A adiantifolia" (mimosaceae) which
is a tree with fruit. This tree also contributes to the enrichment of the soil;
Pedological studies have revealed prevalence of ferrallisation followed by renewal and the
rejuvenation;
Agro forestry results trials indicate that the stabilization of traditional agriculture is not only
possible but also that it is possible to increase, in a noticeable way, the revenues of the farmer,
reducing poverty in the rural area.
Keywords: Cöte d'lvoire, mountain, traditional practice, rural population, stabilization, erosion,
enrichment of, the ferralitic soil
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Influence of chemical insecticides on growth
of Azospirillum sp.
GADAGI Ravi (1), SINGVI LAY Olayvanh (1), YANG Jinchul (1), CHUNG Jongbae (2) and
SA Tongmin (1)
(1) Department of Agricultural Chemistry, Chungbuk National University, Cheongju, Chungbuk
361-763, Korea
(2) Department of Agricultural Chemistry, College of Natural Resources, Taegu University,
Kyongsan 712-714, Korea
The large-scale application of chemical insecticides to control pests and diseases in crops is
carried out throughout the world. The applied chemical is ultimately added to soil through dusting,
spraying and seed treatment methods. The soil harbors beneficial microbial fauna, which are
involved in various nutrient-recycling processes. A lab experiment was carried out to examine the
effect of five chemical insecticides viz., quinalphos, chloropyriphos, fenvalrate, monocrotophos and
endosulfan on beneficial bacteria, Azospirillum sp. OAD-2.
The growth of the Azospirillum sp. OAD-2 in Luria agar plates was inhibited in a descending
order by chloropyriphos, fenvalrate, quinalphos, monocrotophos and endosulfan. A agar zone of
inhibition was observed around agar wells when double the recommended dose of insecticides was
used. A zone of inhibition of Azospirillum sp. OAD-2 ranges from 2.6 mm to 13.2 mm using the
recommended dose and 5 mm to 20 mm when using double the recommended dose of insecticides.
Results clearly indicated the harmful effect of chemical insecticide on Azospirillum sp. OAD-2
growth. In a natural soil environment the chemical insecticides definitely inhibit the activity of
Azospirillum sp. OAD-2. Among five chemical tested chloropyriphos formed a longer inhibition
zone of the growth of Azospirillum OAD-2. The chemical exhibiting the lease influence on growth
of Azospirillum OAD-2 in Luria agar plates was endosulfan.. Chlorophyriphos, Fenvalrate and
quinalphos inhibited the growth and nitrogenase activity of Azospirillum OAD-2. The endosulfan
and monocrotophos stimulated the population and nitrogenease activity of Azospirillum OAD-2.
This result suggested that endosulfan and monocrotophos usage in an ecosystem is not harmful to
soil fertility.
Keywords: Azospirillum, insecticide, inhibition, nitrogenase, stimulation
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Red and yellow soil sequence on the coastal plain of
the Northeastern sea shore of Bahia State - Brazil
CUNHA Tony Jarbas F. (1), RIBEIRO L.P. (2), CARVALHO F.N. (2), SILVA E.F. (1) and
MAFRA A.L. (3)
(1) Embrapa Solos, Rua Jardim Botänico 1024, Rio de Janeiro, RJ, Brazil
(2) Geochemistry Departament, Universidade Federal da Bahia, Salvador, BA, Brazil
(3) Soil Science Departament, Universidade do Estado de Santa Catarina, Lages, SC, Brazil
The present study was carried out on the coastal plain of Bahia State, Brazil, in the vicinity of
Entre Rios Town, and the main goal comprised the investigation of the processes that originated red
soils and their relationships with yellow soils, which are the most typicals in the region.
The soil characterisation was conducted on a toposequence involving nine soil profiles
grouped in four sectors. The first sector is located in the backslope/footslope part of the sequence
and it shows red soils developed from weathered sediments of the Barreiras Formation. The second
sector is located on the shoulder t of the toposequence and it shows transitional characteristics
between yellow and red soils. The third and fourth ones are located on the summit position and are
characterised by yellow soils.
The fieldwork and laboratory analysis suggested that red soils had probably been originated
from degradation of petroferric materials under well-drained conditions. Climatic changes
associated with unique drainage conditions related to relief evolution has caused new
pedogeochemical transformations. These transformations are responsible for the actual soil
disposition on the landscape. The red colour materials seemed to be related to weathered products
under well-drained conditions of former pertroferric material, that is evidenced by the presence of
more oxidised iron oxide compounds.
Keywords: Oxisoil, tropical soil, Barreiras Formation, toposequence, petroferric material

Symposium no. 19

Paper no. 609

Presentation: poster

Methodology of soil and vegetation survey in flood plains
CURCIO Gustavo R.
Embrapa-Florestas, Caixa Postal 319, 83.411-000 Colombo-PR, Brazil
Embrapa Florestas has developed a methodology to classify soils when the objective is to
provide information to recover fluvial forests, as it is believed that the native tree species in flood
plains do not occur only by the climate type, but also due to soil characteristics. The method
simplifies the soil survey, and also gives better knowledge of soil distribution in the plains and the
occurrence of forest species by soil type. With the information organized and structured, it is easier
to extrapolate the texture standards identified in aerial-photography or satellite images, improving
the quality of maps elaborated and consequently the recommendation of forest plantations. The
methodology is based on geo-pedogenics principles, to identify the different rocks along the
riverbed and the respective drainage patterns, in each of them identifying the main fluvial
geomorphic surfaces. The processes of sedimentation/degradation are very variable, and also the de
composition of the sediment varies according to the type of primary material that the river flows
across. It promotes variations in the soil class occurrence and mainly in its characteristics. In each
geomorphic surface it is plotted perpendicularly to collect soil. The distance between the lines will
be a function of the flood plains dimension and of the pedological heterogeneity. The process of
lateral deposition promote a sediment selection to differentiate soils texture, what changes
significantly the soil characteristic. The height and shape of the borders should receive special
consideration, as the redoximorfics soil characteristics are determinate by this features, added to the
water table. Phytossociological surveys are done in healthy forest In the same sites selected to
sample the soils, to organize the information about vegetable cover, mainly relating to the geopedological information. As the forests go through different succession steps, to achieve a climax
standard, and in this process the occurrence of species varies a lot, phytossociological surveys are
done also in this different successional stages. With this methodology it is possible to recommend
plantations with species adapted to different soils type, reducing the losses and mainly reestablishing the fluvial forests with the ecological function closer to the original conditions.
Keywords: methodological geo-pedological, soil survey, flood plains, riparian forest, soil-plant
interaction
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Soil survey for sustainable farming of a major tropical
highland zone in Kenya
D'COSTA V.P. and OMOTO W.
Soil Science Dept, University of Nairobi, P.O. Box 7477, Nairobi, Kenya
Potential agricultural lands in Kenya have limited extent (< 20%), confined mainly to very
humid to semi-arid highland zones, where most of the population is concentrated. A detailed soil
survey evaluation for sustainable farming was carried out of a central part of the Trans-Nzoia
District of Rift Valley Highlands lying at elevations between 1750 and 1900 meters, representing
the Upper Midland (UM) Highland Belt with mean annual temperatures of 18-21°C. It has mean
annual unimodal rainfall of 1100 mm. with over 6-8 months of agro-humid soil moisture regime
putting this UM belt into agro-ecological zone (AEZ) UM4 which is transitional between semihumid (3) and semi-arid (5) zones. This UM4 is considered the best zone in the country for Hybrid
Maize (staple food) and Sunflower production with other viable enterprises like horticulture fodder,
livestock and dairy production.
The study of several soil transects along the Trans-Nzoia Uplands, show that the region has a
series of uniform gentle sloping ridges and valleys with a catenary association of soils from ridge
crest to valley bottomlands. A pilot area of 150 ha representing the larger UM4 study area, was
selected for more detailed survey and shows a catenary association of 5 Soil Units (FAO Legend).
These Soil Units were then evaluated and grouped into 4 Land Suitability Classes (FAO Land
Evaluation Framework), based on their soil and land qualities including physiography and parent
material, the selection of ecologically adapted crops, pastures and livestock enterprises and
application of recommended technology and management practices for sustainable farming
systems. The land suitability classes are: well-suited (SI), moderately well suited (S2), poorly
suited (S3) and not suited (NS) for agriculture.
Keywords: sustainable farming systems, AEZ zone UM4, hybrid maize, soil suitability classes
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Pedological aspects of the sub-deltaic and its adjacent soils
in the Nile Delta
GOBRAN Omar (1) and ABD EL-LATIF Magdy (2)
(1) Dept. of Soil Sei., Menofiya Univ., Shibin El-Kom, Egypt
(2) Soil & Water and Environment Res. Inst., Agric. Res. Center, Giza, Egypt
The aim of this study was to evaluate soil characteristics at sub-deltaic and its adjacent soils in
the Nile Delta. Classification and quantitative land evaluation of these soils were also carried out.
Thirty two soil profiles were selected. The soil profiles were morphological described, some
physio-chemical properties were determined, evaluation of soil development was assessed, the soils
were classified and two systems were used for land evaluated.
The virgin sub-deltaic soils were found to be hills lying at higher altitude than that of the
interference zones and around recent alluvial soils. All studied soils were deep and well drained.
The morphological features changed going down from the center of sub-deltaic hills towards recent
alluvium deposits. Differentiation of the profiles was mainly related to the presence and distinctness
of some artificially developed surface layers. Relative horizon distinctness (RHD) and relative
profile development (RPD) values indicated that the soils of interference zones have clearer
horizontation and relatively greater pedological development than that soils of virgin sub-deltaic
and around recent alluvial.
The studied soils were classified as Typic Torripsamments, Sandy, Siliceous, Thermic for subdeltaic soils; Typic Torripsamments, Loamy sand, Mixture, Thermic and Typic Torrifluvents,
Loamy, Mixture, Thermic for interference zones soils; and Vertic Torrifluvents, Clayey,
Montimorillonetic and Thermic from around recent alluvial soils.
Land capability index values revealed that the sub-deltaic, interference zones, and around
recent alluvial soils belong to (IV) and (V); (IV), III and (II); and (II) grades respectively. Values of
the suitability index revealed that the soils of sub-deltaic belong to S3 for some crops, while soils of
both interference zones and around recent alluvial belong to Si , S2 and S3 for different crops.
Keywords: sub-deltaic soils, morphological features, morphology ratings, pedological
development, land evaluation
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Pedogenesis of aeolian plains
in semi arid regions of Haryana state (India)
GOYAL V.P. and KUHAD M.S.
Department of Soil Science, CCS Haryana Agricultural University, Hisar - 125 004, Haryana, India
To study the varying stages of pedogenic development of different sandy aeolian plains in semi
arid regions of Haryana state and to classify the soils according to USDA Soil Taxonomy, the
present study was undertaken. The study area lies between 27°57'50" to 28°55'57" N lat. and 76°
20'52" to 76°52'50" E long.and covers an area of 4721 km2. The climate of the area is subtropical,
semi arid and monsoonal type.
By using remote sensing techniques i.e. LANDSAT-FCC 1:250,000, IRS-1B-FCC 1:50,000,
aerial photographs (1:25,000), survey of India toposheets and contour maps supported by field
checks the sandy aeolian plain of southern Haryana were interpreted and three geomorphic units i.e.
(i) plains with sand dunes, (ii) interdunal plains and (iii) plains with aeolian cover were identified
and delineated. The area was traversed thoroughly and in each geomorphic unit one representative
soil profile was studied in detail for morphological and physico-chemical characteristics to assess
the magnitude of pedogenic development in these units. The soils were classified according to
USDA Soil Taxonomy. The pedogenic developments were evaluated by interpreting the soil
profile characteristics using various techniques and ratios e.g alumina composition of non-clay
fraction and clay percentage, silt/silt+clay ratios, clay/silt and silt/sand ratios, molar ratios,
SiCVAhOj, SiCVR^Oj and Al203/Fe203 and the percent degree of weathering.
In plains with sand dunes the matrix colour varied from 7.5YR 5.5/4 to 2.5Y 5.5/4 with loamy
sand texture throughout. The irregular distribution of organic carbon, ECe, soil molar ratios
(SiCVAhC^ and SiCVR203) and abrupt changes in soil characteristics of last horizons indicated
lithological discontinuities. Taxonomically these soils were classified as Typic Ustipsamments. In
interdunal plains the matrix colour varied from 10YR 4/3 to 10YR 5/4 with sandy loam to loam
texture. The abrupt changes in soil characteristics i.e. particle size distribution, CaCC>3, pH, ECe,
ESP, soil molar ratios (S1O2/AI2O3 and SiCh/RjCh), clay/silt and silt/sand ratios indicated lack of
pedogenic activities and presence of lithological discontinuties. Taxonomically these soils were
classified as Ustic Torriorthents. In plains with aeolian cover the matrix colour varied from 10YR
4/3 and 10 YR 5/4 with grayish brown (10 YR 5/2) mottles between 43 to 162 cm depth. The clay
content increased regularly with depth and texture varied from loamy sand to loam indicating
formation of cambic horizon. A regular distribution pattern of various other weathering parameters
i.e. organic carbon, CaC03, soil molar ratios (S1O2/AI2O3 and SiCh^Cb) also pointed towards
pedogenic development in this unit. With increasing depth a general increase in clay/silt, silt/sand
ratios and AI2O3 content in non-clay fractions also confirmed the initiation of pedogenic activities.
Taxonomically these soils were classified as Udic Haplustepts. All the soils were alkaline (pH 7.9
to 8.4) but non-saline (ECe 0.30 to 2.00 dSm"') in nature. The study of various weathering
parameters suggested that the pedogenic development in three geomorphic units of the study area
were in the following decreasing order : plain with aeolian cover > interdunal plains > plains with
sand dunes.
Keywords: semi arid soils, pedogenesis, soil taxonomy
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Susi ai na bilit y of agrarian systems in relation to soils on
Amazonian forest pioneer fronts (Maraba, Brazil)
GRIMALDI Catherine (1), CURMI1 Pierre (2), DOSSO Mireille (3), JOUVE Philippe (3) and
SIMOES Aquiles (4)
(1) Institut National de la Recherche Agronomique, UMR Sol, Agronomie, Spatialisation, 65 rue
de Saint Brieuc, 35042 Rennes cedex, France
(2) French Institute of Pondicherry, India
(3) Centre National d'Etudes Agronomiques des Regions Chaudes, Montpellier, France
(4) NEAF, Universidade Federal do Para, Belém, Brazil
Pioneer fronts for family agriculture in Brazilian Amazonia do not produce stable agriculture
land. A very widespread pattern of agrarian system evolution is the substitution of forest for one or
several cycles of food crop/wood fallow, followed more or less rapidly by the conversion of the
whole area into pasture. The land then often becomes degraded and the farmer will move forward
onto a new pioneer front. In order to explain some observed differences in this pattern and to
explore alternative systems, we focused on the role of soil diversity and its incorporation into land
use strategies by the farmers. We studied two communities, one situated on shale and the other on
sandstone. The soil survey demonstrates that geomorphology and soil systems are closely related
and that soil fertility varies between the two communities. Inquiries about agricultural practices
show that farmers deforestate without dealing with the soil, instead adapting the location of the
crops to the variety of soils available. Lastly, the better quality of the wood fallow land on shale
appears to reduce the speed of establishing the "all-pasture" system. Taking soil diversity into
account opens up new ways of finding the conditions for a sustainable and settled family
agriculture.
Keywords: Amazonia, soil transformation, fertility, deforestation, tropical agriculture
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The influence of sand mulching practices on
soil moisture regime in arid regions
JIMENEZ Carmen, TEJEDOR Marisa and DIAZ Francisco
Universidad de La Laguna. Depto. Edafologia y Geologia, La Laguna, Tenerife, Spain
The island of Lanzarote in the Canaries (Spain) lies just 120 km off the coast of Africa and is
considered one of the most arid parts of Europe, with annual rainfall of below 150 mm. For
thousands of years, the northerly winds have carried with carbonated marine sands that have
covered part of the islands, triggering a change in the soil moisture regime and, consequently, in
their use.
In the present work, we present the results of two years of monitoring of the moisture content
of a soil covered with a 30 cm of sand and another adjacent soil from which the layer was removed
for the duration of the study period. Sampling was conducted once a month to a depth of 1 metre,
with samples taken every 10 cm. Moisture content was determined using the gravimetric method.
The data obtained show clearly the soil moisture conservation role played by the sand covering.
Moisture content in the soils underneath is above wilting point virtually all year round and remains
thus to depths of 50-60 cm. The data lead us to define a udic regime for the soils. In the soils
without sand covering, moisture content fell rapidly below 1500 kPa, at least in the first 30-40 cm,
leading us to define the soils as aridic.
These results show that sand mulch is effective in soil water conservation and the use made of
the soils reflects this. Whereas in the covered soils, watermelons, melons and sweet potatoes are
grown with no irrigation, this is practically impossible in the uncovered ones.
Keywords: soil moisture, mulching, arid soils, dry farming
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Soil and ecological conservation of Lakshadweep
Coral Islands
KRISHNAN P.. NAIDU L.G.K., NAIR K.M. and VELAYUTHAM M.
Regional Centre, National Bureau of Soil Survey and Land Use Planning, Hebbal, Bangalore 560
024, India
Lakshadweep comprising of 36 islands is located in the Lakshadweep sea between 72° to 74°E
longitudes and 8° to 12°N latitudes and has a total area of 32 km'. Soil and ecology of 10 inhabited
islands were studied to suggest ways and means of conserving the fragile ecosystems.
The subsidence of volcanic islands and formation of coral reefs on the subsided materials were
attributed to the origin of these islands. The islands lie towards one side of the coral reef with
extensive lagoon on the opposite side. Detailed survey of land and soils of islands was carried out
at a scale of 1:8000 to characterise the land features and soil properties.
The topography of the islands is nearly level with elevation from mean sea level ranging from 2
to 5 meters. The climate is of humid tropical monsoon type with mean annual rainfall of 1934 mm
distributed from May to November and a mean temperature of 21.TC. The inhabited islands are
densely populated and their main occupation is agriculture. Coconut is the major crop.
The soils of the islands were studied in detail and mapped with phases of soil series as the
mapping units. The soils, all derived from coral limestone belong to 10 series. Depth of the soil
range from 73 to 160 cm and are underlain by coral limestone. They are often excessively drained.
Water table at shallow depth is found in low lying areas. Soils are predominantly light textured with
textural classes sandy or loamy sand. Structural development of the soils is poor with dominant
single grain and limited granular. Soil colors are different shades of gray.
The non-saline soils are alkaline in reaction. They are fairly rich in organic carbon in surface
layers but decline with depth. Calcium carbonate content of the soils is high. The soils are well
supplied with major and minor nutrients except for potassium. The major soil related constraints to
crop production are the coarse textures and presence of coarse fragments of limestone. At the
subgroup level of Soil Taxonomy the soils classify into Typic Ustipsamments, Typic Troporthents
and Typic Ustorthents.
The islands do not have any water aquifer but only lenses of fresh water held on coral beds.
They are in hydrological continuity with sea water and consequently excessive removal can result
in ingress of saline water. Agricultural use of aquifer water should be avoided and efforts made for
rainwater harvesting and recycling of water. Conservation of moisture by burying coir pith, which
is plentiful helps to conserve moisture. Another ecological issue with severe consequences is the
quarrying of coral limestone for construction purposes. It can affect the fresh water regime of the
islands and hence should be avoided.
The study conclusively proved that the fragile ecosystem of the islands needs careful
management in the light of increasing population pressure and the low bearing capacity of soil and
water resources.
Keywords: coral islands, Lakshadweep, soil fertility, land use, sandy soils, ecology cology
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Spatial variability of humus reserve, degradation
vulnerability of soil cover with agricultural use in
Sub-Carpathian depressions in Eastern Romania
LUPASCU Gheorghe and MARA Marin
University " Al.I. Cuza" Iassy, Faculty of Geography-Geology, 20A Carol I Drive, 6000
* OSPA Bacäu, 32 George Bacovia Drive, Bacäu, Romania
The Sub-Carpathian unit belongs to the Romanian orogen structure, and it is situated at the
external eastern and southern part of the Carpathians. Its main characteristic is the association of
large depressions with external hilly massifs, similar to lower mountains.
The Moldavian Sub-Carpathians are made of miocene rocks, and they are limited by the
transversal river valleys of the Moldova, in the north, and the Trotus, in the south. To the west of
this unit, the Eastern Carpathians have maximum altitudes of 1300m, and to the east, the cratogene
unit of the Moldavian Tableland has maximum altitudes of 550m. Situated between these limits, the
Moldavian Sub-Carpathians, made up of sedimentary rocks of miocene age, present more simple
landforms than the other units of the Sub-Carpathians, with a depression corridor at the contact with
the mountains, dominated to the east by a range of hills, more or less fragmented. According to the
detailed morphology, three Sub-Carpathian depressions can be separated, and they are, from north
to south, as it follows: Ozana-Topolita Depression, Cracau-Bistrita Depression and Tazlau-Casin
Depression.
Due to the large variety of pedo-genetic factors, an appreciable pedo-diversity is present. The
predominant parental material is represented by superficial alteration deposits (on the summits and
slopes of the sculptural type landform) and by alluvial deposits (along he large alluvial flood
plains). The soil cover is dominated by six classes of soils.
The humus content present significant differences for soils belonging to different classes. The
soils belonging to Mollisols and argillic soils are characterized by the largest quantity of humus (5
487 338 tons, and 6 586 384 tons respectively). The larger absolute quantity of humus for the
argillic soils can be explained by the larger area they cover (37%) (mollisols - 17%). The existence
of favourable pedo-genetic conditions in the eastern part of the depression corridor has generated
the formation of Mollisols, and the existence of the not so inclined slopes has not contributed to the
extension of the weathering processes and landslides. The argillic soils are mainly present in the
western part of the depression corridor, where the landforms are characterized by a higher
fragmentation and, consequently, landslides and soil erosion are more frequent.
Keywords: organic matter, land use, soil quality
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The derived savanna of SW-Nigeria:
soil characterisation and use
OKUSAM1 Temitope A.
Department of Soil Science, Faculty of Agriculture, Obafemi Awolowo University, Ile-Ife, Osun
State, Nigeria
Southwest (sw) Nigeria consists of Wet/Dry Forest and Derived Savanna (Savanna-Forest
Ecotone) with a humid tropical climate. The Derived Savanna has an annual average rainfall of
1105mm (Hero, 08.05N/03.22E) with parent rock lithology that are commonly granitic gneiss,
igneous and ultrabasic. The land-use pattern is rural but subsistence with seasonal uncontrolled
grazing. To encourage the habits of sustainable land-use management, the objectives of this study
were to characterize the soils, to produce a detailed soil map; and to design a land-use plan for a
l,293ha land. Soil survey was by the grid design. National (for soil mapping), and international
(for taxonomy and correlation) classification systems were used. Evaluation of the soils for landuse purpose was by the FAO Land Evaluation Methodology. The following attributes indicate
degraded landscapes: induced drainage channels initiated from seepage points at upper
physiographic positions on some of the landscapes - these became puddled and devoid of vegetation
after cattle grazing; surface gravels/stones/cobbles (on backslope/lower slope positions); iron coated
surface soils typify the seepage points; and common, massive exposure of iron pans on upper slope
positions. There is a strong soil-slope-parent rock relationships. Catenary sequences typically
consist of soils on the crest, shoulder and/or upper slope, middle slope, lower slope, fringe and/or
valley bottom positions. The crest/upper slope positions contain soils with gravels/stones/cobbles
(quartz rubbles) at various depths including concretions, nodules, iron pans and stones lines.
Middle to lower slope positions contain poorly to imperfectly drained soils and soils with iron pan
at shallow depths. Valley bottoms are mostly U-shaped and eroding. Soil texture of pedons vary
from a predominant loamy topsoil to sandy clay/clay subsoils. The surface horizons are slightly
acid (pH 6.1 - pH 6.5) to neutral (pH 6.6 - pH 7.8) while the subsoils are slightly acid (pH 6.1 - pH
6.5) to strongly acid (pH 5.1 - pH 5.5) with increasing soil depth. Exchangeable Al has a
dominating influence on soil acidity. The base saturation is moderate to low. The clay mineralogy
is dominated by kaolinite and illite but with smectite in some of the soils. Mapping and Taxonomie
units testify to the spatial variability along the toposequences. Ten soil series were identified with
their taxonomies ranging from Acrisols/Cambisols/Nitisols/Alisols in upper slope positions to
(gleyic) Cambisols/Arenosols/Fluvisols in middleslope and lowerslope positions of the landscape.
An Arenosol occupies most of the land. Classes II, III, and IV dominate the Land Capability
Classifications. Land Suitability Classifications for some common Land Utilization Types vary
from SI to Nw/Nf. Common limiting factors are soil erosion, effective soil depth, stoniness, and
wetness/drainage. Mixed cropping and agroforestry are suggested viable land-use options for
sustainable land-use management.
Keywords: soil survey, evaluation, soil-slope, management
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Ecologo-genetic peculiarities of soils of Ukrainian Carpathians
and their protections
POZNYAK Stepan
Ivan Franko National University of Lviv, Department of Geography, Ukraine
A specific character of natural resources conditioned by peculiarities of climate, geological
structure, mountainous relief and vegetation, plays a leading role in the manifestation of burozem
(grey soil) and glayey-eluvial processes of soil and mountain-soil vertical zone forming in the
Carpathians.
In the processes of evolution burozems of the Carpathians are characterised by two opposite
tendencies: stability and instability. Stability is conditioned by the presence of a soil protective
screen. Biota plays the main role in its creation, forming water accumulative and water permeable
sod or forest litter preventing soil from runoff. Instability is caused predominantly by lithologicgeomorphologic processes and human economic activity. As a whole, ground cover of the
Carpathians belongs to the category of potentially unstable.
In the course of anthropogenic activity and as a result of natural calamities, and disastrous
floods in 1998-2000 in particular, burozems of the Carpathians are distinguished by the
reinforcement of intensity and the expansion of areals of degraded and destructive processes leading
to the increase of denudative areas, the expansion of the territories occupied by windbreaks and
landslides, denudation of ground cover caused by windbreaks and avalanches, and in some places a
complete erosion of soils occurs.
Harmful activity of hydro- and geoanomalies increases first of all due to extensive agriculture
and forest industries. Intensification of degraded processes is caused by anthropogenous genesis:
continuous forest felling, protective forests in particular; Silver fir being a monoculture; the
lowering of upper layer of the forest by 250-300 m; prevalence of young plantations that can't
regulate a surface runoff; insufficient forestation of slopes in the catchment areas with dangerous
turbulent mud and stone streams; a considerable recreational economical loading upon the forest;
absence of soil protective crop rotation on the slopping ploughed lands; voluntary grazing, etc.
These factors due to the complexity of geological-geomorphological prerequisites causing the
degradation of burozems deteriorate the ecological situation in the Carpathians.
To optimise and rationalise land use and to prevent, localise and eliminate degraded processes
in the soils of the Carpathians, it is necessary to take antierosion and forest economical measures, as
well as to take administration of continuous felling in the regions with dangerous turbulent mud and
stone streams, renewal of protective forest-belts made of fast growing tree species, revival of felled
pre-polonyna (pre-Alpine meadows) forests, forest-renewable work not later than in a year after
felling, and the increase of wind resistance of afforestation where the area occupied by European fir
shouldn't exceed 50 percent. Conservation of degraded lands is an important way of land use
optimization.
Conservation-rehabilitation is carried out on slightly degraded soils, but
conservation-transformation predicts forest-plantations and sometimes grass sowing on the most
degraded lands that demands a comprehensive soil observing to determine areals of degraded lands
in the Carpathians.
Keywords: soil, soil protective screen, antierosion measures, forest litter
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Relations between soil system and cropping systems
on a small watershed in Parana (Brazil)
PALMANS Bart (1), VAN HOUDT Els (1), DOSSO Mireille (1), RAUSCH Ricardo (2),
JOL VE Philippe (1) and TAV ARES FILHO Joao (2)
(1) CNEARC Centre National d'Etudes Agronomiques des Regions Chaudes, Montpellier, France
(2) UEL Universidade Estadual de Londrina, Parana, Brazil
The watershed (27 km2) is located near Rolandia (Parana), close to the Tropic of Capricorn; the
bedrock is mainly basalt, and the soil cover is famous for its fertility. The objective of the work was
to analyze the interactions between the soil cover and the cultural systems (soybean/wheat is the
dominant one) towards soil degradation (compaction and erosion) which is developing, in an
economical context unfavourable to the farmers.
The soil system is described with a toposequence of three soil types, as follows from top hill to
down hill: LR "Latosols Roxo" (FAO: Ferralsols), TR (Transition soils) and TRE "Terra Roxa
Estruturada" (FAO: Nitisois). These three types are distinguished in the continuous soil cover
according to the Brazilian classification; they have different properties and behaviours; and the
fields are shaped as to include all this diversity (from the top to down the river). The farmers there
are from different cultural origins and as so think about soil management in different ways.
The methodology was developed in two parts: firstly, influence of the soil system on the choice
and the localization of the cultural systems: this was answered on an inquiry base; and secondly,
influence of the cultural systems on the soil system: an experimental plan was designed to test, in
26 different pedo/cultural locations, the direct impacts of cultural systems on soil degradation
(compaction, erosion).
The results are to concern up to 90% of the farmers (who don't have any long-term vision
about soil fertility, and who don't make the link between compaction and erosion). It is shown that:
- the constraints of this commercial and mechanized agriculture force farmers to work with the
different soils in a uniform manner;
- the different cultural systems transform the upper horizons, depending on the soil type
(depending on the position on the slope); and therefore may influence, in fine, the functioning of
the whole soil system;
- in particular, it is shown that uphill, where LR is located (which have the most stable structure),
the soil compaction may be as high as for the maximum found on TRE - specially with
soybean/wheat with a conventional system of ploughing.
So, to achieve sustainable soil management means here to pay attention to consciousnessraising campaigns towards physical degradation of soil, diversification of the agricultural
production and improvement of technical practices linked to the soil system diversity.
Keywords: soil system, cultural system, Ferralsols, Nitisois, compaction, erosion
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Toposequence of limestone-derived soils in the Chapada
Diamantina, State of Bahia - Brazil
RÊGO Maria José Marinho do (1) and COSTA Nelson Lara (2)
(1) Institute de Geociéncias da Universidade Federal da Bahia. Av. Cardeal da Silva, n°. 555,
apto. 103, Federacäo, Salvador-Bahia, Brazil
(2) Instituto Brasileiro de Geografia e Estatistica
A toposequence of limestone-developed soils was studied at the piedmont nearby Itaetê town,
in the region so-called Chapada Diamantina of the State of Bahia. The study area involves 3,500
hectares where 200 families recently settled. This settlement area, denominated as Baixäo, is
located in a semi-arid stretch with an annual precipitation rate of 600 mm. Its relief presents
smooth, undulated, and flat forms, and the vegetation constitutes a deciduous forest.
Three soil profiles were studied in a toposequence of approximately 4,500 m. The first profile
was conducted on the top, the second after an attenuation of the declivity, situated at the third
middle of the hillside, and the third profile on the base of the toposequence corresponding to the
alluvial plain of the Una River. The morphological properties of the profiles were studied in the
field and the physical-chemical analyses carried out in the laboratory. The soil control of the area
was obtained through 50 boreholes. A soil map of the area was produced in a scale of 1: 50,000.
The upper-third of the hillside is dominated by soils of the class Cambissolos Häplicos Tb eutró
ficos (Oxic Ustropepts). They present red colours (2.5YR), clayey texture, and a silt content that
increases with the soil depth. A layer of stones may occur at depths greater than 1.40 m. The third
middle of the hillside is dominated by Latossolos Amarelos Distróficos tipicos (Typic Haplustox).
Their colours are represented on the page 7.5YR. They show a clay loam texture being well deep
and free of stones. In the lower third of the hillside are found the Neossolos Flüvicos Psamiticos ti
picos (Fluventic Dystropepts) formed over alluvial deposits. They are deep with darkened colours
due to the presence of organic matter and a dominant sandy texture and an acidified exchange
complex. Vegetation called cerrado is developed over these soils, showing specimens typical from
an environment poor in nutrients with a low-waterfixationrate.
The overuse of these soils for cattle activity has contributed to a strong erosion on their
superficial layer - horizon A, leading to a huge loss of soils or even their totality in some areas.
This phenomenon is evidenced in the field where the soil surface is washed and sealed, and the lack
of darkening in its superficial horizon and the exposed roots of bushes and trees are also observed.
Furthermore, a silting up of the River Una has occurred, therefore, raising the water level during the
rainfall period. Despite the smooth declivities, a severe laminar erosion affects these soils,
particularly the Cambissolos which are richer, consequently being the most used for the cattle
activity. The areas of Latossolos (Typic Haplustox) and Neossolos Flüvicos (Fluventic
Dystropepts) were less affected by the erosion process because they have low fertility. In addition,
the area holding the Neossolos, is subjected to periodical floods.
It is strongly suggested that the settled families must be technically orientated, allowing the
area to recover, therefore, being able to obtain a sustainable productivity.
Keywords: toposequence of soils, limestone soils, interactions soil-relief

