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Practices (Introductory Remarks) Sanchez P. A (USA)
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SYMPOSIUM ON CHANGES IN SOIL PROPERTIES AS RELATED TO VARIOUS
MANAGEMENT PRACTICES: INTRODUCTORY REMARKS
*P.A. Sanchez*
*North Carolina State University, USA
Long-term changes in physical, chemical and biological soil properties
imposed by management practices are of s i g n i f i c a n t importance to
s u s t a i n a b i l i t y of crop production and the ecosystem as a whole. This
symposium brings together case histories selected primarily because of t h e i r
long-term e f f e c t s . The f i r s t paper addresses the long-term effects of
residue return and t i l l a g e practices on degraded U l t i s o l s of humid
temperate regions. The second paper focusses on the effects of water
management on low productivity paddy soils of China. The t h i r d one on
Vertisols f o r rubber production. Finally compaction of Andisols i s dealt
with in the last paper. There are important methodological considerations
about how long-term experiments are designed. Comments on t h i s issue are
welcome at the discussion session.
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M O D I F I C A T I O N OF SOIL C H A R A C T E R I S T I C S OF D E G R A D E D SOIL
S U R F A C E S BY B I O M A S S I N P U T A N D T I L L A G E A F F E C T I N G S O I L
WATER REGIME
R _ 1 _ R J _ _ B r u c e * , G. W . L a n g d a l e * , L. T . W e s t * *
*" Ü S D A - A Ï Ï S , W a t k i n s v i l l e , G A . 3 0 6 7 7 , U S A
** U n i v e r s i t y o f G e o r g i a , A t h e n s , GA 3 0 6 0 7 , USA
Cr op pr o d u c t ion pr acti ces have deg r a d e d t he s urfa e e soil s on
l a r g e area s , a n dprod ucti vity com m e n s u r a t e w i th el imate is not
b e i n g real i z e d . Deg r aded sur face soi Is c h a r a c t e rist i c a 11 y
p r o d u ce hi gh amo unts of r unof f, a re 1 ow in o r g a n i c matter a nd
b i o 1 og i c a 1 acti v ity, and show ess e n t i al p l a n t nu trie n t insu fficie
nci es . The 10-y ear stud i es r e p o r t e d b y B o r st e t al (1 945)
and L al (1 976a, 1976b , an d 19 81) uni q u e l y de sen' be t he
d e g r a d a t i on of s oil s urf a ces i n 0 h i o , USA an d lb adan , Ni ger ia,
r e s p e c t i v ely.
e i n org ani c ma tter
T he ne arly exp onen tial d e c 1 i n
w a s a c c o m p a n i e d by de cl i ning corn y i e Id. Al thou gh s oil e r o si on
m a y b e r e s p o n s i ble fo r th e de grad ati o n t h a t exi sts i n many crop
produ c t i o n a r e a s , i na
ppro pri ate c rop p r o d u c t i on proc edures have
had a g r e a t effe ct.
If p 1 ant nut r i ent d e f i cienc ies are
c o r r e c t e d , soil water reg ime i n t he m ajor zo ne o f ro oti ng
becom es th e prim ary 1 imi tati on to c r o p produ ctio n. For cro
produ c t i o n depen dent on r ai nf all , it is esse nti a 1 th at
infil t r a t i on pro ceeds at maxi mum p o s s i ble rate f o r t he dura tion
of ea ch ra infall even t. Bruc e e t a l . (1987) hav e em p h a s i z ed
i nf 1 ue n c e s of so il ch arac teri stic s u p on crop per form a n c e ,
parti cu 1 arly the rel a tion of soil o r g an i c matter and s o i l
aggre g a t i on , in the s urfa ce 2 0 mm , to i n f i 11rati on.
Boyl e et
a l . ( 1989) have cone 1uded tha t e a r b o n r e t u r n ed t o th e soil is,
"a ne cessa ry exp ense that i nsures a s u s t a i n able harv est."
A prima ry obj e c t i ve of th i s st u d y w a s t o meas ure the soi 1
organ i c ca r b o n , a g g r e gate sta b i 1 it y , soil w a ter regi me ,
infil trati on a n d e r o d i b i 1ity a s s o ci a te d w i t h sei ecte d crop
b i o m ass in p u t s a nd ti H a g e ov e r a fiv e y e a r peri od o n a ran g?
of er osion c l a s s e s .
MATERIA L A N D M E T H O D S
Treat ment C o n s i de r a t ions :
In the P i e d m ont of the So u t h e r n Appa1 a ch i an mou n t a i ns Ceci 1
and a s s o c ia t e d s oil s e r i e s (clayey , kaoli ni t i c , t he rm i c Typic
Kanha pi u d u l t s ) o ccupy a m a j or area of the re g i o n and w e re
sei ec t e d f or thi s stu d y . T h e exper i m e n t a 1 s ites we re 1 ocated
near W a t k i n s v i 11e, GA . (83° 24' W 33° 5 4 ' N) on a 1 and area
that had e x p e r i e need a v a ry in g int ens i ty of crop c ul t u r e for
about two c e n t u r ies . For th is exp e r i m e n t si i g h 11 y (El)
m o d e r ately (E2), and severel y (E3) e r o d e d si tes , a ccord ing to
cri te ri a o f USA D e p t . of Agr i c u 11 ur e , Soi 1 C o n s e r v a t i o n S e r v i c e
(Soil Surv ey Sta f f , 1 981) , w e r e id e n t i f i e
d w i thi n a r a d i u s of
about 0.3 km on s 1 opes of < 2 , 3 t o 4 a n d 6 to 8 p e r c e n t,
respe c t i v ely, ne ar th e top o f t h e 1 a n d s c a p e .
In t h i s e x p e r i m e n t t h e m ean Ap hori zon of t h e El , E 2 and E 3 s i t e s h a d a
thick ness of 0.2 5, 0. 15 and 0.09m, r e s p e c tiv e l y ; a c l a y c o n t e n t
of 6, 11 a nd 19% , resp e c t i v ely.
T he El a nd E2 s i t es ha d thin E
or BE hori zons s ubjac e n t t o the Ap h o r i z on . T h e B t h o r i z o n s
under lying the A p o f E3 a n d the BE a n d E hor i z o n s of El and E2
h a d e lay c on tent s ran g i n g b e tween 4 0 a n d 5 5 %
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T he re a 1 i zatio n of s y n e r g i s m a m o ng th e agen ts CO ntri b u t i n g
to t he st a t u s of soi 1 s u r f a c es r e q u i r e s that a d e g r ee o f
sync h r o n iz a t i on o f cro p b i o m a s s p r o d u c t i on act i v i t ies w i th
imp o r t a n t cli mate char a c t e r i s t i e s b e a c h i e v e d . A v e rage
rain fall , p o t enti al ev a p o t r a n s p i r a tion ( E T ) an d sol ar r a d i a t i o n
data a r e s h o w n i n Tabl e 1 fo r s e i e c ted p e r i o d s of t he y e a r .
The s u m m e r p e r i od 1 s r a i n f a 11 d e f i c i e n t a n d th e wi nter p e r i o d
has rai n f all i n e xcess of ET
Temp e r a t u re a n d sola r ra d i a t i o n
1 eveIs du r i n g the wint er off er the o p p o r t u n i ty for sign i f i c a n t
crop bi om a s s prod u c t i on whi ch may b e u s e f u 1 in m o d e rati ng
soil - w a t e r re gime s d u r ing t h e summe r p e r i o d . The b i omass g r o w n
i n t he wi n t e r may be t reated as sim p l y a s o u r c e of orga ni c
m a t t er an d b e 1 nc o r p o r a t e d into the s u r f a c e so 11 by til l a g e o r
i t m ay be u s e d a s a su rf ace m u l c h 1 n a n o - t i 1 1 age c u 1 ture a n d
be i n c o r p orat ed b i o 1 o gi cal ly.
If the la t t e r p roced ure 1 s
adop ted t he n egat i v e effects of ti 11 a g e a r e el imi na ted a n d t h e
effe ets o f th e bi o m a s s are c o n c e n t r a t e d v e r y n ear t he s oil
surf ace.
Add i ti onal ly , the selecti on of c r o p speci es
comb i n a t ions i s i m p o r t a n t , p a r t i c u 1arly from t he vi ewpo i n t o f
effe et i v e cli mate u t i l i z a t i on a n d s equen c i ng of leg umes a n d
non- 1 e g u m es.
Table 1

R a i n f a l l , t e m p e r a t u r e , solar radiation and
e v a p o r a t i o n p a t t e r n s for W a t k i n s v i l l e , G A , USA,
M e a n A n n u a l Rai n f a l 1
1252 mm
Mean Annual Temperature
17C
Mean Annual Evaporation
1564 mm
Winter
Summer
Nov-Mar
Ma^-Se_£t
Apr
Oct
116
96
122
Rainfall, mm/month
69
36
117
Potential ET, mm/month
94
64
542
Solar R a d i a t i o n , ly/day
902
610
875

Air Temperature
Mean Number of days

£ E £ V £ 0c
' 21T

above_-2_ L 2C
240

above_24_ L 4c
264

I n th is stu dy th e tre a t m e n t s t h a t w e r e a p p 1 i ed o n a 11 three
eros i on el asse s were - 1 ) grai n s o r g hum (S o r g h u m bi col or L .
Moen ch) n o - 1 i 11 -pi anted i nto c r i m s o n clove r (Tri f o 1 i u m i n earn atum L . cv Tibb ee) , (NT+CL )G. 2 ) grai n sorg h u m pi anted
i nto a d i s c - h a rrowe d see dbed f rom wi nter f al1ow, CTG. 3)
soyb eans [Glyc i ne m ax (L . ) Merr.] Pi anted i nto a disc- harrowed
seed bed from w inter fall ow, CT S. Ea ch of these treatm ents was
appl i ed with i rri ga ti on of the summe r crop (I) a nd wit hout
i r r igati on (Io )•
F urthe r part i c u 1 a rs of c rop cu 1 ture and
e x p e rime nta 1 d esi gn are descri b e d b y Langd ale et al. ( 1 9 9 0 ) .
The I tr eatmen ts re c e i v ed w a t e r b y d rip i rr i g a t ion whe n the
soi 1 -wat er-pre ssu re p o t e n t i a 1 at 0.2 2 m re a c h e d 0.03 M Pa and l n
a n a moun t suff i c i e nt t o m a i n t ain the press u r e p o tenti a 1 at 0 45
m be twee n -0.0 05 an d - 0 . 03 M P a
Rai nfall , d u r i n g the critical
peri od o f 6/18 to 9 /19 f or t h e summe r crop s , v a r ied be tween 238
and 434 mm eac h yea r of the ex p e r i m e nt.
T he q u a nti ty of stover
and grai n prod uced on ea ch t r e a t m e n t was m e a s u r e d annu ally for
five yea rs .
Soil Mea sureme nts :
S oil- water p r e s s u r e p o t e n t i a l was m e a s u r e d at least three
ti me s pe r week at 0 . 2 2 - and 0.45- m d e p t h s on all i r r i g a t e d
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treatmen ts b y tensiometers and on nonirrigated plots at 0.1,
0.25, 0. 5 0 , 1.0 and 1.5-m depths by electrical resistance
At the end of the fourth year and fifth year of
gypsum b lock s.
treatmen t so il samples were taken at 0 to 15, 15 to 30 and 30
to 8 0 mm for soil carbon, water stable aggregates and particle
Soil carbon content of crushed air-dry
size d e termi n a t i o n s .
sample s, pas sing a 2-mm sieve, was determined by dry combustion
Water stable aggregates was
at 1370C wit h infrared detection.
de t e rmined b y placing a 5-g sample of air-dry aggregates,
passing a 4. 76-mm sieve and retained on a 1-mm sieve, on a 250
um sieve and oscillating for 5 minutes in distilled water,
C o r r e c t ! ons for primary particles >250 um were m a d e .
Particle
size ana lysi s was done by hydrometer method (Gee and B a u d e r ,
1986) .
Infil trat ion , ril 1 an d interrill erosion was measured by
Simulated
rainfall s imulat ion on n onirrigated treatments.
on the
rainfall int ens i t y was m a inta ined c onstant at 50 mm h
test sur face for 60 min .
RESU LTS AND DIS CUSS ION
T he t reat ment s pr oduc ed a c ons ider ab le range in quantity of
pe r year for the unirs t over a vera ging 4.9 to 12.0 Mg ha
-1
riga ted plot s an d 7. 8 to 15. 8 Mg ha
P er year under irrigat ion (Ta ble 2 ) .
Of the cumu latIve. s t over yields for the
(NT+ CL)G tre a tme n t a bout 30 Mg ha
was crimson clover with
abou t an equ a 1 q uan t ity of g rain so rghu m stover on the
noni rrig a ted pi o t s and a bout 40 Mg ha
of grain sorghum stover
on t he i rrig a ted p lo ts . Acr oss all tre atments, the slightly
er od ed ( El) plot s y ie ld ed si g n i f i c antly less stover than the
mode rate
E2) and s e verely (E3) e rode d plots i.e. 49.4 vs
54.6 Mg ha
bly-{
T he i rrig a t ion re spo nse across erosion classes
is m easu red by ( I-Io )/Io and Ind ica t e s CTS > CTG > (NT+CL)G.
Table

2.

Culture
CTS
CTG
(NT+CL)G

Cumulative stover yields as a function of erosion
class and crop culture over 5 years (1983 to 1987,
inclus ive) .
Cum . Annual
Mean
E2
Mean
(I-Io)/Io
EJ.

P-l

Io
I

43. 3
74. 1

33. 7 Mg ha
53.
3
80.9
81.3

43. 4
78. 8

8. 7
15.8

0.816

Io
I

2 2.5
35. 1

2 4.5
43.6

26 . 2
38.0

24.4
38.9

4.9
7.8

0.594

Io
I

54.5
66.5

66. 1
78. 3

58.9
70.5

59. 9
71.7

12.0
14.3

0. 197

In the 0 to 15 mm soil depth the soil carbon content ranged
from 0.7 to 4.1% in the fall of 1986, 0.64 to 3.1% in March
1988 and indicated a significant effect of irrigation, crop
culture and erosion class.
For all erosion classes, the
(NT+CL)G treatment had a significantly greater soil carbon
content than CTG and CTS which were not significantly different
(Table 3 ) . Soil carbon increased significantly with severity
of erosion for the (NT+CL)G treatment; E2 and E3 erosion
classes were not significantly different for the CT treatments
although significantly greater than El.
For a given crop
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cul tu re, s oil c a rbon lev els g e n e r a l l y lncrea se as c lay c o n t e n t
i ncre ases , as oc curs wit h i ncr e a s i ng e r o s i o n on the s e s o i l s .
The c r o p e ulture treatme nts d 0 n o t sh ow an e ffect o n soil
carbo n lev el bel ow 15 mm on E 1 and E2 a 1 thou gh an i n c r e a s e i s
shown for (NT+CL )G on E3 . Da ta at de pths of 15 to 30 and 30 to
80 mm show that the (NT+ CL)G t r e a t m e n t affec ts soil c a r b o n
1 eve! to a great er depth than CTS and CTG pa r t i c u 1 a
rly on E 3 .
The a dditi onal b iomass p roduc ed by ir r i g a t i on d o e s not a f f e c t
soil carbo n bel o w 30 mm. The 1 arge q u a n t i t y of soy bean biomass
produ ced u n d e r i r r i g a t i on, i .e. 7 8 . 8 Mg h a " 1 , w h i c h was g r e a t e r
than that produc ed by (N T+CL) G under i r r i g a ti o n , ha s a f f e c t e d
soil carbo n cont ent less than 39 Mg h a " 1 o f grain s orghum
bi oma ss fr om CTG treatme nt. The spec i es o f plant b iomass as
wel 1 as qu anti ty is esse n t i a 1 i nforma t i o n in determ i n i n g
conse quenc es to soil sta t u s a n d c o n d it i o n s .
T a b l e 3.

E f f e c t of crop c u l t u r e ( 1 9 8 3 - 1 9 8 7 i n c l u s i v e ) upon
soil carbon c o n t e n t in 0- to 15-mm soil d e p t h .

CuTture
CTS
CTG
(NT+CL)G
Mean
Io
I
*
T

El

A* O^bf
A
B

0.68b
1.84c
1.06

E2

E3

A 1.22a
A 1.34a
B 2.32b
1.63

A 1.05a
A 1.31a
B 2.96a
1.77

Mean
0.98
1. 11
2.37
1.42A
1.55B

Means in a given column preceded by a common letter, or
means on a given row followed by a common letter are not
significantly different at 0.05 probability level.

In the fall of 1986 after four summer c r o p s , samples at 0 to
15 mm showed percent water stable soil aggregates to increase
in the order (NT+CL)G > CTG > CTS and irrigated plots were more
stable than nonirrigated (data not s h o w n ) . Water stable soil
aggregates also increased in the order E3 > E2 > El.
Samples
from March 1988 indicated a similar trend except for reversal
of CT treatments (Table 4 ) . At 30 to 80 mm depth there was
still a significantly greater stability of soil aggregates
under irrigation than under no irrigation for CTS and CTG
treatments but not for (NT+CL)G.
This suggests that soil
carbon alone does not account for variation in water stability
of soil aggregates because soil carbon levels were similar at
this depth. the aggregate stability at 30 to 80 mm under
treatment (NT+CL)G was significantly greater than CTS and CTG
which were similar.
The soil water regime at 1- and 1.5-m depth for rainfall
dependent grain sorghum was not affected by treatment. At 0.1,
0.25 and 0.5 m there was a significantly greater number of days
during each grain sorghum season when the soil-water- pressure
potential was >- 0. 1 MPa in the (NT + CL)G treatment than in the
CTG treatment. The number of days with >-0.1MPa soil-waterpressure potential have been divided by measurement period each
year and expressed as a fraction of that period in Table 5.
The effect of culture upon soil water regime was greatest for
the slightly eroded site and although persistent was least
VI—7

Table 4.

Effect of crop culture (1983-1987 inclusive) on
three erosion classes upon water stable aggregates
from 0 to 15 mm soil depth in March 1988.

ÜuTture"

El

E2

E3

Mean

CTS
CTG
(NT+CL)G
Mean
Io
I

60.6
50.0
87.0
65.9B*

58.9
59.3
88.1
68.7AB

65.5
64.4
90.8
73.6A

61.7B*
57.9C
88. 6A
62. 9B
75.9A

Means followed by a common letter in a given row or
column are not significantly different at 0.05 probability
level.
for the severely eroded site. Cumulative grain sorghum stover
and grain yields responded to this difference in soil water
regime by showing a greater response to irrigation for CTG than
for (NT+CL)G (Table 2 ) .
Table 5.

Fraction of measurement period* that soil-waterpressure potential was greater than -0.1 MPa in 0.5-m
depth on three soil erosion classes for two grain
sorghum cultures.
Cu1ture
CTG
(NT+CL)G
Difference

*

El

E2

E3

0.35
0.61
0.26

0. 18
0.42
0.24

0.35
0.43
0.08

Average period of measurement was 80 days between June 30
and September 17. Numbers are means for 5 y e a r s .

The modifications in soil characteristics previously
described were integrated by the process measurements of
infiltration and soil erosion.
Interill and rill erodibility
on CTS and CTG treatments were similar and more than twice that
on (NT+CL)G.
In Table 6 the infiltration rate after one hour
of rainfall at 50 mm h~ on the (NT+CL)G treatment was about
Table 6.

Infiltration rate after one hour of s imulated
rainfall for three crop cultures with and without
surface residue in M a r c h , 1988.

CTS
With residue
Without residue

32.0A*
23.8C

CTG
mm h'
35.7A
22.3C

|NT+CL)G
49.7B
46.3D

Numbers followed by the same letter in a given row are not
significantly different at the 5% level of probability.
4 7 % greater than either the CTS or CTG treatments with residues
in place and 100% greater with residues removed. The effect of
crop culture on infiltration was not affected by erosion c l a s s .
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It is r e m a r k a b l e t hat the a g g r e g a t e s t a b i1i ty f o r t he (NT+CL)G
t r e a t m e n t in the 0 - to 15- mm so il de p t h w as 4 4 a n d 5 3 % g r e a t e r
than CTS and C T G , r e s p e c t ively (Tabl e 4 ) . T h e m a i n t e n a n c e of
i n f i l t r a t i o n rate wi t h o u t r e s i dues o n the ( N T + C L ) G t r e a t m e n t
r e f l e c t s a signifi c a n t m o d 1 f i c at i o n of su r fa c e soil
c h a r a c t e r i s t i c s th at c a n s u s t a in t h e proc e s s .
A s a r e s u l t , the
m a j o r root zone wa s m a i n t ai ned at a h i g h er m a t r i c p o t e n t i a l by
i n f i l t r a t e d rainfa 1 1 . T h e mul c h e f f e c t o f s u r f a c e r e s i d u e s m a y
f u r t h e r e n h a n c e th e soil w a t e r s t a t u s.
SUMMAR Y A N D C O N C L U S I O NS
T his s tudy has shown th e rel ati ve d i f f e r e n c e in i n f i l t r a t i o n
rate afte r five ye ars that has r e s u l ted f rom a p p l y i ng three
crop cul t ures that have in cl u d e d c r o p b i o m a s s a n d t i11 age
vari abl es
An imp roved so il w a t e r r e g i m e in t h e ma j o r root
zone refl e c t e d i n cr e a s e d in f i 11r a t i o n o f rai n f a l 1 . M a i n t a i n i n g
crop res i dues on t he soil s u r f a ce wi th no t i l l a g e w as c l e a r l y
m o r e e f f e cti ve tha n a disc - h a r r ow pr e p a re d s e e d b e d in c r e a t i n g
i th at su s t a i n i n f i 1 t r a t ion and
soi 1 surf ace chara c t e r i s t es
T h e e f f e c t of q u a n t ity o f c r o p bi o m a s s
redu ce er odi bi1i ty
upon soil carbon 1 e v e l a n d a g g r ega te s t a b i1i ty at a given soil
dept h was d e p e n d e n t u p o n s oi 1 t e x t u r e , e r op s p e c i e s and
till age.
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EFFECTS OF IRRIGATION AND DRAINAGE ON PROPERTIES OF THE
WATELOGGEÜ PADDY SOIL WITH LOW YIELD
Juemin Liu,Yuanyuan Li and Yangzhu Zhang
(Hunan Agricultural Col lege,Changsha.China)
Waterlogged paddy soil is a major type of the paddy soil with
low yield in southern China.The area was estimated to be about
7,333,000 hectares prelimiarily, which distributed widely at the
low valley of hills and mountain areas and the inland lake margin.
(Ding J.M.,1988).The gleyey paddy soil was the paddy soil with low
yeild which had the largest area.and there were 867,000 hectare in
Hunan province, acording to the related staristical data, which
occupied 31.7% of the total paddy soi-1 and 80.9% of the paddysoil with low yield.(Luo H.L..1984).
Researchers in IRRI studied submerged paddy soils extensively
and closely, including physicaland and chemical properties of
paddy soils and fertilization techniques and water management of
rice plant, and so on. Many workers such as Yu Y.R. et al in China
(YU T.R. and Liu Z.G., 1964. and Yu T.Red.. 1985) and F.N. Ponnam
-peruma (1959 and 1979.) in Sri Lanka performed plenty of
studies on nature of poisonous substance in waterlogged paddy
soil. Many other workers in rice-based cropping area of southern
China such as Guangdong, Fujian. Jiangxi and Jiangsu Province, and
Nanjing Soil Science Institute performed a great deal of research
on drainage by ditching and transforming waterlogged paddy soil.
Researchers in Hunan Province studied the improving techniques by
the fixed-location experiment of gleyey paddy soil, and the
significant effects were showed. (Cheng Y.S..1983! The Division of
Soil Science of Hunan Agri.S.I.,1983.and Research Section of Soil
Sei. of Hunan Agri.Cd.1982)
In recent years, our researches also showed that it was the
radical measure of transforming waterlogged paddy soil and raising
rice yield that the drainage system of the underdrain, the open
furrow or the combination of the openfurrow and the underdrain was
installed because the waterlogged paddy soil was irrigated and
drained reasonably and the surface runoff and soil waterlogging
were eliminated. (Liu J.M.and Li Y.Y.,1985)
Materials and Methods
In 1981-1987, the fixed-location experiment of
ditching
in waterlogged paddy field, the water management experiment of
different ways of irrigation and drainage.and cultivation experi
-ment of field surface furrowing and making ridge were carried
out. The fixed-location experiment of drainage by ditching was
performed in Changsha County, Hunan province. The experiment soils
were the eight lumps of the paddy soil with the blue mud horizon
(clayey loam soil) developed from Quarternary Red Clay in a valley
of a low hill. Of which,the upper lump lies below a water pond,the
lowest lump lies by a small stream. The open furrow was excavated
arround the paddy field,the longitudinal underdrain below the field
center,and the transverse underdrain were installed by the torren
-tial well.The underdrain had the depth of 0.75-1.00 meter and
was built with bricks into the "door"structure.Three observation
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well of water discharge was built along the longitudinal underdrain.
20 observation sites of ground water level was installed on the
experiment fields actogether.In addition, the check experiments of
only ditching the underdrain and no-ditching were performed at
similar sites in Changsha County ( the paddy soil with blue mud
horizon ) . The fixed-location experiment of drainage by an open
furrow was performed in Lingling County,Hunan Province.The experiment soil was the paddy soil with the blue mud horizon developed
from limestone. Main furrow had the depth of 1.2 meter,and branch
furrow,0.6 meter.
The water management experiment of different ways of irrigation
and drainage was also performed in the same site of Changsha
County.The field was irrigated and drained according to the designed way in the whole growth period of rice plant, and reductive
matter of soil samples taken at different growth periods was deter
-mined.
The cultivation experiment of field surface furrowing and
making ridge was performed in Shaodong County,Hunan Province.The
check treatment was the common culture way of no furrowing and no
-ridging.The ridge width was 2-3 meter,the furrow between ridges
about 0.17 meter,and the furrowing depth, 0.17-0.20 meter. The
experiment soil was paddy soil with a blue mud horizon developed
from Quarternary Red Clay.
Determinations of soil physical and Chemical properties were
made according to the routine methods recommened in China.
Experiment Results
The effects of irrigating and draining reasonably on soil
porpertices of waterlogged paddy soil with low yield are shown as
follows.
1. Eliminating Surface-waterlogging. Lowering Ground water
Level, and Enhancing Water Seepage and Percolation (SP) in Soil
Profile.
The results of the fixed-location experiment of combination of
an open furrow and an underdrain showed an excellent effect of
draining. According to several year observations, the underdrain
maximum discharge appeared in middle and late Apri1,the observation
well of the underdrain exit on the lowest lump of paddy field had
the maximum dischatge of 1,310 ml/sec.; the minimum discharge
appeared on the late period of paddy field drying, and was 104.8
ml/sec.
According to the observation results at the fixed-location
experiment of combination of an open furrow and an underdrain,the
groundwater levels of all paddy fields could lowered 20-65
centimeter in average in one year after ditching underdrain.After
the open furrow was excavated in the blue-gleyey mud paddy soil
(clayey) developen from limestone, according to four year obserations. the groundwater levels at the distances of 15,25 and 35
centimeter far from the open furrow were in average lowered by
39-52.26-41 and 22-34 centimeter.respectively .
The seepage and percolation discharge increased signigicantly
after ditching.lt was observed for the blue mud paddy soil that
the discharge for the underdrain area during the early rice growth
period increased by 0.065-0.383 cm/day compared with that of
the no-ditching area(-0.031 cm/day);that of the underdrain area
during the late rice growth period increased by 0.270-0.279 cm/
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day compared with that of the no-ditching area (-0.242 cm/day).
2.Improving Soil Aeration and Raising Soil Temperature
Ditching and draining promoted alternative dtying and flooding,
and therefore, improved soil aeration and raised soil temperature.
According to the determination results for the blue mud paddy
soil, soil volume weight in the underdrain area increased from
original 0.98 g/ctn3 to 1.05-1.12 g/cm3; soil aeration pore
percentage of the plough layer in the underdrain was 3. 94.W, and
increased by 0.34% compared with that in the no-ditching area
while that of the plow sole in the underdrain area increased by
0. 69%. During the period from late April to late May, soil
temperature of the plough layer at the depth of 10 centimeter for
underdrain area was 0.1-0.9*C higher than that in the no-ditching
area, and that of the plough layer at the depth of 15 centimeter
was 0.3-0.8'C higher than that in the no-ditching area.
3.Ameliorating Soil Redox Status and Decreasing Soil Reductive
substance
Prolonged waterlogging of the waterlogged paddy soil with low yi
-eld deteriorated soil physical and chemical properties, and
decreased soil ferti1ity.Intensive reductivity of it. especially
in the plough layer.was one of the main reasons for its low yield.
Irrigating and draining reasonably, or taking the cultivation
measure of furrowing and ridging could greatly ameliorate soil
redox status and decreased reductive poisonous substance.According
the results of the water management of different ways of irrigation
and draining.soi1 reductive substance.water soluble Fe.exchangeable
Fe (pH7.0 INNH4Ac).and extractable Fe (0.25M Al2(S04)3(pH2.5))cont
-ent all decreased significantly after soil draining and drying
(Table 1).
Table 1 Effects of Irrigating and Draining Reasonably on Soil
Substance (Changsha.1983)
RS/ (m.e/lOOg)
Water
ExchangeExtractTreatment
ARSx
TRSX Soluble Fe
able Fe
able Fe
May/30July/2 May/30 July/2(mgFe/100g)(rngFe/100g)(mgFe/lOOg)
DDWLX
2.32 3.41
2.76
4.51
0.35
45.41
173.0
-SWLX-DWLX
2) SWLX-Draining -SWLX
1.47
2.53 2.03
3.27
0.08
24.30
139.3
3)SWLX'Draining-Moist
1.28
1.23 2.09
2.70
0.00
1.19
54.3
X:RS-Reductive Substance; ARS-Active Reductive Substance
TRS=Total Reductive Substance; DWL-Deep Water Layer;
SWL=Shallow Layer
4.Decreasing Fe Activity and Changing Soil Developing Process
It was observed for the paddy soil with gleyey mud horizon in
one year after ditching that the soil profile construction
changed from its original Ag-Pg G-Wg-We (0-15-30-60-80-100
cm) to A-P-W-We(0-15-30-70-100 cm).According to the deter
-minations of soil horizon samples (Table 2 ) . soil amorphous Fe
oxide content in all horizon decreased by 4.6%-6.8%,
and soil
free Fe oxide content in the lower horizons increased by 10.0!^'23.7%7. After the mottling horizon in the profiles was fromed
especially, the freeing and crystal 1inity percentage of Fe oxide
increased significantly. Total Fe oxide content in the middle and
lower layer increased by 14.6%'19.2% while that in the upper
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layer decreased. This suggested that the ferrous Fe in soil
profile migrated from the upper layer to the lower layer after
ditching and draining, and then precipitated in the lower layer,
therefore,resulting in the increase in total iron content of the
lower layer and transforming the soil genetic process of the
paddy soil with the blue mud horizon from gleying to mottling.How
-ever, it should be worth noticing that during initial stage of
draining and eliminating gleying,the reduction and leaching of iron
was accelerated to some extent,and soil whitishing process could be
made and nutrirnts leached.Therefore,the appropriate measures should
be taken to prevent these processes from taking placeCLiu J.M.
and Li Y.Y.,1985)
5.Increasing Total Microorganism Number and Soil Ferti1ity.and
Improving Nutrition Status of Rice.
According to the determinations for the micoflora of the gleyey
paddy soil with the blue mud horizon,total microorgainism number
in the no-ditching area during winter was only 4.07 million
number/g dry soil while that in the underdrain area was 12.0
million number/g dry soil. Meanwhile, soil P availability was
enhanced greatly after ditching 'and draining.Avai1 able P content
of the paddy soil with the blue mud horizon was 0.702 mg P/100g
soil before ditching,and increased to 0.851 mg P/100g soil in one
year after ditching.This was possibly related to decreasing in amo
-rphous Fe oxide content.The P retention capacity by soil decreased
after ditching and therefore the available Pcontent increased.
The ability of nutrient uptake by rice plant at the whole grow
-th stage in the furrowing and ridging area increased significan
-tly (Table 3 ) . According to the determinations for rice plant
samples taken from the gleyey paddy soil,the PjOjcontent of early
rice plant in the underdrain increased by 0. 013)M--0.049% com
-pared with that in the no-ditching area) the K^0 content
increased by 1 .34%-l .58%; the K*0 content of late rice plant
increased by 0.25%-0.87%.According to the field observation,
irrigating and draining reasonably could make rice root grow well.
The white and brown root number increased while the black root
number decreased. Also.it quickened rice ti1 lering,increased the
effective tillering of rice plant.quickened maturatio. and so
increased rice yield significantly. According to the statistical
data for many experiments in whole province, the incease in rice
yield per year was 1266.75-2625.00 kg/ hec.,increased by 11.828.15%. The expenditure for working and cost could be recovered
in about two years (The Research group of Amelioration of Gleyey
Paddy Soil of Hunan Province,1984).
Table 2. Changes in Total Fe,Free F§ and Amorphous Fe in
the Soil Profiles of the Gleyey Paddy Soil with
the Gleyey Mud Horizon before and after Ditching
Profile Horizon
TFe* ( F e ^ M
FFe* (Fei03%)
Depth
AD*
BD*
AD*
BD*
Number Number
(cm)
Ä*
Ä*
1
0-16
4.091 4.273 -0.182 2.257 2.471 -0.214
2
16-32 4.126 4.349 -0.224 2.204 2.484 -0.280
N-2
3
32-80 4.306 4.399 -0.093 2.705 2.779 -0.074
4
80-100 3.768 3.381 +0.387 2.449 1.074 +1.375
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1
2
3

015
15-30
30-80

3.270 3.570 -0.300 1.799 2.163 -0.364
3.427 3.554 -0.127 2.024 2.076 -0.052
4.010 3.498 +0.512 2.394 2.177 +0.217
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4
Profile Horizon

80-100 3.059 2.567 +0.492 1.697 1.371 +0.326
EP* (.%)
AD*
BD*

AFe* (Fea0#)
AD*
BD*

CP* ( »
AD* BD*

Aft
N-2

N-7

1
2
3
4

0.691
1.011
0.499
0.628

0.754 -0.063
0 . 8 2 8 +0.183
0.544-0.045
0 . 2 1 2 +0.416

55.2
53.4
62.8
65.0

57.8
57.1
63.2
31.8

69.4
54.2
81.2
74.3

69.5
66.7
80.4
80.3

1
2
3
4

0.529
0.556
0.497
0.376

0.536
0.584
0.533
0.285

55.0
69.0
59.7
55.5

60.6
58.4
63.2
53.4

70.6
72.6
79.2
77.9

75.2
71.9
78.3
79.2

-0.007
-0.028
-0.036
+0.091

*:TFe=Total Fe; FFe=Free Fel AFe=Amorphous Fe; EP=Freeing
Percentage; CP=CrystalUnity Percentage; A=some value
after ditching-some value before ditching; AD=after
ditching; BD^before ditching.
Table 3.
The Increase in Nutrient Uptake by Rice Plant in the
Furrowing and Ridging Area*
Growth Stage
N(%)
K(%)
?(.%)
Tillering Stage
30.0
39.4
28.9
Jointing Stage
55.2
40.8
33.3
Booting Stage
52.5
44.8
53.3
Heading Stage
96.9
67.6
77.5
*: supposing the nutrient uptake by rice plant in the check area
equals to 100%,the data in Table 3 equals to the increase in the
furrowing and ridging area
Cone 1 us ion
The major measures of irrigation and drainage for the waterlogged paddy soil with low yield are engineering measur.reasonable
irrigation and drainage,and cultivation of furrowing and ridging,
and sonon.Engineerkng measures could be taken.depending on the
micro-hydrological conditions,including ditching open furrow,
underdrain and the combination of an open furrow and an under
-drain (Liu J . M . ,1985). The underdrain in the paddy field
could be designed accroding to the height difference between
the highest point of the groundwater dynamic curve (the middle
point of the curve) and the paddy field surface, the distance
from the lowest point, at the vertical section of the underdrain
to the underdain.and the characteristic value, tga, of the ground
-water'"dynamic curve. The ways of reasonable irrigation and
drainage generally include thin water layer irrigation,moistened
irrigation.and the combination of thin water layer and intermit
-tent drying,and so on.The combination of thin water layer and
intermittent drying could be reasonably taken for improving the
waterlogged the waterlogged paddy soil with low yield.In additon,
the cultivation measure of furrowing and ridging could be used in
some conditions. However,taking the above measures of reasonable
irrigation and drainage for transforming the waterlogged paddy
soil with low yield should be combined with other measures such
as rotation of rice plant and upperland crop,selecting fine var
-iety and reasonable fertilization,and so on.

VI-14

Refences
Cheng Y.S. Drainage of Paddy Soil and Its Significance. ACTA
PEDOKIGICA SINICA. 3:215-223; 1983 (In Chinese;English Summary).
Ding J.M.On the Transformation of the Waterlogged Paddy Soil with
Low Yield. Irrigation and Drainage and Small Hydro-power
Station. 4:3-6:1988 (In Chinese)
Liu J.M. Farmland drainage for the Amelioration of Gleyey Paddy
SoiIs.Irrigation and Drainage and Small Hydro-power Station.
5:9-12; 1985 (In Chinese).
Liu J.M.and Li Y.Y. Studies on the Amelioration of Gleyey Paddy
Soil by Ditching.J.Hunan Agri.College 3:25-32; 1985 (In
Chinese;English Summary).
Luo H.L.Investigation on the Genetic Type and Distrbution of Gleyey
Paddy Soil in:The Symposium on the Studies on the Genesis and
Improving Technigues of Gleyey Paddy Soi1,1984 (In Chinese).
Ponnamperuma,F.N . Chemistry of Submerged Soil in Relation to
Rice Growth.Science Press.Beijing,1959(Chinese Translation).
Ponnamperuma,F.N.Change in Electrochemistry of Submerged Soil
in Eelation to Rice Growth in:the Symposium"Soi1 and Rice",
IRRKEditor) , 1979
Teaching and Resarch Section of Soil Science.Hunan Agri.Col.On the
Reduction Behavior of Gleyey Paddy Soil. J. Hunan Agri.
College 2:37-44; 1982.(In Chinese;Engish Summary).
The Division of Soil Science of Hunan Agricultural Science Insti
-tute. Some Preliminary Results of the Fixed-Location Experi
-ment for the Amelioration of Gleyey Paddy Soil.Hunan Agri.
S. 5:31-35; 1983 (In Chinese).
The Research Group of Amelioration of Gleyey Paddy Soil of Hunan
Province.Reports on the studies on Genesis and Amelioration
Technique of Gleyey Paddy Soil. 1984 (no Published).
Yu T.R.and Liu Z.G.Oxidation-reduction Processes in Paddy soils
and their Relation to the Growht of rice.ACTA PEDO-LOGICA SINCA.
4:389-398; 1964 (In Chinese;English Summary).
Yu T.R..ed. Physical Chemistry of Paddy Soil.Science Press.Beijing,
1985.

VI—15

CHANGES IN THE PROPERTIES OF VERTISOLS UNDER DIFFERENT
TILLAGE AND CROP RESIDUE MANAGEMENT
R.C. Dalai
Queensland Wheat Research Institute, Toowoomba, Australia
INTRODUCTION
Vertisols are among the most productive soils in semi-arid
tropical and sub-tropical regions of the world. Although these
soils are widely distributed, five countries: Australia (70.5
mha), India (60 mha), Sudan (40 m h a ) , Chad (16.5 mha) and
Ethiopia (10 mha) contain about 80% of the total estimated area
of 257 mha of vertisols (Dudal 1965). Most vertisols have high
natural fertility but long-term cultivation and cropping affect
their
chemical,
physical
and
biological
characteristics,
resulting in reduced organic matter (Dalai and Mayer 1986),
deterioration in soil structure (So et al. 1988) and lower
biological activity.
This is primarily due to changes in
temperature, soil water relations and aeration, to exposure of
new soil surfaces resulting from aggregate disruption, to reduced
amounts of organic materials returned to soil, and frequently to
increased soil erosion.
Minimum or no-tillage reduces or even reverses the deleterious
effect of tillage (cultivation) on soil characteristics and its
environment (Doran 1980). Retention of crop residue on the soil
surface with minimum or no-tillage maintains enough plant residue
on the soil surface to provide protection against water and wind
erosion, increase entry and storage of soil water, and reduces
energy use in cultivation.
However, there is a paucity of
information on the long-term effects of crop residue management
under no-tillage culture on properties of vertisols in semi-arid
tropical and sub-tropical regions. The purpose of this paper is
to evaluate the changes in soil properties in vertisols (350-750
g clay kg"1 soil) due to (i) continuous conventional tillage for
up to 70 years, and (ii) continuous no-tillage culture without
or with crop residue retention for up to 18 years.
MATERIALS AND METHODS
Two series of experiments were conducted on vertisols (very
fine, montmorillonitic, Typic Pellusterts, and fine, mixed, Typic
Chromusterts) in southern Queensland.
In the first series of
experiments, comparisons in soil properties were made in soils
under conventional tillage up to 70 years and the adjacent virgin
soils. In the second series of experiments, a field experiment
was established with cultural practices of conventional tillage
vs no-tillage, crop residue retained vs burned, and no fertiliser
N vs application of 23 and 69 kg N ha"1 yr"1. Soil samples were
collected at 13, 16 and 18 years after the initiation of the
experiment.
In both series of experiments, soil samples were
taken up to 1.2 m depth and sectioned into 0-0.1, 0.1-0.2,
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0.2-0.3, 0.3-0.6, 0.6-0.9, and 0.9-1.2 m depth intervals. The
soil properties measured were organic C anaerobic mineralisable
N (Keeney 1982), chlorides, exchangeable sodium and aggregation
index (<20 m undispersed soil fraction, Dalai and Mayer 1986).
RESULTS AND DISCUSSION
LONG-TERM EFFECTS OF CONTINUOUS TILLAGE
Soil Organic Matter
The organic matter content in a soil depends upon the relative
rates at which organic materials are added to the soil and lost
from it through decomposition that is,
Ct = C0 exp (-kt) + A/k [1 - exp (-kt)]

(1)

where C0 and Ct are the organic matter contents initially (t = o ) ,
and at a given time, t; A is the rate at which organic matter is
returned to the soil and k is its rate of loss. A/k equals Ce,
at equilibrium.
The values of C0, Ce, k and A for five vertisols are presented
in Table 1.
Both the initial organic C contents (C0) and
equilibrium organic C contents (Ce) increased with the mean
annual rainfall(480-670 mm) although increase in organic C/mm
rainfall was about half in cultivated soils after 20 years of
cultivation as compared to the virgin soils (Dalai and Mayer
1986). Thus the amount of organic materials returned to the soil
brought under cultivation and cropping decreases sharply. This
effect may be further accentuated if the crop residue is burned.
Furthermore, lower the clay contents, larger the amounts of
organic materials are required to maintain organic C contents
under similar soil management practices.
Table 1. Initial values (C0), equilibrium values (C e ), overall
rate of loss (k) and rate of addition required at equilibrium (A)
of organic C for the top layer (0-0.1 m) of five vertisols"
Soil series

Period of
C0
cultivation (t C
ha"1)

Waco clay (72)b
1-70
Thallon clay (59)c
5-23
Langlands-Logie clay (49)c0.5-45
Cecilvale clay (40)c
3-35
Billa Billa clay (34)c
0.5-25
a
c

13.71
7.52
22.07
17.51
13.64

Ce
(t C
ha"1)
8.26
4.41
7.76
10.18
8.27

k
A
(yr"1) (t C ha
yr"1)
0.065
0.069
0.080
0.180
0.259

0.54
0.30
0.62
1.83
2.14

Adapted from Dalai and Mayer (1986). b Typic Pellusterts.
Typic Chromusterts. Numbers in parentheses are the mean clay
contents of the virgin soils.
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The equilibrium values of organic C in the five vertisols
(4.4-10.2 t C ha"1 0.1 m"1) are much lower than about 20 t C ha"1
(2% organic C) considered to be a critical level for the
maintenance of satisfactory soil structure (Greenland et al.
1975), although little is known about the required organic C
levels for vertisols, especially where clay-matrix predominates
(Smith et al. 1984). Also, these organic C contents are less
than the 12 t C ha"1 (1.16% organic C) claimed by Lucas et al.
(1977) to be minimal for nitrogen supply to crops.
The rate of loss of organic C (Table 1) represents an overall
rate of loss of different fractions (Balesdent et al. 1988). The
sand-size and light fraction organic C (k, 0.11-0.19 yr"1) are
lost 3 to 7 times faster than the clay-size and heavy fraction
organic C (k, 0.03-0.4 yr"1); indicating thereby the protective
effect of clay on soil organic matter. These observations were
corroborated by carbon-13 nuclear magnetic spectroscopic studies
of these organic C fractions (Skjemstad et al. 1986). The rate
of loss of mineraiisable N (anaerobic procedure, Keeney 1982) was
also similar to that of the sand-size organic C in
Langlands-Logie soil, (k, 0.11 yr"1) with a half life of 6 years,
so that soil management requires the repeated applications of
organic materials, such as crop residue, to replenish the
sand-size or light fractions of organic matter and mineraiisable
N in these vertisols.
Aggregation index
Generally the aggregation index declined with the period
cultivation, r = -0.80**.
The effect was greater in
coarse-textured (<500 g clay kg"1 soil) than in fine-textured
vertisols.
So et al. (1988) also showed that structural
degradation of Waco clays and Langlands-Logie clays with
continuous cultivation was best measured by dispersed clay which
was significantly correlated with organic C, clay content,
exchangeable Na or exchangeable sodium percentage (ESP) in these
soils.
Exchangeable sodium percentage and chlorides
Exchangeable
sodium
percentage
(ESP)
increased
with
cultivation from 27% (59% clay) to 42% (40% clay).
Thus the
increase in ESP and reduction in organic C with continuous
cultivation would result in less aggregates and more dispersed
clay in cultivated soils. However, chloride contents generally
declined with cultivation. It is estimated that approximately
760 kg ha"1 yr"1 of NaCl equivalent salt is removed, mostly by
leaching, from the 0-1.2 m layer from Langlands- Logie clays
brought under cultivation.
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LONG-TERM EFFECTS OF NO-TILLAGE AND CROP RESIDUE
Soil Organic Matter
In a long-term tillage x crop residue x fertiliser N
experiment on a fine-textured vertisol (650 g clay kg"1 soil) used
for wheat and barley cropping, organic C levels increased with
crop residue retention and N application after 13 and 18 years
of tillage practice. Highest organic C levels were attained with
a combination of no-tillage, crop residue retained and 69 kg N
ha"1 yr"1 application (19.4 g C kg"1 soil).
The tilled soil
contained 16.6 g C kg"1 soil.
The interactive effect of
no-tillage, crop residue retention and N application on
increasing the organic matter content in vertisols contrasts
sharply with a decrease in organic matter content under an
exploitive cropping system (Table 1) of continuous tillage, and
with none or little fertiliser application.
Crop residue retention and no-tillage practice resulted in not
only an increase in organic C but also that in mineralisable N
after 13 years (Dalai 1989). Essentially similar results were
obtained after 18 years of tillage practice.
For example,
mineralisable N levels were twice in no-tillage and crop residue
retained treatment (48 mg N kg"1 soil) compared to that in tilled
and crop residue burned treatment (24 mg N kg"1 soil).
Aggregation Index
Aggregation index was significantly higher in soil under
no-tillage practices (49.1%) than that in tilled soil (47%)
(Dalai 1989). It was significantly correlated with a number of
soil properties (organic C, ESP, pH, exchangeable Na and Mg).
In this fine- textured vertisol, ESP was better correlated than
organic C with the aggregation index (Dalai 1989). Thus, ESP
(hence, exchangeable Na) significantly affect water-stable
aggregates in vertisols, and should consequently affect the
infiltration rate, and hydraulic conductivity as well (Smith et
al. 1984;, So et al. 1988).
Exchangeable Sodium Percentage and Chlorides
Soil under both no-tillage and crop residue retention had
significantly lower ESP than the tilled soil in the surface layer
(0-0.1 m) (Dalai 1989). It means that the increases in ESP with
cultivation of virgin soils can be arrested or even reduced if
the soil is managed with no-tillage and crop residue retention.
Although conventional tillage of virgin soils reduced chloride
contents and NaCl equivalent salts in vertisols, these were
reduced even further under no-tillage and crop residue retained
practice. The NaCl equivalent salts in the soil (0-1.2 m) under
no-tillage with crop residue retained were only 10-15% (0.8 t
ha"1) of those under conventional tillage with crop residue burned
(7.3 t ha"1). Also, NaCl equivalent salts in the soil profile
(0-1.2 m) were closely correlated with ESP of the surface layer
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(0-0.1 m, Fig. 1). Increased organic matter and decreased ESP
in the surface layer of soil under no-tillage may have
contributed to improved aggregation, and hence increased
infiltration and percolation of water in this fine- textured
vertisol. In addition, likely presence of a larger number of
undisturbed water transmitting pores up to the surface in soil
under no- tillage compared with the tilled soil may have resulted
in greater leaching of soluble salts.

Fig. 1. Effect of ESP of the surface layer (0-0.1 m) on NaCl eq.
salts in the profile (0-1.2 m)
CONCLUSIONS
Continuous cultivation of vertisols leads to the loss of
organic matter and mineralisable N, reduced aggregation and
increased exchangeable sodium percentage. However, exchangeable
sodium percentage and soluble salts can be reduced by the
no-tillage practice, especially when it is accompanied by the
retention of crop residues.
This is important in semi-arid
tropics where secondary salinity due to conventional tillage or
subsoil salinity may limit crop production. Moreover, no-tillage
with crop residue retention and fertiliser application can
substantially increase soil organic matter, thus reversing the
deleterious effects of long-term continuous tillage and
exploitive cropping, even in fine-textured vertisols.
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SUMMARY
About 250 mha of vertisols occur mostly in semi-arid tropical
and subtropical regions of the world. Although most vertisols
had high natural fertility, long-term cultivation and cropping
for up to 70 years resulted in reduced organic matter content,
lower biological activity
(less mineralisable N ) , less
aggregation and increased exchangeable sodium percentage. When
continuously tilled soil brought under no-tillage practice,
aggregation increased and exchangeable sodium percentage declined
in the surface layer (0-0.1 m).
Chloride contents and NaCl
equivalent salts (0-1.2 m) in soil under no-tillage were reduced
to almost one-tenth of the tilled soil; thus resulting in better
control of secondary salinity and subsoil salinity with
no-tillage practice in vertisols. Furthermore, no-tillage with
crop residue retention and fertiliser application substantially
increased soil organic matter and mineralisable N, even in a
fine-textured vertisol.
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SOIL FERTILITY CHANGES FOLLOWING LAND
CLEARING AND RUBBER CULTIVATION
Norhayati Moris and Lau Chee Heng
RuDber Research Institute of Malaysia

The tropical rainforest with its luxuriant vegetation is
Malaysia's natural heritage. However, with agricultural development to achieve economic advancement, large tracts of virgin
land are cleared to make way for plantations of rubber, oil
palm and cocoa.
Land clearing generally entails the use of heavy machinery
which will have deleterious effects on the land. This paper
focusses on the changes in the chemical and physical properties
of soil at the different stages of land preparation for the
cultivation of rubber.
Materials and Methods: Changes in soil fertility and physical status in an area, cleared of native vegetation and planted
with rubber and leguminous cover crops were monitored. The
area which is on hilly terrains and has a hectarage of 75.3 ha
is located in Phase VII of FELDA (Federal Land Development
Authority) Bukit Rökan Scheme in Gemenchih, Negeri Sembilan.
Land clearing in the area was carried out by chain-saw
felling in April 1984, burning of the felled trees four months
later followed by mechanical stacking and reburning. Subsequently, the land was terraced and planted with rubber of
clones RRIM 600 and GT 1. Leguminous covers were simultaneously established along the interrows of rubber.
Soils: The soils in the area studied are mainly of the
Durian (Typic Palaedult) and Gajah Mati (Pllnthic Palaeudult)
series. The slopes range from 28 to 54%. Only soil samples from
the area on the dominant Durian series soil are collected for
analysis.
Methods: Bulk soil samples were collected at two depths,
0-15 cm and 15-45 cm and at intensity of one composite sample
taken from 15 random points over an area of 6.3 ha. For bulk
density determination, core samples were collected.
The soil samples for chemical analysis were dried at 55°C,
ground and sieved to obtain soil with diameter <2mm. The analysis carried out include pH, organic C, total N, total and
available P and exchangeable Ca, Mg and K, according to the
methods described by Norhayati Moris and Singh (1980).
Bulk density was determined on core samples of 100cm3.
Means and standard deviations were calculated.
Humic and Fulvic acids (HA and FA) were extracted with 0.2M
NaOH, fractionated and purified as described by Norhayati Moris
and Verloo (1984). The infra red spectra of the humic and
fulvic acids were determined by a Ft-IR spectrophotometer using
the KBr disc technique.
Results and Discussion: The different stages of land preparation cause changes in soil properties. The changes may be
favourable or unfavourable depending on their nature and
magnitude.
Work by Sanchez et al (1983), Alegre et al (198ba 1986b)
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tivation.
Organic matter is an important component of soil. It contributes significantly to the exchange capacity of the soil and
is important in aggregation formation and staibility. In a
study on a group of Malaysian soils Hashim (1986) found that
soils with high aggregate stability usually have high contents
of organic matter, clay and hydrous oxides of iron and aluminium. Burning the vegetation resulted in a 19% reduction of
organic carbon present in the topsoil and h0% organic C in
the subsoil. However, burning both the vegetation and the decomposing leaf litter had no immediate effect on the chemical
characteristics of the humified soil organic matter. The
infra-red (IRJ spectra of the humic and fulvic acids extracted
from both the top and subsoils before and after the burn
(Figure 1) showed no marked differences. The high temperature
during the burning stages is not sufficient to cause significant changes or destruction of the humified soil organic matter.
A close examination of the analytical data presented in
Tables 1 and 2 showed that changes in the soil organic matter
content seemed to affect changes in the physical properties of
the soil. The bulk density of the soil increased significantly
after clearing and after burning of the vegetation. During the
process of land clearing the -soil is disturbed and stripped of
its vegetative cover. It becomes more compacted as a result of
movement of heavy machinery during mechanical stacking. The
soil surface is broken up due to uprooting of trees, exposing
the subsurface soils, thus enhancing runoff and erosion
(Hashim, G.M and Norhayati Moris, 1989). The bulk density in
the study area increased from O.81 Mg/m3 to 1.2 3 Mg/m3 in the
topsoil and 0.9** Mg/m3 to 1.27 Mg/m3 in the subsoil with forest
clearing. The increase in bulk density could also be due to
aggregate breakdown resulting from disturbance to the soil
surface and exposure to raindrops. Burning the vegetation
resulted in further deterioration of the soil physical properties. The bulk density increased further from 1.23 Mg/m3 to
1.54 Mg/m3 and from 1.2y Mg/m3 in the topsoil and subsoil
respectively.
However, with the establishment and maintenance of leguminous cover crops, soil physical properties were gradually improved. Bulk density, for example, decreased from 1.54 to 0.96
Mg/m3 within six montns after the planting of cover crops and
rubber. This condition was maintained even after 50 months of
cultivation.
Conclusion: Clearing of virgin land inevitably results in
changes in the chemical and physical properties of the soil.
Results from the study showed some of the deleterious effects
of land clearing. However, in tree crop plantation, with good
management of soil, fertiliser and cover crops it is possible
to improve the soil conditions again.
References:
o Alegre, JTC.j D.K. Cassel and D.E. Bandy. Effects of Land
Clearing and Subsequent Management on Soil Physical Properties. Soil. Sc. Soc. Am. J. Vol. 50, p.1379-1384, 1986a.
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Effects of Land Clearing on Soil Properties of an Ultisol
and Subsequent Crop Production in Yurimaguas, Peru. In:
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have described the dynamic changes in soil chemical and physical properties following land clearing and cultivation in
Yurimaguas, Peru. Some work on changes in soil properties
following land clearing in Malaysia has also been documented
(Ling, et al, 1979 and Shao, 1979). The long term effects of
forest clearing on hydrology and on some top soil properties
in specific sites in Malaysia nas also been reported by Hashim,
G.M. and Norhayati Moris (198y). It must be pointed out here
that any study on the temporal changes in soil fertility is
always limited by the inherent spatial variability of the soil
itself.
Results from chemical and physical analysis of the soil
samples (Tables 1 and 2) taken at the various stages of land
preparation showed that the soil properties are altered during
the course of forest conversion. Statistical analysis of the
data showed that the chemical and physical properties of the
soils are affected most by the 2 main events of forest conversion i.e. felling and burning (Tables 1 and 2).
Burning the felled vegetation, as expected, released considerable amounts of nutrients especially K, Ca and Mg and to a
lesser extent P. The increase in the amounts of exchangeable
K, Ca and Mg were also seen at the Subsoil level (15-45 cm),
Exchangeable K, Ca and Mg increased by 88%, 219% and b8% respectively in the 0-15 cm horizon and by 1897», 150? and 50%
respectively in the 15-45 cm horizon. Consequently the pH of
the topsoil increased from 4.1 to 4.5. However, at the subsoil
level, pH did not increase. This may be due to movement of
Al3+ down the profile as the bases K+, Ca2+ and Mg2 + released
from the ash replaced the Al3+ ions present in the aluminosilicate layers. With the slightly higher pH and higher
amounts of exchangeable nutrients present for plant uptake,
the soil is thus a better medium for plant growth. This
accounts for the farmers preference to burn the vegetation
after forest clearing.
In the scheme as in otherland settlement schemes, the
cleared land is generally left exposed to sun and rain for a
period of time before the next stage. Nutrients relesead from
the burning of the vegetation is therefore subjected to
leaching if no proper conservation measure is taken. Comparing
the levels of tne exchangeable cations I5 months after the burn
and 9 months later showed that an appreciable amount of
nutrients are lost from both the topsoil and subsoil. The loss
is most likely through leaching and runoff of the nutrients and
erosion of the surface soils. The percentage losses of the
exchangeable cations in the topsoil are 47%, 73% and 55% of K + ,
Ca2+ and Mg2+ respectively. Down the profile the losses are of
smaller magnitude, that is 42% of K + , 32% of Ca2+ and 22% of
Mg 2 +.
Rubber cultivation especially in the immature phase relies
heavily on good agromanagement practices and proper fertilisation programme. In the immature phase, 22 rounds of fertilisers are applied within 60 months (Rubber Research Institute
of Malaysia, 1987). Thus mere examination of the values of the
nutrients at the initial phase and at 50 months after planting
of rubber and cover crops alone would not reflect the chemical
changes taking place in the soil during land clearing and cul-
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TABLE 1 .

CHEMICAL PROPERTIES OF SOIL AT DIFFERENT
STAGES OF LAND CULTIVATION

Soil
property
c uu ll tt ii vv aa tt ii oo nn
stage

<
|
g

Depth
^cm^

Organic C
8 ke_1

Total N
S kg-1

Total P
E kg-1

Av P
mg k g - 1

Exch K
cmol(+)kg-l

Exch Ca
cmol(+)kg-l

Exch Mg
cmol(+)kg-3

Virgin
(0 m o n t h )

0-15
15-15

1.1(0.15)
1.3(0.13)

16.3(1.2)
6.3(1-5)

1.7(0.3)
1.0(0.08)

165(50.7)
136(11.5)

6(3-0)
3(0.9)

1.7(0.6)
0.9(0.2)

2.1(0.9)
1.0(0.1)

2.5(0.9)
1.2(0.6)

After c l e a r i n g
°6 m o n t h s )

0-15
15-15.

1.1(0.13)
i).2(0.11)

15-1(3-9)
8.8(2.9)

1.7(0.3)
1.3(0.16)

110(21.3)
118(16.0)

7(1.3)
5(1-0)

1.8(0.5)
1.1(0.1)

2.2(0.9)
1.1(0.9)

2.1(0.6)

After burning*
of v e g e t a t i o n
(9 m o n t h s )

0-15
15-15

1.5(0.57)
1.1(0.15)

12.5(3-5)
5-3(1.3)

1-5(0.3)
1.0(0.10)

112(26.2)
108(13-7)

.2(1.1)
6(1.1)

3.2(0.6)
2.6(0.6)

6.7(3.9)
2-5(1-0)

1.2(1.8)
1.8(0.7)

6 months a f t e r
p l a n t i n g of c o v e r
c r o p s and r u b b e r
(18 m o n t h s )

0-15
15-15

3-9(0.23)
3-8(0.16)

15-3(5-9)
8.8(2.9)

1.1(0.3)
1.0(0.17)

170(26.3)
119(29-0)

.0(3.1)
7(1-5)

2.0(0.7)
1.5(0.5)

1.8(0.8)
1.7(1.0)

1.9(0.8)
1.1(0.8)

13 months a f t e r
p l a n t i n g of c o v e r
c r o p s and r u b b e r
(25 m o n t h s )

0-15
15-15

1.0(0.16)
1.0(0.30)

ll.7(1.1)
11.1(3-8)

1.3(0.2)
1.1(0.20)

155(21.6)
133(9-7)

6(2.8)
1(1.2)

1.6(0.1)
1.7(0.7)

2.1(0.9)
2.1(1.8)

1-5(0.1)
1.7(1.2)

36 m o n t h s a f t e r
p l a n t i n g of c o v e r
c r o p s and r u b b e r
(18 m o n t h s )

0-15
15-15

3.9(0.11)
3-9(0.09)

11.0(3-3)
8.2(1.6)

1.1(0.3)
1.1(0.06)

155(32.3)
126(17-0)

5(1-6)
5(0.1)

2.0(0.7)
1.5(0.1)

1.0(2.0)
2.5(1.0)

2.1(1.1)
1-3(0.3)

50 m o n t h s a f t e r
p l a n t i n g of c o v e r
c r o p s and r u b b e r
(62 m o n t h s )

o-15
15-15

3-9(0.28)
3.8(0.22)

18.3(1-5)
9.0(2.8)

1.8(0.3)
1.0(0.21)

179(18.6)
138(16.8)

8(2.1)
6(1.7)

1.6(0.2)
1.3(0.5)

3.6(1.1)
1.9(1.1)

2-7(1-6)
1-2(0.7)

* S a m p l i n g was c a r r i e d
Standard deviation

is

out

l j months a f t e r

given in

the

parenthesis

burn

1.2(0.6)

TABLE 2. PHYSICAL PROPERTIES OF SOIL (0-7-5 CM AND 7-5-15 CM)
AT DIFFERENT STAGES OF LAND CULTIVATION
Soil
property
Land
cultivation

stage
Virgin
(0 months)
After clearing
of forest
(6 months)
After burning*
of vegetation
(9 months)
6 months after
planting of cover
crop and rubber
(18 months)
13 months after
planting of cover
crop and rubber
(25 months)
36 months after
planting of cover
crop and rubber
(48 months)
50 months after
planting of cover crop
and rubber
(62 months)

Bulk d e- n s i t y
Mgm 3

Porosity
(0-7 5 cm)*

Bulk density
Porosity
Mgm-3 ,_
.%
(7-5-15 cm)

0.81(0.17)

69

0.94(0.07)

64

1.23(0.17)

54

1.27(0.22)

52

1.54(0.16)

42

1.61(0.14)

39

0.89(0.10)

66

0.95(0.09)

64

1.00(0.13)

62

1.09(0.10)

59

1.08(0.13)

59

1.10(0.14)

0.97(0.12)

63

1.04(0.14)

"Sampling was carried out lj months after the burn
Standard deviation is given in parenthesis
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SUSCEPTIBILITY TO SOIL COMPACTION OF ANDO SOILS IN JAPAN
K. Soma and T. Maeda
The Hokkaido University, Sapporo, Japan
INTRODUCTION
The susceptibility to soil compaction (soil compactibi1ity)
is one of the most important pedotechnical properties, to
maintain a good soil physical conditions in an agricultural
land.
The good soil physical conditions are related to the
interactive balance between water retention and permeability.
Moreover, this balance is derived from the soil as a porous
material having many pores differing in size and shape.
Water retention and permeability are controlled by the composition of soil pores, and the composition of pores can be
changed remarkably by external compressive forces.
On the
other hand, the degree of soil compaction is due to the soil
compactibi lity which varies with the water content of a soil.
Therefore, the investigation of the soil compactibi1ity is
very important for pedotechnical treatment to maintain a good
soil physical conditions in a farm land.
We investigated, in this paper, the soil compactibility of
Ando Soils relating to the shrinkage behaviour.
METHODS
The soil samples, organic and inorganic Ando Soils, and
non-volcanic ash soils (alluvial soils) collected from Hokkaido island, Japan were used.
The soil compaction test was conducted with 2 . 5-kg rammer
and a 10-cm diameter mould using 2-mm sieved samples at varing
initial water contents.
After compaction test, the compacted
soil samples were saturated by capillary uptake from the
bottom, then the saturated hydraulic conductivity was measured
by falling-head method.
Shrinkage behaviour of undisturbed,
compacted and remoulded soil samples were investigated by
measuring total soil volume and water content during airdrying process.
The soil samples used for the measurement of
shrinkage characteristics were taken with core samplers of 5cm diameter and 2.5-cm height.
The water retention characteristics were measured by using
the pressure plate method for the same core samples as
shrinkage measurement.
RESULTS AND DISCUSSION
SOIL COMPACTION OF ANDO SOILS
Fig. 1 showed the compaction curves of organic Ando Soil
(YA) and non-volcanic ash soil (SA, organic clayey soil).
Generally, the soil compactibility varied with the initial
water content of a soil, and there was a optimum water content
at which the bulk density of compacted soil was a maximum
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value in a compaction curve.
The soil compactibility of Ando
Soils, however, was very different from non-volcanic ash soil.
When the Ando Soil without drying-wetting cycles had been
dried gradually (called drying process, DP, of compaction), a
maximum bulk density of compacted Ando Soil did not appear.
But it was found that there was an optimum water content and a
maximum bulk density in the case of wetting process, WP, of
compaction.
On the other hand, the compaction curve of a
non-volcanic ash soil had a maximum bulk density and a optimum
water content regardless of dry-wet history, and moreover, the
hysteresis in the compaction curves of drying and wetting
processes did not appear.
Though the compaction curve of a soil was expressed by
water content vs. bulk density relation under a certain external compressive force, it could not indicate the compactibility of that soil because the bulk density varied for each
soils.
COMPACTION EFFECT TO ESTIMATE SOIL COMPACTIBILITY
Generally, the compactibility of soil was estimated by the
increase in bulk density after applying an external force,
however, it was not effective for Ando Soils.
So, we have
defined the "Compaction Effect" to evaluate the soil compactibility
The relationship between water content and bulk density
produced by compaction with Standard Proctor or vibration
method was shown in Fig. 2 .
Here, Db(S) represented the bulk
density produced by compaction with Standard Proctor, and
Db(V) represented that produced by vibration method.
We considered that the bulk density produced by vibration
method was the one of the loosely packed aggregates, so the
difference of the bulk density by compaction with Standard
Proctor and by vibration method was the increase in bulk
Db
max

71
\

1.2 -

\

//
o

1.1

Db

'\

w
opt

/

\
•\

3

;A

1.2 -

max ,'T «\
/

-

vV

0.6

Vs

Saturation
Line

YA

0.7

'

'*•

opt

>>1.0

^

•

Q

SA

0.8

Ü

<

o DP

*

1.0 - • WP

a

\

•
Db

0

1
0.2

0.4

0.6

Water Content g/g

Fig.1

0.4

i

0.6

sr
O*-'*-

N

\UR

V

Db(S)
Db(V)
Db(S)
Db(V)
Db(S)
Db(V)

°-oC?- • — o * - o — o N
X

•v

• WP

at

Field-St

0.9

o

0.5 - o DP

- *-^ °

YA°
•
SA°
•

<vo
N

0.4 -

Db a t F i e l d ^
State
J
I
L
0.5
1.0
1.5

0.2

_

0

Water Content g/g

Compaction curves of Ando Soil
and non-voicanic ash s o i l
VI-29

...

