CP3St

Physical and Conservation Constraints and Management
Components for SAT Alfisols

S.A. El-Swaify, S. Singh, and P. Pathak!

Abstract

The Alfisols of the semi-arid iropics are well-drained soils but possess low worer-siorage
capacittes They are therefore cropped only during the ratny (monsoon) season Wik tradinonal
rainfed farnung the soils are both unproductne and prone 10 excessive runofl and erosion
Efforis to improve management of these sols for comventional cropping have succeeded in
increasing crop sields over traditional managemeni sy siems but effec ive praciices for improy ed
sl and water conservation remain 10 be formulated This s primarih because of the extreme
structural insigbihiy of the soils  Physical components of improved management have been
subject 1o many investigations and many promiang trends have emerged bt no integraied ser of
pracuces can as ver be confideniy recommendcd for sustarung agricultural producinaty on
small farms In this bachground paper evidence primarihy from researchat 1€ RISAT 11 uved ava
basis for discussion of the physical constrainss and the promising developments that have been
made in improving the conservation and management of these vouls

Introduction

The diversity of soils in the seru-and tropics (SAT)
1s clearly indicated by the fact that 8 of the 10 orders
1in Soil Taxonomy (USDA Soil Survey Staff 1975)
are represented sn this region Table | shows that
nearly 33% of the land area in the SAT s occupied
by Alfisols (6 96 million km?) Associated sols are
primanly the Anidisols (5 20 million km?), Enusols
(2 72 mullion km”), Oxusols (1 88 milhon km?), and
Verusols (1 31 milhion km®) The Andisols and
Enusols may be considered as related souls, particu-
larly 1n the Afrnican SAT SAT environments are
dentified at the suborder level within the ustic mos-
ture regime Thus term imphies dryness during parts
of the vear, but “moisture 1s present at a time when
conditions are suntable for plant growth” (USDA
Soil Sunvey Staff 1975) The specific definmtion of
usuc 15 based on mean annual soil temperature, and
duration of the period in which the control section of
the profile remains motst or dries out By this defini-

tion, the ustic regime occurs intropical regions, with
a monsoon chmate that has at least one rainy season
lasting 3 months or more in a year

Table 1 Solls of the semi-arid tropics

Area (million km?)

Sos) order Africa Latin America  Asa Total
Alfisols 466 107 121 69
Arndisols 440 on 047 520
Enusols 255 017 - 2m
Inceptisols 0138 - 028 066
Mollisols - 078 - 078
Oxisols 1 88 - - 188
Ulusols 024 008 020 0852
Verusols 051 - 080 131
Others - 070 023 093
Total 14 62 313 319 2094

Source Kampen and Burfocd 1980

1 Farming Svstems Research Program (now Resource Management Program) ICRISAT, Patancheru, A P 502 324 Indu

ICRISAT (international Crops Research Insutute for the Semi-Arid Tropcs) 1987 Alfisols in the semi-and tropics Proceedings of the
Comubiants W orkshop on the State of the Art and Management Alternatives for Optimizing the Productivity of SAT Alfisols and Related
Sos 1-3 December 198, ICRISAT Center ndia Patancheru A P 502 324 Indw ICRISAT
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Alfisols possess an argillic horizon withun the pro- percentage of stones in Alfisols o2 E 4 gy
file Hence the clay content of these soils increases H : : =2 é 'f . . g i} s )
with depth although shallow and gravelly Alfisols E o Elellger P TN
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arecharactenzed by lack of structural development, ~ and crusting with subsequent drying cycles Thut

: 7]