769

Symposium no. 19

Paper no. 174

Presentation: oral

Use of rehabilited quarry detritus for the study of
forest-soil system development
REINTAM Loit (1) and KAAR Elmar (2)
(1) Institute of Soil Science & Agrochemistry, Estonian Agricultural University, Viljandi Road,
Eerika, Tartu 51014, Estonia
(2) Forest Research Institute, Estonian Agricultural University, Kreutzwaldi 5, Tartu 51014,
Estonia
Studies on the development of forest-soil systems were carried out in North-East Estonia (27°
08'-27°47'E, 59°19'-59°21'N) where in the early 1960s forest rehabilitation of the levelled
skeletal calcareous quarry detritus of open-cast oil-shale mining was initiated with two-year-old sets
of Scots pine (Pinus sylvestris), silver birch (Betula pendula), hybrid alder (Alnus hybridum), etc.
Traditional taxation characteristics were measured in stands aged twenty, thirty and forty years.
The formed genetic soil horizons (A-AC) were studied, described, and sampled to a depth of 20-25
cm where signs of pedogenesis were evident. Milled dry ground litter and fine earth with a particle
size less than 2 mm were analysed. Methods well known in soil science were applied. The organic
C and N of oil shale (kukersite), present in detritus, were subtracted from the obtained values when
the organic matter of plant origin was calculated.
Later on the formation of the transitional AC-horizon and fragmentary ground litter, perfect
forest-soil systems originated already within the second decade after detritus rehabilitation and
progressed during subsequent decades. Highly productive stands developed with an average annual
increment of 5.4±0.6 m3 ha'1 in the growing stock as well as with an average annual increase of
43.2±2.6 cm in height, 4.1±0.2 mm in breast-height diameter and 2.8±0.3 dm3 in the growing stock
per tree. Well diagnosable Calcaric Regosols and/or Rendzic Leptosols have formed on pure
skeletal detritus. At present, the depth of the A-AC sequence of the 02-A-AC-(B)C profiles is
21.6±1.5 cm. An average of 1.36±0.2 Mg ha'1 y of organic carbon and 49±8 kg ha ' y ' of
nitrogen have accumulated in the humus section and in Moder-type ground litter. The level of
organic carbon was the highest (1.57±0.56 Mg ha ' y ') under deciduous stands, but also under pine
with grasses. R203-humic-fulvic humus, rich in Ca-fulvates, is characteristic of both ground litter
and of the epipedon which is close to mollic. The amount of ash elements in ground litter is 318±
46 kg ha ' y ' ; compared with initial detritus, the increase in BEC, clay content and specific surface
area is accompanied with the progress of the forest-soil system.
Keywords: quarry detritus, production process, pedogenesis, forest-soil system
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Genesis of duripans and fragipans in
the coastal tablelands of the state of Bahia - Brazil
UCHA J.M. (1), R1BEIRO L.P. (2) and VILAS BOAS G.S. (3)
(1) Centro Federal de Educa o Tecnol gica da Bahia, Brazil
(2) Gradua o em Geoqumica e Meio Ambiente da Universidade Federal da Bahia, Brazil
(3) Geologia da Universidade Federal da Bahia, Brazil
The present study aimed to investigate the soil transformation system based on the genesis of
duripans and fragipans in the Coastal Tableland of the State of Bahia - Brazil.
The duripans and fragipans forming a transformation system over depressions, were found in
many areas of Coastal Tablelands. In the past, these depressions constituted the focus of
pedological transformation moving over the soils of the border, therefore, transforming the yellow
coherent clayey Oxisols in Argisols and, then, in Spodosols with duripans. The depressions were
formed from the sediment fractures of the Barreiras Group, that originated lowered centers where
the transformation systems were established forming horizon duripan types. The duripan origin is
associated with the hydromorphic conditions which created duric horizons up to 2.5 m thick. The
fragipans are only found in the transformation fronts between the duripans and the zone that was
previously affected by the hydromorphic conditions, constituting a proto-duripan. The '4C dating
showed that the transformation processes are quite old, (27,100 years BP).
Keywords: duripans, fragipans, soil transformation, podzolization
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Present soil evolution of the technogenic areas
SHELEMINA Anna and GAGARINA Elvira
Saint-Petersburg State University. 199178, St.-Petersburg, 16 line of V.O., Department of Soil
Science and Soil Ecology, Russia
The intensive development of industry is the cause of increasing numbers of territories with
disturbed or destroyed over soil-plant cover. This process is followed by the appearance of
sedimental rocks in the daylight. The first processes of plant growth and soil formation are
beginning on these rocks. It can be observed while mining, building roads, drains and military
structures. The exact date of the beginning of formation is a general speciality of such soils. It
makes these objects an ideal model for investigation of the speed and direction of soil processes.
The main goal of our investigation is studying soils on the dump of military structures from the
Second World War and of mining in order to determine the speed and the specifics of their
evolution. The young soils on the dumps of different rocks (cambric clay, dolomite limestone,
mixed carbonate rock, water-glacial sand) in the present bioclimatic conditions of the taiga zone
were studied. Morphogenetic description of them and the nearest undisturbed soils on the same
rocks have been made. We have investigated the physic-chemical properties, contents and
composition of organic matter, the contents of different forms of iron and mineralogical
composition in these soils. All of the objects were located on the Ordovic plateau in the southwest
of Leningrad region (Russia).
It was ascertained that weak differential soils have formed on the clays, limestone and mixed
carbonate rocks for a period of 15 to 60 years. Their profiles have got the following horizons: Ao A - AC - C. The great density of these rocks and high content of carbonates in the other rocks
explain such weak differentiation. Although the young soils already little differ from their natural
analogs (litogen soils, rendzins) some properties such as thickness of profile and horizons, traces of
organic matter, carbonates and others are differing. The main processes in the young soils are
formation and accumulation of organic matter and weak weathering of carbonates and silicate
minerals. The middle speed of profile development on the carbonate rocks is 5 mm in year, horizon
A formation - 1.6 mm in year. Formation of soils on the clays is slower: 2.2 mm in year for profile
development and 0.05 mm in year for horizon A formation. However the speed of organic matter
accumulation is the same in both clay and carbonate soils - 0.05% in year.
The soil on the water glacial sand has got a differential profile, which includes horizons Ao AEL - ELB - BFe - BC - C. The cause of this is light granulometrical composition and poverties of
mineral matter with nutritive elements. The speed of the profile development is 5.6 mm in year,
horizon Bpe - 0.3 mm in year, accumulation of organic matter - 0.02% in year.
In conclusion, we can say that young soils, which have some construction and properties of
zonal analogs, are developing on the dumps of different sedimentary rocks. The litologen speciality
of substrata determines not only the properties of these soil but the speed and direction of their
evolution.
Keywords: technogenic areas, soil formation
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The natural habitats of compressed soils in Azerbaijan
MEHDIYEV H., AHMEDOVA M.A. and SHIRINOVA Shohrat
Institute of Soil Science and Agrochemistry of NAS of Azerbaijan, Azerbaijan
The soil compressoin phenomenon is observed in all countries with intensive agriculture which
is caused by the necessity of improvement and oversimplifying the compressed soils of Azerbaijan.
Re-compression of soils by agricultural machines is considered as the factor of degradation of
their agrophysical conditions and fertility. During vegetation, the average bulk of fields undergo
two- or four-fold cultivation. Compressing deformations are spread vertically and horizontally from
10-30 to 50-60 centimeters. The working of running gears of machines during preparation of fields
for sowing leads to considerable compression of soils which remains so up till the harvest
campaign.
It's been established that many properties of soils, especially the water, air, biological and
feeding regimes, depend in their weight by volume which is one of indices of soil compression.
Specification of natural habitats of soil compression in the Mugan steppe has shown that it
covers large areas. This is why its mapping and specification have practical and theoretical
importance.
The high content of sodium to absorbing degree and the fact that predominance of clayey
minerals in soils' high-dispersed phase has a considerable influence upon compression and has
made it possible to divide the soils of the Mugan steppe into seven groups by their weight by
volume.
Keywords: concentrating, aggregates, sitty, volume, tendention, clod, diversity
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Contemporary profile of Chernozems from Danube hilly plain
in Bulgaria and its vulnerability
SH1SHKOV Toma
N. Poushkarov Institute of Soil Science, 7, Shosse Bankya Str., P.O. Box 1080, 1369, Sofia,
Bulgaria
Known as the prime agricultural lands in Bulgaria, Chernozems occupy the territory of the
Danube Hilly plain and are considered as the most stable soil units to critical loads in the conditions
of permanent impact. Lately this fact is used in a conception of high bearable Chernozems nature
that reflects with negative effect on the regional Policy of legislation and decision making. Actually
the Chernozems resilience is based on the soil qualities, performed mainly as favorable physical
properties, high content of stable granular structural aggregates and lack of textural differentiation.
These valuable qualities are determined during the evolution of the genetic horizons intrinsic
system - humus of mull type, pulsation of carbonates solution and accumulation that developed the
calcareous horizons. Based on these realistic morphological features Bulgarian Chernozems are
divided into Calcareous and Leached (or Calcic and Haplic According Fao's Revised Legend). The
most interesting fact is the presence of the Degraded Chernozems (Luvic Phaeozems), named thus
because of the occurrence of textural differentiation as a result of lessivage process. Actually there
are not destructive processes in the soil system. However, the Bt textural horizon is hard to explain
with the existed contemporary climatic conditions that force the lessivage process in the zone of
Haplic Chernozems. Rather it is a relict feature of previous conditions and is related with higher
clay content in the loess like parent materials. On the other hand, the evidence of Chernozem
degradation, provoked by human activity is observed in all types of Chernozems. This process is
quite different from the lessivage that distinguished the Degraded Chernozems (Luvic Phaeozems)
for their profile evolution and the development of a genetic horizons system.
Keywords: Chernozems, degradation, lessivage, texture horizon, metamorphic horizon
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The 21 st century scenario as regard to the land use planning
in the Kosi zone of Bihar
SINGH Mukesh Prasad (1), CHOUDHARY B.C. (1) and JAISWAL VK. (2)
(1) Regional Research Station, Agwanpur, Saharsa-852213, India
(2) Irrigation Research Station, Madhepura-852113, India
Almost all the land (60%) in the Kosi Zone of Bihar that could possibly be used for agriculture
is already under cultivation and is mostly of the subsistence type. Due to various reasons the
average crop yield is quite low (Paddy-11.60 q ha"1, Wheat-16.50 q ha"1) and with virtual absence of
industries puts this zone as one of the most poorer and backward zone in the country. Here the LUP
could be of immense help as potentiality of this zone is quite high and with the adoption of certain
policies regarding land use could change the scene altogether.
The Kosi Zone falls in the Agroclimatic Zone-II of the North-East alluvial plains of Bihar
covering nine districts with an area of 1.87 mha and has recent non calcareous and non saline
deposits with slightly undulating and rolling landscape. Small ponds, Oxbow Lakes and patches of
marshy ground are very frequently observed .The dominant soils occurring in the zone are very
deep, moderately well drained to extremely drained, loamy to sandy in texture and are subject to
moderate to severe flooding. They are slightly eroded and have neutral to slightly alkaline soil
reaction. Ustifluvents, Fluvaquents, Ustipsamments, Ustorthents and Haplaquents are some of the
major Great groups found in the zone
The existing cropping pattern varies depending on land situation, water accumulation in the
locality and irrigation facilities available. Paddy is the dominant crop and most of the cropping
sequences are based on it. Wheat, Maize, Oil seeds, Jute, pulses specially the Black Gram, Tuber
crops and some millets are also grown. The majority of the area is mono-cropped and mostly the
nitrogenous fertilizer alone is used. With the introduction of Bamboo boring and wherever Canal
water is available for irrigation two or more crops are taken. Mixed cropping like that of Maize +
Turmeric, Paddy + Black Gram, Paddy +Jute etc. are also in practice. Irrigation is plot to plot,
flooding type wasting much of it. Use of modern implements, Pesticides, Herbicides and other
chemicals are very restricted.
The aim of this paper is to create ground for the policies as regarding the land use which need
to be adopted for the improvement in the productivity as follows1. Flood control Vs Flood management- with sufficient inter-connected reservoirs throughout
the slope gradient the flood water could be effectively managed and could be used for various
useful purposes.
2. Planned Urbanization- to give impetus to the people for the change a mega polish in the zone
may be developed for the future urbanization.
3. The consolidation of the land should be completed within a given time period.
4. Formation of Co-operative farm must be made compulsory to obtain any bank loan or any
other facilities /package offered by the Government.
5. To stop further fragmentation of the land holding by putting a minimum limit, say 0.8 ha up
to only which land could be divided for fanning.
6. Defecation in the open should be made punishable offence.
Keywords: flood management, Kosi zone Bihar, land use, planning and policies, soil association
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About specifics of Chernozem forming in
South-East Zabaikalie
SNYTKO Valerian and SEMENOV Yury
Institute of Geography RAS/SB, Ulanbatorskaya 1, Irkutsk 664033, Russia
The Steppes of South-East Zabaikalie (Onon-Argun steppe) are unique and have no analogues
on landscape maps of the Russian Federation (Topogy of Geosystems, 1970). Because the study of
soil cover and soils of the investigated territory was initiated at the beginning of our century by the
Emigrant department, whose results were summarized by L.I. Prasolov (1927) later, the questions
of nomenclature and taxonomy of the most wide-spread soils here are designed so far insufficiently,
and there is no unity in the opinions of different researchers on the soils of the given territory.
Long-term investigations of Steppe soils' spreading, and the characteristics and modes of
South-East Zabaikalian soils traditionally refered to as a type of Chernozem that have shown
alongside general devils, characteristics of the given genetic types, some soils possess a variety of
particularities, brought about by the specifics of soil-forming factors in mountain countries with
extreme bioclimatic conditions bringing to the shaping of the signs, distinguishing them from
"classical" representatives of Chernozem genetic type.
Many of the differences does not leave the frames of diagnostic signs for corresponding facial
subtype of Chernozems. That allows to qualify the studied soils exactly and at the same time some
soil characteristics allow to doubt in correctness of this qualifications. So, the profile of some
Chernozems has no illuvial-carbonate horizon, but other Chernozems are effervescenced with HCl
from the soil surface. The humus horizon has often dominant brown or chestnut tones in the colour
and a predominance of fulvoacids. The degree of microagregation is very low even in hunus
horizon; in spite of atmospheric precipitation deficit, a profile of these ground is soaked on the
whole depth in separate years.
The authors of this work offer to divide unrepresentative soils from frames of Chernozem type
and use for their mark-thread a term of A.V.Martynov (1990) "Chernozem-resembling soils". Soils
with signs, more close to the classical Chernozems, should probably be leaved within a framework
of this type, but unlike the classification accepted generally, at present they should be subdivided
intosubrypes in accordance with factors reflecting in the first place their characteristics and modes.
Keywords: Chernozems, South-East Zabaikalie, diagnostic signs, soil characteristics and modes
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New concept of the genesis of soils and
soil cover in Southeastern Asia
SOKOLOV Ilia A. and TURSINA Tatiana V.
V.V. Dokuchaev Soil Science Institute, Pyzhevskii per. 7, Moscow, 109017 Russia
The materials obtained during the soil survey work in Laos, together with the results of
previous investigations in tropical and subtropical regions (Polynesia, Caucasus. Central Asia)
made it possible to deduce a principally new classification of tropical soils on the basis of the
principles of Polycomponent Basic Classification of Soils. This classification consists of several
hierarchical components: the profile-genetic component, the lithogenic component, and the
component(s) reflecting modern soil regimes (soil moisture and temperature regimes). The
realization of this approach for the soils of Laos is discussed.
The following groups of substrates are distinguished at the two highest levels of the lithogenic
component: (1) hard rocks (sedimentary, igneous); (2) loose sedimentary rocks (alluvial,
volcaniclastic); and (3) hydrothermal weathering crusts of hard rocks (ferrallitic argillized, bleached
argillized, greenstone weathering).
The profile-genetic component of soil classification includes the following soil classes: (1)
Elueat (totally eluvial) soils; (2) Accumulative Mull-Humus soils; (3) Humus-Allophane soils; (4)
Gleysols; (5) Leptosols; and (6) Fluvisols.
It is argued that a typical differentiation of Ferrallitic tropical soils into Lateritic and Plinthitic
horizons forming a stable sequence (the Latoplinthite phenomenon) is inherited from pre-pedogenic
hydrothermal processes; this type of the soil profile differentiation is considered within the
framework of the lithogenic component of soil classification.
Among proper pedogenic phenomena, the genesis of Elueat soils is of particular interest. This
term is applied to designate clay-depleted upper layer with a thickness of 30-60 cm characterized
by the loss of all elements contained in weatherable minerals, biogenic amorphization and
homogenization. It is argued that the elueat layer is formed under direct long-term (thousands of
years) impact of soil biota, in particular, digestion tracts of earthworms on soil minerals (Elu
denotes eluviation, and eat, digestion). The elueat layer may be differentiated into several
traditional soil horizons (humus, eluvial or gley-eluvial, and illuvial). The weakness of proper
physical weathering in the tropics, as well as the relatively weak acidity and "aggressiveness" of
soil solutions explains the relatively low thickness of pedogenic alteration of tropical soils that
generally corresponds to the thickness of elueat superhorizon. Skeletal particles in typical elueat
horizon are covered by thin amorphous films; iron concentrations are absent. At the same time, in
the clay-rich plinthite horizon, separations of optically oriented clay do not correlate with the
modern network of pores-fissures; iron minerals are represented by high-temperature oxides
(hematite, magnetite). Deep soil horizons (laterite and plinthite) are the results of pre-pedogenic
hydrothermal weathering. In the case when the rocks were not hydrothermally processed, brown
tropical soils without laterite and plinthite horizons are formed in similar bioclimatic conditions. In
ancient brown soils, the development of elueat horizon is also registered.
Keywords: Ferralsols, hydrothermal process, laterite, plinthite, biogenic weathering
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Evolution and rhythms of soil formation in Holocene
SYCHEVA Svetlana
Institute of Geography, Rus. Ac. Sei., Staromonetnyi per. 29, Moscow 109017, Russia
The problem of soil evolution in Holocene is considered, as a rule, on the basis of studying the
soils of autonomous landscapes (watersheds). The structure of these soils developing since the late
Wisconsin period is characteristic of periodic changes in pedogenetic factors. Difficulty in revealing
the evolution of these soils located usually in eluvial topographic positions is connected with
numerous time gaps. Nevertheless, soils and deposits of transaccumulative landscapes (bottoms and
slopes of wide grassed flat-bottomed gullies of different orders, northern slopes, floodplains of
rivers and lakes, sea shores, etc.) are formed each time on a new surface and give us a more
complete characteristic of the history of pedogenesis. Accumulative and transit-accumulative
landscapes and their soils are most sensitive to climatic and other environment-forming changes.
The Holocene history of pedogenesis is inscribed in cyclically organized rocks (pedocyclites)
comprising the layers of soils and deposits of different genesis (alluvial, deluvial, proluvial,
volcanic, limnic, marine, eolian). On the basis of own ( l4 C dates of soils and deposits of the Russian
Plain) and literature data (including the materials on other regions), seven Holocene soils were
distinguished. The time intervals of their formation were established: Preboreal pd7 (10200-10400
BP), Boreal pd6 (8300-9500 BP), Early Atlantic pd5 (7700-6600 BP), Late Atlantic pd4 (62004700 BP), Subboreal pd3 (4200-2800 BP), Subatlantic pd2 (2300-1050 BP), and Modern pdl (less
than 400 BP). The l4 C dates of deposits interlayering the soils fall within the intervals 450-950,
2300-2700, 4200-4700, 6200-6600, 7700-8200, and 9500-10200 BP, in which the radiocarbon
dates of soils are usually absent. These intervals are characterized by the maximal activity of
morpholithogenetic processes. The duration of pedogenetic stages is about 1300 years in average.
Lithogenetic stages are shorter, about 550 years on average. Together they form the centennial
rhythm of development of accumulative landscapes and their components (soils, relief, rocks,
ground waters, biocenoses, etc) in the Holocene. This rhythm lasts for about 1850 or, after
calibration correction, 2000-2200 years. The physical nature of this rhythm is connected with
periodic fluctuations in temperature and, especially, in humidity. The rhythm consists of four
climatic phases: warm and dry (about 900 years), warm and humid (about 200 years), cold and
humid (about 300 years), and cold and dry (about 450 years). On the basis of a vast volume of facts
substantiated by radiocarbon and archaeological dating of soils and deposits of accumulative
landscapes of the Russian Plain and other territories, the 2000-year-long rhythm consisting of the
long stage of a «sustainable» development (pedogenesis) and the short stage of fast alteration
(morpholithgenesis) was revealed. The rhythms of soil formation correspond to certain evolutionary
changes in Holocene. The Middle Holocene chernozemlike stage of development of dark gray
forest and forest-steppe soils (relics of which are represented by «second humus horizons»)
coincides with the pedogenic stages of the Early and Middle Atlantic rhythms. The Late Holocene
stage of texrural differentiation corresponds to the lithogenic stages of the Subboreal and
Subatlantic rhythms.
Keywords: evolution, holocene, cycles, rhythms, pedogenesis, lithogenesis
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Romanian soil resources and food security
UDRESCU S.. MIHALACHE M., RADU Alexandra, ILIE L. and MUSAT M.
University of Agronomical Sciences and Veterinary Medicine Bucharest, Romania
From the total area of 23,750,000 ha, the agricultural area is 14,793,989 (0.6 ha per habitant),
while the arable land represents 9,341,349 ha (0.4 ha per habitant).
The soil inventory, made by 1CPA, emphasises that soil quality is affected by different
shortcomings which impose many restrictions, determined by natural factors (climate, relief, etc.)
or by agricultural and industrial anthropic activities.
Thus, water deficit manifested on 7,100 thousand ha, excess moisture on 3,781 thousand ha,
water erosion and landslides on 3,781 thousand ha, eolian erosion on 378 thousand ha, soil
compaction on 6,500 thousand ha, chemical pollution on 900 thousand ha, weak and moderate
acidity 3,437 thousand ha, weak and very weak supply with available mobile phosphorous on 6,258
thousand ha, weak nitrogen supply 781 thousand ha.
The agricole land productivity depends on the different physico-geographic conditions, the soil
intrinsic characteristics, as well as to the anthropic influence during the time. Thus, only 2.8% of
agricole lands (and 3.8% arable lands respectively) joint the I class of suitability; 24.7% of agricole
lands (and 35.9% arable lands respectively) joint the II class of suitability, with small restrictions;
51.7% of agricole lands (and 35% arable lands respectively) joint the IV and V class of suitability.
As concerns the wheat and corn yield, there are smaller than those obtained in many countries
having favourable pedo-climatic conditions similar to Romania.
Thus, the wheat obtained in Romania in 1998, were 2,561 kg ha"1, comparing with 7,204
kg h a ' , obtained in Germany, 7,603 kg ha'1 in France and 4,561 kg ha"1 in Czech Republic.
The corn yield obtained in Romania in the same year, were 2,756 kg ha" , while in Germany it
was 8,058 kg ha"1, in Italy 8,548 kg ha'1, and in Slovakia 4,660 kg ha"1.
The Romanian population working in agriculture were 38%, in 1998, comparing with 2.9% in
Germany, 4.7% in Czech Republic, 7.2% in Italy, 9.66% in Slovakia and 4.7% in France.
The yield depends not only on the fertility but also on the management.
As for example, the quantities of chemical ingrains and pesticides applied decreased
considerably lately, due to the economical situation in Romania. For the same reason, the irrigation
was also restrictively applied, even in the droughty conditions.
In our days, for satisfy all human demands, the management of agricultural resources, in the
conditions of maintenance the environment quality and to preserve natural resources, is very