I

0.5

1
1.0

l _
1.5

Water Content g/g

Fig.2

Bulk density by two
d i f f e r e n t methods

density caused by soi 1 compact ion.
We have proposed t he "Compaction Effect" to estimate the
degree of soil compac tion (i.e. soil compactibility) for Ando
Soils without dry-wet history.
Here, the "Compaction Effect'
was defined as the di fference between the bulk density by
compaction with Stand ard Proctor and that by vibration method
(Soma and Maeda 1983)
Using the "Compact ion E f feet ", A ndo Soils had a maximum
value of the "Compact ion E f feet " as wel 1 as n on- vo lcanic a sh
soils even in case of dr y ing pr oces s(Fi g. 3 ) .
The maximum value of "C ompac tion Eff eet" o f And o Soils were
from 0.2g/cm to 0.3g /cm 3 , on t he c on tr ary ab ove 0 . 4 g / c m for
So, th e "C ompa et ion Effec t" of An do
non-volcanic ash soil
Soils was smaller tha n tha t of non- vole anic a sh so i 1 , a n d
also, the "Compaction Effe et" o f inorga nie An do So ils was
relatively larger tha n tha t of orga nie ones .
The water content at wh ich t he " Comp action Effe ct" had ;
maximum value, corres ponde d to the 1-ba r wate r con tent for
Ando Soils, against 1 /10-b ar wa ter cont ent f or non -volcanic
ash soil as shown in Fig. 4.
The "Compaction Ef feet" of A ndo Soils decre ased rapidly
above 15-bar of soil suet ion , a nd a bo ve 100-ba r , i t became
nearly zero for organ ic An do So ils.
Th e "Com pact ion Effe ct"
of Ando Soils was ver y sma 11 (a bout O.lg /cm 3 ) belo w 1/3-ba r of
soil suction which wa s the fiel d-mo ist s oil wa ter regime o f
Japanese Ando Soils g ener a lly ( Maed a and Soma 1987 ).
It was considered that the d ecre ase i n "Com pact ion Effe ct"
above 15-bar of soil sucti on wa s br ought about by the irre
versible aggregation of so il pa r tic les a nd the ext reme
decrease in cohesion be twe en ag greg at es which was the char acteristics of Ando Soi Is.
When a soil was co mpac t ed, the pore space in a soil, especially macro one, dec r eased, and consequently, the permeability of a soil b ecame small (Soma et al. 1983).
A
remarkable decrease i n per meability occured near by the soil
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water con diti on a t which the "Com pact ion E ffec t" reached the
In this soil wat er r egime , we considered that
maxim urn v alue
the s oil comp ac ti on was a ccom pani ed b y rem ould ing because of
the e xces s po re w ater pre ssur e , t here fore the macro pores in a
soil turn ed t o th e micro or u 1 tr a-mic ro on es .
Th ough the "Co mpaction Eff ect" of Ando Soil (YA) was smaller t han that of a non-vo lean ic a sh s oil ( SA) in the range of
soil sue t ion abov e 1-bar , the dec reas e in the saturated
hydra ul ic con duct ivity of And o So i 1 was ve r y 1arge (Fig. 5 ) .
In th e ma jori ty o f c a s e s , the und istu r bed Ando Soils had 10
- 3 c m / s of sat urat ed hydra ulic con duct i vi ty, bu t that of the
compa cted one s at field-m oist con diti on de crea sed to 1 0 - 6 or
lCT'c m/s .
So th e satura ted hy dr auli c con duct ivi ty of conpacte d An do S oil was s imi lar to t hat of CO mpac ted non-volcanic
ash s oil.
In the wetting process of compaction, however, the
satur ated hydraulic conductivity of compacted Ando Soils increas ed a bout ten times of that in drying process because of
the a ir-d rying effect of irreversible aggregation (Fig. 5 ) .
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EFFECT OF SHRINKAGE ON SOIL COMPATIBILITY
Fig. 6 shows the shrinkage curves of organic Ando Soil (HA)
and non-volcanic ash soil (SA).
Comparing the shrinkage behaviour of undisturbed, compacted
and remoulded soil samples for Ando Soils, the shrinkage of
remoulded and compacted soil samples was much larger than undisturbed one, especially for Ando Soil.
It seemed that the
amount of shrinkage of compacted soil as well as remoulded
soil resulted from decrease in pore space by air-drying, suggested the compressibility.
Therefore, when a soil structure
VI—31
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was destroyed through cultivation of pedotechnical working,
the soil might be compressed easily by external forces.
On
the contrary, the "Compaction Effect" of Ando Soils was small
in a field-moist soil water regime as mentioned above, and the
compactive action produced remoulding effect rather than soil
c ompac tion.
We concluded that the most important pedotechnica1 problem
was the remoulding effect brought about by low permeability of
degraded soil structure, when the compactive action was applied to the Ando Soils at field-moist condition in Japan.
When the compactive action was applied to Ando Soils having
much water above 1-bar water content, the soil was remoulded
by the excess pore water pressure which occured, consequently
the softening of soil was produced.
Though the "Compaction
Effect" of Ando Soils were relatively small in these soil
water conditions, a poor soil physical environment was created
by remoulding due to the compactive effort.
Eig. 7 shows the decrease in pore space by compaction and
shrinkage.
Here, the pore space is expressed in Specific
Pore Volume (SPV, cm 3 /g) (Chang and Warkentin 1968).
The soil samples at field-state (ie. undisturbed soil
samples) did not shrink until the soil suction reached 15-bar,
but the shrinkage became very larger above 15-bar, especially
for Ando Soil.
We concluded from Fig. 7 that, the remarkable decrease in
pore space was brought about, when the soil compaction was
conducted in the range of soil suction from 1/10-bar to 1-bar
for Ando Soil, and from 1/100-bar to 15-bar for non-volcanic
ash soil.
And in the range of soil suction above 1-bar for
Ando Soil, and above 15-bar for non-volcanic ash soil, the
decrease in pore space was produced mainly by soil shrinkage.
It seemed that the cor.pact ibi lity of Ando Soils concerned
with not soil hprdness but permeability of soils. Because the
VI-32

compactive action conducted to the remoulding in a field-moist
soil water regime of Japan, and the effect of air-drying (i.e.
effect of soil shrinkage) was important to improve susceptibility to soil compaction and permeability etc. of Ando
Soils in Japan.
CONCLUSIONS
The susceptibility to soil compaction of Ando Soils in
Japan was relatively small than for non-volcanic ash soil when
the compactive action was applied under field-moist soil water
condition.
In these soil water regimes, the most important
problem of pedotechnical treatment of farm land was the
remoulding caused by compressive force.
The remoulding effect resulted in the extreme decrease in saturated hydraulic
conductivity of Ando Soils.
REFERENCES
Chang,R.K.;Warkentin,B.P. Volume change of compacted clay soil
aggregates. Soil Sei.105:106-111;1968.
Maeda,T.;Soma,K. Classification of Andisols in Japan based on
physical properties. Pro.Int.Clay Conf.Denver,1985:174-178;
1987.
Soma,K.;Maeda,T. The effect of soil compaction for Kuroboku
Soil. Trans.JSIDRE(in Japanese):54-61;1983.
Soma,K. et al. The relationship between the effect of soil
compaction and hydraulic conductivity for Kuroboku Soil.
Trans.JSIDRE(in Japanese):62-67;1983.
SUMMARY
We investigated the compactibility of Ando Soils in Japan
using the "Compaction Effect" defined as the difference between bulk density produced by the compaction with Standard
Proctor and by the compaction with vibration method.
The "Compaction Effect" of Ando Soils was very small, and
its maximum value appeared at the soil water condition of 1bar soil suction.
But the soil water regime of field-moist
condition was in the range under 1-bar soil suction, thus the
most important problem for pedotechnical treatment of Ando
Soils was rather than the remoulding effect by compactive action in these condition.
We considered that the protection against soil remoulding
under field-moist condition could be conducted by maintenance
of stable aggregated structure using several soil conditioners
such as organic matter or bark compost.
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PEDOTECHNICAL APPROACH TO PRESENT - DAY SOIL TILLAGE
AND FIELD TRAFFIC PROBLEMS
R. Horn
Institute for Soil Science and Plant Nutrition,
University of Kiel, Olshausenstr. 40,
D-2300 Kiel 1, Federal Republic of Germany
Pedotechnique is a new interdisciplinary branch of soil
science, which tries to integrate results from various disciplines of soil science into all-embracing concepts (models) of
the dominant processes, which in the various soils, determine
the effect of soil handling and field traffic on the resultant
soil qualities. Thus, because soils are nonrenewable and are
partly rather sensitive to irreversible changes in their physical, chemical and biological properties, they have to be
treated and or used only according to their corresponding
capacity, i.e. their elasticity.
Pedotechnique is therefore concerned with all kinds of
technical activities in the structured, non saturated soil,
while geotechnics deals with non-structured, saturated soil
material, which is mostly the parent material. The objective
of the symposium is to clarify the processes during soil
tillage and field traffic in order to lateron predict the
practicability, energy requirements, and the resulting soil
qualities. Because the prediction of such properties must be
based on mechanically well defined parameters, the lectures
will cover the whole range: from the adjusted tillage equipment, mechanical problems at the soil/tool interface, the
effect of soil structure on stress/strain and pressure transmission as well as the quantification and verification of the
effective stress equation up to the applicability of agricultural machinery on soils under different climatic conditions.
Furthermore, the possibility how to restore quarried land and
how to prepare technological soil maps for direct use in
agriculture will be discussed during this symposium.
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Geotechnics, or G e o t e c h n i q u e , is the use of soil mechanical
properties in civil engineering. Interest reaches as deep as
150 m from the earth's surface. Pedotechnique is the use of
soil mechanical
properties
in
technical
activities
in
the
pedon, which is roughly the upper 1 m layer of the earth's
crust.
Aims
in
Geotechnics
are
the
realisation
of
soil
qualities with respect to stability, settlement, and (under-)
The scientific core of Geotechnics is soil
groundwaterflow.
m e c h a n i c s . Prediction methods in Geotechnics may be empirical,
empirical-analytical, or a n a l y t i c a l , and often start from soil
quantities that are measured especially for the problem under
consideration. Aims in Pedotechnique concern soil
qualities
related to plant growth, traffic, and erosion, so to phenomena
very specific for the thin upper layer of the earth crust. The
scientific core may be referred to as "mechanics of structured
agricultural
soil".
Usually,
prediction
methods
in
Pedotechnique are empirical and start from soil quantities from
readily available
sources like soil m a p s , data banks
etc.
Information in these sources could accumulate to a huge amount
because the pedon is accessable easily. It has to be recognized
that pedotechnique is rar less organized than G e o t e c h n i c s . but
the above justifies to state that very characteristic features
ot Pedotechnique are: its concern with plant growth factors,
traf f icability, and erosion control; the use of soil m a p s ;
having "mechanics of structured soil" as a starting point. This
paper shows that it is worthwhile
to consider
the use of
pedotechnical knowledge in developing soil handling techniques
and presents a few examples of such techniques that may be
introduced in the near future.
The use ot soil engaging tools like ploughs and harrows
agricultural
started very early. During the latest decennia
engineering developed enormeously, but the basic tool shapes,
ploughbody and tine, have been reserved: improvements concerned
shape details.
tool
materials,
tool
p a t h s , depth
control,
weight: transfer etc. The sane holds for overland transporat ion,
which uses the w h e e l . The tact that soil mechanical processes
in tiilaae
and traffic basically
did not
change may
have
occurred because these processes are still not well understood.
The required mechanics ot structured soil is being developed
more and more (Drescher et a l . , 1 9 8 8 ; Larson et a l . , 1 9 8 9 ) , and
may
provide
starting
points
ror
new developments
in
soil
handling. Mechanics ol structured
soil differs widely
from
civil engineering soil mechanics, for instance the typical soil
reactions
and
the
soil
qualities
that
are
aimed
at
in
pedotechnique
are
different
from
those
in
geotechnique.
Important typical soil reactions to loading in pedotechnique
are a.o. flow, crumbling. veu and dry compaction, and cracking
by swelling and shrinkage.
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high degree of confinement (a).
Soil flow
Soil flow may be typified by the following characteristics:
soil water tension prior to the loading is low; the soil is so
dense and so little sandy that pores are nearly saturated at
low water tension; the loading is such that the soil is
confined to a high degree (the loading has a relatively large
hydrostatic component) so that, during the loading, compressive
stresses occur in the soil water rather than tension; loading
is sufficiently deviatoric (induces sufficiently high shear
stresses)
to
generace
relative
movements
between
solid
particles. By this, water, flow at a micro-scale
around
particles must also occur. When soil is composed of aggregates
which are very close to each other, a shear surface running
between aggregates (like surface I in Fig. 1) would have to be
accompanied
with
dilation
(=
expansion
in
a
direction
perpendicular to the shear plane). This would require much
energy in soil flow where the degree of confinement is high.
Therefore, movements will occur in the aggregates (e.g. along
plane II in Fig. 1) , which will cause great damage to
intra-aggregate structure. Water will tlow around the moving
particles, obeying the laws of viscosity: flow resistance
increases as flow velocity increases. This has a stabilizing
effect: would flow velocity increase locally, flow resistance
will also increase in that location, making flow elsewhere more
likely.
Soil
flow
has
many
aspects
of
significance
in
agricultural engineering. Vehicle rut depth strongly depends on
driving speed and number of wheel passes when soil reaction is
of the flow type. Extremely high water contents, which can only
occur in relatively loose soil, protect soil from being damaged
by machinery-induced flow (Lermk, 1990a) . When stress varies
from place to place, a water flux will be initiated, so that
conductivity plays also a role (Lebert et al. , 1989) .
Flow of soil may change soil qualities of interest to the
soil user, liKe water retention, saturated conductivity, air
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content at "field capacity" water tension, resistance that
penetrating roots or measuring cones encounter as a function of
water tension, and soil strength as a function of water
tension. Dawidowski and Kooien (1987) presented dry tensile
strength after deformation and drying to the air- and oven-dry
conditions as a function of degree of compression reached in
deforming cylinders ot wet dense, structured, soilin triaxial
tests. The significance of such inrormation may be exampled by
the following "chain" of causes and effects: harvest in late
autumn deforms soil to a certain degree, inducing a certain
"dry tensile strength" value: this strength is subject to
quantifiable changes in winter, spring and following growing
season due to natural processes: this modified strength will
highly correlate to the amount or cloas among potatoes after
harvesting.
Because
flow
is
a mechanically
stable
process,
soil
movements occur through the entire volume of a flowing soil
mass, so that continuum mechanics concepts like natural largest
f df
1988) hicjhlv
principal strain
1
'' — 1 \Ti 'link et al.
correlate to the amount ot damage done by the flow to soil
qualities. Flow often involves very large strains, which are
beyond deformation capacity ot a standard triaxial
apparatus
(which capacity is
Recently,
0.b9 !
rigid cylinder
annulus
piston

razzé
\w\ \'w <\ w <\> r<:Vv s u w u u

':^f777?7^\
VVV^VVvVVVV^

soil s a m p l e
bottom plate
Fig. 2. Distortion apparatus developed by Lerink (1990) . ia)
Situation at tne start oi a d< tornation cycle, (b) Deformation
Dy piston-down movement. (<
Der ornia tion by
annulus-down
movement, (d) Situation alter one deturination cvcie.
Lennk
(1990b) developed a distortion apparatus which can
impose a practically unlimited amount of deformation to a soil
sample. Wet, dense soii in a rigid cylinder on a rigid base is
covered by an annulus that: fits in the cylinder, and a piston
that fits in the annulus (Fig. 2) . The soil -sample has a
diameter or 98.5 mm and an initial height of 35.4 mm. A loading
ram is mov'eu downward at constant speed to press the piston
into the sample over a certain distance Al. When that distance
has been reached the piston load is removed and the annulus is
moved downward Dy tne loading ram at the same speed until a
flush sample surface has been retained. Tins loading cycle can
be repeated a number or times. During the test, the force
exerted by the ram is contmously measured. Lerink assumed that
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the deformation field under the piston and the deformation
field under the annulus both were homogeneous (though not the
same), and derived that, when
initial soil height is 1 and
"
o
the piston maximum downward movement in the soil is Al, natural
major principal strain is

c = - (np +a n > In (1 - 1~ )
o
where n

and n are the numbers of applied piston and annulus
P
a
impressions, respectively. This feasible and relatively cheap
test may be useful in comparing soils where reactions on large
strains are considered. These reactions can be measured by
measuring soil qualities in the measuring area (sample part
under the piston) after deformation has been stopped.
Capillary crumbling model
The ploughed layer of structured agricultural soil has a
heterogeneity that follows a very regular pattern: the soil is
more or less aggregated and comprises relatively small voids
within
aggregates
and
relatively
large
voids
between
aggregates. When structural condition is good, the soil is
composed of firm units
(aggregates), with little bonding
between the mutual points
(or areas) of contact. A very
important bonding force in soil is the capillary tension in the
soil water. Capillary bonding force per unit area across a
surface element, p , in the soil body can be approximated by p
= u.S where u = soil water tension and S is the local degree of
saturation. Inter-aggregate voids will have larger dimensions
than intra-aggregate voids and will, therefore, be emptied
earlier than intra-aggregate voids when structured soil is
dried from the saturated state. Two interesting results may be
derived from p = U.S. Firstly, capillary bonding stress in a
near saturated
soil is equal
throughout
the soil mass.
Secondly, capillary bonding stress in a partly saturated soil
is lower between aggregates than in aggregates, because then
local degree of saturation S is lower at inter-aggregate
locations than within aggregates (see also (Horn, 1989)). This
capillary model implies that aggregated soil can be crumbled
easily if inter-aggregate voids are large and filled with air.
The model
can explain many phenomena
in agriculture.
Aggregate surface roughness is more retained in dry compacted,
than in wet compacted aggregate beds, so that dry compacted
beds can be crumbled more easily, and at lower water tensions.
When a wet bed is loaded to a high stress level, soil will
deform, making inter-aggregate spaces narrow and soil crumbling
ability diminish. Careful tilling of well-structured soil may
give good results even under rather wet conditions: but this
may be accompanied with a tendency or the soil to adhere. When
soil is frozen, tensile fractures may occur at the weaker
(inter-aggregate) spots. This mechanism can increase pore size
variations at an aggregates-scale and can "repair" smeared
aggregate beds.
The capillary crumbling model seems to be a good starting
point in soil crumbling studies.
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Wet and dry compaction
For structured soil, these reactions are very similar to
flow and crumbling (Kooien and Kuipers, 1989).
An important quality of precompacted soil is the air content
after compaction followed by equilibration to the "field
10
kPa
in
the
capacity"
water
tension
(being
usually
Metherlands). When water content at which the soil is compacted
increases, this air content is reduced gradually until dramatic
field capacity air content values (lower than 10%) occur at
compaction water contents above a certain load and soil-type
dependent value A. The signiricance of specific information on
this may De demonstrated with the following problem. Seedbed
preparation in sprina on autumn-ploughed clay soil often occurs
when the lower part of the ploughed layer is still so wet that,
due to wet compaction by the tractor wheels, too low air
content values (lower than 10% at field capacity) may occur
under and near the ruts during the growing season (Lennk,
1990a). If a farmer would know the limiting water content A for
his soil and for the compaction stress level of his spring
cultivations machinery, and if he would know ploughed layer
water content as a function of depth for a certain time, he
could judge whether field traffic at that particular time would
induce too low rield-capacity air content values or not. It may
be possible for the farmer to estimate actual soil water
contents from a soil map (presenting soil type and depth of
ground-water table), time and depth of ploughing, and rainfall
data, using an appropriate computer simulation model.
('racking by swelling and shrinkage
Natural causes of crack formation in clays are plant root
action, freezing, and swelling and shrinkage.
Repeated swelling and shrinkage of a clay top layer will
induce cracks and shear-planes at an angle to the horizontal.
Vertical cracks indicate that the clay layer almost only dried
arter deposition. Deposition may be a natural proces, or a
technical activity, like covering dikes with clay top layers.
High soil moisture contents at deposition will make wide
vertical
cracks
possible. If such cracks
are
considered
unbenifïcial, high moisture contents at soil handling should be
avoided.
Summation or effects or subsequent processes
Effects of individual mechanical and natural processes
should be integrated to learn the dynamics of field soil
structure (Kooien and Kuipers, 1989)
Aggregate and/or aqgregat e bed stability immediately after
seedbe d preparation increaseis enormeously wit h time. Rate of
inreas e decreases until a ce rtain equilibrium has been reached
after a few days. Stability increase may be explained by the
establ ishment of inter-agyre g a t e !Donds. or by regeneration of
being
weakened
strengtn
due
to
lntra- aggregate
small
def orm at" ions that always ace:onpan y crumbJ ing. Rainfall during
this t ew-days period can be \rery d etrimentai tci soil structure.
Being able to predict statu lity increase and weather in the
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spring cultivations period would be a great improvement.
Subsoils are very sensitive to compaction by repeated
venicie loads if tneir compaction resistance, expressed as an
"equivalent" precompaction stress, is low, or not pronounced
like in sandy soils low in organic matter. Mapping subsoils on
the oasis or tneir compaction resistance would be of great
importance for soil compaction control, as well as for an
acceptable soii-type dependent further vehicle growth.
Conclusion
Mechanics of structurea s o n otters possibilities to develop
adjusted s o n handling techniques. Soil maps will play a great
roie in applying these techniques to agricultural fields.
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MECHANICAL PROBLEMS IN SOIL/TOOL INTERACTION
J.M.Kirby
CSIRO Division of Soils, Canberra, Australia

Soil/tool interactions are generally studied either to
analyse forces on tools for tool design purposes, or to
understand the deformation response of the soil. Mechanics for
tool design has received much attention, and has attracted
several recent reviews (e.g. Hettiaratchi, 1988; Smith, 1989).
Progress is much less advanced in research into soil
deformation resulting from the action of tools. Smith (1989)
considers that soil forces can be predicted with reasonable
accuracy, but soil disturbance is not well predicted.
According to a recent review this area is the one most in need
of improved understanding for managing the machine-soil-plant
system (Hadas et al., 1988). This paper therefore concentrates
on soil deformation response. Attention is focussed on five
main problem areas, and approaches to solving these problems
are outlined. These approaches emphasise a priori
prediction
of soil deformation, rather than the empirical correlation
methods that are generally used in such studies. It will be
shown that the tools exist to do this. In particular, critical
state models provide a description of soil deformation that
can be used to make quantitative and useful predictions, and
more use should be made of them.
1 - Soil Failure Models.
It has often been demonstrated that soil failure and
deformation patterns observed in experiments are unlike those
assumed in tine design (e.g. Salokhe and Gee-Clough, 1987).
However, better results are obtained with the use of methods
that predict, rather than make a priori
assumptions about,
soil deformation. The finite element method with appropriate
constitutive relationships can predict experimental findings.
Chi and Kushwaha (1987) use a hyperbolic stress-strain model
to investigate two and three dimensional soil failure, and
predict deformation zones similar to those observed
experimentally. Use of a Mohr-Coulomb failure model can also
predict the curved failure zones and relatively undeformed
elliptical boundary wedges in front of the tine, observed by
Salokhe and Gee-Clough (1987) . Predicted failure zones are
less sharp than observed in practice and peak tine forces are
usually not predicted. Material properties which include
brittle or strain-softening behaviour lead to predictions of
sharply delineated failure zones, and tine forces which pass
through a peak and then decrease. Further investigation of
these aspects in a finite element model suggests that it
should be possible to predict the oscillating tine forces
observed in practice (e.g. Upadhyaya et al., 1987).
The critical state model has been identified by
Hettiaratchi (1988) as useful qualitatively, and this has led
to improved concepts in tine design; however, it is still not
a practical tool . Development of the concept into a practical
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tool requires quantitative solutions which can be obtained
through finite element implementations of critical state
behaviour. These allow prediction of the volume changes, in
addition to incorporating strain softening behaviour. Zeng and
Fu (1985) used a yield model similar to the critical state
model to investigate zones of compaction and loosening
produced by rotary blades. Kirby (1989) used the critical
state model to investigate soil deformation beneath tyres. In
tillage studies, critical state models can predict compaction
zones and increased forces below a critical depth, behaviour
which has been demonstrated in experiments (Spoor and Godwin,
1977). It follows that it is desirable for most tillage
operations to take place in the super-critical region
(Hettiaratchi, 1988), when the stresses induced by the tine
are low relative to the pre-consolidation stress in the soil.
2 - Speed Effects.
It is known that the forces involved in tillage operations
are speed dependent. Both soil viscosity and inertial effects
have been invoked to explain this. Stafford (1979) found that
soil cohesion increased with increasing speed of deformation
(i.e. the soil is viscous), and this explained the speed
dependence of tine forces. Brandon et al. (1986) also found a
speed dependence of cohesion and soil-metal adhesion. However,
Swick and Perumpral (1985) found soil strength to be
independent of speed, and showed that inertia explained the
speed dependency of tine forces in their experiments. In
compaction studies, time dependency due to fluid flow, and the
consequent changes of the effective stresses, has also been
invoked (Horn et al., 1989) . No definitive study has compared
the relative importance of these three effects in a range of
circumstances. The studies that do exist in the literature
look at the influence of speed on shear strength (for tillage
studies) or volume change (compaction studies), but not both.
The influence of speed on both shear strength and volume
change can be modelled by extending models such as the
critical state model to incorporate viscosity, inertia and/or
pore pressure effects. Recent studies in Canberra and Kiel
compared these three effects, both experimentally and
theoretically, in a loam soil. In laboratory shear and
compression the soil showed higher shear strengths, and less
compression, at faster deformation speeds. Changes in
equilibrium pore water suctions before and after deformation
were greater at slower speeds. Thus, at the higher speeds the
soil is behaving as a stiffer material and undergoing less
structural rearrangement with deformation. Theoretical
analysis showed that inertia was not a consideration in these
lab tests because the accelerations and masses of soil
involved were too small to generate significant forces. Soil
viscosity was measured independently of the shear and
compression tests and it was found that a viscous critical
state model predicted the soil response in both shear and
compression reasonably well. A pore pressure/drainage model
was also tested, in which the pore air pressure built up
according to Boyle's law as the soil was compressed, and could
dissipate according to compressible fluid flow laws. This
model predicted the soil response in compression reasonably
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well, but predicted strengths that became lower at higher
speeds of deformation. This is because the higher pore air
pressures at the higher speeds lead to lower effective
stresses and hence lower strengths. The pore pressure model
was thus the less successful, and more generally will always
fail to account for the known higher strengths at faster
deformation speeds (e.g. Stafford 1979; Brandon et al., 1986).
Although the effect of inertia was not important in the
study above, model studies of this effect show that it should
lead to predictions similar to those of viscosity models.
Viscous and inertial effects both lead to predictions of
higher soil shear stresses, and hence higher forces on a tine,
at higher speeds. The study referred to above investigated
only one soil type over a very narrow range of moisture
contents. There is no study which investigates these effects
over a range of soil types and conditions, and no study that
does so in the field. Further experimental studies are needed
to investigate which explanations apply, and when, to tillage.
3 - Soil Variability.
Most studies of the mechanics of soil/tool interaction
assume homogeneous, isotropic soils. Incorporating soil
variability leads to the assignment of probabilities to
predicted deformations. Rather than setting unique, critical
limits, Kirby (1988) assigned a range of moisture contents
over which compaction damage was increasingly likely. In a
study currently being undertaken by the author, finite element
predictions (using a critical state model) are incorporated
into a Monte-Carlo procedure to investigate the variation in
predicted response to wheeling of heavy clay soils. Measured
soil strength and compressibility show considerable variation;
typically, regressions of these parameters using soil moisture
content, suction, void ratio and Atterberg limits as
predictors account for only some 50-70% of the variation. In
the Monte-Carlo procedure, parameters are selected randomly
from these data, and used as inputs to the finite element
program. The process is repeated a large number of times using
a different set of randomly selected input data each time. The
predicted damage effects of the wheeling can then be analysed
in terms of the mean response and variance. For this wheeling
study the variable nature of the input parameters means that
the output predictions show considerable variation in the
depth of soil damaged and the degree of damage at any
particular depth. Therefore, practical advice should deal with
the probability of soil damage resulting from wheeling at a
given moisture content. Critical soil moisture limits for
wheeling could be recommended only if set conservatively.
Depending on the purpose of the investigation, it may be
appropriate to use the upper or lower bound behaviour rather
than the mean response. In tine design or selection, use
should be made of upper bound soil strengths leading to higher
force predictions (Kirby, 1986). This point is often
overlooked; for example, Palmer et al. (1988), in a study of
tine draft forces, quote best fit lines for the draft forces
which were recorded as time-averaged values. They note that
the maximum forces are much higher than the mean and observe
that much higher forces would need to be considered for
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preconsolidation stress and changes in physical properties.
Hadas et al. (1988) note that the critical state concept
may provide a better understanding of the soil response to
tillage operations. Recent work at Canberra has shown that
changes to air permeability of artificial soils are
predictable from the deformation path, the initial structure
of the soil and its critical state properties. Both volume
change and shear deformations affect the permeability. Volume
increases increase permeability, while shearing decreases
permeability through reduced pore connectivity. In the subcritical region (i.e. when the stresses inducing deformation
are high relative to the pre-consolidation stress) shear is
always accompanied by volume and permeability decreases. In
the super-critical region (stresses inducing deformation are
low relative to the pre-consolidation stress) shear is always
accompanied by a volume increase which, in samples without
macropores, led to a permeability increase. In samples with
macropores the permeability decreased, despite the volume
increase. In the latter case, decreased connectivity as a
result of shear was the dominant process. These findings
further emphasise the need for tillage operations to take
place well into the super-critical region.
Conclusion
The common feature of research to date in several of the
areas outlined above is that it proceeds from empirical
observations of soil-tool interaction. In this paper it has
been argued that there should be more emphasis on methods of a
priori
prediction and that the tools exist to do this.
Suggestions have been made for fundamental studies of soil
deformation, and more attention should be paid to the actual
modes of deformation (for example, particulate response)
appropriate to a given problem. The critical state models
offer a particularly useful description of soil deformation.
These models can be used to make practical predictions of soil
response (including the effect of deformations on other
physical properties) either when used alone or in combination
with the finite element method. The statistical nature of soil
and its inherent variability should be considered.
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THE EFFECT OF SOIL STRUCTURE ON STRENGTH, PRESSURE
TRANSMISSION, AND STRESS DISTRIBUTION IN SOILS
R. Horn
Institute for Soil Science and Plant Nutrition,
University of Kiel, Olshausenstr. 40,
D-2300 Kiel 1, Federal Republic of Germany
Abstract
The strength of structured soils during loading depends on
the effective as well as on neutral stresses. Thus soil compaction affects the inter- as well as the intra-aggregate
pore-size distribution and produces changes of several parameters of the effective stress equation. Furthermore, differences in the hydraulic conductivity of bulk soil and single
aggregates, as well as differences in the pore continuity,
must be considered. Consequently the effect of wheeling speed
on stress distribution and/or stress attenuation also depends
on the physical properties on the macro- and microscale.
Introduction
Due to the development of heavier agricultural machines
and the intensification of soil and plant treatments within
the last two decades, the question of maximum acceptable
mechanical compressibility or trafficability of arable soil
arises frequently nowadays. But although the effectiveness of
the farmer's work is increased because of improvements in
machinery and technology, the uncertainty of sustainable high
crop yield is also increased.
In unsaturated soils stresses are transmitted through the
solid, liquid and gaseous phases three dimensionally, but the
time delay during such propagation is quite different. In
water, the transmission happens immediately and isotropically
during loading, while between solid particles there is a time
delay and in addition to that an anisotropic stress distribution, whereby the hydraulic properties of the bulk soil
further influence soil compaction (Horn 1988) . It is well
known that loading can result in an increase of soil compaction whereby internal as well as external factors determine
the kind and intensity of soil deformation and compaction
(Drescher et al. 1988). However, there is a lack of information how far soil structure itself determines the mechanical
behaviour. Thus, the structure effect on stress distribution
in the bulk soil and single aggregates due to loading had been
investigated.
Material and methods
Wheeling and loading experiments on structured bulk soils
and partly on single aggregates have been performed under in
situ and laboratory conditions, whereby stress distribution
measurements were always carried out with the newly developed
flexible stress transducers (Horn 1986) , which had been installed in the undisturbed soils from aside. The mechanical
properties of the bulk soil or of the single aggregates:
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stress - strain curves, shearing resistance parameters and
concentration factors have been determined as a function of
water suction (for more detailed methodological informations
see Horn 1988, 1989) .
Results and Discussion
Stress distribution
At the same load, applied at the soil surface, stresses
are transmitted in soils the deeper, the more homogeneous, the
wetter and the higher is the clay content in the soil. If,
however, a platy soil structure dominates e.g. in the plough
pan, than applied stresses are attenuated by a smaller soil
volume (Fig. 1).

Fig. 1:

Effect of soil aggregation on pressure transmission.
At the same bulk density water content and soil
texture, the anthropogenically formed platy (pla)
structure (site Frauental) attenuates stresses better
than the blocky structure at site Lenzenbrunn

In tab. 1 mean values for the concentration factor in e.g.
silty soils are summed up in dependence of the tire contact
area, preconsolidation load and vertical stress at the top of
each distinct soil layer. At the same preconsolidation load
value and comparable o0 values at the top of each layer, the
concentration factors become smaller with increasing contact
area. Furthermore, those values also decrease with increasing
preconsolidation load.
The higher the latter value is, the smaller are the values
for the concentration factors at the same contact area.
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Tab. 1:

Mean values of the concentration factor for silty
soils in dependence of the contact area and Oo at the
soil horizons surface

contact
area (cm2)

Oo at the !3 0 Ü
surface of each
toil laver

preconso lidation load
(kPa) at pF 2.5
- 60

- 10

-100

- 140

-180

>180

100
150
200
>200

4,1
4,3
4,5
4,7

3,7
3,8
3,9
4,2

2,1
3,1
3,4
3,8

2,0
2,3
2,5
2,9

1,1
1,7
1,8
2,0

10,1 - 15

100
150
200
>200

3,4
3,6
3,7
3,9

3,3
3,0
3,0
3,7

2,6
2,8
2,9
-

2,6
2,5
2,8
-

1,9
1,9
2,0
-

15.1 - 20

150
200
>200

20,1 - 25

100
150
200
>200

2,5
2,9
3,4
3,6

2,1
2,5
2,7
2,9

Soil Strength
These measurements have been performed at the same wheeling speed (2 km h - ' ) . Thus, the time of particle rearrangement was ± the same at all wheeling experiments.
However, because stresses are transmitted via the liquid
gaseous as well as through the solid phase and because water
fluxes depend on hydraulic conductivity, gradient and pore
continuity the solid phase (Kooien and Kuipers 1983), time and
structure dependent changes mainly in the pore water pressure
and effective stresses have to be considered, too.
Fig.
2 informs about the stress strain curves
of
structured and homogenized clay soils as well as about the
maximum load dependent changes of the soil water suction,
while in Fig. 3 the preconsolidation load is shown as a
function of wheeling speed and the consecutive time of loading
(15", 23 h ) . Structured soils are less compressible and have
smaller changes in water suction at the same load than homogenized material (Horn 1981, Hartge 1978).
Furthermore, the higher the wheeling speed had been before
at the same soil, the higher are those differences (e.g.
determined
as the preconsolidation load values)
during
consecutive confined compression tests.
Those differences in soil strength can be revealed by
shearing resistance measurements of single aggregates, bulk
soil and homogenized material and can be explained if the Mohr
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angle of internal friction (°)
80
aggregate

-15 kPa

- 3 kPa

predessication
aggregate

CZ3 0-50 kPa

EZ2 150-400 kPa [ZU 0-50 kPa

150-400 kPa

Fig. 4: Angle of internal friction of aggregates, bulk soil
and homogenized material for two load ranges: 0-50
kPa, 150-400 kPa (P horizon, predessication - 3 , - 1 5
kPa) .
Apart from the fact that the values for the angle of
internal friction for single aggregates are always the highest
compared to those of the bulk soil and homogenized material,
the undisturbed soils have higher values for the angle of
internal friction at smaller loads (< 50 kPa) than at higher
ones, whereby those differences are the more pronounced the
wetter the soil has been (see also Baumgartl and Horn 1990) .
If furthermore the load and time dependent changes of the pore
water pressure in single aggregates, structured bulk soils and
homogenized material are registered it becomes obvious, that
there is a load and structure dependent alteration of the X
parameter of the effective stress equation of Terzaghi (1954)
(Fig. 5 a + b ) .
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Colulomb failure line is analysed for distinct load ranges for
samples predried at the same soil water suction (Fig. 4 ) .
40

-

-a

100

200

400

300

load

500

CkPaJ

Fig. 2: Comparison of stress/strain curves and changes in pore
water suction of structured and homogenized clay soils
(P-horizon, predrying - 6 kPa)
coouct K M ptmmjn

IIO-i

90-

fao-

h

•

ISsec.

| 5°'

23h

40:: A-horizon
30-

T

-

i

—

i

rspeed (km/h )
5

i

-i
7

1
8

1
9

Fig. 3: Effect
of wheeling speed (km h-') on soil strength
expressed as preconsolidation load (Pv,
kPa) on
samples equilibrated at 100 hPa. The curves (15 s, 23
h) represent the calculated preconsolidation load
value of the soil samples, which were precompressed
owing to wheeling and which had been loaded in the
laboratory for an additional 15 s and 23 h respectively.
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2.4

0 < C < iOOkPa

i A

2.2

o

X

2.0
l.Q
1.6

:

settlement
condition

:

before
after

1.4
Li.
O-

<

c

11'

d 3n « 1 . 6 - 1.8
3

g/cm

\ i
1.2
1.0

.a

i

6'n
o •*
i.x

i

u

50 kPa
400kPa

V

.6

.«

\

.2
0.

•

'

•

'

•

'

•

'

•

'

•

•

L

.6

1 1 1 1 1

.a

l.o

(A) Change of X with pF as related to water suction
and loading (P-horizon); (B) Change of X with pF in
bulk soils (bulk density range from 1.35 - 1.6
g/cm3) and sinqle aggregates (bulk densitv = 1.8
g/cm3)
Conclusions
1. In structured soils the parameters of the effective
stress equation are different for single structure elements
and for the bulk homogenized or structured soil.
2. In single aggregates loading mainly results in an
increase of effective stresses, while in the bulk soil both
the change in the pore water pressure and the effective stress
values may occur depending on the aggregate arrangement
(interaggregate pore space),
the hydraulic conductivity,
hydraulic gradient and pore continuity.
3. The parameters of the effective stress equation are no
constant values but differ with internal soil properties as
well as external factors.
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RESTORING QUARRIED LAND - THE EFFECT OF SOIL PHYSICAL
PROPERTIES ON SOIL HANDLING AND ON THE EVENTUAL
REHABILITATION OF THE LAND FOR AGRICULTURE
M. J. Reeve
Soil Survey and Land Research Centre, Shardlow Hall,
Shardlow, Derby DE7 2GN, England
INTRODUCTION
In most areas of the world industrial, energy or
constructional materials are won from the land.
In the past
this process has laid waste large areas but, increasingly,
governments are requiring the extractive industries to
reinstate the land to a beneficial use.
In Britain, the
largest users of land are the construction aggregate (hard rock
and alluvial sand and gravel) and opencast coal industries.
Often if agriculture was the prior use, and especially if the
land involved is of higher than average agricultural quality,
the legal conditions under which the land is quarried stipulate
restoration to agriculture.
If a site is worth restoring to agriculture, then there
should be a potential for reasonable productivity to be
attained in the short-term and maintained in the long term.
To achieve this aim, a restored soil should have (Reeve 1987):
(i)
A surface layer of at least 0.2 m of dark-coloured
organic-rich mineral soil (topsoil).
(ii) A subsurface layer, exploitable by plant roots, and
capable, with the topsoil, of holding sufficient moisture
to maintain the growth of common agricultural crops
during the summer months,
(iii) No toxic chemicals within or likely to rise within
rooting depth,
(iv) Sufficient continuous coarse pores or cracks to transmit
rain water to the groundwater-table or to field drains,
thus avoiding surface ponding.
(v)
No stones, rocks, boulders and other material capable of
damaging or impeding normal agricultural operations
including drainage installation and subsoiling.
Until recently the success of reclamation of land for
agriculture was haphazard, efforts to re-establish productive
use after re-instatement often failing because of soil
deficiencies.
There were many causes for such deficiencies
but one of the main ones has been the poorly controlled
stripping, storage or replacement of soils which renders them
unable to satisfy criteria ii) and iv) above.
An example is
given in Figure 1 which shows transects of resistance to
penetration, as measured by a recording penetrometer, at field
capacity.
In Plot 2 there is little evidence of compaction
either in the reinstated topsoil (0-23 cm) or subsoil (below 23
cm).
On Plot 4 handling soils under adverse soil physical
conditions has resulted in extreme subsoil compaction only
partly alleviated by subsequent subsoil ripping.
Root growth
of arable crops has been shown to be retarded at a penetration
resistance of more than 3MPa (Ide et al. 1984) and to cease at
4.6-5.1 MPa in loess subsoils (Ehlers et al. 1983), so it can
be inferred that root extension into the subsoil on Plot 4 will
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Depth (cm)

L O W penetration
resistance
<1.9MPa

Figure 1

MODEHATE
resistance
1.9-3.8 MPa

HIGH penetration
resistance
>3.8MPa

Penetrometer transects to 50 cm depth across two
tracts of land restored to agriculture after
quarrying

be restricted to occasional pores and fissures and that crop
yields will suffer as a result of moisture stress. The
compaction shown by the penetrometer coincided with an average
coarse porosity of only 2.1% and thus topsoils were regularly
waterlogged during rainy spells.
EFFECT OF T RAFFICKIN G - COMP ACTION AND CONSOL IDATION
Soils on mineral sites ar e stri pped , stored and re
placed
using a variety of e quipment rangi ng f rom tra eked bul ldozers
which exert a static force o f only 50- 60 kPa,to dump er trucks
exerting 500 kPa (le
ss with specia 1 tyres) an d large earth
scrapers (6 85-785 kP a) . These la rger static forces are
considerabl y in excess of highest agri cultura 1 loads such as
the 130 kPaexerted by a dairy cow (Scholefie Id and Hall 1986)
and the 120150 kPa exerted by a 1aden combin e harves ter (Smith
1985).
In addition to the very 1 arge static forces exerted by
earthmoving equipmen t there are sh ear stresse s caused by
hor izontal moving fo rces (e. g. pow ered wheels ) and dy
namic
forces (e.g . by bouncing whe els of fast moving vehicl es) that
can exceed the stati c forces
Wi thin the so il the s
tresses
are transmi tted acco rding to the s oil propert ies and where
these stres ses excee d soil strengt h, d eformat ion resu Its.
This occurs in the f
ollowing ways:
1
By the elastic deforma tion o f soil particles - this is
negli gible in most sit uation s.
2
By the change in volum e of the soil resulting mainly from
the e xpulsion of air f
rom th e voids between the soil
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The increase in resistance to penetration of a
507 mm plate in three soils over time.
Crediton
and Halstow series are coarse loamy and clayey
eutrochrepts respectively and Hallsworth series is a
clayey haplaquept

plastic limit test is convention ally c arried out on remoulded
soil and corresponds to a shear streng th of about 170 kPa (Head
1980) but, because aggregated so ils lo se some strength on
remoulding (Mullins and Fräser 1 980), the moisture content at
plastic limit normally correspon ds to an in situ soil strength
significantly higher than 170 kP a.
Various studies have describe d the soil composition factors
influencing plastic limit (e.g. Soane et al. 1972) and others
have demonstrated that these fac tors c an only be used to obtain
a first estimate of plastic limi t (Smi th et al. 1985).
0nsite measurement is likely to be best for most situations,
Similarly on-site measurement of field capacity is preferred
except in naturally freely-drain ing or adequately underdrained
soils where the moisture content at a potential of -5 kPa
(obtained by equilibrating a cor e on a sand suction table) is
taken as an acceptable equivalen t to f ield capacity.
Table 1
compares the spring drying perio d necessary to achieve
sufficient bearing strength with the f ield capacity/moisture
content difference.
A comparison of the two right hand columns of Table 1
suggests there is a moderately g ood co rrelation between two
parameters, and has encouraged t he dev elopment of a provisional
model to assess soil vulnerabili ty to damage by heavy
earthmoving equipment (TalBiwt!) . A 1 arge accumulated dataset
of plastic limit and field capac ity mo isture content has
enabled vulnerability classifica tion o f topsoil, upper subsoil
and lower subsoil layers of all the ma in British soils.
The
model would, for example, allow assessment of the comparative
restoration potential of alterna tive s ites for quarries or help
with phasing soil stripping and reinst atement within a single
site.
Actual measurements of f ield c apacity and plastic limit
can be used with a chart (Reeve 1987) to assess the drying
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Table 1

A comparison of field capacity/plastic limit
differences with estimated drying period for safe
trafficking

Soil series

Clay
content

Moisture content
difference {%
vol) between
-5 kPa and
plastic limit

Cuckney
Wick
Whimple1
Denchworth1
Evesham

5
11
21
54
70

non plastic
0.1
1.5
10.4
14.4

0
0
6
16
7

Crediton
Halstow
,
Hallsworth1

(15)
(33)
(33)

0
9.9
13.5

1**
8,,
18**

Spring drying period
(days) to achieve
trafficability threshold
(penetrometer studies)
H

1000 kPa cone penetration resistance at 15 cm depth
_„ (temporary grass sites)
425 kPa plate penetration resistance at 0.5 cm depth (mean
of four permanent grass sites)
Site significantly affected by a perched water-table
period needed for safe handling under different evaporation
rates.
Research has shown that in the absence of a full
vegetation cover, soils dry to depths of only 20 cm.
While
surface layers can then be removed in good condition, loads are
transmitted to and compact weaker horizons below.
Preparation
for soil stripping by growing an efficient extractor of soil
moisture, such as ryegrass for mowing, will achieve the desired
soil physical conditions to a greater depth, while a good root
system increases strength by mechanically reinforcing the soil
fabric (Adams et al. 1985).
Once site operations and
commercial pressures become more immediate, experience suggests
that to limit damage to soils, carefully planned vehicle
routing and handling schemes (e.g. McRae 1989) coupled with onsite supervision are the key to maintaining an adequate soil
physical condition through to site reinstatement to
agriculture.
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SOIL MANAGEMENT PROBLEMS AND ROLE OF FARM EQUIPMENTS
IN DRYLAND FARMING
R. P. Agrawal
Department of Soil Science, College of Agriculture
Haryana Agricultural University, Hisar 125 004 INDIA
INTRODUCTION
In India, about 72 per cent of 143 million ha. cultivated
area is under dryland farming, contributing about 42 per cent
of food requirement and 75 per cent of the pulses and oilseeds. About two-third of the rapeseed/mustard and rice,onethird of the wheat and about 90 per cent of the sorghum,
pearl millet, cotton and groundnut crops are grown without
irrigation. Recently, Indo-US sub-commission on Agriculture
(1987) estimated that 57 per cent of India's gross cropped
area would still be dependent on rainfall and about 49 million tons of foodgrains will have to come annually from dryland agriculture sector by the year 2000 A.D. With the use
of improved technology, the crop yields in low ( < 7 5 0 m m ) ,
medium (750-1150 mm) and high rainfall ( > 1150 mm)regions
of India can be increased by 2 to 3 times.
Twin problems of low productivity and wide yield fluctuations have been of major concern in north-west India having
less than 750 mm rainfall. The rainfall is not only low, but
erratic in majority of the dryland areas in this region
(Table 1 ) . There is a high coefficient of variability with
regards to quantum, onset, recession of rainfall besides high
unpredictability of dry spells occurring at vegetative or
grain formation stages of crop growth«
Table 1:

Rainfall variation at selected locations in
North-West India

State

Location

Rajasthan

Jodhpur
Udaipur
Hisar
Bawal
Dantiwada
Agra

Haryana
Gujarat
Uttar Pradesh

Years
1979-1982
1974-1985
1972-1984
1980-1986
1971-1988
1971-1976

Seasonal rainfall(mm)
184-682
294-794
38-415
269-410
68-1317
340-728

More than 10 folds variation in seasonal rainfall and
5-6 folds in crop yields were observed at Hisar (Haryana)
between 1972-1986. Yield fluctuations were least in cowpea
and maximum in pearl millet (Table 2 ) . This paper describes
the role of farm equipments in soil management for
increasing productivity from drylands.
Table 2: Rainfed crop yields (kg ha" 1 ) at Hisar (1972-1986)
Rainfall
(mm)

Pearl
mi llet

Cluster
bean

38-415
Index (%)

430-2460
572

420-1680
400
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Mung bean
350-1540
440

Cowpea
880-1480
168

SOILS AND SOIL MANAGEMENT PROBLEMS
Light textured soils (sand, loamy sand and sandy loam) are
predominant in the dryland belt of north-west India. These
soils have generally been classified either into Aridisols or
Entisols and belong to Torripsamments, Ustipsamments, Camborthids, Calciorthids Ustifluvents, Torrifluvents, etc. depending on their morphology (Kolarkar et al. 1989; Choudhari et
al. 1989). These soils are invariably poor in organic matter,
available nitrogen and of self-mulching type. Deep sands and
loamy sand have low moisture retention capacity (approximately
75-150 mm in a 1-m deep profile at -10 K Pa), higher rates of
deep percolation (infiltration rates up to 40 cm h-1) and
leaching of nutrients. Loamy sand and sandy loam soils with
less than 90 per cent sand are susceptible to crust formation,
leading to poor crop establishment and ultimately lower
yields. Presence of hard calcium carbonate concretion/dense
layer at shallow depths restricts root growth and adversely
affect crop yields (Agrawal, 1988; Gupta et al., 1989). The
major constraints identified in dryland agriculture are
timely tillage and precision seeding, crop establishment, weed
control, soil and water conservation.
TILLAGE AND SEEDING
In dryland farming, loss of moisture should be minimum
during land preparation and no time should be lost between
land preparation and seeding of crop. Traditionally, during
rainy season, especially small seeded crops like pearl millet
is seeded in shallow furrows either by country plough or by
conventional drill. Under these seeding practices, pearl
millet crop stand suffers on account of soil crust formation,
if light showers are received immediately after seeding or
burying of seedlings in the soil due to high intensity showers
during germination period. Winter season crops are seeded on
conserved soil moisture, but monsoon rains generally recede a
few weeks earlier to the optimum seeding time. Evaporation
from the soil surface dries up the upper soil layer that
constitute the seed zone. Under these conditions, establishment of proper stand becomes a serious problem and deep
seeding in the comparatively moist soil zone below the dry
upper soil layer with a little soil cover over the mustard
seeds is desirable and increases the crop yield.
Seeding of pearl millet on the shoulder of the ridges in
the ridge furrow system increased the seedling emergence by
19-30 per cent and grain yield by 38 per cent over flat sowing
(Table 3). Ridge furrow system conserves more moisture
through inter row water harvesting and when rainfall is in
excess, it provides better drainage and soil aeration.
Grain yield of mustard and chickpea increased by about 40
and 25 per cent, respectively when sown in ridge furrow system
in comparison to flat seeding. This is attributed to better
germination and crop stand because of deeper seed placement
in the comparatively moist zone with a shallow soil cover in
ridge furrow system formed by ridger seeder. Tractor drawn
and animal drawn ridger seeder-cum-fertilizer drills are
available for use in dryland areas.
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Table 3: Seedling emergence and yield of pearl millet under
different seeding methods
Seeding Method

Percentage
increase in
seedling
emergence*

Farmer's
—
Practice(flat)
18.9
Ridger seeder
(bullock)
29.6
Ridger seeder
(Tractor)
* Oswal et al. (1987)

Average grain
yield (kg ttf;1)
**(1980-1983)

Percentage in
increase in
with
yieid
improved seeding method

716
983

37.5

1360

38.4

** Kataria and Malik (1987).

CROP ESTABLISHMENT
Crop establishment problems in drylands are usually due to
surface crusting, cloddiness or quick drying of the seed-bed.
Surface crusting is a serious problem in rainy season crops
like pearl millet, sorghum, soybean, cluster bean, etc. if
rain showers occur soon after seeding. Cloddiness results in
poor seed soil contact particularly in small seeded crop like
mustard usually grown on conserved soil moisture. Low hydraulic conductivity and rapid drying of the soil around the
seed, also causes poor crop establishment.
To overcome surface crusting, seedline mulch with Farm
Yard Manure (FYM) or mechanical breaking of crust have been
found to be beneficial (Table 4 ) . The seedline mulch technology is very promising in overcoming the adverse effect of
soil crusting on crop establishment, when either rain showers
are received after seeding or otherwise by increased yield
due to its favourable root zone moisture and thermal regimes.
Table 4:
Treatment

Soil moisture, crust strength and seedling emergence as affected by soil crusting in sandy loam
Soil moisture
% w/w;0-15 cm

Crust s treng th Cotton
kn. cm"-2
seedling
emergence
1 .20
10
Crusted
9.6
Uncrusted
8.0
0.25
58
Mechanical breaking
10.6
0.25
50
FYM seedline mulch
10.9
0.28
61
The usefulness of this technology can be further increased
by appropriate mechanization for placement of seedline mulch
in seed-cum-fertilizer drills/seeding equipments. Awadhwal
and Thierstein (1983) used rolling type crust breaker to
break the soil crust on the seeded rows one day prior to
expected emergence and obtained encouraging results (Table 5)
The use of crust breaker increased seedling emergence significantly when soil moisture was not a limiting factor. The
manually operated crust breaker covers about 0.1 ha h~l, and
the bullock drawn tool carrier with three crust breaker
units can cover approximately 0.4 ha h~l.
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Table 5:

Seedling emergence % under crusted and mechanically
broken crust conditions*

Treatment

Genot yp es

Crust
Crust broken
CV%
F Value
Significance

S orghum
IS8129 ICMS
7703
37.7
1.7
96.3
50.0
32
78
22.2
17.2
**
**

SC2191
0.0
55.0
76
20.9
**

Pe arl mi llet
ICMS
SS093
WCC 7
7703
0.0
3.4
3.3
50.0
50.0
33.3
74
60
42
22. 1
25.8
45.0
**
**
*

* Awadhwal and Thierstein, 1983.
WEED CONTROL
Weeds compete with crops for scarce water and nutrients
as well as for light, air and space, and if not removed early
(within 20-30 days after emergence) reduces the yield to as
much as one-half in some crops. Hand hoe is one of the commonly used implement for interculture and weeding of crops
but weeding by it is very time consuming, expensive and
labour intensive. The use of wheel hand hoe or bullock drawn
blade has been found very promising and paying. Two and half
times area can be covered by the blade hoe in comparison to
wheel hand hoe. Use of these implements in light soils controls effectively the weeds and breaks the soil crust, which
on drying acts as soil mulch for checking evaporation and
helps in better infiltration of subsequent rains into the
soil profile.
DEEP SANDY SOILS
Surface rolling has been used for deep sandy soils to
reduce water and nutrient losses by leaching and to increase
root zone moisture storage. This practice has been reported
to increase the productivity of sandy soils by 30-50 per cent.
Different dimensions, weight (200-1500 kg) and number of
passes of roller (2-30) have been used at different locations
on different soils in this region and yield responses
achieved are variable (Agrawal and Agarwal, 1987).
Soil compaction by rolling reduces the volume and continuity of large water conducting pores. A slight increase in
sub-surface compaction, about 0.1 Mg.m -3 increased the profile moisture retention, reduced the infiltration rate and
saturated hydraulic conductivity of the soil (Table 6).
Table 6: Soil properties of loamy sand as affected by
rolling*
Treatment

Rolling
No Rolling

Bulk density
H.C.
InfiltraMg.m - 3 10-20 cm cm hr1
tion cm;
10-20 cm 0-60 min.
1.55-1.58
0.77-1.81 7.0-10.7
1.37-1.43
2.21-4.58 8.3-15.7

Soil moisture % w/w;
0-120 cm
10.0-12.1
8.4-10.6

* Agrawal et al. 1987.
SOILS WITH HARD/DENSE PANS
Presence of hard pan due to calcium carbonate concretion
or its formation either due to continuous shallow cultivation
by country plough or by process of clay illuviation,
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restricts root proliferation and hinder movement of water in
to the profile. Deep ploughing or mechanical shattering of
such hard pans by chiselling/mould board ploughing has given
encouraging results in loamy sand soils (Table 7 ) .
Table 7: Effect of depth of ploughing on yield (kg h a - )
of crops
Depth of ploughing

Pearl
Jodhpur
1340
1580
17.9

millet
Hisar
2240
2560
14.3

Ludhiana*
1691
2174
28.6

Chickpea
Hisar
730
1010
38.4

Local plough (8-10 cm)
Mould board (18-20 cm)
% increase over local
pIough
* Chisel + Disc harrowing
Chiselling decreased bulk density and soil strength and
increased hydraulic conductivity in sandy loam soil(Table 8 ) .
Single line chiseller, presently available can be useful up
to 40-45 cm depth, but requires greater draught or horse
power of tractor. Chisellers with improved design with lesser
draught requirement and greater depth of penetration are
required to be developed.
Table 8: Bulk density, hydraulic conductivity and soil
strength as affected by chiselling in sandy loam
Soil
Bulk density
Hydraulic conductivity
Soil strength
depth
Mg .m-3
cm h-1
kp cm-2
(cm)
C
NC
C
NC
C
NC
10-20
1.45
1.59
0.18
0.11
4.28
11.56
20-30
1.37
1.46
0.26
0.19
7.02
9.08
30-40
1.39
1.47
0.91
0.28
5.80
10.10
C= Chiselled to 45 cm depth at 1-m interval; NC=No chisel
SOIL MOISTURE CONSERVATION
Moisture conservation in dryland areas is a complex phenomenon and location specific. Rainfall conservation efficiency
of fallow lands by farmer's practice in south western Haryana
does not exceed 21 per cent (Oswal, 1987). Higher conservation efficiency was observed in loamy sand in a low rainfall
year-275 mm, and in sandy loam and loam in medium rainfall
year-561 mm. Harrowing after every effective rain in loamy
sand increased conservation efficiency to 35 per cent. Micro
catchment for draining water from upper reaches for crop
production in lower areas and adoption of ridge-furrow configuration for in situ moisture conservation has been
recommended for use by individual farmers.
WATER HARVESTING
The rainfall pattern in dryland areas is erratic and high
intensity storms are common, causing run off as well as soil
erosion. Runoff for water harvesting can be increased appreciably by land grading, suitable slope length, soil compaction by rolling, surface crusting and land treatment. Runoff
water can be collected in farm ponds for recycling to the
donar area to enhance its productivity. Farm ponds can be
constructed where there is big natural depression and the
runoff water from all around the catchment can be collected.
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The harvested water is a scarce commodity and needs to be
used sparingly only for'life saving' irrigation at the most
critical crop growth stages or for extending the cropping
season. By sprinkler and drip irrigation, it is possible to use
small quantity of water efficiently. Beneficial effects of
supplemental irrigation are more spectacular in a drought year.
Two to six folds increase in crop yields with one supplemental
irrigation (50-70 mm) at the time of severe drought in summer
crops and as a presowing irrigation to winter crops have been
obtained.
CONCLUSIONS
Tillage and seeding equipments, crust breakers,weeding
implements, rollers for soil compaction, chisellers and water
application equipments have an important role for timely and
precision operations to stabilize and increase the production
in dryland areas.
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P E D O T E C H N I C A L CONCERNS IN M A N A G E M E N T OF H A R V E S T
TRAFFIC AND CROP PRODUCTION

FIELD

Ward B. V o o r h e e s
U S D A - A R S , North Central Soil Conservation
Laboratory, M o r r i s , MN USA

Research

INTRODUCTION
Mechanized agriculture is increasing throughout the world.
In many c o u n t r i e s , field machinery is necessarily large to
enable crop production on farm large land areas w i t h a m i n i m u m
of labor and t i m e . A s farm machinery capacity increased, so
did the w e i g h t .
Concerns over soil compaction have thus
shifted from problems within the tilled layer to c o m p a c t i o n
p r o b l e m s deeper than the depth of normal t i l l a g e .
Theory
(Soehne, 1958) predicted that the total load carried by a
w h e e l is a major component determining the depth and extent
of subsoil compaction. Field m e a s u r e m e n t s have verified that
modern machinery with axle loads exceeding 8 m e t r i c tons (Mg)
can cause compaction to extend as deep as 50 cm or m o r e ,
depending on soil conditions (Danfors, 1974, and V o o r h e e s et
al., 1986).
Recently published data from an international
field study in the U . S . , Canada and E u r o p e , show that crop
yields can be significantly decreased for a number of years
by subsoil compaction from machinery with axle loads exceeding
10 Mg (Hakansson et a l . , 1 9 8 7 ) .
The objective of this paper is to evaluate the relative
negative effects of heavy harvest and transport e q u i p m e n t with
respect to crop yield loss from subsoil compaction and the
positive effects of large-capacity machinery on h a r v e s t time
efficiency.
Since crop yield response to soil compaction is
a function of soil type and climatic c o n d i t i o n s , this analysis
can be done for a range of soil conditions to illustrate how
soil pedotechnical data can be used to develop g u i d e l i n e s for
m a n a g e m e n t of large farm machinery.
METHODS
A computer
program was developed
to
input
machinery
characteristics,
mode
of
operation,
crop
response
to
c o m p a c t i o n , and economic value of the c r o p h a r v e s t e d .
These
data
were
obtained
from
field
research,
manufacturer's
specifications and data reported by Ellwein and Froehlich
(1989).
Two m o d e s of harvest operation are discussed in this
paper.
In mode # 1 , the combine empties its grain hopper at
the end of the field after each trip across the field, even
if it is not full.
This mode m i n i m i z e s subsoil c o m p a c t i o n
because the w e i g h t of the combine is always at its practical
minimum.
T h i s m o d e also m a x i m i z e s harvest t i m e , h o w e v e r ,
because of the frequent stopping to unload grain into a
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waiting cart. Mode #2 has the combine unloading "on the go"
into a grain cart that is pulled beside the combine as it
traverses the field. This mode minimizes harvest time because
the combine never stops harvesting, even when unloading into
the grain cart.
However, this mode maximizes subsoil
compaction because of the increasing weight accumulated in the
grain cart as it is pulled across the field.

o 40
lo
Q 30
11J
cr
Q
-J ?_0
UJ

/

> •

.-(3)

//°(2)

§ 10

o
o

/

o

1_„

0

5

y

/

n-H-"'''

10

--(4)
1

!

_i_

15

20

^5

Mg/AXLE
Figure 1.

Corn yield reduction as a function of axle load for
the following soils:
(1) and (4) - clay loam,
Minnesota (Voorhees et al., 1989); (2) - silt loam,
Wisconsin (Schuier & Lowery, 198 6 ) ; (3) - loam,
Quebec (Gameda et al., 1987)

Maize
(grown for grain) yield response to
subsoil
compaction is shown in Figure 1.
The range of response
illustrates the influence of mainly soil texture and climatic
conditions. Generally, subsoil compaction appears to have an
increasing influence as clay content and soil moisture content
increases.
These 4 sites were included in the study
summarized by Hakansson et al. (1987).
From the data in
Figure 1, two equations were developed to relate maize yield
response to axle loads for two hypothetical situations
representing extreme soil types. It should be emphasized that
these two equations are for general purposes only, and that
considerable refinement is needed to make them sensitive to
soil water content and other soil physical soil properties.
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Situation #1:
Sandy soils tend to be relatively dry at time of high axle
loading, and therefore do not exhibit a large change in soil
physical properties in the subsoil. Such soils also tend to
have a relatively low productivity, and maize yield response
to subsoil compaction will be minimal.
Y = -6.8 + 0.68 X

[1]

Where Y is the percent yield decrease, and X is the axle load.
If axle load is less than 10.0 Mg, there is no effect on
yield.
Situation #2:
Clay soils that tend to be relatively wet at time of high
axle loading, and therefore exhibit a large change in soil
physical properties in the subsoil. Such soils tend to be
highly productive, and maize yield response to subsoil
compaction will be maximum.
Y = -13.0 + 2.0 X

[2]

If axle load is less than 6.5 Mg, there is no effect on yield.
These data cannot be applied directly to a whole field
situation, however, because of conditions unique to
experimental plots. On the experimental plots, constant axle
load wheel traffic was uniformly applied to the entire plot
surface, whereas in an actual field, the wheel traffic covers
only a portion of the field, and the axle load changes in
response to grain being accumulated in either the combine or
grain cart as harvest progresses across the field. Thus, the
working hypothesis is that the crop yield loss for a whole
field is the product of the yield reduction for a given axle
load and the portion of the field covered by that axle load.
By incrementing the whole field into small segments, the
dynamic nature of the changing axle load can be considered.
RESULTS
Table 1 shows the potential maize yield loss on a whole
field basis due to subsoil compaction resulting from various
sized combines and grain carts used in the two different modes
of operation for the two soil situations described above. The
time required to unload the combine at the end of each pass
(Mode of operation #1) is also presented.
Whereas yield
decreases up to 30% were measured on small plots (Figure 1),
the maximum estimated decrease on a field basis (Situation #2
in Table 1) was less than 14%. This is because normally less
than 100% of the field is wheel tracked during harvest, and
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a portion of that wheel traffic carries relatively small axle
loads that do not cause sufficient subsoil compaction to
decrease yield.
The second point of interest is that yield losses from
wheel traffic of just the combine is generally less than 2%.
In fact, 4- and 6-row combines did not cause sufficient
subsoil compaction in Situation #1 to have any effect on
yield. Furthermore, there is little difference in yield loss
between the 6- and 12-row combine even though their respective
maximum axle loads are approximately 10 and 20 tons, both
above threshold weight for causing yield-reducing subsoil
compaction. This is mainly because the heavier 12 row combine
wheel tracks only 17% of the land surface compared with 27%
for the lighter 6-row combine.
Unloading the combine into a grain cart "on the go" to save
time does not cause appreciable yield loss in Situation #1,
even when the largest cart is used (maximum loss of 1.68%).
Situation #1 (dry sandy soil for example) assumes a relatively
small compaction response to heavy equipment on relatively
non-productive land. In Situation #2, however, which assumes
high compaction effects on very productive land, yield
reductions of 5% and higher start to appear when using grain
carts larger than 16.3 Mg capacity.
The data in Table 1 can be used to make time management
decisions. Assume it takes 28 hours to harvest 50 hectares
of maize using a 6-row combine.
In situation #2, if the
combine stops to unload at the end of each trip through the
field so as to minimize axle load, this will add another 3.6
hours to the harvest time. The farmer may consider pulling
a grain cart beside the combine to avoid wasting the 3.6 hours
stopping to unload. However, this must be balanced against
a potential loss in next year's maize production. At a base
yield of 12.6 Mg/ha and a yield loss of 11.64% valued at
$78.7/Mg, using a 32.7 Mg grain cart to save 3.6 hours this
year may cost the farmer $115/ha next year and can not be
justified.
If a 12-row combine is used, only 14 hours are required to
harvest the 50 hectares of maize.
Minimizing compaction
effects by unloading the combine at the end of the field will
add 3 hours. Again, this added harvest time can be saved by
unloading into a grain cart but at the potential expense of
up to $93.11/ha, which probably can not be justified. But if
instead of 50 hectares of maize, consider 500 hectares. Then
the time saved by using the grain cart amounts to 30 hours,
or about 3 days. This becomes a significant block of time,
especially if the harvest period is limited.
The above examples of potential yield loss, and its
monetary value, will vary according to soil properties.
According to Hakansson et al. (1987), subsoil compaction has
a larger adverse effect on crop yield as clay content
increases. Normally, maize yield under rain-fed conditions
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Table 1.
Potential maize yield decrease due to subsoil
compaction using various combinations of combine and grain
cart size.
Situation #1 Assuming maize yield of 6.3Mg/ha
Combine
Capacity

Unloading
Time

Grain cart capacity, Mg
none 10.9
16.3
21.8

32.7

Rows
4
6
8
12

min/ha
2.74
2.17
2.17
1.88

0.00
0.00
0.05
0.29

percent yield decrease
0.02
0.09
0.40
0.06
0.12
0.31
0.12
0.19
0.39
0.44
0.48
0.63

1.66
1.30
1.68
1.34

Situation #2 Assuming maize yield of 12.6Mg/ha
Combine
Capacity

Unloading
Time

Rows
4
6
8
12

min/ha
5.44
4.27
4.25
3.66

Grain cart capacity, Mg
none
10.9
16.3
21.8

0.74
1.52
1.81
2.40

percent
1.75
2.20
2.44
2.59

32.7

yield decrease
2.54
5.28
13.88
2.94
4.60
11.64
3.25
4.80
10.41
3.14
4.49
9.42

will yield higher on clay soil than a sandy soil because of
increased water holding capacity.
Thus the use of large,
heavy harvest equipment on clay soil may be expected to result
in a higher relative yield loss and a higher absolute monetary
loss than if the same equipment was used on a sandy soil.
These examples do not consider yield response to compaction
occurring only in the surface soil layer, or in conjunction
with compaction in the subsoil layer. Such interactions can
be very complex, and will depend on antecedent soil water
content and history of pre-consolidation.
Variations in
growing season climatic conditions may also alter the results.
Two additional factors that affect the relative value of time
are the monetary value of the grain, and the persistence of
subsoil compaction after initial heavy trafficking. If grain
has a low monetary value, then the yield penalty from
compaction will not be as high.
But if subsoil compaction
persists for a number of years (Voorhees et al., 1986) and
adversely affects yield (Voorhees et al., 1989), then even a
small yield penalty can be significant.
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CONCLUSIONS
If only small land areas are to be harvested and there is
unlimited time to accomplish the job, the savings in time by
using a large combine or large grain cart cannot be justified
because of the increased yield penalty due to subsoil
compaction.
If time is limited because of large area to be
harvested and/or short harvest season, then the decision to
use larger, more time-efficient harvest equipment is not so
easily made because of a substantial potential yield penalty
from subsoil compaction. This computer model can be used to
define soil types and/or land regions where large heavy
harvest equipment must be used with utmost consideration for
costly yield penalties. For such situations, this analysis
can
assist
the
farm
operator
in
evaluating
various
alternatives with respect to machinery size and mode of
operation.
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TECHNOLOGICAL SOIL MAPS, A POSSIBLE PRODUCT OF SOIL
SURVEY FOR DIRECT USE IN AGRICULTURE
A.Canarache
Research Institute for Soil Science and Agrochemistry,
Bucharest, Romania
Introduction
Large scale soil maps are currently prepared in many countries. Such maps represent an inventory of soil resources, and
they are important tools of general character for geographers,
agronomistis, ecologists and many other specialists. Nevertheless, use in practice of such maps is often limited (Dudal,
1986) for many reasons, among which we consider:
- Soil maps usually include soil taxonomie units at various
levels. Such an approach is not allways easily understood by
non-pedologiats, and in many cases does not show a clear enough
picture of the very soil properties which are of direct interest
for a specific practical use.
- The area shown on a soil map is currently separated into a
quite great number of mapping units. Although these mapping
units differ among themselves according to some soil or landscape features, they are often not very different when considering only particular properties of direct interest for a specific
practical use.
More specific products of soil survey, representing a result
of processing general-purpose soil maps, and usually accompanying them, refer to land evaluation, land capability and suitability for various land uses and crops, land classification
for irrigation or other reclamation works etc. Such maps overcome to a certain extent some of the shortcomings discussed
earlier, but they still do not respond to all requirements of
practical soil management. More specifically, neither of the
products of soil survey now in use do not show particular soil
properties needed to calculate technical parameters of irrigation , drainage, erosion control or tillage.
T O overcome such difficulties, we have been developing during recent years a system of reusing information included in
classical soil maps, and preparing so-called technological soil
maps. The first kind of technological soil maps we have used
referred to irrigation scheduling, and they were initially
called hydrophysical maps (Canarache et al., 1978; Canarache a.
Dumitriu, 1986). Florea et al. (1990) recently extended this
approach to soil management at the farm level. Bouma (1985)
discussed the possibilities of using general soil maps as a
prerequisite in soil hydraulic conductivity studies.
The aim of this paper is to introduce the method to prepare
various kinds of technological soil maps now in use in this
country. Some examples are presented, and prospectives to extend thin qnoroach to other fields of soil science are discussed.
Methua
T

The lain steps in preparing a technological soil map are:
- analyzing the existing general-purpose soil map and its
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legend, as well as any existing analytical soils data;
- selecting several soil properties of particular interest
as related to the specific kind of technological soil map to
be prepared;
- characterizing all mapping units in the original generalpurpose soil map with respect to these selected soil properties, using actual analytical data (results of direct determinations) at least for the main soil units, but recurring when
necessary to estimation or interpolation for some of the minor
soil units;
- recombining some of the original mapping units, not much
different, with respect to the selected soil properties, into
a smaller number of so-called technological mapping units;

Tech nological
mapping unit

1
2
3
4
5

Minimum
moisture
level for
irrigation
(% w/w)

Depth of
irrigation
( m • ha

16.1
16.2
10.5
8.6
7.4

760
630
760
450
420

Basic
infiltration
rate
)

( mm- hour" )
1.6
2.0
8.0
35.0
80.0

Fig.1. TECHNOLOGICAL SOIL M A P OF PART OF THE AMÄRÄSTI IRRIGATION
DISTRICT ( Buzicä and Vasilescu , 1975 )

- calculating average and/or range of figures for each soil
property, for various depths on the soil nrofile, and for each
technological mapping unit.
Legends of technological soil maps usually include for each
technological mapping unit data referring to the most important
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soil properties and depths on the soil profile. Additional data
for other soil properties and profile layers are given in accompanying tables (not shown in the examples included in this
paper).
Most of the work related to selection of analytical soil data,
processing, estimation and interpolation, and calculation of
averages and ranges makes use of the National Soil Physical
Properties Data B a s e , and is c ompiuterized.

0.5

Technolo gical
mapping
unit
1
2
3
U

0

0.5

1,0 1,5 km
:

D r a i n a b l e porosity (% v A )
0-50
37
100
29

50-100
33
W
27
22

TT~

Hydraulic conductivity(mm.hour )
D e p t h ( cm )
100-150
50-100
100-150
0-50
38
31
31
26

112
157
99
Ik

61
151
29
6

Fig.2. TECHNOLOGICAL SOIL MAP Of DRAINAGE SYSTEM IN THE
POLDER ( Curelariu et a l . 1988 )

60
6k
k9
17
SULINA

Examples
Technological soil maps for design and management of i r r i g a t ion. Minimum soil moisture content level for irrigation
(1/2 - 2/3 of the available water range) and water depth to be
applied in a single irrigation, both needed in irrigation
scheduling, as well as basic infiltration rate,needed to select
irrigation method and sprinkling intensity, are the soil physical properties used to separate t e e n ™ l o g i c a l mapping units. They
refer to soil layers as needed f o r scheduling irrigation of
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different crops and specific development stages. Additional
tables include data on „bulk density, wilting point, field
capacity and saturated hydraulic conductivity.
The example shown in Figure 1 refers to a field where a
rather homogeneous area with soils developed on loess interfer
with a very heterogeneous area of former sand dunes. The need
of differentiating across this field irrigation methods,
sprinkling intensity, timing and amounts of watering obviously
results from this technological soil map.

Technological
mapping unit

Ercdi'bility
( correction f a c t o r )

1
2
3

u
5
6
7
8
9

Areas

1.1
1.1
1.1
1.0
1.0
0.9
0.8
0.7
with no

I n f i l t r a t i o n rate
( mm • hour')
68
38
Ik
36
Ik
18
20
22

e r r o s i o n problems

Fig 3. TECHNOLOGICAL SOIL MAP OF PART OF THE 0GRETINEANCA EROSION
CONTROL DISTRICT ( P i c i u
et a l . , 1 9 8 8 )

Technological soil maps for design of drainage. Saturated
hydraulTc conductivity and drainable porosity are used to
prepare such maps, being the main soil physical properties included in formulae of drain spacing. The degree of compaction
is also used, being a criterion for deep ripping requirement
often needed in combination with tile drains in areas with
surface-waterlogged soils. Additional tablesj show data on bulk
density, field capacity, saturation water content and total
porosity.
The example discussed in this paper (Figure 2) is taken
from a recently reclaimed area in the Danube Delta with some
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sandy soils scattered among peat layers of different depths and
various underlaying sediments. Variation in soil physical
properties, as shown on the technological map, leads to quite
different drain spacing throughout the studied field.
Technological soil maps for erosion control purposes« The
main soil parameters needed in sloping areas subject to erosion
are erodibility and basic infiltration rate, both referring to
the upper soil layer. Additional data refer to particle-size
composition, humus content, intensity of sheet erosion, and
saturated hydraulic conductivity, all referring to the same
soil layer.

Techological
mapping
unit
1
2
3
4
5

Depth of Degree of Presence D r a f t
Number
arable
compaction
resistance of days
of
layer
(40-60 cm bleached to ploughing w i t h
trafficadepth)
(cm )
horizon
(kg. dm - 2 ) b i l i t y
(%)
problems
30
20
20
20
20

8
10
12
14
8

NO
NO
NO
YES
NO

70
60
70
60
80

F i g . 4 . TECHNOLOGICAL SOIL MAP OF
I Rtsnoveanu et al.,1988 )

Slope

l%)

—

<2
<2
<2
<2
5-15

10
25
50

PART OF THE

PERIS

Switability
for
reduced
tillage

unsuitable
do
do
do
suitable
moth
moderate
limitations

FARM

The field taken as an example in Figure 3 is very heterogeneous from the point of view of the soil properties used in
selecting the appropriate erosion control measures and calculating width of cropping strips, spacing of terraces etc.
Technological soil maps for tillage management. Technological
mapping units separated on such maps are based on depth of the
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topsoil, degree of compaction Cf the subsoil, presence of a
bleached horizon, draft resistance to ploughing, length of the
season with no trafficability problems, slope, suitability for
reduced tillage and occasionally other soil characteristics
(Canarache, 19S7).
As an example we use (Figure 4) a rather homogeneous field,
where deep ripping requirement and high draft resistance to
ploughing are the main characteristics affecting the recommended
soil tillage system. Some small parts of this field require
contour farming, and some other parts have trafficability
problems.
Further possible developments
Soil technological maps we are preparing at present result
mainly from interpretation of data on soil physical properties.
Most probably, a similar approach will be possible for soil
chemical properties, and soil technological maps related to
problems of soil acidity, salinity control, fertilization or
selection of cropping pattern might be considered.
Conclusion
Availability to farmers of technological soil maps as shown
above shall most probably make easier for specific practical
purposes the use of information on soils included in generalpurpose soil maps. The main problem of the farmer will probably
be to find out practical means to differentiate management
practices for each of the technological mapping units shown on
such maps. In most cases some kind of a compromise shall be
accepted between the need for such a differentiation and the
difficulties in applying various management practices on small
pieces of land.
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SOIL STRUCTURE AND MECHANICAL RESISTANCE DIRECTLY BELOW THE SEEDBED OF
CEREALS AND ROOT CROPS IN THREE FIELD EXPERIMENTS IN THE NETHERLANDS
C. van Ouwerkerk
Institute for Soil Fertility, Department of Soil Physics and Root
Ecology, P.O. Box 30003, 9750 RA Haren Gn, The Netherlands
INTRODUCTION
At seedbed preparation in spring, the workability of the soil surface
layer depends on clay content, moisture content, and type of implement used
and its adjustment and handling (forward speed, rotational speed, working
depth). Moreover, the recent history of the topsoil (kind of primary tillage
in autumn, degree of weathering during winter and early spring, speed of
superficial drying) affects soil cohesion and, thus, the brittleness of the
shallow surface layer to be worked. Therefore, the resultant seedbed quality
(aggregate size distrubution, depth) may vary widely from year to year.
Below the shallow, relatively dry surface layer, the soil is often still
wet (moisture content about 90%, relative to field capacity), which may
cause smearing and compaction by the tools of the tillage implements,
especially when powered implements are used, such as reciprocating harrow,
rotary harrow and rotary cultivator (in order of increasing tillage
intensity). The field traffic which accompanies fertilizer application,
seedbed preparation and sowing, may compact not only the top soil, but also
deeper soil layers, especially when single, high-pressure tyres are used
(Van Ouwerkerk and Van Noordwijk 1989). Therefore, even if the quality of
the seedbed itself is satisfactory, the seedbed bottom may be very dense
and, thus, may have a very high mechanical resistance.
Seedbed quality is often established only in terms of average depth and
aggregate size distribution of the loose layer. However, as the seed
preferably should be deposited on or just in the seedbed bottom, it is
important to determine the structure of the soil layer directly below the
seedbed as well. This should be done at least in terms of total porosity,
moisture content and air content, which determine the speed of emergence,
and in terms of soil strength, which determines the rate of development of
the seedling's roots and their rate of penetration into the subsoil.
METHODS
0

2

A spring-loaded hand penetrometer (cone: 30 ; base: 25 or 50 mm ) and a
portable shear strength meter (annulus: 0 70 mm; height of the partitions:
16 mm), which were originally developed to determine the firmness of the
top layer of sports turfs (Mes and Pot 1984), were used to characterize
the strength of the seedbed bottom. As an objective reference, a third
instrument was used, viz., a 90°, 70 -mm wide steel wedge, which is forced
into the seedbed bottom by means of a 2.5-kg falling weight (Van Ouwerkerk
1989b).
Soil strength of the seedbed bottom was measured on 5 sites per plot.
Within each site, 4 determinations of shear strength and wedge penetration
and 8 determinations of penetration resistance were made. Total porosity
and moisture and air contents in the 2-7-cm layer below the seedbed, both
at sampling and at a standard matric water potential of -10 kPa (Kuipers
1961), were determined in 10 intact core samples of 100 cm3 per plot.
In the spring of 1988 and 1989, seedbed quality, mechanical resistance
of the seedbed bottom, and soil structure in the 2-7-cm layer below the
seedbed, were measured in experimental fields laid out to study field
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traffic systems, low-input farming, and tillage systems.
RESULTS
Generally, it was found that total pore space and moisture content in
the 2-7-cm layer below the seedbed, both at sampling and at a matric water
potential of -10 kPa, were positively related to organic matter content
which, in turn, was related to long-term organic manuring history or
(always positively) to clay content.
Both in 1988 and 1989, the positive effect of primary tillage on soil
structure, even if it was performed under favourable conditions (as in the
autumn of 1988), was nullified by the negative effect of a winter and early
spring with abundant precipitation, but without any frost. In the spring of
both years, the soil dried superficially very quickly and a hard, 2-3-cm
thick crust developed. Consequently, despite very intensive secondary
tillage, only a shallow and very coarse seedbed was obtained. Directly
below the crust the soil was still wet which, in many cases, caused the
formation of a dense layer directly below the seedbed. Thus, in both years,
soil strength directly below the seedbed was generally very high, in spite
of the high moisture content.
Table 1 shows soil strength data after seedbed preparation with a
spring-tine cultivator, which was preceded by one pass of a heavy float to
break the crust. The field experiments concerned are located on the EHF
"Dr. H.J. Lovinkhoeve" (Noordoostpolder), where, with respect to clay
content, the soil is very homogeneous.
TABLE 1
Soil strength directly below the seedbed for spring barley on a loam soil
(clay content 22%, w/w) at the EHF "Dr. H.J. Lovinkhoeve", 3 April 1989
Experiment

Tillage
system

Organic
matter *
(%,w/w)

Shear
strength
(kPa)

Wedge
penetration
(mm)

Cone
index
(MPa)

IB 0011

Conventional
Minimum #

2.4
2.7

207
284

26.1
21.0

1.0
1.3

IB 0029

Conventional

2.7
2.2

266
256

21.2
19.4

1.0
1.3

Reduced

2.8
2.4

298
274

18.8
21.6

1.3
1.2

Minimum ##

2.4

340

19.4

1.7

* 0-25-cm depth; # Since 20 years; ## Since 3 years
On experimental field IB 0011, 20 years of minimum tillage (i.e., 7 cm
ploughing), resulted in a considerable increase in organic matter content,
especially in the top 10 cm (Van Ouwerkerk 1989a). Still, directly below
the seedbed, shear strength and cone index were clearly higher and wedge
penetration was clearly lower than on the conventional tillage plot, which
was always autumn-ploughed to 20-25 cm depth.
On experimental field IB 0029, the differences in organic matter
content are caused by long-term (40 years) differences in organic matter
application preceding the present experiment, which was started in the
autumn of 1984. Differences in soil strength between conventional tillage
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(20-25 cm ploughing) and reduced tillage (15 cm ploughing + 5-10 cm
subsoiling) are not clear, but minimum tillage (7 cm ploughing) showed a
much higher shear strength and cone index than conventional tillage.
The combined effect of clay content and traffic intensity on soil
structure below the seedbed is illustrated in Table 2 for a long-term
field experiment at the EHF "Oostwaardhoeve" in the Wieringermeerpolder.
It consists of 4 blocks of 100 x 200 m , each carrying one crop of the
intensive, 4-year crop rotation, consisting of ware potatoes - winter
wheat + undersown grass - sugar beet - onions. Each block was subdivided
into 6 plots where, since 1985, low ground-pressure (L) and high
ground-pressure (H) field traffic, and zero-traffic (Z) were practiced all
the year round. Soil tillage and all cultural treatments were the same for
all three field traffic systems. Soil texture on this experimental field
varies strongly among blocks and within blocks, which may make the
comparison of the effects of L, H and Z treatments more difficult, but may
make it possible to establish differences in magnitude of the effects of
field traffic systems on coarse- and fine-textured soils.
TABLE 2
Total pore space, and moisture and air contents at -10 kPa in the 2-7-cm
layer below the seedbed at the EHF "Oostwaardhoeve" (1985-1989 average)

Pore space (%,v/v)

Block Plot

Clay
L
(%,w/w)

A
B

1-6
1-3
4-6
1-6
1-3
4-6

17.7
15.0
22.6
23.7
23.0
31.8

49.4
46.6
48.8
48.7

1-6
1-3
4-6
1-6
1-3
4-6

17.7
15.0
22.6
23.7
23.0
31.8

23.1
22.1
25.7
25.4

-

22.4
23.1
24.6
27.2
26.9

31.5

-

1-6
1-3
4-6
1-6
1-3
4-6

17.7
15.0
22.6
23.7
23.0
31.8

18.7
15.5
14.2
14.4

-

17.2
14.8
15.0
13.6
13.5

12.6

-

C
D

Moisture content
at -10 kPa (%,w/w)

A
B
C
D

Air content at
-10 kPa (%,v/v)

A
B

c

D

H

Z

Mean
L,H

ZL,H

52.2

-

49.6
48.9
50.8
51.5
52.4
55.6

48.6
46.8
48.4
49.1

-

47.9
47.0
48.0
49.5
49.4

1.0
2.1
2.4
2.4
3.0
3.4

23.4
23.5
25.3
25.8
26.8
32.0

22.8
22.6
25.1
26.3

18.8
17.4
17.9
18.7
18.8
18.2

18.0
15.2
14.6
14.0

-

-

-

0.6
0.9
0.2
-0.5
-0.1
0.5
0.8
2.2
3.3
4.7
5.3
5.6

On L and H plots of similar soil composition, total pore space and
moisture and air contents at -10 kPa were similar. On Z plots, total pore
space and moisture and air contents at -10 kPa were clearly larger than
those on L and H plots, especially on heavier soil. Accordingly, soil
strength was similar on L and H plots of similar composition, but on Z
plots shear strength and cone index were clearly smaller and wedge
penetration was considerably larger (Table 3 ) . However, contrary to pore
space and air content at -10 kPa, differences in soil strength among L, H
and Z plots were smaller on the heavier soil. This may be caused by the
larger pore space on the heavier soil, which counteracts the stronger
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cohesion.
TABLE 3
Soil strength in the 2-7-cm layer below the seedbed at the EHF
"Oostwaardhoeve", spring 1988

Shear
strength
(kPa)

Wedge
penetration
(mm)

Cone index
(MPa)

H

Mean
L,H

ZL,H

198
320

300
398

-102
- 78

303

219

282

- 63

278
-

242
295

_
-

- 36
- 26

Crop

Block Plot

Clay
L
(%,w/w)

Potato

B

1-3
4-6

14.0
20.7

306
382

293
414

S.beet

C

1-6

22.8

262

Onion

D

1-3
4-6

21.7
29.8

_
269

Potato

B

1-3
4-6

14.0
20.7

19.0
20.2

18.5
15.6

25.7
20.8

18.8
17.9

6.9
2.9

S.beet

C

1-6

22.8

17.6

18.6

27.2

18.1

9.1

Onion

D

1-3
4-6

21.7
29.8

.
21.2

22.1
-

25.0
27.6

_
-

2.9
6.4

Potato

B

1-3
4-6

14.0
20.7

2.4
2.4

2.8
2.5

1.4
1.7

2.6
2.5

-1.2
-0.8

S.beet

C

1-6

22.8

0.8

0.8

0.3

0.8

-0.5

Onion

D

1-3
4-6

21.7
29.8

0.8

0.7
-

0.5
0.6

_
-

-0.2
-0.2

On block B the cone index level was far higher than might be expected
on the basis of soil texture or the general relationships among the values
of shear strength, wedge penetration and cone index (Fig. 1). Probably,
this high level may be considered as the effect of the very intensive
seedbed preparation (reciprocating harrow, followed by rotary cultivator)
at a fairly high moisture content (on average 92%, relative to the moisture
content at field capacity). However, seedbed preparation had been very
intensive also on blocks C and D (2x rotary harrow instead of the usual
single operation with a reciprocating harrow) and the moisture content on
these blocks was not much lower than that on block B (86 and 88%,
respectively, relative to the moisture content at field capacity).
Soil strength values on L and H plots were also similar in the spring of
1989; shear strength and cone index on Z plots were clearly lower than
those on L and H plots, while wedge penetration was markedly greater (Table
4). The level of soil strength was again very high on potato plots (block D
Fig. 1 ) , which would be consistent with the extremely intensive seedbed
preparation (rotary harrow, followed by rotary cultivator). On plot D5 (Z),
shear strength values were extremely high and were not consistent with the
wedge penetration and cone index values (Fig. 1). This was probably caused
by the levelling operation with the rotary harrow, which was performed in
autumn to correct the unsatisfactory result of a prototype 2-body plough
tested on this plot only. This operation resulted in a too finely crumbled,
even surface, which severely slaked during winter and early spring.
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Fig. 1. Relationships among shear strength, wedge penetration and cone
index in the 2-7-cm layer below the seedbed, at the EHF "Oostwaardhoeve,
in spring 1989.
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TABLE 4
Soil strength in the 2-7-cm layer below the seedbed on Z plots,
relative to the average values for L and H plots (%), at the EHF
"Oostwaardhoeve", in spring 1989
Crop

Block

Plot

Clay
Shear
(%,w/w) strength
(kPa)

Wedge penetration
(mm)

Cone
index
(MPa)