Toble 3 Phvsical propertios of two AHI profles at ICRISAT Center

o NO CNSt
men
jant establish Crust Mouture content at?
o advencly '“«(,:1 deeper than t * Stone content §! Bulk densin (5 cm ) 18 bar 03 bar
i 0 often eERS T L onol 8] — Plule Deptb —_—
TR ng i consol 1 (ca) s RAID sn RAID ST R ST
(“', . ‘m]wd‘“ [tﬂm d h hat 16 dﬂﬂ e R&d\c [
e (wmmpn)“’ ‘ Iy the paruick oS M0b 0829l 15202 15100 80 'R}
eI ) o AP ‘( vors slaking, ;o Q8 TTre0 IMa0ls IR0M 02 031
el ® Non and m.mulow)‘ 'oulh e 10l | 06108 29017 191000 1672000 WS e
bult Thus, 8 540 A 1 0s 191012 180 161 Wy m
e 940 compactio? come hard and ' .
ot "“’“‘u when wet m{mmmsmlm“ : | 018 Qi 13 TM0M 00 181
e hen dry TS e only ) 0010 HIE8) 1M W0 12 6 2B
1O e o ol 7 R N1 b6LI01 162602 TeKL0I0  1R0N N7 b0 7
e u"’"""“tfﬁ;ﬂm e S 010 BIe6 WINE IE00 180w 06 169 1S
,unmcdw"‘:‘lm pl-Swaf 1983) 8 hesesols £ b ALWS  N7218€ 1010 IRI1006 168 166 X6
T o ':’ glcon 2 ! 135150 KISl 23061 100 1%:006  J64 I64 M
! I¢ 8 ¢
ek O t“'["':wnd os to sveral 71 ¢ ° L 150168 B0e14™  WIril 180011 Isbr008 187 b8 21
aode rai‘c; below A L { P I X000 MOSISS IM00 B0 HS 4 B
(oL esess I e- , 180-195 1662142 Wit 180+ 014 1900 150 ND 196
[ il PO heir particic
v pene qe of ¢
\“N“\Mmf" wies u\l’wmposllwn This 18 ! | Muss percentage of material 2 mm
etention ol ralogic depth of the so! 2 On 2 mass bamy in stone free samples
el unded By ¢ sal? { of waterstor x
e Lompd jorage La¢ oblems
ml\(a\ul\ﬂbk{o:h \al m dence ptomﬂ"
ar"“"“wm Jgto hmit €° o P: 3258 t
il
jnihes€ m;d‘c;::nu n medum chlrlﬂﬂ:“ e 0 é_/m/j’ scurene wthheavyrstoms (C W Hong 1983
Jmpr empors”) (days) ur avy rainslorms ong 1983,
n 1
‘t‘:ml\ o illage 87 N ity The stmctunlmﬂl‘:‘f‘:g Tyne after pIanting — ICRISAT, personal commurucation) Such losses :C.:’l'srr :::;:m’ (3 cm ) of selced Aol o
w\o[sl‘“‘wn sent falures 10 ndt b Figure) Chln;ﬂlnplumukmdndlc! - are particularly enhanced by the soils'low nutnent- .
o ubsequent {d (o 8 reduction \n surface FOUB ,o:;hum seedlings under crust and retention capacities (caton<¢xchange capacity  Depth Location
mf\g “““ons lf m“‘“ |°||owin( Phn“n" v‘]m nn‘e bﬂmn | .nd lo meq lm rl) (Cm) RP” RCW20 RP | RUSS
The lack of active clays in Alfisols also indicates 018 188 159 1M1
that organic matter hasanimportant role incontrol- 1530 64 m 18 I
. nd ling the soul's structural charactenstics This 15 one 3045 5] 1218 18
ng infiltrauon) 8
$0 D yo crust pess (useful for m%n:mdcmuns(ww' mportant reason why management of Alfisols for 4540 1918 1% 1M
l trust enhancement of surfl“mmmd nduceexcessive | sustained agncultural productivty may be compar- 073 R L
seun 98 Tmomhc season and, o the other, atively easy in the humid tropics In the humid trop- 1% 180 " LI
0 runoff even early 10 ¢ mergence Dt effectsod | w5, abundant and undormly distnbuted rainfall
? ‘1 durectly affect wdlml:n nsmallseeded cropssich | allows continuous biological acuvity and buildup of
crops are morcdnmcmﬂm ( ine coracans) B organic matter 1o fairly hugh levels
. s peart mullet fmserdmu b e 150 VY ikely 1 The erodibihity of Alfisols appears to vary widely
N sorghum Localized ‘ 'E 0 nidges of beds 110 | The universal soil loss equation’s K value has been
Y 304 the wed cnvnronm’:' mf;lmﬂon s restncted Y | eported to be.as hugh as 0 4 or more, indicatingthat  Tupie 4b. Purticke size distibution of selecied AWl st
i \ which water entry 31 d soil surfaces ar¢ also pre= 1 the souls are quite suscepuible 1o erosion by water  |CRISAT Center
¢ x surface-sealing eased cvaporative waler 1 (ENSwaify and Dangler 1982) -
- k Pmne 10 Inc l ha tion
sumed t0 {15 important o emphasize at this point that
! U RUSS RW2C RW3
9 Joss fao confguAbOS nstalied Alfsols display wide diversity and spatial vanabil-  Depeh
' 4\ Rmed-hnd su k.dxo!m“‘"' cownul' y ThHCfON. Table 2 may be ICCCPICd only a em)  Sand Sih Clay Sand Sth Clay Sand St Clay
| conservaton mw"":ﬁ in the furrows which representauve of Udic Rhodusulfs at the precise o5 B8 6 8 8 4 § MDD
wons of mueed T00% 1 omon. In Y | waping and desnpuon st Even wibin ICRI- 1530 @9 8 B B 6 9 % 9 K
9 undergo nlng wd :;‘tu;“,mmmndﬂﬂ‘; SAT farm, much variability 15 encounteredinthe X045 55 6 ¥ % 5 19 4 10 &
y (cays) GAT Alfisols, workabiity lfecie = | Moperties of the Patancheruseries Tables3,da,and 4540 41 10 0 66 6 2 45 12 4
0 EA be deterents © 'K
Tye 8ft€ mssagpar 006 €O eenly welld® s ® clude quanutative data for selcted physical 6075 49 45 5 9
— !Wl";';: , oo St the :“;l " frlozs 8 90 | omertes o anous At ot ICRISAT Cener L RN N LR
< ure . ents of water
pugure 3 trestm Jeaching
crust
tags w0