important.
Keywords: resources, lands, limitations, management
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Geosystem mapping of soil cover by means of transect-catena
USTINOV M.T.
Institute of Soil Science and Agrochemistry of SB RAS, 630099 Novosibirsk, 18 Sovietskaya St,
Russia
At present soil and soil-reclamative surveys are carried out throughout the world by means of
the establishment of soil profile grids over all the area under mapping or key plot when the explorer
bears up against the information on only principal profile pit. Therewith only component study of
the soils is performed at so called geocomponent level. Geosystem level of survey should be
regularly performed by more sophisticated methods of research of the soil cover structure. Such
methods reflect and unravel soil polygenesis and permit to co-ordinating the soils with landscape,
geomorphology, hydrometeorology, history of the area, natural rhythmic cycles, anthropogenic and
technogenic impact.
The basin principle was used as the basis for ecosystem estimation of soils and soil mapping, as
the catchment basin is a prevailing geosystem, which forms the landscape. The fundamental
conception of the landscape includes the interrelation and mutual conditionality of all the natural
phenomena on the earth's surface.
Soil survey on the basis of basin principle permitted to co-ordinate into a unified
methodological system the methods such as plastic of relief, catenation, profiling and key plots.
The role of supporting knot of soil-geochemical conjugations and key plot of soil cover is
played by transect-catena. As distinguished from catena, linear unit of soil cover the transect-catena
is a three-dimensional integral regularly organized body. It has taxonomie specificity and specific
structure as well as its own spatial and temporal properties. In doing so, transect-catena occupies the
highest level in soil cover hierarchy. It comprises the concrete system qualitative and quantitative
unit rather than abstract complex of soil cover. The number and site of transect-catena surveys is
defined on the strength of basis maps of relief plastic and landscape-ecological evaluation of the
catchment basin as well as the regional features of soil cover.
Catenography is a description of nature-reclamative and human-reclamative soil properties by
means of transect-catena, it comprises a new ecosystem method of key mapping of the territory and
its soil cover. The method of transect-catena is also promising in soil evolution prediction, decoding
and interpretation of ecological mapping on the basis of aerial and satellite data. It also can be
suitable to establish rationally representative benchmark plots on soil monitoring and to conduct coordinate researches of variety of specialists.
Keywords: mapping, transect-catena, catchment basin, ecosystem method
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Thermodynamically unstable iron hydroxides
in forest soils of Russian plain
VODYANITSKIY Yu.N. (1) and KARPACHEVSKIY L.O. (2)
(1) Soil Institute named V. V. Dokuchaeva, Russia
(2) Moscow State University named M.V. Lomonosov, 119899 Moscow, Vorobevy Gory,
Lomonosov MSU, Faculty of Soil Science, Russia
The soil iron hydroxides form a series of minerals distinguished by thermodynamic stability:
ferrihidrite Fe 2 0 3 *2FeOOH*2.5H 2 0, lepidocrocite yFeOOH, feroxigite 5FeOOH and goethite
aFeOOH. All minerals except for goethite are classified as thermodynamically unstable iron
hydroxides (TUIH). In soils their identification is made difficult by virtue of weak-ordered
structure, thin sizes of particles and proximity of values of the structural characteristics with the
characteristics fine-grained goethite/hydrogoethite. Therefore, for a long time, they did not manage
to find them even with the help of X-ray diffractometry or Mossbauer spectroscopy in many soils.
We studied TUIH by a method of an analytical transmission electron microscopy.
This method has shown, that TUIH is widespread widely in forest soils. TUIH are
characterized for horizons of microbiological activity. The role of bacteriums is especially great in
the synthesis of ferrihydrite. It is less - in the synthesis of lepidocrocite both foroxigite and less - in
the synthesis of goethite.
Concretion. The presence of TUIH testifies to the youth of concretions formed in forest soils.
With the flow of time feroxigite spontaneously passes in to goethite.
A predominance was found of poorly crystallized particles of iron hydroxides Mn-feroxigite in
concretions of automorphic soils. The highly crystallized goethite and Al-goethite were found in
concretions of gley soils. Their conclusion is founded on the data of chemical analysis: on the basis
of the Feoxa /Fedit ratio. The contradiction of the chemical and mineralogical data is explained by the
fact that the Tamm reagent on light is very sensitive to the presence of restorers, in particular Fe (II)
in the soil. They are more numerous in gley soils, than in autimorphic soils, and thus provides high
values of Feoxa /Fedu ratio. Arrested by a method of electron microscopy and Mossbauer
spectroscopy, the presence of the ordered and large particles in gley soils is explained so. In gley
soils with a contrast OR-regime, unstable particles of hydroxides, including TUIH, are diluted,
during lowering Eh. The hydroxides, including Al-goethite, are synthesized in the oxidizing period.
The frequent change of values in Eh results in the gradual leaning of concretions by freely soluble
hydroxides and relative accumulation in the steadier particles of hydroxides, including very steady
Al-goethite.
Distinction TUIH. TUIH can be divided into 2 groups. Ferrihydrite is in the first group.
Ferrihydrite is more representative of automorphic forest soils, than gley.
Lepidocrocite and feroxigite are in the second group. The absolute predominance of TUIH
above goetite is marked in many iron concretions. X-ray amorphic iron particles in concretions
frequently are feroxigite and, especially, Mn-feroxigite. Mn-feroxigite is widespread in concretions
from humic horizons of soddy-podzolic soils in the Moscow region, in the northwest of the Russian
plain, and before the Ural mountains. Usually the most small-sized grained concretions in forest
soils are enriched by feroxigite. There are more particles of goethite and Al-goethite in large
concretions. Lepidocrocite spreads in soils of a forest zone and in concretions less often, than
feroxigite. It is detected in soddy-podzolic soils on tape clays in the upper horizons.
Keywords: minerals of Fe, hydroxides of Fe, thermodynamic of bilding, forest soil
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Intensive land use patterns in
the red-yellow soil region of China
ZHU Heiian
Research Center of Natural Resources Fujian Normal University, Fuzhou, Fujian, China
The red-yellow soil region of China belongs to the tropical and subtropical climate zone. The
area of the region, of which mountains and hills make up 90%, accounts for about 22.7% of the
total land area in China. The advantageous hydro-thermal conditions, complex Iandforms and
traditional intensive management have brought about the two basic intensive land use patterns. One
is the vertical gradient pattern based on the vertical difference in agro-resources on mountains, the
most common model of which is several utilization layers as forest—tea garden or orchard—grass
strip—paddy field distributing from the top to the foot of a mountain. The other pattern is to take
advantage of the favorable hydro-thermal conditions and the sufficient manpower in the region to
establish an integrated system of agro-technology of multi-species coexistence, multi-layer structure
of organism and multi-stage circle utilization of substances. For example coffee, tea, medicinal
crops or leguminous creepers are planted under rubber trees so that the plants with different heights
are grown together to form the land utilization with various layers and thus make full use of the
space. Furthermore, in paddy fields, while rice is being grown in the soil, fish are raised in the water
and azolla is cultured on the water surface so as to make up three layers in land utilization, In
addition, there are relations as food chains among the rice, azolla and fish. Such a type of multilayer land utilization results in a great increase in the biological yield and economic benefit of unit
area.
The intensive land use is an integrated technology combining numerous manpower and
intensive techniques. It has been developed on the basis of the traditional intensive cultivation and
diversified economy in China. On the one hand, it exploits natural resources on mountains by
adapting to local conditions. On the other hand, it makes development from the limited horizontal
area to the vertical space and improves the utilization efficiency of resources. It mainly aims at the
full utilization of natural resources of the vertical space in order to obtain persistent productiveness.
Therefore, its primary goal is to get the largest economic benefit. However, the persistent and high
economic benefit should be based on a fine ecological environment. So, we must attach very much
importance to the protection of ecological environment when the intensive land use is being studied
and popularized. Furthermore, as the intensive land use consists of multi-species and many layers,
the entire model should be regarded as a whole body and the whole superiority and effect must be
emphasized.
Keywords: intensive land use, red-yellow soil region in China
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Soil properties and characteristic in Kuwait
for agricultural development
ABDAL Mahdi and SULEIMAN Majda
Arid Land Agricultural Department, Kuwait Institute for Scientific Research, Kuwait
The soil of Kuwait is sandy in texture with little organic matter and scarce plant nutrients to
support plant growth and development. Over-grazing and vehicle movement through the desert soil
enhanced soil erosion and mobility. Most of soils are shallow in depth from continuous wind
erosion and the lower calcareous layers that appear on the topsoil. Soil water holding capacity is
low (7%) with high infiltration rate (50-100 cm h"') and the soil surface area is small due to coarse
texture and little organic material (<0.1%). Evaporation is high (3000 mm y"1), particularly in the
summer periods and rainfall is limited (100 mm y ). Improvement of Kuwait soils for agricultural
development and urban landscape requires soil management and enhanced capabilities for plant
growth and development. Soil fertility and nutrients application can be improved through
continuous soil analysis and plants trials in various soil adaptations. Soil water holding capacity can
be enhanced with soil conditioners and periodical application of organic matter. The utilization of
different soil mulches and the plant residual application should control the high evaporation rate
and decrease soil infiltration. The paper discusses the soil properties in Kuwait and various methods
of soil improvement for agricultural development and urban landscape for greenery in arid
environment with emphasis in soil capability and soil fertility enhancement.
Keywords: sandy, organic, nutrient, grazing, erosion, calcareous, infiltration, evaporation,
capability, analysis, fertility
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Salinity types of the soils related to climatic and
lithogenic microzones in Central Iran
AKHAVAN GHALIBAF Mohammad
89195-741 Department of Combat Anthropogenic Desertification in Arid Regions and Desert
Institute of Yazd University, Iran
Vertical microclimatic zones related to topography and height from sea level (f.s.1.) are
common in Central Iran. In this region the height of 2,700 m (f.s.1.) is the border for xeric (to
upward) and aridic (to downward) soil moisture regimes. The height of 2,900 m (f.s.1.) and 1900 m
(f.s.1.) are the borders for frigid -mesic and mesic-thermic soil temperature regimes respectively.
Because of usual the bedrock of neogenic and other older geological periods the most soil parent
materials were effected with lime, gypsum, and soluble salts like NaCl. The soils are with sialitic
and carbonatic characteristics. In the desert microzones with weak physico-chemical weathering
factors magnesium clay minerals such as paligorskite and sepiolite often predominate over others
like the decreasing series of illite (biotite type), kaolinite, chlorite and smectite. Salinity types on
the toposequence of "Shirkooh" to "Kevir-e-Siahkooh" in Central Iran are distinguished for anion
types of salinity as: chloride-sulfate (Cl/S04= 1-0.2) on the moist microzones, sulfate-chloride
(Cl/S04=l-2) on the semi moist and semi arid microzones, chloride (Cl/S04>2) on the semidesert,
sulfate-chloride on the desert, chloride-sulfate on the playas and chloride & sulfate- chloride on the
saline playas. Cation types of the soils are in the highest elevations to desert microzones with
magnesium- calcium (Na+K/Ca+Mg< 1 & Mg/Ca<l), and others are with calcium- magnesium
(Na+K7Ca+Mg<l & Mg/Ca<2) type of salinity. On the lowest parts of saline playas are formed
natrium (Na/Ca+Mg>2) type of salinity. On the locations with Secondary salinity because of
irrigation on the saline soils, calcium - magnesium and natrium types of salinity are formed. The
more moist microzones higher than desert microzones these are a few with and without salinity but
on the dryer microzones such as deserts and lower elevations, microzones have increased salinity
although they often have the same salinity types. As a result Anthropogenic agents such as
irrigation on the desert microzones effect that change in salinity types such as natrium and calcium
-magnesium.
Keywords: anthropogenic, microzones, vertical zones
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Classifying arid soils near the edge of an alluvial fan
in the Sultanate of Oman
AL-FARSI Saud and COOKSON Peter
Department of Soil and Water Sciences, College of Agriculture, Sultan Qaboos University, PO Box
34, Al-Khod 123, Muscat, Sultanate of Oman
The Batinah Region of Oman consists of extensive alluvial fans incised by ephemeral streams
(wadis) and the accumulation of fine textured coastal soils. Soils have been cultivated near the
coast for time immemorial using, formerly, traditional and, latterly, mechanized water lifting
systems. Rapid agricultural expansion in since 1970 has led to widespread cultivation of alluvial fan
soils. This trend is projected to intensify as irrigated soils near the coast become increasingly
salinized. Land use planners need to decide whether to encourage farming activities on either
alluvial fans or in wadi areas. Two transects were selected across examples of both these areas,
commencing beyond the area of cultivation inland and terminating at the coast. Soils along the
transects were described and classified according to Soil Taxonomy. The objectives were to 1)
assess the presence of a wadi on soil properties, 2) determine pattern of soil organic carbon and
sand particle size distributions with depth, and 3) identify characteristics of soils in the interaction
zone where fan and plain soils meet. Soils of the alluvial fans were Gypsids and Orthents, whereas
in the wadi and the coastal plain Fluvents and Salids dominated. Distinguishing between Orthents
and Fluvents on the basis of regular or irregular decreases in organic carbon with depth was not
satisfactory, since organic carbon contents were very low and there was no consistent patterns of
accumulation between soil types. Soils showed a high proportion of fine and very fine particles in
the sand fraction, especially when capped by a desert pavement, suggesting that sand deposition
was more related to dust entrapment than the action of flowing water. The boundary between fan
and coastal plain deposits was more distinct along the fan than wadi transect, with gravelly fan
material being buried by fine textured plain deposits. Classification of Salids in areas prone to
salinization was problematical, since extremely saline Typic Torrifluvents may develop, within
relatively short periods of time, into Haplosalids. Furthermore, recent changes in definition of salic
horizons (i.e. electrical conductivity measured in saturated pastes rather than 1:1 soil water extracts)
means that the extent of Salids was greater than suggested by previous surveys. The study
concluded that soils bordering wadis were more suitable for agricultural development than fan soils.
However, soils in both areas were less suitable than coastal plain soils currently under production,
except in those areas affected by salinization.
Keywords: soil taxonomy, salinization, stratified soil
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Morphology, SEM and stable isotopic analyses of pedogenic
gypsum, USA and Jordan
Bl)CKBrendaJ.(l), VAN HOESEN John (1), KHRESAT Sa'eb (2) and RAWAJFIH Zahir (2)
(1) Department of Geoscience, University of Nevada Las Vegas, Las Vegas Nevada, USA
(2) Department of Natural Resources and the Environment, Jordan University of Science and
Technology, Irbid, Jordan
Gypsic soils occur in over 200 million hectares worldwide. Pedogenic gypsum can form in any
type of parent material, and is most common in arid and semi-arid climates. The accumulation of
gypsum in soil can affect all physical and chemical characteristics and produce adverse effects on
both agricultural and engineering uses. In this study, we examined pedogenic gypsum in soils from
the USA: New Mexico, Nevada, and California; and from northern Jordan. Macro- and
micromorphology were studied and the isotopic composition of the hydration water of gypsum in
the New Mexico soils was analyzed. The results indicate that gypsum accumulates in soils through
time in a similar manner as calcium carbonate. It forms thin filaments, small nodules, and massive,
indurated horizons. Unlike calcium carbonate however, gypsum also forms small snowballs
(spherical accumulations of gypsum crystals) that form early in pedogenesis. No trends were found
in the crystal habits of gypsum suggesting the snowball morphology forms in a dynamic
environment. Because the morphological stage of gypsum development in soils is determined by
the flux of sulfate ions into the soil, pedogenic gypsum development in soils should not be the only
criteria used to determine relative age of soil development or related geomorphic surfaces. Stable
isotopic analyses of the hydration water of pedogenic gypsum in this study indicated heavy
enrichment in both 8D and 80' 8 , which supports its formation in an arid environment. However,
because gypsum precipitation in soils is driven by evaporation processes that result in isotopic
enrichment, a more thorough understanding of the precise controls affecting gypsum precipitation is
necessary before this technique can be used as a sensitive proxy of paleoclimate. In the meantime,
this technique may be useful for interpreting large-scale environmental trends and/or for
understanding the processes of gypsum formation in sediments.
Keywords: gypsum, SEM analyses, stable isotopes, soil morphology
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Organic matter accumulation in soils of
the semiarid pampa of Argentina
BUSCHIAZZO D.E. (1,2), HEVIA G.G. (1), HEPPER E.N. (1), URIOSTE A.M. (1) and ANTON
E.L.(1)
(1) Facultad de Agronomia, UNLPam, cc 300, 6300 Santa Rosa, Argentina
(2) INTA Anguil and CON1CET, CC 11, 6326 Anguil, Argentina
The influence of soil texture, climatic variables and soil management on the qualitative and
quantitative soil organic matter contents was studied in the top 20 cm of different managed loess
soils (mostly Entic Haplustolls) of ten sites of the Semiarid Pampas of Argentina. The following
fractions were analyzed in parallel REFERENCE (mostly virgin soils under Propospis caldenia
bush) and CULTIVATED soils (since more than 50 years): total organic matter (TOM), the wetsieving obtained <100 urn humified organic matter (HOM), and 100 to 2,000 um young organic
matter (YOM), as well as the floatable organic matter (FOM), and the E4/E6 quotient. The
proportion amongst organic matter fractions were similar in REFERENCE and CULTIVATED
soils (YOM 56%, HOM 39%, and FOM 5%), though the absolute contents of these fractions were
mostly higher in REFERENCE than in CULTIVATED soils in all studied sites. Simple and
multiple regression analysis demonstrated that TOM, HOM, and YOM were positively correlated
with silt+clay but not with temperature or precipitation in both soil managed types. Slopes and y0
values of TOM-clay+silt regressions of REFERENCE soils (y = 0.02+0.08x) were higher than of
CULTIVATED ones (y - 0.0037+0.04x), indicating that absolute potential TOM losses of finer
textured soils can be higher (equivalent to 35 Mg C ha" ) than of coarse soils (equivalent to 11 Mg
C ha"1). This indicates that the degradation of organic matter in finer textured soils can produce
larger emanations of CO2 to the atmosphere than coarse textured soils. Clay+silt explained TOM
and YOM variations to a lower extent in REFERENCE (47 and 39%, respectively) than in
CULTIVATED soils (82 and 65%, respectively), while explanation of HOM variations by clay+silt
remained almost unchanged (52 and 49%, respectively). This behavior of TOM and YOM was
attributed to their high spatial variability produced by the heterogeneous vegetation strata (bushes
and different grass species). Lower variability of TOM and YOM in CULTIVATED soils was
attributed to the existence of a more homogeneous vegetation cover (annual crops) and to the rapid
turnover of plant residues in the soil by tillage. Similar explanation levels of HOM variations in
both managed soil types were attributed to the low effect of cultivation on the old and well humified
organic matter. The significant correlation of HOM with the index "(clay+silt)
precipitations/temperature" (R2=0.72, p<0.001)) indicated that HOM accumulation has been
dependent on soil texture as well as on the long-term effects of the climatic variables. E4:E6 values
and FOM were not related with soil texture nor with temperature and precipitations. E4:E6 values
below 5 indicated that predominant soil organic compounds of the studied soils are aromatic.
Keywords: semiarid regions, organic matter, size fractions, climate, soil texture
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Potential use of natural and synthetic conditioners for
improving water and fertilizers use efficiency for cotton crop
ARAFAT Sayed and EL-HADY Omar
Agriculture & Soils Dept., National Authority for Remote Sensing and Space Science, Soils
&Water Use Dept., National Research Center, Cairo, Egypt
During the last few years, great attention has been paid to the application of soil conditioners as
a technique for improving the physico-biochemical properties of newly reclaimed soils. A field
experiment was carried out in a virgin sandy calcareous soil in the Belbies Desert (Sharkia
governorate) to study the combined effect of synthetic (hydrogel) with natural conditioners (organic
manures) on both water and fertilizers use efficiency by fertigated cotton, (Giza, 70). The tested
Hydrogel were: Polyacrylamide K sulphonate gel (Evergreen 500, Austurian), crosslinked acrylic
polymer film sandwiched in laminar form between two layers of light weight absorbent cellulosic
tissue (DWAL, American), acrylic acid Sodium acrylate co.polymer gel (Aqua. Kept, Italian and
starch carbmate fertilizer hydrogel, a local product). Using hydrogels, particularly the local ones, as
conditioners for sandy calcareous soil markedly raised its productivity. The increase in the cotton
yield differed by the type of applied hydrogel and its application rate. Considerable reduction in the
water consumption and therefore a significant improvement in the water use efficiency by cotton
plants, was obtained by mixing hydrogels with organic manures. Moreover, the produced yield per
unit of added nutrients refered to the beneficial effect of such a technique for increasing fertilizers
use efficiency by plants. Further increase in the applications rate of conditioners caused an increase
in the cotton yield. Accordingly, both water and fertilizers use efficiency by plants - were increased.
In conclusion, the combined effects of applying both types of soil conditioners to sandy soils
were more efficient than using each of them alone. Synthesis of hydrogels in Egypt from national
raw materials may reduce the prices of used conditoners and in turn will raise the cost benefit of the
conditioning process.
Keywords: soil conditioner, water, fertilizers, cotton
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Contribution of termites to the formation of hardpans in
soils of arid and semi-arid regions of South Africa
ELLIS F.
Department of Soil Science, University of Stellenbosch, Private Bag XI, Matieland, 6502, Republic
of South Africa
Large areas of the arid (mean annual rainfall < 250 mm) and semi-arid regions (< 450 mm),
especially the western and south western parts of South Africa, are characterized by soils having
hardpans (petrocalcic, petrogypsic or petroduric horizons) at a shallow depth. In the western and
southwestern regions and the seaward side of the higher lying areas further inland, large circular (±
30 m diameter and 1 m high) mounds are found. They are caused by the harvester termite
Microhodotermes viator and cover about 25% of certain parts of the landscape. The mounds are
absent on base-poor (e.g. sandstone) derived parent material and seem to occur only on the older
parts of the landscape. There seems to be a direct relationship between hardpan occurrence and
termite activity. Where the rainfall is at its lowest, termite activity is presently relict and mounds are
characterized by a central pertrocalcic (calcrete) to petroduric (duripan) hardpan, with a petroduric
horizon on a petrocalcic horizon towards the outer edge and also in the surrounding inter-mound
areas. Higher altitude, more inland occurrences of mounds in these low rainfall areas have a
petrocalcic center with a petroduric on a petrocalcic perimeter with no hardpan in the surrounding
areas. In the higher rainfall zone (250 - 450 mm) the general tendency is that termite activity is
presently low in only the center of most mounds but absent on certain, apparently the oldest,
mounds. Where termites are still active, the areas of activity have hypocalcic to hypercalcic
horizons with petroduric or petrocalcic horizons on the perimeter of the mound, even when no
hardpans occur in surrounding soils. With increasing rainfall and age (some have been dated to be
in excess of 30,000 years) of mounds and with relict termite activity, a broken hardpan and/or more
base-rich soil material is found on the mounds. In these latter cases the soils of the inter-mound
areas have moderate to low base status without any of the abovementioned hardpans. The genesis
of hardpan formation on the termite mounds is explained as follows: The termite mounds can be
seen as large biological "cities" where plant material in various stages of decomposition, gathered
by the termites, has build up over time. This has led to the build-up of bases (especially Ca) and