Sugar beet
Onion
Potatoes

A
C
D

1-6
1-6
1-3
4-6

16.5
22.8
21.7
29.8

+
+
+
+

-

- 13
- 9
- 32*
- 19**

15
11
42*
63**

27
29
25*
45**

* Difference Z-H; ** Difference Z-L.
DISCUSSION
As the penetrometer encounters a much smaller soil volume, its readings
generally show a much larger coefficient of variation (about 30%) than the
readings of the shear annulus and the wedge (15-20%) which encounter
similar, much larger soil volumes. However, whether or not the seedling's
roots can penetrate the (often compacted) layer directly below the seedbed,
probably depends more on the large spatial variation in soil strength as
indicated by the penetrometer, than on the overall strength of the bulk
soil as indicated by the shear annulus and the wedge.
CONCLUSION
For measuring the mechanical resistance of the soil layer directly below
the seedbed of spring-sown crops, the hand penetrometer, the shear annulus
and the falling-weight wedge are equally useful. However, the simple,
spring-loaded hand penetrometer may well be the best-suited instrument to
easily and quickly determine soil strength and its spatial variation
directly below the seedbed.
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MOVEMENT AND ACCUMULATION OF SALTS AND OPTIMAL IRRIGATION
SCHEDULING (AN INTRODUCTION TO SYMPOSIUM VI-3)
I. Szabolcs
Research Institute for Soil Science and Agricultural
Chemistry of the Hungarian Academy of Sciences, Budapest,
Hungary
The global extension of irrigation is above 200 million hectares and is sharply increasing. It has been forecast that during the next hundred years this territory will double. Besides
the beneficial effect of irrigation (i.e. increasing yields of
cultivated crops) its adverse side-effects are also well-known.
Among these, first of all secondary salinization and alkalization of irrigated soils should be mentioned, which affects about
half of all irrigated soils. As a consequence of this process
several millions of hectares of fertile land are abandoned yearly from production due to salt accumulation and loss of soil
productivity.
The combat against secondary salinization demands proper survey, prediction and precaution methods prior to and during irrigation, but even before constructing the irrigation system. The
main factor resulting salt accumulation is the movement of water
and salts in soils and in the surrounding areas, which can be
measured and characterized by the salt balance. Salt- and water
movement are the key factors not only in quantitative measurements for the study of the amount and quality of irrigation water to be applied but they are also significent whenever salinization or desalinization processes are concerned.
It is evident from the above described principles that the
designing of irrigation systems, and scheduling of irrigation
should be based on proper water and salt balance studies, including not only irrigation water, but also ground- and drainage water conditions as well, and on specific soil surveys,
soil analyses and monitoring of the significant soil properties.
Local circumstances, such as geological, hydrological, climatic
conditions, as well as production technology and even economic
considerations should be included in the designing system for
irrigation patterns and technology as well as for the prediction
and prevention of secondary salinization and alkalization of
soils.
The design and technology of optimal irrigation is different
under arid and nonarid conditions. In the first case the application of drainage is indispensable, while in the second, in
case of dominating leaching processes due to the climate, and
depending on local conditions, irrigation is sometimes possible
without drainage.
It is necessary to elaborate long-term models in order to
avoid salinization after several years of irrigation. Sophisticated equipment, computer methods and other means are now necessary and available for the up-to-date planning of optimal irrigation.
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OPTIMIZING THE IRRIGATION REGIME TO RECLAIM THE
SALT-AFFECTED SOILS
Gh.Sandu*. C.Räutä*, I.NiifU*
K

Research Institute for Soil Science and Agrochemistry,
Bucharest, Romania

The Romanian Plain is bordered at the north by the Getic
Piedmont, the Sub-Carpathians and the Moldavian Plateau, and
at the west, south and east the Danube separates it from the
Moesian Platform and the Dobrogea Horst.
1. BRIEF DESCRIPTION OF THE ROMANIAN NATURAL CONDITIONS
The Romanian Plain is characterized by mean temperatures
ranging from lo.4°C in the northern part and ll.o°C in the
southern part and average annual rainfall ranging from 5oo mm
to 55o mm in the western part, and from 45o mm to 5oo mm in
the eastern part.The values of the potential evapotranspicaäxt
are between 800 mm and 9oo mm. The north-eastern part of the
Romanian Plain presents the highest frequency of the excessively dry months (28-33 per cent) followed by excessively
rainy months (2o-24 per cent), while the frequency of the
so-called "normal" months is 7-12 per cent.
The parent materials are varied (alluvial, lacustrine,
diluvial,eoliane,etc.).Most of them are saliferous,calcareous
and very seldom gypsiferous.
The mineralization degree and the ionic and chemical composition of the groundwaters show the heterogeneity and high
variation all over this territory, revealing the action of
saliferous sources. They are closely correlated with the
lithologicaljgeomorphological and other conditions.The groundwater mineralization degree ranges very much: less than 1 g/1
in the peripheral piedmontan plains, 1-2 g/1 in the terrace
plains and 2-5 g/1 in the areas with a poor drainage.In the
depressional areas and bottom lands the mineralization
degree reaches 5o-6o g/1.
Within the above mentioned areas, there are Solonchaks
on saliferous deposits, Solonchaks and Salinized Solonetzs,
Typic or Mollic Solonetzs, Typic Solonetzs on alluvial deposits,Luvic Solonetzs,Alkalized Planosols (Soloths). Among
the salt-affected soils the following are mentioned;Salinized
Alluvial Soils; Alkalized Humic-Gley Soils; Meadow Salinized
Cambic Chernozems; Salinized Chernozems on recent fluvial
and fluvio-lacustrine deposits; Argilluvial (Slightly Luvic);
Chernozems and Meadow-Luvic Solonetzs; Alkalized Vertic
Chernozems (Florea, 1958; Sandu, 1984).
2. RECLAMATION PROBLEMS CONCERNING THE OPTIMIZING OF
IRRIGATION REGIME ON SALT-AFFECTED SOILS
Under the Romanian Plain conditions, the salinity and
alkalinity regime of salt-affected soils is improved by differentiated application of the following technologies :
- complex of reclaiming technologies with capital character under drainage conditions (on saline and alkali soils
with mineralized groundwaters) ;
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- establishing the paddies of reclamation type with field
crops-rice rotations;
- operational,agricultural,reclaiming technologies applied during the growing season of some crops aiming at the
control of the soil profile desalinization and/or de-alkalization and the groundwater de-mineralization;
- periodic application of the prophylactic reclaiming
technologies (usually applied every 5-7 years on the soils
accumulating soluble salts);
- agriculture and fishery developments.
2.1. Migration and accumulation processes of soluble
salts in soils,groundwaters and irrigation schemes
The migration and accumulation of salts in soils and
groundwaters take place horizontally and vertically by continental-groundwater (largely spread) and lacustrine type
(Florea,197o). Horizontal migration and accumulation processes
occur at the same time with the movement of groundwaters and
waters of deep aquiferous strata,affecting large areas.
Frequently,the accumulation of salts in soils and groundwaters
takes place in the depressional areas of the interfluves and
especially in the bottom lands of the interior rivers (in the
Alluvial,Hydromorphic and Halomorphic Soils).
The vertical migration of salts takes place in the case
of salt-affected soils, halomorphic ones with semihydromorphic
and halomorphic regime under the influence of ascensional
capillary fringe on limited areas scattered within the fertile
soils. Under natural regime, large areas of interfluves have
a leaching or steady salt balance. Only within the depressional areas of interfluves with poor drainage and partly
within the bottom lands of the interior rivers (with periodic
flooding regime) a slight process of salinization occurs.
Under intensive agricultural regime with a large proportion
of irrigated areas, due to great losses of water by infiltration and water pressure, the saturation with water of deep
aquiferous strata and the mostening of loess on big depths
take place, followed by groundwater table rising.
The redistribution of soluble salts over horizontal areas
as well as their vertical conveyance on great depths increase
and intensify their aggressiveness on soil hydrophysical,
chemical and biological properties with immediate effect on
soil productive capacity and agricultural plant growing and
development.
The automorphic soils in the eluvial zones with sweet and
slightly-moderately brackish groundwaters lying at a great
depth,with parent materials free of soluble salts do not raise
the question of secondary salinization and/or alkalization
under the conditions of an intensive agriculture.
However, it has to point out that the saturation with
water of the deep aquiferous strata (in the case of great
losses of water from conveyance net,etc), concurently with
the rising of groundwater table, intensifies the increase of
water salt content in the groundwaters of subsidence plains,
and,therefore,as well as the soil secondary salinization
processes.
Complex ameliorative problems within the land reclamation
works are risen by soils in the areas with cumulative
character,internal and external poor drainage, slowly moving
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groundwaters, mineralization degree over the critical one;
and the parent material-soil system is frequently affected
by salinization and/or alkalization processes. The soils in
conveying, transitional, and residual and latent accumulation
present and intermediate situation (Sandu, 1978).
2.2. Quality of irrigation water and optimizing the
reclamation regime of soils
In order to reclaim the salt-affected soils in the
Romanian Plain, the water for irrigation is obtained from the
Danube,interior rivers,deep aquiferous strata,as well as
drainage waters from the ditch drainage net as their demineralization occurs.
The water of the Danube has a mineralization degree
ranging from o.l to o.4 g/1,calcic-bicarbonate type.
The waters of deep aquiferous strata in the Buzäu Plain,
lying between 12.2o and 2o m depth, are located in the strata
of gravels and cobbles with good conveyance.The mineralization
degree ranges from o.5 to 1.2 g/1. The long period research
at the Smeeni hydrological wells showed that pumping and
removing the water from deep aquifers by vertical drainage
wells practically did not change the discharge,mineralization
degree, and ionic and chemical composition.
Similar research carried out at Ruse^u established that
in the shallow groundwaters removed by opened or closed
drainage, as the complex of reclaiming technologies are app l i e d ^ process of water de-mineralization gradually took
place. These waters may be used for leaching the excess of
soluble salts, soil de-alkalization (under liming conditions),
as well as for irrigation of agricultural crops.
Optimizing the hydrosaline, hydrophysical, ameliorative
and biological regime of salt-affected soils is closely dependent on the quality of waters for leaching the excess of
soluble salts (in the case of Saline and Alkali Soils),the
quality of irrigation waters for agricultural crops, and
controlling the desalinization and/or de-alkalization processes, and the groundwater de-mineralization.
2.3» Leaching the excess of soluble salts from
Saline and Alkali Soils
Systematic research and reclaiming practice in the Socialist Republic of Romania emphasized the imperative necessity to leach the excess of soluble salts from the profile of
Saline and Alkali Soils (by capital, prophylactic leaching).
The capital leaching carried out under drained conditions
(performed in complex with other technologies) has as reclaiming goals the change of solutions having very high
contents of salts with others having lower contents of salts,
decrease of the salinization and/or alcalization degree in
soil profile, intensification of chemical reactions, ion
exchange between soil and leaching water,conveying and leaching
the salts down the depth, change of the composition of exchangeable cations in the adsorptive complex. The results
obtained at the Rusetu Station with a clay-loam Gleyic-Cambic
Solonchak established tat, under drained conditions, the
cyclic application of a complex of reclaiming technologies
(deep cheseling,subsoiling,mole drains,liming,leaching the
excess of soluble salts by flooding)performed an energetic
desalinization on the whole soil profile.
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The most energetic decrease of soluble salt content along
the soil profile are obtained with the first leaching. The ,
highest efficiency is obtained with leaching rate of 5,ooo nr
/ha applied at one cycle as compared with 7,5oo, lo,ooo and
15,ooo m-Vha.
2.4. Demineralization of groundwaters
At the Rugelju Station, the complex of reclaiming technologies carried out under drained conditions,as well as the
reclamation and agricultural works contributed to the energetic change of groundwater regime,that is,lowering the groundwater table below the depth of drains,redueing the season
fluctuations,gradual decrease of the mineralization degree
associated with the change of ionic and chemical composition,
diminishing the weight of noxious salts of sodium and increasing the weight of calcium salts.
At the end of soil reclamation period and during the operational period of intensive agriculture,the mineralization
degree of groundwaters is homogenized within the drained and
reclaimed area, having values less than the critical mineralization and does not constitute any more a source of soluble salt accumulation in the profile of soils.
2.5. Irrigation regime of agricultural crops for
controlling the desalinization and/or dealkalization processes of soils
In their works, Aidarov (1985), Kovda (1984), Kovda et al.
(1987), Rhoades (1982), Scofield (194o), Szabolcs (1971,1968}
Varallyay (1968), Zhao Qiguo et al.(1988) emphasize the
importance of controlling the desalinization and/or de-alkalization processes of soils during the growth of agricultural
crops. Under the conditions of the Romanian Plain,the control
of these processes is differentially achieved,under drained
conditions,depending on the pedoameliorative conditions of
the territory under natural regime, the soil reclamation
stage achieved after the application of reclamation technologies,and the agricultural use of land Ni-feu et al.(1985)*
Oprea et al.(1971), Sandu (1988).
The research carried out by Sandu (1984) at the Ruse^u
Station established that the irrigation with percolating
character applied to some agricultural crops during the
season in complex with other reclamation and agricultural
technologies contributed to the intensification and maintenance
of the processes of soil desalinization,and,ander the liming
conditions,to the processes of soil de-alkalization as well
In the case of soils slightly-moderately affected by the
salinization and/or alkalization processes, the improvement
of saline regime and salt balance is achieved by optimizing
the irrigation regime during the growing season of agricultural crops both for ensuring their water needs and,especially
performing a gradual desalinization and/or de-alkalization of
the root zone and finally the soil profile by periodic application of irrigation with percolating character.
On the lands with soils characterized by potential salinization and/or alkalization within the irrigation schemes
it is necessary to avoid as much as possible the loss of
water from the net of water conveyance, into the scheme »rational
management of water in the scheme,avoiding the rising of
groundwater table as well as the upward movement of soluble
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salts in soil profile and,hence,their changing from a passive
state to an active one.
On the basis of the monitoring data concerning the evolution of soil salinization and/or alkalization regime, the
hydrogeological situation,and the vegetative state of agricultural crops,the application time of irrigation with percolating
character is established.
The research carried out at the Polize§ti Experiment
Station established that on the salt-affected alluvial soils
in the Danube bottom land the field cropsrice rotation within
the paddy development of the reclaiming type ensures the
intensive management of soil desalinization and/or de-alkalization in order to prevent and control the secondary salinization.
The research carried out in the Mäxineni-Corbu Nou Experiment Field established that the desalinization aiid/or
de-alkalization rate of secondarily salinized soils is influenced by the texture,relief conditions and general drainage
of territory.
The prophylactic leaching is periodically applied within
the reclamation rotations following the harvesting of some
agricultural crops with short growing season. Under the
conditions of the Romanian Plain, during the period of reclamation and management of salt-affected soils,the prophylactic leaching works are applied in complex with other works
(deep ploughing,subsoiling,mole drains,liming)at every 5th7th years.
Reclamation rotations have an important role in the management of the soil desalinization and/or de-alkalization
regime, Within the reclamation rotations,a special attention
has to be paid to crop selection,soil treatment,cultivation
practices,crop rotation with high weight of field crops,forage
crops,perennial grasses tolerant to salinity and/or alkalinity
as well as tillage and application periodicity of the agropedoameliorative technologies with prophylactic character.
The achievement of soil desalinization and de-alkalization
processes,concurently with the de-mineralization of groundwater, is reflected by the gradual removing of the limitative
and restrictive action of salic,salinized,natric and alkalized
horizon and hydrogeological situation,as well as by the improvement of the ecological conditions,contributing to the
increase of the productive capacity of soils.
CONCLUSIONS
1. The processes of salt migration and accumulation in
soils and groundwaters are fundamental for setting up and
sizing the works of water management and land reclamation,
predicting the evolution of soils,hydrogeological state, as
well as establishing the needs,characteristics and intensity
of the reclamation technologies.
2. The salinity and alkalinity regime of salt-affected
soils has to be improved,under the drained conditions,before
planting the agricultural crops,by applying a complex of
reclaiming technologies (among which the leaching of soluble
salt excess has an important role). Within the paddies of the
S S S , 1 ^ ™ 1 ^ $yP?» the field crops-rice rotation ensures conditioiB
for the whole improvement of the salinity and alkalinity regime of soils.
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3. As the soil amelioration,under drained conditions
proceeds,the graoundwater de-mineralization decreases under
the critical mineralization level,thus ensuring the ameliorative conditions needed to optimize the irrigation regime
in view-to manage the desalinization and/or de-alkalization
processes of soil profile,as well as to achieve the subirrigation regime.
4. During the growing season of some agricultural crops,
by optimizing the irrigation regime in complex with other
reclaiming and agricultural works,conditions are achieved for
the rational management of soil desalinization and/or dealkalization processes (during the period of reclamation and
intensive,agricultural operation of soils slightly-moderately
affected by the salinization and/or alkalization processes on
the lands with potential salinization, etc.).
5. On the above mentioned soils affected by salinization
concurently with the supply of water needed by an agricultural crop, the irrigation regime has to ensure the periodical
dilution of soil solution concentration under noxious level
(8-lo 1/1 in the case of sulphate-chloric salinization and
4-6 g/1 in the case of sodic-sulphate one),and the improvement
of the ionic and chemical composition.
The irrigation with the percolating character ensures the
above mentioned gouls,as well as the downward,percolating
movement of water border for leaching the soluble salts and
preventing the secondary salinization.
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SALINISATION

PROCESS IN SOILS WITH
PHREATIC LEVEL

SHALLOW

P-F. Lavanchy. A. Musy
Soil and water management Institute, Swiss Institute of technology
1015 Lausanne Switzerland
Summary
Salinisation
processes
of agricultural
land
in the Swiss Rhone
valley
have been studied
on field plots and
lysimeters.
It appears
that
the strong
mean summer water deficit
(300 mm) is
equilibrated
by capillary
rise from the water table to the root zone
leading to an accumulation
of salts in the
topsoil.
The water deficit
is spread over the summer months and the
average
intensity
of the ascending flux is quite low. It follows
that the
soil
characteristics
are not the most important
parameters
of
salinisation
process.
Efficiency
of unsaturated
leaching
depends of the soilwater
content
and therefore
from the hydrodynamic
characteristics
of the soil
and
the water table
depth.
Lowering the water table would be difficult
to achieve and wouldn't
be
enought
to avoid
salinisation
of the
topsoil,
but
conventional
drainage
could contribute
to evacuate
the accumulated
salts
and to
increase
the leaching
quality.
1)

Introduction

In many places of the swiss Rhone valley, salinisation of agriculture
land occurs. Total salt concentrations E.C. (Electrical Conductivity)
up to 30-35 mS/cm have been registered in the topsoil
(0-5 cm)
solution.
Usually saline conditions are encountered, with soilwater ionic
contents up to: C a + + <= 800 mg/1, M g + + » 900 mg/1, N a + 50-150 mg/1,
S 0 4 — <=• 3500 mg/1, CI" - 500 mg/1, with pH from 7.2 to 7.8.
Sodic areas appears downstream of the valley with ionic contents up
to: C a + + > 550 mg/1, M g + + - 600 mg/1, Na + 600-800 mg/1, S 0 4 — = 3700
mg/1, CI" > 1000 mg/1, with pH from 7.5 to 7.8.
The climate and the light textured alluvial soils of this valley
create ideal growing conditions for intensive fruit and vegetable
production. Unfortunately, most of these crops and particularly onions
and carrots, are very sensitive to high salt content. Weak or total
lack of vegetation are frequent, affecting significantly the
agricultural productivity.
In order to understand the causes and mechanisms of the salinisation
process, and to formulate well fitted amending and preventive
management practices, a field scale study coupled to lysimetric trials
has been conducted.
2)

Experimental

equipment

and

methodology

From summer 1985 to summer 1988, the evolution of water and salt
concentration profiles has been monitored on four field experimental
plots (3-4 m2) . Soilwater content (neutron moisture gauge) and
pressure (tensiometers) , free water level and quality (piezometer),
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total salt content (electrical salinity sensor) and ionic composition
(extraction through porous ceramic cups) of soilwater and rainfall
where recorded weekly during two consecutive years on each plot.
The location of the experimental fields whas selected in order to meet
the most encountered conditions: shallow (0-1.5 m) to deep (1.5-2.5 m)
water tables as well as saline and sodic conditions. Two plots were
splitted to compare bare and grass covered soils.
To complete these investigations two weighted lysimeters (0 1.2 m
depths 2.5 m) where filled with two typical type of soils: sandy loam
(A) (clay 8%, loam 52 %, sand 40 %,) and loamy sand (B) (clay 7%, loam
30%, sand 63 %) and monitored according to the same methodology as
that used in the field. Specific implementations were build up to
regulate the free water level and water quality, to increase
artificialy surface evaporation (dry air circulation) and to register
the water and salt flux at the lower boundary. Experiments with
ascending, percolating and alternated water flows (natural upper
boundary) were conducted with various water table depths and
evaporative demand.

3)

Main

results

3.1 Water behaviour
The region where salinity damages occur is characterised by low annual
rainfall (600-700 mm) uniformly distributed all over the year, with a
small winter predominance.
High atmospheric evaporative demand from May to October, yelds to a
strong mean summer rainfall shortage of near 300 mm. Taking into
account the winter season with low evaporation, the annual mean water
deficit rises up to 100 mm.
The topsoil water content of all experimental plots was found to be
high and stable, it didn't seem to be strongly influenced by the water
shortage. The measured soilwater profiles where very similar during
the year. Figure 1 shows that even with a water table level
oscillating at a depth between 1.2 and 2.3 m, the water content only
fluctuated of ± 10% at 20 cm and ± 5% at 40 cm. Water pressure near
the surface (5 cm) seldom falls under -250 cm of water head.
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Figure 1 : Temporal variations of volumetric soilwater content at
various depths with a phreatic water level oscillating between 110 and
230 cm
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Figure 2: Relation between total hydraulic head in the topsoil and the
phreatic water level
The waterhead profiles remain near hydrostatic equilibrium above the
water table (Fig. 2 ) , with a slight curvature near the soil surface
(Fig. 3) . In summer, it appears that these weak hydraulic gradients
applied to slight desaturated soils can generate ascending water
fluxes of the same order of magnitude as the evaporative demand (<
6mm/day).
Lysimetric trials have shown that the hydrodynamic characteristics of
the tested soils are not limiting factors
for capillarity rise with
an upper boundary exposed to natural climatic environnement and a
watertable at 1.4 m depth. High evaporative climatic demand is seldom
maintained during more than two consecutive weeks. Rainfall regularly
interrupts the evaporative demand and allows the reequilibration of
the water profiles above the water table. This is also valid for sandy
soils.
Hydraulic head [cm]

Hydraulic head [cm]

•200

-150

-100

•+-*•

Depth [cm]

Depth [cm]
(a)

Figure 3_
winter(b)

(b)

Typical total hydraulic head profiles in summer(a) and

The watercontent and waterhead profiles do not fluctuate very much in
winter too. It can be stated that under our experimental conditions,
the soil - water table system is able to absorb easily the water
fluxes at the upper boundary (rainfall and evaporation) and to
maintain a relative equilibria above the free water level.

VI-98

3.2 Salt behaviour
Solute transport follows these seasonal water transfers;
During spring and summer, the mineralized water table
compensates the rainfall shortage and the salts move upwards and
accumulate in the topsoil where evaporation takes place (Fig. 4a)
• During winter the main water flow percolates downwards and
accumulated salts are dissolved and leached away back to the water
table (Fig. 4 b ) . Because of the negative annual water balance ( 100 mm/year), these annual cycle phenomena (Fig. 5) generates an
increase in the salt content of the soil.
The main salt source seem to be the mineralized water coming from the
hillslopes, which supplies the water table in the valley.
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Fio-ure 4_
Evolution of total salt concentration (EC) in the soil
solution in spring and summer (a) and autumn and winter(b).
As salt accumulation in the topsoil is coupled to the capillary rise
which, in ours conditions, is widely independant of the soiltype,
salinisation processes can occur in a wide range of soils.
As opposed to the salinisation process, the soil reclamation is
influenced by the soil type. Field and lysimetric observations have
shown that the salts leaching is related to
• the water content of the soil profile, and
• the amount, quality and direction of the main water flux
(seasonnal distribution of rainfall and evapotranspiration).
Whith head profiles equilibrated on the free water level depth the
water content depends on the capillary suction curve of the soil and
the free water depth.
Figure 7 shows the influence of the soil type and water content on the
leaching process of the same amount of previous surface accumulated
salts, in two lysimeters during a rainy season.
In the sandy soil, the propagated salt wave is well defined and
further propagated downwards while in the loamy soil with higher water
content, the dilution is greater and the salt propagation is shorter.
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4)

Management

practices

Looking up for hydro-agricultural solutions, a review of current
techniques has been made to define well adapted amending and
preventive methods.
A.Mermoud
(1990) using hydraulic functions defined on these
experimental plots, and analytical solutions, showed that to reduce
the capillary rise below 1 mm/day, the water table should be
maintained deeper than 3 to 5 m.
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This practice would reduce drastically the summer salt accumulation in
the topsoil, but the drainage work needed to maintain the phreatic
level at such a depth would be prohibitive and technically difficult
to realise (presence of shallow low permeable layer, lack of natural
downstream outlet).
The field observations have shown that winter rainfall efficiently
leaches the topsoil (Fig 4 b) , but solutes remain in the lower
horizonts and move upwards quickly again during the spring. The
curative practices have to be well suited to each particular
encountered condition. Two cases appear:
- Where the natural phreatic level is above 1 . 5 m ,
drainage would contribute;

an usual pipe

• to evacuate part of the winter leached salts and reduce the total
amount of solutes present in the profile,
• to increase the efficiency of natural (rainfall) or artificial
(irrigation) leaching, by lowering the water content of the soil
(c.f Fig. 7 ) .
• to create better growing conditions in these soils often
suffering of lack of oxygenation, and to allow leaching
irrigations during the growing season without rise of the water
table (pseudo-gleyic conditions).
- Where the phreatic level is below 1.5m all the year, the soils are
well drained and 100 to 200 mm/year of quality water for leaching
irrigation would allow to maintain adequate growing conditions in the
topsoil, without inducing any rise of the water table level.
5)

Conclusions

Through field and lysimetric trials it was possible to understand and
define the salinisation principles occuring in the pedo-climatic
conditions of the swiss Rhone valley.
It appears that the main causes of salinisation are the summer water
deficit and the capillary rise of mineralized water from the water
table.
Simple preventive techniques were not found, but curative practices
are possible. These are different for pseudo-gleyic and well drained
soils and the amount of the leaching requirement is function of the
hydrodynamic characteristics of the soil and the free water level.

6)
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DIMENSIONAL ANALYSIS OF SOIL MOISTURE MOVEMENT
IN ROW CROP FIELD FOR IRRIGATION

IAKANO

and M. KURODA

* Kyushu University, F u k u o k a , Japan
INTRODUCTION
Interception of radiation by foliage is one of the major
factors influencing e v a p o t r a s p i r a t i o n . Some models were
proposed for estimating the radiational environment in row
crop by Al1 en(1976 ),Arkin(1976 ),Goudriann(1979 ) and, Normann
and Wei 1 es(1982 ) . The application of these models have some
difficulties when the foliage does not have equal leaf area
densi ty.
In this r e p o r t , an attempt for estimating the spatial
distribution of direct and diffuse radiations was carried on
the soybean canopy a r c h i t e c t u r e . The morphological data were
input to computer for the construction of prototype soybean
models of each growing stages. To asses the quantity of incoming radiation received by the soil and crop canopy from
all sources as a function of time and location, we used the
orthogonally projected fisheye f i g u r e s .
The three-dimensional heat and moisture diffusion equations were employed to calculate soil temperature and water
content c h a n g e s . This quantitative analysis on the water
consumption in the soil-plant system constitutes an important preliminary for evaluationg the accumulation of salts
under field growing condition.
METHODS
1.MODELING CROP STRUCTURE
Each plant has its own morphological c h a r a c t e r i s t i c s . In
this report,soybean canopy was used as a horizontal foliagetype community. The canopy architecture can be described by
e l e v e n p a r a m e t e r s as shown in F i g . 1 . The l e a v e s are a p proximated flat ellipses in shape. Fig.2 gives the top and
side views of one of the m o d e l s . An imaginary row crop field
can be obtained in the computer with arranging the model as
the real planting pattern.

'\

1 Plant structure d e f i n i t i o n s .
The view factors
at any point of soil surface to sky can
easily be obtained with using the orthogonally drawn fisheye
figures as shown in F i g . 3 . The diffused shortwave radiation
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Side view

Top view >

t

Fig.2 Top and side views of an prototype soybean model
and l o n g w a v e
radiation
reaching the soil surface
from sky are c a l c u l a t e d
multiplying the view factor by each radiation.

the projected foliage.
2.TRANSPORT OF WATER AND
HEAT IN SOIL
Spatial distribution
of incoming radiation at
surface
will
the
soil
c a u s e the c o m p l i c a t e d
p a t t e r n of soil s u r f"aa c e
temperature. And the ooccurrence of temperature
gradient
in the s o i l
generally induces simultaneous movement of heat

Fig.3 Soybean model viewed
hemispherically from soil
surface.

w

i. i. * +1

•v-f :

i+ 1. i. *

-—o

:ake a unit soil
I, i. * - I
block as shown in F i g .
4,the calculation can be
Fig.4 Mathematical model for
r e s t r i c t e d to the small
numerical method.
region.
The three dimensional diffusion equation for soil moisture i s

ff«v(Deve)+v(DTvT)-f*+S

(1)
0 iwhere 0 is the volumetric
ter content,t is time ,T is temperature ,K is hydraulic uu nductivity,DQ is the soil water
diffusivity,Dj is the therma 1 diffusivity,and S is the water
absorption by root system.
The simultaneous heat triansport caused by both temperature and moisture gradients is represented in the following
equati on
(2)

c ^ = v(xvT) + L p e v ( D e v V ü )
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in w h i c h c i s t h e v o l u m e t r i c h e a t c a p a c i t y o f s o i l , A is t h e
t h e r m a l c o n d u c t i v i t y , L is t h e l a t e n t heat o f v a p o r i z a t i o n , P g
is t h e w a t e r d e n s i t y , a n d D e v i s t h e i s o t h e r m a l v a p o r d i f fusi v i t y .
A s s u m i n g t h a t t h e s o i l m o i s t u r e a n d h e a t t r a n s f e r s in t h e
soil s u r f a c e z o n e c o r r e s p o n d :o t h e l a t e n t a n d s o i l h e a t
f l u x e s , w e c a n f o r m u l a t e t h e w a t e r a n d h e a t from t h e soil
surface as follows
(3)
E / P e = - D <L5_nD — ++ KK
'82
T3Z
(4)
. 9T
. n 96
G = -X
il-peLDev3i
w h e r e E is the e v a p o r a t i o n r a t e , a n d G is the soil heat f l u x .
3.ENERGY BALANCE OF SOIL AND CROP S U R F A C E S
Energy b a l a n c e e q u a t i o n at the soil s u r f a c e is w r i t t e n as
Rn=LE+H+G
(5)
w h e r e Rn is the net r a d i a t i o n , L E is the latent heat f l u x , a n d
H is the s e n s i b l e heat f l u x . Net r a d i a t i o n is defined as the
d i f f e r e n c e between the incoming and o u t g o i n g f l u x e s of solar
and l o n g w a v e r a d i a t i o n c o m p o n e n t s . Thus
R n = [ Q + q ( l - f ) ] ( l - a ) + G s ( 1 - f ) + G b f - e o ( T g + 273.16)' 4
(6)
in which Q is the incoming solar r a d i a t i o n , q is t h e incoming d i f f u s e s h o r t w a v e r a d i a t i o n , G s is the l o n g w a v e r a d i a t i o n
from sky.Gk. is the f o l i a g e e m i s s i o n of l o n g w a v e r a d i a t i o n , f
is the view factor of the f o l i a g e from the s t a n d p o i n t of the
s o i l , « is s u r f a c e a l b e d o of t h e s o i l . T . is soil s u r f a c e
temperature(°C), E is the s u r f a c e infrared etiissivity, and o
is the S t e f a n - B o l t z m a n c o n s t a n t .
T h e e v a p o r a t i v e h e a t f l u x , L E , i s g o v e r n e d by t h e d i f f e r e n c e in vapor p r e s s u r e between t h e a t m o s p h e r e and t h e
evaporating surface
(7)
LE-Pacp(eq-ea)
Y
ra
i s the
In this equati on, p a is t h e d e n s i t y o f t h e ai r,
at c o n s t a n t
p r e s s u r e , Y i s the
specific
heat o f air
p h y c h r o m e t r i c c o n s t a n t , e_ ande a a r e t h e vapor p r e s s u r e
values at the soil s u r f a c e and a- the s p e c i f i e d height above
the s u r f a c e , r e s p e c t i v e l y , and r.is t h e a e r o d y n a m i c r e s i s tance of a t m o s p h e r i c b o u n d a r y l a y e r . e q can be e s t i m a t e d by
(8)
e
9 " e 5 ( T 9 ) e x p R ( T c g+ f2 7 cIÖ.16)
3.
w h e r e e s is the s a t u r a t i o n vapor p r e s s u r e , g is the a c c e l e r a ti on of g r a v i t y , t is the m a t r i c potential of soil w a t e r , a n d
R is t h e universal g a s c o n s t a n t . T h e s e n s i b l e heat f l u x . H ,
can be c a l c u l a t e d by
u
o (Ia-Ia)

(9)

The crop surface evaporati on ,Ej. ,can be c a l c u l a t e d by
Ef = ['A ( R n i - E i o ( T i + 2 7 3 . 1 6 ) " n ) + c D p a ( e s ( T a ) - e s ) / n + r s / r a ) ] (10)
A+Y(l+rs/ra)
where Rn^ is t h e f o l i a g e net r a d i a t i o n , Ti is t h e f o l i a g e
s u r f a c e t e m p e r a t u r e , n i s the view factor from the f o l i a g e to
sky and soil s u r f a c e . The c a n o p y r e s i t a n c e r s is given as
rs=r1+A/(I+B)
(11)
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w h e r e r-| is the m i n i m u m leaf r e s i t a n c e , I is solar r a d i a t i o n ,
and A and 3 are s p e c i e s d e p e n d e n t c o n s t a n t s . We p r o p o s e d an
e q u a t i o n for e s t i m a t i n g r-j as
r =a
l
(e>ec),
n = b e + c (e<ec)
(12)
w h e r e a,b,c are c o n s t a n t s , a n d e c is the t h r e s h o l d v a l u e of
soil m o i s t u r e b e g i n n i n g t r a n s p i r a t i o n d e p r e s s i o n .
4.EXPERIMENTAL DESCRIPTION
The s e r i e s of e x p e r i m e n t s w e r e c a r r i e d out d u r i n g summer
t i m e s at a row p l a n t e d s o y b e a n f i e l d . M o r p h o l o g i c a l m e a s u r e m e n t s w e r e pursued p e r i o d i c a l l y t h r o u g h tout the g r o w i n g
season.
The f o l l o w i n g v a r i a b l e s w e r e m e a s u r e d : r a i n f a l l ,
t e m p e r a t u r e , h u m i d i t y , w i n d s p e e d , direct solar r a d i a t i o n ,
d i f f u s e solar r a d i a t i o n , sky l o n g w a v e r a d i a t i o n , soil heat
f l u x , leaf t e m p e r a t u r e , a n d soil t e m p e r a t u r e s . Soil m o i s t u r e
was m o n i t o r e d a u t o m a t i c a l l y by t e n s i o m e t e r .
Spatial d i f f e r e n c e s of the p e n e t r a t e d solar r a d i a t i o n to the soil s u r face w e r e m e a s u r e d with tube type sol a r i m e t e r s .
R E S U L T S AND

DISCUSSION

1 . R A D I A T I O N REGIME
For a n a l y z i n g , t h e r e g i o n ( 8 0 X 3 0 c m ) was c o v e r e d by r e c t a n gular net of mesh size 10X1 Ocm, and the view f a c t o r s from
each of the node to sky w e r e c a l c u l a t e d using the h e m i s p h e r i c a l f i g u r e s . The e x a m p l e s of the f i g u r e s , f r o m t h e
s t a g e of b u d d i n g to m a t u r i t y , w e r e s h o w n in F i g . 5 . T h e
f i g u r e s tell t h a t the i n f l u e n c e of r o w s on the e n e r g y
a n a l y s i s g r a d u a l l y d e c r e a s i n g in i n v e r s e to the d i s t a n c e .
F i g . 6 shows the p e r i o d i c a l c h a n g e s of spatial d i s t r i b u t i o n
of v i e w f a c t o r s f r o m t h e soil s u r f a c e to s k y . A b o u t t w o
m o n t h s from s e e d i n g , the f o l i a g e r e a c h e d its m a t u r i t y . A f t e r
t h i s peri o d , f o l i a g e c h a n g e s w e r e not o b s e r v e d till the harvest s e a s o n . During t h o s e d a y s , the m a x i m u m v a l u e of view
f a c t o r was around 0.2,and the m i n i m u m value was around 0 . 1 .
Using the F i g . 5 and F i g . 6 , each r a d i a t i o n c o m p o n e n t a b s o r b e d
by the soil s u r f a c e and crop c a n o p y w e r e c a l c u l a t e d .

14th day after seeding

' 31

T

11

"18

F i g . 5 S o y b e a n c a n o p y m o d e l s of d i f f e r e n t g r o w i n g
viewed h e m i s p h e r i c a l l y from the soil s u r f a c e .

104

stages

F i g . 6 The areal d i s t r i b u t i o n of view f a c t o r s of sky from
soil s u r f a c e during the c o u r s e of g r o w i n g p e r i o d .
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as

the

Fig.7 shows the comparison between measured and calculated shortwave radiation at two points on the soil surface
between rows. The crop height was about 20cm. They show good
agreement each other.
2.EVAP0TRANSPIRATI0N REGIME
The
calculation
for e s timating the evaporation from
soil surface and the transpiïO.8
ration from crop canopy were
pursued during 105days of the
growing period. Our calculation were performed by means
of the technique line successive o v e r r e l a x a t i o n ( L S O R , Freeze 1 9 7 1 ) . An unit block(80X30
X l O O c m ) of root zone was com9
II
13 15 17
19
posed of 880 nodes. The calTime of day
hi'
culation were carried out reFig.7 S imulated and obserpeatedly at 3min. time steps.
V e d diu
rnal variations Aug .
Fig.8 shows the calculated
3,1986 of shortwave radiaand o b s e r v e d
soil ma t r i e tion at (a)the canopy t o p ,
potential at the depth 30cm.
(b)the center between rows
The remarkable agreement with
on the soil s u r f a c e , and
the calculation and observa(c)10cm east of the row on
tion were obtained.
the sur face.
-i

Wv

-n.i
r- O»

O

-o.oi

O

July

Aug.

Sopt.

Oct.

Fig .8 Seasonal soil matric potential variation at t h e 3 0 c m dep th. N o t e:S o 1i d line shows the calculated and dark c i r c l e
sho ws the observation data.

7/8 10

8/29 9/1

30 1/1

July

Sept.

Ami.

JO

10/1

Oct.

Fig.9
Seasonal
variation
of
the
simulated
transp i
ration(dashed line)and soil surface
evaporationtsolid line!

si

I \J 10

was

«J I

CM

141mm

VI-106

was 175mm in depth as for the whole growing period. This
means 4 5 % of the total amount of consumptive water was consisted of the soil surface evaporation on the soybean field.
When the soil water contains solue solvent,to decrease the
evaporation bring the remarkable effect for preventing salt
accumulation in field.
CONCLUSIONS
A new type of crop architecture model was proposed to
describe the radiational environment within the canopy. And
we s u c c e s s f u l l y c o u l d apply this model to a row p l a n t e d
soybean field to calculate the soil surface evaporation and
transpiration individually.
Our model described represents an advance over prior attempts to treat evapotranspiration on the row crop. This
procedure presented in this report can readily be used for
estimating consumptive use of water in any types of irrigation system and for any types of crop planting pattern.
Finally we would like to say that the suppression of soil
surface evaporation by applying the partial irrigation or
soil mulching is efficient in reducing the
salt accumulation.
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SUMMARY
A three-dimensional numerical simulation model describing
soi1-pi ant-atmosphere energy exchange and water transport
was p r o p o s e d to c a l c u l a t e soil s u r f a c e e v a p o r a t i o n and
transpiration from a row crop field. A prototype crop morphological model was presented to determining the radiational balance at the soil surface and the crop canopy.
The simulation was applied to a soybean field, during the
whole growing season,from the seeding to the maturity. The
calculated results of soil moisture and spatial distribution
of shortwave radiation at the soil surface in each growing
stages gave good agreements each other with the observation.
The soil s u r f a c e e v a p o r a t i o n c o m p o n e n t w a s e s t i m a t e d
separately from transpiration component. The result showed
that the soil surface evaporation formed 4 5 % of the total
amount of consumptive water.
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MODELLING FOR PREDICTING SEASONAL SYSTEMATIC
DYNAMICS OF REGIONAL WATER AND SALT
Baoguo Li and Yuanchun Shi
Institute of Agricultural Resources, Environment and
Remote Sensing, Beijing Agricultural University, PRC
Regional Hydrologic-salinity modelling is a very important
research topic nowdays (Tanji, K.K., 1981; Konikow, L.F.,
1981; Szabolcs, I., 1980; Shi Y.C. et al, 1986) . It is of
very significance for reasonably using limited water and land
resources,preventing soil from secondary salinization and
conserving of ecological environment. Groundwater table and
groundwater quality, soil water and soil salt, precipitation,
vaporation and in-out flow of surface water were observed
systematiclly in a 223 km2 experimental area in Quzhou County,
the Huang-Huai-Hai Fluvial Plain, China. A systematic model,
called "PWS", was established using the acquired results as
well as existed geoinformation and hydroinformation.
1. System Analysis and Modelling Methods
The experimental area is situated in the middle part of the
Huang-Huai-Hai Fluvial Plain where Drought, Waterlogging and
salinization wanton. All endeavours have been made to predict
the water and salt regime of groundwater and soil in the area
for many years. (Shi Y.C. et al,1986)
1) System analysis
Dynamics and distributions of water and salt of groundwater
and soil in this region are strongly influenced by climatic,
hydrological, geomorphological, soil and vegetative factors as
well as land managment. Therefore, the regional water and salt
regime at one specific moment can be simply expressed as
follows:
RWS(t)=F(cl,hg,gm,sl,vg,lm ... )tRWS(t-1)+RWS(t-1)
(1)
Where RWS: regional water and salt regime; cl: climatic
factor; hg: hydrological factor; gm: geomorphological factor;
si: soil factor; lm: land managment factor(includes water
conserrancy facilities); t,t-l: the time; t: the period from
t-1 to t.
If F(cl,hg,gm,sl,vg,lm ... )t=(f I (cl)t+f i (vg,lm)t ) .
f3 (hg,gm,sl) = (Ct +L, ).G
Then RWS(t)=((Ct+Lt )G+1).RWS(t-1)
(2)
Where C: climatic factors; L: land managment factors; G:
geo-factors.
If RWS is further divided into RWSi (groundwater table),
RWS2 (groundwater quality), RWS 3 (soil water) and RWS4 (soil
salt), the RWSi (1=1,2,3,4) at one specific spot (x,y) can be
experssed as follows:

RWS(x,y)i ( t)=((C(x,y)ti+L(x,y)ti).G(x,y)i+l)RWS(x,y) 1 c t-1>
+Ae i .RWS(x. ,y t ) 1 (t- 1)+Srj1 .RWS(x,y)j(t)
( i,j=l,2,3,4; j=i; (x,y)eD )
(3)
Where (x e ,ye): surrounding spots of (x,y); A e : effecting
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coefficient; rji : effecting coefficient of RWSj to RWSi; D:
study dominate. (3) is the conceptual state equation
describing the changes of regional water and salt system. It
indicates that water and salt regime of one specific subsystem
at one specific spot is associated with C, L, G elements, the
previous water and salt regime of the spot, the water and salt
regime of its surrounding spots and other subsystems. It is
still very helpful for established a quantitative model
although specifically quatitative results can not be acquired
from it.
2) Modelling methods
Dynamics and distributions of regional groundwater table
(depth), solute concentration of groundwater and soil water
and salt can be predicted with the established systematic
model. The content of water and salt of 1 m depth's soil body
is predicted to acquire a general inaqiure of soil water and
salt regime. Any one of RWSi is analysesed according to
equation (3). Furthermore, according to the regional
characteristics of water and salt movement, it is decided that
the RWSj is firstly predicted, then RWS2 and RWSa, and finally
RWS4 are predicted.
A hydro-dynamic model is established to predict the regime
of regional groundwater (RWSi and RWS2) and is solved using
finite element method. A distribution water balance model is
developed to predict water content of 1 m depth's soil body
while for predicting salt content of the same depth's soil
body, both distribution salt balance method and expert
recognization method are used. The GIS ( Geogaphic Information
System) technique is used to implement these models dealing
with regional soil water and salt.
The precedure of developing PWS is shown in Figure 1.
2. Implement of Systematic Model
1) Model for predicting regional groundwater dynamics
According to the groundwater transient flow equation, the
determined distribution parameter models was established and
then soluted using the finite element method. In terms of the
hydraulic conductivity, the storage coefficient, the
hydrodynamic dispersion and the effective porosity associating
with hydrogeological characteristics of aquifer, the whole
experimental area was divided into serval districts; in terms
of the precipitation recharge coefficient, the shallow
groundwater vaporation coefficient and the irrigation return
flow coefficient associating with geomorphology and soil distributions, the area was also divided into serval districts,
and in the light of groundwater depth, these parameters were
divided into 6 groups in each certain district. To explore
effects of the source-sink factors, a submodel dealing with
precipitation and vaporation, a submodel dealing with deepshallow wells and a submodel dealing with irrigation, drainage
and recharge to rivers or cannals were established respestively. In the two latter submodels, a method in which a socalled "irrigation recognizable matrix" was defined was used
to demonstrate the irrigation factor's influences. The initial
values of the parameters were firstly adopted according to
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predecessor's work', and were then debugged.
2) Model for predicting regional soil water
Using the map overlay and distribution soil water balance
methods, the prediction model of soil water was established. A
grid is 50m*50m ( real surface area ) in digitized map, and
the scale of output map from the PWS is 1:100000 or 1:50000.
The detail steps are as follows:
Prepare the initial digitized distribution map of 1 m
soil water content by intergratively overlaying the digitized
soil map, the digitized map of soil texture structure and the
point distribution map of soil water content etc..
Predict the land vaporation or the crop land evaportranspiration using the vaporation or evaportranspiration
models established, according to the crop distribution and
initial digitized map of soil water content.
Prepare the digitized maps describing the other factors
of soil water balance in terms of the observed results and
predicted results from the model predicting groundwater.
Prepare for the next period digitized map of soil water
contant map by overlaying the maps produced through above
steps according to soil water balance law.
Prepare the soil drought and waterlogging distribution
map according to index of drought and waterlogging and predicted digitized maps of soil water content.
3) Model for predicting regional soil salinity
The principles of establishing model were: 1) establish a
expert system in terms of forming condition of soil salinization which are the groundwater depth ,the groundwater solute
concentration and the thickness of clay layer; 2) distribution
soil salt balance. The implement of the model similar to the
above, steps are as follows:
Prepare the initial digitized map of soil salinity.
Prepare the digitized maps of characteristics and
numerical factors related to regional salinization.
Predict the digitized map of salinity by overlaying
maps produced above steps according to the expert system and
distribution soil salt balance laws.
The implement of these submodels must be carried in the
order as shown in Figure 2.
3. Application of Systematic Model
In 1987 and 1988, dynamic of water and salt of the
experimental area was predicted. The period and time step
adopted are shown in Table 1. Whenever one period's prediction
is finished and the next one is due to start, a set of data
describing the new initial condition are inj>ut into the model.
The analysis results of applying model is shown in Table 2.
Because the salt content of 1 m depth's soil body for most
part of the area is less than 1.5kg/m2, in other words,
initial salt content is quite low, so larger relative error in
predicting occurres. In fact the absolute error is less than
0.7kg/m2 , Since what is mainly concerned in soil salinization
prediction is only the general grade of salinization, and if
the grade-classifying scheme, <1.5, 1.5-3.0, 3.0-6.0, 6.0-9.0,
9.0-15.0, >15.0 (kg/m 2 ), is adopted, then the verification
results shows that the agreement degree is as high as 90.5%.
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Figure 3.

Comparison Between Prediction Values of PWS
and Observed data (1987-1988)
Table 1 The periods and time steps adopted in the
prediction in 1987 and 1988

Periods

spring

Time(M./D.)
Time step

3/11-6/11

fall

winter

6/11-9/11

9/11-12/11

12/11-3/11

In expert recognization model time step is equal
to the period while in other models the 5 day's
time step is adopted

Table 2

The results analysis of applying model

Item
GD
GSC
SSW1
SSS1

summer

(m)
(g/1)
(mm)
(kg/m 2 )

Amount of Vertification
points
306
210
306
342

Relative error(%)
15.58
16.43
11.66
30.35

GD: the groundwater depth; GSC: the groundwater solute
concentration; SSW1: the soil water content of 1 m depth's
soil body; SSS1: the soil salt content of 1 m depth's soil
body.
The comparisons between the output of systematic model and
the observed values are shown in Figure 3 (a)(b)(c)(d). The
ouput maps of prediction are plotted with computer using the
PWS and are shown in Figure 4 (a)(b)(c)(d).
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(a) The Gronndwater Depth (m) Map
(b) The

Figurr 4.

Groundwater Quality (g/1) Map

The Maps Outputted from PWS
(a part of full map)

4. Conclusions
1) In this research project, conceptual state equation
descrbing changes of regional water and salt system were
derived, on the basis of which, the quantitative model for
predicting regional water and salt regime was developed.
2) In this reseaech project, for the first time, the
prediction of regional water and salt regime of groundwater
and soil was systematically conducted.
3) The application of map overlay technique in GIS can
expand the prediction soil water and salt from "point" to
"plane" and therefore pave the way for predicting regional
soil water and salt.
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MATHEMATICAL MODELS TO CONTROL MOVEMENT OP SALTS IN
HEAVY SOILS WITH MACROPORES
Ya.A. Pachepsky*, E.V. Mironenko*, T.K. Platonova** and
V. V a l l e s * * *
*
Institute of Soil Sei. and Photosynth., Pushchino,USSR
**
Volga Res. Inst, of Land Reclam., E n g e l s , USSR
*** High Agric. School, Toulouse, France
The experiments were carried out on dark chestnut deeply
salinated soil samples from Syrt Plain (the left bank of the
Volga river, Saratov R e g i o n ) . The lower clay layers had cracks
of different size throughout the profile. When leaching the
undisturbed soil columns, in first portions of_the leachate we
registered 40 to 60 per sent of the initial CI
concentration
measured at the field moisture capacity. This pointed to the
presence of cracks and/or m a c r o p o r e s .
The assessment of irrigation prospects requires an adequate
mathematical description of mass transfer in soils.
The resulting model describes mass transport in the configurational space x<2>0 , where ac , the vertical coordinate, and
0 , the soil moisture content. Each layer cc6 ^ ,x •& X- consists
of a few cells (^«6 •& &jri , j = l,..,,M
, tsri,,..,/«•.
The modified Richards equation was used to calculate water
movement in the profile (Pachepsky, Zborishchuk, 1984) . The
obtained results were used to find redistribution of water and
ions between cells. A vertical exchange occurs between the
cells of neighbouring layers belonging to the same range of
moisture v a l u e s . A contribution of a cell to the solution flux
from layer to layer is proportional to its share in the total
moisture flux at the boundary between the layers. So, the
vertical mass exchange is considered to be purely convective.
A "horizontal" mass exchange occurs between the neighbouring
cells of a layer, the solution fluxes to be calculated according to the mass conservation equations for the layer and the
equation of quasi-diffusional kinetics (Valles, 1 9 8 8 ) .
In salt movement calculation the transfer steps are
alternated with the steps when chemical equilibria are reached
(cation exchange Ca-Mg-Na, dissolution-precipitation of gypsum
and calcite, dissolution of soil air C O 2 , complex formation in
soil s o l u t i o n ) . The cation exchange selectivity coefficients
calculated according to Gapon's concept modified by G.Sposito
(1977) were equal to K
_ =0.19+0.04 and K
„ =0.23+0.05 as
*
Na-Ca
—
Na-Mg
—
found from conjugated data on the soil solution and SAC. However for the purpose of agreement between the model and the
experiment, statistic values of the selectivity coefficients
must necessarily be replaced by "dynamic" ones which are larger
in quantity. The necessity is probably a result of the
neglected value of cation exchange kinetics. The degree of
leachate saturation with respect to gypsum and calcite was
close to 1. It fits the data by F.Nakayama (1969) and supports
applicability of the hypothesis of local chemical equilibria.
The fitting of the mass transfer model on the basis of chloride
movement data showed that two cells per layer were enough for
a good reproduction of the main leachate component concentration. From numerical experiments on relationship between the
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moisture content ranges Ö =ï 6^ Bi and &!<9^
ßz
( ßi is equ al to
the maximal moisture capa city) it was found that
6-i/B^
• 0 . 5 5 + 0 . 1 . Using Williams -Kloot statistical test we have proved
that this model is more a dequate to experimental results than
the classical model of co nvective-dispersive mass transfe r .
Figs.la,b,c,d
compare experimental concentrations of the
main effluent ions with t hose derived from the m o d e l ,
Numerical experiments were carried out to find a ratio nal
schedule of water supply for macropore soil leaching (in the
absence of e v a p o r a t i o n ) . The chosen physical parameters w ere
similar to those used in the experimental data processing
(Fig.1) , in particular, t he initial moisture content was close
to the field moisture cap acity. The total amount of leach ate
was equal to 1.5 porous v olume of the column, and it was
supplied stepwise (pulsew ise) with the number of steps ra nging
from 1 to 8, and in-betwe en pauses from 1 to 8 d a y s . Fig. 2
gives results of calculat ions with two values of the cell
volume ratio. The isoline s fit the residual (% of the ini tial
amount) quantity of CI re tained in the profile after wate r has
flown off. The conclusion could be made that leaching bee omes
infinitely more effective with minimizing water p o r t i o n s , In
reality, evaporation prev ents the infinite growth of effi ciency
It has been shown that du ration of a pause detween two wa ter
supply pulses must be ext ended when the clay content grow s .
The computations also yielded the water supply necessa ry to
maintain the zero salt ba lance in the root zone. The wate r
supply/total evaporation ratio must always exceed 1 since water
infiltrates partially thr ough macropores and c r a c k s , and
salinity is restored main ly by transfer through macropore
N e v e r t h e l e s s , the flexibl e irrigation schedule allows to
diminish water supply by 10-15% keeping the same level of water
use by crops.
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in

effluent

I n t e r v a l between pulses (Days)
FIG.2

I n t e r v a l between p u l s e s (Days)

E f f i c i e n c y of d i f f e r e n t l e a c h i n g s c h e d u l e s . The
numbers a t c u r v e s r e p r e s e n t r e s i d u a l c h l o r i d e
q u a n t i t y (% t o i t s i n i t i a l a m o u n t ) . R e l a t i v e
volume of q u a s i s t a g n a n t p o r e s •'>_ ' 3~
equals to
0 . 6 (a) and 0 . 5 3 (b)
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SALT-WATER DYNAMICS OF SOIL AND PREDICTION OF SALINITY
IN COASTAL PLAIN OF NORTHERN CHINA
Wen-rui You
Institute of Soil Science, Academia Sinica.
Nanjing, China
The coastal plain of northern China is distributed like a
belt paralleled to the seashore. A part of saline soils have
been reclaimed due to the development of the irrigation
project and construction of drainage system. But secondary
salinization is developing in some soils because of adopting
some unsuitable artificial measures. The tendency of soils
salinization is a problem of very interest to people, because
of its very important effect on the development of agriculture
production of the region. For the prediction of secondary
salinization, an observational station of salt water dynamics
in soil had been founded and model tests had been done. In the
paper, the theory and method for the prediction of soil
salinization were discussed, and a primary prediction of
salinization in Dayuchang irrigated area of Shandong Province
were proposed.
I . Characteristics of salt-water dynamics in coastal soil
zones.
Coastal plain is formed by silts carried by the rivers
deposited near the seaport, which caused the land gently
silted up and exposed above the sea level. The areas have been
inundated by the sea water before and after the land is formed
for a quite long period of time. With a flat and low relief,
the coastal plain has a slope of 1 / 10000. Salt content in
both soil and groundwater is high, and sodium chloride is
predominant in the salt composition. These formation features
and the monsoon climate conditions induce the following
characteristics of salt-water dynamics in soil and groundwater
of coastal area :
1. Salt-water dynamics of groundwater :
(1) The horizontal flow of groundwater is stagnant.
Owing to the flat and low relief, very fine parent material of
soil and lower permeability of water, the horizontal flow of
groundwater is very slow and actually is stagnant in the most
part of areas. According to the investigation in the Dayuchang
irrigation areas of Shandong Province, the permeability
c o e f f i c i e n t of s i l t - l o a m y soil is 0.7 m / d a y , the
concentration of groundwater ranges usually from 5 - 30 g / 1
even up to 50 - 150 g/1 . The slope of groundwater is
1 /
10000 - 1 / 20000 under natural conditions .
(2) G r o u n d w a t e r d y n a m i c s are m a i n l y r e g u l a t e d by
precipitation and evaporation. The consumption and recharge of
groundwater are principally affected by the infiltration of
precipitation and evaporation of water from the soil surface.
It is a p p a r e n t l y showed from F i g . 1 , that the d e p t h of
groundwater is in close relationship with the precipitation
and evaporation. The groundwater may be divided into two
layers, i.e. upper layer of groundwater ( within the height of
c a p i l l a r y rise of g r o u n d w a t e r ) and d e e p e r layer of
groundwater (under the height of capillary rise of groundwater
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SALT-WATER DYNAMICS OF SOIL AND PREDICTION OF SALINITY
IN COASTAL PLAIN OF NORTHERN CHINA
Wen-rui You
Institute of Soil Science, Academia Sinica.
Nanjing, China
The coastal plain of northern China is distributed like a
belt paralleled to the seashore. A part of saline soils have
been reclaimed due to the development of the irrigation
project and construction of drainage system. But secondary
salinization is developing in some soils because of adopting
some unsuitable artificial measures. The tendency of soils
salinization is a problem of very interest to people, because
of its very important effect on the development of agriculture
production of the region. For the prediction of secondary
salinization, an observational station of salt water dynamics
in soil had been founded and model tests had been done. In the
paper, the theory and method for the prediction of soil
salinization were discussed, and a primary prediction of
salinization in Dayuchang irrigated area of Shandong Province
were proposed.
I . Characteristics of salt-water dynamics in coastal soil
zones.
Coastal plain is formed by silts carried by the rivers
deposited near the seaport, which caused the land gently
silted up and exposed above the sea level. The areas have been
inundated by the sea water before and after the land is formed
for a quite long period of time. With a flat and low relief,
the coastal plain has a slope of 1 / 10000. Salt content in
both soil and groundwater is high, and sodium chloride is
predominant in the salt composition. These formation features
and the monsoon climate conditions induce the following
characteristics of salt-water dynamics in soil and groundwater
of coastal area :
1. Salt-water dynamics of groundwater :
(1) The horizontal flow of groundwater is stagnant.
Owing to the flat and low relief, very fine parent material of
soil and lower permeability of water, the horizontal flow of
groundwater is very slow and actually is stagnant in the most
part of areas. According to the investigation in the Dayuchang
irrigation areas of Shandong Province, the permeability
c o e f f i c i e n t of s i l t - l o a m y soil is 0.7 m / d a y , the
concentration of groundwater ranges usually from 5 - 30 g / 1
even up to 50 - 150 g/1 . The slope of groundwater is
1 /
10000 - 1 / 20000 under natural conditions .
(2) G r o u n d w a t e r d y n a m i c s are m a i n l y r e g u l a t e d by
precipitation and evaporation. The consumption and recharge of
groundwater are principally affected by the infiltration of
precipitation and evaporation of water from the soil surface.
It is a p p a r e n t l y showed from F i g , 1 , that the depth of
groundwater is in close relationship with the precipitation
and evaporation. The groundwater may be divided into two
layers, i.e. upper layer of groundwater ( within the height of
c a p i l l a r y rise of g r o u n d w a t e r ) and d e e p e r layer of
groundwater (under the height of capillary rise of groundwater
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).
The
thickness
and
salt
c o n c e n t r a t i o n of t h e u p p e r l a y e r
of g r o u n d w a t e r c h a n g e w i t h t h e
p r e c i p i t a t i o n and
evaporation,
while
those
of d e e p e r
layer
g r o u n d w a t e r h a s no c h a n g e i n a
l o n g p e r i o d of t i m e .
The a m o u n t of
groundwater
e v a p o r a t i o n i s m a i n l y a f f e c t e d by
the climate c o n d i t i o n ,
texture
a n d s t r u c t u r e of s o i l
profile,
vegetation
condition
and
groundwater depth. ( Fig. 2 )
(3)
Groundwater
with
different
salt concentration
is
distributed
in
different
•
^AI N
h o r i z o n s . The s a l t c o n t e n t of
v
J
1 —V
g r o u n d w a t e r i n c r e a s e d a l o n g w i t h 't '1.'»
i
;
t h e d e p t h of g r o u n d w a t e r a n d t h e ]
\
/\
i
s p e e d of
ionic
diffusion
in :
\ 1 \ l
•
groundwater i s very slow, so t h a t
i /
\ /
the
salt
concentration
in
V
V
different
l a y e r s of
groundwater
ï
i s c o n s t a n t i n many y e a r s .
( s e e Month 1 5 fi 7 1 B 10 1! 12
Year
19 7.1
Fig. 3 )
2 . The
s a l t - w a t e r dynamics
of s o i l s :
(1) Seasonal variation is Fig . 1. The change of groundwater
obvious in the salt content of
depth (. solid line ) and salt
soil. Salt movement in profile of
concentration of groundwater(
c o a s t a l saline soil is mainly
affected by the precipitation and
dashed line ) at the south of
evaporation and related to the
Dongsi village in Dayuzhang
c o n s u m p t i o n and r e c h a r g e of
groundwater. The
vertical
irrigated area
movement of salt is predominant
in soils
without artificial drainage, usually the level ot
groundwater reaches the lowest position before the rainyseason everv year. The salts in upper layer of soil profile
will move downward along with the infiltration of rain water
and the thickness of upper layer of groundwater will be
increased at rainy season. After the rainy season, the salt in
the subsoil will rise and accumulate again in the top layer of
soil with the groundwater consumption, and salt content in top
layer of soil will reach the largest value in May and June
before the rainy season next year.
(2) The velocity of salt leaching and accumulation in
soil profile is affected by the texture of soil profile, depth
and salt concentration of groundwater, and thickness and
maturity of cultivated horizon as well. Observation shows that
when groundwater depth is larger than 1.5 m , the speed of
upward movement of soil capillary water is very slow, being
). The period for the
only 2
3 mm / day ( see Table 1
groundwater risen to soil surface from the groundwater table
through capillary water movement needs 516 - 739 days, so if
there are irrigation water and precipitation to supply the
the
salt-water movement in soils is mainly
soil water
\
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displayed on the movement of salt and water in the process of
supplying and consuming water in upper solum ( See Fig. 4 ) .
Therefore under the conditions of that the groundwater depth
is larger than
1.5 M , the seasonal accumulation of salt in
cultivated land is principally induced by salt reaccumulation
in top soil from subsoil during the evaporation of soil water.
II. Prediction
of secondary salinization in the irrigated
area
The mechanism for the formation of secondary salinization
was a n a l y z e d , and the m e t h o d of p r e d i c t i n g s e c o n d a r y
salinization was discussed on the basis of study of salt-water
dynamics mentioned above
1. Salt sources inducing secondary salinization : In this
area, as mentioned above, the horizontal flow of groundwater
is very poor so that the salt drained out and brought into the
area by the horizontal flow of groundwater is negligible. The
main salt sources are
(1) Salt brought by irrigation water. For the average
yearly irrigation water is 6000 m 3 / ha. and the salt content
in irrigation water about 0.4 g / 1, an average of 240 g salts
were brought into soils per square meter by irrigated water in
a year.
(2) The salt contained originally in the soil profile
(3) The salt diffused from lower layer to upper layer of
groundwater
2. A n a l y s i s on the forming reason of s e c o n d a r y
salinization: Summing up the studies on salt-water dynamics of
soil and groundwater, the aspect of varying cycle of saltwater dynamics in a year are as follows :
(1) Before spring irrigation, the groundwater table
decreased to a largest depth of the year, while the salt in
top soil increased to a highest concentration of the year.
When groundwater table lowered below the maximum height of
soil capillary rise, the salt-water regime in soil profile
tended to stable .
(2) During irrigation water infiltrating into the soil,
a part of the water was reserved in upper soil layer and the
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Table I . Rate of cnpitlmy water movement in column
Column

txlenl of movement
(liiiiht from gtouiklwr.tcr labte)
rrrëund iïlrtnntil nf movement
wutur Time rl movement

(cm)
(mm.)
(etav)

depth

I OMJ

Rate of movement

Column

Extent of movement

0
/ground
water
depth
1.5 M)

(lilplit from groundwater t iblc)
Distance] of movement

(m m/dny)
(cm)

(mm.)

T i m e of movement

(day)

R a t r of movement

m m/tlay)

20-35

35-50

50 G5

C5-00

150

150

150

150

14

17

21

20

10.71

8.02

7.14

2M5

45-60

G0-75

250
BG
2.91

150

150

58

14

2.59

7.50

2.03

another part of them moved downwards to the deeper soil layer,
which increased the water content in the soil near the initial
groundwater table and rise up the groundwater table. The salt
contained in top soil was leached downwards along
with the
infiltrating of water. If there are larger amount of water
infiltrated, groundwater table would be risen unceasingly and
the water content in the soil above the groundwater table
increased. Finally the groundwater table rise to the surface.
The path of infiltrating water flow got shorter and shorter
and the leaching action of infiltration water got smaller and
smaller .
(3) In the process of evaporation of soil water after
irrigation or rain, the water was evaporated firstly from top
soil layer and then from deeper soil layer, and which caused
the lowering of the groundwater table, at the same time the
salt was accumulated in the upper soil .
It may be seen from the salt-water regimes mentioned above
that the reason for the variation of salt and water in soil
profile of the irrigated area is mainly due to the consumption
and r e c h a r g e of soil and g r o u n d w a t e r induced by water
infiltration and evapotranspiration. Thus it can be seen that
the conditions for the occurrence of secondary salinization
are:
A. Salts was brought into salt-water action layer by
rain and irrigation water and diffusion from deeper layer of
groundwater to a certain degree, which caused that the salt
accumulation in predicting soil layer exceeded the salt
tolerance of crops .
B. Because of the decrease of infiltrated rainfall and
irrigation water, the salt accumulated in the predicting soil
layer with water evaporation
exceeded the salt leached by
infiltration water, and the salt amount exceeded the salt
tolerance of crop .
C. The drainage ability was decreased so that the salt
balance can not be maintained in the salt-water action layer
of soil .
3. The c r i t e r i a of the p r e d i c t i o n of s e c o n d a r y
salinization
(1) The criteria for the soil salt content of secondary
salinization. The salt content for the occurrence of secondary
VI—122

salinization depends upon the
salt tolerance of crops. Among
the major cereal crops in the
i r r i g a t e d a r e a , wheat has the
lowest salt t o l e r a n c e in its
s e e d l i n g s t a g e . Based on the
research results, it is taken as
the salt content criteria that
when the soil water content is
20 % ( weight percentage ) the
electric conductivity of soil
solution is no more than 17 mS/cm
and the salt c o n c e n t r a t i o n of
soil solution nearly 10 g/1 or
the salt content of soil 0.2 %.
(2) The thickness of soil
for the prediction of secondary
salinization. According to the
data observed in spring, the salt
accumulation period, the salt
content in surface soil of 0-2 cm
may go up to more than 1%, but
that in subsoil is less than 0.2
%. Therefore, to predict the salt
content in a thicker soil layer
can not r e f l e c t
the
actual
situation of salinization and it
has no actual meaning for the
growing of crops. For this reason
10 cm of soil layer in winter and
20 cm in spring are taken as the
soil thickness for prediction of
soil salinization .
4. Discussion on the approach
of
predicting
secondary
salinization :
( 1 ) The
task
of
the
prediction
of
secondary
s a l i n i z a t i o n . T h e r e are two
tasks. The first is to predict
occurrence
possibility
of
secondary salinization and what
time it will take p l a c e , T h e
second
is
to
predict
the
occurrence
possibility
of
secondary salinization when some
conditions was changed.
(2) The prediction approach
for secondary salinization
A.
The p r e d i c t i o n
was"
p r o p o s e d t o b e on t h e s a l t - w a t e r
d y n a m i c s and s a l t - w a t e r b a l a n c e .
I t c a n b e s e e n from t h e s a l t - w a t e r
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groundwater into account, the increased salts were 134 g in a
square meter of land in one year. For this reason, it may be
predicted that the secondary salinization must take place from
a long-term point of view under the present irrigation and
drainage conditions. But now crops were not harmed by salt in
most part of the cultivated land and if the cultivated land is
abandoned the salinization will occur quickly in a lot of
areas. This is mainly due to the regulation effects of
irrigation and cultivation on the salt-water dynamics. So it
is needed to further analyses the possibility of salinization
in predicting soil layer based on the characteristics of saltwater dynamics of soil and groundwater in different regions.
Through the analysis of data observed in regions
with two
kinds of salt-water dynamics of
groundwater, preliminary
prediction was proposed as fallows :
a) In the region with poor drainage condition, for
example in Xiaoson production brigade, the groundwater depth
is less than 1.5 M in August, September and October. In
evaporation process of soil and groundwater , the salt in
subsoil was quickly accumulated in top soil and induced the
salinization in predicting soil layer in November .
b) In the region with good drainage condition, the
groundwater depth is still larger than 2.0 M in rainy season
and irrigation period, so in most part of this area the
secondary salinization may not occur except that in a part of
area salt content in predicted soil layer may exceed 0.2 %
owing to originally much high salt content in subsoil.
B. The c a l c u l a t i o n m e t h o d for the p r e d i c t i o n of
s e c o n d a r y s a l i n i z a t i o n . The e q u a t i o n a v a i l a b l e for the
irrigated area was proposed as follows. Computer may be used
for the calculation .
C i

-

Co i

+

Cvi

+

Cwi

-

Cii

-

Cpi

-

CsFi

where C,

--Salt
content in predicted soil layer at the end
of time interval
Co. --Salt content of predicted soil layer at beginning
of time interval
Cvi --Salt
accumulated from soil beneath the predicted
soil layer and groundwater into the predicted
lay ei'.
Cwi --Salt b r o u g h t into p r e d i c t e d
soil layer by
irrigation water
Cii, Cpi, CsFi
Salt carried off by infiltrating
rainfall, irrigation water and surface run- off,
respectively.
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PREDICTION OF CHANGES IN THE IONIC COMPOSITION OF IRRIGATION
RETURN FLOW USING A MATHEMATICAL MODEL
H '1 du P less is
Water Research Commission, Pretoria, South Africa
INTRODUCTION
Irrigation of land along the Great Fish River in South Africa, which
commenced daring the previous century, has a history of water shortages
and poor water quality. During the 1920's two dams (Grassridge and Lake
Arthur) were constructed to stabilise the water supply to irrigation
farms (Fig. 1 ) . Continued short supplies of water led to the construction of another dam (Kommandodrift) in the 1950's and finally the purchase by Government and withdrawal from irrigation of about a third of
the land listed as irrigable, thereby alleviating the water shortage
for the remaining irrigators. The Orange River Project (ORP), whereby
water from the Orange River is transferred via a 83 km tunnel to the
Great Fish River catchment, has resulted in an abundant supply of low
salinity water for irrigation. Some of this water is also to be transferred from the Fish to the neighbouring Sundays River catchment as an
additional source for irrigation in the Sundays River valley and for urban and industrial use in the Port Elizabeth-Uitenhage complex.
Since the implementation of the first phases of the ORP in late 1977
the Great Fish River has served both to transport water and to accept
natural and artificial drainage from surrounding land, leading to a
progressive increase in salinity downstream. Concern about the level of
river water salinisation and unknown future salinisation trends, which
could render water less fit or even unsuitable for intended use
low; ist ream, led to the establishment of a multidisciplinary research
group to study the phenomenon and quantify the various contributing
processes. This group adopted a mathematical modelling approach as the
only apparent means of combining the contributions of many interrelated
processes in describing the behaviour of the system as a whole. Various
submodels to descri!>s these processes were incorporated into a system
model (Hall and Du Plessis, 1981) which was used successfully to simulate river flow and salinity at a number of points along the river over
the period May 1977 to April 1930 (Hall and Du Plessis, 1984). This
covered the period just prior to and after the commencement of importation of Orange River water.
Tn this paper the predicted changes in ionic composition of drainage
as obtained with the irrigation return flow sub-model will be discussed.
PROCEDURE
The mathematical model used to predict the volume and composition of
water draining from irrigated land was descrited in some detail by Hall
and Du Plessis (1931). Tt is a plate flow model adapted from one
described by Thomas et al (1971). Monthly drainage is calculated from
a water balance for an irrigated area. Fortnightly cumulative totals of
measured rainfall and irrigation applications represent the water additions and calculated evapotranspiration and drainage the water losses.
The water balance is buffered by a soil water storage capacity from
which water can be used for evapotranspiration and which has to be
filled before drainage occurs. Potential evapotranspiration is calculated, per crop from evaporation data (USWB class A pan) and crop
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factors.
Actual evapotranspiration is assumed to equal potential
evapotranspiration provided sufficient water is available from rain,
irrigation and soil water storage, and to decrease when the supply is
insufficient.
The composition of drainage from an irrigation area is assumed to be
the aerial weighted mean of the drainage composition from representative
soil profiles. The latter is simulated by assuming the soil profile to
be made up of a number of layers, the soil solution associated with each
layer having a given initial chemical composition which is changed by
subsequent percolation of irrigation water through the soil. The concentration, by evapotranspiration, of salts applied with irrigation
water is assumed to occur in the top layer only. Complete mixing of the
ions in the solution phase of a given soil layer with ions in percolating water is assumed before a new chemical equilibrium is calculated for
that layer. In calculating the new chemical equilibrium of the soil
solution, the effects of cation exchange (Ca ++ , *\g++ and N a + ) , ion pairing and precipitation and dissolution of gypsum and lime are considered.
Percolate having the composition of the new equilibrium solution phase
is allowed to pass to the next layer. In this way misoible displacement
of salts is approximated. Drainage from the profile has the same composition as the solution phase of the bottom layer. Movement of solute
through preferential pathways or incomplete chemical equilibria are thus
not considered.
The chemical characterisation of representative soil profiles used in
this study was obtained as follows. A representative subsample of about
10% of the profiles sampled during an intensive soil survey of 5 677 ha
of State owned land (Dohse et al. 1974) was selected. Soil samples from
these profiles were analysed for C a + + , Mg + + , Na + , Cl~, BOO3™ and SO*=
content of the saturation extract, exchangeable cations
(Ca , Mg +
and Na ) , and lime and gypsum content (Du Plessis et al. 1982).
Exchange constants (sodium-calcium and calcium-magnesium) were calculated from exchangeable and solution phase cations using the procedure
of Robbins et al. (1980). The chemical characteristics of the selected
soil profiles were averaged for each so-called modelling unit, which is
a selection of soils grouped according to morphological properties. The
chemical characteristics of a soil modelling unit were then deemed typical and representative of the total area covered by its constituents
soils.
RESULTS AND DISCUSSION
The model to predict drainage volume and composition was run for
three well defined, geographically and climatologically different, irrigated areas corresponding to the Upper, Middle and Lower Fish River
(Fig. 1 ) . Although the monthly and seasonal variation is large, an
overall trend in the water balance is discernible (Fig. 2 ) . Increased
amounts of deep percolation (drainage) were calculated for successive
years.
The calculated leaching fraction increased from 0,15 in 1977/78
to 0,24 in 1979/80 in the Upper region and from 0,12 to 0,31 in the
Lower region. This increased leaching coincided with the availability
of larger volumes of water imported from the Orange River. The diluting
effect this water had on the salinity of the irrigation water is obvious
from the marked reduction in total dissolved solids (TOS) over time displayed in Fig. 3 for both the Upper and Lower regions. The increase in
salinity of water as a result of salt pick-up as it flows down the river
(higher TOS in the Lower than the Upper Fish) is also clear.
Brief descriptions of the soil modelling units identified and their
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Fig. 3. Change In total dissolved solid (TDS) content of Irrigation water
in the Upper and Lower Great Fish River regions from May 1077
to April 1980

Fig. 1. Relative dletrlbution of ao4 modefang umts In the Upper, Middle and
Lower Great Fiah River Irrigation Scheme

relative distribution in the Upper, Middle and Lower regions of the
Great Fish River are presented in Fig. 1. A simulation of the drainage
composition for the Upper region for a theoretical 30 year period using
these relative distributions, the mean chemical characteristics of each
modelling unit and repetitions of the water balance for the region (10
repetitions of 36 month's data) is presented in Fig. 4.
The most prominent feature of the predicted composition of drainage
from irrigated land is the rapid decline in overall salinity during the
early period of the simulation. This represents the leaching of salts
which had accumulated during the previous period of irrigation with
smaller amounts of higher salinity water. The period of rapid decline
ends after about 3 years and is followed by a long period of stable
salinity conditions under a new leaching regime and water quality. The
cyclic variation (more pronounced for the anions) that is predicted
during this period is attributed to the repetitive use that is made of
the short-term water balance and irrigation water composition
(especially the change in irrigation water salinity over each successive
three year period).
The results in Fig. 4 represent weighted mean concentrations of the
constituents in the combined drainage from all soil modelling units in
the Upper region. Changes in the ionic composition of drainage from individual units are therefore obscured.
The period of stable salinity
which seems to prevail after relatively quick leaching is in fact a
transient phase in the slow approach to true equilibrium with the new
leaching regime and irrigation water composition.
It is easier to distinguish different phases in the long-term trend
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Simulated ionic composition of drainage from irrigated land in
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Fig. 5. Simulated ionic composition of drainage over a 100 year period
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{soil modelling unit 5, lower region)

in ionic composition of drainage water when only one soil with a constant water balance and irrigation water composition is used in the
simulation (Fig. 5 ) . The first and most prominent phase, again lasting
about three years, is the leaching of accumulated salts. At the conclusion of this phase Cl~ and S0 4 ~ have attained equilibrium with the new
conditions. Sodium is the next ion to attain equilibrium in the
drainage water. For this soil a small decrease in Na over a period of
3 to 14 years follwed by an increase to equilibrium at a slightly higher
level is predicted. This is caused by a lower initial exchangeable
sodium level in the topsoil than the subsoil. In addition, Na displacement down the profile is retarded compared to C I - and S0^~ by the
fact that it undergoes adsorption reactions. The equilibrium Ca and
HCC>3= values are governed, to a large extent, by the solubility of lime
present in the soil. As lime's, solubility product remains constant,
HCO3 shows a decrease when Ca++ increases and vice versa. They thus
attain equilibrium at the same time after Mg"1"1" equilibrium on the exchange complex has been reached. Magnesium equilibrium is reached only
after a very long time period as the selectivity of the exchange complex
for M g + + is much greater than for Na + , requiring a far greater quantity
of Mg
(or volume of irrigation water) for equilibration. The total
salinity of the drainage as measured by TDS remains fairly constant
after the initial displacement of accumulated salts. This is because
electroneutrality is maintained throughout and since the equivalent mass
of the ions are similar while compositional changes are furthermore
relatively small.
The soils identified and characterised for this study vary con-
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siderably in the time required for given ions to reach equilibrium concentrations in the soil solution. In some instances more than 200 years
were needed for C a + + to attain concentrations within 10% of equilibrium.
In all cases ions approached equilibrium in the same sequence.
Generally much longer time equilibration periods were predicted for
the Upper than for the Lower Great Fish River. This is attributed to
the fact that the throughput of water (drainage) is greater in the Lower
than the Upper region and also that the salinity of the Lower region
is higher than that of the Upper region so that it experiences a
greater mass action in satisfying cation exchange requirements. The
very long time periods predicted for equilibration of especially cations
implies that it will be very difficult to validate models for river systems where stable water balances never occur and irrigation water composition is seldom stable for any length of time. As models have
however, been tested under laboratory and small scale field conditions
and, furthermore, logically combine otherwise fragmented insight into
chemical interactions between soil and percolating irrigation water,
they may be used with a fair amount of confidence to predict trends in
changing ionic composition of drainage from irrigated land. The ability
of the model to predict changes in a dynamic system is probably also superior to current ability to characterise soil variation along a river
system or to describe the flow path of water back to the river after
drainage below the root zone of irrigated soils. For the latter reason
also, simulation of ionic composition changes in this study was limited
to that of water draining from the root zone and changes in river water
composition were not addressed. In the system model simulating the effect of rainfall, water releases, storage etc. on river flow and water
quality, only TDS was used to indicate changes in water quality. Simulated drainage from irrigated land was assumed to be stored in the
saturated zone, which was conceptually treated as a lumped linear reservoir from which water was displaced to the river as seepage. As indicated earlier, very satisfactory agreement between measured and predicted river flow and salinity values were obtained with this approach.
CONCLUSIONS
Realistic predictions of the changing composition of drainage from
irrigated land along the Great Fish River have been obtained with a
mathematical model under conditions of changing water balance and irrigation water salinity. The model predicts that salts which accumulated during previous periods of water shortage and poor quality water
will be leached from the rootzone soils during the first three years of
availability of larger quantities of better quality water. During the
subsequent period of ralatively stable salinity conditions, ionic composition of drainage continues to change slowly. Equilibrium is first
reached by Na followed by Mg , C a + + and HCO~n. Because of the longterm nature of these equilibrations, time differences for different
soils to reach equilibrium and uncertainties regarding the time lag between drainage leaving the rootzone and seepage entering the river bed,
it is doubtful whether it will be possible to verify predictions of the
ionic compositional changes for a river system. The short-term predictions for total salinity (TDS) were, however, found to agree well with
the TDS observed in the river. The implied slowly changing nature of
ionic
composition
and
total salinity make it probable that a
hydrological model calibrated against historical data will be able to
simulate the behaviour of the river system satisfactorily over the short
to medium term.
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SUyMARY
A mathematical modelling approach was employed by a multidisciplinary group to study the salinisation of initially low salinity water imported from the Orange River, as it flows down the Great Fish River,
Republic of South Africa. The results of the submodel used to predict
the change in ionic composition of drainage from irrigated land, as
modified by soil chemical processes, are presented. It is predicted
that after the initial rapid displacement of accumulated salts, the total salinity of the drainage will appear to stabilise under the new
higher leaching regime and lower salinity water. The period of apparent
stability is predicted actually to be a transient phase in the slow approach to true equilibrium, which is retarded by cation exchange reactions. True equilibrium is first reached by Na followed by Mg , Ca
and HCOo - . Because of the long-term nature of these equilibrations,
time differences for different soils to reach equilibrium and uncertainties regarding the time lag between drainage leaving the root zone
and seepage entering the river bed, it is doubtful whether it will be
possible to verify predictions of the ionic compositional changes for a
river system.
In this case the short-term predictions for total
salinity (TDS) were, however, found to agree well with the TDS observed
in the river.
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POSSIBILITIES FOR IRRIGATION WITH SEA WATER OF DIFFERENT FARM CROPS GROWN ON RENDZINA WITH CALCAREOUS PLATE
IN BULGARIA
M.Penkov, M.Mondeshka-Nedjalkova
University of Architecture and Civil Engineering,
Sofia, Bulgaria
Bulgarian Blackseacoast includes thousands dka of Rendzina
which are not used in agriculture due to the lack of irrigation water. Our investigations are in the field of establishing ways for irrigation of agricultural plants with Blackseawater without any treatment of the salt water.
The soil test conducted in the region of the experimental
field of the University of Architecture and Civil Engineering
- Sofia (60 km north of Varna) give us grounds to label the
soil as Rendzina (according to the classification of FAO Leptosols /Rendzic/). Rendzina profile "includes 30-50 cm thick
A-horizon rich in carbonates (total 50-70% and active 25-40%^
containing 30,1-32,4% clay and 3-4% humus and immidiately under it a broken carbonate plate (Petrocalcium horizon), containing 90% carbonates 20-40 cm thick and a C-horizon, represented by Sarmatium Gypsums (table 1,2).
Table 1
Texture of the Rendzina with carbonate plate
Horizons
cm

2-0,2mm

Particle size distribution
0,2-0,02mm 0,02-0,002mm <0,002mm

8,46
18,68
0-25
40,41
32,45
pl
A"
23,81
25-50
39,03
7,04
30,12
A
k
42,21
C
0,39
24,17
33,23
2k 90-140
Do to the high content of total and active carbonates the
soil texture analysis is carried out by the Pyrophosphatus
Ujiethod;
A soil texture analysis of the C.
horizon (carbonate placp
te) has not been carried out«
Table 2
Chemical and agrochemical characteristics of the Rendzina
with carbonate plate
A

Horizons
cm
A

p\

°" 2 5

A £ ' 25-50
C« 5 0 - 9 0
1cp
C
2k 9 ° - 1 4 0

Humus
%

C
%

Total
N
%

3,9
2,9
0,2

2,25
1,67
0,13

0,20

1.5

0,86

Total
A c t i v e PH P^OC
(H 2 0) 2 # 5
carbonates
mg/kg
%
%

K
mg/kg

27,75
42,50
-

8,1

60

0,17
-

57,92
69,76
98,00

8,4
8,7

50
-

160
130
40

0,06

68,00

65,00

8,3

-

130

The Rendzinas are characterized with good physical and air
features and a good filtration coefficient - 1,8-2,4m/24h.
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Although situated near the Black Sea these soils do not contain toxine quantities of watersoluble salts for agricultural
crops (fig.1a). The Rendzinas are characterized with very good
filtration features and the underground waters are in depth
under 200 m - circumstances that would be favourable in using
sea water for irrigation.
Table 3
Some water-physical characteristics of the Rendzina
with calcareous plate
Sampling
depth
cm

Relative
Bulk
density density
g/cms

Poroslty
%

Aeration
%

Field Filtration
capacity coefficient
%
m/24h

0--20
1 ,17
56 ,5
32
2,,69
2 ,36
19.,1
20.-40
1 ,30
12,,9
30
1 ,89
51 ,9
2.,,70
70--80
1 ,41
48 ,2
10,,1
1 ,21
27
2,,72
The five-year investigations carried out for establishing
farm crop tolerance to the salt in the seawater, made it possible to determine three basic groups of crops according to
the climatic and soil conditions of North Blackseacoast in
Bulgaria: group I - crops of high tolerance; group II -crops
of moderate tolerance and group III - crops of low tolerance
(table 4 ) .
Table 4
Groups of tolerance of different farm crops
Groups of
tolerance

Crops

low
tolerance

moderate
tolerance

soya,flax,
cucumber,
aubergine,
watermelons

sunflower,
lucerne,
broad beans

high
tolerance
barley, maize,
sugar and fodder
beet, sainfoin,
potatoes.tomatoes

The group I farm crops - sugar and fodder beet, sainfoin,
potatoes, tomatoes - as seen in table 5 under surface irrigation by 100% sea water have comparatively good growth, development and productivity.
Table 5
Farm crops yield, grown on Rendzina with calcareous plate
under surface irrigation by 100% sea water

Crops

100% sea
water irrigation
kg/ha

no irri100% nonmineral wa- gation
ter irriga
(II contion(Icontr.)
trol)
kg/ha
kg/ha

405O(cereal s) 4800(-»-)
barley
6040(cereal s) 7420(-«-)
maize
51600
fodder bee t42800
48620
sugar beet 34500
30530
25050
potatoes
4800
6020
sainfoin
20760
36490
tomatoes
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3200("-" )
3760(-»-)
19800
18430
8130
3180
3750

%
in I
control

%
in II
control

84,4
81,4
82,9
70,9
82,1
79,7
56,9

126,6
160,6
216,2
187,2
308,2
150,9
553,9

Paralel with that we studed the question about suitable
ways of irrigation with sea water. The investigations were
carried out with tomatoes (fresh market varieties) using three
of the most widely applied methods of irrigation- drop-, surface- and intrasoil irrigation, each of them being tested in
two variants: irrigation with 100# sea water and Irrigation
with 100% non-mineral water (test I ) . Test II is the variant
in which the tomato nlants are grown without additional irrigation. The criteria for evaluating the method of irrigation
were quantity, quality of tomato nroduction at the least expense of irrigation work, irrigation water and the most suitable salt regime of soil. As a result of three-year field experiments it was established that the most suitable way of irrigating tomatoes with Blackseawater (salt content 17,5 g/1) is
the intrasoil irrigation, followed by the surface irrigation,
the drop irrigation being the least useful. In the case of intrasoil irrigation with sea water (for the three years) the
tomato yield is 59,9% higher than the yield in the case of
droü irrigation and 552% higher than the yield in the case
without any irrigation (table 6 ) .
Table 6
Tomato yield (kg/ha) under different ways of irrigation
with sea and non-mineral water
Wat er
Irrigation

sea

Drop
Surface
Intrasoil

Kg/ha

%

16240
21050
25960

100,0
129,6
159,9

non'-mineral
K
kg/ha
48630
36740
53420

132,4
100,0
145,4

*The yield is 3980 kg/ha without irrigation
The chemical analyses of the tomatoes irrigated with sea
water show that their fruits contain more sugar and ascorbic
acid and have sugar-acidic coefficient, that quarantees better
eating qualities to the tomatoes irrigated with non-mineralized water« The increase of ascorbic acid in the tomatoes is
10-20 mg% which is an important feature of their biological
value (table ? ) •
Table 7
Chemical content of the tomatoes irrigated in different
ways with sea and non-mineralized water
Irrigation

Water

sea
Drop
non-mineral
Drop
sea
Surface
non-mineral
Surface
sea
Intrasoil
non-mineral
Intrasoil
no irrigation

Sugar
%

5,26
3,48
4,92
4,40
4,84
3,60
4,02
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Org anic acid
%

0.40
0,34
0,38
0,35
0,42
0,35
0,78

Vitamin
mg %

43,85
32,12
51,52
32,24
46,02
28,10
20,53

The chemical analyses of the sea water irrigated soil show
that:
a/ at the end of the vegetation neriod a greatest quantity
of water soluble salts (predominating Chlorids and sulphats)
are accumulated in the surface 30 cm (the dry residue quantity reaches to 0,65%) by dron irrigation and the degree of
salt decreases in depth (fig.1b) f
b/ a similar dependence of salt distribution but with a
smaller intensity is observed in sea water surface irrigation,
since the soil moisten regime in surface irrigation is closer
to washing out regimr corn-pared to the one of drop irrigation;
c/ it is important to notice the fact that in intrasoil
irrigation the greatest part of the water soluble salts deposit at a depth under 30 cm (under the flexible hose-pipes
with drippers) and therefore moistening of the plough layer
by rising capilar energy is better since it leads to a consideratly slighter salt (the quantity of the dry residue is not
more than 0,35%) compared to the two other ways of irrigation.
At this depth range the tomatoes main root system is situated
(at certain soil conditions) and that explains the better
growth, development and productivity of tomatoes irrigated
intrasoil by sea water« The three-year observations of field
experiments show that autumn-winter precipitations between
the two vegetation periods amounts to 170-200 mm is capable
to wash out over surface about 30 cm a considerable part of
the accumulated salts to a quantity of dry residue 0,15$.Once
again the intrasoil irrigated soil is a better condition (fig.
1c). The soil solution concentration reduction at the end of
the autumn-winter period is accompanied by changes in the
soil absorbing complex, expressed in content reduction of Na
and Mg and quantity rising of Ca (fig.2c).
The quantity of the exchangable Fa and Mg for the threeyear period has not risen considerably and has not changed
the -physical-and water features of the Pendzina (bulk density
1.2-1,3 g/cm^, filtration coefficient 1,9-2,4 m/24h, porosity
at field capacity 52-57%)• The reason for this may be the
high Ca content in the Rendzina, and the use of high doze manure during the experiments. In case of increased of exchangable Na and Mg chemical melioration of the soil could be resorted to through the introduction of gynsum.
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AN OPTIMUM IRRIGATION SCHEME FOR WHEAT
GROWN ON THE SALT-AFFECTED SOILS OF THE
HUANG-HUAI-HAI RIVER PLAIN IN CHINA
Gong Yuanshi , Lu Jinwen , and R.R. van der Ploeg
* Beijing Agricultural University, Beijing, P.R. China
** Hohenheim University, Stuttgart, F.R. Germany
INTRODUCTION
Located in a semi-humid, monsoonic climate, the Huang-HuaiHai River Plain (3H-Plain) is China's most important production area for cereals and cotton. Around 56 % of the arable
land in this region is used for the growth of wheat. However,
the entire growing period coincides with the dry season, with
an average precipitation of only 13 6 mm (records from Quzhou
County for 1966-1988). Also, because of a locally high water
table, many soils in the 3H-Plain, about 18 % of the arable
land, are salt-affected. Hence, irrigation is needed for two
major reasons: to reduce the salt content in the main rooting
zone of the growing crops and to supply the crop with ample
water for its growth.
Over the years, local farmers have become used to an excessive irrigation, which resulted in an inefficient use of the
limited water resources. In many locations the consumption of
groundwater exceeded the groundwater recharge considerably and
water saving practices appeared to be unavoidable. For that
reason the Farm Irrigation Research Institute
(1986) has
conducted irrigation experiments in different sites on the 3HPlain and has developed irrigation schemes for the main wheat
areas (irrigation norm 200-400 mm, frequency of irrigation 3-4
times per growing season) . At the same time Shi Yuanchun et
al.(1986) have carried out soil water and salinity studies in
the area and first management models were developed by these
authors. In this respect Wang Xinwei (1986) has suggested
that, in order to save water , the critical soil water index
for wheat should be lowered to 60 % of the field capacity.
Although thus a more economic use of water was initiated, it
still appears that further savings are necessary. For that reason additional research was started.
The objective of this research is to develop an optimum irrigation scheme. In addition to field and pot experiments on
water use and salt tolerance of wheat, a numerical study of
the soil water and salt regime under natural conditions was
carried out. For a period of 23 years (1966-1988) the soil
conditions (water and salinity) were analyzed. By use of the
numerical results an optimum irrigation scheme was developed.
Procedure and results will be briefly explained.

METHODS
Field experiments
The experimental site is located at the Quzhou Experiment
Station of Beijing Agricultural University in Quzhou County
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(Hebei Province), in the middle south of the 3H-Plain (N
36*46', E 114*57', alt. 40 m) . The soil is a medium light
(sandy) Fluvisol, with occasional loam and clay layers. The
groundwater, 2-4 m below the soil surface, contains in the upper part mainly sulfate, chloride, sodium and magnesium. The
electrical conductivity (EC) ranges between 7 and 12 mS/cm.
The deeper groundwater has a much better quality and is used
for irrigation purposes. The salt content of the upper 1 m of
soil varies between 0.3 and 0.8 %.
Field experiments with winter wheat (Triticum aestivum L.)
were carried out on plots of 100 m2 from September 1985 until
June 1987. There were 4 irrigation treatments and of each treatment there were three replicates. During the course of the
field experiment, a large number of parameters were determined
regularly. They include matric potential, water content and
salt concentration in the soil solution in various depths,
biomass of the crop (above and below the soil surface) , the
depth and composition of the shallow groundwater. These data,
among others, enabled the determination of critical water and
salinity stress indices. For simulation purposes, the root
density was measured, by use of the auger method, every 10 cm
in different growing stages of the crop.
Pot experiments
The objective of the pot experiments was to obtain additional information about the optimum soil water content and about
critical indices of soil dryness and salinity for wheat during
different growing stages of the crop. The inner diameter of
the used pots was 12 cm; the depth was 15 cm. In each pot
there were 5 wheat plants. In total there were 6 treatments,
both for water and salt content. Of each treatment there were
5 replicates. The soil water treatments were 10, 15, 18, 22,
28 and 32 % (weight percent) and the salt treatments were 0,
0.2, 0.35, 0.5, 0.65, and 0.7 % (NaCl, CaCl2 and Na2S04»
The
salinity experiments were conducted at a water content óf 18
%.
Simulation for the optimum irrigation scheme
A model, proposed by Bresler (1973), was adapted to simulate the water and salt movement in the soil. A root extraction term was added to the soil water flow equation in order
to account for water uptake by the wheat crop. Daily meteorological data for the period 1966-1988 (precipitation, relative
humidity, period with bright sunshine, mean wind velocity and
mean daily temperature) were used to calculate the potential
evapotranspiration (Penman, 1948), the transpiration (Rijtema,
1968) and the evaporation ( a self-developed empirical relation) . The unsaturated hydraulic conductivity of the soil was
calculated according to Jackson (1972), the root extraction
according to Feddes et al. (1978). The parameters needed to
describe the solute movement were determined with a fitting
procedure. In the meantime, an improved solute flow model has
been developed by Chen Wenlin et al. (1990a and b ) .
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During a simulation, the model searches for periods with a
need for an irrigation. Such periods are based on known sensitive growth stages of the crop. If during such a period the
soil in the main rooting zone is either too dry or contains
too much salt, the model simulates an irrigation. The simulated irrigation was stopped when the water content of the upper
meter of soil had reached field capacity and the salt concentration was lower than the critical salt index. The numerical
results of the 23-year period were subsequently analyzed and
mean irrigation needs were calculated.
RESULTS AND DISCUSSION
The pot experiments indicate that the critical water index
(causing a yield reduction of 25 %) was around 16 % (by
weight). This value corresponds to a soil suction of about 300
cm of water. The critical salt index (decreasing the yield by
25 %) was 0.32 %, equivalent to an electrical conductivity in
the soil solution of about 15 mS/cm. These pot results agreed
with the data obtained from the field experiments.
The field data were also used to calibrate the soil water
and salinity model. Measured and calculated soil suction and
solute concentration data were compared. Results are shown in
Figs. 1 and 2.
OEPTH (CHI
00
TFNS10N ICH H20I

50

1000 ,—

100
150

-

^

^

^

-calculated
•measured

L
/

/"

200
250
300
350
10 12 11.:% '.2 31 12 26 01 20 02 1« 03 11 3« 05 04 30 05 P5
1986.09 18-1987.06.0* 1260 0»y»)

'100

1_

l

i

6

t

a

.

io

12

(MS/CM]

Fig.1 Comparison of calculated and measured soil
suction data (growing
period 1986-1987)

Fig.2 Comparison of calculated and measured
soil salinity
(April 21, 1987)

The field experiments for the growing season of 1986-1987
showed that the highest yields were obtained with an irrigation water amount of 225 mm. For the same period an amount of
210 mm was calculated with the model. It is, therefore, believed that the model performs satisfactorily and that the
amounts of irrigation water calculated for other years are realistic.
A statistical analysis of the simulation results for the
period 1966-1988 showed that the average amount of precipita-
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tion during the entire growing peroid was 136 mm. The average
amount of water needed for irrigation was 265 mm. The calculated number of applications was 4. Because of variations in
growing conditions among the years, the required amounts of
irrigation water and the number of applications varies, as Table 1 shows.
The results of the simulations can also be used for the
calculation of the percentage of time (years) that an irrigation is needed for a particular sensitive period during various growing stages of the crop. Results of such calculation
are shown in Table 2.
Table 1.

Irrigation needs as a
function of precipitation

low rainfall
(P<100)

normal rainfall
(100<P<200)

high rainfall
(P>200)

irrigation
norm (mm)

290

265

170

irrigation
frequency

4-5

4

3

* P = the precipitation (mm) during the growing season.
Table 2. The percentage of irrigation years
(PI) for each growing stage of wheat
greening bootprewinter -jointing ing

heading

96

30

PI(%) 96

56

flowering
61

fillingmaturity
83

From Table 2, it can be seen that the percentage years of
irrigation for the pre-winter, for the jointing and for the
filling-maturity stage of wheat in the Quzhou area is more
than 80 percent. Whereas these irrigation seem to be indispensable, other occasional irrigations are necessary but
should not be given on a routine basis.
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SUMMARY
Field and pot experiments were conducted to develop an optimum irrigation management system for wheat in the Quzhou region of the 3H-Plain in China. Since the period of experimentation was too short for a statistical analysis of the data,
the experiments were supplemented with simulation data. A
deterministic, one-dimensional soil water and salinity model
was used for this purpose. Field data were used to calibrate
this model. After the calibration, model calculations for Quzhou Experiment Station were carried out for the period of
1966-1988. The model calculations showed that the long-term
average irrigation demand is 265 mm, given to the crop in 4
applications. As compared with the current irrigation norm in
the area (300-350 mm) , the results show that a considerable
saving of irrigation water is possible.
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WHY A SPECIAL INTEREST IN MANAGEMENT OF HEAVY SOILS?
(INTRODUCTION TO SYMPOSIUM VI-4)
A. Canarache
Research Institute for Soil Science and Agrochemistry,
Bucharest, Romania
Soils are considered heavy, according to the F.A.O., when
the percentage of clay is above 35 percent. Most characteristic are Vertisols, developed in areas dry enough to induce
severe cracking, but many other heavy soils occur where for
various reasons no cracking takes place.
The extent of the area under heavy soils may be estimated
from data in the F.A.O. Soil Map of the World. On 21 percent
of the earth surface, soils are heavy all-over the profile,
while on additional 14 percent only the clay-illuvial
subsoil
is heavy.
The interest for use in agriculture of heavy soils, despite
many restrictive properties, was earlier related especially to
those being present in areas surrounded by even less favourable soils. More recently, this interest sharply
increased
due to the well known growing demographic pressure.
Among the most salient features specific for heavy soils we
may list low hydraulic conductivity, reduced water availability and drainable porosity, high swelling/shrinking properties,
high resistance to penetration and to ploughing, low trafficability and workability. The extent to which such unfavourable
soil properties develop varies as related to climate, hydrology, parent material, soil-forming processes, clay mineralogy,
soil bulk density, etc.
Impedance to root development, low water availability and
conductivity, specific irrigation methods needed under low
infiltration rate or in highly cracking soils, preservation of
some kind of a satisfactory aeration in compact and/or wet
soils, surface drainage accompanied by increased difficulties
in farming operations, specific methods of tile drainage in
low permeable soils, adverse mechanical effects of strains
developed during shrinkage and swelling, high fuel consumption
and reduced duration of favourable seasons for tillage and
traffic, frequent requirement of expensive deep ripping, need
for a specific crop pattern are only some of the difficulties
a farmer using a heavy soil usually meets.
Symposium VI-4 shall try to contribute to solving some of
these problems. We are fortunate to have here speakers from
several of the areas throughout the world where heavy soils
occur under various natural conditions. We shall listen to
papers dealing both with theory of specific processes in heavy
soils and with practical problems of their management.
We
will have a good opportunity to find out about new developments in irrigation, drainage and tillage, including deep
ripping, of these soils.
I am sure the programme of the symposium, which is the result of the hard work of the contributing authors, shall allow
a most successful discussion of these and other problems.
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USING SOIL POROSITY ANALYSIS TO IMPROVE CHARACTERIZATION OF
WATER MOVEMENT IN HEAVY CLAY SOILS.
J, Bouma and H.W.G. Booltink *
* Agricultural University, Wageningen, The Netherlands.

INTRODUCTION
Water movement in soils can be well described by deterministic
simulation models when appropriate hydraulic conductivity and moisture
retention data are available, in combination with proper upper and lower
physical boundary conditions, (e.g. Feddes et al. 1988 and many others).
These models use Darcy/Richards flow theory which applies to rigid,
isotropic porous media (e.g. Klute 1973). Flow in many clay soils is very
difficult to characterize because pore patterns change continuously as a
result of swelling and shrinkage processes, following wetting and drying.
Measurement of hydraulic conductivity and moisture retention data in clay
soils and their application in simulation models for rigid, isotropic
porous media produces quite unrealistic results (e.g. Bouma 1988). Three
approaches are being followed now to try to model flow processes in clay
soils: (1) A basic approach which takes into account swelling by
considering changing coordinates for the flow system (e.g. Youngs 1983;
Smiles 1984); (2) An approach which considers the occurrence of
macropores, such as cracks, and the effects of swelling on the dimensions
of the macropores by measuring shrinkage characteristics. Modelling takes
into account the effects of swelling and shrinkage, (e.g. Bronswijk
1988), and (3) An approach which uses morphological measurements of
macropores in terms of number per unit area and vertical continuity, and
which applies existing models to characterize flow into the soil matrix
and into the cracks seperately for specific moisture conditions (e.g.
Hoogmoed and Bouma 1980; Van Stiphout et al. 1987).
This paper will focus on the third approach, which has been applied
succesfully under field conditions in the Netherlands. The approach and
its limitations will be discussed by analysing porosity patterns in clay
soils
and
the
associated
flow phenomena.
Future
prospects
of
understanding and modelling water and solute movement in clay soils will
be explored, because clay soils occupy large areas in the World and a
better understanding of basic transport processes in these soils is
crucial for the development of better irrigation and drainage systems, as
well as for the design of more efficient management systems for rainfed
and irrigated agriculture.
FUNCTIONAL CHARACTERIZATION OF POROSITY
Saturated and dry conditions can be distinguisted. Undisturbed
samples of a clay soil that had been close to saturation for a period of
several months, were percolated with a 0.1% solution of methylene blue.
The samples were freeze-dried and horizontal thin sections were made in
which stained pore walls were observed next to morphologically identical
pores with unstained walls (figure 1).
Staining indicates pore continuity which is more crucial to hydraulic
conductivity than the often used pore size distribution. The studies,
(Bouma et al. 1979), resulted in the following conclusions: (1) K s a t was
governed by small pore necks in the flow system with diameters of
approximately 30 /im. Small changes in pore-neck sizes had a large effect
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on K s a t . For example, a pore neck of 22 /xm resulted in a K s a t of 5 cmd"1
and a neck of 30 /im in a K s a t of 25 cmd . (2) Water-conducting
(stained) larger pores usually occupied a volume that was lower than 1%.
Such pores should therefore be characterized in terms of numbers per unit
area rather than in terms of relative volume. (3) Flow occurred mainly
along planar voids (cracks). This contradicted the common assumption for
Dutch clay soils that cracks close completely upon swelling. (4) Using
morphological data, K s a t of six different clay soils could be calculated
according to:

Ksat

-

Pg
—
r?S

r 4 n
dn 3 ' 1
n (
) + (
)
12
8

<D

in wich: p - liquid density (kgm"-5); g = accelleration of gravity
(m s"^); r) = viscosity (kgm~ *-s~ ) ; S = cross-sectional area of soil (m )
containing a length of 1 (m) of stained plane slits with neck width d n
(m) and n channels with neck radius r n (m). Neck widths were calculated
from the size distribution of stained pores, using a newly developed
pore-continuity model (Bouma et al. 1979).

Figure 1. Horizontal thin section image of a wet clay soil in which
water conducting planar voids are stained with methylene-blue (dark
porewalls). Only vertically continuous voids are stained.
Infiltration patterns of water in dry, cracked clay soil were also
studied by using sprinkling irrigation with blue water (Bouma and Dekker
1978) Soil below the experimental plot (1.0 x 0.5 m) was excavated and
visual observations were made of the infiltration patterns of the water,
which consisted of 5 to 7 mm wide vertical bands on ped faces. The total
number and surface area of bands were determined in soil below the 0.5 m
plot for each 10 cm depth increment down to 100 cm below surface. Five
sprinkling intensities were tested in four different clay soils. The
total surface area of bands, to be called "contact area" (S) , is an
important characteristic as it defines the area which is available for
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lateral infiltration into the (dry) peds. The contact area increases up
to 200 cm
as sprinkling intensity becomes higher (Bouma and Dekker
1978), but the stained fraction of the total vertical surface area of
cracks remains low in all cases. A coarse prismatic structure with peds
of 10 cm crosssection has (per 10 cm thickness increment) a contact area
o

o

of 20 000 cii^ in a plot of 0.5 m'. The maximum stained contact area of
200 cm' represents, therefore, only 1% of the potentially available
vertical surface of infiltration. Both examples for water movement in
saturated and dry soil indicate that soil porosity should be functionally
characterized to allow meaningful physical interpretations. Only some of
the cracks conducted water in the saturated state, while bypass flow
occurred only locally along vertical walls of cracks. Dyes must be used
for this functional characterization. A key element of water-flow along
macroperes in clay soils is pore-continuity: Very small "necks" in the
pore system can still conduct large volumes of water. Obviously,
"equivalent pore-size distributions" derived from moisture retention
data are of little significance for water-flow in clay soils.
WATER MOVEMENT.
A key element of water movement in clay soils is the occurrence of
mobile and stagnant phases which correspond with continuous macropores
and with the soil matrix within peds, respectivily. This phenomenon has
major consequences for soil behavior: (1) A large part of the Cation
Exchange Capacity is inaccessible; (2) Relatively low flux-densities,
expressed per unit surface area, correspond with very high flow rates in
the few continuous pores that occur (e.g. Figure 1 ) . Thus, chemicals can
reach great depth in a short time (e.g. Dekker and Bouma 1984). Of
particular concern is the occurrence of bypass flow (earlier called:
short circuiting) which describes movement of free water through an
unsaturated soil matrix, (e.g. Bouma et.al. 1981)

MODELLING BYPASS FLOW (Jr)
SUBMODELS:
1

SURFACE INFILTRATION (S)

2

LATERAL INFILTRATION ( L ) (Dye

Tracing)

3

INTERNAL CATCHMENT (IC) (Dye

Tracing)

4

OUTFLOW FROM SOLUM ( 0 )

s

s

,C=

^>,C =D>,

pc>Lci

IC
tfirfc
0
Water table

No water table -

Figure 2. Schematic representation of bypass flow.
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Bypass flow is schematically represented in Figure 2 (Bouma 1990) which
illustrates
the
three
basic
processes
involved:
(1) Surface
infiltration; (2) Lateral infiltration during bypass flow, and (3)
Internal Catchment in discontinuous cracks or (4) Outflow from the soil.
Bypass flow was measured in large, undisturbed cores of a moist clay soil
(h = -10 k Pa). The cores had a volume of approximately 6 liters and
contained 21 small tensiometer cups connected with transducers. (Figure
3).
top

view

- D E - AERATION

RELAIS

TT

I |
•Wv'l' I

COMPUTER

TRANSDUCER

Figure 3. Schematic diagram of experimental set-up to meassure
bypass flow and flow patterns inside a large, undisturbed soil core.
These were placed at three levels: at 2.5 cm, 6.5 cm and at 12.5 cm
below surface. A 10 mm shower was applied with an intensity of 13.5 mm
hr"-*-. It started at t=40 min and lasted untill about 85 min. Bypass flow
and pressure heads were continously monitored by means of a computer
controlled data logger. The flow graph (fig. 4) indicates the start of
bypass flow at t-60 min while it stops at t=90 min. The reactions of
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tensiometers, shown in Figure 4, are of three types: (1) A very rapid
reaction (e.g. T5, T6 at depth 2.5 cm and T15, T21 at depth 12.5 cm); (2)
A slower reaction which often only starts after free water has drained
from the column (e.g. T4 depth 2.5 cm and T18-T21 at depth 6.5 cm), and
(3) A very slow or no reaction (e.g. T13, T14 at depth 6.5 cm).
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Figure 4 .
These reactions correspond with: (1) locations of tensiometer cups
inside continuous macropores; (2) locations near locations were internal
catchment occurs, and (3) locations within peds with immobile water.
Using dyes, locations of internal catchment can be established.
Modelling is possible by defining processes represented by S,L, IC and 0
in Figure 2, and by combining them in one model. This approach was
followed by Van Stiphout et al. (1987) and Hoogmoed and Bouma (1980).
Incorporation of the shrinkage characteristic to represent the dynamic
properties of the system (e.g. Bronswijk 1988) is interesting but the
practical feasibility may be limited because skrinkage characteristics
cannot be measured very accurately while pore size, flow rate and
vertical pore-continuity are very strongly related (e.g. equation 1 ) .
For the time being we think it is attractive to determine crack
continuities in the natural state for defined water contents in
different seasons which correspond to specific weather conditions.
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FUTURE PROSPECTS.
We should learn to go back to study soil conditions in the field.
Water movement in heavy clay soils cannot be described with methods
intended to be used for isotropic, homogeneous media, unless we restrict
ourselves to well defined equilibrium states and consider the flow system
to be composed of four subsystems as indicated in Figure 3. For the time
being this procedure may be useful for practical applications. To make
this procedure operational more work needs to be done to study crackcontinuities with
dyes and
the effects
of
internal
catchment.
Understanding the bypass-flow mechanisms could be crucial to develop new
systems of soil management that would result in a controllable and
attractive degree of bypass flow.
Acknowledgement: This study was partly funded by the EC-project: "Nitrate
in Soils" (EV4V.0098-NL).
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DRAINAGE FROM A CLAYEY AGRICULTURAL FIELD WITH SHRINKAGE
CRACKS
H.Inoue
Natl. Res. Inst, of Agric. Eng., Tsukuba, Japan

1 .Introduction
In soils of agricultural fields, there exist many macropores such as shrinkage cracks, channels formed by plant
roots and soil faunas, and so on. It has been known qualitatively that the macropores offer effective water pathways and
they play a great role on water and solute movements in soils.
Quantitative description of these phenomena, however, is not
completely successful as yet due to their complexities (Beven
and German 1982, White 1985 etc.).
In this paper, a quantitative evaluation of the role of the
macropores on water movement is tried by investigating two
following matters in a clayey agricultural field with cracks,
(i) quantitative evaluation of crack developments in the soil,
(ii) physical aspects of water flow toward a drain pipe.
2.Test field and method
(1) Test field
The test field at Tsukuba is 30x70m in area and has an impervious plastic sheet at 0.7m deep (Fig.1). A drain pipe,
60mm in diameter and 70m long, was installed on the sheet.
Rectangularly to the drain pipe, mole drains were constructed
at about 0.35m deep and at 1.2m spacing. The field had been
used as a soybean field from 1980 to 1984. Most of the experiments were conducted in 1985 when the field was kept bare.

JX
MOLE DRAIN

O
(5
-1JTT

DRAIN P I P E
Q

PLASTIC SHEET
3Qg
D

OBSERVATION PLOT FOR SOIL SURFACE CRACKS (1x1m)

a

OBSERVATION PLOT FOR SUBSOIL CRACKS (1x1m)

•* TENSIOMETERS

«

MEASURING HOLE FOR GROUND WATER LEVEL

O

FLOW METER FOR PIPE DRAINAGE

|| MEASURING WEIR FOR SURFACE DRAINAGE
3Un
Fig.1 Outline of the test field and observation plots
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Table 1 shows physical properties of the soil of the field.
The soil texture was a heavy clay (48% clay). The soil profile
was divided into two layers, a plowed layer (about 0.1m thick)
and a subsoil. The plowed layer had a crumbled structure and
its saturated hydraulic conductivities were in the order of
10~ J to 10~^ cm/s. On the other hand, the subsoil had a large
prismatic structure due to shrinkage cracks penetrating to the
bottom of the field. The matrix of the subsoil showed a massive structure and its saturated hydraulic conductivities
were no more than the order of 10~° to 1 0 - 7 cm/s.
Table 1

DEPTH

STRUCTURE

DRY BULK
DENSITY
(g/cm3)

SOLID
RATIO
(%)

TEXTÜRE

CRUMB

1.15

47.8

LiC*

1.46

54.2

(m)
PLOWED
LAYER

Physical properties of the soil in the test field

0-0.12

SUBSOIL 0.12-0.70

PRISMATIC

HC**

VOLUMETRIC WATER CONTENT! %)
HYDRAULIC CONDUCTIVITY I cm/s)
SATU- 32KPa 320KPa lOOKPa
SATURATED
3.2KPa
RATED(pF1.5) (pF2.5) <pF3.0)
(pFl.5)
52.2

46.1

32.0

28.8

0.6-2.0
Xl0" 3

2.1
xlO"'

45.8

45.4

44.4

42.6

0.6-1.0

1.8

XlO"6

* LiC : Light Clay

XlO"7

** HC : Heavy Clay

Table 2 shows hydrological properties of the field. Since
most of rain water was removed quickly from the field by the
pipe drainage, the surface drainage scarcely occurred. The efficiency of the pipe drainage often reached to 70-80% of the
rainfall.

DATE

Table 2

Hydrological property of the drainage fran the test field in 1985

RAINFALL

PIPE DRAINAGE
DISCHARGE
(mm)

REQUIRED TIME
PIPE DRAINAG1

(h)

(%)

(%)

(cmH20)

2.0
1.5

"39.0
71.3
31.8
47.4
12.3
65.9
73.6
85.0
48.5
80.3
11.5
38.9
81.0

0.0
1.4
0.2
0.5
0.3
0.3
6.4
0.2

******
******
******
******
******
******
******
******
******

(mm)
APR.20
APR.23
MAY 20
MAY 24
MAY 29
JUN.13
JUN.18
JUN.24
JUN.27
JUL.14
AUG.10
AUG.30
SEP.28

9.0

3.5

51.0
39.5
25.0
22.5
33.5
88.5
27.0
188.5
23.5
25.5
80.0
28.0

36.4
12.6
10.7

TOTAL

628.0

341 .6

1)
2)
3)
4)

2.7
22.1
65.1
23.0
91.5
17.3

2.9
31.1
22.7

EFFICIENCY OF
TESION
EFFICIENCY OF
,fl"PIPE
DRAINAGE ' SURFACE DRAINAGE"" AT 20cm'"

13.5

3.5
12.5
14.0
12.0

6.5
5.0
0.5
0.5
7.5
11.0

2

54.4

40.7

0.4
0.0
10.5

0.2

7
358
328
8

8
4
2
6

(pF0.9)
(pF2.5)
(pF2.5)
(pFI.0)

5.4

Required time until the pipe drainage begins after the time when the rainfall begins
Ratio of the pipe drainage discharge to the rainfall
Ratio of the surface drainage discharge to the rainfall
Water tension at 20cm deep before beginning of the rainfall

(2) Cracks development (Inoue 1988)
Developments of the cracks in the subsoil on horizontal
cross sections at depths of 0.1, 0.3 and 0.6m were sketched
precisely, and using them, the lengths of the cracks were estimated by the Newman-Marsh's intercept method 'Marsh 1971,
Nevrman 1966). To avoid the influences of digging the pits on a
subsurface flow, the crack surveys ware done in May 1985 after

VI—153

all other experiments were ended. Though the subsoil (at 25cm
deep) dried to about pF2.5 during the experiment term in
1985,
the change in the soil moisture was very small(Table 1 ) .
From this, the volume of the cracks in the subsoil is considered to change scarcely.
(3) Pipe drainage test (Inoue 1988)
Tail recessions of the pipe drainage flows were traced as
followings from December 3rd to 7th in 1985. First, the test
field was irrigated until a ponding occurred, and was kept under such condition for about one day. Then, the ponding water
was removed by the surface drainage. When the water level
reached the soil surface, the pipe drainage was started, and
the flow rate was measured continuously by a flow meter.
Change in the water level in the field during the test was
measured concurrently by tracing the water levels in the measuring holes digged in the field (0.15m in diameter,see Fig.1).
3.Results and discussion
(1) Water movement in the field
While permeability of the subsoil matrix was very low, rain
water was removed quickly from the field by the pipe drainage
(Table 2 ) . It is considered that the existence of the cracks
and the mole drains played great role on this aspect.
(2) Cracks development T a b l e 3 Development of cracks on the horizontal
The width of the
sections of the subsoil in the field
cracks in the subsoil
was 1-2mm in spite of
_____
the depth, and the
DEPTH
LENGTH OF CRACKS
WIDTH OF CRACKS
lengths of the cracks
(m)
(mm)
(m/m2)
on the horizontal
cross sections were
0.10
18.0
1-2
about 20m/m 2 in the
0.25
22.8
1-2
depths shallower than
0.60
10.1
1-2
the position of the
2
mole drains(at 0.35m deep) and about 10m/m in the depths
deeper than it(Table 3 ) . From these values, total volume of
the cracks in the field was estimated to be 1.5-3% of the
apparent volume of the soil, and the volume of the latter
cracks was 1-2%.
1.0

\
LINEAR • EXPONENTIAL DESCENT
DESCENT
0.5

, 14:00-\
0-|15:C0<3ä__
17:00:^^2
"19 00.
MOLE DRAIN |
•
'•'•'••''•••• ''•' •-a.
' •'DRAIN
•' ' -'•'MPS...
•'"'•' ÜÏ', £ '
_:
3Qn

TIME 18
0
DATE DEC.5
Fig.2-a Recession curve of drain flow Fig.2-b Change in water level
in the pipe drainage test
in the field
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(3) Physical aspects of the water movement in the field
The recession curve obtained by the pipe drainage test
could be divided into two parts as shown in Fig.2-a. In the
first part, flow rate decreased linearly with time and in the
second part, flow rate decreased exponentially with time.
In the first part, the water level in the field fell down
rapidly and uniformly without regard to the places of the
measuring holes, whether near the levee or in the center of
the field (Fig.2-b). Considering the rapid change in the water
level and the physical properties of the subsoil matrix, the
water levels in the measuring holes are thought to show that
in the crack network. Further, at the beginning of the linear
descent (at about 17:00), the water level was near the boundary between the plowed layer and the subsoil (at about 0.1m
deep). This means that the two parts in the recession curve
shows the aspect of the drainage from the subsoil.
In the linear descent, because the flow rate (Q) changed
linearly with time (t) and the water level (h) in the field
decreased uniformly, relationships among Q, h and t are expressed by equations (1) and (2),
Q = Qn-C't

(1 )

Q-dt = A-dh

(2)

where Q Q is the initial flow rate, A is the area occupied by
the cracks on the horizontal cross section at h and C is the
slope of the line. From these equations, if A is independent
on h, equation (3) can be obtained,
Q = (C1 - h ) 0 - 5

(3)

where Ci is constant (C-|=2"C'A). Further, the water level when
the recession aspect changed from the linear to the exponential descent, was at about 0.35m deep which corresponded with
the depth of the mole drains. From this, it is considered that
the water level in the linear descent was higher than the position of the mole drains, and that the water flow in the linear descent was affected by the flow along the mole drains.
In the exponential descent, water flowed through the cracks
below the mole drains. The change in the flow rate with time
can be described by Glover's formula based on Darcy's law.
9-K-H0
Q = Q0M

+ 1 r
2

F

2

(4)

L

* e' p

4'K-HQ2

Q0 = Lx •

(5)
L

P

where Q is the flow rate, Q Q i 3 the initial flow rate, X is
the hydraulic conductivity, M Q is the initial water level, F p
is the effective trainable porosity, L is the spacing of the
drain pipes and L-i is the length of the drain pipe. From the
observed flow rate during the exponential descent, the values
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of F e and K calculated using equations (4) and (5) were 0.02
and 8.13x10 -2 cm/s respectively. The experimental results by
using an undisturbed soil block(1.5mx5.0m and 0.7m in depth)
in this field, showed that the flow through the crack network
in the soil block was a Darcian flow, and that the hydraulic
conductivity was in the order of 10 cm/s (Inoue et al. 1983).
The calculated value of K is in the same order as the experimental results using the undisturbed soil block. Also, the
value of F may correspond approximately with the volume of
the cracks deeper than the position of the mole drains, and
the calculated value of F e is nearly equal to the volume of
the cracks obtained by the field survey(1-2%). From the facts
above, it may be concluded that the flow through the crack
network in the field was a Darcian flow.
(4) Reproductivity of the model
Fig.3 shows the
recession curves of
-— APR. 23
the pipe drainage
flow produced by
JUNE18
four different in— JUNE27
tense rainfalls in
JUNE29
1985. Each reces0.S
sion curve can be
divided into two
parts, the linear
descent and the exponential descent,
i
r
27
30
18
21
24
12
as same as the
15
result obtained by
TIKE (hour)
the pipe drainage
Fig.3 Recession curves of pipe drainage
test. Table 4 shows
from the field by rainfalls
the values of the
coefficients for
Identification of functions for recession curves
of the pipe drainage flow frcm the test field

APRIL 23
LINEAR DECREASE

Oat.b
a
2

A(m )
ERROR

EXPONENTIAL DECREASE

CMaNb)"2
a
b
K(OT/S)

f.

1*1

ERROR

-1.15x10"^
1.09xl0~ 3
73.8
8.39x10"'°

JUNE 18

-6.69x10"'
l.OlxlO"3
108.9
S.28x10"'°

JUNE 27

-5.34x10"'
9.03xlO"4
109.1
4.58x10"'°

1.67xl0"3
3.72x10*'
6.32xl0"2

" 2.06X10" 3
3.55x10*'
6.94X10" 2

2.11X10" 3
3.70x10*'
6.38xl0-2

2 5
'
9s
4.22x10

2
4 . 4 5-x'1 0 "9'

-°
9s
6.78x10

2

JUNE 29

-7.26x10"'
8.65x10"''
73.6
1.08x10"'
1 .SOxlO"- 1
4.55x10*'
4.22xl0"2
1 .8
1.72X10" 8

PIPE DRAINAGE TES1

-0.61x10"'
1 .08x10°
96.0
7.61x10"'°
2.36xlO"3
3.28x10*'
B.13X10" 2
2.0
8.45x10"'

A : Area of water surface in the field
K ; Estimated hydraulic conductivity
Estimated effective drainable porosity
2: (Calculated value - Measured value) v (Number of data)
ERROli

JJ

the four recession curves which were calculated by equations
(1),(4) and (5). In addition, as an example, a comparison between calculated and observed recession curves on June 18 1935
is shDwn in Fig.4. From this figure, it can been seen that the
equations (1),(4) and (5) give a fairly good approximation to
the observed recession curve. Also the respective coefficients
VI-156

for each recession curve show similar values each other. That
is the values of K are in the order of 10 cm/s and the values
of F e are around 0.02.
1.1

Q=-6.69X10 9 -t+1.01X10" 3
OBSERVED
CALCULATED

0.5-

Q=(2.06x10""3-t+35.5)"2
'

0

' | i i I • i

3

6

| i i | i i | i I | l l | i I | l I | i i x

9

12

15

18

21

24

27

30

TIME(hour)
Fig.4 Comparison between calculated and observed recession curve
of pipe drainage by rainfall (1985 June18)

4.Conclusion
1.Due to the existence of the shrinkage cracks (1.5-3% of the
entire field) and the mole drains at 0.35m deep, water flows
rapidly even in the clayey soil whose hydraulic conductivity
of the soil matrix is in the order of 1 0 - 1 0
cm/s.
2.The water flow through the crack network in the field could
be approximated fairly well by the Glover's equations based
on the Darcy's law, and the coefficients obtained in the approximation reflected very well the conditions of the field.
3.These facts shows that the flow through the crack network in
the clayey field is the Darcian flow, and that its hydraulic
conductivity is in the order of 10 _ 2 cm/s.
3. when the water flows also along the mole drains, however,
the aspect of the flow appears entirely different.
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PHYSICAL PROPERTIES OF BACKFILLED SOIL ZONES
ABOVE TUBE DRAINS IN HEAVY CLAY SOILS
T. Ishiwata*, M. Yokohama*, M. Saito*, and Y. Umeda**
* Hokkaido Development Bureau, Sapporo, Japan
** Hokkaido University, Sapporo, Japan
INTRODUCTION
In Hokkaido, northern Japan, 80% of paddy fields(197x10 3 ha)
and 30% of upland fields(287x10 ha) consist of somewhat poorly
or poorly drained soils. At present, 4-8% of paddy fields have
been converted to dry field crop cultivation. Tube drainage
is one of the most important land improvement techniques, but
there are fields where tube drains don't function well, and
also where tube drains have been installed two or three times.
The backfilled soil zone is the main flow path to tube
joints or perforations in tube drains, and it is important to
maintain an adequate coarse porosity of backfilled soil zones.
Taylor et al.(1980) reported that trenching and re-backfilling
of 6 year-old installed drains increased the drainage flow
rate. Kanbe et al.(1978) used a soil conditioner to prevent
the crumbling of the clods in the backfilled soil zone, and
reported its effects on drainage, permeability, and aggregate
stability. We have investigated the effects of the physical
properties of backfilled soils on drainage in heavy clay soil
fields, by comparing the properties of the backfilled soil
zones above tube drains with the adjacent undisturbed soil
zones in the fields, and also the effects of a soil conditioner on soil aggregation and porosity in laboratory experiments.
MATERIALS AND METHODS
1) Field survey
Soil surveys were conducted on the backfill part (BFP) of
tube drains and the adjacent undisturbed part (UDP) in paddy
and upland fields where tube drains were installed more than
10 years ago and in upland fields where tube drains were installed 1 year previously, as shown in Table 1. Soil samples
were taken from each layer in both parts. The soil properties
analyzed (methods) are as follows: Particle size distribution
(sieving and hydrometer method) and humus content (dry combusTable 1. Outline of the 8 fields surveyed
Field

X

U l i I i z a l ion

Soil
Classif i c a t i o n

conv. upland
conv upland
conv. upland
conv. upland
paddy
paddy
upland
upland

Haplaquepl
Humaquept
Humaquept
Haplaquepl
Haplaquepl
Humaquept
Haplaquepl
I laplaquepl

Topography

No
I
2
3
4
5
6
7
8

terrace
terrace
t er race
I owland
Iowland
t er race
terrace
I er r ace

x conv. upland: upland converted from paddy field
xx International method
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Texturexx
Surface/
Sub-soil
LiC/lliC
LiC/LiC
LiC/LiC
HC / H C
HC/SiC
LiC/LiC
LiC/LiC
LiC/LiC

Years after
drainage
installed
12
13
13
17
17
13
I
I

tion method) both from air dried samples. Bulk density (core
method), hydraulic conductivity of saturated soil (constant or
falling water head methods) and pore size distribution (sand
column and centrifuging methods) all from undisturbed samples.
Plasticity index from fresh samples.
2) Soil conditioner experiment
Two soil samples, heavy clay soil (HCS) and volcanic ash
soil (VAS), with properties presented in Table 2, were used in
the experiment. Air dried 16-25 mm soil clods (HCS), and 9-16
clods (VAS) were mixed with soil conditioner powder (SC; polyethylene oxide) at the rates of 0.4.8% for HCS and 0.83% for
VAS. The same sized clods without SC were used as a control.
After the clods(or the mixture of clods and SC) were moistened
by sprayer to a moisture content of even wetness (as shown by
the external appearance of each sample), the clods were incubated for 3 months at this moisture content. Porosity of the
moist clods after incubation was measured by the sand column
and centrifuging methods. Aggregate analyses of the air dried
clods were conducted by sieving in water.
Table 2. Properties of incubated
soil samples
Sample
No
I
2

Parent

maler ial

Humus

%
Pleistocene series
Volcanic ash

0.3
3.5

Texture
(International)
LiC
LiC

RESULTS AND DISCUSSION
1) Field survey
The soil survey of most fields divides BFP below the Ap
horizon into an upper (UP) and a lower part (LP).
The humus content of UDP decreases with depth in each field
(data not shown). The humus content of BFP in LP is lower than
or almost equal to that in the Ap horizon which is the highest
in the profiles, but higher than UDP at the same depth in all
fields. This implies that Ap horizon soil was used together
with subsoil in refilling.
The soil hardness of UDP increases with depth in all fields
except in field No.6 with the gleyed lower UDP(data not shown)
The hardness of BFP in UP is equal to or below that in UDP at
the same depth in all fields. The hardness of BFP in LP is
below that of BFP in UP and in UDP at the same depth in most
fields. This shows that BFP, especially in LP, is more easily
deformed than UDP.
Like the soil hardness, the bulk density (BD) of UDP(Figure
1) increases with depth in each field except field No.6 with
the gleyed lower UDP. The BD of BFP in UP is similar to or
lower than that in UDP at the same depth in fields where tube
drains were installed more than 10 years ago. Where tube
drains were installed 1 year ago, the BD of BFP in UP is
higher than in UDP at the same depth. The BD of BFP in UP is
higher than or equal to that of BFP in LP in all study fields.
This indicates that BFP in UP was compacted by backfilling or
being traveled over by tractors for the farming operations.
The hydraulic conductivity of saturated soil (Ksat) of Ap
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Bulk
6 I.I

1.5 1.2

1.6 1.0

density (g/cm 3 )
13 0.9

14 10

16 1.2

1.4

L
1

BFP

1

UDP

Figure 1 , Bulk density profiles
horizon in 8 fields is about 10" 3 - 10"5cm/s (Figure 2]
Ksat
of BFP in UP is fairly low and different from that in UDP at
the same depth. In fields with drains installed more than 10
years ago, Ksat of BFP in LP is about 10~ 6 - 10~7cm/s, and
similar to that in UDP at the same depth. Where tube drains
were installed 1 year ago, Ksat of BFP in LP is about 10~ 3 and
10~^cm/s, and higher than that in UDP at the same depth.
The coarse porosity (pF1.8>: CP) of BFP in UP and LP is low
(below 5%) and almost equal to that in UDP at the same depth
with drains more than 10 years old except in LP of field No.6
with gleyed lower UDP(Figure 3)• Where tube drains were 1 year
old, the CP of BFP in UP is small, but CP of BFP in LP is
larger than in UDP at the same depth.
The medium porosity (pF1.8-4..2 : MP) and fine porosity
(pF4.2< : FP) of BFP in LP are both higher than in UDP at the
same depth everywhere.
The fine porosity per unit dry soil weight (cm-Vg-dry soil)
of BFP in LP is larger than or equal to that calculated from
the mixture ratio of each layer of UDP, estimated from the
humus and clay contents of each layer except in field No.2
(Table 3)« It indicates that there are structural changes due
to poor drainage or gleization. These changes may be accelerated by the incorporation of the humus-rich Ap horizon at the
refilling.
The plasticity index of BFP in LP is higher than in UDP at
the same depth in the 4 investigated fields (data not shown) .
The index of soil structural stability proposed by Boekel
(1963) (ratio of plastic limit to soil moisture content at
pF1.8) of BFP in LP is below that in UDP at the same depth
(Figure 4-), like soil hardness in the 4 investigated fields.
Ksat (cm/s)

tnö 7

I0'

1
L

£-0.5
a

1

Field
No

2
3
4
5
6
7
Figure 2. Permeability coefficient profiles
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Table 3. Measured and calculated fine
porosity of BFP in LP (cm 3 /100g)
Field

No

Measured
Calculated

I

2

3

4

5

6

26 6
19.8

26.5
30.8

29.5
26 9

38.5
34.9

44 6
39 0

34,2
32.0

7

8

28 2 27.2
2 7 . 6 20.9

Index of soil structural stability
i.p o

0.5

. _jp o

. I P

o

n

BFP

UDP

Field
No

4
5
7
8
Figure 4< Index of soil structural stability
This implies that the instability of BFP in LP is possibly
related to structural changes in these soils. As a result,
soil conditioner (SC) may be effective in stabilizing soil
clods and maintaining CP.
2) Soil conditioner experiment
The surface of each clod sample was fairly wet during incu-
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bation but the pF value at the set moisture content was about
4. in HCS sample with SC. about 3 in HCS without SC, and about
0.5 in V A S . The values in the HCS sample are fairly high, e s pecially with SC treatment. This suggests that the distribution of soil moisture in the HCS clods was nonuniform and that
the inner part of the clods was fairly dry during incubation.
Pore size characteristics of HCS and VAS with and without
SC are presented in Figure 5. The most distinctive
difference
is that the CP of the sample with SC is less than that without
SC. Most of the CP of the sample with SC is replenished by the
jellied swelling of SC. This implies that SC used when installing tube drains may lead to a decrease in CP and a lowering of the permeability of the backfilled soil zone.
Table 4 shows aggregate data of the samples with and without SC by mean weight diameter(MWD). The MWD of VAS with SC is
almost equal to that without SC, showing that SC has no effect
on aggregation in this soil. In H C S , SC plays a role in preventing
collapse of the aggregate. The MWD of the VAS samples
is larger than that of the HCS samples. These facts seem to
indicate that the effects of SC on aggregate stabilization
vary with soil type and experimental conditions.
20

20

Li£S_
10

3

1 2

1

Figure 5- The effects of SC on pore size distribution
Table /,.

The effect of SC
on aggregation

Soil

VAS

HCS

Trealmenl

-SC

+SC

-SC

+SC

MWD(mrn)

0.45

2.06

6.86

6.92

CONCLUSIONS
1 The CP and Ksat of BFP in UP is fairly small, as the soil
drainage
here was more compressed than BFP in LP, due to tube
installation and/or farming operation s.
equal
2
The hardness and BD of BFP in LP is below or almost
to that of BFP in UP and in UDP at th e same depth, CP and Ksat
of BFP in LP are low and similar to BFP in UP and in UDP at
the same depth in fields where tube d rains were installed more
than 10 years ago, except in field N o.6 with the gleyed lower
UDP. Where tube drains were installe d 1 year ago, CP and Ksat
of BFP in LP are higher than in UDP a t the same depth. The MP
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and FP of BFP in LP are equal to or larger than that of BFP in
UP and in UDP at the same depth.
The FP per unit dry soil weight(cm3/g-dry soil) of BFP in
LP is larger than or equal to that calculated from the mixture
ratio of each layer of UDP, estimated from the humus and clay
contents of each layer with one exception (field No.2). This
indicates that the soil structure of BFP in LP was changed
by poor drainage and gleization after the tube drain was
installed.
3 To maintain and improve the backfilled soil zone as a flow
path for water, it is advisable to avoid
compression and
remolding of BFP, and also to stabilize the structure
of
excavated soil.
4
The effects of SC used in this laboratory experiment on
stabilization of aggregate differs with soil type. As SC
easily swells and becomes jellied with water, SC use in the
backfilled soil zone may result in most of the CP becoming
filled with jellied SC, thus decreasing Ksat of the backfilled
soil zone. The effects of SC on the physical properties of the
backfilled soil zone above tube drains need to be investigated
further in the field.
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SUMMARY
We have investigated the effects of the physical properties
of backfilled soils on drainage in heavy clay soil fields, by
comparing the properties of the backfilled soil zones above
tube drains with the adjacent undisturbed soil zones in the
fields, and also the effects of a soil conditioner(SC) on soil
aggregation and porosity in laboratory experiments.
1 The upper part of backfilled soil was more compressed than
the lower part, due to tube drainage installation and/or farming operations.
2 The soil characteristics indicate that the lower part of
backfilled zones was changed in structure by poor drainage
and gleization after the tube drain was installed.
3 To maintain and improve the backfilled soil zone as a flow
path for water, it is advisable to avoid compression and
remolding of the backfilled part, and also to stabilize the
structure of excavated soil.
4 The effect of SC used on stabilization of the aggregate
differs with soil type.
As SC easily swells and becomes
jellied with water, the effects of SC on physical properties of the backfilled soil zone above tube drains need to be
investigated further in the field.
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BREAK-OFF-LOOSENING IN COMPACTED SOILS
LOOSENING RESULTS

- NEW TECHNIQUE AND

H. Schulte-Karring
Landes-Lehr- und Versuchsanstalt, D-5483 Bad Neuenahr-Ahrweiler FRG

Introduction
Soil compaction is existing all over the world. Owing to modern farming practices the extent is permanently increasing and the necessity for
corrective measures becomes more and more urgent.
Since his dissertation (1957) the author ist dealing with the development
of machines for deep loosening and deep fertilizing as well as with investigations on the effects of these machines on soil and vegetation. These
investigations were exclusively done on traditional techniques of deep
loosening.

feösv
lift - loosening
with fixed loosening blade
with movable loosening blade
New developments of different blade-drives have substantially increased the
efficiency. But deficiencies, based on the kind of loosening, could not be
removed. Therefore a new kind of loosening technique has been developed.
(Schulte-Karring, 1987)
1. The new technique of break-off-loosening and deep fertilizing
1.1 Mode of operation
A working arm (3), adhered to a frame (1)
with an adjustable lever (2), drives the
tool (4) by the help of a shaft drive (5)
in such a way that it moves elliptically.
For difficult operations it is possible
to install an additional safety-device
at the lever (2). An attached deep ferti-.
lizing device (6) serves for the distribution of fertilizers. This device can
be produced as an attached tool (6) in
order to fertilize small areas or, for
large areas, as an adhering instrument.
1.2 The advantages in comparison with the traditional deep loosening and
deep fertilizing.
1.2.1 The operations can successfully be done at any time, even in wet
soils.
1.2.2 The extent of loosening is complete. Loosening is done by breaking
off, leaving a rough bottom. The usual concentration of water in funnelshaped furrows and underground flow on a smooth furrow bottem are consequently excluded.
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1.2.3 Different operations can be done, accordinq to the particular soil
and the claimed result. Intensive or less intensive, not mixing or little
to intense mixing treatments are possible.
Decisive for this are a) the shape of the tools, b) their number of cuts
(dependend on speed and the number ob shaft revolutions) and c) the adjustable motions of the tools 1.2.4 The tools cause a thrust, which allows to operate at ascents up to
40 % without losses of energy by backlash. There ist no demand for gripping
capacity of the soil surface.
1.2.5 The weight of the machines (MM 100 = 2,5 t, MM 50 = 1 t) makes it
possible to overcome high soil strength.
1.2.6. The pricking manner of operation preserves the root system in longlived cultures or forests.
1.2.7 Blocking of the tools by plant residues, brushwood or branches is
impossible.
1.2.8 Maximum working depth is already achieved when the machine ist still
standing.
1.2.9 The machines can also be used in great plots for nonswiveling topsoil tillage.
1.2.10 Deep fertilizing is carried out without problems. The fertilizer
drops into the deep hollow space behind the tools and the following movement effects an intense mixture.
2. Possibilities for use
The new technique has been already used in farming, viniculture, fruitgrowinq, hop and asparaqus culture, horticulture and landscape qardeninq
as successful as for the reclamation of soils after coal-mining, piping
construction or other industrial projects.
3. Most important results of the investigations of the last 36 years
3.1 Melioration success
The effect of lift-deep loosening ranges from extended soil amelioration
to soil damages in too wet soils.
Soil density ( extent of preceding damages) and intensity of loosening
(efficiency of the implements - soil moisture) determine the success of the
melioration . Climatic condition and plant species have also an influens.
Deep fertilizing may substantially improve the result. (Schulte-Karring,
H. 1978)
3.2 Pore Volume and water content
By mechanical loosening mainly the coarse pore volume >50 urn is increased.
(Harrach, T., Wourtsakis, A., 1971) (Schröder, D., Schulte-Karrinq, H.1982)
The preservation of looseninq effects is a question of the obtained conditions after deep looseninq and the followinq utilization and soil treatment. (Schulte-Karrinq, H. 1978). After 20 and also 31 years orderly
carried out deep losseninq is obviously still existinq even in the deeper
zone of silt-rich soils. Althouqh recompaction develops very soon in the
upper part of the subsoil (zone of plouqh bottom). (Schröder, D., SchulteKarrinq, H., 1984) Table 1.
Looseninq causes a persistinq improvement of the soil water balance.
(Buchmann, J., 1969) (Schröder, D., Scharpenseel, H.W., 1975) Table 1.
Measures of deep looseninq, which do not lead to an entire elimination of
the compacted horizon and therefore do not establish a connection with a
deeper, permeable zone need in any case drainaqe by wide-meshed assembled
drain pipes. (Kuntze, H., 1967)
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3.3 Biological activity
Ventilation of the soils increases biological activity. (Scholz-König, E.,
Mückenhausen, E., 1966) (Franz, G., Mückenhausen, E., 1976)
3.4 Growing of roots
The development of roots (amount - kind - distribution) depends on
a) the mechanical resistence of the soil and
b) the supply with and the distribution of nutrients (N!). (Martinovic, Lj.,
Mückenhausen, E. 1983)
4. Results and advantages of the new break-off-loosening
4.1 Loosening and melioration success (Schulte-Karring, H., 1989)
In opposite to the traditional lift-loosening even in very moist soils no
damages by pressing the soil occur. (Table 2)
The possibility of simultaneous deep fertilizing is especially very advantageous to soil treatment before first planting of longlived crops
(orchards, viniculture etc.). Intense deep loosening in combination with
deep fertilizing lead - after obvious advantages in growth in the 1. and 2.
year - to much higher yields compared with the other plots treated differently. (Table 3)
4.2 growing of roots
As a consequence of the pricking method of operation by the tools the roots
of long lived-plants are mainly preserved. With appropriately shaped tools
even vertikutation is possible.
5. Further possibilities of use
5.1 Melioration of forest soils
Deep loosening without blocking and the preservation of roots together
with deep fertilizing render possible an effective amelioration of forest
soils.
5.2 Melioration of saline soils
The possibility of an intensive loosening with simultaneous supply with
gypsum gives reason to the assumption that also soils affected by salt may
be ameliorated successfully.
5.3 Decontamination
The pricking method of operation, the intense loosening and the possibility
of deep input and good distribution of substances (bacteria-etc.) provide
a prior condition for successful decontamination purposes.
5.4 Topsoil tillage
An important attribute of the new technique is the possibility to use it
for topsoil tillage. In comparison to a corresponding plough (4 shares)
greater depth (up to 50 cm) and higher area efficiency are achieved. In
addition non-swiveling topsoil tillage corresponds to the conceptions of
careful tillage.
Conclusions
After 36 years of developmental work the technique of melioration by breakoff-loosening was elaborated. In comparison to other methods the new technique is more successful, more comprehensive in use and moreover it admits careful topsoil tillage.
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Table 1: Soil physical analyses on qreyloam-oseudoqleys, deeply loosened to depth of 60 - 70 cm,
twenty years later:

total pore volume
Experiment
I - V

%

10-15 34-40 55-60 75-80
cm

I
unloos.

26,8

loos.

cm

cm

cm

15,2

11,9

12,1

10,1

16,2

12,0

17,8

18,0

17,2

16,8

17,1

15,7

15,7

15,3

12,9

13,9

15,2

13,8

18.4

9,3

10,4

18.5

13,0

12,3

13,9

14,0

18,7

15,6

16,1

11,0

pores > 50 pm
%
10-15 35-40 55-60 75-80
cm
cm
cm
cm

9,1

7,1

4,6

4,9

11,4

7,5

4,8

5,4

4,1

5,9

6,2

6,9

5,0

9,3

7,5

5,3

12,7

11,6

5,9

9,9

8,5

5,1

13,4

13,6

6,5

10,4

9,7

6,2

water permeability
kf cm/s 10" 4
10-15 35-40 55-50 75-80
cm
cm
cm
cm

170,0

infiltration
mm/sec.
35-40
cm
in re-compaction
0,02

4,8

8,6

2,5

15,0

50,0

0,4

0,18

17,0

0,5

0,1

0,02

0,6

24,0

0,1

0,02

8,3

2,3

0,5

0,03

54,0

47,0

0,1

0,11

6,0

6,8

0,1

0,03

19,0 120,0

5,1

0,09

35,0

3,7

0,2

0,09

3,1 130,0

1,8

0,02

II

I

unloos.
loos.

19,3

8.1

4,7

III
unloos.
loos.

13,5

14,8

220,0

IV
unloos.
loos.

16,3

5,8

30,0

V
unloos.
loos.

11,4

GD 5 % place; looseninq, dephts = 3,4

8,5

9.3

10.

7.4

plgce, loosening, dephts = 3,9

33,0

place, loosening, dephts = 78,3

Table 2: Soil physical properties on greyloam-pseudogley, breaking-off
loosened, 3 years later:
Hor.
unloos.

loosened
in wet soil
(unloos.)

Ap
Sw
Sd

Deepth
cm
0-30
-50
> 70

Ap
Sw
Sd

0-30
-50
> 70

Pore Vol. P>50pm
%
%
42,4
10,9
43,0
7,6
43,0
6,0

44,5
46,0
38,0

14,4
14,1
5,4

RT
Kf
3
g/cm cm/d
14,7 7,00
21,3 6,98
7,1 4,55

Ka
urn2
1,61
1,56
1,54

231,6 29,33
98,5 12,32
14,1 6,33

1,54
1,54
1,69

Table 3: Growth (cm) and yield (kg per plant) of young vine after different
soil deep loosening (0 260 vine/2 paralleles):
Experiment

Growth
1. year/1987

Growth
2. year/1988

1 ! 2
cm
*

Break-off
deep-loos,
new - 70 cm

2

1

Yield
3. year/1989

2

1

cm

cm

74,9

! 33,0

325

340

3,19

3,31

** Liftdeep-loos.
80 cm

24,7

! 19,0

142

143

1,75

1,71

** Ploughdeep-loos.
60 cm

24,8

! 33,5

220

248

1,85

1,91

** Spatedeep-loos.
50 cm

26,6

! 21,0

127

132

1,60

1,51

*

with deep fertilizing

** with topsoil fertilizing
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AMELIORATION OF THE SEASONALLY SURFACE WATERLOGGED
VERTISOLS AND PLANOSOLS WITH DEEP LEVEL OF GROUND WATER
IN BULGARIA
M.Penkov
University of Architecture and Civil Engineering
Sofia, Bulgaria
These soils constitute 1296 of the arable land in the country. They occur in the most level terrains suitable for machine cultivation but due to their surface waterlogging in the
spring of every second or third year the cultivations operations are delayed for 20-30 days. Minimum summer and autumn precipitation may also impede the oat, wheat and maize harvesting
Moist conditions in spring make these soils unproductive (fig.
1a,b). Our seven-year field experiments show the following
results:
1«Amelioration of Vertisols: their profile is made of a
rich humus A-horizon 60-80cm thick (humus 3-5%), transitional
horizon (B) 30-40cm thick and C-horizon consisting mainly of
plyocene materials. All horizons contain high percentage of
clay <0,002mm (table 1) mnntmorillonite, high amounts of exchangable Mg or exchangable Mg+Na, have high bulk density,high
water capacity (when moistened they swell and when dried-cracl$
being also characterised by low filtration coefficient - K~<
f
0,06 m/24h (table 2,3).
Table 1
Texture of Vertisols (town of Mihailovgrad) and Planosols
(town of Botevgrad), seasonally strongly surface waterlogged, with deep level of ground water
Particle size disParticle size disVertiBols
tribution,%
Planosols
tribution,%
Horizons 2,0- 0,2- 0,02- <0,002 Horizon 2,0- 0,2- 0,02- <0,002
0,2
0,02 Q002
0,2 0,02 0,002
mm
mm
cm
mm
mm
mm
mm
cm
mm
mm
Ap* 0-30 3,4 24,8 15,0 56,7 AJ.P 0-20 2,3 33,8 43,9 20,0
A"30-50 3,5 24,8 14,6 57,1 Ak)fnn20-40 3,5 34,7 40,5 19,3
Ä'"50-72 3,0 23,8 13,8 59,6 Buk40-65 1,0 16,9 23,8 59,3
B 1 72-96 2,6 23,9 13,6 59,8 B,tt(g)65-90 1,0 14,0 24,0 61,0
B„ 96-120 3,4 23,4 14.0 59,1 Bti(g)90-120 1,0 15,8 24,4 58,8
c£l20-150 2,8 25,4 14.1 57,7 C.,120-150 2,1 20,5 25,2 52,2
At plain relief (without natural drainage) when spring
rains exceed the total amount of evaporation and deteriorate
soil filtration as well as due to the use of heavy farm machinery, these soils become strongly waterlogged providing conditions for the development of oxygen-reductive processes that
are unfavourable to the plant growth and development (fig.2).
In connection with melioration vertisols are grouped as:
poorly, moderately and strongly surface waterlogged. Vertisols
of poor surface waterlogging are meliorated only by subsoil
deep loosening (every 5 years) to a depth of 80cm and gypsing
at a depth of 40-60cm incorporated at one and the same time;
moderately and highly surface waterlogged soils are usually
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meliorated using covered systematic horizontal drainage with
PVC-goffered and perforated pipes, the distance between them
being 20-30m and the depth of laying 1,10m without filters +
deep subsoil loosening to a depth of 80cm and gypsum enrich_ , , _
ment«
Table 2
some chemical characteristics of Vertisols, temporal strongly surface waterlogged, with a deep level of ground water
PH
in
H20

Horizons,
cm

Total Humus
carbommho/cm nates
%
EC 5

Total
C:N
N
%

*

0--30
Ai5
A " ' 30«-50
A'"' 50--72
72--96
96--120
120--150
0

»1

0,06
0,07
0,07
0,08
0,09
0,10

Available
P90K
K
2 5
mg/1UOgs

0 ,16
2,2
9 ,8
0 ,15 10 »8
1,8
0 ,12 12 ,1
0,3
0 ,10 10 .4
0,1
0 ,09
no
8 ,4
0 .08
8
no
•°
Table 3
Cation exchange capacity (T), exchangeable cations of
Vertisols, temporal strongly surface waterlogged with
a deep level of ground water
6,5
6,6
6,9
7,0
7,2
8,0

no
no
no
no
no
15,3

3,3
2,8
2,5
1,8
1,3
1.1

45
42
25
24
24
20

Exchang«sable cations,mequ/l00g
soil
+
+
2+
Ca^ +
Na
K
Mfi
35,0
9,8
A'p
0-30
45,2
0,02
0,03
A"
30-50
45,0
34,5
10,5
0,05
0,05
43,8
32,0
0,05
0,78
A'"
50-72
8,9
B.
72-96
31,8
7,6
0,07
0,60
40,9
B,
96-120
31,0
0,08
0,57
39,7
7,5
C
120-150
36,6
30,6
0,48
7,5
0,15
Table 4
Physical characteristics, field moisture capacity (FMC),
air content and filtration coefficient of Vertisols,temporal strongly surface waterlogged with a deep level of
ground water
Horizons,
cm

Horizons
cm

T
mequ/lOOg
soil

Total
Particle Bulk
density density porooat PMC
sity
g/cnr atPMC
%

A'p
A"
A'"
B.
B1

0-30
30-50
50-72
72-96
96-120
120-150

2,70
2,71
2,73
2,74
2,74
2,74

1,18
1,35
1,46
1,46
1,45
1,45

56,3
50,2
45,8
47,1
47,1
47,1
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Field
moisture
cap.at
PP=2,5
28,2
30,3
30,9
28,0
28,0
27,4

Air content in
soil at
PMC
%

23,0
9,3
1,4
6,5
6,5
7,0

Filtration
coefficient-!^
m/24h z
0,982
0,045
0,003
0,023
0,062
0,108

Table 5
Yield of wheat (a) and maize (b) from experimental field,
situated on Vertisols, temporal strongly surface waterlogged with deep level of ground water

Variants

Yield Number Glass i- Raw
of
of
ness of eulian
grain wheat- grain s protin
(a) ears/
kg/ha 1m
£L_
%
2403
352
11,1
55

(b)
Yield
of grain

kg/ha
1.Control plot(without
2574,5
meliorations)
11,0
2.Only subsoil deep
1024
302
854,7
54
loosening at 80 cm
3«Systematic horizontal drainage with PVC goffered and perforated pipes (1=. • m, deep 1,10m) without filter + subsoil
deep loosening at 80cm + 10 t/ha gypsum
(1 - distance between drainage pipes)
1= 10m
7205
580
73
12,3
8457,0
1= 20m
7824
785
75
12,2
9045,0
1= 30m
7480
758
73
11,8
7885,0
1= 40m
6850
649
72
11,6
6349,0
2«Amelioration of Planosols: their profile is highly texture differentiated. It consists of a thin (20-40cm) humuseluvial horizon - A..lp + Apl(g)fni, that is poor in clay, with
low bulk density, low water capacity and good filtration (K^<
1,0m/24h), rich in iron-manganese concretions and of a 80-120
cm thick Btl(g) illuvial methamorphic horizon, rich in clay
(montmorillonite), with high bulk density and water capacity
and low filtration (K~<0,01m/24h), rich in iron-manganese concretions; as well as of a C-horizon, consisting of clay matirials (table 1,6,7,8).
Table 6
Some chemical characteristics of Planosols, temporal
strongly surface waterlogged with deep level of ground
water
Available
Total Humus Total
PH EC5
Horizons,
in
carboC:N P 2 0 5
E
N
cm
KCl mmho/ nates
%
%
mg/100g soil
cm
%
A..1P
0-20 3,7 0,06
no
15
2,5 0,17 8,5 1,1
A'l(g)fm20-40 3,6 0,06
no
12
2,7 0,18 8,7 0,5
Bftl(g) 40-62 3,4 0,03
no
0,7 0,06 6,8 0,1
20
B'tl(g) 62-90 3,4 0,03
no
no
17
0,5 0,06 4,8
B^tl(g) 90-120 3,5 0,03
no
0,4 0,06 3,9
no
16
C:f
120-150
0,06
no
0,4 0,06 3,9
no
15
The horizons Al(g) and Btl(g) contain high quantity of exchangeable aluminium, their pH in KCl is under 3,7 and their
content of organic matter is poor. When Planosols are on a
plain relief (without natural drainage) and spring rains exceed total evaporation, they become strongly waterlogged in
the surface, circumstances contribute to unfavourable for the
plant growth and development oxygen-reductive processes.
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Table 7
Cation exchange capacity (T), exchangeable cations and
saturation degree with basic cations of Planosols, temporal strongly surface waterlogged with deep level of
ground water
SaturaExchangeable cations
tion
mequ/lOOg soil
Horizons,
degree
cm
KCl 1N solution (extract 1:2,5) with
basic
2+
„ 2 + _ 2+ „ 2+ cations
A l 5 + Mn 2 + Ca
V-,*
H
Mg
Ca +Mg
80
4,6
A.lp
0 - 2 0 13,8 no 0 , 6 5 0 , 0 2
3,5
1,1
75
ApUgifm 2 0 - 4 0 1 3 , 6 0 , 0 1 1,63 0 , 0 8
3,3
1,4
4,7
86
BJtL(g) 40-62 2 7 , 8 0 , 0 1 2 , 7 5 0 , 0 7
8,2
5,8
14,0
93
BltUg) 62-90 2 8 , 0 no 2,20 0 , 0 5
9,5
6,2
15,7
95
B,ttfg) 9 0 - 1 2 0 2 7 , 5 no 0 , 6 5 0 , 0 5 10,8
7,0
17,8
98
7,5
C?
120-150
14,7
_22,2_
Table 8
Physical characteristics, field moisture capacity (FMC),
air content and filtration coefficient of Planosols»temporal strongly surface waterlogged with deep level of
ground water
P a r t i - Bulk T o t a l F i e l d A i r con- F i l t r a cle
den- poroo- mois- t e n t in
tion
H o r i z o n s , cm
density sity
ture
soil at coëfficiënt-K»
sity
atFMC c a p . a t FMC
at
m/24h 1
—
MC ,
PF=2,5
%
%
%
g/cnr
T
mequ/
100 g
soil

A.lp
A'l(g)fm
Bftlfg)

Bltl(gJ

0-20
20-40
40-62
62-90
90-120
120-150

2,70
2,71
2,73
2,73
2,73
2,74

1,22
1,25
1,47
1,52
1,52
1,48

54,8
53,9
46,2
44,3
44,3
46,0

15,5
15,8
25,6
28,0
28,0
27,5

35,9
34,1
8,5
1,8
1,8
5,3

1,245
1,302
0,008
0,005
0,005
0,030

B^tl(g)
C
1
The temporal strongly surface waterlogged Planosols are
meliorated by coverred systematic horizontal drainage with
PVC-goffered and perforated pipes, the distance between them
being 20-25m and the depth of laying 1,10m, without any filter, subsoil deep loosening to a depth of 80cm and liming.
When June, July and August are dry, the system of drainage is closed after sowing of the farm crops on Vertisols and
Planosols so that the water present there may be preserved.
A special system of exploiting the ameliorated Vertisols
and Planosols is worked out and when strictly observed by far
mers the yield of the grown agricultural plants increases
several times, drainage system pays itself off for 2-3 moist
years»
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Table 9
Yield of wheat (a) and maize (b) from experimental field,
situated on Planosols, temporal strongly surface waterlogged with deep level of ground water
(a) Number Glassi- Raw
Yield of
ness of eulian
of
wheat- grains protin
grain ears/
kg/ha 1m
%
%

Variants

00
Yield
of grain
kg/ha

1 .Control plot(without
2256
287
52
10,8
meliorations)
2240
2.Only deep subso il
1
loosening at 80 cm
543
1835
205
50
10,6
3«Systematic hori zontal drainage with PVC goffered and perforated pipes (1= ...m, deep 1,10m) without filter + subsoil
deep loosening at 80cm + 5 t/ha lime
(1 - distance b etween drainage pipes)
1= 10m
8205
6802
657
75
12,3
8642
1= 20m
7853
798
76
12,2
8030
1= 30m
7502
690
74
11,8
7260
1= 40m
7098
654
74
11,6
Pig.1
Average annual water balance of Vertisols (a) and Planosols
(b), temporal strongly surface waterlogged with deep level
of ground water at maize growth
Months

II

III IV V

Rainfalls- 37 34 11
(P,mm)
(a) Total evaporation
5 8 17
(E,mm)
P - E,mm +32 +26 +24
P,mm
31 32 42
(b) E,mm
7 13 18
P - E,mm +24 +19 +24