silica over time. The termite activities have resulted in the creation of a fairly well-drained material
with a high soil pH, compared to most of the surrounding areas. Where the rainfall is lower and
termite activities have ceased, CaCCb has been leached to a shallow depth to form the petrocalcic
horizon at the center of the mound. Further away from the center a higher soil pH has favoured the
dissolution of silica which has reprecipitated as a petroduric horizon deeper down in the profile. At
the same time CaCC>3 has been mobilized and deposited in a layer (petrocalcic) below the
and formation of a
petroduric horizon. Where termites remain active, leaching of CaCCh
petrocalcic horizon is retarded and a hyper/hypocalcic horizon is present. On older mounds
decalcification and/or insufficient bases are seen as possible explanations for the general lack of
hardpan formation.
Keywords: arid soils, hardpan formation, termite contribution
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Soil organic matter quality under crop rotations
in the semiarid Pampas
GALANTINI J. (1). BRUNETTI G. (2), SENESI N. (2), 1GLESIAS J. (3) and ROSELL R. (3)
(1) CIC, Dpto. Agronomia - UNS, San Andres 800, Bahia Bianca 8000, Argentina
(2) DIBCA, D. Agraria, Universitä degli Studi di Bari, Via Amendola 167/A, Bari, Italy
(3) LAHBIS (CONICET - UNS) Dpto. Agronomia - UNS, Bahia Bianca 8000, Argentina
Crop rotation and tillage are agronomic practices that strongly influence the soil organic matter
and its fraction dynamics. The objective of this research was to evaluate the changes in organic
fraction distribution and quality under two different production systems in the semiarid Pampas.
Soils under the following sequences were studied: 6 years pasture-4 years annual crops (PaC);
wheat-sunflower (WS) rotations and non cultivated or reference (Ref). Samples at 0 - 0.15 m depth
were obtained. Physical and chemical separation were applied to obtain different soil organic
fractions: mineral associated (MOM) and particulate (POM) organic matter, humic (HA) and fulvic
(FA) acids, and humin (Hum). The HA and FA were chemically (total acidity and elemental
composition) and spectrometrically (FTIR and fluorescence) characterized. Labile organic fractions
(POM and FA) were mainly affected by cultivation and recalcitrant fractions (HA, Hum and MOM)
were affected at higher tillage intensities. The POM concentration decreased under cultivation from
0.34% (Ref) to 0.17% (PaC) and 0.10% (WS), while FA decreased from 0.136% (Ref) to 0.090%
(PaC) and 0.040% (WS). The labile:recalcitrant ratios (POM:MOM or FA:HA) could be used as
indicators of system degradation. The HA from cultivated soil were characterized by lower C, N, H
and S concentrations than Ref soil, and N:S and C:S ratios were strongly modified by tillage
intensity. The HA from cultivated soils presented higher -COOH acidity than the non cultivated
one. The -OH phenolic groups were higher in PaC and lower in WS than the HA from Ref soil.
These differences could be attributed to the quality and quantity of residue inputs and their
consequent differences in the POM levels. Only small changes were observed in HA spectra (FTIR
or fluorescence) of analyzed soils. The most important differences were observed between
cultivated and non cultivated soils. The HA from cultivated soils presented slightly more aromatic
characteristics, lower in phenolic, nitrogen compounds and polysaccharide groups content, than HA
from reference soil. We can conclude that higher tillage intensity produces: a) losses of main
organic fractions in soils; b) organic matter poor in essential plant nutrients, such as N and S, and c)
HA with aromatic characteristic and lower contents of simple components.
Keywords: soil organic matter, humic substances, rotation systems
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Paleogeochemical interpretation of
some gypsic microfabrics in hyper-desert soils
HAMDI-AISSA Belhadi (1.2)
(1) UER Dynamique des Milieux et Organisations Spatiales, INA P-G, 78850 Thiverval-Grignon,
France
(2) Institute of Saharan Hydraulic and Agronomy, Ouargla University, B.P. 163, Ouargla 30000,
Algeria
In Ouargla soils, under hyper-desert conditions (<50 mm y"1 rainfall) various gypsic horizons
are widely distributed around playa which correspond to present and ancient capillary fringes. The
major processes of gypsum dynamics consist of dissolution and crystallization The objective of this
study is to characterize a sequence of gypsum accumulations (gypsic microfabrics), with a special
focus to the paleogeochemistry at different time scales in relation to the paleoclimatic oscillations.
Two catenas through the Ouargla endoreic chott (playa) have been investigated at microscopic and
submicroscopic scales (thin sections under PolM and clods under SEM). Soil materials have been
studied using XRDA to establish their mineralogy. These investigations were complemented by
geochemical analysis.
Various microfabrics have been recognized, the three most pertinent microfabrics are as
follows:
Calcite pseudomophs after lenticular gypsum microfabric in sub-surface calcic horizons
suggests that calcite was aggraded from the soil groundwater during freachening episodes marked
by higher palaolake levels and lower salinities under more humid conditions, higher pCC>2 and
biological productivity than the present ones in soil. The favored model suggests a change in
hydrogeochemical conditions. This microfabric is considered as a micro-chronosequence.
In some sub-surface gypsic horizons, gypsum degradation of varied intensity characterized by
corroded to phantom crystals, their shapes being preserved in the embedding material. They
occurred during periods of lower evaporation and an input of fresh runoff water. On the contrary, in
the salt efflorescences present, some gypsum crystals exhibit internal dissolution features probably
due to increasing solubility of gypsum under a super concentration of sodium chloride.
Gypsum dehydrated microfabrics have been found in some surface gypsum crusts and were
attributed to a partial dehydration of gypsum. Dehydration helps the break of large lenticular
crystals. Dehydrated microfabric show polyconcave vughs in the upper layer of surface crust
indicating an almost complete structure collapse while the spongy porosity only a partial one. Such
poral patterns are typical of structural surface crusts. Dehydrated form of calcium sulfate on soil
surface can be proposed as a pedological criteria for distinguishing the hyper-arid system from less
arid ones.
These investigations show undoubtedly that gypsum accumulations are very reactive to
hydrogeochemical variations because of gypsums high solubility. Consequently they appear as a
good indicator for paleoenvironmental reconstructions. Soil micromorphology appears
consequently as a good approach for deciphering the signatures registered in these accumulations.
However a combination with the isotopic approach, as used to investigate the paleolake of sabkha
Mellala (Gibert, 1989) should be suggested for establishing a time scale of aggradational phases and
erosional and degradation events. It is also clear that the soluble salt chemistry cannot explain the
existing complexity of forms.
Keywords: hyper-desert playa, calcite pseudomorph, dissolution feature, dehydrated microfabric,
paleoclimate, paleolake
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Approximation to the genesis of magnesic soils of
the Cauca river valley (Colombia)
MADERO-MORALES Edgar and GARCIA-OCAMPO Alvaro
National University of Colombia Palmira. A. Air 237 Palmira, Colombia
Several aspects on the effect of the Mg in soils and waters should still be elucidated among
which are of priority the knowledge of the formation processes, their properties, the sources of Mg
and the form of magnesium enrichment. With the purpose of knowing the processes of formation of
the magnesic soils of the Valley of the River Cauca was carried out the study and analysis of some
profiles from a perpendicular toposequence to the river.
With base in a probabilistic map prepared using geoestatistical analysis of approximately 80
georeferenced points taken from the study of Borrero et al. (1998), four soils were studied in a
representative transect of the Zarzal formation. To perform physical and chemical analysis all the
horizons were sampled and in the laboratory were determined aggregate stability, hydraulic
conductivity, Atterberg limits and available elements. Drainage water was collected at several
depths and times, depending on the rain and the watering, using microlysimeters settled to three
depths to collect them. Not disturbed samples of the two upper horizons of the soil discarding the
first horizon to carry out mineralogical analysis of clays, sands and analysis of thin section Con the
opposing results each agreement floor it was classified with the USDA Taxonomy (1999)
The analysis of the magnesic profiles in the toposequence determined the Vertisol existence in
the flood plain: P-2 (isohyperthermic silty clay mixed (gypsic) Ustic Endoaquert with 16-18 cmol (+)
Mg kg"' and P-3 (isohyperthermic fine-loamy mixed Ustic Epiaquert with 20-25 cmol(+) Mg kg"1,
with Alfisols toward the hills of muds of volcanic alluvial origin: P-4 (isohyperthermic sandy-clay /
sandy or sandy-esqueletal calcareous Vertic Haplustalf) with 10-5 cmol(+) Mg kg"1) or in address to
the low terraces of the hills P-l (isohyperthermicfine-loamymixed Aquertic Haplustalf) with 12-17
cmol(+) kg'1 of Mg, which diminishes notably at the same time that it improves the drainage. The P4 profile shows massive structure could be related to alkalinization risk and that of the P-l with the
vermiculite and the intergrade clays susceptibility to the permanent expansion or the dispersion by
Mg. The profile 2 located in the basin present high Mg content without alkaline reaction without
structure damage what is attributed to the abundance of SO4'2 ions that give place to a gypsic
horizon. The Mg saturation is promoted by the smectites, chlorite and intergrade mineral presence.
The profile 3 in the dike is a magnesic well aerated, with alkaline reaction and high alkalinization
risk for HCO3".
Keywords: magnesic soils, soil genesis
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Geomorphological facies (land forms units) for studying soil in
arid and semi-arid zones (case study: Ahovan Basin)
MASHHADI Naser (1) and KARIMPOUR REIHAN Majid (2)
(1) Iran Desert Research Center, University of Tehran, Iran
(2) University of Tehran, Iran
For studying the soils of the Ahovan basin the method of landforms has been used. Landforms
units consist of the following processes: alteration, erosion and sedimentary system. These units in
the mentioned region are as follows: the landforms of mountains, hills, piedmont, desert pavement
and terrace. These landforms are divided into other subunits: on the basis of rock bed, sediment
age, sedimentary system, and sediment thickness (or and other factors).
Regarding the above mentioned geomorphological facies (landform units) and given units, the
soil profile has been dug in each unit and the soils of this region have been classified by the method
of soil taxonomy. Finally four soil types were received Lithic and Typic Torriorthents, and Calcic
and Typic Gypsiorthids.
Keywords: geomorphological facies, pediment, aggradation piedmont
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Pedogenic carbonate: links between biotic and abiotic CaC0 3
MONGER H. Curtis
Pedology Lab, Dept. of Agronomy and Horticulture, New Mexico State University, Las Cruces,
NM 88003-8003, USA
Pedogenic carbonate has been studied with respect to its importance to plant nutrition, carbon
sequestration, landscape age, paleoclimatology, paleoecology, and as a phenomenon per se. Four
models have commonly been used to describe pedogenic carbonate formation—the per decensum,
per ascensum, in situ, and biogenic models. The per decensum model consists of top-down
movement of carbonate as the result of illuviation, atmospheric deposition of carbonate dust, Ca2+
in rain, and lateral leaching of carbonate from steep hills. The per ascensum model consists of
bottom-up movement as the result of capillary rise of Ca + and bicarbonate from groundwater. The
in situ model consists'of in-place dissolution and reprecipitation of limestone and in-place chemical
weathering of igneous rocks. The biogenic model consists of direct carbonate precipitation by
bacteria, fungi, plant roots, and termites. Links between biotic and abiotic CaC03 involve
concurrent interaction of biological, chemical, and physical processes in the soil profile. Biotic
processes include CO2 input into soil via respiration, Ca + extraction by roots, and direct
precipitation by organisms. These depend on and contribute to abiotic processes, which include
chemical weathering of Ca-silicates, dissolution of pre-existing CaCCh, and precipitation of
carbonate resulting from temperature and moisture changes in soil. These interactions through time
make pedogenic CaCC>3 a good example of a biogeochemical mineral.
Keywords: pedogenic carbonate, calcic soils, arid/semiarid soils
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Welded Cenozoic soil sequences, West Texas, USA
OLSON CG. (1). CASBY-HORTON S.M. (2) and ALLEN B.L. (3)
(1) USDA-NRCS, 100 Centennial Mall, Lincoln, NE, USA
(2) USDA-NRCS, Temple, TX, USA
(3) Texas Tech University, Lubbock, TX, USA
Since the Tertiary, material eroding from the backwearing of the eastern edge of the High
Plains escarpment has been aggrading in a basin identified by Frye and Leonard (1964) as
Pleistocene Lake Lomax. The presence of buried soils in exposures indicates episodic rather than
continual rates of deposition. Throughout much of the year, evapotranspiration is high and many
ground soils have accumulated calcium carbonate horizons. Several ground soils also contain
petrocalcic horizons. These near-surface petrocalcic horizons are likely relict and in places appear
to be degrading under current climatic conditions. In order to better understand present and earlier
climatic conditions, paleoenvironmental variability can be inferred both from the clastic
depositional sequences and the profile characteristics of buried soils. North of Big Springs, Texas,
a hole drilled from the ground surface to the top of the Triassic beds penetrated more than 30 m of
successive buried soils. Source materials include colluvium from eroded Ogallala, Cretaceous, and
Tertiary clastic sediments. Few buried A horizons are preserved in the paleosols. Many paleosols
are clearly welded. Commonly, there are alternating sequences of argillic and calcic horizons
indicating fluctuations in precipitation intensity or in its occurrence. Some soils are separated by
intervening colluvial and lake-bed sediments. The lacustrine deposits have a low bulk density that
may indicate some ash influence. At least one buried soil located immediately below a lacustrine
deposits exhibited gleyed colors indicative of reducing conditions. Following subaerial exposure,
the gleyed colors rapidly became indistinguishable from the whitish colors of carbonate in the
calcic and petrocalcic horizons of paleosols above and below. A sharp sedimentary boundary,
marked by a very abrupt loss of carbonates at 29 m, is representative of a significant environmental
change. A red, Triassic paleosol containing numerous root casts and insect burrows lies beneath
and indicates a much higher level of biotic activity in this weathered shale than found in soils
elsewhere in the sequence.
Keywords: welded soils, Paleosols, petrocalcic, Cenozoic, Texas
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Microtopography as a causative factor for sodicity in
Vertisols of Central India
VAIDYA Pravin H. and PAL Dilipkumar
Division of Soil Resource Studies, National Bureau of Soil Survey and Land Use Planning, Nagpur
440 010, India
The Pedhi watershed in the adjacent east upland of the Purna Valley in the state of Maharashtra
of central India covering an area of 44,321 hectares, and is characterized by a tropustic moisture
regime and a hyperthermic soil temperature regime. The soils of the watershed are deep,
calcareous, clayey and very dark grayish brown to dark yellowish brown in colour, and meet the
criteria for the Vertisol order of Soil Taxonomy. Vertisols occur on both microhigh and microlow
positions. However, cracks >1 cm wide extend down to the slickensides zones in soils of microlow
position whereas they cut through these zones in some soils of microhigh position. In addition, the
soils of microhigh position are strongly alkaline whereas those of microlow position are mildly
alkaline.
We attempted to relate the distinctly different morphological and chemical properties of
Vertisols on microhigh and microlow positions to their genesis on the basis of physical, chemical,
mineralogical and micromorphological data.
Despite their similar coefficient of linear extensibility, volumetric shrinkage potential, clay
contents and amounts of fine clay smectite,the plasmic fabric of the slickenside horizons in soils of
microlow is porostriated whereas in soils of microhigh, it is stipple-speckled to mosaic-speckled,
indicating weak plasma separation. The soils have both pedogenic and nonpedogenic calcium
carbonate. The semi arid climate induces the precipitation of calcium carbonate with a concomitant
development of subsoil sodicity. Degree of development of sodicity (ESP»5) is more in soils of
microhigh position as evidenced by the higher amount of pedogenic calcium carbonate .The lack of
soil water in soils of microhigh position is the reason for weak swelling of smectite, for larger
amounts of pedogenic calcium carbonate, for higher alkalinity and sodicity and for cracks cutting
through the slickenside zones. Formation of sodic Vertisols on microhigh alongside nonsodic
Vertisols on microlow position is a unique phenomenon. These soils are formed due to the
microtopographic differences (0.5 to 1 m), which modify distribution of water across the landscape
and facilitate greater penetration of rain water in microlow position. During the winter season
moisture of soils of microhigh position is held at 300kPa while it is between 33 and 100 kPa in soils
of microlow position, indicating that the soils of microhigh position are in relatively more arid
environments.
Keywords: microtopography, pedogenesis, Vertisols, India, clay mineralogy, soil micromorphology
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Mechanism of clay skin formation and higher B horizon clay
content in sodic soils of Sub-Himalayan Plains of
the Indian subcontinent
RAJ-KUMAR
Department of Soils, Punjab Agricultural University, Ludhiana-141 004, India
Geologically, Peninsular and extra-Peninsular (mountainous region of Himalayan) regions
constitute the Indian subcontinent. The extra-Peninsula has remained under saline waters of the
Tethyan Sea for the greater part of the earth's history and has thus been covered by successive
marine deposits. In between the extra-Peninsula and the Peninsula lies the vast alluvial plains
(1600x320 km ) formed mainly from the Himalayan debris washed down by the mighty Indus arid
Ganges rivers. Large areas in these alluvial plains are impregnated with salts. The origin of the
salinity in these plains has been attributed to the aftermath of the Himalayan upheaval. In these
semi-aridic plains, sodic soils occur in patches along with normal (non-sodic) soils in the immediate
vicinity. These sodic soils have high ESP (45-90), very poor water transmission characteristics and
higher clay content in the B horizon. Clay skins are present in both sodic and adjoining normal
soils. However, clay content in the B horizon of the sodic, as well as adjoining normal soils having
good water transmission characteristics, is almost identical. Apparent higher B horizon clay content
has earlier led to classification of sodic soils as Natrustalfs which upon subsequent reclamation are
now showing characteristics similar to the adjoining non sodic soils (Ustochrepts). In order to
understand the genesis of clay skins and the apparent higher clay content in B horizon of sodic
soils, a comprehensive analytical investigation encompassing - ground truth, detailed analysis of
morphological, physical, chemical, elemental, mineralogical and micromorphological
characteristics of sodic and adjoining non sodic soils, was undertaken.
Uniformity of parent material of sodic and adjoining normal soils has been indicated through
mineral assemblage studies using XRD. Increase in the K.2O content of sand and slit fraction with
depth indicated lack of in-situ clay formation in the B horizon. Absence of decreasing Si02 to R2O3
ratio in the clay fraction of sodic and non sodic soils, and lack of fine clay to total clay ratio maxima
in the B horizon of sodic soil, suggest absence of clay migration in these soils. Micromorphology
indicated the occurrence of large number of argillans and infillings of pure clay in both A and B
horizons of these soils which suggests the origin of such coatings to a process other than the
leaching of clay. Presence of pure clay argillans and clay fillings indicate erosion in A horizon
leading to the loss of clay by surface run off. Thus, higher clay content in the B horizon of sodic
soils is only apparent, and not due to, illuviation. This also explains the similarity in the B horizon
clay content of both sodic as well as normal soils of this region which might have been caused by
large scale fluctuations in the underground water table and high evaporation observed in these areas
for decades . Such a scenario has far reaching consequences for the taxonomy of these soils.
Keywords: Sub-Himalayan, sodic soils, clay skin mechanism
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Management of arid soils of the Badia region of
Northeastern Jordan for sustainable agriculture
RAWAJFIHZahir(l), KHRESAT S.A. (1), BUCK B. (2) and MONGER H.C. (3)
(1) Department of Natural Resources a nd the Environment, Jordan University of Science and
Technology, P.O.B. 3030, Irbid-22110, Jordan
(2) Dept. of Geoscience, University of Nevada LasVegas, Las Vegas, NV 89154, USA
(3) Dept. Agronomy and Horticulture, New Mexico State University, LasCruces, NM 88003, USA
Arid lands have always been important to the world's human populations, but their significance
has increased over the past few decades because of population demographics and continued use of
natural resources (Hoekstra and Shachak, 1999). Jordan is faced with increasing population
pressure in its already settled areas; hence, it will have to utilize the underpopulated Badia so that it
can contribute to the economy in a sustainable way without damaging the fragile desert
environments. This can be done by gaining a better understanding of the natural resource base and
suggesting actions which will lead to the protection of the resources and to their sustainable usage
for the long-term benefit of the local population.
Azraq basin is an important part of the Jordanian Badia region. To develop soil resources in the
Azraq basin, research is needed to establish the best practices for their management, improvement,
and maintenance. Four different areas in the Basin were investigated. The choice of these areas was
based on geologic studies which showed the proximity of these areas to promising underground
water resources. Most of the studied soils contain considerable amounts of carbonates. This leads to
alkaline reaction of the soils with pH values mostly above 8, resulting in low availability of certain
nutrients like phosphorus and micronutrients. If such soils are to be cultivated, the proper
management practices should be adopted to ensure the availability of those nutrients to crops.
Analysis of the collected soil samples also showed that those soils contain soluble salts in the
upper horizons in amounts enough to impede plant growth. Salts would have to be leached using
good quality water before successful growing of crops can be carried out. Most of the studied soils
have high erodibility and susceptibility to seal and crust formation. The soils in some of the studied
areas contain high amounts of gypsum and carbonates and also very high content of soluble salts.
The use of organic amendments would be highly recommended to improve the physical and
chemical characteristics of the Badia soils in order to achieve a sustainable agricultural production.
Keywords: soil management, arid soils, Jordan
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SEM analyses of pedogenic salt minerals in a toposequence,
Death Valley, California, USA
SCHIEFELBE1N I Isa M. (11. BUCK Brenda J. (1), LATO Leon (2) and MERKLER Doug (2)
(1) Department of Geoscience, University of Nevada Las Vegas, Las Vegas, NV, USA
(2) USDA Natural Resources Conservation Service, Las Vegas, NV, USA
Soils forming along fan piedmonts in Death Valley, California have distinctive desert
pavements with vesicular A horizons (Av), and subsurface accumulations of pedogenic salts. In
these coarse alluvial fan parent materials, these salt minerals accumulate on the undersides of clasts
and form pendants. Two soil profiles located on the summits of fan remnants were excavated,
described, and sampled (S-8 at an elevation of 67 m; S-12 at an elevation of 84 m). SEM (scanning
electron microscope) analyses of pedogenic pendants found four salt minerals: (1) calcium
carbonate (CaC0 3 ), (2) gypsum (CaS0 4 2H 2 0), (3) halite (NaCl), and (4) glauberite (Na 2 Ca(S0 4 ) 2 l.
The distribution of these salts with depth in both profiles is controlled by their solubility. Carbonate
occurs at the shallowest depths and within the Av horizons, and decreases with increasing depths.
SEM analyses indicate that much of this carbonate contains dissolution pits and evidence of
abrasion suggesting a detrital origin. Gypsum is found immediately underlying the Av horizons and
forms filaments and snowballs (Buck and Van Hoesen, in press). Halite is found deeper within both
profiles, and in places cements the parent material in a fashion similar to stage III of carbonate
morphology (Gile et al, 1966). Glauberite, a highly soluble sodium-calcium sulfate mineral, is also
found deeper within both profiles. The topograhically higher profile, S-12, contains these four
minerals at greater depths than in profile S-8. This suggests that S-12 receieves more effective
precipitation or more run-on, causing salts to precipitate deeper in the profile than S-8. Two
distinctive (and separate) zones of increased accumulation of gypsum and halite were found in both
profiles, and of glauberite in one. We interpret these zones of accumulation to represent a decrease
in depth of wetting associated with climate change, possibly as a result of the increase in aridity at
the onset of the Holocene. The source of these salts is eolian and derived from the numerous playas
in the region, particularly the nearby Badwater Playa. These soils represent some of the most arid
soils in the United States and their study will lead to better management decisions regarding Death
Valley National Park and other extremely arid soils world wide.
Keywords: gypsum, halite, carbonate, arid, SEM