77

49 49

42

43 52 41

32 56

97 156 128

68

40

-26
59
45
+14

+3
50
38
+12

+17
64
27
+37

+20
116
38
+78

a/
•no

III

IV

V \vl

VH

VIII IX / X

XI

XI XII

49 76

+ 50
+ 30
• 20
+ 10
0
-10
-30

VI VII VIII IX X

XII

-SO

-to
-100

-Hol
P-E

VI-174

-20-107
120 90
59 107
+61 -17

-79
64
82
-18

18 6
+34
47
24
+23

+35
30
9
+21

Fig 2
2+
5*
'
±»ount of iron (Fe ,¥•
and Fe total) in Vertisols,
te»for»l »trongly surface waterlogged with deep level
of ground water
(10.06. 1987)
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Control (without melioration);
Only subsoil deep loosening (depth-80cm);
Systematic horizontal drainage with a distance between
the PVC pipes-20m, at a depth-1,lOm, layed with plowdrainage machines, without filters and subsoil deep
-*- loosening at depth 80cm;
Systematic horizontal drainage with a distance between
the PVC pipes-30m, at a depth-1,l0m, layed with plowdrainage machines without filters and subsoil deep
loosening at a depth 80 cm.
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MANAGEMENT OF SUBSOIL DEGRADATION IN AN AUSTRALIAN VERTISOL
USED FOR IRRIGATED COTTON PRODUCTION
T.S.
Abbott**, D.T.W.
Anthony***,
P.C.
McKenzie*.
P.J. Hulme****, D.A. MacLeod**** and F.R. Higginson*
*
**
***
****

NSW Agriculture & Fisheries, Rydalmere, Australia
NSW Agriculture & Fisheries, Sydney, Australia
Auscott Ltd., Narrabri, Australia
university of New England, Armidale, Australia
INTRODUCTION

Approximately 130,000 ha of furrow irrigated cotton are grown
each year on vertisols in northern New South Wales, Australia.
The crop is planted into 0.15 m high ridges spaced 1 m apart.
Research on these soils (Typic Pellusterts) in the Namoi Valley
by Hodgson et al . (1986) showed that cultivation at water
contents above the plastic limit degraded soil structure and
reduced cotton lint yield. Waterlogging, which is aggravated by
compaction and smearing, was shown to seriously affect cotton
growth; its effects can be minimised by reducing the duration of
irrigations, or by applying foliar nitrogen. The beneficial
effects of non-irrigated rotation crops on poor soil physical
condition were demonstrated. Daniel Is (1989) has also shown that
these soils, when degraded, do not respond well to deep tillage.
The above work has been supplemented on a similar soil, 250
km to the south-west, near Trangie (31°59'S, 147°57'E) in the
Macquarie Valley. The soil is a vertisol (Entic Chromustert) with
a self-mulching surface (exchangeable sodium percentage = 4) and
an apedal subsoil (ESP = 19 at 1 m depth); clay content is
approximately 50% throughout. Serious and widespread reductions
in cotton yield were recorded on these soils within 10 years of
the commencement of irrigated cotton farming. In the absence of
soil nutrient deficiencies, serious insect and disease problems,
and climatic limitations, yield decline was attributed to a
deterioration in soil physical condition. This paper summarises
a series of 4 experiments that were undertaken to define the
nature of the problem, and to develop techniques for improving,
and then maintaining, soil structure for irrigated cotton
production. An advisory program, designed to extend research
results rapidly to growers, is also described.
METHODS
(1 ) Problem definition (Experiment 1)
Two adjacent sites, one (cultivated) having been intensively
farmed for cotton for 15 years, with yield declines, the other
(uncultivated) rain-fed native pasture used for grazing, were
compared in 1983. The soil at each site was described and sampled
for a range of physical and chemical analyses, determined using
the methods of Loveday (1974) and Abbott (1987).
(2) Repair of subsoil degradation
(a) Deep tillage and gypsum (Experiment 2)
The effects upon soil physical and chemical condition and the
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performance of furrow irrigated cotton of the following 4 tillage
treatments were monitored for 8 years: control (0.15 m deep disc
ploughing, every 2 years), chisel ploughing (0.30 m, 2-yearly),
mouldboard ploughing (0.40 m, 1981 only) and deep ripping
(0.70 m, 1981 only), each with and without gypsum (CaS04.2H20,
7.5 t/ha in 1981). The effects of repeated deep ripping every 2
and 4 years were also investigated; both of these treatments
received applications of gypsum (7.5 t/ha) in 1981 and 1984. A
rotation of cotton (1981/2, 1983/4, 1985/6, 1987/8) with nonirrigated wheat (1982, 1986) and safflower (1984) was applied to
all treatments. Tillage was carried out when water contents were
below the plastic limit; the only exceptions were chisel
ploughing in 1981 (unintentional) and mouldboard ploughing. When
the treatments were imposed in 1981, the site showed serious
compaction and smearing at a depth of 0.15-0.40 m; this layer
caused cotton taproots to be deflected from the vertical and
strongly tapered. Each of the 10 treatments was replicated 3
times; the plots were 600 m long and 24 m wide. All plots were
furrow irrigated just before the appearance of water stress on
the driest plot (usually a control); approximately 5 irrigations
were applied each summer. Climatic conditions for cotton growth
were good for 3 of the 4 seasons; only in 1983/4 was it
excessively cool and wet. The wheat and safflower were grown
during dry periods when evapotranspiration greatly exceeded
rainfall. In 1987/8 only, 3 pre-plant nitrogen (N) rates (80, 120
and 160 kg/ha) were superimposed upon each plot; the N was
applied as anhydrous ammonia. Soil physical and chemical data
were collected using the methods of Loveday (1974) and Abbott
(1987) .
(b) Cracking using deep rooted rotation crops (Experiment 3)
The impact of 3 treatments - fallow, and non-irrigated
safflower and wheat - on soil physical condition and subsequent
cotton growth was measured. Each of the treatments was replicated
4 times; the plots were 700 m long and 24 m wide, but
measurements were confined to a 40 m strip across all plots.
Safflower and wheat were sown in June 1984. Dry conditions after
August caused deep water extraction and cracking, particularly
with safflower; weeds were controlled on the fallow plots with
a disc plough. Nine months after harvest of these crops, cotton
was planted; none of the plots were deep tilled. The soil had
similar inherent properties to those of the soil in Experiment
2, but was less damaged. Cotton seedling growth and yield were
related to a broad range of soil physical properties, measured
using methods described by Hulme (1987).
(3) Prevention of subsoil degradation (Experiment 4)
A minimum tillage/controlled traffic technique known as
"direct listing" (i.e. ridges 1 m apart maintained for several
years, with traffic confined to some furrows) was studied for 3
years, in relation to land preparation using 2 different types
of deep tillage (chisel ploughing to a depth of 0.25 m; deep
ripping to 0.45 m) at water contents below the plastic limit. The
3 treatments were replicated 3 times using 5.2 ha plots. When the
experiment began, the site did not appear to be suffering from
serious subsoil degradation. The experiment was established in
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1984, and was monitored until 1988. Cotton was grown in 1984/5
and 1986/7 with irrigation scheduling as for Experiment 2.
Rainfed wheat had to be planted as a rotation crop in 1985 to
break the cycle of a fungal disease (Vertici11iurn wilt). Cotton
lint yields are related to soil strength and aeration, which were
measured using techniques described by Hulme (1987).
RESULTS AND DISCUSSION
( 1 ) Problem definition
In the cultivated soil there was a significant increase in
surface (0-0.15 m) sodicity, greater dispersion of soil
aggregates at 0-0.3 m, decreased organic carbon levels to 0.3 m,
increased subsoil density and lower electrical conductivity below
about 0.6 m. Also, the cultivated soil was observed to have more
massive structure, with fewer macropores, between 0.2 and 0.7 m
than the uncultivated soil. Farming operations that appear to
have contributed to the decline are: (i) use of heavy machinery
and tillage equipment at water contents above the plastic limit,
causing compaction and smearing; (ii) deep tillage and land
levelling which brings sodic subsoil closer to the surface; and,
(iii) overwatering, which prevents structural regeneration by
cracking during periods between cotton crops.
(2) Repair of subsoil degradation
(a) Deep tillage and gypsum
Deep ripping increased cotton lint and wheat yields by 15%
and 33%, respectively, in 1981/2. Gypsum improved cotton lint
and wheat yields by 10% and 12%. Chisel ploughing and deep
mouldboard ploughing were carried out in 1981 at a soil water
content above the plastic limit, and did not improve crop
performance significantly in 1981/2. Yield increases following
deep ripping and gypsum application were associated with improved
water intake when irrigated, larger reserves of subsoil moisture,
higher near-surface porosity which reduces the risk of
waterlogging, and lower soil shear strength which permits more
rapid root extension. However, improved water intake due to deep
ripping persisted for only one irrigated cycle. Benefits due to
gypsum application were mainly attributed to its electrolyte
effect on structural stability.
Reimposition of the chisel ploughing treatment in 1983, 1985
and 1987 at water contents less than the plastic limit
consistently increased cotton lint yield in relation to the disccultivated control. Improved yields were related to higher neat—
surface porosity, improved
root penetration, and better
utilisation of applied nitrogen. Chisel ploughing (total cost
=A$100/ha) was the most profitable of the treatments studied,
regardless of the market value of cotton lint (in the range
$1 .33-2.22/kg) or interest rate (0-15%). Gypsum application
(total cost = A$285/ha) to treat the sodic subsoil only produced
profits under shallow cultivation if lint value is above $2.13/kg
(15% interest rate).
Re-ripping in 1982 under dry conditions (soil water content
less than the plastic limit) reduced cotton lint yields during
the cool, wet summer of 1983/4, apparently due to waterlogging
caused by the accumulation of excess water in the subsoil.
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However, later re-ripping under dry conditions, in combination
with extra gypsum, produced the best cotton yield of any
treatment in 1987/8 (2523 kg/ha). Two-yearly deep ripping, with
a total of 15 t/ha gypsum, (total cost = A$1,070/ha) was
profitable over the 8 year period when cotton price exceeded
$1.87/kg (15* interest rate), but the gains were less than for
chisel ploughing.
The lint yields after once-only deep ripping with gypsum were
similar in 1982 and 1988 (1440 vs 1582 kg/ha), whilst the discploughed control had an increase from 1176 to 2124 kg/ha lint
over the same period. Preliminary results suggest that cracking
of the degraded subsoil by wheat and safflower in the control
allowed cotton roots to bypass the high-strength damaged layer
and penetrate as deeply as in the deep ripped soil, but
irrigation water did not enter the subsoil in sufficient
quantities to create the degree of waterlogging observed in the
ripped sub-soil. Deep ripping in the absence of extra gypsum
appears to have reduced soil stability to wetting. Analysis is
continuing in an attempt to confirm these hypotheses.
Increasing the rate of pre-plant anhydrous ammonia from 80
to 160 kg/ha improved the cotton yield and profitability of
treatments with relatively poor physical conditions in 1987/8,
but reduced yields due to rank growth on well-structured
treatments having higher N-use efficiencies. On the deep ripped
(1981 only) plots, doubling the N rate increased lint yield from
1439 to 1764 kg/ha in 1988, but reduced it from 2523 to
1932 kg/ha on the reripped (2-yearly) treatment with extra
gypsum. These results confirm the importance of assessing preseason soil physical condition before calculating the N-rate
(Constable 1988). They also show that the addition of extra N to
cotton can be considered as an economically viable way of dealing
with subsoil degradation, although Hearn (1986) has shown that
no amount of extra N can fully restore the lost productivity.
(b) Cracking using deep rooted rotation crops
Profile drying by non-irrigated safflower and wheat improved
soil aeration due to deep cracking. This effect is referred to
local 1y as 'biological deep rippi ng'. Safflower dried and cracked
the soi1 more intensely than wheat between 0.40 and 1.50 m depth.
Harvested grain covered the cost of treatment imposition.
Improved soil physical conditions (reduced bulk density and
penetration resistance, increased air-filled porosity and
macroporosity when moist) following deep cracking persisted over
several irrigation cycles for a cotton crop. Cotton seedling
growth was better where the rotation crops had been grown, but
N deficiency later in the season prevented a positive yield
response. There were also problems with replenishment of deep
subsoil water by flood irrigation, particularly after safflower.
(3) Prevention of subsoil degradation
Permanent ridges formed by "direct listing" were shown to be
a viable means of cotton production, in a situation where no
impermeable layers were originally present in the subsoil. The
permanent ridge treatment (DL) consistently outyielded the deep
ripping (Rip) and chisel ploughing (Chisel) treatments over 3
seasons (1984/5, 1986/7, 1987/8). Average lint yields for DL, Rip
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and chisel were, respectively, 1647, 1545 and 1549 kg/ha. Costs
increased in the order DL, Chisel, Rip, so direct listing was
clearly the most profitable treatment.
Deep tillage allowed more water to enter the soil and reduced
soil resistance to root penetration, but waterlogging restricted
cotton performance under the prevailing irrigation schedule. High
yields on the DL treatment were related to less waterlogging
under irrigation compared with the Rip and Chisel treatments.
CONCLUSIONS
The physical condition of a Macquarie Val ley vertisol declined
after 15 years of irrigated cotton production; the most serious
damage was in the subsoil. However, results from our management
experiments on the same soil type indicate that profitability
of a given treatment for improving soil condition depends upon
the severity of this degradation. The compacted and smeared site
in Experiment 2 responded economically to chisel ploughing, when
carried out at water contents less than the plastic limit, but
similar treatments on the relatively well- structured soil in
Experiment 4 reduced yields and profits in relation to minimum
tillage because of waterlogging. However, it is recommended that
similar studies be carried out in a situation where each plot
receives water at the optimal time, thus ensuring that plots with
more stored water and lower soil strength are not disadvantaged.
Deep ripping below 50 cm provided substantial short-term
benefits, but long-term soil stability appears to be reduced
after imposition of this treatment, unless the soil is reripped
and treated with extra gypsum. Extra nitrogen fertiliser also
provided a means of overcoming the adverse effects of compaction
and smearing. The benefits of rotation crops were demonstrated,
but they could not be converted into improved profitability
because nutrition rather than structure became the most limiting
factor for cotton production at the site of Experiment 3. Gypsum
on its own did increase crop yield, but was unable to produce
large increases in profitability; dramatic responses such as
those reported by McKenzie and So (1989) only occur where surface
- rather than subsoil - sodicity is a problem.
Australian cotton growers are keen to adopt new soil
management technologies so that profitability and long-term
sustainabi1ity can be achieved. However, their advisers require
information about soil physical conditions before an objective
decision can be made about inputs such as tillage, gypsum and
nitrogen fertiliser at a specific location. A soil management
extension service therefore has been created to advise growers
about land preparation and crop management options, following
backhoe pit inspection and interpretation of field and laboratory
data. They are guided by an early version of a decision support
system entitled SOILpak (Daniel Is 1989), which blends research
data from the Macquarie and Namoi Valleys with local farmer
experience. Farm profitabi 1 ity and stability have been improved.
Research is continuing to refine techniques that allow easy and
repeatable measurement of the physical condition of irrigated
vertisols by advisory staff.
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SUMMARY
Large areas of irrigated cotton are grown on vertisols in
northern New South Wales. Within 10 years of irrigated cotton
production, serious yield declines had occurred over much of this
soil type in the Macquarie Valley; subsoil degradation has been
implicated. Three soil management experiments were monitored
between 1981 and 1988 to assist with the development of improved
vertisol management techniques. They have shown that: (i) soil
physical condition and profitability are improved by chisel
ploughing under dry conditions where a layer is present that
restricts root growth due to poor aeration and, to a lesser
extent, high soil strength; (ii) except where used in combination
with repeated deep ripping, gypsum had only a small beneficial
effect upon crop performance; (iii) extra nitrogen fertiliser
partly offset the adverse effects of poor structure; (iv) deep
cracking by rotation crops also improved soil physical condition
after degradation but did not improve yield because insufficient
nitrogen was added; (v) minimum tillage with controlled traffic
maintained yields and boosted profitability in soil without a
root restricting layer. Growers and their advisers are being
encouraged to determine soil condition objectively before making
a decision about land preparation and crop management.

VI—181

SOIL MANAGEMENT FOR SUSTAINABLE AGRICULTURE
IN THE TROPICS - INTRODUCTURY REMARKS
Marc Latham
International Board for Soil Research and Management (IBSRAM)
Bangkok, Thailand.
It would be valid to question whether in fact soil management for sustainable agriculture
in the tropics is a proper subject for a soil congress and for a scientific commission on soil
technology. In many respects, soil management is closely associated with other scientific
disciplines such as agronomy and rural socioeconomy, since its aim is to produce crops and
to deal with farmers. But at the same time, land cannot be properly managed without a good
understanding of soils, of their distribution, and of their dynamics; so I would submit that
soil management has an altogether integral place in a soil congress.
A further question arises regarding the particular commission under which soil
management should be listed - the commission on soil technology, the commission on soil
fertility and plant nutrition, or the commission on soil physics? Soil management is
concerned with all of these subjects at one and the same time. The extended summaries of
the oral and poster presentations of this symposium, 34 of them in all, are a clear indication
that soil scientists take a holistic approach to the subject, and try to integrate all of the diverse
components related to soil management in their research.
Again, we may ask whether tropical soils and their management for sustainable
agriculture constitute a specific area of research. This symposium clearly gives an affirmative
answer to this question. Soils in the tropics are much more diversified than those in
temperate and cold areas. They have not been reworked and homogenized during the glacial
period, and often have a long history going back to the early Tertiary period. This long
history accounts for the deep weathering and the lack of nutrient reserves of upland soils, as
well as for the chemical imbalance - a factor related to the concentration of salts and
carbonates - of some of the lowland soils. It is also notable that the climatic variations
between the arid, semiarid, and humid areas allow for a wide range of pedogenesis to take
place, which means that tropical soils exhibit very considerable diversity.
However, these soils are mostly cultivated by farmers using low or no inputs, which
means that their intrinsic qualities are much more valuable for crop production than they
would be in temperate areas, where tillage, fertilizers, and pesticides are generously applied.
Moreover, due to favourable temperature and rainfall conditions, they are often cropped two
or sometimes even three times a year, and do not benefit from a winter season during which
some of their chemical and physical properties can be regenerated and the pest cycles can be
broken. Consequently soils in the tropics are more dynamic systems than those found in
temperate soils, and can be extremely productive. At the same time, they are highly
vulnerable to degradation by erosion, compaction, leaching of nutrients, salinization, pest
infestation, and a number of other ailments.
In terms of management, the high diversity of soil conditions implies that technologies
must be adapted to each situation. Farmers have understood this diversity by adapting their
cropping systems to the local conditions, and have also learnt by experience that the climate is
unreliable. Their most common answer to the element of risk is multiple cropping. To affect
an improvement in the cropping systems, we must therefore meet two objectives - higher
productivity and greater reliability on tropical soils. In the process of achieving these aims,
we need to provide techniques which are acceptable to farmers and which will help to
maintain or improve the soil capital and avoid land degradation. Only by doing so can we
ensure the sustainability of the measures which are introduced.
It follows that one of the major concerns in any soil management endeavour in the tropics
is to attend to long-term soil fertility changes. This challenge makes it a complicated and
intriguing scientific subject, and one which, moreover, has very important implications for
the future of mankind.

VI-185

SUSTAINABILITY OF DIFFERENT AGRICULTURAL PRODUCTION
SYSTEMS FOR A RAINFOREST ZONE OF SOUTHERN NIGERIA
R. Lai*. B. Ghuman**, and W. Shearer***
* The Ohio State University, Columbus, Ohio, USA
** Formerly: irTA, PMB 5320, Ibadan, Nigeria
*** The United Nations University, Tokyo, Japan
Subsistence agriculture is still widely practiced in Nigeria and other regions of the humid
tropics. Many attempts to transform this traditional agriculture into viable commercial
farming have resulted in economical and ecological disasters (de Wild, 1967; Henzell, 1975;
Bauer, 1977; Gretzmacher, 1977; Ormerod, 1978). These large scale development schemes
fell short of expectations probably due to the lack of scientific data that would have
otherwise provided guidelines to judiciously manage these fragile soils in harsh ecological
environment.
Deforestation in the humid tropics is a major economic, ecological and environmental
issue of the modern era (Lai, 1989). The emphasis on rainforest arises out of an increasing
awareness for focus on the environment, developing sustainable land use of this important
ecosystem, and for preserving the resource base for long-term rather than its exploitation for
short-term gains. It is the short-term needs of the increasing demographic pressure,
however, that enhance the rate of tropical deforestation.
Tropical deforestation has far reaching local, regional and global impact. Over and
above the local effects on sustainability of agricultural practices, deforestation and resultant
soil degradation also affect global climate through alterations in water and energy balances,
and disruptions in cycles of carbon, nitrogen and other elements. Deforestation presumably
contributes a large proportion of total global emission of C02 (Houghton et al., 1987). The
expanding cattle population in the tropics also affects global climate by emission of methane,
another greenhouse gas produced by enteric fermentation in domestic ruminants (Fung et
al., 1988). Methane is also produced in rice paddies being rapidly developed in areas
cleared of its rainforest (Mikkelsen, 1988).
Sustainability Perspective
Sustainability refers to productive performance of a system over time. The magnitude of
the time dimension ranges from a short period of 5 to 10 years for agronomic productivity to
5 to 10 decades for soil and environmental considerations. Sustainability can be expressed
in terms of output:input (expressed in appropriate units of energy or other agronomic
parameters) as a function of time (years). It can also be expressed as output per unit
consumption/use of the most limiting nonrenewable resource. The objective is to quantify
sustainability through appropriate parametric indices:
S = f (P, E, D, C, Q)t

(Eq. 1)

Where S is sustainability index, P is agronomic productivity, E is total energy input, D
is a measure of soil degradation, C is carbon eflux from soil and the biomass into the
atmosphere, Q is a measure of water quality, and t is time. Parameters D and Q can also be
defined in relation to the specific processes involved. Soil degradation may be due to
physical, chemical or biological processes. Consequently, the parameter D may be
expressed in terms of rate of soil erosion, reduction in soil organic matter or CEC, change in
total porosity or decrease in infiltration capacity. Similarly, the parameter Q may be
expressed in terms of total sediment or dissolved load, and/or concentration of specific
pollutants (NO3, P, pesticide, etc.). The socioeconomic factors may also be considered if
their impact can be expressed as a quantifiable index.
Agriculture is more sustainable in some soils and environment than others. The
probability of achieving sustainability decreases with increasing climatic aridity. Soils and
agricultural environment in hot-dry climates are easily degraded, and it is difficult to sustain
productivity over a long period of time (Stewart et al., 1989). In this context, soils of the
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arid regions (e.g. Orthids, Argids, Torripsamment, Ustalfs and Ustults) may be difficult to
manage for a sustained and high production (Stewart et al., 1990). Keeping in view, the
constraints due to climatic aridity, it may be appropriate to include an aridity index (I) in
equation 1.
S = f (P, E, D, C, Q, I) t

(Eq. 2)

An appropriate aridity index may be that proposed by de Martonne (1962).
I =

np
T+10

(Eq. 3)

Where n is the number of rainy days, p is mean rainfall per day, and T is the mean
temperature of the desired period on °C. The aridity index can be computed for a week,
month or year. The index will be lower for hot than warm and for dry than wet regions.
OBJECTIVES
One of the principal issues is to develop sustainable alternatives to traditional shifting
cultivation and related bushfallow systems. In order to address the issue of sustainability of
tropical rainforest ecosystem, The United Nations University (UNU) developed a project in
collaboration with the International Institute of Tropical Agriculture (UTA) and The Ohio
State University. Objectives of this project are to:
• build a scientific body of knowledge that enables the rational use of soil and water
resources,
• provide guidelines for the management of land resources for economically viable and
sustained productivity,
• create awareness of the food production potentials and limitations of the tropical
rainforest ecosystem, and
• provide training opportunities.
MATERIAL AND METHODS
The UNU sponsored project was established at Okomu (5° 12' E, 6° 24' N, 76
m.a.s.1.), near Benin City, southern Nigeria. The region receives about 2000 mm of rain
per year, with a range of 1500 to 2400 mm. The rainy season commences in March and
ends in October, followed by a 4-month dry season. The soil of the experimental site is
classified as an Ultisol.
A 20-hectare field with a mean slope of 3.5% was selected within the forest reserve of
100 years or more. The site was cleared of forest in January 1985 by two methods. The
treatment involving traditional control plots were cleared by slash and burn method. All
other treatments were mechanically cleared using a shear blade. The felled vegetation was
burnt in situ in the traditional control. In mechanically cleared plots, however, the felled
vegetation was allowed to dry before contour windrowing and burning in March, 1985.
There were 24 plots in all, each plot measured 50 m x 200 m. Six treatments were arranged
in a Randomized Block Design with 3 replicates.
There were 8 land use treatments as follows: (1) forested control, (2) traditional
farming, (3) cassava-based system, (4) oil palm based system (5) alley cropping, (6)
plantain-based system, (7) pasture plus coconut system, and (8) improved forestry system.
Crops were grown in all systems with no tillage practice. Fertilizer was not used in any
system, except the oil palm system in which it was broadcast under each palm at the rate of 1
kg/yras 15:15:15 NPK mixture. Pre-sowing weed control and vegetation suppression in all
plots were achieved by two applications of paraquat (1-1' dimethyl-4,4' bipyridinium ion) at
0.5 kg a.i. per ha. The first application was made about 10 days before planting, and the
second at planting. Subsequent weed control was achieved by manual slashing as and when
needed.

VI—187

Observations were made for rainfall interception and throughfall within the forest
canopy. Effects of deforestation were also measured on temperature, relative humidity and
radiation. Runoff and erosion from each plot were measured using a 2.5' H-Flume and a
sampling device. Evapotranspiration and consumptive water use were measured through
undisturbed monolith lysimeters (120 cm in diameter and 100 cm deep). Soil temperature
was measured during the burning of windrows. Soil properties were characterized for
infiltration rate, bulk density, pF curves, and soil chemical properties. Agronomic yields
were measured for all systems.
RESULTS AND DISCUSSION
A. Soil Properties Under Forest
Tree density, rate of litter fall, termitarium density, earthworm population, infiltration
rate and soil bulk density were evaluated within the undisturbed forest. The average rate of
leaf fall was 18.8 ± 4.5 icg/ha/day. The mean density of trees with trunks bigger than 15 cm
in girth at breast height was 1217 trees/ha. The mean basal area of trees ranged between 386
and 462 m2/ha. The termitarium density ranged from 60 to 1020 per hectare with a mean of
280. Earthworm population ranged from 30 to 210 per m2 with a mean of 90.
The bulk density of soil under forest ranged from 0.9 to 1.7 g/cm3 with a mean of 1.28
g/cm3. The mean infiltration rate was 90 cm/hr with a range of 0.7 to 170 cm/hr.
B. Microclimate
Relative humidity under forest was usually above 90%, except during the dry season.
In the cleared area, however, relative humidity decreased during the day. Furthermore,
considerably more radiation was received in the cleared area than under the forest (10 to 11
MJ vs. 0.3 to 0.4 MJ). The minimum soil temperature was generally lower in the cleared
site than under the forest. In contrast, the maximum temperature was higher by as much as
10°C in the cleared compared with the forested control (Ghuman and Lai, 1987).
C. Clearing and Cropping Systems Effects
1. Effects of Burning in Windrows: Soil temperature during burning rose to a maximum of
218°, 150°, 104°, and 70°C at 1, 5, 10 and 20 cm depths, respectively (Ghuman and Lai,
1989). The maximum soil temperature recorded during burning decreased exponentially
with increasing depth. Burning in windrows decreased soil bulk density by 2, 12, 4 and
3% at 5, 15, 25 and 35 cm depths, respectively. In addition, the steady state infiltration rate
in the burnt area was 105.8 cm/hr compared with 92.4 cm/hr in the unburnt site
2. Soil Properties: Soil bulk density of 0-10 cm layer increased by 22 and 14% by clearing
by shear blade and manual methods, respectively. Similar increase in the 10-20 cm depth
was 29 and 11%, respectively. Among cropping systems, the bulk density was in the order
oil palm > alley cropping > improved forestry > cassava > pasture (Table 1). The
infiltration rate was significantly affected by the land clearing methods. Three months after
clearing, the 1-hour infiltration rate was 89, 32 and 20 cm/hr in the forested control, manual
and shear blade clearing, respectively. Two years of cropping, increased the infiltration rate
to 47 and 290 cm/hr in the shear blade and manual clearing treatments, respectively. After
four years of cropping, the 1-hour infiltration rate increased to 51 cm/hr in shear blade
treatments. Cropping systems did not significantly affect the infiltration rate. Infiltration
rate was, however, generally higher in pasture compared with other systems.
Burning in windrows had a significant effect on soil chemical properties (Table 2). Soil
pH, exchangeable cations and available P were significantly more in the windrow zones of
the shear blade cleared plots as compared to nonwindrow zones, manual clearing and
forested control. Burning increased soil organic carbon by 60% in the 0-10 cm depth. Soil
pH in the 0-10 cm layer was significantly increased. Burning increased the available
phosphorus by 725, 400 and 500% in the 0-10, 10-20, and 20-30 cm depths, respectively.
There was an increase of 682% in Ca+2,98% in Mg+2 and 97% in K+ in the 0-10 cm layer.
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a. Hydrology and erosion. Throughfall under the forest cover was 71.0, 62.6, 67.0 and
68.2% of the total rainfall in 1985, 1986, 1987 and 1988, respectively . Stem flow water
contained higher concentrations of Ca, Mg, K and NO3-N and had higher pH than the rain
water.
Table 1. Effect of land use system on soil bulk density after two (November 1989) and four
(November 1988) years of cropping in the nonwindrow zones of plots.
0-10 cm

Land use
system

10-20 cm laver
2 yrs
4 yrs

4 yrs

2 yrs

\ A

1

Mg m ->

Cassava based
Oil palm based
Alley cropping
Plantain based
Pasture based
Improved forestry
LSD .05

1.15(0.10)*
1.09(0.08)
1.11(0.08)
1.25(0.06)
1.34(0.05)
1.20(0.07)
0.03

Traditional farming

1.20(0.12)

Shear blade clearing
1.24(0.03)
1.44(0.08)
1.29(0.03)
1.35(0.08)
1.28(0.03)
1.40(0.10)
1.34(0.08)
1.51(0.11)
1.21(0.06)
1.41(0.05)
1.25(0.10)
1.48(0.06)
NS
0.04
Manual clearing
1.07(0.17)
1.25(0.03)

1.42(0.10)
1.41(0.10)
1.53(0.15)
1.45(0.14)
1.30(0.06)
1.54(0.09)
NS
1.22(0.02)

* Standard deviation
Table 2. Windrow burning effects on soil chemical properties.

Depth

pH

Organic
carbon

Total
Available
nitrogen phosphorus

—%—

CHI

Exchangeable cations
Mg++
K+

Ca++
lll

B

Burnt
0-10
10-20
20-30

7.0
6.4
5.9

0.8
0.4
0.4

1267
928
918

0-10
10-20
20-30

5.7
5.6
5.4

0.5
0.4
0.4

LSD (P 1= 0.05)
0-10
0.6
10-20
NS
20-30
NS

0.2
NS
NS

K

fe

33
10
6

3268
1117
405

133
114
99

132
130
134

1292
866
916

4
2
1

418
237
168

67
53
42

67
40
33

NS
NS
NS

5.5
2.3
2.0

2477
NS
NS

55
NS
NS

64
32
34

Unburnt

Significantly more runoff and erosion occurred from the mechanically-cleared plots than
from the manually-cleared and forest control (Table 3). Runoff and soil erosion were also
affected by the cropping systems treatments. Both forest and traditionally farmed plots had
negligible runoff and soil erosion. Among perennial crops, the maximum runoff during the
first year was observed under the oil palm.
Evapotranspiration was the highest in the improved forestry system in which Cassia
siamea was growing actively. Rice, was good crop stand and canopy cover, registered the
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second highest evapotranspiration rate (Table 3). The minimum evapotranspiration was
observed in he early stages of pasture establishment.
Table 3. Effect of clearing methods and cropping systems on runoff and soil erosion
between July and December 1985. Rainfall during this period was 1.285 mm. Water
balance for different systems was measured from 4 September to 3 December 1985.
Rainfall during this period was 459 mm and throughfall was 340 mm.
Treatments
A. Clearing Method
Forested control
Shear blade
Manual
B. Cropping systems
Forested control
Cassava based
Oil palm
Alley cropping
Plantain
Pasture
Improved forestry
Traditional farming
Table 4.

Runoff

Erosion

Percolation

Soil water

ET

(mm)

(kg/ha)

(mm)

(mm)

(mm/day)

350.1
313.9
282.9
219.7
273.6
282.0
321.6
291.8

40.9
110.0
73.3
35.3
73.3
35.3
111.9
73.0

0.2
66.5
0.2

0.32
170.10
31.96

0.25
13.17
66.44
28.28
33.34
39.07
39.83
0.25

0.32
29.49
170.10
94.19
157.34
183.11
172.40
31.96

0.34
2.83
2.76
3.04
2.87
2.35
3.76
2.67

Mean productivity* of different land use systems.

Land use system
Cassava based
Oil palm
Alley cropping
Plantain
Traditional farming

Windrow
14.5
5.2
6.2
3.6
7.9

Yield basis
Nonwindrow

-Mgha-l y r l
9.8
4.3
4.0
0.0
—

Energv basis
Windrow
Nonwindrow
65.49
23.80
37.32
13.17
25.92

MJ

na

1i

u i i

yr '
46.25
21.58
25.68
0.00
—

•Productivity = Total yield/No. of years; No. of years were 4 for systems 1, 3 and 4; 3 for
systems 2 and 5.
b. Crop production and sustainability. Burning had a significantly positive effect on crop
yields (Lai and Ghuman, 1989). Mean productivity of different systems expressed as total
yield and total calorie production is shown in Table 4. On yield basis, productivity in the
windrow zone followed the order: cassava system > traditional > alley cropping > oil palm
> plantain. In the nonwindrow zone, productivity followed the order: cassava > oil palm >
alley cropping > plantain. On the energy basis, however, alley cropping was the second
best food producing system instead of traditional farming. Cassava was the most and the
plantain the least productive system.
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CONCLUSIONS
•
•
•
•

The data collated supports the following conclusions:
Burning in the windrows had a significant effect on soil chemical and physical
properties.
Soil compaction of the top 30 cm layer was the most severe with the shear blade
clearing.
Mechanical clearing caused more runoff and soil erosion than manual clearing.
Cassava based system was the most productive system among the six land uses.

Soils supporting a tropical rainforest ecosystem are low in inherent fertility.
Furthermore, climatic conditions do not favor intensive cultivation for grain crop
production. If the forest conversion is inevitable, appropriate farming systems for this
ecological region are those based on perennial crops or forestry plantations, root crops or
pastures. Nonetheless, the rainforest region has more potential for achieving sustainable
agriculture than arid regions e.g. the West African Sahel.
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MICROSTRUCTURE AND POROSITY IN RICE FIELDS UNDER
DIFFERENT MANAGEMENT PRACTICES AND THEIR RELATION TO
POST RICE CULTIVATION
M. Pagliai», D.K. Painuli*, and T. Woodhead**
* Istituto Chimica Terreno, C.N.R., Pisa, Italy
** Int. Rice Research Institute, Manila, Philippines
INTRODUCTION
The main management practice in rice fields is puddling
despite its high water and energy requirements. It creates a
soft medium into which rice-seedlings can be transplanted and
it decreases percolation and so retains standing water in the
rice field that helps control weeds and promotes oxidation-reduce on conditions favourable to rice growth. Therefore it
destroys surface soil structure and the puddling machines and
the implements may cause compaction at a depth that will
surely create constraints to post-rice cultivation for upland
crops. A deeper understanding and a quantification of the
effects of puddling on soil structure could help in designing
implements and planning land management in order to save both
water and energy in rice land preparation and to minimize the
adverse effects of puddling for the subsequent upland crops.
The purpose of this research was to characterize and
quantify soil structure through measurements of porosity, pore
shape, pore size distribution and length of elongated pores,
and the effects on them of various soil-management operations
and of a growing rice crop.
MATERIALS AND METHODS
A Philippines Vertic Tropaquept soil was chosen for field
experiments. The following management practices were tested:
puddling by a gasoline-powered skid-supported rototiller,
puddling by a gasoline-powered floating rototiller (a new
concept in puddling machinery, developed by entrepreneurs in
Manila, Philippines; Villaruz, 1986) and puddling by traditional animal-drawn mouldboard ploughing and harrowing.
Undisturbed samples, which were carefully taken using a pF
ring (5 cm diameter and 5 cm high) sampling kit for sampling
below the water level, were collected from each plot at six
depths (0-5, 5-10, 10-15, 15-20, 20-25 and 25-30 cm) before
rice transplanting and just before harvesting. Four sets of
samples were collected from each set of plots. Additionally,
four sets of samples were also randomly collected from the
experimental field before flooding (pre-puddled sampling).
Samples were carefully packed in boxes to avoid any breakdown,
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dried by acetone replacement of the water (Murphy, 1986),
impregnated with an epoxy resin and made into vertically
oriented thin sections (Murphy, 1986).
Photographs of thin sections were analysed by the image
analysing computer, Quantimet 720 (Pagliai et al., 1984) in
order to measure total porosity, pore shape, pore size
distribution and the length of elongated pores. Pores were
selected for measurement according to their shape which is
expressed by the area (A) to perimeter (Pe) ratio A/Pe , and
were divided into three shape groups, i.e.: more or less
rounded pores (A/Pe >0.04)j irregular pores (A/Pe 0.0150.04); elongated pores (A/Pe <L 0.015) (Bouma et al., 1977).
Pores of each shape group were further subdivided into 8
size-classes according to either the equivalent pore diameter
for rounded and irregular pores or the width for elongated
pores: 30-50, 50-100, 100-200, 200-300, 300-400, 400-500,
500-1000 and >1000 pm (Pagliai et al., 1984). The length of
elongated pores was calculated from their area end perimeter
data using a quadratic equation by assuming that elongated
pores are long narrow rectangles (Pagliai et al., 1984). Thin
sections were also examined by a Zeiss "R POL" microscope at
40 magnification for micromorphological observations.
RESULTS AND DISCUSSION
For measurements made after soil tillage but before rice
transplanting in the top soil (0-5 cm) all the puddling
implements reduced significantly the soil porosity (Fig. 1).
The plough and harrow, and the floating rototiller seemed to
be the most efficacious in reducing porosity. In the 10-15 cm
layer the puddling by floating rototiller did not produce a
change in porosity with respect to the pre-puddled soil,
whereas in the soil puddled by rototiller and plough and
harrow the porosity remained significantly lower than in the
pre-puddled soil. The reduction of porosity below the plough
layer (15-30 cm) with respect to the pre-puddled soil could be
ascribed to the effect of flooding that caused clay swelling
thus reducing the size of pores.
The shape, size and continuity of pores can be regarded as
the main aspects for the characterization of soil structure,
and until now the necessary proportion of large pores for air
and water transmission and easy root growth has generally been
inadequately defined. In fact, adequate "storage pores"
(0.5-50 urn equivalent pore diameters) as well as adequate
"transmission pores" (continuous pores ranging from 50-500 urn
e.p.d.) are necessary for plant growth (Greenland, 1981).
Elongated pores (channels) of 100-200 pm width allow root
penetration. Where upland crops are grown in rotation with
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PRE-TRANSPLANTINC

PRE-HARVESTING

DEPTH ( c m )

DEPTH ( c m )

Fig. 1 - Variation with depth in pre-puddled (C) and puddled
(R = rototiller; FR = foating rototiller; PH = plough and
harrow by buffalo) soils, of the porosity expressed as a
percentage of the total area of thin section occupied by pores
(the analysed area of each thin section was 4.5 x 5.0 cm );
points are the mean of 4 samples. Bars represent the least
significant differences (LSD 0.05) for the comparison among
treatment.
flooded rice, then the porosity condition of soil after
draining from the flooded state and the ease with which seeds
can be drilled, and can emerge and establish their root
systems, become of critical importance.
The decrease of porosity in the puddled soil took the form
of a strong reduction in the size (Fig. 2) and continuity
(length) (Fig. 3) of elongated ("transmission") pores, and
this caused a transformation of the subangular blocky
microstructure of the pre-pudd? ta soil, into a muddy (massive)
microstructure after puddling: there were no fully separated
aggregates. A comparison of data from samples of all plots
showed that the effect of floating rototiller in reducing pore
size and length was limited to the surface layer (0-5 cm)
while the rototiller and plough and harrow caused such a
reduction in all the plough layer (0-15 cm). Associated with
the lower length of elongated pores, in plough and harrow
puddled plots there was a lower water percolation. Measurement
by double-ring infiltrometer showed that the infiltration was
16(+4), 25 (+2.5) and 37 (+3.5) mm/day in plough and harrow,
rototiller and floating rototiller puddled plots, respectively. Previous paper showed that rice yield was independent of
infiltration rate (Painuli et al., 1988).
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C

FR

SIZE CLASSES (>jm)

SIZE CLASSES ((im)

Fig. 2 - Distribution of the size and shape of pores larger
than 30 urn in the 0-5 cm layer of soil before puddling (C) and
after floating rototiller puddling (FR).
Measurements made just before the rice harvest showed that
total porosity increased significantly in the 0-15 cm layer,
and decreased slightly in the 15-30 cm layer, as compared to
the pre-transplanting measurements (Fig. 1). Regarding the
implements the increase of porosity was higher in soil puddled
by the floating rototiller. Such an increase was due to the
new formation of continuous elongated pores many of which
formed by root growth. An adequate proportion of these pores
is fundamental for crop development, especially for upland
post-rice crops, and for regenerating a subangular blocky
microstructure. Therefore for a good recovery of soil
structure it would be necessary to adopt minimum puddling.
Previous experiments (Pagliai et al., 1987; Painuli et al.
1988) confirmed that it is possible to reduce puddling with no
penalty of lost rice yield, provided the soil is kept
saturated throughout the growing season. For upland post-rice
crops it is necessary to adopt a tillage system that preserves
as much as possible the elongated "transmission" pores.
The slight decrease of porosity in the 15-30 cm layer could
be ascribed to a migration of fine particles from pores in the
upper soil to pores in this layer. In soil puddled by the
plough and harrow such a decrease was more evident probably
because the plough and the buffalo may have compacted the soil
at about 15 cm. The decrease of porosity in this layer
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Fig. 3 - Length distribution of elongated pores in the 0-5 cm
layer of soil before puddling (C) and after floating
rototiller puddling (FR). Numbers refer to the number of
elongated pores for each class and are the mean of 4
replications. Bars represent confidence intervals at P^0.05.
confirmed that intensive puddling in the long term can cause
the formation of a very compact densipan. The micromorphological observations revealed the presence of ferrans, concretions, diffuse iron-manganese concentrations and a lot of
argillans (clay coatings) which made this layer very cemented.
Such a densipan represents a serious hindrance for the
development of upland post-rice crops and therefore it should
be necessary to remove it by deep tillage and it requires high
energy inputs and technology which is not always available.
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SUMMARY
Various aspects of soil porosity were studied on thin
sections, prepared from undisturbed soil samples taken in rice
fields puddled with different implements, by using image
analysis.
Total porosity decreased after puddling and, particularly,
the elongated
pores wider
than 500 urn were completely
destroyed by the puddling implements which also caused a
reduction of the continuity of the thin elongated pores. The
size of all pores and particularly of the elongated pores
increased during the crop season, thus indicating a recovery
of soil structure. The magnitude of this recovery seemed to be
related to the input of puddling energy and it may have a
great effect for the following upland crops. The micromorphological observations revealed the presence of a densipan below
the plough layer that could represent a serious hindrance for
the development of upland post-rice crops.
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MANAGEMENT OF SLOPING LANDS FOR SUSTAINABLE
AGRICULTURE IN NORTHERN THAILAND
C. Anecksamphant*. S. Boonchee** and A. Sajjapongse***
* Land Development Office Region 7, A. Muang, Nan 55000, Thailand
** Land Development Office Region 6, A. Mac Rim, Chiang Mai 50180, Thailand
*** IBSRAM PO Box 9-109, Bangkhcn, Bangkok 10900, Thailand

INTRODUCTION
The total amount of cultivated land in Thailand, which was 11 million ha in 1961 has
increased to 21 million ha in 1988 according to the FAO. A large part of the 10 million new
ha put into cultivation are lands with slopes steeper than 10%, which are highly susceptible to
erosion. These sloping lands occur predominantly in the western, northern and central part of
Thailand. They represent about 30% of the total area of the country. They are mostly farmed
by shifting cultivators who slash the vegetation, burn it and cultivate it for one or two years
before moving elsewhere. The result is a rapid land degradation and erosion (Harper and
El-Swaify, 1988) of the sort which has been experienced in many other places in the world
(Lai, 1988; Hurni, 1982). Other consequences are siltation of the lowlands and poor crop
yields.
In order to cope with such difficult situations, many promising technologies have been
developed in the tropics (Pushparajah, 1989). Fournier (1967) Patchara et al. (1986) and
many others have stated that strip-cropping caused less erosion than monocropping.
Paningbatan (1987) reported that the alley-cropping technique introduced in the Philippines
could also be very effective. Agroforestry appears as another option as it reduces erosion and
recycles nutrients (Nuntapong, 1982; Wilson etal., 1986). Terracing is also a very effective
way of reducing erosion in northern Thailand. All these techniques, however, have had little
success among Thai shifting cultivators.
A recent socioeconomic survey of northern Thai farmers (C. Cantor, pers. comra.)
showed that whereas farmers saw erosion as a real threat for the future of their land, they did
not agree with the proposed soil conservation measures. They saw them either as inefficient
or too expensive, or as procedures which would cause yield reduction due to the land lost for
the soil conservation measures.
The objectives of the present study were to evaluate the effectiveness and cost of soil
conservation measures on sloping land in Chiang Rai and Chiang Mai, and to compare the
yields on these sites of crops planted according to the farmers practice and of crops planted
with the recommended density and with different soil conservation measures.
MATERIALS AND METHODS
The study was conducted under rainfed conditions at two locations, one at Doi Tung in
Chiang Rai province and the other at Chiang Dow in Chiang Mai province (Figure 1).
Chiang Rai site
The topography of the experimental area is hilly and rolling, with a slope ranging from 20
to 50%. The site is about 900 m asl., and used to be covered by secondary forest. The
annual precipitation of the area is about 1794 mm. The rain starts in May and ends in
October, with a peak in August. The soils are clayey, kaolinitic, isohyperthermic, Ustic
Kandihumults developed on granite. They are strongly weathered, deep soils and have a dark
reddish brown or reddish-brown silty clay loam or clay loam texture. Their physical and
chemical characteristics show a low level of fertility (Table 1).
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Tabic 1. Some physical and chemical properties of the soils of the experimental sites.
Depth

Clay

OM

(cm)

(%)

(%)

Ustic Kandihumult
(Chiang Rai)

0-7
30.0
12-30 39.1
30-70 43.9

3.7
2.0
1.1

5.3
5.3
5.4

Lithic Haplustalf
(Chiang Mai)

0-15
15-30
30^5

22.3
24.0
24.8

5.8
2.7
2.0

Ultic Haplustalf
(Chiang Mai)

0-15
15-30
30-45

39.2
34.4
37.0

3.14
1.94
1.64

pll

Cone, (cmol kg 1 )

BS

Soil
(H20 ) CEC

Ca

Mg

(%)

9.4
7.7
6.6

2.0
0.8
0.4

1.0
0.4
0.2

23
13
10

5.6
5.5
5.4

16.0
11.5
10.4

6.0
1.4
1.0

5.2 76.2
3.3 47.0
2.6 40.4

5.8
5.4
5.3

14.0
12.8
12.3

6.4
2.8
1.9

4.1 84.2
2.7 47.6
2.1 36.6

Al

K

P

(cmolkg" •) (mgkg 1 )
97
52
53

3.8
3.1
3.2

1.5

260
200
160

6.2
2.5
2.8

2.4
3.9

236
142
122

4.5
1.8
1.6

-

Chiang Mai site
The topography of the experimental area is hilly and rolling with a slope ranging from
18 to 40%. The site is about 600 m. asl. and many years ago was cultivated with field crops,
then left to become secondary forest. The annual precipitation of the area is about 1434 mm.
The rain starts in May and ends in October. The heaviest rainfall occurs in August. The soils
developed on shale are of two types. The first is a loamy skeletal, mixed, Lithic Haplustalf,
which is shallow, dark brown or dark grayish brown in colour and loamy or silty loam in
texture. The second soil type is a clayey, mixed, Ultic Haplustalf, which is moderately deep,
dark brown to very dark grayish brown in
colour and clay loam in texture. Their
physical chemical properties indicate a much
higher soil fertility than in the case of
Chiang Rai (Table 1).
Two similar experiments were
conducted at both sites. The experiments
employed a randomized complete block
design with 4 replications. Treatments
included farmers' practice (Tl - planting
crop up and down the slope), alley cropping
(T2 - using a combination of leucaena and
pigeon pea as hedgerows), a combination of
grass strips and a perennial crop (T3 coffee in Chiang Rai and a Chinese plum in
Chiang Mai), hillside ditches in Chiang Rai
and grass strips in Chiang Mai (T4), and
agroforestry (T5 - coffee intercropped with
rice in Chiang Rai and Chinese plum
intercropped with corn or red bean in
Chiang Mai). Individual plots were 10 m
wide and 36 long and were equipped with
an erosion collection system.
In addition to the 20 experimental plots,
2 more plots, i.e. a bare soil plot and a
natural forest plot, were established as conFigure 1. Map showing the locations of the sites.
trols for soil erosion evaluation. The test
crop was corn in Chiang Mai and upland
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Figure 2. Monthly rainfall for Chiang Rai (CR) and
Chiang Mai (CM )sites.

rice in Chiang Rai. The corn was
planted with a spacing of 25 cm x 75
cm in May and harvested in October,
whereas the upland rice was planted
with a spacing of 25 cm x 25 cm in
May and harvested in November.
Neither of the crops received any
fertilizer.
The meteorological data of the two
sites were collected by the automatic
minimum data set recorder model LI
1200s. The total amount of rainfall
during the experimental period was
1649 mm in Chiang Rai and 1197.8
mm in Chiang Mai. The monthly
rainfall distribution during the experimental period and d uring the previous
period for each site is presented in
Figure 2.

RESULTS AND DISCUSSION
I. The site in Chiang Rai
The total amounts of soil loss and runoff at the Chiang Rai site are presented in Figures 3
and 4 respectively. They were significantly affected by the various treatments. Farmers'
practice (Tl) gave the highest soil loss (120.0 t/ha) and highest runoff (1502.8 m 3 /ha)
followed, in decreasing magnitude, by agroforestry (T5), alley cropping (T2), and grass strip
- cropping (T3). Hillside ditches (T4) gave the lowest soil loss (61.8 t/ha) and lowest runoff
(603.4 m 3 /ha). In comparison with the farmers' practice plot, the bare plot gave about 100%
higher soil loss and 40% higher runoff, whereas the natural forest plot gave about 85% less
soil loss and 75% less runoff.
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Figure 3. Total soil loss from different treatments
in Chiang Rai.

Figure 4. Total runoff from different treatments in
Chaing Rai.

It is very obvious from the above results that farmers' practice gives the most serious soil
loss and runoff. This is because there were no soil conservation measures applied to this
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treatment. For the other treatments, i.e. alley cropping, hillside ditches, grass strips, and
agroforestry, the soil loss and the runoff were substantially reduced but can be expected to be
reduced further in succeeding years. This is because the hedgerows in T2, the grass strips in
T3, and the coffee in T4 and T5 are still in the establishment phase, and consequently cannot
give adequate protection to the soil in the first year.
The grain yields of upland rice in Chiang Rai were hardly affected by the different
treatments, except for the hillside ditches, which showed significantly lower yields than the
other treatments.(Table 2). Higher yields came from T l , T2, and T5. The low yields of T4
and T3 in terms of tons/hectare are due to the fact that part of the area was used for the
establishment of ditches and grass strips instead of being planted to the crop. It is interesting
to note that the yield from T2 was the highest, although part of the land area was used for the
establishment of the hedgerows. Foliage cut from the hedgerows and used as mulch may
have contributed to the high yield by providing a better microenvironment for the crop.
Although all the yield components were statistically affected by the treatment, only straw dry
weight (an indication of plant vigour) appeared to have a clear positive relationship with the
grain yield.
Tabic 2. Yield and yield components of upland rice at the site in Chiang Rai.
Treatments

Tiller number
(no/ha) x 1000

Tl
T2
T3
T4
T5

Straw Dry Weight
(l/ha)

136.5
166.3
167.9
167.3
183.5

LSD.05

13.55

Grain number
per panicle

Grain yield
(l/ha)

1.10
1.49
1.19
1.05
1.40

56.5
38.75
42.25
39.5
39.3

1.10
1.15
0.97
0.83
1.13

0.26

7.2

0.19

II. The site in Chiang Mai
Figures 5 and 6 show respectively the total soil loss and runoff from Chiang Mai. The
amounts of soil loss and runoff here were much lower than those at the site in Chiang Rai.
Among the treatments tested, the soil loss ranged from 0.7 to 4.6 t/ha (about twenty to eighty
times less than in Chiang Rai), and runoff ranged from about 214 to 608 m3/ha. Apart from
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Figure 5. Total soil loss from different treatments.

Figure 6. Total runoff from different treatments.
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the bare soil plot, the agroforestry treatment (T5) gave the highest soil loss (4.6 t/ha) and
highest runoff (608 m 3 /ha). The soil loss and runoff from the other improved technologies,
grass strips, alley cropping, and farmers' practice were minimal. The lowest soil loss (0.7 t/
ha) and lowest runoff (214 m/ha) came from the grass strip treatment (T4). The bare soil plot
gave about 2.5 times more runoff and soil loss than the agroforestry treatment (T5), whereas
the natural forest plot gave almost the same amount of soil loss and runoff as that of T4.
The results clearly showed that the improved technologies, especially T4 and T2 can be as
effective as the natural forest plot in reducing soil loss. It is interesting to note that farmers'
practice (Tl) gave less soil loss and runoff than T5. This is because in Tl the stumps and
roots were left in place and the soil had been very little disturbed. This slowed down the
velocity of runoff water and resulted in less soil erosion.
The corn yields were not significantly affected by the various treatments, although the
numbers of plants/ha were different (Table 3). This obviously shows that although part of the
land was used for the establishment of hedgerows and grass strips in the improved soil
management techniques, the anticipated yield reduction, due to the lower area planted, was
compensated for by the high plant population density.
Table 3. Yield and yield components of corn at the site in Chiang Mai.
Treatment
Tl

n
T3
T4
T5
LSD.05

Hill number
(no/ha)

TDM
(t/ha)

Grain yield
(t/ha)

25,194
45,500
45,500
45,500
52,000

3.20
3.70
3.84
3.73
4.50

2.60
2.60
2.97
3.12
3.00

-

N.S.

N.S.

CONCLUSIONS
Although this is the first year of the study on the management of sloping lands for
sustainable agriculture in northern Thailand, the results from both sites showed the
effectiveness of the soil conservation measures tested in reducing soil loss and runoff,
especially in Chiang Rai. Alley cropping, grass strip cropping, and hillside ditches reduced
soil loss and runoff by more than 50% when compared to the farmers' practice.
The soil losses from the two sites were different (about twenty to eighty times), which can
not be accounted for only by rainfall and slope differences. The soil parameter obviously
plays a major role in the difference, even if it is not obvious at first by looking at the analytical
figures. It is related to the well - known difference in terms of erosivity between the highly
erodible Ultisols derived from granite, like the one in Chiang Rai, and the resistant Alfisols
derived from shale, like the one in Chiang Mai.
There was a slight decrease in yield of upland rice from the hillside ditch treatment when
compared to the other treatments. This is probably because part of the planting areas was
used for the establishment of the ditches. On the other hand, the yields of corn in Chiang Mai
were not reduced, although some of the planting areas were used for the establishment of
hedgerows and grass stripes.
The yields of corn and upland rice observed in this study were rather low, and can hardly
encourage farmers to invest money in any soil conservation measures. To be more attractive
to the farmers, the yield must be increased. This can be done in two ways, i.e. planting fruit
trees or coffee on the bank of the ditches or on the strips to give extra income to the farmers,
and/or to improve the soil fertility, especially by the input of N and P fertilizers, which may
increase the cereal yield significantly. The introduction of a legume into the cropping system
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may also help to enhance the N supply and decrease the weed pressure, which was a major
constraint during this cropping season.
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WATER AND NUTRIENT DYNAMICS UNDER ALLEY CROPPING VERSUS
MONOCROPPING IN THE HUMID - SUBHUMID TRANSITION ZONE
S. Häuser
International Institute of Tropical Agriculture, Ibadan,
Nigeria
Alley cropping system has been shown to be a stable alternative to shifting cultivation. It combines the restorative
properties of woody species, grown in hedgerows and the use of
the interhedgerow space to grow food crops. The sustainability
of alley cropping depends on the ability of the hedgerow trees
to recycle nutrients from deeper soil layers which can not be
reached by food crop roots. These nutrients are accumulated in
the biomass of the hedgerow trees which then are pruned and used
as mulch. This gives protection to the soil surface, reduced
run off and erosion, and improved soil structure; and by decomposition of biomass, nutrients previously taken up from the
subsoil become available to the shallow rooting food crops.
Continuous food production by alley cropping is only possible
with maximum nutrient cycling and minimum losses. Although
field experiments prove that maize yields can be maintained in
alley cropping (KANG et al 1984) and runoff and erosion are
reduced (LAL 1986), little is known about water and nutrient
fluxes in the soil under alley cropping systems (KANG 1989).
The purpose of the investigations presented was to assess water
and nutrient fluxes in a complete alley cropping system with
emphasis on runoff and downward displacement.
Materials and Methods
Investigations were carried out in 1988 and 1989 on a
degraded Alfisol with a slope of 5-7 % at Ibadan, southwestern
Nigeria in a well established alley cropping trial using
Leucaena leucocephala as hedgerow trees planted perpendicularly
to the slope at 4 m interhedgerow spacing. Plots without hedgerows served as control. Water movement was monitored by mercury
tensiometers; concentrations of Potassium, Calcium, Magnesium,
Nitrate and Ammonia were determined from soil solution extracted
by suction probes. Tensiometer readings were taken daily.
Soil solution was extracted once a week. According to the
deliberately imposed heterogeneity of the plant stand in alley
cropping systems, tensiometers and suction probes were set up
in the Leucaena hedgerow and two meters distant from the
hedgerow (in the middle of the interrow space). Installation
depths were 10, 30, 50, 70, 90, 110, and 130 cm. Instruments
were sets up in two alley cropping plots and one control plot
with two internal replicates in each position. Plots were
framed to collect runoff water. The interrow space was cropped
with maize in the first and cowpea in the second season.
Leucaena was pruned to a height of 25 cm five times per year,
and prunings distributed in the interrow space. Root observations were carried out in trenches perpendicular to the
Leucaena hedgerows.
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Results and discussion
Soil properties and root distribution
The soil of the experimental area showed a 15 to 20 cm gravel
free topsoil, underlined by a gravel layer with volumetric
gravel contents of 40 - 60$ between 20 and 70 cm depth, followed
by a clay layer. There were no maize and cowpea roots deeper
than 70 cm. The bulk of the food crop roots was restricted to
the top 10 cm. In the gravel layer only a few roots were
observed in old palm or tree root channels. Leucaena hedgerows
showed a high density of laterally growing woody and fine roots
in the top soil covering the interrow space completely and a
well branched root system in the subsoil below the gravel layer
reaching a depth of at least 1.8m. The low rooting density in
the gravel layer can be related to a low quality of the fine
soil portion. The effective cation exchange capacity (ECEC)
dropped from 5 meq/100gr soil at 0-5 cm depth to 2.5 meq/100gr
soil at 15-35 cm depth. Corrected by the gravel content and
related to the soil volume ECEC dropped from 7-5 meq/100ml soil
at 0-5 cm depth to 2.0 meq/lOOml soil at 15-35 cm depth.
Additionally a low water retention can be assumed due to the
high gravel content. Subsoil-ECEC was almost as high as in the
top soil.
Water regime
During the cropping season total rainfall was 1116 in 1988
and 1049 mm in 1989- Runoff was measured in 1989- The total
amount of runoff water was 41.7 mm in monocrop and 21.0 mm in
alley cropping. Runoff was less than 5% of the total rain and
can therefore be neglected. Frequency distribution of soil
water tensions during the cropping season in 1988 is shown in
Table 1.
Table 1.

Frequency distribution (number of days) of soil water
tensions in alley and monocropping 1988.
Alley cropping Leucaena row
range of
tensions
(cm WC)

depth (cm)
70
90

110

130

59

1')
28

28
1

50
15

56

10
22
41

40

49

Alley cropping interrow spa ce
21
50
13
57
82
10 to 50
115
113
11
0
0 to 10
3
0
2
0
0

17
87
35
0

10
3<;
6?
31

12

J 1
29
42

Monocropping control
61
50
10 to 50
78
0
0 to 10
0
0

7
51
61
20

15
21
42
61

50
10 to 50
0 to 10
0

10

30

50

44

24
114
1
0

17

14

15

110
12
0

96

80
4
1

21
118
0
0

10
119

8
0
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27

52
48
0
7
44
87

57

Soil water tension mainly ranged between 10 and 50 cm water
column (WC) in the upper layers. With increasing depths higher
water saturation was more frequent. Tensions higher than 50cm
WC occurred in 1988 most frequently at 10 cm depth, with
frequencies decreasing with depth. In 1989 the same pattern
prevailed but under alley cropping the number of days with
tensions higher than 50 cm WC increased from 70 to 130 cm depth.
This was partly due to subsoil still being dry when measurements
started. Tensions of more than 50 cm WC were observed more
frequently in deeper layers under alley cropping than under the
monocrop. Low tensions and waterlogging occurred more often
with increasing soil depth. Due to the low soil water tensions
the water gradients were mainly positive throughout the soil
profile. The water regime during the growing season was therefore dominated by downward displacement. The plane of zero
flux was predominantly less than 10 cm deep (Table 2). This
was more pronounced in 1989> while in 1988 on a greater proportion of days the plane of zero flux was deeper than 10 cm.
On more than 83% and 93? of the days the plane of zero flux
was less than 30 cm deep in 1988 and 1989, respectively. In
both years the plane of zero flux did not drop below 70 cm
depth. When water shortage occurred in the topsoil a second
plane of zero flux appeared in the subsoil between 70 and 100
cm depth under alley cropping or soil water tensions increased
faster than under monocrop, indicating a second zone of water
and nutrient uptake. This is expressed in the higher number of
days on which water tensions were higher than 50 cm WC and the
higher number of days in higher ranges of tension under alley
cropping than under monocropping. The latter was more pronounced in 1988 than 1989 due to a depression in rainfall in
August 1988.
Table 2.

Frequency distribution (number of days) of the depth
of the plane of zero flux under alley and monocropping
Figures in brackets show the relative portion in %
Place of zero flux not deeper than
70 cm
10 cm
30 cm
50 cm

1988
Leucaena row
interrow space
monocrop

103 (7D
67 (46)
85 (59)

30 (21)
60 (41)
35 (24)

2 (1)
18 (12)
22 (15)

1989
Leucaena row
interrow space
monocrop

117 (73)
128 (80)
125 (77)

33 (21)
27 (17)
28 (17)

10 (6)
5 (3)
7 (4)

10 (7)
2 (1)
2 (1)
1 (1)
1 (1)
1 (1)

Nutrient regime
The pattern of changes with depth of Potassium, Calcium,
Magnesium and inorganic Nitrogen (nitrate and ammonia) concentrations in the soil solution was different in the two positions within the alley cropping system and under monocropping.
Figure 1 showes typical examples for the nutrient distribution
(averages of two replicates). Generally N, Ca and rig cone.
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were higher in topsoil under the Leucaena row than in the interrow space. In 1988 cone, of N, Ca and Mg were higher directly
under the Leucaena hedgerow in the topsoil and decreased with
depth, but they were lower in the topsoil of the interrow space
and increased with depth. Maximum cone, were determined at 70
and 90 cm depth. There was a tendency of decreasing cone,
towards 110 and 130 cm depth. Patterns in 1989 were similar to
1988 but in both positions cone, increased from 10 to 70 cm
depth and decreased to 110 and 130 cm depth. N, Ca and Mg
cone, in the topsoil under monocrop were mainly lower than in
any of the positions under alley cropping. At 110 cm depth N,
Ca and Mg cone, were either close to or higher than cone,
determined in the interrow space. There was no tendency of
decreasing cone, towards 110 cm depth as observed in alley
cropping. Potassium cone, showed different pattern in both
years. In 1988 K cone, were lower under the Leucaena row
throughout the soil profile and decreased in both positions to
130 cm depth. Under monocrop cone, were as high as in the
interrow space. In 1989 K cone, were higher under Leucaena in
the top soil decreasing with depth. The K cone, under monocrop showed the same pattern as the other nutrients.
Higher nutrient cone, in the top soil under the Leucaena
rows are due to nutrient accumulation by a permanent leaf litter
fall and higher earthworm activity. The latter is related to
the better shading and lower soil temperature directly under
the Leucaena trees. The lower cone, in the top soil of the
interrow space indicates a higher nutrient uptake by the food
crops and Leucaena, while the higher cone, in the subsoil
indicate faster downward displacement and/or lower nutrient
uptake by Leucaena and therefore the risk of higher leaching
losses from the interrow space than under the Leucaena row.
The nutrient recycling ability of the alley cropping system is
shown by comparison with monocropping. Since water regimes did
not differ substantially between the cropping systems and maximum rooting depth in monocropping was 70 cm, the high nutrient
cone, below the rooting zones indicates that higher leaching
losses are to be expected. Amounts of nutrients recycled in
alley cropping is shown in table 3- At a fertilizer level of
60 kg/ha N, 30 kg/ha K, 30 kg/ha P and 130 kg/ha Ca, mulching
the prunings meant that an amount of N and K equal to the
amount applied as fertilizer was applied with every pruning.
The recycling of Ca was much lower and it was the dominant
cation in the subsoil solution.
Table 3.
Pruning
first
second
third
fourth
fifth
mean

Amounts of nutrient (kg/ha) in prunings of Leucaena
leucocephala on Alfisol Ibadan 1988.
Nitrogen
58.6
54. 1
71.9
57-7
50.5

Potassium
42.2
28.0
41.2
27.6
23-9

Calcium
30.2
12.1
19.1
15.6
12.9

58.6

32.6

18.0
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Magnesium
6.5
2.9
4.8
4.4
3.1
4.3
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Conclusions
Alley cropping can reduce the downward displacement of
nutrients. The risk of nutrient losses is higher under the
interrow space. Narrowing the interrow space might reduce
losses but will decrease productivity due to higher demand for
land and labour.
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EVALUATION OF MANAGEMENT OPTIONS FOR SUSTAINABLE
AGRICULTURE IN THE SEMI-ARID TROPICS OF QUEENSLAND
R.J. Loch. G.D. Smith, and K.J. Coughlan
Soil Conservation Research Branch, Queensland
Department of Primary Industries, Brisbane, Australia.
Introduction:
For the farmer, the semi-arid tropics (SAT) is a difficult
environment. Rainfall is highly variable, soils often have
low chemical and physical fertility, and harmful factors such
as weeds, insect pests, and diseases vary from year to year.
There is, therefore, a high risk of yield shortfalls in some
seasons. Despite this high level of risk, strong
agricultural industries have been developed in the SAT of
Queensland. However, there is concern that farming methods
may lead to loss of chemical and physical fertility, or cause
erosion, thus degrading the soil resource. If this happens,
productivity will decline, farm management difficulties and
the level of risk will increase, threatening the stability of
agricultural industries.
For the scientist, the high variability in seasonal
growing conditions in the SAT also poses difficulties, and
means that reliance on computer modelling is essential.
Without models to allow extrapolation of data to longer time
scales, conclusions based on yield responses in one or two
seasons can be quite misleading. Field experiments must be
run over several years to try to sample a representative
range in seasonal growing conditions. This is costly, and
the technology being studied may become obsolete before it is
fully evaluated.
Research Approach Adopted:
The Soil Conservation Research Branch of the Queensland
Department of Primary Industries was formed to research and
develop soil management practices for tropical and subtropical agriculture. It is comprised of soil scientists,
soil conservationists, agricultural engineers, and
agronomists. With the support of others within and outside
the Department, and of collaborators in other countries, it
takes an integrated approach to developing management
systems. The Branch has field research studies at 11 sites
in Queensland, and is collaborating in studies at the
International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) in India, and in studies supported by the
Australian Centre for International Agricultural Research
(ACIAR) in steeplands in the Philippines, Malaysia, and
Thailand. We have also been involved with the International
Board for Soil Research And Management (IBSRAM) in developing
a number of soil management networks.
The basic research approach adopted by the Branch evolved
from perceptions that:
(i)
Resources are limited, and the number of researchers,
field trials, and hence, volume of data, is small.
(ii) Problems to be resolved extend across a range of soils,
climates, and forms of agriculture.
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(iii) Recommendations to farmers must give probabilities for
outcomes on the basis of soil characteristics and
variations in weather, especially rainfall. Also, to
ensure farmers' acceptance, systems should be
productive, profitable, and not merely conserve soil.
The goal is to understand the principles of the systems of
interest, and to develop computer models that allow the
results to be applied generally in space and time. Models
that integrate a range of process-based sub-models, to
simulate management or cropping systems (in conjunction with
strategic field studies), provide the best means of achieving
this goal. Process-based sub-models are used because the
data base likely to be available is too small to allow the
development of empirical models. A major difficulty in using
predictive models is the availability of parameters, so the
models adopted are. those for which parameter derivation is
practible. Similarly, where measurements or tests were
developed, it is essential that the tests can be interpreted
quantitatively in terms of field soil behaviour.
Research is carried out at a range of scales to gather
basic data and information on processes. This information is
integrated by development or adaptation of process models.
At a higher level, various models are brought together to
simulate systems and evaluate impacts of weather, various
management options, or longer time periods.
Examples of Research Results and Application:
(i) Process Research - Surface sealing under rain
Seasonal rainfall often limits production in the SAT of
Queensland. Surface sealing under intense rain adds to this
problem by restricting soil water storage and increasing
runoff and erosion. There is concern that cropping practices
aggravate this problem by reducing aggregate stability, and
measurements of aggregate stability are widely used to assess
effects of alternative management practices. However, there
is a widespread lack of confidence in the results obtained
from traditional methods of assessing stability, so we needed
a test that could be used with confidence to compare soils
and management options.
It seemed logical that, if surface sealing is of concern,
then the part of the soil under rain that should be studied
is the surface layer where a seal forms. A method for
sampling the surface seal layer was developed by Cleary et
al. (1987), but there remained the question of what size
fraction causes surface seal development. Glanville and
Smith (1988) had shown correlation between particles <0.125
mm and infiltration for a limited number of soils, and the
importance of this size fraction in surface seal development
for all soils was shown by Loch (1989). Because surface
seals are observed to form when drops cannot inject water
into the soil, but instead compact and flatten the surface,
Loch (1989) calculated pore sizes for which water at the
terminal velocity of raindrops could not be forced into pores
by the pressures reported to be developed by drop impacts.
This analysis suggested that surface seals form when the soil
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surface is dominated by pores <0.015 mm, and hence, by
particles (both aggregates and single grains) approximately
<0.125 mm. This size range is measured by wet sieving.
For field studies of infiltration of simulated rain with
intensities of 60-100 mm h~1 and drop energies consistent with
that intensity range (Rosewell 1986) into initially dry,
bare, relatively finely tilled soils, the % of material
<0.125 mm in the surface seal layer (measured either for the
field plots or from companion laboratory studies) was
strongly correlated with steady infiltration rates (R2 =
0.81). Hydraulic conductivities of the surface seal were
also strongly correlated with the % <0.125 mm (R2 = 0.67).
The 22 soils studied ranged from cracking clays to sandy
loams, clay contents ranged from 65 to 8%, and Cation
Exchange Capacities from 65 to 2 m.equiv./100g.
Apart from the direct value of a laboratory test that
gives field soil hydraulic properties, the test is also
valuable for assessing changes in soil stability under
different management practices. Table 1 shows that for
several tillage experiments in Queensland, differences in
aggregate stability between a range of tillage practices
(including direct drilling and stubble retention) were
relatively small. When compared with the increases in
infiltration obtained when rainfall energy was eliminated by
placing a mesh screen over the soil surface, it is clear that
conservation tillage has given little increase in
infiltration due to improvements in aggregate stability under
rainfall, but there is potential for large improvements in
infiltration if those same practices can similarly protect
the soil surface from raindrop impact.
Table 1:

Soil

Oxisol
Vertisol
Alfisol
Alfisol

Potential increase in steady infiltration rates
associated with the largest observed decreases
in the % <0.125 mm for each tillage trial, and
effects of rainfall energy, (based on relations
between size distributions in the surface seal
layer, drop energy, and steady infiltration
rates).
RangeA in Increase" in steady Potential increase1"
% <0.125 mm infiltration rate in steady infiltr.
under high
of high energy
rate due to removal
of rainfall energy
energy rain
rain (mm h~ )
(mm h"1)
13
31
51
27

-

18
37
58
33

6.1
3.6
1.9
4.2

42.1
25.9
15.1
28.7

A: range across tillage treatments from most to least stable.
B: predicted increase in infiltration due to difference in %
<0.125 mm between most and least stable treatments
C: for least stable treatment
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(ii) Sub-System models - modelling catchment hydrology using
a modified Green and Ampt approach
We are interested in modelling the impact of land
management practices on catchment hydrology, and therefore,
need parameters that describe the infiltration properties of
the soil and the effects of management practices on overland
flow.
Soil hydraulic properties can be measured rapidly and
efficiently on small rainfall simulator plots, and our
approach allows data from the small rainfall simulator scale
to be applied at the larger catchment scale. The Green and
Ampt infiltration equation (which calculates infiltration
rate as a function of hydraulic conductivity, soil moisture
deficit, depth of the wetting front and suction at the
wetting front) was adopted. A Green and Ampt equation
modified to describe surface seal development in terms of
hydraulic conductivity declining with time under rainfall
(Moore and Larson 1980) was applied to a three layer soil
system (Connolly et al. 1990).
To convert calculations of excess rainfall to runoff, the
modified Green and Ampt infiltration equation was
incorporated into two catchment models: KINCON (KINematic
wave design of CONtour bank systems)(Connolly et al. 1988),
and ANSWERS (Areal Nonpoint Source Watershed Environment
Response Simulation) (Beasley et al. 1980) .
The KINCON model was developed specifically to aid design
of soil conservation structures (contour banks or graded
terraces). The model calculates a hydrograph for each
contour bank channel using Kinematic Wave theory to describe
overland and channel flow. Sallaway et al. (19 89) found
KINCON gave accurate prediction of hydrographs from 10 ha
catchments on a Vertisol in central Queensland, using soil
hydraulic conductivities measured on rainfall simulator plots
on a similar soil in southern Queensland. The model also
simulated effects of cover and roughness on runoff very well
(Sallaway et al. 1989) .
Subsequently, KINCON has been used to develop
specifications for design of very long contour banks in areas
of low slope in south-western Queensland (Connolly, pers.
comm.).
ANSWERS is a distributed parameter model. That is, it
attempts to incorporate data on the spatial variation of
parameters of interest (soil type and hydraulic conductivity,
topography, surface cover, and management, for example). The
model treats a watershed as a grid of square elements, with
each element small enough that parameter values within each
element are essentially uniform.
The Holtan infiltration
equation used in ANSWERS was replaced with the modified Green
and Ampt equation, and ANSWERS was tested for a Vertisol in
southern Queensland. Using hydraulic conductivities derived
from 1 m rainfall simulator plots, it accurately predicted
hydrographs for 88 m rainulator plots under simulated rain,
and for 0.07 and 3.2 ha catchments under natural .rain
(Connolly et al. 1990) .
Neither test of the KINCON or ANSWERS model used any
fitting, demonstrating that with adequate models, it is
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possible to measure parameters at a relatively small scale
and use them to successfully model relatively large field
areas.
Subsequently, the ANSWERS model has been used in planning
flow control structures in complex catchments, where other
catchment models could not be used due to a lack of data from
gauged catchments. The modified Green and Ampt equation in
the model means that rainfall simulator data can provide
parameters for such applications. In one catchment, the
ANSWERS model demonstrated that if all farmers in the
catchment adopted strip cropping to spread flood flows on
floodplain areas, drainage structures on district roads could
be reduced in size by up to 60% (Titmarsh pers. coram.).
(iii) Systems models - Modelling cropping systems with
PERFECT
The long-term cropping system simulation model, PERFECT
(Productivity, Erosion, Runoff Functions to Evaluate
Conservation Techniques) (Littleboy et al. 1990) was
developed as a modelling environment rather than a single
model. The user can select different algorithms for
estimating runoff, drainage, erosion, tillage, and crop
growth. These sub-models include detailed crop and process
models from various sources. The model can predict effects
of fallow management, crop variety, time of planting,
progressive soil erosion and climate change on soil water,
runoff, deep drainage, erosion, and crop yield.
As an example of the use of PERFECT, wheat yields were
simulated over 70 years of climatic record, for deep and
shallow Vertisols, with soil erosion removing either soil
water storage capacity, soil nitrogen, or both. Average
annual soil losses of 14.5 t ha-1 and 23.0 t ha"1 were
predicted for the deep and shallow soils respectively.
Losses of both water storage capacity and nitrogen had little
effect on yield from the deep soil. For the shallow soil,
yield reductions of approximately 20% were caused by the loss
of either water storage capacity or nitrogen, but combining
the effects of losses of water storage and nitrogen caused
yields to collapse by about 80% after some 35 years. Data
for a wider range of sites have been presented by Littleboy
et al. (1990), and were found to give comparable data to
those obtained from experiments that used scalping of the
soil surface to simulate erosion.
Other applications of the model include assessment of the
suitability of land for cropping and comparison of cropping
systems. Our ability to use this modelling approach with
confidence is based on validation against a wide range of
data from otherwise unrelated field studies.
Conclusions:
Our approach is similar to that of Dumanski (1989), who
outlined the use of crop growth models and weather data to
illustrate the effect of soil properties and growing season
conditions on crop yields and to analyse risk for Canadian
soils. However, we also aim to model physical and
hydrological processes so that we can evaluate effects of
management practices on risk in particular seasons, and so
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that long-term cumulative effects of various tillage/cropping
systems on productivity can be evaluated. This allows the
sustainability of various systems to be assessed. This
approach is ideally suited to highly variable environments,
where few investigative resources are available, and where
farming systems may alter the quality of soil resources.
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Summary:
For areas where soils and climate are highly variable, the
use of process-based models to integrate results of research
at a range of scales and locations is an effective means of
applying the data to a wider range of locations and time
scales. Further, a range of process-based models can be
considered within the framework of a more general systems
model, to derive recommendations for land users.
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A GENERAL OVERVIEW ON THE EFFECT OF AGRICULTURAL SYSTET1S ON THE QUALITY OF SOIL IN THE SEMI-ARID REGIONS OF IRAN
A. Farshad
International Institute for Aerospace Survey and Earth Sciences (ITC)
Enschede, the Netherlands
Introduction:
Almost 1/3 of the country's surface area consists of semi-arid regions.
These can be divided into five sub-regions on the basis of average annual
rainfall and mean monthly temperature. Physiographically these are mountainous areas, i.e. hills, ridges, and the inter-mountain valleys (elevation:
±200 to 2,000 m a.s.1.). Agricultural activities are mainly concentrated in
the inter-mountain valleys, although the steep slopes of the mountains are
also used. The dominant soils are generally calcareous, locally gypsiferous,
saline/alkaline and/or gravelly and shallow; demanding special management.
Water resources are deep wells (substitute of the traditional Ghanat: an underground tunnel dug into an aquiferous layer at a depth varying from HO to
300 m ) , springs, rivers and the lately constructed huge dams.
In this study, the Glasod approach has been used to map human-induced
soil degradation features occurring in the semi-arid regions of Iran, making
use of GIS facilities available at ITC, the Netherlands.
Agricultural systems; their generalized features:
The major agricultural systems are dry-farming, irrigated-farming, and
nomadic-farming, with the following (generalized) rural/agricultural features (a picture of over 30 years ago):
- Land-ownership: land was owned by (a) the state (public domain), (b) village communities (tribal holdings), (c) Royal family, (d) Owghaf holdings
(religious endowment), (e) large and smaller land owners (all as absentees). Seldom actual farmers owned the land. In almost all types of absentee ownerships the system of share cropping was common, often not to the
benefit of the (oppressed) farmer.
- Farm size: not expressed in metric system, but in qualitative terms (Joft,
Khish, Jarib). Each share cropping farmer had 'Nasagh'rights on both poor
and suitable lands. These turned out to be a complicated problem in the
execution of (the indispensable) land reform.
- Land preparation: done in a traditional way using draft animals and very
simple equipments; regardless of any conservation measure.
- Soil management: traditional way of promoting fertility through crop rotation and fallowing the land, and/or manuring.
- Livestock/animal husbandry: this activity was often at a subsistance level.
The nomadic pastoralists, concentrated mainly in the mountain ranges (Zagros and Elborz) were very much dependant on the natural pastures.
- Off-farm activities (role of women and the pressure exerted on them): women, next to their normal occupations in house-keeping, contributed to
cover a part of the family expenses through handicraft (e.g. wool carpets)
Soil degradation; strategies which could solve the problem:
With the increasing population pressure, the general welfare development,
the introduction of modern techniques in agriculture, water supply, and irrigation, the traditional agricultural systems became outdated. In this context several measures were taken, of which ultimately a few (e.g., land reform) failed, partly due to mismanagement. The failures were considered to
contradict the ambitious political objectives intended to rapidly convert
Iran into a developed westernized country. This resulted in encouraging industrialisation, leaving agricultural development in the stage of natural
evolution.
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The newly confused agricultural systems brought about some new problems,
accelerating soil degradation (see table).
' -^J^actors (cau1
— « ^ ^ ses
Human- indue ecT^--^.
soil degradation
Water erosion
++
0
Wind erosion
Salinization/
alkalization
0
++
Flooding
Aridification
X

2

3

4

5

6

7

8

9

10

++

++
++

0

0
0

+
0

X

+

0

+

0
0

++

0

++

++

X

0 0
++ ++

0
0

++

X

++

++

++

0

0

0

++

+
0

+

+

+
++
+

++

X

X

++

X

X
X
X

++

X

+

0
0

11

12

•/.

1
2
3
*J
5
6
7
8
9

: Cutting/uprooting trees for charcoal making (in mountainous areas)
: Cutting natural vegetation for fuel and medicinal uses (in plains)
: Overgrazing pastures (both in sloping and flatter areas)
: Long-fallowing (on sloping areas, also in the flatter areas)
: Misirrigating the potentially saline/alkaline soils
: Misusing the surface water
: Misusing the aquifers through overexcavating deep wells
: Deep plowing of shallow/-potentially saline/alkaline soils
: Mismanagement in application of fertilizers/insecticides (eutrophication/pollution)
10: Carelessness in land conservation
11: No erosion control on adjacent monile sands (dune/sand sheets)
12: Industrialisation regardless of the people's agricultural background
++: Direct strong influence; +: Direct moderate influence; 0: No-weak influence; x: Indirect influence on the quality of soil; x: Farmers who
cannot cope with the newly developed situations migrate to larger towns,
attracted by the urban mirage
The following strategies, contributing to soil degradation control were
planned and/or executed:
1,2,3, Nationalizing forests and pastures in order to exert more control;
10,11: afforestation/reseeding of catchment areas, sedentarisation of nomads,
stabilizing dunes in the adjacent arid parts in order to diminish the
off-site effects.
5,6,7: Nationalizing water resources, constructing dams, establishing irrigation projects, applying drip-irrigation;
land reform, establishing agricultural extension corps (also health
and education corps) to teach/train villagers, population growth
control.
12
: Choosing industrialisation and rather giving up hopes for agricultural/rural developments, which was based on the ambitious idea of a
quick development, i.e. to attain 'the golden gate of the great civilization' . In this connection, agro-industry received some attention too.
Table: Soil degradation types, causes, and measures to overcome the problem
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MANAGEMENT-INDUCED SOIL-STRUCTURE PHASES, RELATED
PHYSICAL PROPERTIES AND SIMULATED LAND QUALITIES
H.A.J, van Lanen and O.H. Boersma
The Winand Staring Centre for Integrated Land, Soil and
Water Research, P.O. Box 125, Wageningen, the Netherlands
INTRODUCTION
To evaluate changes in soils caused by management systems under a wide
range of site conditions, field observations combined with simulation
modelling can be useful. The effects of soil management systems can
easily be recognized as different soil-structure phases in a particular
soil series. These phases are characterized by physical properties and
simulated land qualities, such as water deficit, aeration and
workability. The properties and qualities provide quantitative
information on physical soil degradation and regeneration as demonstrated
for some Dutch medium-textured soils by Van Lanen et al. (1987).
METHODS
At maps on farm scale, various soil management systems such as
permanent pasture, young arable land and old arable land, can
reproducibly be recognized by soil surveyors within a particular soil
series. Different soil-structure phases are first observed by
conventional methods (e.g. soil-structure descriptions, penetrometer
resistances, bulk densities, moisture contents). These phases, which are
a reflection of different management systems, can then be further
characterized by measuring rooting patterns and physical properties, such
as pore geometry, soil moisture retention (Q-h), hydraulic conductivity
(k-h) and bypass data. These data are used as input for a dynamic
soil-plant model that simulates transpiration, pressure head and
air-filled porosity with time and/or depth. The model is applied to
different soil-structure phases occurring in sandy loam and clay loam
soils (Eutric Fluvisols or Typic Fluvaquents), on which potatoes are
grown.
The land quality water deficit can directly be derived from the daily
difference between simulated potential and actual transpiration. Soil
aeration and workability are derived from simulated daily air-filled
porosities and pressure heads, respectively, and crop- and soil-specific
threshold values. Probability estimates are determined by running the
model with a 30-years1 record of Dutch historical meteorological data.
Differences in soil properties and land qualities between different
soil-structure phases, which are induced by particular soil management
systems, provide quantitative expressions for physical soil degradation.
RESULTS
Usually, the soil-structure phases occurring in arable land have
higher penetrometer resistances, smaller macro-porosities and fewer
continuous pores than the soil-structure phases, which can be found in
permanent grassland. Furthermore, soils with secondary ploughpans have
worse properties than those with a primary ploughpan. Hence, rooting
patterns and hydraulic properties {Q-h and k-h) of the soil-structure
phases are significantly different in general. These data particulary
affect simulated transpiration, pressure heads and air-filled porosities
and therefore also land qualities, as is illustrated in Figure 1 for four
different soil-structure phases in a Dutch sandy loam soil. The water
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deficit of a potato crop
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Fig. 1. Cumulative frequency distribution of water deficit (left) and
workable days from 10 to 20 April (right) for different soil-structure
phases in a Dutch sandy loam soil.
grown on arable land belonging to a particular soil series changes with
the soil-structure phase. The occurrence probability of a particular
water deficit for soils with a primary ploughpan is lower than for
similar soils with a secondary ploughpan. Furthermore, water deficit and
machinery-work days for soils with a soil-structure phase of arable land
is lower than for soils with permanent grassland (Fig. 1 ) . Machinery-work
days are defined as the percentage of days that a particular number of
workable days is exceeded.
CONCLUSIONS AND DISCUSSION
Soil-structure phases within a soil series, which can be easily
recognized by soil surveyors, are useful properties to recognize effects
of different soil management systems. Subsequent characterization of
these phases by measuring physical properties and simulating land
qualities provides quantitative information on physical soil degradation.
This is expressed in terms of lower occurrence probabilities of
particular water deficits, workable days and days with adequate soil
aeration.
If the soil-structure phase of permanent grassland is assumed to be
the most favorable one, maximum effects of soil structure regeneration
can be derived by comparing the results of the soil-structure phase of
permanent grassland with those of arable land.
As long as comprehensive machine-soil-crop models are not operational,
use of soil-structure phases recognized in the field, combined with the
application of already validated submodels, e.g. a soil-crop submodel,
can be very useful to extrapolate results of expensive field experiments.
REFERENCES
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TRANSFORMATION OF THE HEAVY BOGGED SOILS AFTER DRAINING

L.K.Tselishcheva*, J.A.Kapilevich**
* Institute of Geography of the USSR Academy of Science,
Moscow, USSR
ï5
Institute of Water Economy and Reclamation, Minsk,
USSR
The subject of study was the catena of heavy bogged soils
developed over carbonaceous lacustrine-glacial varved clays.
The region of study is in the north of Byelorussia. This is a
plain wil low hills and numerous depressions. Plain areas
have middle Epigleyic Fodzoluvisols, depressions - Epigleyic
Pozoluvisols with weakly developed eluvial horizon, elevations have light Epigleyic Fodzoluvisols. The soil catenas differ in hydrological regimes, showing a variety of hydromorphic features and different levels of lessivage.
Before draining was done 20 years ago in the light gleyic
soils excessive moisture amounted to 10-20 mm, in the middle
gleyic soils - 20-90 mm, in the Epigleyic Podzoluvisols - up
to 200 mm. After draining, the middle gleyic soils were completely freed of the spring overmoistening, and the middle
gleyic and gleyic soils have been retaining the gravitational
moisture for shorter periods. The period of moisture shortage
in the upper soil stratum of all soils became nearly twice
longer.
Following the changes of water regime the morphological
and physical-chemical soil characteristics changed, too. 20
years of observations explicated that in the humus horizon of
the light gleyic soils in 5-6 years the abundance of Fe-Mn concretions diminished, and a clear microstructure with a developed net of interaggregation pores has been formed. In the
middle gleyic soils the significant changes of the cultivated
horizons took place later, 7-8 years after draining, when the
blocky structure was transformed into finer crumb structure.
Further changes of structure are insignificant. The gleyic
soils for a longer time maintain the original morphology of
the humus horizon. Not before 10 years after draining the intensity of dark colouring decreased, the amount of vegetation
residues became notably lower, compaction of the horizon increased, and the structural characteristics somewhat degraded.
A specific feature of the cultivated horizons of the drained soils is their heterogenic colouring that is most clearly
pronounced at the microstructural level. This is due to more
intensive mineralization of the organic matter, enhancement
of the eluvial processes and depletion of the clay plasma and
hydroxides. Besides, draining allows for deeper tillage involving the eluvial horizon. Frangments of this horizon add to
heterogeneity of colour. Transformation of the morphology of
cultivated horizons fully agrees with the humus dynamics. After draining there is sharp reduction of humus concentration;
it is stabilized 5-10 years later, depending on the soil. Further changes of humus concentrations are possible, but their
rates are lower.
Changes of the eluvial horizon have the same trends: gradual
increase of density, albufication and platy structure, formation of abundant concretions and mottles producing spotty coVI—223

louring. These structural features become stable 7-9 years after draining, and stay practically unchanged in the subsequent
years. Numerous humic spots and tongues that developed after
draining are maintained for 15-16 years, gradually disappearing afterwards, indicating stabilization of humus formation
under drainage regimes.
Microstructure of the eluvial horizons of the drained soils
differs from their undrained analogues by abundance and greater areas of plasma depletion; plasma is present there in the
form of interrupted curtains over the mineral grains. Simultaneously, fresh thin clay curtains are formed in the pores. As
a result of removal of the fine dispersed material, content of
the silt fraction in the humus horizon decreases by 2-5%, and
in the eluvial horizon - by 4-10%.
Transformation of the illuvial horizons is marked no earlier than 10 years after draining, and is represented by structuralization. The light gleyic soils develop a solid sub-angular blocky structure. Peds are fixed by thin clay curtains
often containing humus. The middle gleyic and gleyic soils develop vertical fractures because of sharp jumps of moisture
contents in the periods of dessication and overmoistening;
this results in formation of the coarse prismatic structure,
and below - of the subangular blocky structure. Clayey curtains are richer in humus.
The above mentioned changes of the morphological structure
of the soil profiles correspond to changes of the filtration
coefficient (CP): the greatest is in the cultivated horizon
ofthe light gleyic soil in the first 4 years after draining,
succeeded by slower increase of CP for 9 years, and then stabilization till the end of observations. CP reaches 0.9 m/day
in the cultivated horizon, and 0.09 m/day in the illuvial horizon. In the middle gleyic and the more so - in the gleyic
soils this sharp increase of CP in the initial phase has not
been observed. Their filtration characteristics change more
gradually, and the phase of stabilization takes place in the
middle gleyic soils after 12-13 years, and in the gleyic soils
- 16 years after draining. CP is significantly lower: 0.7 and
0.4 m/day in the cultivated horizons and 0.07 and 0.03 m/day
in the illuvial horizons of the middle gleyic and gleyic soils,
respectively. Thus, in the period of observations, CP in the
cultivated layer of the light gleyic soils increased 8 times,
in the illuvial layer - 2.5 times, and in the middle gleyic
and gleyic soils - II and 17, and 13 and 21 times, respectively.
Enhancement of the filtrational capability of the drained
soils under the regimes of sufficient atmospheric precipitation can be interpreted as a factor of intensification of the
leaching regime in these soils, resulting in acceleration of
the processes of decomposition and removal of the organic matterial, eluvial-illuvial redistribution of the mineral material and enhancement of segregation of Pe and Mn hydroxides. The
main trend in the formerly bogged, now drained soils that we
have studied, is enhancement of lessivage and formation of the
albic horizon, and reduction of the gleyification process.
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DIAGNOSTICS, CAUSES AND ELIMINATION OE PHYSICAL
DEGRABATION PROCESSES IN NONIRRIGATED CHERNOZEMS
V.V.Medvedev
A.N.Sokolovsky Ukrainian Soil Research and
Agrochemistry Institute, Kharkov, USSR
The object of this investigation is the quantitative description of the physical codition of chernozems undergoing
superfluous influence and for this reason deteriorating their
agrochemical qualities, and developing of ways to their improvement. The investigation objects were chernozems typical,
ordinary and south medium and clay loamy of the left-bank Ukraine; their anthropogenic transformation was controlled
through indices characterising texture,.micro- and macrostructure, pores, physical and water properties and micromorphological configuration, and determined by accepted in the USSR
nethods.
On virgin or waste lands agrophysical properties of chernozems are characterized by steady in time
parameters of the
equilibrium density of I.06-1.18 g cm~x(0.90-1.40*), content
of structural aggregates of the agrgnomically valuable size
about 10 to 0.25 BP near to 80% (66 ) with their water-stability about 55%(33r), mechanical strength 80%(7I^), and porosity 42%I4CT). The water permeability in 6h control is 65-80
mm/h (55 ). On virgin land there is recorded a stable relation of the basic soil makeup components - various pores (inter- and intraaggregate) and aggregates in a soil volume. The
differential porosity has a bimodal character with the favourable relation of large and fine pores which provides for the
full assimilation of precipitations, their good conservation
and a high moisture availability.
Micromorphologically the pore volumeis relatively isotropic, steady - visible porosity is 25%(2I^), the content of
nonaggregated material in pores is about I0%(27 ) with the
near to the optimum relation of visible inter- and intraaggregate pores of I:I(I.8xJT). Aggregates have basically a high
ordinality„I7-V (III-IY^) with the mounting coefficient of
0.45 (0.25 ).
A favourable level of mentioned parameters in nonploughed
chernozems is secured by the relatively high content of organic substance (5%), its strong bound with the mineral part
of soil having a high content of fine dispersed material
with predominantingly polyvalent cations in the colloidal
coaplex, considerable specific surface and hydrophilicity.
For this reason virgin chernozems are characterized by the
high ability to macroaggregation. Nearly all fine mechanical
elements are involved in micro- and macroaggregates; the
ability to aggregation of separate mechanical elements is
distinctly revealed to the size of 0.01 mm.
Long-term ploughed chernozems have a low agronomic value
of the soil structure, the quantity of densed pseudostructux Corresponding indices for old arable chernozems. Differences are reliable by probability levels of 0.99, 0.95 or 0.90.
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res in them increases, the root mass decreases, cloddiness
and crust appear, the structure hardening in subsoil is observed. The relation of basic soil makeup components sharply
changes. The differenti&l porosity gradually changes from bimodal to modal, characterised by predominance (by equilibrium
density) of fine pores which do not secure the full assimilation of precipitations and good conservation of them.
Deterioration of chernoz^me agrrophysical characteristics
proceeds as a result of decrease
in organic substance content to 3.9% and considerable increase in its lability. Specific and active surface, hydrophilicity and hydrophobicity
change simultaneously. At the same time the aggregating ability of mechanical elements of the long-term ploughed arable
land to formation of micro- and macrostructure maintains on
the sufficiently high level and the deterioration of agrophysical characteristics is not irreversible. This thesis is
a theoretical basis for chernozems directed restoration by a
rationalistic management of factors of agriculture intensification.
Under conditions of the state crop testing stations, experimental stations vith completely provided with fertilisers test variants - agrophysical characteristics of chernozems testify to a high development of chernozems, which under production conditions is medium and even low.
Methods used in production for conservation and improving
of agrophysical characteristics of chernozems are insufficient effective. The sought for improvement may be reached by
the use of a measure complex (increasing in a crop rotation
of close-growing crops, application of manure, calcium containing substances, minimalzation of tillage) and especially
by creation in separate parts in the top soil of corresponding moments of the structure composition and density (with
the due regard to crop demands, supply of moisture and nutrients). By creation and maintenance of the optimum soil
structure composition in subseed and subsoil layers the optimization of water-air regime, most effective use of mineral fertilizers appreciable crop yields are reached. And
most important is the rising of chernozem stability against
unfavourable influences.
On the basis of long-term investigations the main agrodemands are formulated to the tillage technology and in the
main to the new class of combined machines able to create
the optimum soil structure composition and density in separate parts of top soils, to apply fertilizers and to carry
out the crop sowing.
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EFFECT OF PADDY-UPLAND SOIL MANAGEMENT ON PRODUCTIVITY OF
RICE IN HACHIROGATA RECLAIMED FIELDS
Yoshihiro KANETA* and Hiroshi NAGANOMA
* Akita Agricultural Experiment Station, Akita, Japan

INTRODUCTION
Before reclamation,the Lake Hachirogata, existed in Akita
Prefecture, was the second largest lake in Japan. The construction of reclamation started in 1957, and born 17,203 ha
new land in 1966. Every farmer (589 farmers in all) has 15 ha
for arable land and each field area is 1.25 ha.
H e a v y c l a y soil m a k e up 9 0 % of t h e t o t a l a r e a of
Hachirogata reclaimed land. It has a fine soil texture and
slow and shallow soil structure development. Therefore, it is
more difficult to drain and dehydrate soil than other soil. At
first, the polder has been used mostly for paddy cultivation.
But, because of undrained soil, agricultural machine could not
carry out well. And, the intensification of rapid reduction of
soil due to decomposition of rice straw inhibited the growth
and nitrogen absorption of rice plants. Therefore, the average
yield of rice in Hachirogata, from 1968 to 1978, was 493kg/10a
and was lower than that (545kg) in Akita Prefecture. It was
necessary for a stable high yield of rice to promote drying
soil and developing soil structure.
From 1975 upland-paddy
rotational system, such as wheat-soybean-rice, was started in
Hachirogata. The rotation system which showed higher yield of
rice as compared with the rice-rice system conducted in succession. The average yield of rice, from 1979 to 1984, was
579kg/10a and exceeded that(542kg/10a) in Akita Prefecture.
The purpose of this study is to investigate the process of
nitrogen uptake of rice plants, and to evaluate and estimate
the soil nitrogen mineralization from the subsoil of paddy
fields rotated from upland fields compared with continuously
rice-cultivated paddy fields.
MATERIALS AND METHODS
Experimental fields: Rotational paddy fields which were
converted from the state of upland fields in which soybean was
cultivated
and continuous paddy fields in Ogata Branch of
Akita Agricultural Experiment Station (today, Ogata F a r m ) ,
Japan were used.
N u p t a k e : The nitrogen uptake of rice plants from fertilizer and soil was investigated using • 5 N as a tracer.
N uptake from subsoil: The nitrogen uptake of rice plants
from subsoil was estimated by the difference in the amount of
N uptake absorbed by rice plants between control (natural)
plots and top soil plots. In the top soil plots, filter cloth
was inserted between topsoil and subsoil layers to prevent
plant roots penetration into the subsoil.
RESULTS
Physical properties of soil
Soil temperature of rotated paddy fields from the state of
upland fields was higher than the fields in which
rice was
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continuously cultivated. The oxidized soil layer of rotated
paddy fields was thicker than that of continuously ricecultivated paddy fields. And, the thickness of the oxidized
layer decreased by 10 cm each year in paddy fields which were
converted from the state of upland fields. At the subsoil in
rotated paddy fields, soil structure developed and gaseous
phase ratio increased.
Yield of rice
The yields of rice in the rotated paddy fields were greater
than in the continuous paddy fields. The stable average yield
was 700kg/10a in the rotated paddy fields, 600kg/10a in the
continuous paddy fields. There is a close relationship between
the number of spikelets per unit area and the yield of rice.
In the rotated paddy fields, the increase in rice yield approached a plateau when the number of spikelets exceeded
45,000/nf . In paddy fields, the increase in rice yield approached a plateau when the number of spikelets exceeded
38,000/nf . In rotated paddy fields, a decrease in the percentage of ripened grains was lower than in paddy fields.
Nitrogen uptake of rice
In the rotated paddy fields, root of rice plants
extended
more deeply and this activity was higher than that in paddy
fields. The 2nd year of wetland cultivation after upland use,
the amount of absorbed nitrogen in the rotated paddy fields by
rice plants was more than that in the paddy fields. Particularly, the amount of absorbed nitrogen in rotated paddy
fields was large at the panicle formation stage and the harvest stage. The recovery rates of basal application were 37.5%
in the rotated paddy fields and 21.3% in the paddy fields.
Role of subsoil on nitrogen uptake by rice plants
Amount of nutrient uptake by rice plants from subsoil was
large in rotated paddy fields. At the subsoil in the rotated
paddy fields, progress of soil reduction was slower and amount
of mineralized nitrogen was more than in continuously rice
cultivated paddy fields. Amount of nitrogen uptake by rice
plants from soil at harvest time was 8.5g/nf in the c o n tinuously rice cultivated paddy fields and 15.8g/nf in the
rotated paddy fields. In continuously rice cultivated paddy
fields, 20% of nitrogen uptake was absorbed from subsoil and
65% in the rotated paddy fields.
Models for predicting nitrogen mineralization
The process of n i t r o g e n m i n e r a l i z a t i o n o f plow layer and
subsoil was fitted to a single exponential model in continuously rice cultivated paddy fields and rotated paddy
fields. After young panicle formation stage, the amount of
nitrogen uptake by rice plants in rotated paddy fields was
more than the estimation of soil nitrogen mineralization of
plow layer and was fitted to the sum of nitrogen mineralization from plow layer and subsoil.
CONCLUSION
It is concluded that productivity of rice plants can be enhanced by paddy-upland rotation management in Hachirogata
reclaimed fields. And, the amount of nitrogen uptake by rice
plants in rotated paddy fields can be enhanced by the nitrogen
uptake from subsoil through the penetration of roots into the
subsoil.
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SOIL CHANGES CAUSED BY LAND CLEARING USING BACKSLOPE
CUTTING AND FORESLOPE FILLING TECHNIQUES
M. Saito, and T. Ishiwata
Hokkaido Development Bureau, Sapporo, Japan

Land clearing, as the first step toward agricultural use of
virgin land, can considerably affect soil fertility and
management of the cleared land by causing great changes in
soil properties. In Japan acreage of land cleared by backslope
cutting and foreslope filling (BCFF) techniques have recently
increased in response to the topographical aggravation of
remaining virgin land and the progress of mechanized farming.
BCFF reforms the steep and rugged virgin land to the flatter
farmland, so mechanized farming practices can be performed
accurately and efficiently.
We investigated soil changes caused by land clearing using
BCFF techniques at several fields in Hokkaido, northern Japan.
The clearing process included surface soil treatment ( surface
soil gathering and piling at several spots in the deforested
land before BCFF and its respreading after BCFF).
RESULTS
1. A considerable amount of surface soil was scraped off to
windrows by most of land clearing machines including the rake
dozer commonly used. The main cause was not stumping but the
removal of sasa ( Sasa palmata Nakai), a
graminaceous
perennial herb. Because sasa covers most of the virgin land in
Hokkaido and its subterranean stems spread innumerably down to
a depth of 10-20cm, forming a dense root mat which strongly
holds soil mass.
The surface soil removal led to the
reduction of humus content of Ap horizon reclaimed.
2. BCFF brought about large-scale soil disturbance and
consequently created man-made soils which were very different
from the original soils. Since the degree of BCFF varied from
site to site depending on relief features, soil profiles and
properties became more spatially heterogeneous after the
clearing than before, except for those of the respread surface
soils.
3. The surface soil treatment reduced spatial variability
of the surface soil properties of the cleared land compared
with those of the virgin land.
4.. The measured properties of volcanogenous soils which
originally consisted of cumulated tephra layers with different
features were vertically homogenized, in particular in the
filled zones due to mixing of the tephra layers.
5. The mechanical works for the surface soil treatment and
BCFF resulted in soil compaction and structure breakdown, by
which
soil porosity and infiltration
capacity
reduced
considerably. The porosity reduction mainly occurred in coarse
pores (<pF1.8) in volcanogenous soils and in coarse and medium
pores
(pF1.8-4.2) in non-volcanogenous
soils. This
fact
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suggests that pumice particles and soil aggregates with medium
pores
are
stable enough for the
applied
stress
in
volcanogenous soils.
6. Effect of subsoiling with a pan breaker to loosen the
compacted soils did not seem to be sustained owing to the
structure instability caused by the soil disturbance.
CONCLUSION
A considerable amount of surface soil is removed to
windrows by clearing in land covered with sasa. There seems
to be no proper method to efficiently clear sasa along with
its subterranean stems and to alleviate the soil removal.
Land clearing using BCFF techniques causes large-scale soil
disturbance and creates compacted man-made soils with degraded
structure.
Although the
soil compaction is unfavorable
for crop growth, it is requisite to stabilize the established
farmland with large filled slopes.
One of the most important post-clearing soil management
practices is to improve the degraded soil structure in
rooting zone to grow crops successfully and avoid the erosion
hazard. Depending on the management, the structure of the Ap
horizon can be improved by cultivation year by year, while the
structure improvement of the subsoil will require a reasonably
long period of time.
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SUBSOIL IMPROVEMENT FOR DRAINAGE IN ROTATIONAL PADDY
FIELDS
A. Tada*, K. Ishii**, K. Nakatsuka**, Y. Toyomitsu*
* University of Tsukuba, Tsukuba, Japan
** National Agr. Research Center, Tsukuba, Japan
I. Objective
Recently, paddy fields in Japan are used rotationally
between paddy rice and upland crops in summer. In the period
of upland crop, more rapid drainage is requested. On the
other
hand,
for
paddy
rice,
percolation
control
in
irrigation period and high bearing capacity of soil in
harvest time must be promoted. Those opposite requests for
rotational paddy fields will be achieved with physical
improvement of plowsole and subsoil combined with underdrain
pipes.
Background of the rotation and field drainage in Japan:
i) Surplus of rice because of stable and high yield
techniques and decreasing of demand of rice per a man per a
year. ii) Rapid decreasing of national self productivity
ratio of grains except rice. iii) Strengthening of the
standpoint
of farming management, iv) Rotation of paddy
fields for multipurpose use, enlargement of paddy lots and
introduction
of
large
scale
farm
machines
have
been
requested, v) One of the most important techniques for the
field drainage is subsoil or plowsole improvement combined
with underdrain pipes or permeable layer. This is the
objectives of our field research.

II. Method
Surface residual water and gravitational water can be
discharged more rapidly than capillary water in soil layers.
So drainage system is regarded as an important point for
field drainage.
Drainage system and test plots are as follows:
1) Drainage system: Plot No.1 - Trenches dug by a tractor
with a rotary edge are filled up with soil, width about 7cm,
depth 25cm, spacing 75cm and 6.75m, other parts of the
impermeable plowsole layer was not broken with the machine.
Plot No.2 - Compacted layer was breaking by a tractor with a
rotary tiller, shallower than 20cm in depth. Plot No. 3 - No
soil breaking of compacted layer. Underdrain pipes are
constructed under the above-stated drainage system in all
plots.
2) Measurement: Soil moisture by tensiometer (8, 15, 30,
60cm in depth). Soil physical properties, Water stress in
soybean leaves and so on.
ID. Results
The
results
of
the
drainage
by
means
of
the
above-mentioned methods are as follows:
1) Impermeable
subsoil
layer
can
be
improved
into
permeable one because artificial soil cracks or porous parts
are made by a rotary tiller (or subsoiler) or a trencher.
This permeable compacted and subsoil layer must be connected
with
deeper
underdrain
pipes
which
are
covered
with
permeable materials, for example, rice chaff, gravels.
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brushwood.
In the case that the above-mentioned drainage system do
not connect perfectly, drainage water can not discharge and
fills the porous parts of the layer.
2) In our test fields, as lower layer is permeable
volcanic ash soil and ground water level is low, discharged
water is drained through permeable subsoil layer and pipe
(the former 60%, the latter 4 0 % ) .
3) After this drainage, natural cracks appear in subsoil
layer of heavy clay paddy field with monmorillonite clay.
But in the case of Kaolinite clay soil, natural cracks can
not develop easily, so artificial cracks, that is, soil
management by engineering method must be planned.
4) The values of tensiometer in the top soil on the
broken area (0m, 0.375m, 0.5m apart from the broken ditches
in plot No.1) and on the unbroken compacted parts (in plot
No. 3 and 1.2m, 2.1m, 3.4m apart from the ditches in plot
No.1) were compared. pF2.0 were reached on the same day
after rain in the broken and unbroken area, but pF2.7 were
reached more rapidly in the unbroken area than in the broken
area. In the latter area, retentivity of soil moisture was
improved.
5) In the case of flooding rice, as puddling can decrease
hydraulic conductivity in top layer and underdrain pipes are
controlled, duty of water becomes small.
IV. Discussion
The combination of those drainage methods can make
optimum moisture condition for rotational paddy fields.
Those several drainage techniques including furrowing and
subsoil breaking must be chosen in response to field or soil
conditions.
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IMPROVEMENT OF PHYSICAL PROPERTIES OF A PROBLEM
SOIL OF OKINAWA BY HYDROXY ALUMINIUM (HYDRAL)
Kazuhiro Oya*, and Yasushi Gima**
University of the Ryukyus, Okinawa, Japan
** Okinawa Pref. Agr. Exp. Sta., Naha, Japan

s

One of the Gray Upland soils calcareous group, that is
derived from marl in the central to southern parts of Okinawa
Island, is regarded relatively fertile. Because of its clay
mineralogy containing smectite, however, the soil shows shrink
and swell characteristics that bring about disadvantage in
agricultural works. For instance, it is poor in internal
drainage, heavy and very sticky when wet and on the other hand
forms hard clods when dry.
The purpose of our study was to find the applicability of a
soil conditioner composed of hydroxy aluminium polymers to the
improvement of physical properties of the problem soil of Okinawa. For that purpose, the effect of the soil conditioner on
hardness, adhesion, and percolation of the soil was examined,
and in addition the influence of the soil conditioner on soil
chemical properties and crop yield was evaluated.
Material and Methods
Soil and soil conditioner: The soil used was obtained from
the surface (0 to 18 cm) of the University of the Ryukyus Experiment Farm, that being identified as Inamine series of the
Gray Upland soils calcareouse group had a high pH (H?0) value
of 7.8 and texture of silty clay.
The tested soil conditioner of hydroxy aluminium polymers
was a product of Taki-Kagaku Inc., and transparent odorless
liquid called Hydral, which had strong acidity (pH 2.5) and
indefinitely high electric conductivity.
Measurements of hardness and adhesion of the soil: Dilute
Hydral solution was added to air-dry soil samples to give
Hydral at a rate of 0, 5, 10, and 20$ of soil weight. The soil
samples were kneaded, molded into a block (1.5 cm H x 4.0 cm L
x 1.5 cm W ) , and air-dried. Then the hardness of the soil
blocks, with 7 to Q% water contents by weight, was determined
by the Kiya's hardness tester that furnished with a pressing
rod of 2 mm in diameter.
Separate soil sampes that received the same amounts of
Hydral as the above were moistened enough and pressed at the
rate of 4 kg/cm . The force required to pull apart a plate
from the soil was determined as the adhesion by the YamanakaShiki soil adhesion measurement instrument.
Test on chemical properties of the soil: In order to see
whether of not any changes in chemical properties of the soil
occur by the Hydral addition, Hydral equivalent to 0, 0.1, 0.2,
0.4, and 0.6% of soil weight was added in dilute solution to
the air-dry soil. The one series of the Hydral treated samples
was brought into air-dry without further treatment. The other
series, 1 kg each, was leached in a pot (15 cm H x 10 cm Dia)
with water of twice the weight of the soil and then air-dried.
The pH, EC, CEC, exchangeable bases, soluble phosphate, and
phosphate absorption coefficient was determined on the both
leached and non-leached series of the Hydral treated soil.
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Cultivation of bush bean: Bush bean (Phaseolus vulgaris L.
var. Humilis Alef.) was grown from April 8 to June 17,1988 in
the field. To the field plots (7-5 m x 4.0 m each), Hydral
diluted 4 times was sprayed in February, 1988 at a rate of 0,
2, 4, and 6 tons Hydral/ha, and the treatment was replicated
twice. The field was tilled once by a rotary plow after the
Hydral application and exposed to several rainfalls before
planting the bush bean.
Water intake rate measurement: As a measure of percolation
of the soil, water intake rate was determined in a metal
cylinder (35 cm H x 30 cm Dia) sunk 18 cm into the soil of the
bush bean harvested plots, that had received Hydral at a rate
of 0, 2, h, and 6 tons/ha.
Results and Discussion
Hardness of the molded soil: The hardness of the soil
molded with 0, 5, 10, and 20% Hydral was 19.1, 13.1, 9-7, and
4.0 kgf, respectively. It was evident that the addition of
Hydral resulted in decreasing the hardness of the molded soil,
although the amounts of Hydral to be applied to the field soil
would be much less than that used here.
Adhesion of the wet soil: The adhesion of the wet soil was
l6l, 63, 30, and 18 g/cm with 0, 5, 10, and 20% Hydral, respectively. By the addition of Hydral, the wet soil definitely
decreased in adhesion.
Chemical properties of the soil: Determined chemical
properties of the tested soil were found not much affected by
the Hydral treatment except for the EC. The EC of the nonleached soil tended to increase from 0.2 to 0.7 mS in the
range of added Hydral, but that of the leached soil stayed at
nearly unchanged levels. It was deemed important to supply
the Hydral treated soil with enough water or rain in order to
remove salt in Hydral.
Yield of bush bean: Root development of the bush bean was
slightly better in the Hydral treated plots than in the nontreated plots. The yield of green pods was found to increase
by the Hydral treatments, especially the increase by about 30%
in the plots of 2 and 4 tons Hydral/ha.
Water intake rate: The soil was rather dry when the water
intake rate was measured, but still a slight increase of the
water intake rate was recognized In the soil of Hydral treated
plots.
Conclusion
The addition of Hydral to the tested soil brought about the
decrease in the hardness of the air-dried soil, the decrease
in the adhesion of the moistened soil and a promotion of
percolation in the field soil. The Hydral treatment gave
rather favorable effect on the bush bean yield, and nearly no
influence on the chemical properties of soil except for the
EC, that tended to rise but was controlled by leaching.
Consequently it was considered that a mineral soil conditioner Hydral, that is composed of hydroxy aluminium polymers,
was quite applicable to the improvement of physical properties
of this particular soil of Okinawa with a care of removing its
salt.
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THE SOIL SURFACE AND ITS SKIN FUNCTIONS
H. Kuntze
Soil Technology Institute Bremen, FRG

Purpose of investigation
The layer directly under the top soil and only some mm
thick is the most influenced one by environmental factors
(climate, utilisation, immissions, irrigation). Being the
border layer to the atmosphere this top soil has to fulfil
important functions in the. metabolism (soil and root respiration) and water regime (infiltration) . For that purpose this
layer must comprise open pores of different size. Oxygene
difficiency within the soil air is caused by silting or encrusting of pore openings in the surface of soils rich in fine
particles. This leads to disturbance in plant growing without
aerenchyms. Dense soil surfaces induce water-erosion.
Methods
This soil damage which is shown well micromorphologically is
not ascertainable by conventional physical investigation
methods e.g. measuring of infiltration and permeability
because these show only the macrostructure in greater soil
volumes. Due to their techniques the very thin pore
obstructions are partially opened when doing so. In order
to include such susceptible top soil structures the measuring
of gas diffusion was tested gas chromatigraphically with help
of 100 cm 3 cylinder-samples that were taken without disturbing
the top soil.
Results
Influences on the porosity in the top soil due to the
following possible soil damages were investigated:
1. vegetation (permanent grassland - arable farming)
2. acidity - liming
3. mineral fertilizing - semi-liquid-manure
As long as soils are unprotected to atmospheric conditions by
permanent vegetation such as grassland, especially soils poor
in lime and organic matter then run great risk to loose
aggregate stability and silting of soil surface. Top dressing
with lime has a special effect on soil structure stabilizing
because rather small lime quantities achieve high Ca + + -concentrations in a very thin soil layer. On long-term high
quantities of semi-liquid-manure lead to K + and NH4 + -enrichments and losses of C a + + which cause soil structure instability. Pores' opening diminish remarkably. Gas diffusion measurement gives remarkable insight into functions of soil surface
and their strains given by wrong utilization.
Conclusions
These comparisons show clearly the limits of mechanical and
chemical loadings and effects of soil protection and improvement measures. Measuring of gas diffusion is a way of showing
soil structure damages in very thin soil surface layers and
their improvement.
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CHANGES IN SOIL PHYSICAL
RELATED TO SOIL HEATING

AND

CHEMICAL

PROPERTIES

AS

G. Giovannini, S. Lucchesi, and M. Giachetti
C.N.R. - Institute of Soil Chemistry, Via Corridoni 78,
56100 Pisa (Italy)
Heating of soil by burning plant residues is a very old
practice. Historical documents report that the ancient Romans
and the other peoples or the Mediterranean basin employed this
practice more than two thousand years ago. The American
Indians occasionally set fire to the prairie grasses in order
to stimulate greater production. A particular practice of
burning the soil called "guie", at present is performed in
parts of Ethiopia and Kenya but appears to be very ancient.
Burning crop residues and cereal straw is still a common
practice in many areas and this indeed facilitates the straw
management and seedbed preparation; moreover many farmers
believe they obtain some beneficial responses from soil
heating.
Heating of soil has an unquestionable effect on its
physical and chemical properties, but may have varying degrees
of both beneficial and detrimental effects on the soil
fertility and soil consistency, depending on the type of soil,
the temperature level at which the soil is heated and the
length of heating.
In order to see if there is a distinguish limit between the
beneficial and the detrimental effects we have undertaken a
set of experimental researches on the effects of an artificially controlled heating on the soil physical and chemical
properties. For this study five soils were selected on the
basis of their different texture. Two soils, bordering
forested areas, utilized for agronomic pourposes and interested by the repeated burning of the crop residues, presented a
Sandy Loam and a Silty Clay texture. The other three soils,
true forestal soils, presented a Sandy Clay Loam, Sandy Loam
and Sand texture. The heating program was arranged on the
basis of previous Differential Thermal Analysis of the soils.
Practically all the five soils presented the same set of
thermal reactions. The dehydration of the sample (25°-170°C),
the dehydration of the gel forms (170U-220°C), the combustion
of the organic matter (220°-460°C for agricultural soils and
220°-550°C for forestal soils), the loss of OH groups from the
clay materials (550-700°C) and the decomposition of the
carbomates, if present (700°-900°C). The heating was performed
putting the various soil samples in a oven or muffle furnace
at the appropriate temperatures for 60 minutes. On the samples
so heated the parameters of interest were measured: pH,
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organic matter content, texture, aggregate stability, plastic
and liquid limits, cation exange capacity, total and NH nitrogen, organic, inorganic and available phosphorous.
Heating of the soils had a variable effect on pH with a
decrease up to 220°C and a sharp increase after 460°C while it
produced a continuous decrease of the CEC in all soils. The
effect of the heat was similar on organic matter content,
total nitrogen and organic phosphorous with a little decrease
up to 220°C, beyond this value the organic matter was burned
up, the total nitrogen volatilized and the organic phosphorous
was mineralized and transformed into inorganic form. The
N-NH , on the contrary, increased up to 220°C then decreased
very sharply and at 460°C was barely detectable. Similar
behaviour was shown by the available P that peaked at 460°C.
Heating up to 220°C had only little effect on plastic and
liquid limits; beyond this value the soils adsorbed even more
water but did not form any plastic paste. This means that,
oving to the combustion of the organic matter the soil samples
had lost their plasticity and elasticity.
Heating up to 170°C had only little effect on the particle
size distribution, but after 220UC the sand fraction increased
sharply while the silt and the clay fraction decreased. These
changes were attibuted to the fusion of clay particles into
sand-sized particles probably due to calcination in which iron
and alluminosilicate are involved.
The water stability index of the soil aggregates showed in
all soils a continuous increase after all the thermal
reactions and also after the combustion of the organic matter,
generally considered the most important cementing agent. This
suggest that during the heating process the soil undergoes a
kind of laterization with a progressive hardening of aggregates accompanied by a concomitant decrease of the plasticity
and elasticity.
From the obtained results it may be inferred that a light
heating up to 220CC may have a beneficial effect on the
nutritional state of the soil, on the contrary an intense
heating may have a detrimental effect on soil consistency and
may induce soil erosion.

The research is supported by the Commission of the European
Communities DG XII under contract EV4V-0105.
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CHANGES IN SOIL PROPERTIES AFTER 25 YEARS OF INTENSIVE
IRRIGATION: A CASE STUDY IN ARID NAMIBIA
E. Verster and T.H. van Rooyen
Department of Geography, University of South Africa
Pretoria, South Africa
A recent soil survey has revealed that, since the advent of
irrigation on the Hardap Irrigation Scheme 25 years ago, significant changes with respect to salinity and genesis have occurred in the soils. The objectives of this study are (i) to
quantify the improvement or deterioration in salinity status;
and (ii) to determine the degree of soil formation since the
introduction of large inputs of water.
The Hardap Irrigation Scheme is situated in the arid
southern part of Namibia (17° 55'E, 24° 35'S). The climate is
typically semi-desert with hot summers and cold winters and a
mean annual rainfall and evaporation of approximately 200 mm
and 3 400 mm respectively. The main crops cultivated under
flood irrigation are wheat, maize and lucerne. Water quality
is generally good with a low total dissolved salts content and
SAR value.
Four dominant soils are encountered on the scheme.
Two
series of the Oakleaf form (Arenic and Typic Haplargids) occur on the level terraces of the Fish River. These are very
deep, brownish, structureless, calcareous soils with a faint
to strong cutanic character in the B horizons and a texture
which varies from loamy fine sand to loam respectively. One
series of the Hutton form (Typic Paleargids) is the most widespread soil of the scheme. Occupying the very gently sloping
footslopes, this series is usually a deep, reddish, weakly
structured, calcareous loam to sandy clay. A single series of
the Valsrivier form (Typic Paleargids) comprises the slightly
low-lying areas and can be described as reddish, paraduplex,
calcareous heavy loam to clay soils and a moderately developed
blocky B horizon showing strong cutanic features. All these
soils had a high inherent salinity and alkalinity - a qualitative measure of sodium content - values and these and
associated problems were regarded as the main soil limitation
at the onset of irrigation.
A comparison of the electrical conductivity (EC) and pH
(H2O) values of the topsoil, subsoil and deep subsoil of the
initial soil survey (dated 1957) with those of the recent
detailed soil survey shows contrasting results. Salinity and
alkalinity levels have improved markedly in the permeable
soils of the Oakleaf form and in some areas of the permeable
Hutton form soils. Average EC values have improved from 505
mS/m to 21 mS/m and pH from 8.6 to 8.4 (averages of whole
profile). However, in other areas of the Hutton form soils,
salinity has improved but alkalinity has deteriorated causing
typical non-saline sodic conditions to prevail. Average EC
values have improved from 1 410 mS/m to 325 mS/m but pH values
have deteriorated from 8.6 to 9.2. These adverse conditions
could obviously be ascribed to a lack of continued gypsum
applications by farmers and the development of high water
tables in certain parts of the landscape. Experience gained
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on the scheme shows that with the necessary gypsum applications, leaching and adequate drainage as well as certain
farming practices, this so-called saline phase of the Hutton
form soils can effectively be reclaimed.
A comparison of five profiles inside the irrigated area
with five corresponding profiles, as close as possible, but
just outside the scheme and representing some of the dominant
soils, was used to study the changes in soil properties due to
25 years of irrigation. From these results it is evident that
the processes of rubification and clay formation have been
active in this new environment. For example, a particle size
analysis has demonstrated an increase of more than 3% in clay
content. With regard to clay mineralogy, an XRD analysis
could detect a shift in weathering sequence as manifested by
the disappearance of easily weathered minerals such as calcite
from the clay fraction of the soils of the irrigated areas.
All these changes in soil properties could therefore be
attributed to more
intense weathering
because of
the
continuous presence of water.
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EFFECT OF TILLAGE ON ORGANIC CARBON DISTRIBUTION,
MACROPOROSITY AND ASSOCIATED SOIL PROPERTIES OF AN
ALFISOL
K.Y, Chan*, and J.A. Mead**
*
NSW Agriculture & Fisheries, Rydalmere, Australia
**
NSW Agriculture & Fisheries, Cowra, Australia
Many wheat growing soils in Australia are low in organic
matter and have weakly structured surface horizons which can
set hard on drying. Under rainfed conditions, crop yield is
strongly dependent on the ability of soil to store water and
hence is strongly influenced by surface soil structure.
Traditionally, a crop/pasture rotation is practised to
maintain soil fertility. However, recently with a move to
continuous cropping, it has become important to assess the
effect of different tillage practices and the pasture phase
on soil properties.
We examined the distribution of organic carbon (OC) in the
top 0.1 m of an alfisol in Cowra, New South Wales, Australia
on a field which had been conventionally cultivated or direct
drilled for 4 years. A pasture which had not been cropped
for 9 years was included for comparison. The soil is a sandy
loam with 12* clay. Soil on the conventionally cultivated
plots was cultivated three times every season with a
scarifier to a depth of 100 mm. No cultivation was carried
out on the direct drilled plots. Soil organic matter
distribution was measured in 25 mm depth increments and
partitioned into light and incorporated fractions.
Infiltration of the different soils was studied in a
simulated rainfall experiment. The soils were also measured
for aggregate stability (wet sieving), clay dispersion, pH,
phosphorous (P) and exchangeable cations.
Significant differences in total organic carbon was found
only in the top 25 mm. The pasture soil had 3.5% OC compared
with 1.6% and 1.1% respectively for the direct drilled and
conventionally cultivated soils. The proportion of light
fraction present in the total organic carbon did not vary
significantly amongst the three different soils (about 11%).
Corresponding to the lowest OC, the conventionally cultivated
soil was found to have the lowest aggregate stability in the
top 25 mm. Stability of surface aggregate was significantly
related to incorporated OC.
While there is a net loss of OC from both of the cropped
soils when compared to the pasture soil, total OC to 0.1 m
was similar between the two cropped soils (12.5 t/ha). The
significantly lower OC and lower aggregate stability of the
top 25 mm in the conventionally cultivated soil was due to
mixing action and bringing up of subsoils as a result of the
tillage operation.
In a simulated rainfall experiment, when 22 mm of rain was
applied in i h, 37% of applied rain was lost as runoff from
the conventionally cultivated soil but negligible runoff was
observed from the direct drilled soil. The reduced
infiltration of the cultivated soil was caused by the
development of a surface seal and a reduction in transmitting
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macropores (>0.5 mm), both consequences of tillage by
scarifying. The conventionally cultivated soil had
significantly lower macroporosity when measured at 0.12 m an
very few (<10*) of the macropores were transmitting. In
contrast, macropore densities of the direct drilled and
pasture soils were comparable and >50% were transmitting.
Four years of direct drilling, when compared to
conventional cultivation had not resulted in significant
difference in pH, P and exchangeable cations distribition
over the top 0.1 m depth. However, pH of both cropped soils
was significantly higher than that of the pasture soil at 50
75 mm layer (pH in water 5.9 vs 5.4).
Results highlight the fragile nature of these hardsetting
soils under conventional cultivation and the importance of
preserving the top 25 mm stable surface layer by suitable
non-inversion type of tillage.
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DRY FARMING PRACTICES EFFECT ON SOIL COMIACTIBILITY
IN NORTHERN PART OP IRAQ
Ivl, K,

Abbas, J, N. Al-Sadoon and K, 1"). Al-Jubouri.

Department of Soil Science, Mosul University,
Iraq,

An extensive area from the Northern part of Iraq was
surveyed and investigated for detecting soil compactibility
as one of the limiting factor of low productivity of grains,
in spite of fertilizer addition.
The whole area has been populated through out the history
of the country. Since the 1950's modern agricultural machinery was introduced to this part as agricultural implements.
Accordingly the soils were expected to be subjected yearly
" at least " to three wheeled trafic, with a constant ploughing depth.
The annual rainfall of the area ranged between 250 to mr"re
than L'00 mm, without even distribution yearly, as well as
seasonally , though, according to de Brichaut 1970, it is an
arid to semi-arid. The region is further divided in to ( 200
- 350), (350-5°0) and more than 500 mm rainfall belts.
The soil compactibility was first detected by field penetrometer and then sites were chosen to represent each division . Sites 'ere further investigated by carefull examination
of morphological compaction properties related to compacted
layer in prepared pedons .
The examined field properties were , pore size distribution plant root behavior and soil structure. These properties
wei 3 further examined in laboratory either by microscopic
structure analysis or soil wat»r behavior related to above
properties .
The results of field observations, laboratory tests and
experimental data showed that there is a significant evidence of compacted layer at a depth of ( 15-20 cm), which considered as the most active root zone of most field crops .
It has been concluded experimentally that the greatest
bulk density of investigated soils reached 1.68 Kgm~3 and
1.52 Kgm~3 at moisture content 17.5 and 22.5 % for clay loam
and clay respectively. These figures of bulk densities were
greet >.T than tl ose obtained from the bulk density under field
conditions. This could be contribvited to the presence of
expanded clay minerals, as reducing factor of soil compactibility at level of 1.44 Kgm~3 as an average
for compacted
layer of the soils of studied area .
Interval changes of plough depth at optimum soil moisture
content may also make further reduction in bulk density.

VI—242

MODE OF TILLAGE AND SOIL STRUCTURE STABILITY

L. Cavazza*, and A. Patruno*
•University of Bologna, Bologna, Italy
The objective of this research was to test the effects of
different tillage modes for crops in rotation on the stability
of soil structure and its variation in time.
The samples were taken from plots in a field trial
comparing traditional
deep
tillage with
a less energyrequiring program. Soybean and wheat in biennial rotation were
grown during a 4 year interval. The traditional program was
50-cm plowing for soybean and 50-cm chiselling for wheat; the
low-energy program was 50-cm chiselling followed by 30-cm
plowing fo soybean and 25-cm chiselling for wheat. Due to the
50-cm deep plowing the previous year, the tillage depth of the
first trial year (soybean) was kept at 25 cm for the
low-energy program.
The trial was run on silty clay soil with 7.8% lime, 3.7%
organic matter and pH 7.8. The experimental design was
randomized block with 3 replications.
Soil samples were taken (a) after the tillage following
wheat harvesting, (b) prior to soybean sowing, (c) about the
middle of the soybean growing cycle and (d) after each crop
harvesting. Two soil depths (0-5 cm and 15-20 cm) were
sampled.
Samples were air dried and sieved, to separate into two
classes of aggregates: from 3 to 5 mm and from 0.2 to 1 mm in
diameter. The structure stability was determined after the
modified Tiulin-Meyer method (30 min. sieving in water on a
0.2 mm sieve, with 30 oscillations/min. and 3 mm course),
combined with three pretreatments according to Hénin (no
pretreatment, ethyl alcohol, benzene). The percentage of
aggregable material found on the sieve after wet sieving was
taken as stability index. The analysis of variance was
performed separately for pretreatments; tillage modes, time of
sampling, and depth of sampling were taken as fixed effects;
the design was considered under these aspects as a split-block
one. Only significant effects are reported and discussed.
A seasonal variation of structure stability is evident,
with a minimum at the end of the wet winter season. Under
wheat crop, harvested in July and followed by tillage and a
subsequently long interval of bare soil, structure stability
reaches maximum values higher than those found after soybean;
minimum winter values are similar for both crops. The averge
structure stability is higher in topsoil than underneath. In
the topsoil these variations are more pronounced and regular
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for the large aggregates (3-5 mm) than for the smaller ones (1
- 0.2 mm). The maximum value of structure stability in the
wheat years was reached a few months after harvesting (in
September-October), while in the soybean years the increase in
structure stability stops about in June-July and, thereafter
starts decreasing while the soybean is still standing. All
these effects are usually evident after benzene pretreatment
too.
The effect of tillage is negligible; only after ethyl
alcohol pretreatment did some interactions appear significant.
These consisted in a somewhat larger and anticipated increase
in structure stability after the low-energy tillage applied
for wheat; after soybean, on the contrary, a somewhat better
stability is found when the traditional deep plowing was
applied.
These result can be interpreted in terms of (a) microbial
activity which affects mainly the larger aggregates and is
controlled by prevailing aeration and moisture conditions, (b)
soil compaction by drying and tillage action (as evidenced
after
alcohol
pretreatments)
and
(c)
layer
inversion
associated with plowing.
The conclusion is that in the experimental conditions the
effect of tillage, at least after few years, is very small and
accounted for by compression or drying actions. Seasonal
variations and crop effects, on the contrary, are of practical
interest and imply organic matter dynamics. Wet winter
conditions are unfavourable. The soil structure stability
decreases under soybean, but increases in bare soil after
wheat.
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EFFECTS OF PLOW
LOW LAND PADDY

PAN SHATTERING ON SOIL AND

CROPS

IN

S. Ongprasert*, and N. Puranapong*
* Mae Jo Institute of Agricultural Technology,
Chiang Mai Thailand
For decades, several rice-based multiple cropping systems
have been practiced on irrigable lowland paddies in Chiang Mai
valley, Northern Thailand. According to the intensity of the
required land preparation, the systems can be classified as
follows: (1) monocropping of rice,
(2) double cropping of
rice followed by an upland crop not requiring land plowing
prior to planting,
(3) double/triple cropping of rice
followed by either tobacco or vegetables which require land
plowing before planting, and (4) triple cropping of two rice
crops with one vegetable crop in between.
Five important soil series: San Sai (U.S. Taxonomy, Typic
Tropaqualfs,
Coarse-loamy,
mixed).
Hang
Dong
(Typic
Tropaqualfs, Fine, kaolinitic), Mae Sai (Aerie Tropaqualfs,
Fine-silty,
mixed), Ratchaburi (Aerie Tropaquepts, Fine,
mixed, non-acid), and those on alluvial complexes, which have
been subjected to the various cropping systems in the valley
were characterized for certain physical properties, especially
the formation of plow pan.
Nineteen areas were selected to
represent each cropping system practiced on each soil series.
A pit of 1 x 1 x 0.5 m was dug in each area after harvest of
rice in December, 1982 and 1983.
Mechanical resistance at 2
cm interval from 6 to 46 cm profile of each pit was measured
by a hand penetrometer.
Ten replication were made in each
interval. Undisturbed core samples were taken from the depths
of 8-12, 20-24, and 40-44 cm as the representatives of the
surface, subsurface, and subsoil horizons.
The table given
below shows analyses of four soil series.
Properties of the
soils on the alluvial complexes differed greatly from one to
another, thus, it could not be sumarized in the table.
Organic carbon was also analysed.
Data
in
the table,
together with the
mechanical
resistance, suggest that plow pan distinctly form only in the
subsurfac horizon of the sandy loam-textured, San Sai soil.
The low saturated hydraulic conductivity and aeration porosity
in the subsurface and subsoil horizons of Rachaburi soil can
be predicted, since they are heavy clay.
Bulk Density
Soils

San Sai
Hong D.
Mae Sai
Ratcha.

Depth, cm
8-12 20-24 40-44
-3
gm cm
1.51 1.81 1.70
1.40 1.38 1.63
1.46 1.59 1.61
1.38 1.63 1.60

Sat.Conduct.
Depth, cm
8-12 20-24 40-44
-1
-4
-cm sec xlO
5.09 0.39 1.45
5.10 2.14 2.65
10.2 4.37 3.61
3.16 0.19 0.21

Air-filled Pore*
Depth, cm
8-12 20-24 40-44
8.85
9.74
8.89
3.24

%
1.12
3.55
4.22
0.82

4.07
5.53
3.30
0.61

* Porosity at the equilibrium with the tension of 50 cm H O
2
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In San Sai soil the mechanical resistance at the depth
between 18 to 32 cm was obviously higher than at the other
depths, and also at all depths of the other soils. Tabulation
of the data according to cropping system did not show any
marked difference among the cropping systems. Hence, it was
concluded that plow pan had significantly formed in San Sai
soil
at the depth between 18 to 32 cm,
regardless of the
cropping systems.
An experiment was carried out on San Sai soil, in a
farmer's field, which has been cultivated for more than 30
years, to evaluate the effect of plow pan shattering on soil
and crops.
The experimental crops were rice, corn (a
representative
of
deep root
crops),
and
garlic
(a
representative of shallow root crops). Plow pan was shattered
by a subsoiler to a depth of 35 cm at 40 cm interval in length
and width directions during the dry season, April 1986. Then
the infiltrability of the subsoiled and non-subsoiled plots
was measured by double ring infiltrometers. It was found that
the steady-state infiltrability increased from 1.5 mm/day in
the non-subsoiled plots to 12 mm/day in the subsoiled plots.
The plots were puddled for growing of transplanted rice
It was
seedlings in July 1986, with a two-ton tractor.
observed that the tractor was able to move in the subsoiled
plots normally as it would in the non-subsoiled plots.
Thus
it can be said that shattering of plow pan had either no
effect or slightly affected the trafficability of the soil.
During the full grown state of the rice plants in
September
and
October
1986,
water
requirement
(evapotranspiration plus percolation) in the rice plots was
measured with bottomless metal cylinders, 0.6 m in diameter.
There was no difference in the water requirement among the
plots.
Therefore, the effect of subsoiling in increasing
permeability of the soil was completely eliminated by only one
puddling.
This conclusion was confirmed by the lack of
difference in infiltrability among the plots, measured in the
following hot season (late April 1987). The average water
requirement were 7.06 and 7.02 mm/day.
After rice harvesting, each experimental plot was divided
into two subplots for growing of corn and garlic, between
January and April 1987. The crops were adequately fertilized.
Irrigation was withheld in order to create the water shortage
on the crops.
However,
the results of soil moisture
measurement
indicated that the soils were moist enough
throughout the growth season, due to water seepage from the
surrounding farmer's fields.
Shoot growth and yield of rice and both upland crops did
not show any response to the plow pan shattering.
However,
there was a marked response in distribution of the root
systems of both upland crops.
In the non-subsoiled plots,
only 8% (dry matter) of corn roots were found in the plow pan
horizon (15-30 cm), while the equivalent figure of the
For garlic, the comparable figures
subsoiled plots was 27%.
of
the above percentages were 4 and 15%
respectively.
Nevertheless, there was no difference in the total root dry
matter between the crops grown in the subsoiled and nonsubsoiled plots.
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STRUCTURAL EVALUATION OF COMPACTED SOILS ON THE BASIS
OF SHRINKAGE BEHAVIOR
M. Yazawa and T. Maeda
Faculty of Agriculture, Hokkaido University, Sapporo,
Japan
Lambe (1958) evaluated the structural state of compacted
soils by the concept of particle-orientation. However, his concept is not applicable to the volcanic ash soils without the
optimum water content in compaction curves. The aims of this
study are to evaluate the pore structure of compacted soils
based on the shrinkage behaviors and to clarify the significance of proposed structural index on the physical properties of
compacted soils.
Two volcanic ash soils (Kamitaisei; volcanic cohesive soil,
Otoshibe; organic-volcanic ash soil) and a non-volcanic ash
soil (Hokudai; alluvial clay) were used. Soils with different
water contents were compacted by Proctor compacting equipment,
and the shrinkage of compacted soil specimen (5 cm in diameter
and 2.5 cm in height) was measured by traveling microscope at
20*C constant temperature room. The hydraulic conductivity and
water retentivity of compacted soils were measured also.
Fig.1 shows the compaction curves . Two volcanic ash soils do
not have the optimum water content i n compaction curves, as the
water content decreases the dry dens ity has a tendency to increase gradually.
Fig.2 and 3 show the saturated hy draulic conductivity (K15)
and the water content under pF 3 (6< pP3) of compacted soils,
respectively. In spite of the clear difference in compaction
curve between non-volcanic ash soil and volcanic ash soils, the
changes of K ^ 5 and 8< p p3 with water content show a similar tendency, i.e. an abrupt increasement o f K15 and 6<pF3 at just a
little lower water content than a ce rtain water content value,
This suggests that the pore structur e of compacted soils begins
to change remarkably at that water c on tent .
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Fig.2 Saturated hydraulic conductivity^-^) of compacted soils

Fig.3

Water retentivity of
compacted soils

Compaction curves

Fig.4 shows the shrinkage curves of compacted soils and
remoulded soil for Kamitaisei. Remoulded soil is considered to
be a basic state for the evaluation of soil structure. Each shrinkage curve of compacted soil is approximately parallel to
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the cur ve o f remoulde d soil. The final void ratio at the end of
shrinka ge r epr esents the stable pore which is not lost during
shrinki ng P roce ss .
Fig. 5 sh ows the ch anges of initial void ratio and final void
ratio w ith wate r cont ent to define the pore structure of compacted so il ( Kami taisei ) . The total pore of compacted soil is
compose d of the shr inking pore, structural pore and dead pore
(Yazawa et al. , 1985)
Fig. 6 shows the re lations between each p ore component of
compact ed s oil and wa ter content (Kamitaise i) . The changes of
structu ral pore with water content is simil ar to the changes of
Ki 5 and 6 <p F3 ( Fig.2 and 3) .
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Fig.5 Pore components of compacted soil
(e 0 )rj: I n i t i a l void r a t i o of ccnpacted soil
(ef)Q:Final void r a t i o of ccnpacted soil
(ef)R:Final void r a t i o of remoulded soil

Fig.7 and 8 show the relations between structural pore and Kj5 and '6<pF3>
respectively. Both K j 5 and 8<;pp3 are
proportional to the structural pore volume, and especially, 9< p F3 n a s nearly a
straight relationship. This indicates
that the structural pore is effective as
the structural index of compacted soils.

Fig.6
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The structural pore of compacted soil
is considered to be stable pore between
soil blocks which remained unbroken during compacting process. The physical
properties of compacted soils can be explained by the structural pore volume,
regardless of the presence of optimum
water content.
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HARVESTING IMPACTS ON SOIL PROPERTIES OF HINOKI
(Chamaecyparis obtusa) FOREST IN TAKAHARA MOUNTAINS,
CENTRAL JAPAN
Shigeo Kobayashi—
* Forestry and Forest Products Rsearch Institute, Japan
Forest harvest affects forest ecosystems in various ways.
Concerns have been raised about harvest effects on site
productivity, water supply, soil loss and greenhouse gas
emission from forest land. In facts, it has recognized that
tree growth rate has decreased in the several times
harvestied area, soil losses by flooding or landslides have
often occurred and carbondioxide emission has become the
global problem from forest land. Recently, scientific
interest has focussed on effects of forest harvesting in a
variety of soil factors, such as the deterioration of soil
physical properties, nutrient loss and organic matter
decomposition. Results of the studies vary with tree
species, time of cutting, tree removal methods, local
climate patterns, topography, soil characteristics and
methods of reforestation.
The purpose of this study was to clarify the mechanisms
of soil chage and aggradation process for ten years after
forest harvesting related with landform.
The study site is located at Takahara mountains in
Central Japan. The topography of this site extends from
interfluve down a colluvial foot slope and ranges from 550m
to 470m above sea levels. This site is covered with Kanto
loam underlained several igneous rocks and is classified in
Brown Forest soil groups. This 47 years old Hinoki forest
was clearcut harvested using cable skyline yarding systems
in April, 1979. Soils were surveyed in 54 pits before and
after harvesting in October, 1978, 1979, 1980, 1983 and
1989. Morphological properties of the soil profiles were
examined and soils were sampled from the surface to about 10
cm in depth for chemical and physical analysis. Soil pH was
measured on 1:2.5 soil water extract using a glass electrode
pH meter. Organic carbon and total nitrogen were analized by
the dry combustion method. Cation exchange capacity was
determined by a 1N ammonium acetate solution procedure with
Peech's method. Exchangeable cations were determined using
the atomic absorption spectrophotometer. Soil physical
properties were determined for samples taken at the site
using 400 cc cylinder by Mashimo's method. Nineteen landform
parameters were measured by the compas survey and the
microlandform was classified into seven units by P.C.A..
After six months of forest harvest, direct and indirect
impacts on soil properties were observed to be the effects
of cutting, transportation of timber, changes of soil
environment, erosion and acceleration of soil mineralization
by organic matter decomposition. Observations of soil
profiles such as decreased thickness of organic matter at
56.8% and A horizon at 92.0%
indicated harvest impacts.
Concerning soil chemical properties, concentrations of
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organic carbon and total nitrogen decreased. 19.7 % of
carbon loss indicated to be accelerated soil mineralization
accompanied with increased inorganic nitrogen. The rapid
decomposition of soil organic matter also affected acidty
and pH decreased. Exchangeable cations such as ex.Ca, ex.Mg
and ex.K decreased. Exchangeable calcium natablly decreased
from 6.42 me/100g dry soil to 3.41 me/100g dry soil. The
disturbance of topsoil, the removal of vegetation and the
rapid decomposition of soil organic matter changed soil
physical properties. These processes increased bulk density
and decreased the saturated hydraulic conductivity rates
from 446 cc/min. to 252 cc/min.. Total porosity slightly
decreased and composition of porosity was changed. Coarse
porosity was destroyed and fine porosity increased caused by
compaction and decomposition of soil organic matter. Changes
of soil properties were not observed uniformly everywhere
after harvest. The thickness of AO and A horizons decreased
apparently at interfluve, convex creepslope and colluvial
footslope, but they increased at alluvial toeslope. Organic
carbon and total nitrogen idecreased and inorganic nitrogen
increased at interfluve and convex creep slope.
But
inorganic nitrogen decreased at colluvial footslope and
alluvial toeslope. Changes of soil physical properties were
observed to detrioate at each microlandform. These changes
of soil properties indicated different factors depended on
microlandforms. Changes by decomposition of organic matter
were dictingushed at interfluve and convex creepslope.
Movements of slash and topsoil were notified as factors of
changing soil properties at transportational midslope and
alluvial toeslope.
During vegetation recovery, aggradation process of soil
was observed. AO and A horizons reaccumulated or recovered.
The saturated hydraulic conductivity rate indicated to
increase at each microlandform for ten years. However,
recovery of soil properties did not reach at the initial
stage before forest harvest.
1.Changes of soil properties were caused by direct influence
of forestry activities after forest harvest. Following
forest harvest, soil properties also changed by indirect
influence of soil mineralization
and organic
matter
decomposition, and erosion.
2.These impacts decreased the thickness of AO and A
horizons, organic carbon, total nitrogen and exchangeable
cations. Changes of soil physical properties were mainly
depresented by decreased saturated hydraulic conductivity
rate and coarse porosity, and increased bulk density after
six months of forest harvest.
3.These changes of soil properties varied among seven
numerically-classified landform units at this site. The
interfluve, convex creepslope and alluvial toeslope had the
greatest change of soil properties and were considered the
most damaged slope units.
4.During the aggradation process of soil properties, the
thickness of AO and A horizons, and the saturated hydraulic
conductivity rate increased again. However, recovery of soil
properties at the initial stage was considered difficult.
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EFFECT OF PLANTING DATE AND IRRIGATION ON SOIL TEMPERATURE, SOIL
WATER CONTENT, AND MAIZE ROOT GROWTH
J. L, Kovar*. P. B. Barraclough**, and S. A. Barber***
*
Louisiana State University. Baton Rouge, LA. USA
**
Rothamsted Experimental Station, Harpenden, Herts UK
***
Purdue University, West Lafayette, IN. USA
Soil temperature and water regimes during the life cycle of any crop
plant are affected by planting date and whether or not the crop is
irrigated. Previous research has shown that root growth of maize (Zea mays
L.) is influenced by soil temperature and water content; therefore, root
distribution in the profile may vary significantly for maize that is
planted on different dates or is irrigated. Since the amount of roots in
contact with fertilized soil is important for nutrient uptake, knowledge of
the effect of planting date and irrigation on maize root growth would be a
useful production tool. The objectives of this field study were: 1.) to
measure changes in soil temperature, soil water content, and maize root
growth for two planting dates and under irrigated and non-irrigated
conditions; and 2.) to determine if any significant differences in soil
temperature and water content exist under these treatments and if maize
root growth is affected.
Experimental data were collected from plots on a Raub silt loam soil
(fine-silty,mixed mesic Aquic Argiudolls) located at the Purdue University
Agronomy Farm in West Lafayette, IN, U.S.A. Measurements were made in 1986
and 1987 for early versus late planting dates. In 1986, maize was planted
23 April and 24 May. Planting occurred 30 April and 21 May in 1987. Half of
the plots of the second planting in each year were irrigated every 4 to 5
days, beginning at about 35 and 50 days after planting in 1986 and 1987,
respectively. During each irrigation, 2.5cm of water were applied. There
were 4 replicates of each planting date and irrigation treatment.
Soil temperatures were measured in the non-irrigated plots of both
planting dates by means of thermocouples placed in the row at depths of
10 and 30cm. Measurements were taken for 35 consecutive days, beginning at
36 days after planting in 1986. In 1987, measurements were taken for 68
consecutive days, beginning 2 days after planting.
Soil water content was determined gravimetrically from samples taken in
row in the plots of both planting date and irrigation treatments. Sampling
occurred at 3 to 4 day intervals during the 21 day period prior to the
midsilk stage of the maize in both years. Samples were collected with a 2.1
cm diameter soil probe to a depth of 40cm, with cores then being divided
into 0-20 cm and 20-40 cm depth increments.
Maize root samples were taken with a 7.5cm diameter Giddings probe in
1986 and a 2.1cm diameter hand probe in 1987. Sampling occurred at the
midsilk stage of maize growth-- 80 days after planting in 1986 and 70 days
after planting in 1987. Cores were taken in the row, directly adjacent to
the plant, to a depth of 40cm. Cores were subdivided into 0-20 cm and 20-40
cm increments. After washing the soil from the roots, root length was
determined by the line intersect method.
Soil temperature, soil water content, and root length density, RLE), were
affected by planting date and irrigation treatments (Table 1 ) . Analysis of
variance detected significant differences in soil temperature between
planting dates in both years. Mean soil temperature for the 35 day period
prior to midsilk in 1986 was higher for the late planting at both the 10
and 30cm depths. The differences were highly significant (p=0.01) in both
cases. Similarly in 1987, mean soil temperatures for the 69 day period
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typically 7 O •- 7 5"/. of r a i n f a l l .
Estimates during w e t ter' f a 1 lows
when drainage occurred
were less reliable. I"he data have been
used t o ca 1 i br at e an e;•: i st i nq sDil evaporation model and some
d e f icie n c i e s a re a p p a r e rit. Soil evaporation r a t e is (dep e n d e n t
on evaporative demand.
Sharp wetting fronts were measured when rain occurred on a
dry profile and did not wet the profile. Above the wetting
f r o n t , water contents were uniform at. any particular t i m e , but
varied across ti m e , sa that we111ng often occurred at water
contents le?ss than 8max . The depth of wetting was spatially
variable.
There w a s no apparent evidence of wetting via
cracks and runoff occurred from soils with dry sub s o i l s ,
implying that sub-soils were difficult to wet.
Estimates of drainage int o the C h or i z on can be ob t a in ed
indirectly from the data.
Drainage rate w a s negligible
in
water balance? terms 3 days after rainfall because soil watercontent below 30 cms was constant for extended periods during
The drainage opportunity w a s
fallows without further rain.
deterniined from the times when the soil profile w a s wet to the
C horizon.
Comparisons were also made using the soil depth
Water increases in deep soil areas
variability in some bays.
below the depth of shallow areas were assumed to be drainages
in the shallow areas.
Finally using soil evaporation and
transpiration calculated by m o d e l s , the soil water deficit on
the day of rainfall w a s estimated and drainage calculated by
dif f erenee.
T h e s e a n a 1 y s e s s h o w e cl t h a t d r a i n a q e w a s a s i q n i f i c a n t
process of water loss in this environment.
The magnitude af
losses w a s about 60 mm/year or iO'/i of rainfall.
This is
similar magnitude to runoff.
Drainage is dependent on soil
w a t e r d e f i c it. prior to rainfall and i n f i 11 r a t i o n .. T r e a t. m e n t
effects were manifest through these mechanisms.
Better crop)
growth or more frequent cropping increased the soil water
deficit and decreased drainage; greater stubble cover and
decreased tillage qenerc*iiy increased infiltration and
therefore sometimes increased drainage.
Most drainage
occurred during very wet periods (high rainfall for more than
3 days) from fallow bays.
This analysis has described the soil water environment, at a
daily time step.
We have used measured soil water profiles to
define the nature and magnitude of the processes operating and
sail physical principles to interpret these responses.
this
approach can be applied to the development and calibration of
daily water balance models without more rigorous soil physical
measurements such as moisture characteristic and hydraulic
conductivi ty function.
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SOIL PHYSICAL AND CHEMICAL CHANGES RESULTING FROM SURFACE
APPLICATIONS OF PHOSPHOGYPSUM AND ORGANIC MULCH
H.v.H. van der Watt and A.S. Claassens
University of Pretoria, Pretoria, South Africa

Soil crusting seriously affects soil properties such as water
infiltration, aeration and seedling emergence. Consequently it is of
considerable agronomic importance. It is known that ameliorants such as
phosphogypsum and organic mulches counteract crusting. However, in the
long term effects on soil physical and chemical properties resulting from
the regular and prolonged application of such ameliorants must be known for
a particular soil and crop production system.
Materials and methods
A field experiment on a crusting soil was commenced early in 1987. The
soil is a deep red Rhodic Paleustalf, located on the Makatini Experimental
Farm in Northern Natal, South Africa. A 3 x 3 x 3 factorial design was
used with phosphogypsum levels of 0, 2 and 5 t/ha per crop (symbols Go, Gi,
G 2 ) and organic (plant rests) mulch levels of 0, 4 and 8 t/ha per crop
(symbols Mo, Mi, M. ) . Plot sizes were 20 x 10 m. Treatments were
replicated three times. With a favourable climate two crops could be
produced per year using sprinkler irrigation to supplement a rainfall of
620 mm/y occurring mainly in the summer months. Crops planted to date are
maize, cotton, field beans and rice.
Infiltration rate measurements were made immediately after planting and
again after harvesting of a crop, using a portable rainfall simulator
specially developed for this study. Soil samples were taken once a year to
a depth of 1200 mm and analyzed for electrical conductivity, pH,
exchangeable and soluble Ca++, Mg++, K+ and Na+, and for soluble S0i^, CI ,
HC03 and C0~. Soil crusts were examined microscopically using a stereo=
microscope and scanning electron microscope.
Results and discussion
1.
Infiltration measurements showed that final infiltration rates (FIR's)
were much improved by both the gypsum and mulch treatments. The effect of
both ameliorants persisted significantly over a growing season (4-5 months).
FIR of gypsum and mulch treated plots were 3 to 5 times higher than that of
untreated plots.
2.
Scanning electronmicroscope and stereomicroscope examination of soil
crusts revealed a distinct improvement of microstructure where the
ameliorants were applied. A noteworthy observation was the presence of a
dense growth/remains of microbial structures (hyphae, slimes) in older
crusts which had developed during a moist season. The effect of this
phenomenon on crust stability and water infiltration is not yet known.
3.
Chemical analyses of the soil to a depth of 1200mm indicated that
after 2 years (or 4 crop cycles) a number of significant changes had
occurred (TABLE 1). Some of the more important are:
Ca: As could be expected from the use of surface-applied gypsum,
exchangeable Ca in the topsoil increased to a level where the soil CEC was
practically saturated with Ca. The higher exchangeable Ca levels were still
observed to a depth of 20 cm, possibly 30 cm.
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Mg:
Exchangeable Mg decreased significantly in the top 30 cm of gypsum
treated plots and there are indications of a decrease to 60 cm depth. This
of course, did not occur in the case of the mulch only treatments. The
loss of Mg from gypsum treated soil has been recognized by other
investigators as well, and could become a serious problem in practice.
K:
Loss of exchangeable K occurred mainly in the top 20 cm of soil where
gypsum was applied. The relative loss of K was not as great as that of
Mg. For example, the ratio of exchangeable K or Mg for the GoM2 to that
for the G2M2 treatment is 2,5 for K and 8,9 for Mg in the top 10 cm of soil.
This points to a relatively strong affinity of the exchange complex of
this soil for K. While the initial 1 N NHi,0Ac extractable K in this soil
was at the favourable level of 275 mg K/kg soil after 4 crop cycles it had
declined to 110 mg K/kg soil at the high gypsum application levels.
SOi»:
Soluble sulphate had increased markedly throughout the soil profile.
The five to tenfold increase at depths >30 cm is evidence of continued
downward movement, the major accompanying cation probably being Mg.
P:
Phosphate data are not shown in Table 1, but the results obtained to
date show signifcant increases in Bray-2 extractable P in all phosphogypsum
treated plots. It is apparent that the application of P fertilizer would
in most cases be unnecessary with the regular use of phosphogypsum.
pH:
The pH data clearly indicate a decrease in pH (H20) for the G2 plots,
particularly deeper in the profile. However, this is most likely a salt
effect since pH (1 M KCl) did not show the same trend, but in fact was
practically the same at comparable depths for both ameliorant treated and
untreated plots. These observations further show that at fairly normal
(pH (H20) 6 to 6,5) pH values, gypsum has no or very little effect on soil
pH.