801

Symposium no. 20

Paper no. 1929

Presentation: poster

Characterization, classification and suitability evaluation
of arid soils of Western Rajasthan
YADAV S.S. (1), SWAMI B.N. (1) and SHYAMPURA R.L. (2)
(1) Department of Agricultural Chemistry and Soil Science, Maharana Pratap University of
Agriculture and Technology, R.C.A., Campus, Udaipur (Raj) 313001, India
(2) Regional center, National Bureau of Soil Survey and Land use Planning Udaipur (Raj.)
313001, India
Two soil profiles and eight minipits surrounding each profile-site were selected to characterize
and classify the soils of Jodhpur and the Pali districts of western Rajasthan (India). The minipits
were dug up to 100 cm and studied to make the profile-site representative. Site, morphological,
physical and chemical characteristics of each profile were evaluated. Relative analysis was
employed to investigate the contribution of selected soil and site characteristics on the production of
pearl millet and mustard crops. Suitability of land units for pearl millet and mustard crops were
worked out by matching the climatic and soil-site characteristics of each soil unit with crop
requirement of pearl millet and mustard crops. The soils were classified as Aridisols and
Inceptisols, both the soil profiles differ from each other in respect of calcium carbonate content,
texture, cation exchange capacity and plant available water capacity. Actual yield of crops obtained
in each soil-unit correlates well with the suitability classes determined on the basis of degree and
kind of limitation, suggesting the criteria works well in the given agro- ecological region.
Keywords: soil-site characteristics, Aridisols, Inceptisols, plant available water capacity,
suitability classes, agro-ecological region
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An overview of salt crystal micromorphology and
chemistry from soils and surface crusts in
Southern New Mexico and Nevada
VAN HOESEN John G. (1), BUCK Brenda J. (1) and MERKLER Doug (2)
(1) Department of Geoscience, University of Nevada Las Vegas, USA
(2) USDA Natural Resources Conservation Service, Las Vegas, NV, USA
Using scanning electron microscopy (SEM), x-ray dispersive spectroscopy (EDS), and x-ray
diffraction (XRD) we investigated the micromorphology and chemistry of pedogenic salts
precipitating in soils and surface crusts collected from southern New Mexico and Nevada. We
found well-developed euhedral crystals of gypsum, carbonate, halite, hexahydrite, bloedite, and
thenardite.
The samples collected from southern Nevada contain a variety of hydrous and sulfate rich salts.
Bloedite (Na2Mg(S04)2 • 4H2O) was most abundant in the upper horizons and surface crust. This
mineral precipitates as sub-hedral monoclinic lath crystals (- 30-50 |im) in the upper 3-cm of the
soil profile. These crystals occur as clustered aggregates that are commonly interspersed with small
halite crystals. The surface crust is composed of amorphous bloedite that exhibits evidence of
frequent dissolution and re-precipitation. Halite (NaCl) precipitates as small (~ 2-5 u.m) cubic
crystals and is the least common salt found in the soil. Hexahydrite (MgSOu • 5H:0) precipitates as
monoclinic pseudo-hexagonal tabular crystals (-30 p:m in size) that increase in abundance towards
the bottom of the profile. Gypsum (CaSOu • 2H2O) precipitates in filaments and snowballs as
monoclinic tabular, pinnacoidal and lenticular crystals ranging in size from 10-200 |im. Although
gypsum is most abundant in the subsurface, the occurrence of this salt decreases moving towards
the top of the profile.
Pedogenic gypsum and carbonate (CaCCb) dominate the samples collected from southern New
Mexico. SEM photos of gypsum indicate a pedogenic origin with no evidence of recrystallization
and little evidence of detrital transport. Gypsum crystals in these soils are euhedral to subhedral
and exhibit a wide variety of crystal habits such as lenticular, tabular, pseudo-hexagonal and lath.
Pedogenic carbonate predominantly occurs as spar to micrite-sized fungal hyphae. Carbonate also
forms spar-sized fibrous needles that coat the surface of root traces or burrows and sand grains. A
rare form of pedogenic carbonate (in the soils of this study) occurs as spar-sized root trace fillings,
most likely Stage I filaments. The least common form of pedogenic carbonate occurs as micritesized rhombohedral crystals.
The differences in salt morphology and frequency of occurrence is a function of climate (i.e. arid versus semi-arid) and the source of sulfate ions relative to the sampled sites. The soils sampled
in southern New Mexico precipitate in a semi-arid regime dominated by eolian input of gypsiferous
sand from Quaternary age sand dunes in White Sands National Monument. The salts sampled in
southern Nevada precipitate in an arid climate with normal environmental inputs of sulfate. This
results in a greater diversity in salts that precipitate in the soils and surface crusts along a perennial
wash (Las Vegas Wash).
Keywords: micromorphology, gypsum, carbonate, halite, Nevada, New Mexico
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Urban organic wastes effects on soil chemical properties
in a degraded semiarid ecosystem
MARTINEZ Fernando, CUEVAS Gabriela, IGLESIAS Teresa and WALTER Ingrid
Department of The Environment. INIA. Apdo. de correos 8111 28080 Madrid, Spain
A long-term experiment was carried out to determine if urban organic wastes were a useful
amendment to restore the fertility of a semiarid degraded shrubland. Different, rates of biosolids
and the organic fraction of municipal solid wastes (MSW) were surface applied on a soil site in the
Central Region of Spain.
The experiment was set out as a randomised block experiment with four blocks, each one with
seven treatments (0, 40, 80 and 120 Mg ha"1 of both wastes). Soil samples were taken from a depth
of 15 cm from each of the plots in April of 1997 (pretreatment) and each March from 1998 to 2001.
Most soil macronutrients, such as nitrogen (N), phosphorus (P), and potassium (K), and
micronutrients, such as copper (Cu), iron (Fe), and zinc (Zn), increased with increasing wastes
amendment rates. Following an initial increase in proportion to the application rate, level of
macronutrients, and electrical conductivity declined over time. Total heavy metals, cadmium (Cd),
lead (Pb), and chromium (Cr) did not change as a result of the biosolids amendment in the first 3
years, while these elements changed significantly with MSW amendment in the first year. The
levels of DTPA- extractable soil micronutrients and heavy metals did not differ in the treated plots
compared to the control plots (P > 0.05).
The degraded soil used in this study may require urban organic wastes rates ranging from 40
and 80 Mg ha"', higher treatments (120 Mg ha") in a semiarid ecosystem subject to significant
runoff might pose a hazard for surface water contamination by P and NO3-N.
In addition to the beneficial effects as a soil amendment, the uses of urban organic wastes are
an important contribution to waste management strategies.
Keywords: land restoration, biosolids, MSW, soil chemical properties, heavy metals
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Effect of soil humic substances on the sequestration of
carbon in acid-affected soils of South-Eastern Australia
YAZAWA Y. (1), OHMORI H. (2), HIRTH J. (3), SLATTERY B. (3) and
YAMAGUCHIT.(l)
(1) Department of Industrial Chemistry, Chiba Institute of Technology, 2-17-1, Tsudanuma,
Narashino, Chiba, Japan
(2) Graduate School of Frontier Sciences, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku,
Tokyo, Japan
(3) Agriculture Victoria-Rutherglen, RMB 1145, Chiltern Valley Road, Rutherglen, Victoria 3685,
Australia
Even if the soils of the monitoring sites (located at Rutherglen, Victoria) were being used as
agricultural management, accumulation of soil organic carbon (SOC) was low. It was confirmed
that the soils of arable lands had lower total C contents compared with non arable land, and this was
reflected in lower amount of humus C and biomass C being important to product soil humus. In
particular, it may not always restore soil carbon cycling to use lime as an ameliorant for soil acidity
because of the low content of humus C in liming arable lands. From results of carbon age
measurement, humus C was the most stable SOC, and the production of humus C was suggested to
be the most indispensable factor for controlling physical- and/or chemical buffering capacity.
As simulated, the time change of the soil carbon species for the past 14 years in the sites, it was
confirmed that accumulation of SOC was low and decreasing because of (1) the lower net primary
production by low annual rainfall region, (2) the extremely low clay content, (3) the burning of
stubble from crops. A greater part of loss of SOC was caused by a loss of protected biomass C.
This suggests that the quantity of resistant plant materials (RPM) C should be increased, if humus C
was efficiently produced in the sites. It could be concluded that an increase of RPM C by the
incentive application of physicochemically stable humic materials (i.e. brown coals and peats) into
the acid-affected arid lands brings about the self-production of humus C by the enhanced microbial
activity in the improved soil carbon cycling.
Keywords: acid soil, carbon cycling, soil organic carbon, humic material, lime
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Soil properties variability in arable land
of Western Thessaly, Greece
ARGYROPOULOS G. and KARYOTIS T.
National Agricultural Research Foundation Inst, for Soil Mapping and Classification I,
Theophrastou Str., 41335, Larissa, Greece
Greece is characterized by the presence of a large number of soils which differ in origin, degree
of development and soil properties, with an impact on crop adaptation and productivity. The
variability of soil properties greatly affects the appropriate fertilization practices and irrigation
schedules that may be applied. The variability of soil properties was examined: into a mapping
unit, amongst the mapping units that belong to the same order and amongst mapping units which
belong to different orders. The data of this investigation have been collected from the archives
which are kept in the Institute for Soil Mapping and Classification and are concerned with the
mapped area of the Prefecture of Karditsa which is extended in the Western part of Thessaly,
Central Greece. The following four soil classes have been distinguished in the studied area, such
as: Entisols 21.4385 hectares or 19.24%, Vertisols 31.278 ha or 28.87%, Inceptisols 19.524 ha or
17.52% and Alfisols 38.310 ha or a percentage of 34.37%.
The main mapping units were tested, and the selected sites were distinguished so as soil
profiles and laboratory determinations to be available. The examined properties were sand, silt and
clay content, calcium carbonate, pH and organic matter. It should be noted that other properties do
not exist in all mapping units and moreover cannot be easily quantified (colour, drainage, erosion).
The chosen soil profiles are located in Karditsa area and these have been classified as Alfisols and
Vertisols.
Statistical analysis revealed that the CV of mapping units of Alfisols seems that the main trend
is the greatest variability of organic matter, follows sand and silt, whilst the pH has lower CV. The
differences of CEC are essential for all the examined depths and this is due to the kinds of minerals.
For the mapping units of Vertisols, a great variability in all soil properties was found, both in sand
and organic matter, whilst the lowest was recorded in the pH. The calcium carbonate content is low
with exception at the depth of 75 - 150 cm of a certain soil profile. In the surface soil samples free
carbonates were not detected. Also, free calcium carbonates were not observed in several samples
collected from the depth 25-75 cm. The CV is greater than 183.44% and the removal of carbonates
possibly reflects the soil development. Possibly, in certain soil profiles which belong to these
mapping units an erroneous classification has been done. The CV of exchangeable bases is rather
great and more specifically the CV of potassium to a depth of 0-25 cm reached 88.05%. This may
be due to excessive overfertilization with potassium fertilizers. It may also be reported that CV of
exchangeable bases is greater as the cation is more mobile, whilst other factors such as the parent
material uniformity, the origin source, the kind of mineral clays, the landform may also affect the
variability of soil properties. Moreover, variation is probably related to differences in microclimate
conditions and human activity in the intensively cultivated areas. Conclusions concerning trends in
soil fertility have been obtained and this study has proven to be a successful tool at regional level in
terms of soil survey and land use planning. This kind of work can be useful for a better exploitation
of soil properties, avoiding any negative impact on farmers income and environment.
Keywords: variability, Alfisols, Vertisols, soil properties
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Diagnostic similarities and differences of Chernozem-like soils
in north and south Bulgaria
TEOHAROV Metodi and ARSOVA Antoaneta
N. Poushkarov Institute of Soil Science, 7 Shosse Bankja Str., 1080 Sofia, Bulgaria
In the officially accepted soil classification of Bulgaria the Chernozem-like soils are presented
in the type of Mountain-Meadow soils (Modic Cambisols). We consider such soils being also
spread in other bioclimatic zones of this country. Different investigations have proved their wider
geographical spread and justified the requirement for improving their diagnostics and classification.
The aim of the present study was to establish the diagnostic similarities and differences of
developed and weakly developed Chernozem-like soils spread in the hilly and mountain regions of
North and South Bulgaria, respectively. Soil texture, composition and properties of profiles from
the mountains of Pre-Balkan and South Pirin have been investigated. Data obtained have shown
that, independently of the stage of the soil-forming process, the soils have an equal surface (Mollic)
horizon with diagnostic similar to that of the Chernozems, namely strong, grainy crumbly-like
structure, colour 10YR 2/1 to 10YR 4/2 or 4/3, good soil porosity. The Mollic horizon demonstrates
different thickness (30 - 50 cm), divided in subhorizons and turns by transitions (AC and/or AB)
into the soil-forming rock or to the transitional part of the profile. Both soil types are formed on
carbonate rocks. They have an almost equal particle size distribution being dominated by the silt
fraction. The carbonate content is higher in the soil-forming rock of the shallow profiles, but the
values are not of Rendzic characteristic. According to the physico-chemical properties, the soils are
saturated with bases and have high and very high sorption capacity and medium acidic to weakly
acidic soil reaction. The data for the organic matter presume that the base saturation degree is
influenced to a higher extent by the clay minerals than by the humus content. The developed
profiles, classified before as Dark Gray Forest soils, have a transitional B (Cambic) horizon and
properties and characteristics typical for the Faeozems. Weakly developed Chernozem-like soils are
fragmented and characterized by a Lithic phase (contact). Their evolution is at a lower stage. These
are the statements for improving the systematic of these soils. Investigations performed have
confirmed some recent conclusions meaning that in Bulgarian classification a separate soil type
should be differentiated, namely shallow, weakly developed Chernozem-like soils (Mollic
Leptosols). Because the diagnostics of Dark Gray Forest soils is completely similar to that of the
Faeozems, they should have a new nomenclature - Dark Chernozem-like soils and be separated in
the soil type Faeozems, too.
Keywords: Mollic Leptosols, Faeozems, diagnostic properties, classification, Chernozem-like
soils
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Preliminary characterisation of agricultural soils of
the Isle of Man by mineral magnetic measurements
BOOTH Colin A. (1), FÜLLEN Michael A. (1), SMITH John P. (1), HALLETT Michael D. (1),
WALDEN John (2), HARRIS John (3) and HOLLAND Kim (4)
(1) School of Applied Sciences, The University of Wolverhampton, Wulfruna Street,
Wolverhampton WV1 1SB,UK
(2) School of Geography and Geosciences, University of St Andrews, Irvine Building, North
Street, St Andrews, Fife KYI6 9AL, UK
(3) Department of Agriculture, Fisheries & Forestry, Knockaloe, Peel, Isle of Man IM5 3AJ
(4) Government Laboratory, Department of Local Government and the Environment, Kingswood
Grove, Douglas, Isle of Man IM1 3LY.
Previous pedological studies of the Isle of Man have identified a classification system for land
potential in agricultural use, essentially based on the nature and properties of parent materials. Five
soil categories have been identified, based mainly on textural characteristics. Each of these soil
groups have been sampled and analysed in terms of their mineral magnetic and textural
characteristics.
The fundamental aims of this paper are (1) to present some preliminary results on the mineral
magnetic properties of Manx agricultural topsoils; (2) to employ multivariate statistics to
interrogate the data; (3) to identify mineral magnetic variations between the soil groups that enable
them to be distinguishable by magnetic characterisation; and (4) to examine the influence of texture
on mineral magnetic measurements.
These data suggest that (1) agricultural topsoils contain a considerable range of magnetic
concentrations, magnetic mineralogy and magnetic grain size characteristics; (2) factor analysis
indicates there are some magnetic differences between the five identified soil groups and most of
these variations are significant; (3) significant relationships exist between some magnetic and
textural variables; and (4) large variations exist between the magnetic properties within individual
soil groups, which requires further research.
Keywords: Isle of Man, mineral magnetic, agricultural soils, multivariate statistics
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Classification of soils of Lithuania based on
FAO-UNESCO soil classification system and WRB
BU1VYDA1TE Vanda Valeriia
Department of Soil Science and Agrochemistry, Agronomy Faculty, Lithuanian University of
Agriculture, Studentu St. 11, Akademija, LT-4324 Kaunas, Lithuania
After long preparation and discussions, the new Classification of the Soils of Lithuania 1999
(LTDK-99) has been used officially since 1999 for the revision and preparation of soil maps.
Because soils are the main natural resource of the country LTDK-99 is a tool for rational land use
not only for agriculture and forestry, but also for the planning of different environmental measures
and other purposes.
LTDK-99 is based on soil genetic classification and previous soil and land resources survey of
the country mainly on the scale of 1:10,000, FAO-Unesco Soil Classification System (1990, 1997),
and WRB (1998, 2001). It is a three-level system consisting of 12 major soil groups (Histosols HS, Anthroposols - AT, Leptosols - LP, Fluvisols - FL, Gleysols - GL, Podzols - PZ, Planosols PL, Albeluvisols - AB, Luvisols - LV, Cambisols - CM, Arenosols - AR, Regosols - RG), 46
subgroups and at the III level 235 soil typological units (STU). The major soil groups (I level of the
classification) and the soil subgroups (II level) are based on the principle soil forming factors. The
soil typological units at the III or IV level are based on morphogenetic properties of soil. There are
cases when some soils are described up to the IV-level (12 STU) and even as the phases (35 STU).
If necessary more STU could be added easily.
For the users at LTDK-99 III and IV classification levels and phases, master horizons/layers of
the soil are provided. The major soil groups and subgroups are separately described at
progressively decreasing levels. In the future, with sufficient data it will be possible to classify soil
to the level of series.
Keywords: soil, soil classification, soil unit, soil typological unit, soil database
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Classification of volcanic ash soils along two climosequences
and a chronosequence, Hawaii, USA
CHADWICK Oliver (1), GAVENDA Robert (2) and SMITH Christopher (3)
(1) Department of Geography, University of California - Santa Barbara, Santa Barbara, CA 93106,
USA
(2) United States Department of Agriculture, Natural Resources Conservation Service, FHB
Building, Suite 301, Maite, 400 Route 8, Maite, Guam 96927, USA
(3) United States Department of Agriculture, Natural Resources Conservation Service, P.O. Box
50004, Honolulu, HI 96850, USA
In Hawaii soils derived from volcanic ash may develop along several pathways depending on
the climate and age of deposits. We examined soil properties and classification of volcanic ash soils
on a variety of ages and climate zones.
Soils on the Island of Hawaii were sampled along a chronosequence with landscapes ranging in
age from 0.2 ka to about 400 ka. Parent materials are volcanic ash and organic matter. Moisture
regimes along this transect are ustic and aridic. Two climosequence transects on landscapes about
10 ka with ustic to udic moisture regimes, and 170 ka with aridic to perudic moisture regimes, are
tied into the chronosequence. Soil samples were analyzed by the USDA National Soil Survey
Laboratory. Soils were classified according to the USDA Soil Taxonomy.
In Soil Taxonomy soils may be classified as Andisols if they have andic properties for a
sufficient thickness. Andic properties are defined in two ways. They are in soil materials with less
than 25 percent organic carbon that have either 1) low P-sorption and oxalate extractable Fe and Al,
and high glass content, or 2) high P-sorption and high oxalate extractable Fe and Al, with low bulk
density.
The youngest soils generally meet andic properties by having high glass contents, but may also
have soil horizons that are andic via high P-sorption. In aridic moisture regimes soils between 3 and
10 ka classify as Entisols or Inceptisols because of very low glass content but insufficient
weathering to produce high P-sorption or high oxalate extractable Fe and Al. In ustic regimes soils
in a similar age bracket classify as Ustolls and Ustands. These soils grade into Udands in udic
moisture regimes. Soils between 20 and 170 ka generally classify as Torrands, although some of the
soils on 170 ka landscapes are Aridisols. New great groups and subgroups of Torrands were created
to accommodate soils on this transect. With increasing rainfall, soils on 170 ka landscapes classify
as Ustands and Udands. Aquands may occur in some areas. Soils on the oldest (400 ka) landscapes
are highly weathered and are classified as Aridisols. In udic regimes these old soils are Inceptisols.
Keywords: classification, volcanic ash, chronosequence, climosequence, Hawaii
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Application of the WRB to the soils of Southern Cambodia
MESKENS Christophe and CHAPELLE Jean
Institut Supérieur Industriel de la Haute Ecole Charlemagne, Rue St Victor, 3, B-4500 Huy,
Belgium
Several soil surveys cover most of the four southern provinces of Cambodia (Takeo, Kandal,
Prey Veng and Kompong Speu), laying in the Mekong plain and upper delta; they have been
mapped at 1:50,000 scale at different periods, by various crews, with various soil classifications.
Using available field descriptions and analytical bulletins, each of the 150 profiles has been
reviewed in terms of WRB diagnostic horizon, property and material. Since many data are lacking,
or differ from WRBs requirements, additional characteristics are also used, and transfer keys are
proposed between local classifications and WRB; each survey is then adapted into WRB, and new
maps can be built. Problems encountered allow discussion about some WRB options.
The Main objective is to test the WRB's ability to serve as an international soil classification
language. Secondary objectives are to propose amendments to WRB, and to harmonize present
Cambodian soil classifications, according to international standards.
Findings and discussion:
- Many analytical results (particle size, exchangeable bases, CEC) are not expressed according
to international standards, making it difficult to transpose into WRB diagnostic features.
- In 3 of the 4 surveys, ways for describing horizons do not match with WRB requirements
(units, parameters) and are not constant among the surveys.
- When appropriate 'WRB type' information is lacking, field features such as parent material,
topographic position or degree of flooding may serve as substitutes.
- Most soils of the considered area are to be classified into Anthrosols, Fluvisols, Gleysols and
Plinthosols reference groups and into gleyic, stagnic, plinthic and anthropomorphic lower levels.
- Two soils with similar diagnostic criteria, but differing by the thickness of horizons marked
by gleyic properties cannot be differenciated into WRB lower level groups. Since such distinction is
of importance for paddy soils, hypo prefix for thin and hyper for thick horizons could be used
before gleyic adjectives.
- Into Anthrosols, the lower level adjectives hydragric and gleyic-stagnic are redundant since
hydragric (keyed out before gleyic) encompasses gleyic and stagnic properties.
- The surveys show the need of a plinthic lower level into Anthrosols.
- WRB is an appropriate tool for soil international communication and allows incorporation of
previous pre-WRB surveys; further review is needed and should address the lower levels units
(number and priorities).
Keywords: soil classification, WRB, Cambodia
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The characteristics and genesis of ultic Spodosols
in subalpine forest soils of Taiwan
HSEU Zeng-Yei (1), LIN Ching-Wei (2) and CHEN Zueng-Sang (2)
(1) Graduate Institute of Environmental Engineering and Sciences, National Pingtung University
of Science and Technology, Nei-Pu, Pingtung 912-01, Taiwan
(2) Graduate Institute of Agricultural Chemistry, National Taiwan University, 1, Sec. 4, Roosevelt
Road, Taipei 106-17, Taiwan
This study examined the illuviation of clay and Spodic materials in the soils derived from finetextured materials from Ali-shan Mountain of central Taiwan by selecting three Podzolic soils with
clay skin. Clay illuviation and podzolization processes co-existed in these subalpine forest soils.
Three soil pedons with typical solum sequence of O-A-E-Bhs/Bt-C-R were classified as Ultic
Haplorthods. Various clay coatings with weak birefriengence and pellet-like aggregates were found
in all Bt and Bhs horizons which satisfied the criteria of chemical properties of Bhs horizon defined
in Soil Taxonomy (USDA, 1999). Although Ultisol is the major Soil Order distributed in the study
area favored by clay illuviation to the deeper depths, Spodosols were locally found with thick
organic layer to strengthen the podzolization. While examining the pedogenic processes, we
hypothesized that Fe and Al were chelated by organic matter in the surface portion of the pedon to
form organo-metallic complexes. Much of the clay was adsorbed by these organo-metallic
complexes and continuously translocated into the upper portion of subsurface horizon within 50 cm
depth from the soil surface, and the other free clays were leached progressively to deeper depths.
Keywords: clay illuviation, spodic materials, podzolization, Ultisols, Spodosols, pedogenic
process
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Soils with gypsic horizon in Mediterranean climate:
a case study
DAZZ1 Carmelo and SCALENGHE Riccardo
Dipartimento di Agronomia, Coltivazioni Erbacee e Pedologia, Universita di Palermo, Viale delle
Scienze, 90128 Palermo, Italy
According to latest data, the extension of gypsiferous soils can be assumed to exceed 100
million hectares, and it is admitted that they are found mainly in arid and semi-arid zones with less
than 400 mm of annual rainfall. It is reasonable to consider that, such assessment is found on the
definition of gypsic horizon which is reported in the FAO-UNESCO Legend (1974) and in the
USDA Soil Taxonomy (1975). Because the definition was changed, both in Soil Taxonomy (1999)
and in the WRB (1998), the assessment of the extension of gypsiferous soils should be revised, to
encompass the areas with a Mediterranean climate.
Four selected pedons (MG4, MG54, MG64, MG22), were described in field, in hand-dug pits
and samples were collected from each horizon for laboratory analysis.
The characteristics of pedon MG4 are strongly dependent on processes of gypsum dissolution
which resulted in a dolina partially covered by colluvium material. It shows an A horizon, dark
coloured, mainly originated by the colluvium material which rest on a B horizon, grey coloured,
originated by the clays with gypsum, showing vertic features and fitting the properties of a gypsic
horizon. In this sense and also considering the open and flexible characteristics of the Soil
Taxonomy, it can be classified as a Gypsic Vertic Haploxerept (Vertic Gypsisol according to
WRB).
Pedon MG54 which evolve on gypsum, is characterized by the presence of a gypsic horizon
with high level of gypsum and can be classified as Gypsic Haploxerept (Haplic Gypsisol according
to WRB).
The MG64 and MG22 pedons which are found along a hillslope landform, show genetic
features which are particularly linked to: a) the parent material which belong to the Terravecchia
Fm; b) the movement of water along the slope; and c) to the interaction between gypsum and
calcium carbonate (FAO, 1990).
Pedon MG64, which is classified as Gypsic Calcixerept (Haplic Calcisol according to WRB),
shows a profile in which, below a calcic horizon, there is a gypsic horizon with some gypsum
accumulation coming from the gypsiferous outcrops which overlying the Terravecchia Fm. Such
horizon sequence could be explained by the fact that gypsum, which is more soluble than calcite is
leached first to form a gypsic layer, to be followed above by lime nodules (FAO, 1990). For the
pedon MG22, which shows some vertic features linked to a more clayey parent material, and that is
classified as Gypsic Vertic Haploxerept (Vertic Cambisol according to WRB), can be made the
same consideration: also in this case a gypsic horizon follows a calcic one.
The significance of this study is that it put in evidence in an environment with a Mediterranean
climate like Sicily (Italy), the presence of soils with a gypsic horizon which can be classified as
"Gypsisols".
Keywords: gypsiferous soils, gypsic horizon, Mediterranean climate
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Towards a rationale in the world reference base
for soil resources
DECKERS Jozef (1), DRIESSEN Paul (2), NACHTERGAELE Freddy (3), SPAARGAREN
Otto (4) and BERDING Frank (5)
(1) KULeuven, Institute for Land and Water Management, Vital Decosterstraat 102, 3000 Leuven,
Belgium
(2) International Institute for Aerospace Survey and Earth Sciences (ITC), Enschede, The
Netherlands
(3) Soil Resources, Management and Conservation Service, Land and Water Development
Division, FAO, Rome, Italy
(4) International Soil Reference and Information Centre (1SRIC), P.O. Box 353, 6700 AJ
Wageningen, The Netherlands
(5) FAO consultant, Land and Water Development Division, FAO, Rome, Italy
Since its endorsement by the IUSS in 1998, the World Reference Base for Soil Resources has
established itself as a comprehensive soil correlation system. The system has so far been translated
into 9 languages and is used and tested all over the world. This paper describes the WRB in a
nutshell, outlines preliminary results of its field-testing and reflects on the place of WRB in the
future. Although originally designed for general-purpose soil correlation at world scale, WRB is
increasingly used as a classification system. This paper discusses how WRB correlates with the
USDA Soil Taxonomy and draws attention to some major differences between the WRB and Soil
Taxonomy. The issue of strict ranking of taxa and the rationale behind ranking have been major
points of debate; a ranking scenario is presented here, mainly to stimulate the discussion. In
addition, WRB definitions of diagnostic horizons, properties and materials are discussed with
reference to modern soil information systems. It is hypothesised that the IUSS Working Group RB
might explore the zone between its present area of application and a detailed horizon classification
system, e.g. so-called Fitz system (Fitzpatrick et al., 2000).
Keywords: soil correlation, WRB, classification, rationale
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Forms and keys utilisation:
"all people matter" for environment and soils conservation
FARAJ Habiba
6, rue Médiouna, Aviation - Rabat, Morocco
The circulation of information has become a necessity in a work area (pedology)
interdisciplinary in nature. To make the pedology documents easily understood by all those not
specialised in this field, the author ventured normalised and standardised form and key models.
The form gives all information related to the natural environment, contributing to soil
characterisation and ther classifcation in both in soil taxonomy and french classification. Are also
quoted their vernacular appelation and their legal statute. As presented forms and keys help to
define the appropriate land improvements and suitable crops depending on weather vagaries. The
soils which is the source of life acquires an economic worth.
Keywords: form, normalisation, climatic vagaries, keys, standardisation, water resources
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Horizon identification
F1TZPATRICK Ewart Adsil
Department of Plant and Soil Science, University of Aberdeen, Cruickshank Building St. Machar
Drive, Aberdeen, AB24 3UU, UK
Soil classification has proceeded along the classical path of biological classification but has not
produced an internationally accepted system. More recently Mazaheri el al. have tried to introduce
Fuzzy logic into soil classification. They achieved a small amount of success with their technique
when applied to selected soils of Australia but failed when applied to other soils. Like most soil
classifiers before them, they applied their method to whole soils. Since soils are extremely variable
and do not show homology of their constituent horizons more attention should be given to
identifying horizons and less effort in trying to produce a hierarchical system for whole soils.
The underlying concept of this system is that the properties of horizons are coordinates, which
intersect in space to create conceptual volumes or segments with centroids or reference points. Thus
each horizon has a centroids or reference point that can be thought of as forming a universe of
points with varying distances one from the other. The system attempts to place unknown horizons
within the universe of points based upon a calculated score. This is achieved by creating
spreadsheets in Excel.
Now for the first time it is possible to be more specific and quantitative with regard to
allocating horizons to a specific class. Also it indicated the closeness of an unknown to the centroid.
In other systems, the identification of horizons using a key can be very misleading since the horizon
may only be marginally within the class into which it falls. Keys were originally designed for plants
and animals. When they identified an individual, it is put into a class in which all the individuals are
more or less identical. This is not the case in soils. The classical example in soil science is the
cambic horizon in which all the members of that horizon are certainly not identical and may have
few properties in common.
Keywords: horizon identification, soil classification, fuzzy logic, reference horizons
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Substantive-genetic Russian soil classification system
SHISHOV Lev (1), TONKONOGOV Valentin (1), LEBEDEVA Irina (1) and GERASIMOVA
Maria (2)
(1) Dokuchaev Soil Science Institute, Pyzhevskii pereulok, 7, 117043, Moscow, Russia
(2) Fac. of Geography, Lomonosov State University, Vorob'ievy Gory, 119899, Moscow, Russia
The new knowledge on soils in Russia along with the shift of conceptual priorities in selecting
criteria to classify soils resulted in the development of a new soil classification system, of which the first
version was published in 1997. The basic principles of the system were designed by V.M. Fridland, and
it differs from the former systems by the emphasis put on soil properties instead of traditional
"bioclimatic" approaches, and detailed assessment of human-modified soils. The genetic background
and most of nomenclature have been preserved, new names were introduced for human-modified soils.
The substantive-genetic essence of the system presumes the choice of morphology of soil
profiles along with soil properties that are considered to be the results of pedogenetic processes, as
criteria for differentiating classes. This principle is implemented for identifying soil classes by
combinations of diagnostic horizons and diagnostic features that have much in common with those
used in other world systems. However, they are more numerous partly at the expense of
anthropogenic and natural-anthropogenic ones, and have flexible quantitative boundaries.
Diagnostic features indicate minor combination of characteristics insufficient to specify a horizon,
or some additional properties, such as human-induced, or related to soil evolution.
Taxonomie units of the new Russian Soil Classification System
Category
Criteria
Trunk
Pedogenesis to lithogenesis (peat formation) ratio
Order
Similar major elements of the profile and similarity of pedogenic processes
Type
System of diagnostic horizons
Subtype
Modifications of diagnostic horizons (recorded by diagnostic features), intergrades
between types
Features of CEC, or salinity
Genus
Species
Degree of diagnostic soil properties development (quantitative parameters)
Variety
Texture, amount of stones
Phase
Parent material, depth of the solum
The highest category comprises trunks of synlithogenic, postlithogenic, and organogenic soils.
The number of orders (23) is almost the same as the number of high-level classes in most world
systems. Type is the central traditional category, however, since types are now identified by
individual "profile formulas" - sequences of diagnostic horizons, their definitions became more
strict and adequate than in the former systems. Down from the subtype category, class modifiers are
not strictly related to their classes and may be freely applied in any number at the appropriate level.
The classification position of human-modified soils does not take into account the goals and
kind of human-induced impacts on soil, or soil fertility; it is fully dictated by the morphology of soil
profile. In accordance with the morphological evidences of human impacts the humanly modified
soils may occur at the levels of order, type, subtype. Hence, human-transformed and natural soils
are regarded as an continuum (from natural soils to transformed natural-anthropogenic soils and,
finally, to non-soils, which are classified individually as technogenic, or non-soil, surface
formations).
Keywords: principles, genetic=diagnostic horizons and features, human-modified soils
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Northern circumpolar soil database and derived soil maps
in different classification systems
GORYACHK1N Sergey (1), STOLBOVOI Vladimir (2), TARNOCAI Charles (3), KIMBLE
John (4), BROLL Gabriele (5), JAKOBSEN Bjarne (6), MONTANARELLA Luca (7),
NAUMOV Evgeny (8) and ARNOLDUSSEN Arnold (9)
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Institute of Geography, Rus. Ac. Sei., Staromonetny 29, 109017, Moscow, Russia
International Institute of Applied System Analysis, A-2361 Laxenburg, Austria
Agriculture Canada, K.W.Neatby Build., 960 Carling Av., Ottawa K1A OC6, Canada
National Soil Survey Center, NRCS-USDA, MS 34, Lincoln, NE 68508-3866, USA
Univ. Muenster, Inst. Landsc. Ecol., Robert Koch Str. 26, Muenster 48149, Germany
Inst. Geography, Un. Copenh, Oester Voldagde 10, DK-1350, Copenhagen, Denmark
European Commission, European Soil Bureau, T.P. 280,1-21020 Ispra, Italy
Dokuchaev Soil Institute, Pyzhevsky 7, 109017, Moscow, Russia
Norwegian Inst, of Land Inventory, Radhuspl, 29, PB 115, N-1430, Äs, Norway

One of the largest projects on compiling of soil database and map of East and West
Hemispheres since the FAO-UNESCO Map (1977) has been completed. This database is named
"The Northern Circumpolar Soil Database" (NCSD) and encompasses territories of the USA,
Canada, Greenland, Northern Europe, Russia, Mongolia and East Kazakhstan. The Cryosol
Working Group of the International Union of Soil Science developed this database in cooperation
with soil scientists from many countries and international organizations such as European Soil
Bureau, International Institute for Applied Systems Analysis (IIASA).
The NSCD was derived from numerous sources, but primarily national soil maps that used
different classification systems and legends. The NCSD consists of both polygon and pedon
database portions. The polygon database contains the soil name and the percent each soil covers.
The pedon database contains other landscape and soil attributes (e.g., slope class, carbon content,
CEC, pH). The development of the pedon database reviled the problems of methods inconsistency
and the need for unification of soil standards different national standards and analytical methods.
A thorough correlation of all relevant classification systems (WRB, US, Canadian and Russian)
was made. The reference profiles of the US and Canadian classification units were correlated with
WRB and Russian systems on the pedogenic base which is common for all the systems. A new
collection of reference soil profiles, data on the permafrost and geocryological conditions were
established for the purpose of soil correlation.
Using this database a set of four 10 million scale Northern Circumpolar Soil Maps was
generated - in WRB, Soil Taxonomy, Canadian and Russian classification systems. These maps are
a solid basis for exchange of information on use of soil resources, on management of environmental
problems, global modeling etc. The large number of users not involved in problems of soil
classifications can use any of this map and the data from Northern Circumpolar Soil Database.
Keywords: circumpolar soil database, soil maps, correlation, classification systems