TABLE 1 :

Some soil chemical properties for selected treatments* related
to soil depth (Ca, Mg, K = exchangeable Ca, Mg, K in cmol(+)/
kg soil; SO4 = soluble sulphate in cmol(-)/kg).
G0M0*

G2M0*

G2M2*

Soil depth
(cm)
0-5
5-10
10-20
20-30
30-60
60-90
90-120

Ca
3,7
4,0
3,6
3,2
3,3
4,9
4,3

Mg

K

1,4
1,0
1,0
1,6
2,0
2,7
2,4

0,6
0,5
0,5
0,7
0,6
0,3
0,5

SO^
0,03
0,07
0,10
0,10
0,06
0,05
0,06

Ca
7,9
6,3
4,5
4,2
4,1
4,0
3,6

Mg
0,3
0,2
0,3
0,8
1,6
2,7
2,9

K
0,2
0,5
0,4
0,4
0,5
0,4
0,4

SC%
0,05
0,12
0,15
0,31
0,31
0,32
0,36

*G0 = 0 Gypsum; G2 = 5 t Gypsum/crop = 20 t t o t a l ;
= 32 t t o t a l
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Ca
8,6
6,1
5,9
4,0
3,4
3,6
4,8

Mg

K

SOi,

0,1
0,2
0,4
0,7
1,6
2,1
2,7

0,2
0,3
0,4
0,4
0,7
1,1
0,5

0,61
0,16
0,25
0,24
0,39
0,51
0,38

M2 = 8 t M u l c h / c r o p

NATURAL AND ANTHROPOGENOUS COMPACTION IN THE CENTRAL
PRECAUCASUS SOILS
I.V.KOVDA
INSTITUTE OP SOIL SCIENCE AND PHOTOSYNTHESIS,
PUSHCHINO, U.S.S.R.
Vertisols and vertic subgroup soils occupy considerable
areas and are intensively cultivated. In the USSR the necessity of their thorough study is urged also by recently developping process of secondary compaction of soils due to irrigation which caused the increase of costs and deterioration
of fertility. Morphology and ecology of vertisols and vertic
subgroup soils has been studied well. Our task was to investigate and analyze natural compaction, compare natural and
anthropogenous compaction basing on morphology, micromorphology» physico-chemical properties of these soils and find out
preconditions to such a phenomena, as well as to clerify common features and differences in mechanism of compacted horizons formation.
The studies have been carried out in the Central Precaucasus, where the ecologie situation (in particular, the presence of drying and wetting seasons in annual cycle) are such,
that provide swelling and shrinking of soils.
Chernozem and dark chestnut soils on loess-like loams, as
well as natural compacted soils on clays were investigated.
Field studies of natural compacted soils were carried out
by means of catena. Anthropogenous compaction of chernozem
and dark chestnut soils were investigated by comparative method to non-irrigated background. The work has been fulfilled
at maorolevel by comparing profiles and horizons, at mesolevei
- by study of separate structural units and at microlevel in thin sections. Typical physico-chemical priperties were
distinguished, some of them are given in table included.
Natural compacted soils are spread in limited areas only
and occur in the higher part of the Precaucasus at 250-500m.
where, following the occurance of Pg-N marine clays, they
sometimes occupy watersheds, accumulative parts of slopes and
depressions. Ground waters usually are from 3-5 to 10 m.deep,
but sometimes can occur at shallower levels.
Compacted soils differ from the zonal ones by higher compaction of whole profile, compacted horizon being located in
the upper part of the profile. They have blocky structure v/ith
up to 30 x 20 cm large peds. Such morphologic features as
pedoturbations, slickensides, typical for vertisols, are distinguished in the profile. Physico-chemical properties of the
compacted horizon in some of the soils under study are shown
in the table. The thin sections reveal high degree of plasma
orientation, absence of compound aggregates, prevailing of
planar porosity and fissury structure.
Zonal chernozems and dark chestnut soils being irrigated
for long time with fresh 0,45-1,0 g/1 alkaline waters by sprinkling do not undergo secondary alkalinization and salinization, on the contrary, water soluble salts are leaches out.
Nevertheless, the structure of cultivated soils acquires block
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features for chernozems and lumpy ones for dark chestnut soils
and by balk density the arable lands approach natural compacted soils. No significant changes are observed in the content
of Corg. and CCU of carbonates, pH, swelling, quantity and
mineralogical composition of clay.
Table: PHYSICO-CHEMICAL PROPERTIES OF THE COMPACTED HORIZONS
AND THEIR NON-COMPACTED ANALOGUES
soil
* pH *Corg*SiOp *CO?%*swelling*Bulk
*smectite^
*
% % $amorph!j:
% %
*density* clay$~
irrigated
*
*
*
*
*
* g/cnr*
chernozem
*8,2o *2.10*0.52#*5.35* 27,8 * 1,42 * 32/26
chernozem
*7,75 *2,12*0,2o *5,35* 27V9 * 1,07 * 38/25"
irrigated
dark chest- *7,80 *1,5 *0,3 *3,20* 17,4 * 1,48 * 1/11
nut soil
chestnut soil7,70 *1,5 *0,4 *2,50* 15,4 * 1,13 * 1712
vertisol
*7,95 *2,45*0,88 *0,96* 36~3 * 1,42 * 43/30
vertisol
*6,55 *3,76*0,69 *0,96* 38,9 * 1,55 * 24/38
Micromorphologic analysis of irrigated soils revealed the
loss of stability of compound aggregates, changes in microcomposition, pore space, humus microforms and absence of any
signs of rearrangement and mobility of plasma.
Basing on the above, we conclude the following:
1. Natural compacted soils of the Central Precaucasus,possessing a number of differences from both typical and zonal
soils are the northmost analogues of vertisols.
2. Natural compaction process forms vertisols in presence of
clayish soil-forming rocks with a considerable share of swelling minerals in the clay fraction and in alternating moisture regime.
3. Pulsating moisture regime under other similar conditions
plays a leading role in the degree of compaction manifestation. Thus, the highest degree of compaction is observed in
vertisols in the transfer locations (slopes of macrorelief
or bends of microrelief)
4. Anthropogenous compaction caused by additional pulsating
wetting of soils due to irrigation can be compared to the
natural one as far as physico-chemical parameters, as well as
morphology is concerned. But a lighter texture, lower swelling properties and smectite contents in dark chestnut soils,
if compared to chernozems and vertisols, suggest that the
compaction mechanism in these soils differs. Probably, cementation of soil mass takes place in dark chestnut soils while
compaction in chernozems and vertisols is caused by the
changes in the condition of labile minerals in the process of
wetting-drying regime.
5. Absence of physico-chemical differences between anthropogenous compaction of horizons and their non-irrigated analogues is probably caused by intra-horizontal microzonal
re-arrangement.
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DECOMPOSITION RATES ON GRASSLAND SITES UNDER DIFFERENT MANAGEMENT
PRACTICES
G. Broil
Westfälische Wilhelms-Universität, Münster, FRG

The study was carried out as part of research programs concerning the
ecological management of grassland. The objective of the main program is to
investigate the ecological changes taking place on farmland after its agricultural use has terminated. The results suggest substantial recommendations for various kinds of management practices.
This study deals with the influences of distinct management practices
on the soil microbial activity in selected fallow areas located in the Federal Republic of Germany.
The microbial activity was calculated by measuring soil respiration and
enzymatic activities. To explain the differences originating from various
treatments it proved to be necessary to examine all site factors, such as
soil temperature and -moisture, and humus content.
The decomposition greatly depends on the treatment of the grassland
sites. In general the management practices "cutting", "mulching" and "extensive grazing" are characterized by high turnover rates. They can be
attributed to the effects of the plant cover. In such cases the decomposition is favoured by high soil temperature, wide variations of the temperature, and by litter composition, especially when the litter has a high nitrogen content and a low percentage of lignin.
On the lots "natural succession", not influenced by man, the microbial
activity is slowed down by a thick litter cover. It delays the cooling and
warming of the soil. In addition, the decomposition is retarded by a high
lignin content and a relatively wide C/N-ratio of the litter.
Both, the plant cover and the litter layer influence the pedological
environment, and thus become the decisive factors controlling soil microbial activity. Considering the thermal and moisture ranges of the investigation areas, it is possible to calculate the decomposition rate to the
differently treated lots and to estimate the influence of the management
practices.
On sites characterized by short growing seasons the effects of various
treatments will be unimportant. The soil respiration is intensive on sites
with sufficent soil moisture and relatively high temperatures. In case the
litter can be easily decomposed the soil respiration will continue to increase. On dry sites decomposition is accelerated by increase of soil
moisture occuring during spring and fall. Lower rates are associated with
moisture deficiency in summer. In the latter case the conditions are more
favorable by a litter layer thick enough to reduce evaporation. On the
other hand, on wet sites a thick litter layer may impede the microbial activity by causing anaerobic conditions.
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THE GROWTH, YIELD AND NUT1ENT UPTAKE BY BARLEY, WHEAT AND
CORN AFTER PLOUGHING AND REDUCED CULTIVATION ON RECLAIMED
CALCAREOUS CLAY SOIL.
N.M.A.Rashid, A.M.Dhanoon,
E.K.Abood
Dept. soil & l a n d R e s . , Agric .Water Reso.Res . C e n t . , S e i . R e s . C o u n c i l ,
P.O.Box 2416, B a g h d a d , I r a q .
In a r i d and semi a r i d regions simplified methods of c u l t i v a t i o n may
i n c r e a s e the accumulation of salt and n u t r i e n t on soil surface which will
affect the crop growth and c o n s e q u e n t l y reduce the y i e l d . F u l l e r ( 1 ) s t a t e d
t h a t since d r a i n a g e is the most important s i n g l e factor in s a l i n i t y con t r o l , soil compaction which impire the i n t e r n a l water content,must be kept
to a minimum by minimizing the m a c h i n a r y p a s s e s . In t h i s study
mung
bean ( green gram ) , b a r l e y , mung b e a n , wheat and corn were grown in
sequence d u r i n g the p e r i o d s of June 1982 to Nov. 1984,each after conven t i o n a l mouldboard plough (MP) and shallow tine c u l t i v a t i o n (RC). 7 or the
first treatment one p a s s of MP ( 20 - 25cm )was done followed by s e c o n d a r y
c u l t i v a t i o n . For the second treatment only one p a s s of s p r i n g tine c u l t i v a t o r
( 7-10cm ) was performed. In both c u l t i v a t i o n t r e a t m e n t s seeds and f e r t i l i z e r s were hand b r o a d c a s t e d a n d covered in r i g h t a n g l e by s p r i n g tine
c u l t i v a t o r to 7-10cm soil depth . Informations on s a l t and n u t r i e n t d i s t r i butions in soil d u r i n g the course of t h i s study p r e v i o u s l y h a s been r e p orted by Reshid et a l . ( 2 ) .
Table 1 shews t h a t shoot dry weight of b a r l e y a n d wheat were s i m i l a r
under both t r e a t m e n t s u n t i l 22 of F e b . 1983 ( 93 d a y s from sowing) then
after b a r l e y produced more shoot d r y weight under MP, while wheat
produced more d r y weight after RC. The differences in shoots d r y weight
of two crops after both t r e a t m e n t s were not s i g n i f i c a n t . Throughout
the
growing season of 1982 - 1983 shoot d r y weight of b a r l e y
continued to
i n c r e a s e while t h a t of wheat d u r i n g 1983 - 1984 reached maximum
at
a n t h e s i s t h e n a f t e r it remained almost the same.
Barley produced more g r a i n yield
after RC t h a n after MP while
h e a v i e r g r a i n yield of wheat and corn were obtained after MP t h a n after
RC but the t r e a t m e n t s effects were not s t a t i s t i c a l l y s i g n i f i c a n t .
Nitrogen u p t a k e by b a r l e y shoot was s i m i l a r under both methods of cul t i v a t i o n s u n t i l 22 of Feb. 1983 t h a n a f t e r the u p t a k e s i g n i f i c a n t l y (P<0.05)
was h i g h e r after RC t h a n after MP. Nitrogen u p t a k e by b a r l e y r e a c h e d the
maximum at crop a n t h e s i s l a t e r on it decreased about 30%. The u p t a k e of
N by wheat tended to be h i g h e r after MP t h a n after RC u n t i l e a r s emergence,
t h e n a f t e r it decreased while the u p t a k e after RC i n c r e a s e d s l i g h t l y . The
method of c u l t i v a t i o n s did not affect the u p t a k e of P by b a r l e y and w h e a t .
Potassium u p t a k e by both crops tended to be h i g h e r after MP t h a n after
RC and the u p t a k e of K by b a r l e y at a n t h e s i s and l a s t sampling
perod
were s i g n i f i c a n t ( p< 0.05 ) . This may i n d i c a t e the importance of soil
i n v e r s i o n in b r i n g i n g less a c c e s s a b l e n u t r i e n t to soil s u r f a c e .
No major differences in the c o n c e n t r a t i o n s of N, P, and K in the corn
l e a v e s were o b t a i n e d u n d e r both t r e a t m e n t s . Except the c o n c e n t r a t i o n of
nitrogen measured on 22nd of Sept.1984(59 d a y s from sowing)was s i g n i f i c a n t l y
(Pc0.05) h i g h e r after MP t h a n after RC. Phophorus c o n c e n t r a t i o n s in corn
l e a v e s tended to be h i g h e r after RC t h a n after MP and the difference in
P concentration measured on the 36 d a y s from sowing was s i g n i f i c a n t
( p < 0 . 0 5 ) . During the growing p e r i o d s of corn the c o n c e n t r a t i o n s of K were
s i m i l a r after both t r e a t m e n t s except on the 113 d a y s from sowing the
p e r c e n t a g e of K in the l e a v e s was s i g n i f i c a n t l y ( p<0.05)higher after RC
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t h a n MP which p r o b a b l y was due to h i g h e r K loss (eflux p l u s l i t t e r loss)
d u r i n g the crop m a t u r i t y u n d e r MP t h a n after RC t r e a t m e n t s .
The r e s u l t s of t h i s short term experiment shows t h a t the simplified
methods of c u l t i v a t i o n s a r e worthy to be tested on different soil
types
of a r i d and semi a r i d regions since in t h i s study s i m i l a r y i e l d s of c e r e a l s
were o b t a i n e d after simplified method of c u l t i v a t i o n and after p l o u g h i n g
and also without affecting a d v e r s e l y the n u t r i e n t u p t a k e by the tested
crops.
Table 1 : Shoot d r y weight , g r a i n yield and n u t r i e n t u p t a k e by b a r l e y
and wheat with the concentration of n u t r i e n t in corn
leaves
u n d e r MP and RC methods of c u l t i v a t i o n s .
Days from
sowing

Shoot Dry
matter

Winter b a r l e y
(1982-1983)

MP

62
93
121
162
176

RC

18
18
457 489
786 689
1097 896
1010 1170

Grain Yield

N

P

K

g-m
MP

RC

—
—
—
—
—
—
550 630

MP
0.61
10.2
22.8
15.2"

Winter Wheat
(1983-1984)
38
63
45
4.3
4.8
59
161 U6
10.0
79
329 299
8.8
99
416 397
13.6
118
779 804
11.8
139
1233 1315
9.0
158
1239 1352
170
1780 1330
480 390
Summer corn
(1984)
2.24
36
2.17"
59
1.54
83
1.05
113
115
4210 3710
300 270
*, ** Significantly different at P= 0.05 and

RC

MP

RC

MP

RC

0.54
11.0
19.1
14.2

0.06
1.64
2.6
3.0

0.06
1.86
2.4
2.5

0.95 0.92
18.4 17.9
27" 19.5
11.5 9.5

3.6
4.4
8.5
8.2
12.1
12.5
11.7

0.08
0.42
0.94
0.94
1.54
1.77
1.70

0.07
0.41
0.99
0.89
1.77
1.77
1.84

2.9
7.8
16.9
18.5
22.9
18.2
17.6

1.9
6.9
15.1
16.6
19.3
17.6
15.0

2.43
" 1.75
1.4
1.3

0.25
0.27
0.21
0.19

0.28 V
0.28
0.22
0.17

3.6
2.7
2.0
0.94

3.5
2.8
1.8
1.2"

0.01 respectively

REFERENCES
1. F u l l e r , W.H. Management of s a l i n e s o i l . Outlook Agric. ,10:13-20( 1979).
2. Rashid.N.M.A, Al-Omari, S.M. and a b d u l - S a l a m , N.M. Salt and n u t r i e n t
profile d i s t r i b u t i o n in reclaimed soil after ploughing
and reduced
c u l t i v a t i o n s . T r a n s a c t i o n s XIII congress of the i n t e r n a t i o n a l society
of soil science, Vol. IV p p l 5 3 6 , 13-20, 8, 1986, Hamburg.

VI-261

DETAILING SOIL RESPONSE TO ENVIRONMENTAL CHANGE
M.A. Courtv*. N. Fedoroff**, P. Goldberg*** and R.I. Macphail****
*U.A. 723, CNRS, Bat. de Geologie, Univ. Orsay, 91405 Orsay, France **INA PG, 78850 Grignon, France, ***Ins. Archaeology, Hebrew Univ. Jerusalem, Israel,
****Ins. Archaeology, Univ. College London, WC1H OPY, United Kingdom.
It is often stated that soils and soil forming processes are insensitive to environmental
changes and if such changes were to occur, soils would respond too slowly to record such
changes. In other words, soil possess an inertia and only above a certain threshold value will
environmental changes be recorded. We intend to show that if soils are studied as a
comprehensive system they can provide detailed, local but also general information on
environmental changes both past and present.
Soils are produced by the combined effects of elementary soil forming processes. We
consider these fundamental processes in a narrow sense to include such phenomenon as
alteration/dissolution/aggradation of a mineral, particle translocation, earth-worm activity, and
consequently our approach to the soil as a comprehensive system is as follows:
1. analyse the soil system as an integral of elementary processes,
Ss =

(Alx, Dx, Agx, Ewa, Tp,

)

Alx: alteration of a mineral, e.g. pseudomorphosis of biotite in vermiculite, Dx: dissolution of a
mineral, e.g. CaCo3, aggradation of a mineral, e.g. CINa, EWa: earth-worm activity, Tp:
translocation of solid particles,
Some sedimentary processes as incorporation of dust into the soil are considered at the same
level as any pedological functions.
We assume that each elementary process produces soil features which are more or less
developed and of variable size. These features are studied at all scales and upon which the in-situ
microanalysis are eventually performed. The study of these processes is also supported by
analytical determinations (clay mineralogy, CEC, soluble extract).
2. ascertain the factors responsible for each process, e.g.
Al biotite/vermiculite = f(pH, Cs)
Cs: concentration of the soil solution in ions.
DCaC03 or AgCaCo3 = f (Cs, pCo2, Swr, Pp)
Cs: concentration of the soil solution in ions, pC02: partial C 0 2 pressure, SWr: soil water
regime, Pp: poral pattern. These factors are considered in the micro/meso-system in which this
process is occuring.
EWa (earth-worm activity) = f (SWr, PCs, Fa)
SWr: soil water regime of which measurements have to be performed, PCs, physico-chemical
status, Fa: food availability for earth-worm.
Tl (translocation of solid particles) = f (SSm, SWr, Pp, PCs)
SSm: soil surface morphology, Swr: soil water regime, Pn: the poral pattern, PCs: physicochemical status (concerns only translocation of clays).
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3. analyse the relationships between all the detected features leading to the establishment of a
hierarchy between all of them; features can overlap each other and the corresponding processes
are considered to be synchronous; features can also be juxtaposed and then the corresponding
processes are asynchronous.
When elementary processes are integrated over a large scale, we approach Jenny's concept
where soil formation is seen to be a function of parent material, climate, age and vegetation. Our
environmental and paleo-environmental interpretations of soils and paleosols are conducted as
follows:
1. establish the relationships between the present day local environments (e.g. drainage) and
climatic factors and the soil processes,
2. interpret the environmental significance of each type of feature, e.g. microlaminated,
translucent, high chroma-value, clay coatings result from clay translocation (see Tl formula) and
in this case the factors have the following significance: the soil surface (SSm) consists of living
and dead plants, abundant remnants of faunal activity and rests on a mull; the soil water regime
(S Wr) is characterized by a dominantly capillary regime with regular, deep and slow infiltration.
Such a clay coating develops under a closed forest with plants not producing soluble humus (no
humus translocated with the clays), the absence of phytoliths excludes a prairie vegetation. A
rainy season is indicated during which the soil is regularly affected by water percolation as well
as a dry or drier season when capillary water evaporates. The annual rainfall usually slightly
exceeds evapotranspiration.
3. reconstruct the environmental history of the soil system based on the hierarchy between soil
features, e.g. in BC horizons of deep Ultisols of the humid tropics, microlaminated clay coatings
are commonly juxtaposed on a bleached fabric consisting mainly of textural intercalations.
Microlaminated clay coatings have a significance as in (2) and bleaching and intercalations result
from an earlier saturation of the horizon by lateraly moving water. This intense water movement
is related usually to a higher rainfall than at present although the clay coatings indicate a decrease
in rainfall and in a lowering of ground water.
These two examples show the way soils record environmental changes. It is necessary to
improve our knowledge regarding the basic soil forming processes and to establish how soils
have reacted in the past in order to be able to predict their future evolution. The approach taken
has been essentially qualitative and should be completed later by quantitative data, but this is
necessary at this stage if preliminary predictive models are to be satisfactoraly constructed.
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Soil technology-tillage and field traffic problems

P-37 Soil technology-salt transport and irrigation

AN APPROACH TO ASSESSMENT OP DEGRADATION OP CULTIVATED
SOILS ( THE CASE OP THE NORTHERN RUSSIAN PLAIN)
N.A.Karavaeva
Institute of Geography of the USSR Academy of Sciences,
Moscow, USSR
The target of this paper is to develop the approaches to
assess the changes in the cultivated soils, in particular:to
explore the factors producing the changes, the criteria of
their assessment according to specific soil characteristics,
the major trends of agrogenic evolution of the cultivated
soils. The subject of investigation were the soils under cultivation since ancient time (500-1000 years) in the Northern
Russian Plain: Distric and Eutric Podzoluvisols on the loesslike loams, Epigleyic Podzoluvisols on the varved clays, Eutric Cambisols on the ancient clayey crusts of weathering, Typic Podzols on the fluvioglacial sands and sandy loams. In
the study the following methods were used: macro-, meso- and
micromorphological; analytical methods, analysis of the historical and contemporary data on landuse.
When cultivating soils, man pursues one major purpose to form a fertile substratum for crops.. Nevertheless, the
trends of agrogenic soil evolution are rather diversified.
This is due to three factors: diversity of anthropogenic impacts, i.e. of landuse systems, their history, duration, indepth penetration, "force", ratio of areas under different
uses, etc.; differentiation of the ecological conditions of
the impacts; specific genetic features of individual soils
and of their interrelations in the soil cover, i.e. the properties and processes in the natural pedosphere. Pedology has
not yet developed the typology of anthropogenic impacts on
soils and their "degrading" potential. However, the history
of these impacts gives at least 3 variants of succession of
the types (phases; of landuse and their consequences for soil
evolution: each following phase enforces or maintains influence of the previous processes - monotonous development in
time of the positive or negative processes in soils; the subsequent phase erases the previous impacts - the "erasing"
evolution in time of the positive or negative soil processes;
alternation of different-sign phases in time - the pulsating
development of the different-sign processes. Of the two large
groups of anthropogenic impacts on soils - the direct and indirect impacts - cultivation belongs to the direct ones, producing the greatest consequences and most widely spread impacts on soils.
We can suggest the following major approaches to assessments of anthropogenic transformation of the cultivated soils
profiles. I. Using of the natural soil profiles as a reference ("norm") for comparisons with the cultivated profiles;
the latter may have certain deviations from the "norm'.' 2. Development of two different scales for assessing changes of
soil properties - under direct and indirect impacts - according to the "characteristic time" of the processes: the former
having very high rates of transformation (including the changes of the solid soil substance that are slow in the natural
VI—267

conditions), the latter are close in rates to the natural processes. 3.Selection of the essential morphological, chemical,
physical, and biological characteristics for diagnostication
of the anthropogenic transformation. 4.Hierarchical ranking
of these characteristics for assessment of their input to transformation of a profile.
The possible criteria for assessments of transformation of
the cultivated soils are: the degree of deviation of the cultivated profile from the "norm"; stability or instability of
this deviation under the current conditions of the natural-anthropogenic environment; reversibility or irreversibility of
the transformation, or development in a new (positive or negative for man) direction; degree of comfort or discomfort induced by the transformation on the cultivated or natural biota;
and the probability of further change of the transformed characteristics under direct human impact.
On the basis of our studies 3 types of agrogenic evolution
of soils have been identified according to changes of their
structure, properties, and processes (the evolution related
to accelerated erosion and artificial draining was not considered). I."Natural-like" evolution:prevalence of the processes characteristic for the natural soils. 2."Transforming" evolution:prevalence of the processes associated with cultivation, undesirable or contradicting human activities. They are
absent in natural soils or have no diagnostic significance,
but become pronounced or sharply envorced when a natural landscape is replaced by arable lands. 3."Accumulative" evolution:
prevalence of the pre-targeted processes (accumulation of humus, of nutritional elements, pH optimization, etc.). Degradation of soils takes place under the first and second types of
evolution. The above trends of evolution are distributed according to certain laws depending on the genetic group of soils.
I.Distric and Eutric^Podzoluvisols: "natural-like" evolution
under low level of agricultural practices (degradation of the
medium degree), "accumulative" evolution - under optimal technology (but instable, and is replaced by the "natural-like"
evolution if the level of technology is reduced). 2.Epigleyic
Podzoluvisols: under all traditional technologies the "transforming" evolution prevails; high degree of degradation; amelioration can only be achieved via high-cost technologies (super-deep tillage and draining). 3.Eutric Gambisols: "accumulative" evolution that can be replaced by the "transforming"evolution with a medium degree of soils degradation. 4.Typic
Podzols: "accumulative" (but instable) evolution under highlevel, and "transforming" - under low-level technologies. The
soils that had no albic horizon, develop it, medium degree, of
degradation.
Conclusion. The principal degrading processes in the studied cultivated soils are: epigleyification, migration of amorphous substances and podzolization, lessivage and formation of
albic horizon. These processes and the corresponding trends of
agrogenic evolution don't threaten of irreversible degradation
or loss of soils as a natural resource. Such grave consequences can, apparently, be expected of only two groups of processes - accelerated erosion and pollution. These processes are
the most dangerous forms of degradation of the arable soils in
the Northern Russian Plain.
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INCREASING SALT LEACHING EFFECIENCY BY SOIL TEMPERATURE
INCREASE
R.K.Abdul - Halim*. H.M.Salih*, A.M.Abdul - Rahem*
* Scientific Research Council, P.O.Box 24-41, B a g h d a d , I r a q
Most i r r i g a t e d a r e a s in the Mesopotamian p l a i n a r e h i g h l y affected by
s a l i n i t y . Leaching s a l t s after construction of i r r i g a t i o n and d r a i n a g e
network r e q u i r e s huge amount of fresh w a t e r . The s o l u b i l i t y of some
s a l t s , such as sodium s u l p h a t e which is found in high concentration in
the soil of the p l a i n , and to some e x t e n t , sodium c a r b o n a t e , a r e h i g h l y
affected by t e m p e r a t u r e . If s a l t l e a c h i n g is c a r r i e d out d u r i n g summer
s e a s o n , at which water is not a v a i l a b l e a n d the e v a p o r a t i o n is high ,
then a l a r g e amount of water is r e q u i r e d to reduce soil s a l i n i t y of the
rootzone to a permissible l e v e l . In t h i s study an attempt to i n c r e a s e soil
t e m p e r a t u r e and hence fasten s a l t l e a c h i n g was t r i e d . Highly s a l i n e soil
from Dujalah a g r i c u l t u r a l project south of B a g h d a d , by about 250 km.
c o n t a i n i n g high sodium s u l p h a t e was u s e d . Soil was a i r - d r i e d , p a s s e d
t h r o u g h a 2mm sieve and packed in 2 5 x 2 5 c m Mitcherilich pots to b r i n g
the bulk d e n s i t y to 1.4 g m / c c .
Treatments used were : 1. Asphalt mixed with top 5 cm of soil in 5%
by w e i g h t , 2. Asphalt floated on l e a c h i n g water s u r f a c e , 3 . Crude oil
mixed with top 5 cm of soil in 5% by w e i g h t , 4. Crude oil floated on
l e a c h i n g w a t e r s u r f a c e , and 5. Control. The experiment was done in a
l a t h - h o u s e in open a i r in J a d r i y h a , B a g h d a d , and s t a r t e d in October ,
1982. Thermometers were i n s t a l l e d at 2 cm below l e a c h i n g water surface,
5 , 10, a n d 20 cm below soil s u r f a c e . Three r e a d i n g s were recorded
d a i l y at 9-9 = 30 a . m , 12-12: 30 p . m . and 2-2:30 p . m . d u r i n g the l e a c h i n g
p e r i o d , which l a s t e d 48 d a y s . The experiment was r e p l i c a t e d twice and
set on a complete randomized block d e s i g n making a t o t a l of 10
columns.
Results showed t h a t at 9-9 :30 a.m when petroleum p r o d u c t s were
floated on the s u r f a c e , there occurred a s l i g h t i n c r e a s e in water
t e m p e r a t u r e r a n g i n g from 1.3-2.3 C as compared with other t r e a t m e n t s .
Similar differences were also o b t a i n e d when r e a d i n g s were t a k e n at
different t i m e s . Small i n c r e a s e at 5 cm depth were also observed . The
amount of w a t e r used for l e a c h i n g s a l t below 4 d s . m _ i were not
c o n s i s t e n t with t r e a t m e n t s , however the s a v i n g of water t h r o u g h
e v a p o r a t i o n was about 14 l i t e r s between the control t r e a t m e n t s and the
floated c r u d e oil t r e a t m e n t . It should by noted also t h a t water
i n f i l t r a t i o n was g r e a t e s t when a s p h a l t was mixed with soil , p o s s i b l y
due to soil p h y s i c a l improvement. In c o n c l u s i o n , t h e r e seems to be a
g r e a t p o t e n t i a l for u s i n g some petroleum p r o d u c t s to improve l e a c h i n g
p r a c t i c e s . However more work is r e q u i r e d in t h i s d i r e c t i o n .
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HYDRO-GBOCHEKICAL DYNAMICS OP GROUNDWATER III A SEMI-ARID
IRRIGATED TRACT AND ITS IMPACTS
G. S. Khan and M. I kram
Basic S o i l I n v e s t i g a t i o n s , S o i l Survey of P a k i s t a n
Lahor e-P a k i s t an

One of t h e major c o n s t r a i n t s l i m i t i n g s o i l p r o d u c t i v i t y i n a r i d
and s e m i - a r i d a r e a s i s t h e s a l a n i t y a n d / o r s o d i c i t y . A s i z e a b l e p r o p o r t i o n of o t h e r w i s e p r o d u c t i v e l a n d s a r e t a k e n out of c u l t i v a t i o n i n
our c o u n t r y hy t h i s menace. T h i s study was u n d e r t a k e n to study t h e
s p e c i f i c pedogenetio processes leading to the s a l i n i z a t i o n and/or s o d i c a t i o n i n r e l a t i o n t o a p a r t i c u l a r environmental and hydro-geochemical
s e t t i n g . Furthermore s p e c i f i c n a t u r a l v e g e t a t i o n communities were a l s o
t o i d e n t i f i e d f o r c o r r e l a t i o n with t h e s p e c i f i c s o i l environment. The
s t u d y was aimed a t i d e n t i f y i n g t h e n a t u r e of t h e problem which would
h e l p i n evolving low i n p u t p r o d u c t i o n t e c h n i q u e s , e n s u r i n g s u s t a i n hi l i t j j
p r o f i t a b i l i t y alongwith environmental soundness.
Methodst The study was conducted f o r two y e a r s on seven pedons ( c o v e r i n g
d i f f e r e n t p h a s e s ) of Khurrianwala S i l t Loam ( C o a r s e s i l t y , mixed, h y p e r t h e r m i c , HatriO Camborthids). Sampling was done each month upto t h e
w a t e r t a b l e depth a t depth i n t e r v a l s of 15 cm u p t o 60 cm and than a t
30 cm i n t e r v a l u p t o t h e w a t e r t a b l e . Groundwater samples were a l s o
c o l l e c t e d . S o i l and water samples were a n a l y s e d f o r pH, EC and c o n s t i t u e n t i o n s a c c o r d i n g t o t h e s t a n d a r d p r o c e d u r e s (USDA, 1984). V e g e t a t a t i o n communities were a l s o d e l i n e a t e d i n t h e a r e a . The study a r e a was
f a l l o w . R a i n f a l l and e v a p o r a t i o n d a t a were c o l l e c t e d from t h e nearby
moterological station.
R e s u l t s ; The p h y s i o g r a p h i c p o s i t i o n s of t h e pedons and w a t e r t a b l e f l u e
t u a t i o n a r e shown i n H . g . 1 , The c l i m a t i c d a t a i s p r e s e n t e d i n P i g . 2 and
s a l a n i t y / s o d i c i t y s t a t u s data i n t a b l e 1. Some t r e n d s a r e q u i t e c o n s p i c u o u s . The r a i n f a l l p a t t e r n show b i m o d e l a l i t y and e x p r e s s i n g influence
on groundwater. The w a t e r t a b l e s t a r t e d r i s i n g a f t e r t h e summer (monsoon)
r a i n s and reached maxima i n t h e month of J a n u a r y , where t h e e v a p o t r a n s p i r a t i o n ras a t minimum. W a t e r t a b l e droped t o maximum i n t h e month of
May/June, where t h e e v a p o t r a n a p i r a t i o n was maximum. The w a t e r t a b l e depth
f l u c t u a t i o n were v a r i a b l e i n d i c a t i n g how v a r i a b l e ( h e t e r o g e n o u s ) s o i l s
were even a t s h o r t d i s t a n c e . This t r a v e r s e was about 1.5 km. This
d i f f e r a i t i a l f l u c t u a t i o n were a s c r i b e d t o m i c r o r e l i e f , h y d r a u l i c c h a r a c t e r i s t i c s and land u s e ( b a r e n e s s and t y p e of n a t u r a l v e g e t a t i o n )
d i f f e r e n c e s of t h e s e pedons.
The groundwater was s a l i n e - s c d i c (EC-2.0-10.0 dSM-"!); (SAR-14-69).
The c h e m i s t r y of t h e groundwater a l s o showed v a r i a t i o n with f l u c t u a t i o n
i n d e p t h . On w a t e r t a b l e r i s e i t s EC and SAR were lowered showing d i l u t i o n e f f e c t due t o r e c h a r g e through good q u a l i t y r a i n w a t e r .
The top s o i l s a l a n i t y showed g r e a t v a r i a b i l i t y i n d i f f e r e n t
months under s t r o n g i n t e r a c t i o n of r a i n f a l l , e v a p o t r a n a p i r a t i o n l a n d
u s e and t h e w a t e r t a b l e d e p t h . I t touched maximum (EC-71.0 dSM-1, which
p e r s i s t e d t i l l t h e onset of monsoon) when t h e r e was minimum e v a p o r a t i o n ,
b u t w a t e r t a b l e was h i g h e s t . This i n d i c a t e d t h a t p r o b a b l y ease of
c a p i l l a r i t y was most i n s t r u m e n t a l i n s a l t b u i l d u p , w h i l e t h e g r e a t depth
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of watertable and break in c a p i l l a r i t y due t o i n t e n s i v e evapotranspir a t i o n i n summer month (premonsoon) could not r e s u l t in maximum salani-fy
buildpu. .In monsoon months the surface s a l t were mostly washed with
runoff and p a r t l y leached down to a limited depth because of limited
i n f i l t r a t i o n r a t e and hydraulic conductivity of these s o i l s .
The four vegetation «immunities v i s - a - v i s Sporobolus sp;( Pedon IV)|
Aeluropus sp; (Pedon V), Desmostachya sp; (Pedon Yl) and Cynodon sp;
(Pedon VII) had different watert able depth beneath and the chemistry
of s o i l and groundwater also varied.
onclusion: There i s only surplus r a i n s in 2 summer months (July/Aug,)
Cwhich
i s almost l o s t as runoff due to t h e limited i n f i l t r a t i o n r a t e s .
"wh
This excess water could be u t i l i z e d by enhancing t h e intake r a t e .
Secondly the watertable depth ought t o be contained, through approp r i a t e measure in order to check the reversal of the reclamation
e f f e c t s . Vegetation could be used though with great caution, to
i d e n t i f y t h e different types of salanity and/or sodicity a r e a s .

P i g II

— Rainfall ( m m )
2 Q C | — Evaporation "

Reference: USDA (19S4). Procedures for Collection Soil Samples and
Methods of Analysis for Soil Survey, SCS. Soil Survey
Investigation Report No.1, Washington, DC.
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DYNAMIQUE DES SELS DANS UN SOL SOUS
IRRIGATION DANS LA PLAINE DE LA MEJERDA

(NORD - TUNISIE)

T. GALLALI
Faculté des Sciences de Tunis - Tunisie

Il s'agit d'étudier en station expérimentale de 12ha située a
Cherfech (20km au Nord Ouest de Tunis) le comportement d'un sol, alluvial
peu évolué d'apport salin sodique en profondeur, irrigué par 1'eau de
1'oued Mejerda de salinité variable (1,5 a 3g/l, SAR : 6 ä 8) correspondent ä la classe C4 - S2 (USSLS - 1954).
L'approche expérimentale est basée sur deux dispositifs :
- 1'un dit "Qualité d'eau", sert ä étudier sur un même sol les effets de
quatre qualités d'eau ä teneur croissante en sels allant de
A ( 0,3g/l, SAR = 1 ) 8

D (4,5g/l SAR = 10).

- 1'autre dispositif dit "Cases lysimétriques grandeur nature (4 ha) oü
les flux d'entrée et de sortie sont comptabilisés.
La dose d'irrigation dépasse la consommation des plantes et la quantité
d'eau drainée varie de 10% ä 40% de la dose apportée, le régime d'irrigation correspond ä celui du lessivage permanent.
En suivant 1'evolution du Systeme sol-eau - plante, on constate que le
SAR de 1'eau de drainage, élevé au début, decroit de 20 pour se stabiliser ä 13 - 14. La phase transitoire pendant laquelle les mécanismes
d'échange et de precipitation sont totalement différents de ce qui se
passe en régime permanent, a nécessité 5 années avec une fraction lessivante moyenne LF = 0,27 pour amener le sol sur une profondeur de 1,50 m
au régime permanent.
Une fois ce régime atteint avec une eau de composition chimique connue,
on peut exprimer le taux d'alcalisation (Na/T%) en fonction du volume
d'eau apporté.
Le choix préalable du taux d'alcalisation permettant de fixer la fraction
lessivante et par conséquent de programmer rationnellement 1'utilisation
de 1'eau, correspond au taux limite qui al 1 ie 1'économie de 1'eau
(LF faible) et la conservation de 1'aptitude du sol ä assurer une biomasse végétale süffisante.
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MOISTURE DINAMICS OF SALT AFFECTED SOILS IN DIFFERENT
SOIL MOISTURE REGULATION SITUATIONS
A. Karuczka and T. Tóth
Research Institute of the Debrecen Agricultural
University, Karcag and Research Institute of Soil
Science and Agricultural Chemistry, Budapest, Hungary
respectively
During four years in a lysimeter experiment authors
studied the effect of different soil moisture regulation
treatments on the elements of the water balance.
There were two soils studied, with similar water
soluble salt content (0.1-0.5 %) and salt profile (maximum
at 90 cm) but with different particle size distribution.
The average percentage of clay particles (*<0.01 mm ) in
the upper 100 cm soil profile is about 60 for the alluvial
soil (named thereafter lighter soil) and 90 for the
vertisol (named heavier soil). Consequently the hydrolitic
conductivity of the lighter soil is greater than that of
the swelling heavier one.
As the main purpose of the experimentation is the
modelling of agricultural moisture regulation systems
under the high ground water table conditions of the Karcag
region there were different methods for maintaining
(external) ground water table. The 200 cm high plastic
vessels (with an inner diameter of 95 cm) were supplied
with various water regulating equipments. One treatment
consists of a compensation system in which both inflow and
outflow are controlled and ground water table is held at
constant depth - this is the situation corresponding to
the good performing subsurface drainage. This treatment
was partly supplemented with a drain pipe. Another
consists of a supplementing system in which the eventually
falling ground water table is supplemented by ground
water, but there is no obstacle for the lifting of the
ground water table (in the case of rain or irrigation) this is the situation of the fluctuating natural ground
water table. There were three ground water tables held:
90, 120 and 170 cm. The results of the salt and nutrient
studies are published elsewhere, authors now focus on the
moisture content and dinamics of the vessels.
When comparing the average moisture content of the
different soils there was less moisture in the vessels
filled with the lighter soil, this phenomenon reflected
the water retention properties of the two soils. The
impact of rainfall was earlier and more clearly
distinguishable in the lighter soil than in the heavier
one. The shallower was the ground water table the greater
was the average soil moisture, especially in the upper
part of the soil profiles. There were small changes in the
lower part.
The comparison of the depth fluctuation of the soil

VI-273

moisture content in the studied period showed similar
tendencies for the two soils, that is less and less
fluctuation with increasing depth. There was difference in
the manifestation of the maintained external ground water
tables, and it was reflected by the soil moisture
fluctuations also. Under the depth of a realised ground
water table the standard deviation of the soil moisture
was much less for the lighter soil than in the case of the
heavier soil, that is the lighter soil seemed to be more
easily manageable than the heavy. The same phenomenon was
demonstrated by the position of the layers with constant
soil moistures. In the vessels filled with the heavier
soil these layers are situated under the external ground
water table depth, and in the case of the vessels filled
with heavier soil these are in the same or higher layers.
Taking the depth soil moisture distribution from the
dryest time of the four studied years there was an
opportunitity to judge the effect of the different
treatments on the resulting dryness. Authors found not
great differences among the treatments.
As a measure of the natural yearly periodicity
(reflecting the periodic precipitation and weather plus
plant growth conditions) of the soil moisture content of
the different layers authors used semivariograms. As was
expected the periodicity of the soil moisture content was
less and less developed by increasing depths. There was
difference between the two soils as the periodicity was
more clearly manifested in the deeper layers of the
heavier soil (as an indication of the unsucces of moisture
regulation) - another sign for the heavy manageability of
this soi 1 .
The calculation of the balance of the ground water
revealed important differences between the two soils and
maintained ground water table depths. There was generally
positive overall inflow into the vessels during the
studied period. The amount of water flown into the vessels
was much higher for the lighter soil thus showing more
active water transport (quick and easy inflow and
evaporation) than for the heavier soil.
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CAPABILITY FOB IBBTG<\TTON OF SWELL - SHRINK CL\Y
FBOM THE WESTEBN BOMANTAN PLAIN

SOILS

T. Seceleanu
Besearch Institute for Soil Science and Agro-Chemistry (IC PA) Bomania
This paper Intends to present the problems of soils formed on swell-shrink
clay under Irrigation, the nature of the limitations as well as the way in
which these soils can be Improved and cultivated under irrigation scheduling.
We refer to a soil area of about 250.000 ha, located within the
Interstream area between the Olt and Teleorman r i v e r s , that Is within the
Boianului and Gavano-Burdea plains, subunits of the Western Pomanlan Plain.
In order to reach the objectives established in the above - mentioned
perimeter, a soil survey of the above - mentioned soil a r e a s was achieved
and these areas were characterized by morphological, physical and chemical
as well as mineralogical point of views.
Natural framework
The areas with soils formed on swell-shrink clays are located in the
central and northern parts of the above -mentioned plains, in flat, large
regions, with relatively few mlcrodeoressions. The degree of relief
fragmentation as well as the altitude decrease from North to South (225-125 m
abs. alt). The ground water Is generally > 10 m.
The parent material is formed by Proluvlum-deluvium deposits from the
Getlc lake as it had retired towards South and East as a result of the
tectonic movements In the Quanternary period. These deposits conslt of a fine
material, namely swell-shrink clays In which the montmorillonlte prevails In
the clayey fraction ( < 0,002 mm). The dark colour of the typical Vertlsols
and the dark - coloured Bty horizon in certain vertic clayey-luvlsols are
explained by the initial hldromorphlc regime of these deposits, subsequently
drained by the emergence of the network of relatively deep valleys of rivers
flowing Into the Danube.
The region has a continental temperate climate, with yearly average
temperatures of 10. 7 C and yearly average rainfall reaching 547 mm
(Slatlna station). The potential evapotranspiration exeeds the average,
rainfall by 154 mm, a humidity deficit appearing in April which reaches a
peak in July-August and which must be substituted by irrigations. In autumn
and spring, owing to the land clayey character, a stagnation of rainfall
on the soil surface for quite a longtime can be noticed.
The Initial vegetal cover consisted of forests, now it Is arable.
Being a resultant of the environment conditions, the soil cover consists of
Vertlsols and soils with Vertic character from the class of Clayey-Luv Isols
and Molllsols.
If In Vertlsols the vertic characters are to be found ou the whole soil
profile depth (sllcken-sldes that may Intersect, 3-5 cm wide cracks that can
reach 1.5 m In depth, massive structure, permanent processes of
rejuvenation and movements In the whole soil profile), in Clayey Luvlsols and
Molllsols with vertic character these characters can be found in particular In
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the By of Cy horizons.
The nature of limitations and ways to overcome them
Under the conditions of a deficient water circulation no the s^ll profile
due to a strong clayey character on the whole soil profile, in the case of
Vertisols or of the vertic subtypes of zonal soils (46-65%) clay < 0.002 mm),
or to a textural differentiation on the s^ll profile that may reach a doubling of
the clay quantity In the Bty horizon In certain vertic clayey luvlsols as
compared to the An or E (eluvlal) horizons, the permeability may vary from
low to extremely lnw In Vertisols and certain Vertic Clayey -Luvlsols (pseudogleyed vertic alblc Luvisol). The total and aeration porosity may also vary
from low to extremely low with the same soil category. This leads to water
logging and the emergence of the pseudo-gleyzatlon phenomenon, strongly
amplifier! in the micro-depression soil a r e a s .
These limitations to the Irrigations related to the faulty drainage of these
soils motivate u s , according to the physical properties of soils, to Introduce
the Vertisols (FAO/UNESCO, Grumt-Eutric vertisol; USA Soil Taxonomy,
Typlc Pelluderts, Typlc Chromuderts, Aqulc Chrnmuderts, and certain Vertic
Clayey Luvisols (vertlc alblc luvlsols, FAO/UNESCO Vertlc Albic luvlsols,USA
Soil Toxonomy Alblc Ochraqualfs, vertlc Planosols, FAO/UNESCO, EutrlcVertic Planosols USA soil Toxonomy, Vertlc Albaqualfs brown luvic vertlc and
brown reddish luvic vertic (Vertic Luvlsols, USA, Vertlc Ochraqualfs) soils
with moderate - strong pseudo-gleyzatlon) Into 4 t h class of suitability for
irrigation.
This class covers arable lands with limitations of severe degradation risks
under conditions of irrigation (ICPA-1987)
The soils with vertlc character from the class of Molllsols of the type
vertic argilllc Chernozem, vertic Camblc chernozem vertlc arglllic
Chernozem, FAO/UNESCO Luvl-Vertic Chernozems, USA-Soil Toxonomy Vertic
Arglndolls vertlc Camblc Chermozem, FAO(UNESCO Haplic-Vertic Chernozems
USA Soil Toxonomy Vertlc Hapludolls and Vertlc Clayey - Luvlsols of the Vertic
reddish brown and Molllc vertic reddish brown, brown vertic argilllc and
Molllc vertic types FAO/UNESCO, Luvi-Vertic, Paeozems, USA Soil Toxonomy
Vertic Argiudolls, with less severe physical properties as regards drainage
were entend in the 3 r d class of land with limitations or moderate degradation
risks under irrigation.
Conclusions
Owing to the vertic character of soils (the contraction index CI > 0 . 0120)
when deslginine the irrigation system methods of sprinkler irrigation, possibly
bivalent methods (sprinkler-furrow irrigation) should be proposed.
The lower permeability especially in the first part of the Bty horizon
(50-100 cm) recommends the adjustment of the sprinkler outflow to the speed
of water infiltration In soil with a view to prevent the stagnation of water at
the soil surface.
The total porosity (TP) and the aeration porosity (AP) that are low and
extremely low respectively recommend deep loosening - scarifying of soil
with a view to improve the water - a i r ratio In soil.
In order to prevent and remove the excess of water at the soil surface
the surface drainage is recommended through open rills and channels,
accompanied by levelling for assuring the runoff slope towards the collector,
with selective stripping In order to reduce underdralnage with drains
espec ially for clayey-luvlsols with high podzollzatlon of the albic Luvisol and
Planosol types.
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BHEAKING-LOOSENING IN PROBLEMATIC SOILS - TECHNIQUE AND
LOOSENING HESULTS
H. Schulte-Karrinq
'Landcs-Lehr- und Versuchsanstalt, D 5483 Bad Neuenahr-Ahrweiler,
Föderal Hcpublic of Germany
Introduction
Since 30 years the author is dealinq with the development of machines
for deep looseninq and deep fertilizinq, as well as with the investiqation on the effects of these machines on soil and veqetation. These investiqations are exclusively done on traditional techniques of deep looseninq
New developments of different plouqhshare-impulse have substantially increased the efficiency. But deficiencies, based on the kind of
looseninq, could not be removed. Therefore, 'new machines have been constructed to cause a new kind of loosening.

konvcntional:
stroke-loosening

new:
breaking-looseninq
1. The technique of breaking-loosening and deep fertilizinq
Mode of operation:
An adherinq working arm (3) of a frame (1) with an adjustable lever
(2), drives the tool (4) by the help of a shaft drive (5) in such a way
that it moves elliptically. For difficult operations it is possible to
install an additinal saftey-devise at the lever (2). An attached deep
fertilizinq device (6) serves for the distribution of the fertilizer.
This device can be produced for small areas as an attached tool (6), or
for large areas as an adhering instrument.

2. The advantages of the breaking-loosening, compared with the traditional deep looseninq and deep fertilizinq
a) The operations can successfully be done at any times even in wet soils;
b) the dimension of looseninq ist complete and caused by breaking in
such a way, that the usual concentration in furrows and the outflow on
flat furrows can be excluded
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c) different operations can be done, dependend on each soil and the
claimed result. It is possible to work intensive or less intensive,
without mixing or with little or strong mixing treatments.
The outfit of the tools, their number of operations (dependend on
speed and the number of drive shaft revolutions), and the adjustable
motions of the tools determine the results of the treatments.
d) The shearing force of the breaking tools allows ascents up to 40 %
without losses of energy by backslash. There is no demand for gripping
capacity of the soil surface.
e) The pricking manner of operation preserves the root system in longlived cultures.
f) Blocking of the tools are impossible.
g) Maximum working depth can already be achieved when the machine is
standing.
h) The machines can be used in qreat plots for non-swiveling topsoil
tillage.
i) Tho deep fertilizing and tho distribution of tho fertilizor aro intogratcd to the working procedure in o simple ond effective way.

3. Possibilities for use
The new technique has been succesfully used in following areas:
a) Reclamation (coal-mining, other industrial projects)
b) Farming, viniculture, landscape gardening
c) Decontamination of polluted soils
4. Results
Soil physical properties after 3 years
Profil

Hor.

deepth

loos.
in wet
soil

Ap
Sw
Sd

0-30
-55
-95

pore
volume
43,2
45,6
38,8

unloos.

Ap
Sw
Sd

0-30
-55
-95

42,3
41,4
39,1

P>50

Rt
g/cm3

12,2
12,0
7,9
9,2
8,2
7,6

1,53
1,52
1,68
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1,61
1,64
1,66

Kf
Ka
Ew
cm/d pm2 N/cm
533,2 10,1 18
176,5 11,7 18
2,6
9,7 32
34,9
15,5
6,1

9,6
2,5
0,5

26
30
32

A NEW METHOD TO DESIGN PIPE DRAINAGE SYSTEM
FOR HEAVY CLAY PADDIES IN JAPAN
K. Murashima* and Y. Ogino*
* University of Osaka Prefecture, Sakai, Japan
This paper is a report on a new method to determine pipe
drain spacing for heavy clay paddies. Pipe drainage in heavy
clay paddies seems to be difficult because of the low hydraulic conductivity of the soil. However, hydraulic conductivity
of cracked or well structured clay is often much higher than
that of loamy or sandy soil. Unfortunately it is difficult to
directly determine the actual hydraulic conductivity for a
whole plot by using such techniques as the auger hole method.
First we will discuss how to estimate the actual hydraulic
conductivity.
1. Actual hydraulic conductivity
The actual hydraulic conductivity(k) which is defined in
Eq.(2) is determined by Eq.(l):
k = a • ks

(1)

where a is a modification coefficient, k5 is a measure
of the hydraulic conductivity by using the auger hole method.
The coefficient a is determined by comparing ks with k. Then
the value of k is estimated by analyzing a hydrograph of pipe
drainage discharge which is observed in an experimental field
where drains are already installed. As a result, the values of
a are approximately 50 to 100 for k s = 1 0 " c m / s , 100 to 500 for
k s = 1 0 5 cm/s and 500 to 1,000 for k s = 1 0 6 c m / s . The values of
a are larger, the values of ks are smaller. The values of a
depend on whether the soil is well structured.
2. Design of pipe drain spacing
Water flow in soil is illustrated as follows; water flows
horizontally in shallow and permeable topsoil (0.1~0.2m in
depth) which overlies low conductive subsoil. Drains are laid
in trenches cut into the subsoil (about 0.8m in depth) and
filled back in with rice husks and/or gravel, where water
flows downward with less impedance in the topsoil.
Thus the
pipe drain spacing (L) is determined by Eq.(2):

L

=2HJ1F

(2)

where D is the required drainage discharge, H is the
thickness of topsoil and k is the actual hydraulic conductivity estimated by Eq.(l) mentioned above.
3. Combination system of pipes and moles
When the spacing(L) is smaller than 1— 10m, a combination
drainage system of pipes and moles is popular in Japan. The
mole drains are installed in a rectangular pattern crosswise
to the pipes. Water which moves in the moles falls into the
pipes through the rice husks and/or gravel fill. In this case,
assuming that the drainability of the moles nearly equals that
of the pipes, a new formula is proposed to determine mole
drain spacing(b) from a given pipe drain spacing(a) and L:
v.
a- L
„ r
1
1
1
r ,,

b =

W^

v " "^
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"^

(3)

SOLVING THE PROBLEM OF FOOD SHORTAGE IN THE HUMID
TROPICS THROUGH AGROFORESTRY
Aklnola A. Agboola
University of Ibadan- Nigeria,
Department of Agronomy.
The humid tropicsseem to be a zone where a lot of
planning has been going on to increase crop production, but
crop yield is still on the decline despite the increase in
investment and increased hectarage. This in my view is due
to the fact that increase crop production is being planned
without the correct type of farming system.
Attempt to improve continuous land use without soil
cover has resulted to (a) intensive weathered soils, low
in bases with tendency to acidification (b) rapid leaching of plant nutrients including fertilizers, (c) toxic
levels of aluminium in the subsoil which accentuate other
problems by restricting root depth (d) soil compaction
and irreversable hardening
(e) low effective cation
exchange capacity (f) severe soil erosion, (g) low
yield (h) and often crop failure.
One of the potential method of solving these outlined
problems is through Agroforestry. Agroforestry is a collective name for land use systems in which woody perennials
are deliberately grown on the same piece of land as agricultural crops and/or animals either in some form of spatial
arrangement or in sequence.
Agroforestry is appropriate in areas where soil fertility is low and mainly depend on the soil organic matter
fraction, where erosion potential is high and where the
incidence of surface soildeesication is high. On such
marginal or fragile lands the deliberate use of woody
perennials will enhance both land productivity and sustain-ability. It involves the use of trees and shrubs to
enhance organic matter production, to maintain soil fertility. It ensures continuous soil cover thereby preventing
soil loss by runoff maintaining soil moisture, reduce soil
erosion, control weeas and reduce the incidence of soil
borne diseases and create a more even microclimate. Also
it enables nitrogen and other elements to be re-cycled.
By and large trees act as soil protectors, producers of
fodder, food, fuel wood, timber and other useful products
to increase production and economic stability.
/2
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It is believed that open clean and clear continuous
arable cropping has limited success on tropical soils with
their characteristic low CEC, very rapid soil degradation;
once the vegetative cover is removed.
Research so far seem to show that Agroforestry system
need to be further improved. Nevertheless the capacity
of the system to incorporate animal reaxing and fit into
the existing cropping system will go a long way in solving
food shortage in the humid tropical forest zone.
To be justified, the practice of agroforestry must
equal the performance of any alternative agricultural
land use system. Unfortunately comparison is not easy
because of complications introduced by various short and
land term economic implications. As decision makers,
scientists, extensionists and farmers remain unconvinced
of the economic superiority and agroecological necessity
of agroforestry, so long will its widespread adoption
remain a dream.
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UPLAND SOILS OF THE TROPICS: MANAGEMENT
GUIDELINES FOR ANNUAL CROPS
R. P. Bosshart, 335 Bukit Timah Rd., Singapore
Unless the topsoil is conserved, the soil surface is
protected by a vegetative cover, fertilizer rates at least
equal to removal are applied, and physical property problems
can be overcome or tolerated, food crop agriculture on most
upland soils (Ultisols and Oxisols) in the humid tropics is
not sustainable. Furthermore, no cheap and simple means
(low input) of sustaining agricultural production on these
poor soils are yet known.
In many parts of Asia for centuries the biomass and
topsoils of forests have been removed to transfer their
nutrients to the stable flooded lowland paddy fields around
which populations developed. These lowland soils have been
protected from sunlight and erosion by flood waters on the
soil surface. Nutrient transfer and surface water have
helped paddy rice to be a sustainable cropping system. In
recent decades, trees of tropical forests have been removed
primarily for commercial uses (paper, sawn wood products)
and for clearing the land for agriculture.
Selective removal or logging of commercial hardwood trees
without land clearing is sometimes praised because it leaves
much of the virgin forest to cover and protect the soil
against erosion (except where roads are built). Small
diameter (<50cm) hardwoods are supposed to be left in the
forest to mature and reseed; ten to 30 years later a second
logging may remove them. The result is the likely loss
forever of many valuable hardwood species, because natural
or human regeneration of trees in selectively logged forests
is extremely difficult due to the overwhelming competition
from the dense underbrush. The clearing and burning of
narrow strips of forest alternating with undisturbed broad
strips has in a few cases resulted in natural reseeding and
regeneration of valuable hardwoods without fertilization.
Information on such successes is scanty, however,
Although large amounts of money have been earned by
governments and companies from logging and exportation of
tropical hardwood timber, very little of this income has
been returned to the land for reseeding or for research on
soil management for commercial forestry or for agriculture.
Tree crops such as rubber, oil palm, coconut, coffee,
tea, and cocoa have with the correct management inputs made
a stable sustainable agricultural system for upland soils,
mainly because they provide a continuous protective soil
cover somewhat similar to a forest. Rubber, oil palm,
cocoa, and tea can tolerate very low soil pH and still yield
well, if essential nutrients are available in sufficient
amounts.
Because of increasing population pressure on existing
agricultural lands, governments and farmers have in recent
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decades been clearing and occupying lands heretofore
considered too poor for permanent food crop agriculture.
The result has been clearing, erosion, and degradation of
hundreds of thousands of hectares every year. The vast
areas of abandoned anthropic savannas of Imperata
Cylindrica, which thrives on low fertility soils, are proof
of this mismanagement.
Partly due to the high rainfall and temperatures in the
tropics, erosion of exposed soils has become a tremendous
downstream problem resulting in the siltation and flooding
of water reservoirs and streams and destruction of coral
reefs, marine life, and coastal fishing villages.
To reverse this destructive process, land clearing
methods and crop and soil management systems must be
developed and adopted by farmers to cover, protect, and
conserve shallow topsoils while producing profitable food
crop yields. Because the farmers who settle on such poor
soils usually lack the financial resources and knowhow to
provide the necessary inputs and because the markets for
their products are often too distant, governments and aid
agencies must realize that successful agricultural
settlements will only be achieved at high cost. The
research and education effort alone seems formidable.
The natural tropical forest with its efficient,
nearly-closed nutrient cycle and protective ground cover is
perhaps the vegetation best suited ecologically to most
soils of the humid tropics. If forest lands must be cleared
for agriculture, these basic principles must be followed to
make them profitable and sustainable:
Preserving the nutrient content of the original
forest biomass by avoiding the use of fire, if possible.
Conserving the organic matter and fertility of topsoils
by practices which avoid the use of fire and heavy
machinery.
Maintaining a protective vegetative cover on the soil
surface at all times to minimize erosion and leaching by
rainfall and oxidation and drying of the surface by
direct sunlight.
Building topsoil and especially subsoil fertility by
applying lime, P, K, and Mg fertilizers at rates equal
to or in excess of estimated removal, particularly where
subsoils are deficient in these nutrients.
Overcoming physical property problems like high strength
subsoil and poor aeration or planting crops which
tolerate them.
Leguminous cover crops are essential for keeping the soil
covered and protected. Phosphate usually must be applied at
the beginning to assure legume establishment and
maintenance. If the soil can be plowed (e.g., savanna),
rock phosphate is probably the best source because of its
residual effects. Place P as deeply as possible.
To minimize initial costs, crops with Al tolerance and
strong mycorrhizal associations may be grown for the first
few years, but eventually a liming program will likely be
essential to raise pH, reduce exchangeable Al and Mn, and
permit production of some crops sensitive to low-pH
conditions.
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SUSTAINABLE AGRICULTURAL PRODUCTION ON ATOLL SOILS
R.J. Haynes*. R. Naidu** and R.J. Morrison**
* MAFTech, Canterbury Agriculture and Science Centre, Lincoln, Canterbury,
New Zealand.
**School of Pure and Applied Sciences, The University of the South Pacific,
Suva, Fiji.
There are over 300 atolls lying in the tropical regions of the Pacific and Indian
Oceans. Pacific countries such as Kiribati, Tuvalu, Tokelau and Marshall islands
consist entirely of low atolls, other countries such as Cook Islands, Solomon Islands,
Papua New Guinea and Tonga have a small number of atolls whilst others (eg Niue
and Nauru) consist of tectonically raised atolls (coral platforms).
The soils of the low coral atolls consist of little more than unaltered rubble and
sediment originating from coral limestone with a slight intermixing of organic matter in
the thin surface horizon. Little profile development has occurred and usually there is
no significant fraction of a B horizon. The mineral fraction consists almost entirely of
carbonates; essentially calcium carbonate containing some magnesium. The soils are
generally classified as Entisols and are further subdivided depending mainly on particle
size distribution and soil moisture status. Inceptisols and Mollisols are found
occasionally.
The soils generally have a very high pH (typically 7.0 to 8.5), they contain free
calcium carbonate, high levels of exchangeable Mg and Na and are characteristically
very low in exchangeable K. The organic matter-rich topsoil layer is often very shallow
(eg < 10cm), particularly if the native vegetation has been markedly disturbed, and the
subsoil is extremely low in organic matter. In areas of undisturbed vegetation, topsoils
of 25cm and thicker can be found. Concentrations of extractable Fe, Mn, Zn and Cu
are very low due to both low levels in the parent coral limestone and the extremely
high pH values. Levels of extractable P can also be low. On some atolls localized
enrichment of P can occur, through impregnation with guanos, in which case
extractable P levels are high.
Thus the major nutrient deficiencies encountered in crop production are those
of K, Fe, Mn and sometimes Zn and Cu. In addition, due to the thin organic matter
layer, the soils may also have a low N- supplying power.
Soil moisture availability is also a problem. The calcareous pebbles, gravels and
sands provide a soil profile which is excessively well-drained and has very limited water
retentive capacity. A lens of fresh water forms from rainfall which infiltrates through the
porous soil profile. This fresh water lens floats above the more dense salt water that
saturates the island mass. The lens is the major source of water for plant growth.
The atoll environment is far too severe for more than a handful of crop plants.
Two traditional strategies for crop production are followed: (i) culture of species
adapted to the harsh environment (eg coconut, pandanas, bread-fruit) or (ii)
modification of the environment to suit other crops (eg pit culture of giant swamp taro).
Some tree species are well suited to atolls because of their deep extensive root
systems which allow them to extract nutrients from a large volume of soil and water
from the fresh water lens below. The coconut is the most abundant crop species on
atolls and it is tolerant of both brackish soil water and salt spray. Whilst coconut is an
important subsistence food, the copra and coconut trades provide the major income
for the population to purchase imported foods (eg rice). Since the price of copra has
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not kept pace with that of imported foods, there is renewed interest in crop production
methods.
Using the fresh water lens, a method of growing giant swamp taro Cyrtosperma
sp. (and taro Colocasia sp.) has evolved which overcomes the major constraints to
crop growth. Pits are dug down to the depth of the lens in the centre of larger islands
(where salt water contamination is least likely). The coral material removed is heaped
up into protective banks around the edge of each pit. Leaf litter from several species
of trees is repeatedly added to the bottom of the pits and this composting results in
soil with a high organic matter content. Swamp taro is planted into the pits and leaf
litter is regularly placed carefully around each plant. Thus, nutrients accumulated by
the extensive root system of trees are added to the pits (in the form of leaf litter) for
use by the crop.
The limited supply of fresh water is a dominant restriction to intensive crop
cultivation on atolls. The relatively thin fresh water lens cannot be over-exploited for
fear of contamination with brackish water. Irrigation techniques which use water
sparingly are required. These include localized hand watering of individual plants on
a daily basis and, where technically and economically feasible, the use of simple drip
irrigation systems. Modifications to the traditional pit system also show promise.
Terracing of the pit banks will allow crops of varying root depths to be cultured on
respective terraces to take full advantage of the groundwater.
Fertilizers are not often a very effective way of providing nutrients to crops
because of their high cost and the risk of conversion to insoluble forms (eg P) or rapid
leaching losses down the porous soil profile (eg N and K). Contamination of the fresh
water lens with fertilizer nutrients (eg nitrate) and other materials is a major concern.
Thus where nitrogenous fertilizers are used, expensive slow-release products such as
isobutylidene diurea (IBDU) are often recommended. To correct the widespread
problem of Fe deficiency, iron sulphate is sometimes applied or 'tin' cans can be
added to the planting holes of a crop.
Addition of organic materials such as composts, manures and mulches is the
most effective way of providing the nutritional requirements of the crop. Organic
matter provides nutrients, reduces soil pH, increases CEC (and thus K retention) and
improves the moisture retentive capability of the atoll soil. All harvested wastes and
other organic materials should be returned to the soil and organic residues should not
be burned. Improved techniques for composting need to be promoted and the use
of animal wastes, kitchen wastes, and clippings of grass and other cover crops should
be encouraged. The culture of leguminous cover crops and some rapidly-growing
indigenous bushes (perhaps in hedgerows) as sources of organic residues may be
required.
Thus, in order to maintain and increase crop production on atolls, specialized
management techniques are required to overcome the lack of water and infertile soil
conditions. Many of these techniques require further research and development to
fully exploit their potential.
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AGROFORESTRY AS A MEANS OF SUSTAINABLE SOIL MANAGEMENT:
THE POTENTIAL AND THE EVIDENCE
Anthony Young
International Council for Research In Agroforestry,
Nairobi, Kenya
Agroforestry refers to a range of land use practices in which
trees or shrubs are grown in association witn crops, pastures or
animals, and in which there are both ecological and economic
interactions between tne tree and non-tree components. There are
some ZQ distinct agroforestry technologies (outlined). The cree
component has productive functions (e.g. for fuelwood, fodder or
fruit) and service functions. Among the latter, the most important
is certainly the potential to maintain soil fertility, thereby
permitting sustained productive use of land.
The general soil-agroforestry hypothesis is: "Appropriate
agroforestry systems have the potential to control erosion, maintain
soil
organic matter and physical properties, augment nitrogen
fixation and promote efficient nutrient cycling'.
This can be
broken down into a set of 10 hypotheses (set out in the paper), each
susceptible to experimental testing.
The most important of these
are that agroforestry systems can check runoff and erosion; can
maintain soil organic matter levels; can augment nitrogen fixation;
and, through the root systems of trees, can lead to More closed
nutrient cycling and thus greater re-use of nutrients. This last
feature can benefit both low-input farmers, through permitting
continuous cultivation on better soils and shorter fallows on
poorer; and medium to high-input farmers, through more efficient use
of fertilizers.
This potential originates from the soil-improving capacity of
trees, known from the high soil fertility under natural forest and
the regenerative capacity of tree fallows. Processes 'oy which trees
improve soils include production of a ground surface litter cover,
release of organic matter and nutrients in decaying litter and
roots, nitrogen fixation, and capture of nutrients oy root and
mycorrhizal systems with their recycling by litter and root decay.
Evidence for each hypothesis is reviewed. For erosion control,
tnere are two mechanisms, tne oarrier effect, acnieved through
contour-aligned nedgerows, and the cover effect, aciiieved not by tne
tree canopy (the effect of which is slight) but through the surface
cover of decaying litter. Experimental evidence that erosion under
agroforestry systems is below tolerable levels is still sparse out
invariaoly positive. Data from ICRAF trials at Macnakos, Kenya, are
presented.
Calculations based on observed tree biomass production together
with estimates of soil processes show that over all major tropical
climatic zones there is a potential to maintain soil organic matter
at levels above 50% of that under natural vegetation. Nitrogen
fixation oy trees can supplement, and in some cases replace,
external nitrogen inputs.
Oirect evidence comes from monitoring
soil changes under hedgerow intercropping.
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For nutrients other than nitrogen, the potential arises from the
capacity of trees to increase the ratio between recycling and
leaching loss, thereby making agroforestry ecosystems relatively
closed.
Indirect evidence lies in the closed nutrient cycling under
natural forest, where losses are often less than 10% of recycling,
as compared with the more open systems under agriculture where
leaching losses may exceed 4(&.
Experimental confirmation comes
from studies of coffee and cacao with multipurpose "shade" trees, in
which leaching is very low.
An element in the efficient use of nutrients is the syncnrony
hypothesis: that it is possible, through management, to synchronize
the release of nutrients from decaying litter with demands for
uptake
'ay crops.
Agroforestry offers opportunities for such
management through choice of slow or fast-decaying tree species,
timing of pruning and manner of litter addition to soil. In
hedgerow intercropping, pruning shortly before planting leads to
nutrient release mainly during the first 60 days.
The tree component in agroforestry systems may help to check
acidification, but it is unlikely that it can substantially reduce
acidity on strongly acid soils.
For soil water availability,
evidence is variable: in some cases, reduction in wind speed and
hence evapotranspiration, together with checking of runoff, can
augment soil water supplies to crops, but cases where trees rob
adjacent crops of water also occur; data are given.
The effects of agroforestry systems on erosion, soil organic
matter and nitrogen can be estimated through a computer model, SCUAF
(Soil Changes Under Agroforestry), outputs from which are presented.
The favourable effects originating from above-ground plant
residues depend in part on the tree prunings being added to the soil
and not removed as harvest, e.g. for fodder. It follows that there
is a tradeoff between production and fertility maintenance. This
does not apply to the effects from tree root systems, which may be
as or more important than above-ground biomass.
Conclusions are:
1. The hypothesis that agroforestry systems have tne potential
to maintain soil fertility is supported by strong indirect evidence
coupled with direct (experimental) evidence that is limited out
largely positive.
This potential exists over a wide range of soil
and climatic conditions.
2. It is not enough for an agroforestry system to maintain soil
fertility: it must also meet the needs of farmers. Achieving a
balance between productive needs and fertility maintenance calls for
skilled system design.
3. The apparent potential of agroforestry for sustainable land
use is high, whilst direct evidence is sparse but largely positive.
This
conjunction
of circumstances calls urgently for further
evidence, through the inclusion of agroforestry treatments in soil
management research.
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A NEW APPROACH TOWARDS THE MANAGEMENT OF ACID SULPHATE SOILS
IN RELATION TO ALUMINIUM TOXICITY
A.B. ZAHARI*, C.C.TING*, C K . HENG*, AND MUNIR JAAFAR*
* MALAYSIAN AGRICULTURE RESEARCH AND DEVELOPMENT INSTITUTE