823

Symposium no. 21

Paper no. 2215

Presentation: poster

Parent material and world soil distribution
GRAY Jonathan and MURPHY Brian
NSW Department of Land and Water Conservation, 10 Valentine St, Parramatta, NSW 2150,
Australia
This paper examines how and why parent material influences soil properties and soil
distribution. It provides a model for the prediction of soil types and soil properties expected under
different parent material, rainfall and drainage regimes (using the World Reference Base scheme).
For most pedologic purposes, including the modelling of soil properties and soil distribution,
the most important feature of the parent material is considered its chemical composition. The most
useful chemical criteria are silica content (SiCh) and base content (taken as Ca, Mg and Fe oxides),
which normally have an inverse relationship with each other. Ten categories are identified ranging
from Extremely Siliceous: (>90% Si02 e.g. quartz sandj to Ultramafic: (<45% SiC>2 e.g.
serpentinite) to Organic (e.g. peat).
From a consideration of the chemical and physical composition of different parent materials, it
is possible to understand how they influence various soil properties, e.g.
Fertility: the availability of many important nutrients increase as the parent material becomes
more mafic. Also the ability of the soil to absorb and retain nutrients, as indicated by its cation
exchange capacity (CEC), increases with increasing mafic character of the parent material.
However, ultramafic parent materials frequently contain concentrations of elements that are toxic to
plants.
Sodicity: sodic problems develop where there is a high ratio of sodium relative to other bases.
This ratio generally increases with increasingly siliceous parent material. Highly siliceous parent
materials give rise to soils that are highly susceptible to external sources of sodium because of their
inherently low base content.
Other soil properties examined are texture, acidity, erodibility, shrink-swell potential, structure,
acid sulfate potential, salinity and thickness.
Based on an understanding of the influence that parent material, climate and site drainage have
on soil properties, and an analysis of observed and published soil relationships, a model is
developed to predict the likely soil types that may occur in different environments. The model is
presented in the form of two diagrams (x-y plots) showing the relationship of World Reference
Base Soils with the above three factors. For example:
Well Drained Location - Siliceous Parent Material - Humid Climate = PODZOL
Imperfectly Drained Location - Mafic Parent Material -Dry Climate = KASTANOZEM
Keywords: parent material, soil properties, soil distribution, modelling
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Azerbaijan national soil classification
BABAYEV M., HASANOV V. and JAFAROVA J.
The Institute of Soil Sciences and Agrochemistry of A.S. Azerbaijan, Baku
Soil reform has been successfully implemented in Azerbaijan. The new property forms are
formed on soil areas:
• Soil in state property
• Soil of orientation
• Soil in personal property.
Soil fertility protection and reforestation in a new soil property condition are in foreground. In
this important problem soil diagnostics and classification are of importance. We have offered an
Azerbaijan National Soil classification.
In the Azerbaijan National Soil classification the following taxonomie levels have been used :
The classes, sections, types, under types, gender, kind, variety, categere, versior.
Natural- evolutionary, Antropogen- reorganization, Technogen- violation.
The natural evolutionary class unites all natural soils types, which as a matter of fact are united
on the sections of leading soil formation processes or soil formation types..
The sections of leading processes (direction) of soil formation processes soil main types with
identical construction of soil profile: Sod-organ-accumulation, Texturio-differention, accumulativehumus, Alluvial-soils.
Class of antropogen soils-are differed on the main direction of forming profile and
peculiarities. To these soils belong the soil's profile and peculiarities. To these soils belong the soil's
profile which are exposed by essential antropogen exhanges in the process of masteking in bogar
and irrigated situations. On the direction of soil formation process of antropogen transforming soils
are divided into the following sections: accumulative-carbonate, accumulative-humus, irrigationaccumulative, irrigation-motomorfon, oil pollution.
Class of technogenno-violated formation-this grouping imagines artificially created or naked
soil ground and grounds. Among technogen-violated formations sections of chermorem and
technogrounds are differed. Chernorems imagine artificially created soilgrounds for agriculture
needs. The technoground belongs to naked (cutting off and pouring) mineral soil artifical horizons
and also buried profile.
Keywords: section, antropogen,classification, class, types
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An approach for a hierarchical system to classify and
to describe soil associations
JAHN R. (1), SCHMIDT R. (2), WITTMANN O. (3) and SPONAGEL H. (4)
(1) Institute of Soil Science and Plant Nutrition, University Halle, Weidenplan 14, D-06108 Halle,
Germany
(2) University of Applied Sciences Eberswalde, Alfred-Möller-Str. 1, D-16225 Eberswalde
(3) Föhrenstr. 9, D-85640 Putzbrunn
(4) Lower Saxony Geological Survey (NLfB), Stilleweg 2, D-30655 Hannover
The Working Group on Soil Classification of the German Soil Science Society is now working
on grasping and systematically arranging of soil associations from Germany. The presented
approach is based on former work and combine the hierarchical system of soil classification (pedon,
subvariety, variety, subtype, type, order, division) with the choric idea of soil geography (pedotop,
nanochore, microchore, mesochore, macrochore, region) and is the base to map well defined classes
of soil associations at different categories of complexity from parts of a soil association up to soil
zones. According to this approach soil associations are derived inductive-synthetically from
available soil maps.
Especially for practical use it is necessary to add relevant soil information to the system. In
development is a broad set of modules giving the possibility to describe soil associations very
detailed as a whole as well as with regard to their members. It is also possible to use some of the
modules as reference modules to agglomerate or differentiate associations. Modules which
characterise ecological functions or properties of association members (or the association as a
whole) are more for practical use in landscape planning and soil protection. This opens also the way
to transfer the data of soils to soil association maps and characterise (based on proportion by area)
classification details and properties of each unit. The modules can be used theoretically in any
hierarchical class of the system.
Examples from Germany, one in terms according to the FAO legend, are used to present the
recent position of discussion. Attributes of SOTER or related data files can be used to organize the
data of the terrain, climate and land use.
Keywords: soil classification, soil associations, classification system, landscape planning, soil
protection
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The first international soil map in a scale of 1:50,000 between
the states Germany, Poland and Czechien, "BK50 Zittau"
JOISTEN Holger
Sächsisches Landesamt für Umwelt und Geologie, Halsbrücker Str. 31a D-09599 Freiberg,
Germany
The Saxonian State Authority for Environment and Geology, departement of soil mapping, is
engaged with the investigation and mapping of soils in the state of Saxonia. The aim is to map the
different soils, their genesis, development and quality for the whole country in the main scale of
1:50,000. These soil maps are needed for different purposes, for example planning of areas for
settlements, industries, agriculture etc. and also for the investigation of bad influences of heavy
metals, nitrates, emissions and other environment poisons to the soils and the ground water.
Another point is the change of soils by human activities and in the result the increasing of erosion.
These few characteristics of the importance of soil maps are more or less the same over the whole
world. Therefore we cannot confine ourselves to the little part where we are living, instead we have
to work together with other countries with a common aim to protect and save our soils. Most
countries have very different soil classifications and often it is difficult to understand soil
descriptions, although the view of the main soil characteristics is the same. The new classification
of soils "World Reference Base for Soil Resources" (WRB) as a continuation of the FAO
classification is the future way to speak a common soil language. Therefore the Saxonian State
Authority for Environment and Geology had the idea to make a start on a first common European
map with the neighbour countries Poland and The Czech Republic in a scale of 1:250,000 by using
the WRB classification. Because of the small scale of this map, which is still not finished, we also
started a soil map in the scale of 1:50,000, the usual scale of our soil departement for the practice.
The result is the "BK.50 Zittau", a common work of the three countries Poland, The Czech Republic
and Germany. The map shows the three soil classifications of the countries and the translation to
the WRB, as a common soil language. It is an example how it is possible to understand and what
the difficulties are in the arrangement of different soil descriptions in different soil classifications.
Keywords: soil, map, international, Germany, scale 1:50,000
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Classification of morphological types of the Korean paddy
soils for practical use of soil survey results
JUNG Yeun-Tae (1), SONN Yeon-Kyu (1) and KANG Ui-Gum (2)
(1) National Institute of Agri. Science and Technology, RDA, Suwon, Korea
(2) National Yeongnam Agri. Exp. Station, Milyang, Korea
To increase the utilization of soil survey results, classification of morphological types of paddy
soils which was consisted of land-form, texture, and drainage classes etc. was attempted as an
interpretive classification system.
The paddy soils could be classified into 37 types. Among the types, the "Lfi (Fine loamy
textured semi-wet paddy on local valley and fans)" acreage of about 224 thousand ha, "Lfd (Fine
loamy textured dry paddy on local valley and fans)" 160 thousand ha, "Lmi (Coarse loamy textured
semi-wet paddy on local valley and fans)" 112 thousand ha, and "Lkd (Loamy skeletal dry paddy on
local valley and fans)" 93 thousand ha, respectively were the dominant types.
The possibility of double cropping, plastic film house, green manure cropping etc., and that for
soil managements such as application of raw straw or compost, deep plowing or adding fine earth
materials, mole drainage, susceptibility to erosion or reduction injury etc. for each types were
recommended.
Keywords: soil classification, soil interpretation, soil survey, morphological types
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Comparative study of Latvia soil classification with WRB
KARKLINS Aldis
Latvia University of Agriculture, 2 Liela street, LV-3001, Jelgava, Latvia
Traditionally a genetic approach to soil classification is used in Latvia. Rather understanding
about the processes resulting in the development of certain soil features neither quantitative
morphological criteria are still employed to separate soil taxonomie units. As a result local soil
classification system is officially recognized and used for different purposes at the national scale,
but it cannot meet the requirements for international communication. Actually this is not only a
Latvian proposition, similar problems are common for many countries. Therefore since 1995 the
adaptation of internationally recognized soil classification systems: FAO Legends of the Soil Map
of the World, USA Soil Taxonomy and World Reference Base for Soil Resources (WRB) and dat i
correlation with Latvia system is on going WRB is expected to be more perspective for
international communication as it gained official recognition at the 16th World Congress of Soil
Science (Montpellier, France, 1998).
Compatibility of soil data inventory standards, which is important for international
communication, information exchange, development of common data sets and interpretation
principles includes at least two aspects. First, the use of unified soil diagnosis methods, for
example, FAO recommended ones (Guidelines for soil description - 3 rd ed. / FAO. - Rome, 1990).
Secondly, soil classification according to the internationally recommended system, which includes
the use of principles of this system and application of the defined criteria. As all of these
components differ significantly in Latvian soil classification from WRB, the comparative studies
cover a wide range of aspects. The main examples of these are compatibility studies of soil
diagnosis methods, physical and chemical testing methods, data interpretation, and application of
classification criteria.
The method of benchmark soil descriptions is used to make comparative studies of the Latvian
soil classification system with WRB. These soils are selected to represent all the main taxonomie
units of the Latvian national soil classification, which includes 12 types with 54 subtypes. These
soils are described morphologically, sampled and analyzed using methods employed by the national
classification system and recommended by FAO (Guidelines for soil description - 3 r ed. / FAO. Rome, 1990, Procedures for soil analysis // L.P. van Reeuwijk (ed) / 5th ed. - Wageningen: ISR1C,
1995.). Soils are classified according to the national system, WRB, FAO Legend of die Soil Map of
the World and Soil Taxonomy.
For soil classification according to the WRB, which is used as an international reference system
in our studies, several predefined qualifiers are used. In the higher categorical level WRB consists
of 30 major soil groups, Latvian soils correspond to 14 groups. Similarly WRB defines 39 soil
diagnostic horizons, 12 diagnostic properties and 7 diagnostic materials. For characterization of
Latvian soils their numbers are 18, 9 and 5 respectively. For differentiation of lower categorical
levels WRB uses predefined so called formative elements, the total number of which are 180. For
characterization of Latvian soils 94 presumably might be used.
The research is focussed on correlation studies between national soil classification and WRB to
make possible information exchange and inclusion in the regional and global information systems.
Some revision of the national classification is also performed where the ideas from WRB are
accepted.
Keywords: soil classification, soil diagnosis, WRB
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An experience in correlating world reference base
for soil resources with national soil classifications
KRAS1LNIKOV Pavel
Institute of Biology, Karelian Research Center, Russian Academy of Sciences 185610,
Pushkinskaya str, 11, Petrozavodsk, Russia
The present situation in soil classification is characterized by enormous diversity of
classification systems. The presence of numerous national and local soil classifications is a negative
factor, causing misunderstanding between specialists all over the world. The other problem is that
almost all the national classification systems are rather dynamic; during the last decade new
classifications were proposed in France, China, Australia, Russia etc. The United States Soil
Taxonomy, which is supposed to be a world soil classification by some specialists, was
significantly modified every 2-3 years during the last decade. The situation is disappointing for soil
scientists and annoying for the specialists in close scientific fields, who need a clear and plain
classification system.
However, it seems useless to try to stop the process of multiplication of soil classification. One of the
possible solution is to construct a parallel universal system for classifying soils, a kind of «soil Esperanto».
World Reference Base for Soil Resources (WRB) was constructed mainly as a universal language for soil
scientists, a tool for correlating the names of soil classes in various classifications.
We tried to correlate existing national soil classifications with WRB system on the medium
classification level (types, sub-types, great groups etc.). The results were published as a monograph «Soil
terminology and correlation». We faced several problems while correlating the soil taxa. Almost no soil
classes being correlation were identical: in most cases one soil taxon in a national classification was
correlated with two, three or more taxa in WRB. The mains reasons for the situation are the following:
• different classifications have different structure (a hierarchical taxonomy or a reference
base, or a table, like in South African Republic);
• certain soil taxa are distinguished on different hierarchical level (e.g. alluvial soils are
distinguished in WRB on the 1-st level (Fluvisols reference group), in US Soil Taxonomy on the 3rd level (great groups in several orders), and in Russian classification on the 2-nd and 3-rd levels);
• different qualitative criteria are used for distinguishing certain soil taxa (e.g. Solonetz are
determined by exchangeable sodium and magnesium content in WRB, and in a new Russian
classification mostly swelling kinetics is taken into account);
• some classifications use strict quantitative criteria to distinguish soil classes, and some do not;
• even if both classifications use quantitative criteria, these criteria may be different (Histosols
are defined as soils with a 50 cm layer of organic material in WRB, and with a 40 cm layer of
organic material in the US Soil Taxonomy).
These reasons reduce the value of correlation between various soil classifications. In fact, it is
impossible to make a «soil dictionary» to translate the terms of classification A to the terms of
classification B. Still further correlations are needed, because they provide better understanding between
soil scientists of the world.
Keywords: soil classification, soil correlation, WRB
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The characteristics and classification of forest soils
under natural forests
LIN Bo-gun
60 South Main Street, Washington, PA 15301, USA
This report is a part result of a research program. It was based on a long term and wide area
survey of soils distributed under the natural forests. These soils have been called Podzol, Spodosol
or Podzolic soil. The purpose was to solve problems about the soil classification for the forest soil
management in natural forest regions of China.
The soils under natural forests of China were in comparison with the Spodosol (Podzol) in
Great Lake of America and north Europe (Russia, Germany, Denmark, and Sweden). It was shown
that there are evident differences between the Chinese forest soils and Spodosol (Podzol) in soil
profiles and soil genesis characteristic. The soil profiles have no diagnostic horizon as spodic
horizon. And the soil genesis characteristic of forest soils under natural forest of China that was the
inert elements (R2O3) accumulated in the upper soil horizon. It was related to the bitter cold climate
and the existence of permafrost layer (1). In Podzol the R2O3 translated down to B horizon. This
soil podzolic process resulted from the cheluviation of the strongly acidic undergrowth (such as
mosses or heath (2). For this reason these soils of China might put into Cyrosols. Any treatment to
increase the soil temperature would increase the tree growth and achieve more economic ally
beneficial results from those soils. This study results also shown that the forests had been
improperly exploited or was destroyed that should decreased the water content of soil and changed
the climate regime to dry.
Keywords: soil genesis characteristics, permafrost layer, inert element (R2O3), Cryosols
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Pedogenetic classification from soil-landscape modelling
McBRATNEY Alex. B. and MINASNY Budiman
Department of Agricultural Chemistry and Soil Science.The University of Sydney, Ross St.
Building A03, NSW 2006, Australia
Soil systems are a key part of natural ecosystems. Change in land management has a significant
effect on the functioning of the earth system as a result of ecosystem conversion. These changes can
also have an important impact on the water and energy balance. The impacts become globally
significant through their accumulative effects. It is essential to model soil formation (pedogenetic)
processes in the landscape to understand the dynamics of soil systems.
Soil is a natural object with complex structure and history of development, therefore
classification of soil should be based on the evolutionary history of soil. We proposed the term
pedogenetic systematics, which may be defined as the way that pedologists reconstruct the pattern
of events that have led to the distribution and diversity of soil. Classification, therefore, is only one
aspect of the much larger field of pedogenetic systematics, which is an attempt to understand the
pedogenetic interrelationships, trying to interpret the way in which soil has diversified and changed
over time.
We presented a mechanistic model for soil formation in the landscape. The model is based on
mass balance equation relating the change in soil thickness over time as a function of bedrock
weathering and transport of soil in the landscape. Using the mechanistic pedogenesis model, we
simulated soil development in a landscape. The simulated soil genetic properties at different times
(profile thickness and the thickness and age of colluvium and weathered materials) were grouped
into classes. Starting with a single soil class (thin soil), soil individuals in the landscape develop
into more complex and diversified soil classes. Diversity increased, but not monotonically, to a
maximum and then slowly decreased. We showed how we can reconstruct the soil classes'
evolution. The results will allow us to begin formalising the discipline of pedogenetic systematics.
Keywords: pedogenesis, soil classification, landscape evolution, quantitative analysis, cladistics
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Report on the international symposium
"Soil Classification 2001", Hungary
MICHEL! Erika
Department of Soil Science and Agrochemistry, Szent Istvan Univ., Godollo, Hungary
The paper will report the results of the international symposium "Soil Classification 2001" that
will be held October 9-11, 2001, in Hungary.
The rationale of the symposium:
Classifications are constructs of humans and reflect the state of knowledge of the science. They
also incorporate biases and prejudices of the individual or group that developed the system and
necessarily are developed from or based on previous systems. Most modern soil classification
systems were initiated in the middle of the last Century and began to be used since the sixties.
Modifications were made in many systems based on validation, on developments in soil science in
general, and on soil classification systems of other countries.
The dawn of the new millennium presents an opportunity to (a) take stock of the status quo of
soil classification, (b) exchange ideas and information among the global community, and (c)
determine the demands and challenges of the immediate future and re-evaluate the needs and roles
of classification systems.
The objectives of the symposium:
1. To discuss new philosophies, concepts, and principles or the need for such to enhance
classification systems to better serve the users of information,
2. To report on the status of national, regional, and/or international soil classification systems,
3. To recommend changes where specific weaknesses exist in current systems,
4. To evaluate the changing demands of society and increase the use of information technology
to lay the basis for the systems of the future,
5. To improve the sharing and correlation between national systems.
The symposium program will include two days of formal oral presentations followed by
discussions. A mid-week field tour will enable soil-specific discussions. The last day will consist of
breakout sessions that will address specific themes.
The symposium will be followed by an optional three-day filed tour.
Keywords: soil classification principles, national soil classification systems, correlation
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Classifying soils at the ultimate stage of weathering:
a continuing challenge
PADMANABHAN Eswaran (1), MERMUT Ahmet R. (2) and ESWARAN Hari (3)
(1) Global Environmental Centre, Kuala Lumpur, Malaysia
(2) Dept. of Soil Science, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
(3) USDA Natural Resources Conservation Service, Washington DC, USA
Mineral alteration in soil continues until weatherable minerals are absent in the non-colloid
fraction and the colloid fraction is dominated by resistant minerals, usually oxides and oxyhydroxides of iron and aluminum with small amounts of kaolinite. Even the earliest classification
system recognized this ultimate stage of weathering and soil formation. Today, these soils are
referred to as Ferralsols or Oxisols. As classification systems are pragmatic constructs, class purity
has been sacrificed so that the system serves an intended objective, usually use and management of
soils or for making and interpreting soil surveys. Consequently, soils sharing a unique property
become distributed in the classification system. Because of the logic employed in current systems,
such soils appear at different categoric levels in several classes.
The present study shows that with advances in information technology, it is possible to develop
a hierarchical system, which will have a much higher degree of class purity as a major objective and
that will also serve the defined objectives in comparison to current systems. To enable this,
categories in a system are defined based on measurable properties and sound pedological theory.
Specifically, the higher categories ensure much better homogeneity of the classes than presently
possible. By employing few well-defined properties, mutually exclusive classes could be structured.
Subsequently, the classification becomes much more amenable to system analysis. By including
use-related properties at lower categoric levels, these levels will serve the objectives of the system
for sustainable use and management of soils. As higher categoric levels comprise purer classes, they
will better portray the geographic distribution at national, regional, or global scales (their dominant
use) and will have common attributes for generalizations at these scales of observations. The
principle that is being enunciated is that each category has a defined function and must be
structured accordingly. The implication is that a categoric level should not be used beyond its
ceiling of relevance. The consequence is that, classification systems must be multi-categoric.
The study considers Ultisols and Oxisols of Soil Taxonomy and their equivalents in the World
Reference Base (WRB). Descriptions and data, including mineralogical and micromorphological
analysis, are used to illustrate class purity. Soil Taxonomy is evaluated and options to enhance the
system are presented. The current attempt is expected to enhance links between taxonomy and
implied soil performance. Such measures are relevant in order that food security concerns are better
addressed in the region.
Keywords: soil taxonomy, principles of classification, hierarchy, tropical soils
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The significance of soil classification for non-soil scientists:
an Argentinian experience
PAZOS Mabel Susana (1), ROCA PASCUAL Nuria (2) and MESTELAN Silvia (1)
(1) Fac. de Agronomia, UNCPBA, CC 47, 7300 Azul Argentina
(2) Facultad de Biologia, Universidad de Barcelona, Avenida Diagonal 645, 08028 Barcelona,
Espafia
Soil maps and its reports are valuable means for transferring the soil knowledge to non-soil
scientists. For such a process to be successful it is important to avoid the utilization of a too specific
language, which is inevitable in the case of soil classification.
When a soil classification system has been utilized for long time in a given area, most nonspecialists can get acquainted with the meaning and connotation of soil names. Conversely, the
outburst of a new soil classification system in such areas might generate strong resistance both in
soil scientists and laymen.
Two case studies in Argentina are presented which illustrate the application of the World
Reference Base for Soil Resources (WRB) after almost 30 years of utilization of Soil Taxonomy
(ST). The first area is Azul Co. in Buenos Aires province, located in the centre of the Humid Pampa
where soil maps are available at 1:50,000 scale. The second area is Fray Mamerto Esquiii
Department in Catamarca province, located in the Dry Chaco region with soil maps at 1:500,000
scale. In both areas soils are classified according to the WRB and the soil names are compared with
those obtained applying ST at the subgroup level.
Azul, in central Buenos Aires province, has a temperate subhumid climate. Continental plains
in the North have flat-concave relief, alkaline-hydromorphic soils. The southern part has both
sierras and piedmont landscapes with rock outcrops and shallow to deep well drained soils. Land
use is rainfed agriculture in deep well drained soils and cattle on shallow or alkaline-hydromorphic
soils. A previous study of taxotransference of the soil series in Azul Co. from the soils maps
1:50,000 to WRB was utilized. The results were updated checking presence of diagnostic horizons
and properties from the pedon descriptions in the map reports.
Fray Mamerto Esquiii has a dry warm climate. It is a narrow valley with alluvial soils
surrounded by sierras with little developed soils. About 30 profiles were described and sampled
within a soil survey project. Land use is intensive crop production under irrigation in the low river
terraces and natural desertie shrublands in the highlands.
The results indicate a good correspondence between the names at subgroup level of ST and the
soil unit in WRB for Azul, for example: Typic Argiudolls and Luvic Phaeozem; Typic Natraquolls
and Mollic Solonetz respectively. Conversely, in Fray Mamerto Esquiii, ST fails to show in the
resulting names at subgroup level those characteristics which are important for irrigation, namely
salinity-alkalinity, while WRB is more sensitive for such features, for example, Typic Calciustept
vs. Molli-sodic Solonchak (hypocalcic and sulphatic).
The conclusions focus on the factors determining the acceptance and comprehension of soil
names by laymen. It is a task of soil scientists to make their reports meaningful for all types of
users, which implies the responsibility of carefully listening the customer needs. Soil classification
systems, without loosing their soundness, must develop towards systems allowing the ready
transference of soil properties and characteristics.
Keywords: soil classification, Soil Taxonomy, WRB, soil knowledge transference
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Determination of the physical suitability of the three soil
classes of the river Motatän lowlands, Venezuela
PINEDA N. (1), JAIMES E. (1), ELIZALDE G. (2) and OCHOA G. (3)
(1) GISA, NURR, ULA, Sector Carmona, A.P.: 177, Trujillo, estado Trujillo, Venezuela
(2) FAGRO, UCV, Av. Universidad, via El Limón, Maracay, estado Aragua, Venezuela
(3) Instituto de Geografia, FCFA, ULA, Av. Chorros de Milla, Mérida, Venezuela
Physical suitability of three soil classes previously identified in groups and characterized
through a methodology, that enables agricultural technicians and experienced fanners to define
types of soils in a more understandable way, was determined. The study area covers 30,365
hectares of one alluvial sector in the Motatan River lowlands, Trujillo state, Venezuela. Evaluation
of land was made using the maximum limitation method. Agricultural requirements were
determined: banana tree (Musa spp.) under irrigation, sugar cane (Sacharum officinarum) under
irrigation, mechanized production of maize (Zea mays) under irrigation, and different grasses:
guinea (Panicam maximum), brachiaria (Brachiaria decumbes) and German Grass (Echinochloa
plectostachium). Three classes of soils were described based on climatic characteristics or soil and
location qualities. Therefore, soil class A is characterized by being well drained, without flooding
problems and medium textures (FL-F), high base saturation content (>80%), and variable pH
between 6.6 and 8.4, a moderate organic carbon and low sodium salts content. Soil class B presents
imperfect drainage with moderate flooding problems, a wide textural range and variable pH
between 5.1 and 6.5, moderate base saturation and organic carbon content, and low sodium and
salts contents. Soil class C is very similar to A, the only difference is the wider range of pH values
(6.1-9.0) and epipedon thickness (<17 cm). The characteristics of the three soil class were
compared on agricultural use, obtaining the following physical aptitudes: Soil class A: highly
suitable (Al) for mechanized production of maize under irrigation, - moderately suitable (A2) for
banana tree under irrigation, sugar cane and German grass, - and marginally suitable (A3) for
Guinea and Brachiaria grasses. Soil class B: moderately suitable (A2) for German grass, marginally suitable (A3) for banana tree under irrigation, - at present not suitable, but potentially
suitable (N1) for Guinea and Brachiaria grasses, - at present not suitable and potentially not suitable
(N2) for sugar cane and mechanized production of maize under irrigation. Soil class C: highly
suitable (Al) for banana tree under irrigation, sugar cane under irrigation and for mechanized
production of maize, -moderately suitable (A2) for german grass, -marginally suitable (A3) for
Guinea and Brachiaria grasses. For each type of physical aptitude (qualitative) it was estimated one
quantitative type according to the expected crop or grass yield production. In conclusion, the
determination of the physical aptitude grade of the three soil classes of the most important
agriculture uses of the study area, allows it to be qualified in order of aptitude; e.g. In agronomical
terms from the less limited to the more limited type. The aptitude sequence resulted in the
following: Soil class C shows better physical aptitude than soil class A, which is better than soil
class B.
Keywords: land evaluation, soil class, physical aptitude, agricultural uses, land qualities or
characteristics, land requirements
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The comparison of two loessial soils found in Kursk, Russia
and the Southeastern United States
RALEY Kevin (1), AMMONS J.T. (1), NOBLE R.R.P. (1), INMAN D.J. (1) and VASSENEV
I.I. (2)
(1) The University of Tennessee Department of Plant and Soil Sciences, 369 Ellington Plant
Sciences Building, Knoxville, TN 37996, USA
(2) Russia Research Institute of Agronomy and Soil Erosion Control, Karl Marks Street, 70-B,
Kursk, Russia
Results from separate studies on soils formed in loess at Kursk, Russia and soils formed in
loess at the University of Tennessee Ames Experiment Station, Tennessee (USA) were compared.
Chemical and physical soil characterization was completed on two profiles at each location. The
loess depositions at both locations are estimated to be the same age (approximately 10,000 y.b.p.).
The objective of this study was to compare chemical and physical characteristics of loessial soils
found in Kursk, Russia and Tennessee, USA to understand the different pedogenic processes and
influences of soil formation in both regions. The Russian sites, near Kursk, were located at N51 °
31'54.9", E36° 14' 47.8" andN51° 31'53.7", E36° 05'1.9". Soils were formed in loess over Tertiary
aged sand, and loess over Cretaceous chalks, respectively. The Tennessee sites were located at
N35° 08'4.9", W89°13'23.9" and N35° 08'4.2", W89° 13*22.8*. Both Tennessee sites were formed
in loess over Tertiary age sands. Soils were described and sampled according to the U.S. Soil
Survey Manual and classified using U.S. Soil Taxonomy. Total dissolution analysis was conducted
on all samples using a modified microwave technique and inductively coupled argon plasma
emission spectroscopy (ICAPES) for Ba, Ca, Fe, P, and Ti. Total C for the sites was determined
using dry combustion analysis. Organic C was determined using the Walkley Black method.
Although all soils are of similar age, the influence of climate, biota, and parent material has
significantly changed the soil properties between the two regions. The Russian loessial soils were
significantly higher in base saturation, pH, CEC, and total/organic carbon. Surprisingly, given the
large difference in latitudes, both locations have undergone similar weathering patterns as indicated
by concentrations of total iron versus free iron oxides. The Tennessee soils (sites 1 and 2) were
both Ultic Hapludalfs, while the Russian soils (sites 3 and 4) were a Pachic Paleudoll, and a
Cumulic Hapludoll, respectively. Barium and Titanium levels indicated different parent material
sources, as expected, and indicates multiple loess depositions in both Tennessee and Russia. Macro
nutrient levels were similar except for calcium, which was much higher in the Russian soils. The
colder climate of the Russian sites in conjunction with other soil forming factors and pedogenic
influences have created very different soils than those of the USA even though the loessial parent
materials are quite similar.
Keywords: pedology, soil genesis, soil classification, loess, Russia, USA
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The agricultural soils of Venezuela in an information system
REY Juan, GRANADOS Fernando, BLANCO Antonio and SALAZAR Rodolfo
National Institute of Agricultural Research, National Center of Agricultural Research, I1RA. Av.
Universidad, Via El Limón. Area Universitaria, P.O. Box 4846, Maracay 2101, Estado Aragua,
Venezuela
The National Institute of Agricultural Research (INIA) has a National Soil Museum at the
present time. This museum has more than 600 micromonoliths of representative soils from 20
states of Venezuela. A micromonolith is the small representation of a soil profile accompanied by
information about the profile (horizons, field characterization and laboratory analysis) and related
information to the place of samples collection. The micromonoliths present in the Museum come
from the survey and characterization of the soil in experimental places used by the INIA from the
fifties inside their investigation projects. These experimental places have always been located in
representative agroecological areas of the most important agricultural zones in the country.
Knowing the importance of the soils data in the research, teaching, planning and classification
activities of the territory and considering that there are a lot of soils information in the National
Museum of the INIA. The Information System of Soils Micromonoliths (SIMIS) was developed.
The SIMIS is an automated system for the entrance, analysis and recovery of the available
information of soils in the museum. The system is conformed by 5 modules: Data Input, Data
Search and Recovery, Analysis, Utilities and Help. The SIMIS allows the efficient use of the
information of soils for internal and external users to the INIA; this way, inside their more
important achievements it is the consolidation of the most important soil museum in the country and
the systematizing of the information with access guarantee to different users.
The most important soils classes in the country, under agricultural use in the last 50 years, were
determined by means of the SIMIS. In this sense, it was determined that the agricultural activity of
the country has been carried out fundamentally in areas with soils of low to medium evolution
(Entisols, Inceptisols, Mollisols, Vertisols, Alfisols and Ultisols); however, it was appreciated that
the agricultural activity in the country has been developed in the ten orders (classes) of soils present
in Venezuela (according to the Soil Taxonomy, Venezuela has all the soils orders except the
Andisols and the Gelysols).
Keywords: soil museum, micromonoliths, information system, agricultural soils, soils orders
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Classification of penological systems:
a challenge for the future of soil science
RUELLAN Alain
2 Boulevard Berthelot, 34000 Montpellier, France
Soil cover is structured.
Four types of structures are particularly important for soil
identification and classification (Ruellan and Dosso, 1993; WRB, 1998; Ruellan 2000): elementary
organizations (soil characteristics), assemblages (soil properties), horizons, pedological systems
(vertical and lateral combination and organization of soil horizons).
Until now, the main soil classifications are classification of « pedon » (vertical combination of
soil horizons). It is the case of WRB, World Reference Base of Soil Resources (1998).
Pedon (= type of soil) is not a natural unity of the soil cover; its lateral limits are artificial and
so the soil maps based on pedon are artificial, wrong representations of soil cover reality and
functioning. This is bad for the use of soil maps, for scientific and practical purposes, mainly if we
want to establish relationships between:
- on one side: soil cover organization and functioning;
- on other side: air and water quality and transfers; erosion and other soil degradations in the
function of human activities.
Soil maps have to try to represent natural limits between natural soil units. Two main natural
limits can be represented: the lateral limit of horizon; the lateral limit of pedological system.
For soil horizons, good inventories and classifications exist: WRB (1998) is a good example.
But what are still missing, are good identification and interpretations of the different types of
morphological limits and transitions that exist between horizons, vertically and laterally. The types
of morphological limits have to be interpreted, and represented on maps, in terms of dynamic
evolution (history and actual): a limit is frequently a dynamic one, a transformation front where a
structure is being transformed in another one. The recognition, and cartographic representation, of
the diverse types of morphological limits between horizon, are of fundamental importance for
environmental studies and management.
For pedological systems, data are still missing about the main types that can exist all around the
world. It is urgent to develop the inventory, and detailed studies, of the main pedological systems.
Two main types of dynamic pedological systems exist:
- Toposequence: the lateral variations are in relation with topography; the limits between
toposequence horizons are dynamic and it is very important to study how, and at what speed, these
limits evolve.
- Chronosequence: the lateral variations are determined by the age of the soil cover. A
chronosequence of soil-landscapes exists. Human activities create, by anthropic soil evolution, new
chronosequences.
Keywords: soil classification, pedological systems
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Properties of soil cover and land use in crystallineMesozoic area in Oriental Carpathians-Romania
RUSU Constantin and LUPAS CV Gheorghe
"Al.I. Cuza" University of Iasi, Department of Geography, Bd.Carol I no. 20A, 6600 Iasi, Romania
The studied region is situated in the central-eastern part of Romania, in the mountain area of
Oriental Carpathians, where it covers a longitudinal band on the outskirts of the crystalline axle.
The soil mapping was made at 1:50,000 scale, in accordance with the Romanian System of Soil
Classification 2000, the main genetic types belonging to the following classes: Protisols, Cernisols,
Umbrisols, Cambisols, Spodosol, Hydrosols. We determined physical-mechanical and chemical
properties (pH, carbonates, humus, ionic change measures, nutritional elements, total N, mobile
P2O5, mobile K2O, etc.) as well as research regarding natural vegetation.
The following types represent Protisol: Leptosols (FAO 2-3%), Regosols (1%), Fluvisol (2%).
Short profile, incipient horizons and unfavorable physical-chemical properties conditioned by rocks
(Litosol), high declivity (Regosol) and recent fluvial deposits (Fluvisols).
The solification rocks, represented by Rendzinic Leptosols, exclusively determine Cernisols.
Genetico-evolutively, speaking the main subtypes is: litico, litical, coarse fragment, cambic
rendzina formed with limestone and dolomites and calcareous conglomerates. In profile they are
smaller than 60-80 cm, have considerable humus content (4-10%), and show a slight neutralalkaline reaction at surface (6.8-8.0).
Umbrisols isolated in the northern region, are conditioned by geological bed and by the rough
climate (cold and humid).
Cambisol are formed on crystalline schists, wildflish, conglomerates. The main types are
Eutric Cambisol and Dystric Cambisol. The Eutric-Cambisols are conditioned by the geological
bed and precipitation, the chemical properties being: pH (5.5-6.7) in the first horizon, 5-12% humus
in the upper part of the profile, degree of base saturation up to 50% and poor nutritional elements.
The Dystric-Cambisol altitudinally speaking is situated on Eutric-Cambisol.
Spodisols are situated on metamorphic rocks, in the upper mountain belt. They are represented
by two types: Cambic Podzol and Podzol (Haplic Podzol). Both types have unfavorable chemical
properties; in this way they are covers with coniferous forests.
Hidrosols: they don't have favorable conditions for formation except on small spotted areas
depresions and landslides), being represented by Gleysols and Stagnosol.
Land use The largest area is occupied by coniferous forests (more than 50% is occupied by
spur forests for Cambisols). The alpine meadows are dominated by Festuca rubra and Agrostis
tenuis on the higher peaks. The main types of soils are favorable for coniferous forests, while the
alpine meadows have a low medium productivity, which explains the dominant economy: forestrypastoral type.
Keywords: land use, national soil classification system, physico-chemical data
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Agro-ecosystem approach in describing soil occurrence in the
upper Indo-Gangetic Plains
SHARMA B.D. and MUKHOPADHYAY S.S.
Department of Soils, Punjab Agricultural University, Ludhiana-141004, India
Agro-ecosystem approach (AEP) is emerging as a guiding principle of soil studies in the
current century. We attempted to study its relation to the soil occurrences to elucidate strengths and
limitations of the nascent concept. For this, we selected fourteen representative sites in six agroecological sub-regions ranging from western moist sub-humid Himalayas to arid western plains of
Punjab (29°30' to 32°32' N; 73°55' to 76°55'E) and described pedons using USDA soil survey
methods. Our study showed that the agro-ecological approach describes the state factors of soil
formation macroscopically and includes anthropogenic variables. It has an edge over conventional
concepts of soil genesis in terms of prescribing agrotechnology over regional scale. It was observed
that denudation exclusively explained the formation of the Entisols in sub-humid Punjab
Himalayas. Similarly, the AEP best explained decay of Alfisols to Inceptisols in the sub-humid and
semi-arid Punjab. Both the AEP and Soil Taxonomy focus on soils rather than climate or geology or
so on. But while Soil Taxonomy allows deviation from the central concept and therefore mapping
is complex, AEP is coherent and thereby making regional agro-planning user friendly. The AEP has
inherent strength for rigorous experimentation. However we restricted our study to subsystems of
pedosphere morphology and require to integrate with eco-system structure, so that eco-system
functions can be described. In many soils of Punjab, clay illuviation in sub-surface soils was a
common phenomenon which is perhaps, a product of earlier humid climate. The AEP needs to
incorporate past climatic history as well to make it more focused on soil formation.
Keywords: agro-ecology, anthropogenic factors in soils, soil formation, soil genensis
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Farming practices affect soil classification in arid regions
TEJEDOR Marisa. JIMENEZ Carmen and DIAZ Francisco
Universidad de La Laguna, Depto. Edafologia y Geologia, La Laguna, Tenerife, Spain
Soil moisture regime is considered a diagnostic criterion in various soil classifications, and in
some -for example, Soil Taxonomy-, is used to define high taxonomie levels. In many cases, the
absence of direct field measurements means that meteorological data have to be used. This can lead
moisture regimes to be defined that do not coincide with soil use, a circumstance reflected in the
classification. This is particularly true in the soils of the arid regions of the Canary Islands (Spain),
with rainfall below 150 mm and which are used for a variety of dry farming purposes: (i) mulching
with tephra and sands and (ii) run-off harvesting in suitable areas.
Monitoring over a 3-year period of soil moisture in four plots used for these two practices (two
plots with different grain-sized tephra mulch, one with sand mulch and one on which water
harvesting was used) has enabled us to define the following moisture regimes: aridic for the natural
adjacent soils, and udic and ustic for the soils used in the ways just described. Sampling was carried
out once per month, every 10 cm to a depth of 1 metre, and moisture was measured using the
gravimetric method.
The results obtained show that the soil regime differs depending on the technique used (dry
farming in all cases). In the mulched soils the regime differed according to the type of covering.
This circumstance has resulted in the adjacent soils being classified differently in the Soil
Taxonomy: Aridisols in some cases and Inceptisols in others. This inconsistency could be avoided
if account is taken of the fact that such practices increase the amount of water stored. It is proposed
here that these practices be included, along with fallow and irrigation, in the definition of soil
moisture regime classes in the Soil Taxonomy. In other words, like the cases mentioned, these
practices would be recorded as affecting soil moisture conditions.
Keywords: soil moisture, classification, arid soils, dry farming, anthropic changes
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Pedogenetic characteristics of Leptosols and
Regosols in Bulgaria
TEOHAROV Metodi
N. Poushkarov Institute for Soil Science, 7 Shousse Bankja Str., 1080 Sofia, Bulgaria
Leptosols are researched in four sub-units: Lithic, Umbric, Mollic and Rendzic Leptosols.
Lithic Leptosols in their evolution are on the lowest stage of development, i.e. primitive soil
formation, respectively their elementary profile structure, skeleton composition as a whole, very
weakly degree of soil forming and weathering processes prove that. The only surface, mineral,
fragmentary (A) horizon that is under strong erosion lies directly on the hard rock. He distinguishes
with very low humus content-up to 0-5-1% and depth about 10 (15) cm. They have spotted
character of distribution together with the poorly developed soils -Rankers (Umbric Leptosols).
Umbric Leptosols are characterized as soils with weakly soil formation process. The profile is
uncompleted, fragmentary, depth from 20-30 to 50 cm of the A-AC-CD type, formed over silicate
hard rock. It has two organogenic surface horozons (AoandAh), a charp transition to the soil
forming rock, sandy, clay-sandy and rarely sandy-clay composition, acidous reaction, lack of iluvial
horizon. It distinguishes with uniform chemical and mineral contents, domination of primary
mineral over secondary clay ones and domination of phisical weathering over the clay formation.
In each soil zone they differ according to their hydrothermal indices, determined mainly by the
relief and the climate. They are encountered in all soil-zones (excludingthe Chernozems and
Phaeozems) in Bulgaria. Mollic Leptosols are formed on marble and andezit at different bioclimatic
belts. The investigated regions represent specific geosystems (geochora) for formation of mountain
"Chernozems". Pedogenetic characteristics prove development of typical chernozems like processes
in mountain-forest conditions which include series of well shown processes - a good humusbiogenetic accumulation, a relatively high coefficient of weathering and a high content, a good
structure and an aggregation, a high saturation of bases and humicacids. Rendzic Leptosols are
soils on weathered calcareous materials and hard calcareous rock with a content of calcium
carbonate more than 40%. Diagnostic horizons are a mollic and a ochric. Regosols are formed from
unconsolidated soft materials exclusing fluvic, coarse textured or very stony materials. Their
development is conditioned by a combination of adverse pedogenetic factors and intensified erosion
caused by charp climate "forms".
Keywords: pedogenetic characteristic, Leptosols, Regosols, diagnostic, classification
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The 2002 soil regions map of Thailand
VEARAS1LP Taweesak (1), HOONTRAKUL Kanitasri (1), POTHINAM Anuwat (1),
WICHA1D1T Pitchai (1) and ESWARAN Hari (2)
(1) Soil Survey Division, Land Development Department, Bangkok, Thailand
(2) USDA Natural Resources Conservation Service, Washington DC, USA
The 2002 Soil Map of Thailand is the most recent version and represents the soil survey
experience and soil information of the country over the previous 40 years. The Soil Survey and
Classification Division of the Land Development Department of Thailand, which has sole
responsibility for soil survey of the country, prepared the map. The detailed reconnaissance soil
survey at the provincial level began in 1963 and subsequent soil surveys at other intensities have
also been carried out. The generalized soil map at scale 1:1 million provides an overview of the
country and is used for national assessments of its resources. The soil mapping units consist of great
groups of Soil Taxonomy. The first draft was compiled in 1982 and was later revised in 1987. The
second edition of Soil Taxonomy was introduced in 1999 and this version was used to prepare the
new soil map. The World Reference Base (WRB) system was introduced to Thailand after the 16th
World Congress of Soil Science. Each mapping unit of great group of Soil Taxonomy is also
converted in to the reference soil groups of WRB system. Digital soil maps of both systems were
created using ARCV1EW.
Keywords: soil classification, digital soil map, soil taxonomy, WRB system
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Reappraisal of the pedon concept for Vertisols:
consociations or complexes?
WILDING L.P.(l). KOVDA I.V. (2), MORGUN E.G. (3) and WILLIAMS D. (4)
(1)
(2)
(3)
(4)