We intended to investigate the relationship between soil solution
aluminium and pH and their effect on yield performance of coconut. The
experimental site used for this investigation covers an area of 165
hectares with each treatment plot covering an area between 20 and 34
hectares. The soil in the area are costal clays which are potentially
acid sulfate (Typic sulphaquents). The pyrite layer is found below 45cm.
The investigation was started since 1978, soil and soil solution sampling
were done at four monthly intervals. The study indicated that soil
solution pH and aluminium are better indicator to estimate yield variation
in acid sulphate soils than soil pH and soil exchangeable aluminium.
The strong correlation (R = 0.74) between yield of coconut and Al
concentration shows that soil solution aluminium explain about 74% of the
yield variation whearea the soil exchangeable aluminium only explain
about 20% of the yield variation.
Based on our experiences in managing the experimental plots at Western
Johore we would like to proposed the following sequence of reclamation!
as follow:i) The construction of bund and tidal gates,
ii) The construction of primary and secondary drains at intervals
iii) Frequent flushing out the drains during rainy season, during
dry season allows the brackish water to come in during high
tide and flush it out during low tide,
iv) During subsequent rainy season, the field is washed with fresh
water, to removed all the salts from the soil profile
v) The pH,salts content and aluminium content of the soil solution
should be determined before any planting starts,
vi) During the period of reclamation, the field should be left
fallow. The soil solution pH of 4 and above should be obtained
before any planting starts,
vii) It is envisage that first planting could be done after two or
three years.
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SOME FEATURES OF THE LIVING-MULCH MANAGEMENT ALTERNATIVE
FOR CASSAVA PRODUCTION IN SANDY SOIL
P. Verapattananirund , S. Nualla-ong , C. Tongyai , and
T. Na Nagara
* Div. of Soil Science, Dept. of A g r i c , Bangkok 10900
Thailand
In Thailand, cassava ranks third in terms of planted area
next to rice and maize.
Recently, the total cassava area of
1.6 million ha was reported and 60% of which is under very low
o r g a n i c m a t t e r , sandy t e x t u r e d s o i l s in the N o r t h e a s t .
Traditionally, cassava has been grown under a clean weedless
cultivation, resulting in rapid yield declining due primarily
to degradation of topsoil by erosion.
T h e r e f o r e , it is
essential to find an alternative to sustain cassava yield in
the sandy soils. Special emphasises were placed on maximizing
c o n t i n u o u s p r o t e c t i v e ground c o v e r , m i n i m i z i n g t i l l a g e
operation, recycling plant nutrients and/or r e s i d u e s , and
saving cost of weed control.
The experiment was conducted to investigate the effects of
four management systems on Rayong-1 cassava cultivar grown on
W a r i n soil (a fine loamy s a n d , acid family of O x i c
Paleustults) at the Agricultural Development Research Center
in the Northeast of Thailand.
A randomized complete block
design with four replications was employed.
The management
systems were (SI) conventional system of plow-harrow with
three hand-weedings during the growing season, (S2) no-tillage
with one post-emergence herbicide application before planting
of c a s s a v a and two h a n d - w e e d i n g s , (S3) n o - t i l l a g e w i t h
Stylosanthes hamata c.v. Verano as living mulch, and (S4) notillage with living mulch but with four mowing operations of
Verano to maintain its height at 7-10 cm above the ground
surface. The cassava crop was planted at a density of 10,000
plants/ha in the middle of the rainy season and harvested at
The SI and S2 systems were planted at
the age of 11 months.
lxl m spacing, while the S3 and S4 systems were planted at
2x0.5 m spacing.
The third year characteristics of soil water/temperature
regime, pH and organic matter content were investigated.
All
management systems resulted in a marked higher pH value of the
top 5 cm soil layer, averaging 0.5 pH value over that of the
Comparing the organic matter
underlying 5-15 cm layer.
content in the top 15 cm layer, although the S3 and S4 systems
showed a slight increase from 0.7 to 0.8% over this period,
the resulting trend of both the SI and S2 systems was a no
increase or a slight decrease.
At peak heat load with air
temperature of 35 C, the maximum surface soil temperature were
58, 58, 52 and 36 C, which differ from the temperature at 5 cm
depth by 15, 15, 13 and 6 C for the SI, S2, S3 and S4 systems,
respectively.
It was also
found that the rate of
evapotranspiration was highest in the S3 system and mowing
significantly reduced water use of Verano, thus consequently
lessening crop competition for water between Verano and
cassava.
The second year crop data showed that the highest fresh
weights of cassava root and shoot of 23.2 and 2G.2 t/ha,
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respectively, were obtained from the S4 system whereas the SI
The
system yielded accordingly only 16.6 and 14.2 t/ha.
differences in root yield and shoot weight between the two
systems were as high as 40% and 8-1%, respectively.
However,
there were no differences in root yield or shoot weight among
But the S2 s y s t e m showed
the S I , S2 and S3 s y s t e m s .
superiority over the SI system, while the S3 system resulted
in a marked increase in shoot weight at the expense of root
yield.
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INTRODUCTION OF SAWAH AGRICULTURE INTO INLAND VALLEY SWAMPS
IN WEST AND CENTRAL AFRICA FOR SUSTAINABLE RICE PRODUCTION
T. Wakatsuki*, T. Kosaki**, and M. C. Palada***
*
Shiinanc University, Matsuc, Japan
** Obihiro University, Obihiro, Japan
*** I ITA, Inter. Insti. Tropical Agric. , Ibadan, Nigeria
OBJECTIVES: Although African rice ( 0.Glabcrrima ) was
cultivated thousands of years ago in West Africa,the Asian type
of rice Agriculture, so-called "SUIDEN N0GY0U" in Japanese, or
"SAWAH" in Malayo-Indonesian, which means a leveled and bunded
rice field, was not practiced. In contrasts,rice is grown on a
naturally sloping phrcatie and flooding land in inland valley
ecology in West and Central Africa.In this report,we described
that the non-SAWAH culture limited the improvement of water
management and has been accelerating soil deterioration.
Non-SAWAH rice cultivation prohibits efficient use of
fertilizers and high yielding varieties. The On-Farm research
in benchmark inland valleys in Nigeria showed that the
introduction of SAWAH system doubled the rice yield, and at the
same time conserved soil and water.
METHODS: During 1983-1989 we made several survey trips to
observe rice cultivation and analyze soils in inland valley
swamps in West and Central African countries,including Senegal,
Guinea, Sierra Leone,Liberia, Cote d' I voire,Mali, Burkina Faso,
Ghana,Togo,Benin,Niger, Nigeria,Cameroon, and Zaire. About five
hundred soil samples were collected from one hundred fifty
locations.General chracteristics.i.e, pH,organic carbon,total
nitrogen,exchangeable Ca,Mg,K,and Na,exchange acidity and
effective CEC, availablc phosphorous and percentage of sand,si IL
and clay,were analyzed.
On-Farm research to improve farmers' rice growing conditions
by introducing the SAWAH system was done at representative
inland valleys near Bida, central Nigeria, during i986~1989.
Hydrological chracteristics, i.c. rainfall.water discharge,
ground and surface water levels,were monitored as well as land
use patterns. Agronomic trials, such as different varieties of
rice and fertilizers along the toposequence with and without
SAWAH were conducted.Effects of SAWAH for soil conservation and
water management were compared with the farmers'rice fields by
monitoring the hydrological and various soil chracteristics.
RESULTS: 1. PRESENT STATUS OF SAWAH AGRICULTURE; Although
each inland valley is smal 1, 10~100ha, total potential areas for
rice arc estimated more than ten million hectares in West and
Central Africa. Since the water flow rate is 0-1 ton/sec and the
slope is gentle(0-8°),construction of a SAWAH with sluices and
small irrigation/drainage lines is not difficult. However,
farmers in this region have never developed SAWAH. When Asian
ricc(0.Sativa) was introduced into West Africa during the
period between the 14~16th ccnLury, traditional African rice was
gradually abandoned,and the tendency of adopting Asian rice has
been accelerated in the last two decades. The culitivation of
African rice seems to be coining to an end. Although more than
90% of total rice production in this region is Asian now, Asian
SAWAH agriculture is still in its cradle stage. Non-SAWAII rice
growing is a common practice in Sierra Leone,Liberia. Ghana,and
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Guinea.Some inland valleys in Nigeria have rudimentary SAWAH,
which have very smal 1, leaky,and incomplete bunds.Their
individual sizes of these SAWAH fields arc very small, too.
2. SOU. FF.RTIL ITY: Rice soils of inland valleys were very poor
: means of exchangeable Ca.K and effective CEC were only 1.05,
0.16.and 3.20 mc/100g respectively. Mean clay content was only
16%.These data show that the soil fertility in this region may
be the lowest in the world. Field observations suggest that
traditional non-SAWAH farming is deteriolating the soils.
3.ON-FARM ADOPTIVE RESEARCH: A)HYDR0L0GI CAL STUDIES:Rainfal 1
, 860-1250uiin, and water discharge, 1 40~400inm, during 1986-1988
showed that even in a drought year. such as 1987, and even in
a drought prone inland valley, the bottom part of the valley
received enough water for rice.The data suggested that there is
a high potential for increasing rice production by improving
water management practices through the use of SAWAH. Monitoring
of the water table and depth of surface water showed that
although the fringe part of inland valleys suffered severe
drought stress in drought years, the bottom lands did not have
severe water stress.In a high rainfall year, most of the rice
fields received enough water. In the favorable inland valley,
most of the rice fields never
sufffcred drought stress even
during drought years. After rice,these inland valley soils have
enough residual moisture to make it possible to grow various
dry season crops and vegetables.
B) CHARACTERISTICS OF SOIL IN TOPOSEQUENCE: Fringe soils
showed very poor fertility with sandy (70-90%),low organic
matter matter ( <1 % ) , bascs( < line ) and CEC( <2me ). Alliough the top 10
-30cm soils of the bottom iands show relatively high fertility,
subsoils were very poor in nature. Fertile topsoils were very
thin and fragile. This shows that soil conservation practices
are important.
OEFFECTS OF SAWAH SYSTEM ON Y1ELDS; Farmers'rice fields were
improved using local farmers simple tools to make SAWAH with
regular shaped and bigger plot sizes, strong bunds, and leveled
to make smooth surfaces.The yields of four rice varieties under
the farmers' management doubled with SAWAH:1.9-2.8 t/ha became
3.7-5.6 ton/ha.
D)EFFECTS OF SAWAH SYSTEM ON SOIL CONSERVATION;Top 5cm soils
in the SAWAH accumulated clay fractions during the rice growing
period which resulted in higher effective CEC and exchangeable
Ca and Mg. In the farmers' rice fields, silt and clay fractions
from topsoils tended to decrease.Water in the SAWAH was held
for 1-5 days, while in the farmers'field, it was estimated that
water was held for less than only a few hours.Accordingly. clay
particles in the SAWAH water had enough time for Sedimentation.
Whereas tosoils of the farmers' fie 1ds were exposed to erosion
by continuous water flows and occasional sudden flash floods.
CONCLUSION:Since the SAWAH system has been recognized as one
of the best sustainable production systems in tropical monsoon
Asia, and because there are no physical or cnvironment.a 1 limitations for developing and managing the SAWAH system in most of
the inland valleys in West and Central Africa, more extensive
and intensive research and On-Farm testing are necessary for a
wider scale introduction or technology transfer of this system.
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MANAGEMENT OF A SANDY LOAM SOIL FOR IRRIGATED WHEAT
FOLLOWING RICE
P.R.Gajri, V.K.Arora and S.S.Prihar
Department of Soils, Punjab Agril. University,
Ludhiana-141 004, India
Puddling coarse textured soils to reduce percolation of
impounded water in rice culture induces high density and low
permeability in sub-surface layers. These layers cause incomplete charging of water in soil profile and shallow rooting of
upland crops like wheat following rice (Sur et al. 1981).
Consequently, .these crops are liable to be water- and nutrientstressed and suffer yield reduction. Management options for
sustained productivity in these soils include maintaining
wetter and more fertile rooting environment and/or inducing
deeper and denser rooting for mining sub-soil water and nutrients. Recent reports that within certain limits, water and
nutrients substituted for each other (Kanemasu et al. 1983)
and tillage increased utilization of water by crops (Eck and
Unger, 1985) tempted us to evaluate interaction effects of
tillage, irrigation and nitrogen on wheat following rice in a
sandy loam soil.
Field study was conducted from 1985-86 to 1987-88 on a
sandy loam soil (79%> 20 u, 11% 20 u-2 u, 10% < 2 u) underlain
by loamy sand subsoil. Main-plot treatments included combinations of three tillage systems, viz. no-till without residue
cover (NT), conventional till (one discing, two runs of cultivator and a planking, CT) and deep till (chiseling 40 cm
apart down to 35-40 cm depth followed by conventional tillage,
DT) and three moisture regimes viz. 75 mm irrigation at 125 mm
(II), 83 mm (I2) and 62 mm (I3) net evaporation from Class A Pan.
Nitrogen @ 0,50,100 and 150 kg N per ha were superimposed in
the sub plots. Field was irrigated after rice harvest and tillage treatments were imposed at appropriate soil water content.
Half N was broadcast prior to application of 2 cm water, to
ensure adequate seedling emergence, one day before seeding.
Other nutrients viz.26 kg P, 25 kg K and 5 kg Zn per ha were
drilled before seeding wheat @ 100 kg per ha in 22 cm apart
rows in the first fortnight of November. Other half of N in
respective treatments was broadcast prior to 50 mm irrigation
four weeks after seeding. Differential irrigations were imposed thereafter. Roots were sampled with 5 cm ID auger from
three sites in each plot viz. one within the row and other two
from base of the row to mid-point between two rows, at 10 cm
depth interval. These were composited, washed over 1 mm screen
and root length was measured by line intercept technique. Progressive leaf area index (LAI) was calculated from measurements
of leaf area in 0.50 m row length. Water loss components were
estimated using simulation model of Arora et al. (1987) and
compared with actual ET measurements with a neutron probe.
Crop was harvested for grain yield in mid April each year.
Both CT and DT increased depth of rooting as also rooting
density in each layer of the rooted profile. While the root
system of 60-day old wheat in NT was confined to upper 90 cm,
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it had penetrated well below 120 cm in the tilled plots.
Pattern of LAI responses to tillage treatments were similar to
that on root growth. Predicted ET matched well with the measured having a deviation of 10%. Tillage increased ET as well as
transpiration (T) component of ET irrespective of N rates.Also,
the fertilized crop had higher T compared with the unfertilized. Irrigation effects on T were more in the fertilized crop.
Increase in T/ET ratios with tillage and N is attributed to
higher LAI and rapid closing-in of canopy.
Compared with NT, three years' average grain yield in CT
and DT was higher at all moisture regimes and N rates. Interestingly, the yields with 50 kg N per ha in the CT and DT were
comparable to that with 100 kg N in the NT. Similarly, yield
with 100 kg N in the tilled treatments were substantially higher than that with 150 kg N per ha in NT. Also at 150 kg N,
grain yield with Ii in the tilled plots was comparable to or
greater than with I3 in NT. This indicated that tillage increased utilization of water and nitrogen from the soil profile.
Multiple regressions of relative yield (RY) against water
supply (W) and N in NT and CT (eqs. 1 & 2) were used for
RY • 20.3+0.61N-0.003 N 2 +0.0062 WN for NT
(1)
RY = 34.8+0.80N-0.004 N 2 +0.0053 WN for CT
(2)
working out water and N combinations for different yield
isoquants (Fig.1). It shows that
much higher amounts of water and/
or N are required for same yield
in NT than in the CT system. For
4.5 t'ho"
example, a 4.5 ton per ha wheat
grain in NT could be achieved
with 50 cm water supply and 150
kg N; whereas in CT same yield
could be realised with 35 cm
water and 100 kg N. Energy
analysis also indicated that
at a given energy use grain
yield was more in CT than in
NT. It is inferred from this
study that tillage increases
resource use efficiency in
wheat following rice through
its favourable effects on
root and shoot growth, which
caused more T and thus, higher
yields.
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THE SUSTAINABILITY OF EFFECTIVE UTILIZATION OF
BACKSWAMP IN RICE - BASED DRAINAGE AND IRRIGATION
SYSTEMS
Abu-Bockari, M. Kandeh and A.M. El-Sadek
Land & Water Dev. Division, M.A.N.R & ForestryFreetown, Sierra Leone
We attempted to select, survey, evaluate, drain and
irrigate wetland soil in a depressed land situated in and
•round mangrove vegetation.
Field survey and soil samples were collected at Mafornikay Agricultural Project, model farm for a Mr. Bambay Kamara.
The soil is of Songo Land System, (FAO/UNESCO Revised 1986 Thionic Fluvisols (Ft) Plinthic Gleysols (Pg) and Gleyic
Canbisols (Gs). The top soil and the subsoil samples were
collected from the field at scale : 1.25,000. The information
of land boundaries, vegetation, geology, climate and land use
were collected before the soil survey exercise. The base map
including a topographic map at a scale of 1:50,000 and aerial
photographs taken in 1976 at a scale of 1:70,000 were utilised
as pre survey information materials.
In the field a traverse layout was plotted on the topographic map on the basis of v/hich the systematic soil surveying of the area was carried out. The traverses were covered
on foot carrying out soil observations using augers. Major
•oila were described in detailed. Samples taken were analysed
in the divisional laboratory for soil evaluation and correlation.
With addition to soil data, further surveys were carried
out. These include, water resources for drainage and irrigation purposes, Water quality survey, knowing sea water intrusion and salinity effect and variation during tidal change;
agrometeorology data to make it feasible the atmosphere water
relationship and hydrology data, knowing the flow of streams
and rivers that seems to flood and drain the swamp.
After all these surveys, the construction of drainage
and irrigation channels starts, viewing flood protection,
drainage of excess rainfall, prevention of salt-v/ater intrusion during dry season and the security of steady water
resources for irrigation purposes.
During the engineering the following methodologies were
executed:
the correct depth of water in the paddies for the rice plant.
The structures are constructed by hand using the earth
obtaining from the swamp during soil excavation. During the
process the following are carried out.
a) Main Drain: This structure drains the surface water
from the swamp and lowers the water table to adequate depth,
thereby providing ease development and land preparation.
b) Head and Tail Dykes: These protect the developed
swamp from flood vreter and provide water to concentrate into
the main floodway whereby discharging it safely through the
swamp or diverting it to the peripheral irrigation canal.
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c) Floodway: The purpose of the floodway is to discharge
the flood-water system thorugh the swamp so as not to damage
the rice in the paddies.
d) Peripheral Canal; This structures function in the dry
season whereby water is diverted through into the outer paddies and excess into the drain.
e) Paddy Bunds; These structures operate to retain the
correct level of water in the rice field.
2. Irrigation Structures;These structures are designed to
supply water from a pumping station during the dry season.
Preferably a surface irrigation is designed for this purpose.
Before the above exercises (the engineering work) on
the swamp, in its natural stage the crop can only yields
1.5 ton/ha due to the following hazards:
i) The swamp becomes flooded over a long period disallowing any air into the soil, thereby making nutrients
inavailable to the crop. This will retard crop growth and
adversely decreases yield.
ii) The sea water intrusion will cause salt accumulation
which will damage the crop.
iii) Being that swamp is highly acid due to humic acid
the yield is seriously effected.
iv) In the flood water the rice falls and rots because
the crop cannot firmly stand thereby reducing the yield.
v) The water that runs from the catchment brings a lot
erodable materials, such as aluminium, sand etc into the
swamp which adversely damage the rice.
After the engineering work when all the above hazards
are under control the swamp will yield 3-4.5 tons/ha.
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EFFECT OF APPLICATION OF GREEN MANURE AND PHOSPHOROUS ON
NODULE FRESH WEIGHT, DRY WEIGHT AND N CONTENT OF THE
SHOOT OF SOYBEAN
S.F.B.N. Gunawardena
Faculty of Agriculture, University of Ruhuna, Kamburupitiya, Sri Lanka.
Two pot experiments were conducted to ascertain the affect
of the application of green manure in combination with different levels of phosphorous on nodule fresh weight, dryweight and
N content of the shoot of soybean.
Soil was collected from the top 30 cm layer of an experimental field at Mapalana farm at the University of Ruhuna, Sri
Lanka. Pots were filled with 7 kg of Red Yellow Podzolic soil
(Ultisol - U.S. Taxonomy, pH - 6.4 in water and 4.8 in KCl,
organic matter - 1.29% (K_Cr 0 7 and H SO. acid digestion metho d ) , total N - 0.08% (KjeldaRl method), available P - 2ppm (IN
NH O A c ) , available K-10ppm (in NH OAc).
Two green manure treatments; Gliricidia (Gliricidia maculata) and Puereria (Puereria phaseoloides) were added respectively at the rate of 2t/ha and no green manure control were
factorially combined with three phosphorous levels added at 0,
25 and 50 kg/ha as concentrated superphosphate. All the treatment combinations were replicated four times and the pots were
completely randomized. Potassium was applied to all the pots
at the rate of 20 kg/ha as muriate of potash and, phosphorous
and potassium were added as basal dressings.
The first experiment was conducted in May 1987. Three seeds of soybean variety Pb-1, innoculated with appropriate bacteria were sown two weeks after the incorporation of green manure
and thinned out to one soon after emergence. Plants were harvested at 8 weeks after germination for nodule fresh weight, shoot dry weight and shoot N content (Kjeldahl method). In the
second pot experiment, the same treatment combinations were
repeated but with two soybean varieties, namely, Pb-1 and Bossier, in October 1987. The same parameters were observed at 10
weeks after germination.
Results of the two experiments indicated that there was no
interaction between the level of application of phosphorous and
the incorporation of green manure. These two factors contributed independently to the determined parameters.
Green manure treatments showed novresponse on nodüleifresh
weight compared to no green manure control in both experiments
while gliricidia decreased the said parameter over puereria
applied plants in the latter experiment. The dry weight and
the N content of the shoot were positively affected by the
addition of green manure either as puereria or gliricidia.
Whether this increment was due to an increase in the availability of N from the soil or to an increase in nodule activity
caused by an addition of green manure have yet to be investigated in detail.
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Phosphorous enhanced nodule fresh weight significantly at
each increased P level. Shoot dry weight and N content of the
shoot were increased significantly with the application of
phosphorous in the first experiment while only the dry weight
was positively affected in the latter experiment. Positive response to added P noted on the determined parameters is common
in tropical soils.
It is noteworthy that there was an interaction between the
variety and green manure application in the 2nd experiment.
Soybean var - Bossier recorded the lowest N content of the shoot when grown without green manure. Incorporation of geen maure increased the N content of the shoot of these plants tremendously.
In general, addition of green manure and phosphorous separately enhanced shoot dry weight and shoot N content of soybean at 8 and 10 weeks after germination while phosphorous effect was more prominent with regard to nodule fresh weight. Inhibition of nodule fresh weight with gliricidia over puereria
in the 2nd experiment is questionable and needs further investigation. The rate of N assimilation of the shoot with the addition of green manure may differ with the variety of soybean.
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MULCHING AND INTERCROPPING EFFECT ON IMPROVEMENT OF CORN
PRODUCTIVITY AND CHEMICAL PROPERTIES OF REDDISH-BROWN LATERITIC SOIL
P. VIRAKORNPHANICH*, T. INOUE**, AND C. CHERMSIRI***
*
FAO Office P.O. Box 1640, Vientiane, Laos
** Department of Agriculture, Bangkhen, Bangkok, Thailand
*** NARC Tsukuba City, Ibaraki Prefecture, Yatabe 305, Japan
Whether weed, plant residues and compost were introduced and applied as
insitu mulch to corn-mungbean sequent cropping systems, it would be regarded
as the appropriate practice to increase soil productivity in term of soil
chemical properties causing to improve corn productivity in a long run.
Those were subsequently investigated in the present study at the Phraputthabat Field Crop Experiment Station, Lopburi, Thailand.
One conducted on clay loam (35-38% clay) and one factor of communist
grass (Pennisetum pedicellatum T.) was used in the factorial expereiment in
R.C.B. design with three replicationas as mulching material at the rate of
5 ton ha -.for corn (Zea may L.) . Three rates of N-fertilizer at 0,50 and
100 kg ha
for corn with fixed amount of P_0 and K 0 fertilizers at 100
and 50 kg ha
were the second factor.
The latter site was carried out with tow factors on sandy clay loam (1923% clay) in a similar design and number of replication. The first factor
was N and P.,0 fertilizers applied at the rate of 62.5 kg ha
each for
corn and the second factor was dealing with mulching materials as followed;
1) corn with the conventional practice, 2) corn intercropping with crotalaria (Crotalaria juncea) as fresh mulch, 3) corn with rice straw mulch, 4)
corn intercropping with rice bean (Vigna umbellata) as residual mulch in
the following year, 5) corn combination with spikeless mimosa (Mimosa
invisa) as under live mulch, and 6) corn with 20 ton ha
of city compost
incorporated.
Corn was grown in early rainy season (mid of May to begining of June)
which started with a dick harrow before conventional practice with open
shallow dich by hoe each year since 1981 at the experimental site 1 and
since 1980 at that site 2. Single basal N-fertilizer was applied befor
sowing at both sites but N-fertilizer was splited in equal amount for basal
and side-dressing application in later year (1982) so far at the former
site. Corn spacing is 75x25 cm, one plant per hill at site 1 and is 75x75
cm, three plants per hill at site 2 but both kept corn population at about
52,000 ha" .
Corn stalk was left or removed out from the plot at the former site. It
practically left in the field at the latter site except treatments of
conventional practice treated with and without N and P-fertilizers.
Additional three treatments as the supplement plots were made at site 1 as
followed; 1) zero-tillage with 62.5-62.5-62.5 kg ha" of N - P 0 - K 0
fertilizers, 2) zero-tillage and corn stalk mulch with 93.75-62.5-62.5 kg
ha
of N - P 0 0 - K 0 fertilizers and 3) zero-tillage and corn stalk
together with communist grass (5 ton ha ) mulch with 125-62.5-62.5 kg ha
of N - P 0 - K O fertilizers.
Then mungbean (Vigna radiata) seeds without land preparation and fertilizer application were placed adjacent to each corn hill in both sites.
This was exception for treatment number 4 and 5 (corn intercropping and
combination with rice bean and spikeless mimosa) and also number 2 (corn
intercropping with croptalaria) since 1989 which allowed legumes grown as
the succeeding crop every year.
N-fertilizer obviously found to be positive effect on the growth and
yield of corn. The relationships between corn grain yeild average with
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the high correlation coefficient (r) of the treatment with corn stalk and
communist grass mulch (Ycs+cg) and nitrogen levels (Nf ) were examined by
a simple linear correlation: Ycs+cg = 2.477+0.032 Nf ; r = 0.66**. Without
mulch the relationship between corn grain yield and nitrogen levels was
also found at site 1 (Y = 2.540+0.020 Nf ; r = 0.446*) but not at site 2.
The adverse effect of (NH ) SO applied as N-source without mulch appeared
at this site since 1986 causing corn grain yield markedly decreased and
got average only 475 kg ha from 1986-1989 whereas that still disappeared
at site 1. Like corn stalk and communist grass mulch, corn with rice straw
mulch showed the best response to fertilizer applied and gave a yield
average (14 th years) at 4.72 ton ha
and Yrs = 2.221+0.040 Nf ;
r = 0.753**. The appropriate amount of N-fertilizer applied couples with
that of rainfall supplied suring corn growing period significantly need
suggested by the high r value of these long term experiments. Furthermore,
the higher r value can be interpreted to lower soil productivity of the
experimental site two thant the experimental site one.
The negative effect on the average of mungbean was also found caused by
N-fertilizer application to preceeding corn in both sites, especially the
treatment of corn under conventional practice at the latter site. They
gave the minimum seed yield average of mungbean only 460 and 6 70 kg ha
together with and without N-fertilizer applied.
There was no linear correlation between corn grain yield average of
legumes (rice bean and spikeless mimosa) as residual and live mulch as well
as city compost incorporated and N, P-fertilizers applied except that of
crotalria (Ycr) as fresh mulch. The equation was Ycr = 2.03+0.20 Nf ; R =
0.54* (n=18). Thus introducing legumes either in fresh or dry plant with
or without chemical fertilizer applied still seem to be more effective on
corn yield thant the plot with chemical fertilizer applied alone.
N-fertilizer also depressed the soil pH except plant residues or city
compost applied as organic materials or organic matter to soil. The
difference soil pH averagefrom May to December in 1989 between treatment
applying with (100 kg N ha ) and without N-fertilizer was 0.91 unit at
site 1 and between treatment applying with (62.5-62.5-0) and without N,
P-fertilizers was 1.10 at site 2. The carbon retention showed slightly
increased with weed, straw, stalk and two legume residues (crotalaria and
rice bean),and markedly increased with mimosa and city compost. However,
there were no relationships between corn grain yield average and carbon
content in soil from those mulch plots and city compost.
Soil organic carbon retention was found to be significant with CEC of
the soil by the simple regression equation in the treatment at the experimental site 1 both in 1988 and 1989, where C = 0.308+0.100 CEC, r = 0.582*.
That was not found at the experimental site 2 except the spikeless mimosa
and city compost treatments. Communist grass and some legumes can increase
the summation of base contents in soil but city compost was more eminence.
The basic cations from soil which exchanged with NH OAc at a pH about 7.0
were practical Ca partly derived from the plot incorporated with city
compost.
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PLANT GROWTH AND YIELD BEHAVIOUR OF DIFFERENT
IN VERTISOLS AND ASSOCIATED SOILS IN CENTRAL INDIA

CROPS

S.C. Yadav, W.V. Bankar, L.R. Hirekerur and J.L. Sehgal
National Bureau of Soil Survey and Land Use Planning (ICAR),
Nagpur-440 010, India.
Soil is a natural resource which supports all plant life systems.
There
is need to generate basic information on soil-crop relationship and interpretation
of soil resources data for effective use in crop planning. The crop response
to soil-site characteristics, in terms of soil-taxonomy at a given management
level is an important index for crop planning and production.
Interpretation
of soil survey data affords to find out suitable cropping pattern consistent
with yields.
This can be chosen based on the crop growth rate and yield
level of adapted crop combinations.
With the above points in view, field experiments were conducted on four
soil units namely - very fine Typic Chromustert; fine Vertic Ustochrept; loamy
Typic Ustorthent and clay, skeletal Lithic Ustorthent.
These soils represent
vast areas in Central India. Common crops
of the region namely C o t t o n ,
Sorghum(grain), Pigeonpea, Groundnut, Greengram, Blackgram and Soybean were
raised as test crops with improved package of practices during monsoon seasons
1987 and 1988. Periodical observations on leaf area and drymatter accumulation were recorded.
The Crop Growth Rate (CGR) and Relative Growth Rate (RGR) were
obtained by the standard procedures suggested by Watson (1952), Singh and
Bhardwaj (1983) and Jain et a l . (1952). The crop yield data were also recorded.
The plant growth rates of different crops varied in varying soil units as illustrated below:
Crop Growth Rate (CGR)
The CGR, which is the most effective index for assessing the soil-crop
suitability was found to be highest in Typic Chromustert for all the crops
followed by Vertic Ustochrept for cotton, sorghum, greengram and soybean.
CGR values were found to be moderate for sorghum, pigeonpea and blackgram
in Typic Ustorthent while they were moderate for groundnut and cotton in
Lithic Ustorthent.
Relative Growth Rate (RGR)
Based on RGR, the plant support system of soil could be assessed because
it is related to the availability of soil moisture. The results indicate that
growth of c o t t o n , sorghum, groundnut, blackgram and soybean was higher in
Typic Chromustert while pigeonpea and greengram suffered probably due to
more moisture.
Higher RGR values were obtained to c o t t o n , sorghum, pigeonpea and soybean
in Vertic Ustochrept while corresponding values for sorghum and blackgram
were more in Typic Ustorthent.
Higher RGR values were observed in early
maturing c o t t o n , pigeonpea, greengram and blackgram in Lithic Ustorthent.
Thus, soil-crop suitability could be assessed based on plant growth behaviour
of various crops in different soil units. Soil Crop suitability is found to be
as below:-
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Soils

Crops
Moderately
suitable

Suitable

Less
suitable

Typic
Chromustert

Cotton(hybrid),
Sorghum,Groundnut

G reengram,Soybean
Blackgram

Pi geonpea

Vertic
Ustochrept

Cotton(hybrid),
Sorghum,Pi geonpea,
Groundnut

Soybean,Greengram

Blackgram

Typic
Ustorthent

Sorghum

Blackgram,Soybean

Cotton(early),
Pigeonpea,Groundnut,
Greengram

Lithic
Ustorthent

Cotton(early),
Pigeonpea(early),
Greengram,
Blackgram

Soybean,Groundnut

Sorghum

Crop Yield The yield behaviour of various crops in Typic Chromustert, Vertic
Ustochrept and Typic Ustorthent was similar to the plant growth values. All
the crops suffered in Lithic Ustorthents (except sorghum) and resulted in low
to very low yields due to low available moisture in soil profile for full growing
season. The yields of various crops are tabulated below Table 1

Average yield (Kg/ha) of various crops in different taxonomie
soil units.

Crops
Typic
Chromustert

Soil types
Vertic
Typic
Ustochrept
Ustorthent

Lithic
Ustorthent

Cotton

1484 (S)

1481 (S)

720 (M)

290 (N)

Sorghum

3306 (S)

2865 (S)

1633 (S)

1395 (S)

1645 (S)

810 (M)

431 (M)

Pi geonpea

835 (M)

Groundnut

730 (M)

633 (M)

300 (N)

160 (N)

Greengram

647 (M)

663 (M)

277 (L)

237 (N)

Blackgram

696 (M)

660 (M)

326 (L)

254 (N)

Soybean

632 (M)

730 (M)

277 (L)

385 (L)

S = Suitable; M = Moderately

suitable; L = Less suitable; N = Not suitable.

Jain, R.C., Sridhasan, H. and Agrawal, Ranjana (1984).
54 j 467-470.
Singh, Devendra and Bhardwaj, S.N. (1983).
Watson, D.J. (1952).

Indian J . PI. Physio., 26 : 264-275.

Adv. in Agron., 4 : 101-145.
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EFFECT OF SOIL COMPACTION AND ADDED POTASSIUM ON
K UPTAKE BY CORN
B.V.R. Punyawardena* and J^G^G^YjijDa*
*University of Peradeniya, Peradeniya, Sri

Lanka

Use of heavy machinery for land preparation has become
a common practice in large farms and especially at agricultural
research
stations
in Sri
Lanka.
Often
compacted
layers are formed by ploughing at the same depth crop after
crop.
The main compacting forces often result from wheels
rather than the tillage tools. Adverse mechanical impedance
effects on root growth occur due to increased
strength
on compaction and also due to soil drying which is very
common even in the rainy
season.
A series of experiments were carried out to study the
effects of soil compaction on the K uptake and its influence
on plant growth and yield using corn plants.
One of the
aims of the study was to investigate for any compensating
effects of added K in overcoming the adverse effects of
mechanical
impedance.
The experiments
were carried
out
during
1986 and 1987 Maha seasons
(Oct.-Jan.) at three
locations
of
Sri
Lanka
namely,
Maha-11 1uppal1ama ( M I ) ,
Aralaganwila (AW) and Dodangolla (DG) where the great soil
groups were Reddish Brown Earths ( R h o d u s t a l f ) , Non Calcic
Brown (Haplustalf) and Reddish Brown Latosolic (Rhodudults)
soils, respectively.
Corn was grown at three soil compaction
levels;
Cl=no
comopaction,
C2=moderate
comopaction
(comopacted twice with 20 kg concrete block) and C3=severe
compaction (compacted 4 times with the same concrete block)
with three soil potassium levels; K0 = control, K1= 5 5 kg/ha
and K2=110 kg/ha. Potassium uptake by plants and NH.OAc
extractable soil K were measured at four stages in three
week intervals and finally the grain yields were recorded.
Soil comopaction generally increased the NH.OAc extractable K levels in the soil attributing to the restrictions
on root penetration.
This effect was significant towards
the latter part of the growth in DG and MI soils.
Soil
compaction
significantly
decreased
the
K uptake at all
stages of growth in DG and MI soils. Effect was very prominent in DG soil indicating a reduction of 4 4 % between CI
and C3 compaction levels during the Maha 1986.
Increasing levels of compaction decreased grain yield
(1000
grain
weight)
significantly
in all
three
soils.
The highest decrease of 2 6 % (between CI and C3) was shown
by AW soils.
Added K significantly increased the N H . O A c extractable
K in soil and K uptake by plants at all stages of plant
growth in all three soils with a few exceptions.
Grain
yields were increased due to increasing levels of K but
the effects were not prominent.
Interaction effects of compaction and added K were not
significant in all three soils. However, at a given compaction level
increasing
levels of added K increased the K
uptake prominently but the grain yields to a lesser extent.
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EFFECT OF SMALL QUANTITIES OF 2/1 INTERSTRATIFIED CLAY MINERALS
ON THE FATE OF POTASSIUM IN FERRALSOLS OF SOUTHERN TOGO
R.POSS*. H. SARAGONI**, J.C. FARDEAU*** & P. QUANTIN****
ORSTOM, UR 2B, Cadarache, France
** CI RAD/I RAT-DRA, Lomé, Togo
*** CEA, Cadarache, France
**** ORSTOM, UR 1D, Bondy, France

This work was conducted on rhodic Ferralsols of Southern Togo (typic Eusttustox),
so-called terres de Barre, where clay minerals are mainly kaolinite and hematite. The
aim of this study was to determine the fate of potassium, in order to propose a
fertilization in agreement with the + mechanisms involved in these soils. Potassium
leaching, exchange properties of K ions and clay minerals were analysed. This study
was carried out on two plots, continuously cropped with maize twice a year for 13
years; one plot received NPK fertilizers each year, and the other received only NP
fertilizers. In the latter, severe potassium deficiencies appeared
after two or three
years of cropping, decreasing drastically maize yield (10 q.ha-1 versus 35 q.ha-1).
Potassium leaching was determined for two consecutive years by measuring the
water movement, using tensiometric and neutronic methods, as well as the potassium
concentration in soil solution, using porous ceramic
cups placed at a depth of 180
-1
cm. Annual potassium leaching
was
7.5
kg
K.ha
in
treatment
with K fertilizer applied
each year at 100 kg K.ha-1 rate for 13 years and 5.8 kg K.ha-1 in treatment without K.
Exchange properties of K+ ions were analysed on 242soil+ horizons from 0 to 100 cm
depth by using not only M NH4-acetate, but also K labelled potassium ions.
Amounts of NH4-exchangeable potassium and of isotopically exchangeable
potassium (slightly higher than the previous) were higher, within the upper 50 cm, for
the treatment with K fertilizer than for the treatment without K. The amounts of
exchangeable K did not significantly differ in deeper soil horizons. The K
concentration in the soil solution increased for two months after a K input, due to the
buffering capacity for potassium of the soil, but only in the first 50 cm. Measurements
by isotopic exchange showed that 15% of an input of K became non isotopically
exchangeable in the upper soil layers and 30 % in the deeper ones. These data were
somewhat surprising for Ferralsols.
Clay minerals were determined by coupling chemical analysis, T.E.M. and X-ray
diffraction. One weak band at 1.4 nm, moving to 1.0 nm after heating (500°C), proved
that the soils contained a few interstratified 10-14 Sm clay minerals. Their amount was
estimated, by chemical analysis, to be about 2%. T.E.M. showed that they derived
from small particles of micas. The interstratified clay minerals, although in small
quantities, are responsible for K fixation.
In these soils, low in exchangeable potassium, where no more than 5 to
10 kg K.ha-1 are annually leached to a depth of 180 cm, and where a significant
fraction of the K inputs can occupy non exchangeable sites, K fertilizers should be
applied every year to cover plant needs and the K outputs of the crops.
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MULTI-TIER LAND USE ON HILLSLOPES IN NORTH EAST INDIA
*
**
J.P. Jaiswal , R. Ngullie
* NEHU, School of Agricultural Sciences,Medziphema.Nagaland.
** Deptt. of Agriculture, Govt, of Nagaland.Kohima,India.
Hillslopes present typical problems of soil and water management.
Shifting cultivation is prevalent in the hills causing resource degradation. It is also not feasible as well as desirable to convert every hillslope into bench terraces. A good farming system should be self-sustaining
and should be able to provide the 5 F's - food, fodder, fibre, fuel
and fertilizer. Inappropriate land use combined with poor conservation
practices accentuate the problem of resource degradation.

A classification matrix for hillslopes was suggested which is based
on three physical characteristics of a hillslope - length of hillslope,
degree of slope and depth of soil measured perpendicularly to the land
surface. Based on this classification, a model land use planning has
been proposed for different categories of hillslopes. Thus, one hillslope
may have different land uses followed in different section of the hillslope.

Due to these limitations, converting every hillslope into bench
terraces is neither practical nor advisable. Even, wbere it is possible
to convert the entire slopelength into bench terraces, it may not be
advisable to do so, because of huge amount of labour and money requirement
Therefore, an approach of dividing the hillslope into two or three sections would be more pragmatic. And, then different land-use may be assigned
to different sections. Over-exploitation of hillslopes in the region
is due to shifting cultivation mainly. Keeping in view the objective
of replacing this damaging practice, the different land-uses are given
below.
(a)
(b)
(c)

Bench-terraeing for agronomical crops
Horticultural crops
(i) Fruit crops
(ii) Vegetable crops
(iii) Plantation crops
Forestry

The details of land-use planning has been discussed for different
combinations of nature of slope, length of slope and depth of soil.
Since the classification of hillslopes can not be taken as water-tight
compartments, in boundary line cases overlapping may occur. It is, therefore, necessary to exercise judicious and cautious approach. It is hoped
that the paper will serve as a general guide for land-use planning on
hillslopes as we know that there can not be a single prescription for
all situations. The idea put forward in this paper has been put into
practice and it has been presented through various photographs which
will be on display during poster session.
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MANAGEMENT OF ACID TROPICAL SOILS OF NORTHERN ZAMBIA WITH
RESPECT TO DIFFERENT LIMING METHODS AND MATERIALS
S. Phiri*, A. Mapiki*, H.C. Goma* and B.R. Singh**
*SPRP, Dept. of Agriculture. Res. Branch, Kasama, Zambia.
*"•• AUN, Dept. of Soil Science, Aas, Norway.
Northern Zambia is dominated by low activity clay soils
(Ultisols and Oxisols) which have a number of chemical
constraints limiting crop production, soil acidity being the
most important one. Unless managed correctly, sustained crop
production on these soils is not feasible. There is a general
belief that liming is essential for sustained crop production
on these soils.
With this in mind, three trials were carried out between
1982/83 and 1987/88 cropping seasons. The first was to assess
the suitability and agronomic effectiveness of three different
indigenous liming materials (Ndola, Chilanga and Isoka lime)
with and without Phosphorus for amelioration of soil acidity.
The second was to assess the liming needs of some benchmark
soils for crop production, and the third to assess the effect
of chemical management of subsoil acidity on root development.
The first trial v/as carried out between 1982 and 1988
cropping seasons on an Oxic Paleustult to assess the agronomic
effectiveness of above three Zambian liming materials (clolomitic and calcitic) applied both without and with 33kg/ha
phosphorus (P) as Single Superphosphate (SSP). There were three rates of lime (0, 2 and 4ton/ha) and two P levels (0 and 33
kg/ha of P ) . In all, 14 treatments were laid out in a
Randomized Complete Bloc]; Design (RCBD). Lime v/as incorporated,
at initiation only at 0-15 cm soil depth and P was added
annually. There was a very highly significant response to
applications of SSP alone. Lime applications without P also
resulted in significant higher yields. However, when SSP was
added to limed plots there was no crop response to lime.
Results from 6 years indicate that all the three liming
materials were equally effective in alleviating soil acidity
at the lower dose of 2ton/ha. Crop yields in this type of soil
were sustained at a high level (>5ton/ha of maize and 1.5ton
/ha of groundnut) with moderate rates of lime (2ton/ha) and P
(33kg P/ha) fertilization. The residual effect of lime is long
-lasting, and could supply Ca and keep Al saturation within
tolerable limits for up to 5 or 6 years.
Acid tropical soil tend to be over limed when the amount of
lime to be applied is based on pH. Liming to reduce Al 3+ to
tolerable levels and to supply Ca and Mg has been the recommended practice in other tropical countries (e.g. Brazil). This
trial v/as established to determine the amount of lime required
to neutralize exchangeable Al 3+ to a level suitable for crop
production. The trial was carried out on four soils: on a
Rhodic Haplustox, an Oxic Paleustult, Rhodic Paleustult and an
Acric Haplustox. The trial was laid out as a RCBD with 5
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treatments and 4 replicates. Lime was applied only at the start of the trial and incorporated to a depth of 20cm. The
amount of lime added was calculated as: Factor x exchangeable
Al 3+ meq/100g of soil present in the soil volume. The factor
used was 0, 0.5, 1.0, 1.5, 2.0 for treatments 1 - 5 .
Soybean
and groundnut was used as test crops in different locations.
Results analyzed over the four locations shov; that there is
a significant linear response to lime. The best yields were
obtained between 1.0 and 1.5 x exchangeable Al 3+ meq/100g of
soil. Liming needs for crops when based on exchangeable Al 3+
are quite moderate and considering that the benefits of the
initial investment of liming can be reaped for a period of 5
to 6 years they are within the reach of small scale farmers.
Soil pH alone does not give reliable assessment of lime needs
of the investigated soils; they need to be based on exchangeable Al 3+.
Another trial v/as established in November 1986 on a Rhodic
Haplustox, on newly cleared land as a RCBD with 6 treatments
and four replicates: No lime, lime incorporated to 10cm, lime
incorporated to 10cm + 625kg/ha SSP, lime incorporated to 10cm
+ 417kg/ha Gypsum, lime incorporated to 10cm + 144kg/ha NH4N03
and lime incorporated to 30cm. The amount of lime added was
calculated as 1.5 x exchangeable Al 3+ meq/100g soil, present
in the soil volume. Maize and soyabean in rotation were used
as test crops.
The results indicate that although chemical and physical
means of moving lime to the subsoil had no effect on the yield
of test crops, root development v/as positively affected. Rooting depth was doubled when lime v/as incorporated to a depth of
0-30cm compared with the 0-10cm x Gypsum and no lime treatment
s. In addition, the root distribution v/as more uniform down
to a depth of 35cm in the former treatment as compared v/ith
rooting to only 15cm in the latter. The presence of Ca in the
lower soil layers seems to have facilitated root development
and water and nutrient uptake from the soil.
These three trials suggest that liming of the low activity
clay soils (Ultisols and Oxisols) has a great potential for
improved crop production.
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OPTIMUM IRRIGATION POINTS BASED ON SOIL WATER TENSION
FOR DRY SEASON CROPPING ON A CERRADO LATOSOL
K. Miyazawa*, S.F. Figuerido** and J.R.R. Peres**
* JICA/Centro de Pesquisa Agropecuaria dos Cerrados,
EMBRAPA, Brasilia D.F. Brasil.
** CPAC, EMBRAPA, Brasilia D.F. Brasil
The major part of the cerrados region has a annual rainfall
of 1200 ~ 1800mm, which is concentrated in the rainy season
from October to mid-April. Reflecting the typical climate of
tropical savannas, the soils in the cerrados are acidic and
poor in fertility, but in the last decade, a remarkable
increase in productivity has been accomplished with the
adoption of agricultural techniques such as liming,
fertilization and inoculation etc. Owing to the comparatively
large amount of annual rainfall and the level topography, the
streams in the cerrados have an adequate water supply even in
the dry season from May to September. Therefore the area
cultivated with commercial crops under irrigation in the dry
season has increased gradually in the cerrados region.
A field experiment with pulse crops was initiated in the
cerrado dry season as one of a series of irrigation studies of
CPAC. As the soil water condition differ greately in relation
to plant growth, the point of irrigation must be decided
according to the water condition in the surface horizon and
the amount of irrigation water must be estimated considering
the water condition in the topsoil and the subsoil. The object
of this experiments is to determine the optimum point of
irrigation based on soil water tension for each crop.
The test crops were kidney bean (Phaseolus vulgaris L.) and
garden pea (Pisum sativum L . ) . Two neighbouring fields of 0.4
and 1 ha were prepared for the experiments in the 1988 dry
season. The experiment of kidney bean was set up on the
smaller field using hand irrigation with a perforated PVC tube
held above the plant canopy. The experiment of garden pea was
set up on the 1 ha field irrigated by nets of micro-sprinklers.
The soil is a clayey Dark-Red Latosol (Oxisoil - Typic
Haplustox) with 2 ~ 3% of organic matter, 3 - 4 meq/100g of
ex-Ca and 15 ~ 30 ppm of available-P and pH (H 2 0) 5.5 ~ 5.8 in
the Ap horizon. In the area of both experiments, the
compaction of sub-surface layers was recognized distinctly and
the kidney bean field, which lay fallow in the rainy season,
was prepared with a pan-breaker while the garden pea field,
which was cultivated maiz in the rainy season, was deeply
plowed incorporating the residue of maiz. The field plots
received adequate amounts of P, K, Mg and S in the surface
layer and the inoculated kidney bean and garden pea seeds were
planted in late May. After irrigating uniformly until
germination, the irrigation treatment were started in 4
repetitions. Six treatment of irrigation point based on soil
water tension at depth of 10cm were established as follow:
0.3, 0.5, 0.7, 1, 5, 10 bar. The volume of irrigation water
had been calculated from the value of tension to 60cm depth in
each plot providing enough for restoration of field water
capacity. The values of soil water tension were calculated
from daily reading of the tensiometers up to 0.7 bar and from
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electric resistance in gypsum blocks for more than 0.7 bar.
The tensiometers and blocks of gypsum were set at depths of
10, 20, 30, 40, 60, 80 and 100cm in one of the plots for each
treatment. The plot size of each treatment for kidney bean
was 3.5 x 6m and for garden pea was 4 x 4m in the center of a
block of 16 x 16m which was composed of 16 micro-sprinklers of
the australian type.
As the deep plowing of pea fields was very effective for
water distribution, the plant growth and root nodule
development of garden pea were very good. The maximum yield
of pea-grain, 4245kg/ha, was obtained in the 5 bar treatment,
at which the total amount of N-fixation reached 225kg/ha.
Generally the plant growth of garden pea was very vigourous
under irrigation in good environmental conditions, and the
weight of 1000 seeds became lighter in the more humid
treatments than that in the 5 bar treatment (163g). Future
experimentation will require more effective varieties with
smaller leaves and an adjustment in the number of plants
(100/m 2 ) to be more suitable.
The pan breaking in the bean fields was not effective in
modifying the subsurface layer. The downward movement of
the irrigated water was prevented a great deal by the
subsurface horizon. The development of root nodules in the
kigney bean was insufficient so it was necessary to apply
additional nitrogen in the level of 40kg/ha at the onset of
the flowering stage beside the basal dressing of 20kg/ha.
The yields of bean were similar and very high up to the 1 bar
treatment, 2900kg/ha, and then decreased from the 5 to 10 bar
treatment. The amount of N in the whole crops of kidney bean
was 88kg/ha in the 1 bar treatment, which shows the lower
activity of N fixation in the bean field when accounting for
fertilizer application. In the 5 and 10 bar treatments, the
heights of plants were lower and the numbers of pods were
smaller than the other treatments, but the weights of 1000
seeds were the same as the others (250g). The period of
vegetation of kidney bean was about 100 days and the total
amount of irrigated water reached 480mm in the 1 bar
treatment. The growing period of garden pea was about 115
days and total amount of irrigated water reached 440mm in the
5 bar treatment.
As result, in clayey Dark-Red Latosol in cerrados the
index of irrigation point suitable for garden pea was
estimated at 5 bar of soil water tension in the surface soil
and for kidney bean 1 bar of water tension. It is necessary
to provide adequate physical condition for the irrigated
fields by deep plowing with incorporation of plant residues
to increase plant growth and activity of Rhizobium. Under
good physical contitions, the interval of irrigation may be
7 - 1 0 days by using these indexes and with adequate amount
of water supply.
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ROCK POWDER FERTILISER, FOR SUSTAINABLE AGRICULTURE IN
SRI LANKA
*
, **
T. Weerasurïya , W.S. Fyfe ,
*
University of Peradeniya,
** The University of Western
*** University of Peradeniya,

, ***
and C.B. Dissanayake
Peradeniya, Sri Lanka
Ontario, London, Canada
Peradeniya, Sri Lanka

Agriculture has been, and still is the mainstay of Sri
Lanka's economy, a tropical island that supports a population
of 16 million, within its land extent of 64,000 kms. The Wet
Zone quadrant comprises the island's main agricultural
province, where the three main cash crops - Tea, Rubber,
Coconut - thrive under wet humid tropical conditions.
Research in the Amazon region has shown that these conditions
lead to laterite soil systems, practically devoid of major and
trace plant nutrients (Leonardos et al., 1986; Kronberg et
al., 1985). This fact is highly significant to Sri Lanka, in
view of the alarming number of trace element deficiencies that
are being identified in the Wet Zone. A concept that is
rapidly gaining acceptance is that in the tropics where
leaching rates are high and soil buffering capacities low
because of their mineralogy, continued addition of
conventional soluble NPK fertilisers leads to much wastage
and pollution. Rock powder has been suggested as an
alternative fertiliser for the tropics for long term soil
maintenance measures because of its slow release of nutrients.
In view of these developments, soils from the Wet Zone
(>2500 mm rainfall) and the Dry Zone characterised by a
pronounced dry period of 4 to 5 months and <1850 m m rainfall
were analysed geochemically and mineralogically, to obtain a
qualitative evaluation of their nutritional status. 25 sites
were sampled at constant depths of 10, 30 and 100 cms with a
hand auger for comparative studies.
Distinct differences were found to exist between Sri
Lanka's intensely cultivated Wet Zone soils and Dry Zone soils
(Tampoe, 1989). Wet Zone soils were classified as Ultisols,
Dry Zone soils as Alfisols and Inceptisols.
Soil mineral formation was observed to be governed by
groundwater percolation rates. In the Wet Zone, oxyhydroxides
and oxides of elements such as AI, Fe and Ti, and kaolin
minerals are the only minerals that can form and survive the
intense leaching regime. Primary minerals are nonexistent even
within the silt fraction. In the Dry Zone, however low
percolation rates result in abundant primary minerals and
smectitic clays in addition to kaolin minerals. Kaolinsmectite interstratification previously not identified in Sri
Lanka may be common.
While all Sri Lankan soils are reassuringly fertile
compared to Amazon soils, average crustal levels of Na, Mg and
Ca, obtain in only -10% of Wet Zone soils sampled and in 33%
for potassium (a major plant nutrient). Corresponding values
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for Dry Zone soils are Na(83%), Mg(14%), Ca(39%) and K(100%).
Mass balance calculations indicate that while K is slightly
more resistant, less than 5% of parent rock Mg, Ca and Na
remain in a derivative Wet Zone soil. Ti vs. Zr plots
(successfully used for the first time to discriminate soil
horizons derived from gneissic banding) indicate extensive
physical removal of soil particulates due to intense rainfall.
Wet Zone soils have a maximum 2 year supply of exchangeable
potassium (compared to 3-4 years from Dry Zone soils) and if
utilisable, total potassium reserves for 40 years (compared to
1000-2000 years for Dry Zone soils).
Scant attention has hitherto been paid to long term
maintenance of soil fertility in the Wet Zone. This region is
identified as one of the future problem areas in Sri Lankan
agriculture. An adequate 50 kg/ha supply of exchangeable
potassium, is equivalent to 34 tonnes of rock powder and would
lead to logistical problems if substituted for fertiliser
alone. However, when the new insight into weathering
conditions of Wet Zone soils is considered, it becomes clear
that there is a great need to develop new fertilisers
characterised by slow release rates of essential elements.
Some of these may simply be based on common minerals or even
rock powder and smectite administrations. The need has arisen
to look at soils in these regions from a different perspective
from that of fertile soils in the temperate regions, generally
comprising young post-glacial soils where soil fertility can be
maintained by addition in parts, using NPK fertilisers instead
of considering them as geochemical entities that need total
replenishment. Considering the alarming increase in micronutrient deficiencies in the Wet Zone, the long term
objective should be to restore and maintain a nutritatively
balanced environment such as is found in naturally fertile
soils, if these soils are to continue to support the country's
agricultural economy.
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SOIL POTASSIUM NANAGEMENT FOR SUSTAINABLE AGRICULTURE
IN INDIAN TROPICS
G.S.SEKHON and A. SUBBA RAO
POTASH RESEARCH INSTITUTE,GURGAON, INDIA.

In order to develop appropr iate farm pr actices for
soil potassium management for sustain able agricul ture in
Indian tropics, soil samples uere col lected from well-defined
bench-mark soils, widely occuring in intensively cultivated
areas in different Indian states, whi ch include a lluvial,
black, red and laterite soils. The g eographical locations
and distinguishing characteristics of these soil series have
been described elsewhere (PR II, 1984- 8 9 ) . The so il samples
uere analysed for various estimates o f potassium availability,
such as ammonium acetate extractable potassium, b oiling nitric
acid soluble potassium, buffer capaci ty and relea se rates.
The neutral normal ammonium acetate e xtractable-K was
determined following Hanuay and Heide 1 (1952) method and
boiling nitric acid soluble K was est imated accor ding to the
procedure described by Uood & DeTurk (1940). The EUF K was
determined using Vogel programmable E UF apparatus (Nemeth
1979). The buffer capacity was deter mined using Hesse's
method (1970) and K release rates uer e estimated according to
the procedure of Oliver and Diarisso (1985).
The results indie ate a consider able v a n abil ity in

various e stimates of s oil K amon g soil gr oups, soi 1 series
within a soil group an d wit hin i ndividual soil ser ies. Thus,
bulk of t he soil sampl es be longi ng to the two red and one
laterite have 30-80 pp m NH. OAc-K , with their m odal val ues
being 35, 45 & 55 ppm. The allu vial soil s hav e a wide r range
of 20-140 ppm K with v ery d if ferent modal valu es. The acid
alluvial soils of Bali sahi and K harbona h ave m odal val ues of
25 & 35 p pm ammonium a cetat e K u hile the Lukhi ; Jagdis hpur
Bagha and Raghopur; Ra rha, Nabha and Akba rpur; Kha tki and
Hanrgram have modal va lues of 40 , 65, 90, 100 and 125 ppm
ammonium acetate K, re spect ively . The black s oils hav e
maximum v ariability bo th in the distribut ion o f ammoni um
Thus P ember ty s oil has a
acetate K and their mo dal v alues
range of 140-320 ppm a mmoni urn ac etate K u ith a mod al v alue of
190 ppm. The Pithvaja 1 and Shen dvada soi Is ha ve a ran ge of
221-720 p pm ammonium a cetat e K w ith a mod al va lue of 4 20 ppm.
The Noyya 1 soils have a range of 400-920 ppm a mmon ium acetate
K with a modal value o f 700 ppm.
In surface soils, K is much more variable in Low K
than in high K soils and also more variable in light textured
than in heavy textured soils. The spatial variability is less
in soils of similar texture.
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Vertically, the lou K red and alluvial soils are
much more uniform; the K-rich black soils are richer in the
surface than in the sub-surface layers.
In th e all uvial soil s fr om Nor thern Ind ia, illite
is th e dominant mine r a 1 in the cla y frac tion uith ass ociated
miner al suite o f ver miculi te, chlo rite, quartz, f elds par and
kaoli nite. The Hanr gram s erie s in Burdu an distri et o f Uest
Benga 1 has smec tite alongu ith illi te as the domin ant mineral
while Kharbona and B alisah i series in Bi rbhum dis trie t of
Uest Bengal and Puri distr ict of 0 rissa have kaol init e as the
domin ant clay m inera 1. II lite , smectite , quartz and feldspar
are t he associa ted m ineral s here, Black soils of Guj arat,
Andhr a Pradesh & Tarnilnadu hav e sm ectite as the d omin ant clay
miner al, uith i llite , kaolinit e, q uartz and felds par being
the a ssociated miner als. Red soil s of K arnataka and laterite
of Ke rala have kaoli nite a s the do minant clay min eral , uith
amor phous mater ial, illite , vermic ulite, quartz a nd f eldspar
as th e associat ed mi nerals . In th e late rite soil s, g ibbsite
also occurs amo ng th e associat ed m ineral s in the clay
f ractions.
Generally, quartz (uith the exception of feldspar in
tuo black soils) uith or uithout mica, is the dominant mineral
in silt fraction of soils. Uhere mica is not present as a
dominant mineral in the silt fraction, it is present as an
associated mineral.
As against micas, feldspars occur almost entirely
in the sand fraction. In alluvial soils of Uest Bengal &
Orissa, K is entirely (92-97?S) feldspathic.
Amounts of solution K, exchangeable K and nonexchangeable K depend interalia on soil mineralogy and texture.
Soils uith light texture, lou CEC and high saturation maintain
a high amount of K in solution and vice-versa. High buffer
capacity is observed in smectite-dominant soils, intermediate
in illitic soils and lou in kaolinite red and lateritic soils.
Potassium buffering is associated uith clay and, in turn, CEC
in illitic and smectitic soils, but not in kaolinitic soils.
Electroultrafiltration fractions differentiate
between soil series and also betueen lou and high K soils.
The extended time of EUF, beyond 35 mm (upto 70 mts.) illuminated non-exchangeable K reserves in soils having appreciable
amounts of micaceous minerals.
Some follou-up uork on cultivators 1 fields has shoun
good correspondence betueen crop response to fertilizer K and
estimates of soil K.
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STUDIES ON DECOMPOSITION OF FOUR MULCHING MATERIALS
AND THEIR EFFECTS ON SOME SOIL CHARACTERISTICS
C.Stanley Weeraratna
School of Agriculture, The University of the South Pacific
Western Samoa.
The productivity of lands decline under subsistance level of
cultivation. Hence, it is essential that practices to sustain
productivity are carried out. Mulching of crops could be
successfully integrated in a sustainable crop production system.
Depending on the type of material used, mulching reduces runoff and soil erosion, soil temperature and moisture losses. It
increases soil organic matter, nutrient levels and infiltration.
The plant species used for mulching will determine to a great
extent the type and degree of benefit that could be accrued
from its use as a mulch. A study was carried out to examine the
degree of decomposition of the leaves of four plant species and
the extent of soil enrichment when these leaves are used as
mulches.
Ninety grams of fresh leaves of four plant species Flemingia
macrophyla, Gliricidia sepium, Panicum maximum and Sesbania
grandiflora) corresponding to 10 m.t/ha, were placed separately
on 30cmJ areas (a unit), 1m apart, in a row on the surface of a
Humitropept soil in Western Samoa. The plant material was
covered by a protective mesh 'box'(30 cm x 30 cm x 10 cm) with
mesh size 1cmx1cm, made of thin galvanized wire and open on the
lower side. There were five such units for each of the four
plant species (treatments). Each treatment and the control
(without any leaves) was triplicated. The plant material and
the surface soil (0-2 cm) in one unit per replicate in each
treatment, were removed weekly over a period of five weeks. The
oven dry weight of the remaining undecomposed plant material
and available N,P, and K, organic matter and CEC of the airdried soil were determined.
The average maximum and minimum atmospheric temperature
during the experimental period were 30.2OC and 20. ^Respectively. There were five days of no rain, 24 days of 0-2 mm per day,
4 days of 2-4 mm per day and 2 days of 4-6 mm per day.
Results indicate that 80% of the leaves of gliricidia and
92% of sesbania decomposed within the first three weeks. After
the 5th week only the mid-ribs of the leaves of these two
species remained. Nearly 60 and 45 percent, respectively, of
the leaves of panicum and flemingia decomposed during the first
three weeks but there was very little decomposition during the
following two weeks.
At the end of the fifth week, the soil organic matter levels
were significantly increased by the leaves of all plant species
studied except flemingia. Mulching with gliricidia increased
soil organic matter levels by 42%, sesbania by 43% and panicum
by 18%.
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Available N (NH4 - N and NO3 -N) levels in soils were increased
significantly only by gliricidia and sesbania; an increase of 70% in both
cases. The available K in the soil was increased significantly by
gliricidia (56%), sesbania (53%), panicum (37%) and flemingia (31%). The
CEC of the soils were increased significantly by three plant species
examined (gliricidia -63%, sesbania-64% and panicum-36%. The effect of
flemingia was not statistically significant.
The results indicate that the leaves of Gliricidia sepium and Sesbania
grandiflora can be used for mulching to increase organic matter, cation
exchange capacity and available nitrogen and potassium in soils within a
short period of time. Cue to their slower rate of decomposition, the
leaves of Panicum maximum and Flemingia macrophyla are more suitable for
use as mulches when weed control, moisture and soil conservation and
temperature control become necessary to sustain production.
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SOIL. VARIABILITY AND CROP
PLANNING - A CASE ST'JOY

RESPONSE FOR B>-TT!-R LAND USE

K.S. Gaihhive. S.N. Deshmukh and J.L. Sehgal
National Bureau of Soil Survey and Land Use Planning,
Amravati Road, NAGPUR-440 010 (India)
Increasing population pressure and soil degradation demand optimising yield
potential of our soil resources, for which the information on soil-based crop
response is imperative. The present paper is aimed to evaluate crop response
to taxonomically well-defined soils for suggesting appropriate and sustainable
land use crop plan towards increasing production. The study area covers
22 villages in Akola district, Maharashtra (India).
It represents conditions
comparable to one-fourth of the country's land area.
It has semiarid subtropical climate with mean annual rainfall of 877 mm and temperature of
27.2°C; the mean summer and winter temperatures are 34.0°C and 19.6°C,
respectively. The salient soil-site characteristics are given in Table 1.
The yield data (Table 2) showed considerable variability with optimum
response of cotton, sorghum, pigeonpea and groundnut in Vertisols and that
of wheat in Inceptisols. Such differences at soil series level are more v i v i d .
The highest yield of cotton (8.8 q ha-1) and sorghum (26.3 q ha - 1 ) was obtained
from Wai soil and almost similar yield from Wadali soil.
Cotton responded
to a level of 80% in Akoli and from 63 to 68% in Bordi, Sukali and Akolikheda
soils. Sorghum gave 80% response in Sukali and Akoli soils. These observations
indicate that Wai and Wadali soils can be equally suited and be put at the
first preferential place, for cultivation of cotton and sorghum, though the
soils differ in depth, calcareousness and pH. These differences are well within
the tolerable limits by these crops.
While Akoli soil occupies the second
preferential place, the Bordi, Sukali and Akolikheda soils the third place for
cotton cultiation.
Akoli and Sukali soil also occupy the second preferential
place for sorghum cultivation.
The highest yield of pigeonpea (2.8 q ha-1) and groundnut (14.8 q ha-1) was
recorded from Wadali soils; the yield potential of Wai soil was 80% of the
maximum. This distinct and differential response may be accounted for variaWadali soils is calcareous with slightly
tion in soil pH and calcareousness.
alkaline pH throughout the profile whereas Wai soil is noncalcareous upto
70 cm and has neutral pH. Since both these crops are leguminous and more
porteinous, they do well in calcareous and slightly alkaline soils. Thus, Wadali
soil appears to be more suitable for pigeonpea and groundnut.
Wai soil,
however, occupies the second preferential place. The other soils have marginal
suitability for these crops.
Wheat yielded the highest (19.9 q ha-1) | n Akoli; 85% of
the
maximum
in Bordi; and l i t t l e above 60% in Sukali, Wadali and Wai soils, indicating the
soils ranking that order.
The highest wheat response in Akoli soil with
smectitic mineralogy is attributed to the presence of carbonates nodules in
the rooting zone, which act as soil conditioner and induce granulations resulting
in better aeration and proper root proliferation. For better wheat c u l t i v a t i o n ,
soil with carbonate nodules (±10%) having medium alkaline reaction and low
salt content throughout the profile are more suitable.
The yield correlation with individual soil parameter showed that the most
striking soil-site characters influencing the crop response are soil depth, clay
and carbonate content, and pH. The yield interaction with carbonates and
pH varies with crop.
Soil depth, influences positively the yield of c o t t o n ,
sorghum, pigeonpea and groundnut; wheat yield, however, remains unaffected.
Cotton and pigeonpea being deep-rooted and long-duration (150-180 days) crops,
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the effect of soil depth is obvious. For sorghum and groundnut, the shallowrooted (kharif) crops usually grown under rainfed conditions, the beneficial
effect of depth may be accounted for maintaining continual supply of moisture
by deeper layers during dry spells of 2-4 weks observed towards the end of
growing season. The wheat yield remains unaffected as the crop is generally
cultivated under irrigated conditions. Increasing clay content appears beneficial
for higher crops yields with the exception of pigeonpea. The positive influence
of clay on yield may be due to its favourable effect on water holding and
nutrient supplying power of soil.
From the study, it is concluded that soil characteristics (depth, clay content,
calcareousness and pH) and soil-based taxonomie information are most striking
factors determining crop response and segregating the crops to be preferentially
grown for increasing yields. The choice of the crops with preferential order
of soil placement should be :
Wai = Wadali;Akoli;Bordi=Sukali=Akolikheda
Wai = Wadali;Akoli=Sukali

for cotton
for sorghum
for pigeonpea &
groundnut
for wheat

Table 1.

Akoli;Bordi;Sukali=Wadali=Wai

Salient soil properties of the studied soils.

Soil
Series
Bordi
Sukali
Akoli
Akolikheda
Wai
Wadali

Table 2.

Wadali;Wai

Depth
(cm)

Clay
(%)

100
110
125
142
125
155

51
57
45
30
57
48

pH
ECe
(1:2.5) (ds/m 2 )
7.1
7.2
8.6
7.8
7.5
8.4

Crop response (yield q ha
Crops

Soils
Bordi
Sukali
Akoli
Akolikheda
Wai
Wadali

Cotton
5.8
5.5
6.7
5.8
8.8
8.6

(66)*
(63)
(79)
(66)
(100)
(96)

Taxonomy Class

(%)
Nil
9(>75cm)
10
5
5(>90cm)
5

0.6
0.8
1.2
0.8
0.7
0.9

Vertic
Vertic
Vertic
Typic
Typic
Typic

Ustochrepts
Ustochrept
Ustochrept
Ustochrept
Chromustert
Chromustert

) in different soils

Sorghum
15.5
21.4
20.5
11.9
26.3
25.7

CaC03

(59)*
(81)
(79)
(45)
(100)
(98)

Pigeonpea
0.7
0.5
0.8
1.7
2.3
2.8

(27)
(18)
(29)
(61)
(81)
(100)

Groundnut
3.8
6.0
4.9
5.4
11.8
14.8

(26)*
(40)
(33)
(36)
(81)
(100)

*Figures in parenthesis indicate %age of max. yield taken as 100.
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Wheat
16.7
12.6
19.9
10.0
11.7
12.7

(84)*
(63)
(100)
(50)
(59)
(63)

SOIL ORGANIC MATTER DYNAMICS UNDER DIFFERENT TILLAGE
SYSTEMS IN THE CERRADOS REGION IN BRAZIL
D. V. S. Resck* & J. E. da Silva*
* Cerrados Agricultural Research Center-Embrapa,
Brasïlia-DF, Brazil
The great majority (46%) of soils found in the Cerrados
region are represented by Oxisols (Latosols), typically
chemically poor and with low activity clays. Their mineral
fraction is composed mainly by kaolinite, gibbsite and iron
oxides, associated with organic matter averaging 2.5% to 3.0%.
These soils are deep and very well structured with
extremely high porosity (70%), equally distributed into
macropores and micropores. Also they present high aluminum
saturation through the profile or at least to 40 cm depth.
Besides, the water availability, comprehended between -6 kPa
and -100 kPa water potential, is low at about 10% by volume.
The annual precipitation around 1500 mm falls mainly from
October to mid April making the dry season longer than 4
months, worsening the water availability to the crops.
The easiest way to increase soil water availability to the
crops is by improving soil structure. Cation exchange capacity
contribution from soil organic matter, a very important factor
in forming soil structure, can be up to 80% depending on soil
management applied, i.e., liming and fertilization mainly with
phosphorus and potassium, besides soil tillage systems.
In this paper one is trying to show how organic matter is
conserved in different systems that were classified as:
1- disturbed (areas cultivated with heavy disk harrow in
rotation with soybean and corn and rice and corn, rototiller in
area where was grown several species of green manure) and
2- non disturbed (virgin area under Cerrados vegetation
classified as Cerradäo, Brachiaria pasture and Eucaliptus
forest).
Soil samples were taken at 0-5, 5-10, 10-20 and 20-30 cm
depth under different systems in a clayey Dark-red Latosol.
Samples were passed through a 8 mm-sieve while friable and let
air drying. After that an aggregate analysis was run in both,
dry and wet conditions, using a sieve set with diameters of
2 mm, 1 mm, 0.5 mm, 0.25 mm, and 0.10 mm. Under dry conditions,
soil samples were put on top of the sieve set in a vertical
shaker and agitated for 2 min. Under wet conditions, the
Yoder's apparatus was used with samples being agitated during
30 min. The results were expressed as percentage of aggregates
> 2 mm, > 1 mm, > 0.5 mm, > 0.25 mm, > 0.1 mm and < 0.1 mm.
Organic carbon was determined on each sieve interval and
expressed as organic matter using a factor of 1.722.
The depths of 0-5 and 20-30 cm are discussed in this paper
because they correspond to the soil upper and lower limits for
growing annual crops and the aggregates > 2 mm and < 0.1 mm
were chosen because they correspond to the highest and lowest
agregate sizes studied.
Cerradäo had the highest organic matter content mainly at
0-5 cm depth followed by Brachiaria and Eucaliptus. In 10 years
of cultivation there was a loss of 22.8 t/ha (1.14%) and
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29 t/ha (1.45%) for a crop rotation with soybean and corn or
rice and corn and areas with green manure respectively when
compared with Brachiaria. In general systems from the non
disturbed area showed at depths of 0-5 cm and 20-30 cm more
than 81% of stable aggregates > 2 mm in both dry and wet
conditions.
Areas cultivated with green manure and prepared with
rototiller gave no more than 64% of stable aggregates > 2 mm at
0-5 cm depth under dry conditions and only 42% of aggregates
> 2 mm at same depth under wet conditions, demonstrating soil
structure damage caused by the implement despite high dry
matter yield obtained (10 t/ha). In the areas with crop
rotation, only 20% of the aggregates were > 2 mm and about 3%
were < 0.1 mm, showing the minor improvement caused by crop
rotation when one uses heavy disk harrow tillage. This
implement cuts aggregates exposing them to microbial attack.
The organic matter content of these systems was for
aggregates > 2 mm: Cerradäo and pasture = 2.8%; forest and
green manure = 2.2%; crop rotation soybean-corn = 2.3% and
crop rotation rice-corn = 2.5%.
Following the same order for aggregates < 0.1 mm the organic
matter content was for these systems 3.3%, 2.2%, 4.0% and 3.9%,
respectively.
The failure to maintain a high percentage of aggregates
> 2 mm in the disturbed area was caused by the decrease in the
pool of physically protected organic matter (POM). Therefore
despite the percentage of organic matter not differing greatly
among these systems the amount of organic matter is several
fold less in the disturbed systems compared to the undisturbed
systems.
Despite the importance of crop rotation and the
incorporation of green manure residues to soil organic matter,
it is clear that both management systems fail to build up
organic matter if they are not accompanied by the right tillage
systems with the right choice of tillage implement.
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STUDIES ON STABILIZING RICE YIELDS ON THE ACID SOILS OF NILWALA
FLOOD PROTECTION SCHEME OF SOUTHERN SRI LANKA
R. Pathirana, P.A.N. Chandrasiri
Department of Agronomy, University of Ruhuna, Matara,
Sri Lanka

With the completion of Nilwala River Flood Protection Scheme in
Southern Sri Lanka in the early 1980's a large extent of ill drained,
flood prone land has been changed from insecure to secure agricultural
lands where high input rice cropping leading to increased yield and
production is now feasible. Paddy cultivation during both monsoon
seasons is now possible where only a "Maha" (N-E monsoon) season crop
was grown earlier, under high risk of flood damage.
However, with improved drainage, increased soil acidity and iron
toxicity have beccme new barriers to increased production. Broadcast
sowing of pregerminated
seedlings as practiced before drainage scheme
was implemented aggrevates the problem because the seedlings are highly
susceptible to the toxicities. Moreover the excessive drying of soil in
higher elevation fields kills the seedlings. Therefore the cultivation
methods practiced before the flood protection scheme are not suitable
anymore. Therefore, a systematic programme to study the soil, varietal
adaptability and varietal agronomy of rice in this changed environment
was started in 1986 as paddy farmers representing 75% of the working
population of the area were seriously affected.
Sector 24 of the Nilwala Scheme, a representative area was selected
for studies and demonstrations. A semi-detailed soil survey revealed six
soil units. These soils except the highlands are poorly drained and
strongly acid with pH ranging frcm 2.8 to 4.7. The areas under rice
cultivation are mostly half boggy and boggy.
The soils were analyzed for Organic C,%, Total N, available P and
Zn , Active Fe
and Mn , Exchangeable K , Al
, Ca , Na , and Mg
The soil and water pH, Eh and Ec were also recorded at regular
intervals. Results of the analyses showed that the amount of organic
carbon is several times higher (ranging frcm 6.1% to 10.8%) than in
normal paddy fields due to the peaty nature of these soils. The soils
contained 0.41% - 0.66% total N which is much higher than the critical
value for the rice plant. Although these soils were expected to be poor
in Olson P, most of the analyses revealed above critical values ranging
frcm 9.43 - 21.31 ppm. Exchangeable K ranged frcm 0.194 - 0.311 m eq
100 g . The most limiting element _yas Ca
with exchangeable amounts
ranging frcm 2.3 - 3.61 m eq 100 g . Active Fe
ranged from 0.8% to
2.4%. Iron toxicity symptoms are ccmmon in these fields due to low
amounts of exchangeable cations and rather high levels of active Fe
As broadcasting of pregerminated seedlings results in lower than optimum
plant densities, farmers use higher seed rates than before. However, the
localized nature of iron toxicity in the field still results in patches
of low plant density. Moreover in lower elevation boggy soils the plant
density was reduced due to inundation. Therefore, we conducted
experiments on transplanting which convincingly demonstrated that by the
use of 3-4 week old seedlings the risk of seedling stage crop failure
could be greatly reduced. In soils where mean yield was 1600 kg ha
in
the broadcast sown crop yields averaging 3800 kg ha
were obtained in
the first transplanting experiment. In seme experiments mean yield
exceeded 5000 kg ha
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This yield advantage prompted farmers to take up transplanting. By 1989
more than 60% of the area under paddy in Sector 24 was transplanted.
During the period between 1986 - 1989 178 cultivars have been tested
for adaptability to different soil units in the Sector 24 during both
monsoon seasons. These included the iron and aluminium toxicity tolerant
genotypes. Single row plots with susceptible control at every 10 rows
were replicated in initial screening. The best cultivars were tested in
Randomized Complete Block Design at several locations. As a result
several locally developed and introduced cultivars suitable for
transplanting in the Milwala Scheme have been selected and distributed
to farmers. Among the most premising cultivars identified are At 84-1,
At 76-1, BW 85, BW 272-3, BW 78-7, BW 271-1, BW 297-2 and BG 750. BG 750
is a 2% month cultivar suitable for broadcasting in higher elevations
where water deficit occurs. BW 85 was found CO tolerate acidity and iron
toxicity better than other cultivars.
The correlation studies of yield components in these trials revealed
that the percentage of filled spikelets per panicle is the highest
contributory
factor to grain yield under the prevailing stress
conditions. Thus BW 85, the tolerant genotype recorded the highest
percentage of filled spikelets per panicle.
Agronomy trials under transplanting of these new varieties were also
conducted. Factorial experiments using different fertilizer rates and
plant densities revealed that by increasing plant densities the
requirement of fertilizer for optimini yields could be reduced as
tillering is rather poor even in low dens.ities.
It was found that the basal fertilizer is the most important. The top
dressings have to be timed when the water levels in the paddy field
could be controlled. Of the cwo factors studies, che plant density was
found to be more important than fertilizer levels when the results are
intepreted over many seasons and cultivars. However, fertilizer variants
significantly out yielded no-fertilizer variants. In botn cultivation
seasons treatments which included
basal fertilizer mixture of 7.5kg
ha
N + 22.5 kg ha_, P ? 0
+ 22.5 kg ha
K O with well timed top
dressing cf 45 kg ha
or N did not show significant yield difference
with treatments receiving higher basal fertilizers and a second top
dressing.
The experiments revealed that by proper management of the crop in the
changed soil environment using premising cultivars yields of 4-5 t/ha
could be achieved compared to 1-1.5 t/ha
ODtained by traditional
methods. Nursery management and water management in the transplanted
crop are important priorities for future research on the acid soils of
the Nilwala Flood Protection Scheme.

Acknowledgement: Financial assistance by the French Government for this
research is greacfully acknowledged.
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EFFECT OF THE INTRODUCTION OF MACHINE HARVESTING ON
LAND MANAGEMENT PRACTICES FOR SUGAR CANE ON COASTAL
CLAY SOILS
Davis, Jr., H.B.
Guyana Sugar Corporation Ltd., 22 Church St., Georgetown, Guyana
This paper describes a system of land management which has
evolved for commercial cultivation of sugar cane on the Guyana
coast, and changes which have been made in order to accommodate
the greater use of machinery for husbandry and harvesting.
The soils on which sugar cane is grown are predominantly
heavy clay and silty clays of recent marine, and alluival
origin. They fall into the FAO classes of Eutric Fluvisols,
with associated Eutric Gleysols, Mollic Gleysols and Glevic
Solonchacks. Rainfall is heavy, ranging from 1780 mm to 2500
mm per annum, and is distributed in two seasons. The land is
flat and predominantly below high tide level. Drainage is the
most critical limiting factor to crop production. Sugar cane
is grown in empoldered lands typically on fields comprising a
network of 8-12 m wide cambered beds separated by deep drainage
ditches to effect rapid removal of surface water.
We have modified these fields layouts by increasing bed
widths and superimposing a ridge and furrow system in order to
permit machine harvesting and husbandry operations. In-field
drainage requirements for these new fields were determined from
a model based on the Manning's equation for surface drainage,
and are designed to remove 41 mm precipitation in 24 hours.
The performance of sugar cane planted on these new layouts
is being monitored each cropping season, particularly with
reference to drainage efficiencies, and effects of machine
traffic on the land. We take in-situ soil resistance and bulk
density measurements in fields prior to and after traffic by
heavy harvesting machinery. These measurements are repeated in
selected 'typical' fields in plant and succeeding ratoon crops.
Root distributions are also measured from core sampling and
profile examination.
Our measurements have indicated that rooting is restricted
to the cane ridges even where there are no obvious severe
physical restrictions to root penetration. There is evidence
of fluctuating water-tables in most fields at depths of 50 to
60 cm from the top of the ridge. Little or no root development
has been found in the furrows although our resistance measurements have indicated that machine compaction is restricted to
the top 10 cm.
Our interpretation of these observations is that although
removal of surface water has been satisfactory, movement of
water below the 'disturbed' soil in the ridges is very restricted in these poorly structured soils. Horizontal movement
below the furrows to the surface drains is similarly restricted
since here soils are also compacted in the upper layers. As a
result, perched water-tables have developed, the heights of
which fluctuated during the growing season. These have influenced the development of rooting systems. Work is now being
concentrated on finding an effective practical solution to this
problem.
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EFFET DU PETIT MIL ET DU NIEBE EN ROTATION SUR LA PRODUCTIVITE ET
LA FERTILITE DU SOL AU SAHEL
K.C. Reddy, P. Visser, P. Buckner et M. Salou
* Institut National de Recherches Agronomiques du Niger (INRAN),
B. P. 429 Niamey; Niger
Le petit mil (Pennisetum glacum) (L.) R. Br) est une culture
importante du sahel. II est presque toujours cultivé en association avec
d'autres cultures, principalement avev le niébé (Vigna unguiculata (L.)
VJalp). Généralement le niébé est seme 2-8 semaines après le mil en tres
fälble densité variant entre 2000-3000 poquets/ha. Ce Systeme
d'association est presque continuellement pratique ces derniers temps ä
cause du manque de nouvelles terres cultivables. Cette pratique diminue
la productivité et cause la variabilité spaciale du sol.
L'Institut National de Recherches Agronomiques du Niger (INRAN)
a développé trois systèmes de culture (mil pur, niébé pur et mil/niébé
association améliorée) qui produisent le grain mieux que les pratiques
traditionnelles décrites ci-dessus. Mais, aucune information concernant
leurs effets sur le sol n'est disponible. Bien que la degradation du sol au
sahel soit le plus grand souciians le temps, nous avons essayé de comparer
les trois principaux systèmes reconmandés dans cette zone pour leur
productivité a long terme et pour leurs effets sur la fertilité et la
productivité du sol.
L'étude a été conduite a la station de recherche agronomique de
Kolo au Niger pendant la période 1986-1989 sur le sol Psammentic paleustalf
(d'après la Taxonomie américaine des sols). Cinq systèmes de cultures,
mil pur, niébé pur et trois systèmes d'association mil/niébé (les trois
systèmes d'association représentent le semis du niébé 1, 2 et 8 semaines
après le semis du mil-SAM) ont été pratiques sur les mêmes parcelles
pendant 1986-1988.
Les variétés améliorées de mil (cv CIVT) et niébé (cv TN5-78) ont
été utilisées en culture pure et associée. La densité du niébé en
association 18000 poquets/ha représentait 50 % de sa population en culture
pure. Le mil et le niébé ont recu des intrants (engrais et pesticide) d'apres
les recommandations locales. Le mil en culture pure et associée a recu
45 kg N ha-1 annuellement (1986-1988). En 1989, 1'azote est appliquée
d'après les traitements d'azote. Tous les systèmes de culture ont recu 9 kg
P ha -1 annuellement (1986-1989).
Les effets des systèmes de cultures sur la productivité du sol
ont été évalués en 1989 a 1'aide d'une culture test (mil pur).
La culture test a été cultivée a trois niveaux d'azote (0, 30 et
60 kg N ha-1). Les Systèmes de Cultures Precedents (SCP) sont devenus les
parcelles principales et les niveaux d'azote les sous parcelles. Pendant ces
quatre années, les cultures ont été faites pour leurs graines dans les
conditions pluviométriques suivantes : 454, 525, 616 et 540 mm en 1986,
1987, 1988 et 1989 respectivement. Tous les résidus de récolte ont été
exportés des parcelles expérimentales a 1'exception des souches.
Pendant la durée de 1'étude, des échantillons de sol ont été
prélevés chaque année a une profondeur de 0-20 cm, pour la determination
des propriétés physiques et chimiques. En 1989, 1'absorption d'azote par
la culture test a été faite.
Les resultats indiquaient que les systèmes d'association,
Mil/niébé oü le niébé a été semé une ou deux semaines après le semis du
mil (ISAM et 2SAM), a augmenté de plus de 40 % 1'efficacité de 1'utilisation de la terre d'après la mesure Land Equivalent Ration (LER). L'analyse
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du sol indiquait que la culture niébé en Systeme pur après trois ans a
augmenté significativement Ie taux de matière organique (29 %) et
magnesium compares aux autres systèmes de cultures.
L'azote absorbé et Ie rendement en grain par Ie mil (culture test en
1989) était significativement élevé sur les parcelles niébé pur, mil/niébé
association ISAM et 2SAM. Le rendement en grain de mil dans Ie SCP niébé
pur était de 920 kg ha _ l dans le SCP mil pur sans application d'azote. La
courbe de réponse développée sur la base de rendement en matière sèche de
mil dans le SCP mil pur a 0 kg N ha - l indiquait que 66 kg et 25 kg N ha~l
a été la contribution du SCP niébé pur et mil niébé en association,
respectivement. L'absorption d'azote par la culture test a augmenté d'une
fagon significative avec 1'augmentation du niveau de N appliqué. Le mil
dans le SCP en culture pure niébé avait absorbé 39 kg N ha - l et en
association 2SAM 30 kg h?--! alors que son absorption dans le SCP mil pur
n'était que de 23 kg IT ha-l Ces calculs de courbe de réponse bases sur la
production en matie^c bèche et 1'absorption d'azote par la culture test
indiquent clairement
qu'il y avait une certaine augementation de
l'azote disponible am. cultures par le niébé s'il est en culture pure ou
associée. Il faut rappeler ici que 1'analyse du sol n'a pas roontré une
augmentation du niveau d'azote dans les parcelles de niébé.
Le système d'association mil-niébé a montré une meilleure efficacité
d'utilisation de terre que le mil ou le niébé en culture pure. La
culture continue de niébé en pure avec exportation de residu a d'une
facpn significative augmenté le magnesium du sol et matière organique
comparée a la culture pure de mil ou a 1'association mil-niébé. Le mil
comme plante test a produit d'une fagon significative plus de matière
sèche et a absorbé plus d'azote dans le SCP niébé en pure compare aux
autres traitements. L'absorption de N par le mil dans SCP en association
était significativement meilleure que dans le SCP mil pur. Ceci amène a
croire que 1'introduction du Niébé en pure ou en association rendrait une
plus grande quantité de N disponible pour la céréale, comme le mil en
rotation. Du point de vue pratique, 1 * introduction de niébé en culture
pure ou le niébé en association dans les systèmes traditionnels
d'association dominés par le mil serait tres avantageuse.

* alors qu'il était seulement de 630 kg ha - l
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