Soil and Crop Sciences Dept., Texas A&M University, College Station, TX 77843, USA
Institute of Geography, Staroinonetny 29, Moscow 109017, Russia
Department of Soil Science, Moscow State University, 119899 Moscow, Russia
USDA-Natural Resource Conservation Service, Retired Soil Scientist, Mansfield, TX 76063,
USA

Spatial diversity is a characteristic of all soils, but in Vertisols with high physical activity
remarkable close-interval microvariability corresponds to gilgai microrelief, oscillatory subsoil
hori/onation, contorted or interrupted soil layers, diverse vegetative communities, and complex
hydrology. In Soil Taxonomy the pedon was established to accommodate such cyclic spatial
diversity and interrupted horizons which occurred within lateral distances of 7 m or less; the
dominant soil condition within 1/2 of the cycle (3.5 m) is called a consociation representing a single
taxon. However, when the cycle was >7 m, then a soil complex of two or more taxa is recognized.
This rather arbitrary concept of the pedon has not fostered comprehensive soil investigations,
enhanced understanding of pedogenesis, nor elucidated better interpretations of soil behavior, use
and management. A common question is which component of the pedon should be sampled and
characterized to represent the soil body. The concept of a pedon as the sampling unit should be
reappraised and revised to encompass the variability within a constant area, e.g. 1 m2. Such a
revision would provide a sampling design for Vertisols similar to other soils that are less spatially
variable. Present understanding of pedogenesis and soil behavior in Vertisols demonstrates the
importance of verifying spatial variability in physical, chemical, and biological attributes over short
lateral distances. If the pedon were redefined as a constant-area sampling unit, then mapping and
classification of Vertisols would be based on the distribution and composition of contrasting soils
within the gilgai cycle, independent of periodicity. In many cases, a complex of two or three soils
of different taxa would correspond to different gilgai elements, e.g. microhigh, intermediate or
slope, and microlow. This is in fact what is currently done for regulatory uses of Vertisols, such as
hydric soil identification and delineation for wetland assessments. In cases where Vertisol
microvariability is less expressed, then the soil would be described, sampled, and mapped as a
consociation. The revised concept of a pedon could be analogous to a unit cell of a crystal. The
unit cell is the smallest volume that accommodates all of the atomic spatial diversity and can be
repeated in space. The pedon would be the smallest sampling unit of a soil that could accommodate
surface and subsurface microvariability and be repeated in space. Such a revised concept would
serve to standardize the sampling protocol of all soil orders whether they exhibit high spatial
microvariability or not. It would further enhance the accuracy and completeness of characterization
databases, and guard against over-representation in sampling a given taxon for the series concept,
e.g. microlows of Vertisols.
Keywords: microvariability, sampling unit, classification, database
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The characteristics of Inceptisols with placic horizon
in Shang-hsing Mountain of Taiwan
W l Sen-Po and CHEN Zueng-Sang
Graduate Institute of Agricultural Chemistry, National Taiwan University, 1, Sec. 4, Roosevelt
Road, Taipei 106-17, Taiwan
Three pedons of Inceptisols with placic horizon were selected to study the characteristics and
genesis of subalpine forest soils in Shang-hsing Mountain in Man county, northeastern Taiwan. The
slope of forest soils in the study area ranged from 20 to 60%, elevated from 1,500 to 2,300 m, and
derived from interstratified shale and slate of the late period of Quaternary. The vegetation types
are dominated by red cypress (Chamuecyparis formosensis and Taiwcmia ayptomerioicles). The
annual rainfall is about 3,000 mm and mostly fall from April to October. The soil moisture regime
is perudic and the soil temperature regime is mesic. Three Inceptisols with placic horizon were
classified as Lithic Dystrudept based on USDA Soil Taxonomy. The thickness of the placic
horizon of three pedons ranged from 20 to 50 mm. Clear eluvial and illuvial pedogenic processes
were observed by the bleached albic (E) horizon and the underlain placic (Bs) horizons shown on
the changes of soil color, texture and chemical compositions. Bifurcated iron pans occurred mixed
with dense plasma within the placic horizon. Redoximorphic features arc the evidence of wetness
and developed by leaching and translocation of iron and manganese. The maximum contents of
iron formed in the placic horizon. The genesis model of the placic horizon of subalpine forest soils
in the study area was proposed as the results of cycling of reduction and oxidation processes
associated with various favorable hydrological conditions, caused by high rainfall and cool
temperature. Under reduced conditions, ferrous iron complexed with organic matter in the albic
horizon, then the organo-Fe complexes were translocated vertically into the lower horizon and
consequently re-oxidized and precipitated in this horizon under a oxidized condition after drainage.
In addition, downward movement of uncomplexed ferrous iron in soil solution also has the
contribution on the formation of placic horizon.
Keywords: Inceptisols, placic horizon, subalpine forest soils, redoximorphic features, genesis
mode
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