Dryland Management Options for

SAT Alfisols

t
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degradition of the resource b ";nd lead 10 3
further decline 1n productivity

Developments in improved management
for aptimized productvty

Our present knowledge about Alfisols—in contrast
to that sbout Vertisols, on which the broadbed-and-
furrow (BBF) technology is proving qute promising
for optmized management (Kampen 1982)—dots
not provide a clear and tested approach in
management that can be recommended as part of a
“technological package™ for optiminng the
productivity of Alfisols under runfed conditions In
particular, land- and soil-management techmiques
that are effective in reducing runoff and erosion
Imparting structural stabilty 1o the soil, improving
water-slorage charactenstics, and reducing sealing
and crusting are yet to be defined
There are clear indications, however, that most
SAT Alfsols do possess 8 much higher productivty
potental than that indicated by yields obtained
through traditional farming (shown carher)
Randhawa and Venkateswarlu (1980) report yields
of 3500 kg ba"! for hybnd sorghum, 1500 kg ha" for
umproved castor, and 2700 kg ha" for finger millet
on Rhodustalfs in southern India The results of
research on physical components that were found
promusing for improving productivity are duscussed
below
Land smoothung and installation of field drains
wre essentual for improved management of Alfisols
Landscapes common in farmers' fields are generally
juite uneven, with many depressions of vanous
nzes Small, surface depressions that are obliterated
hrough normal uillage operations are not subject to
wterlogging But large depressions are generally
nore stable and act as recesving basins for erosional
ediments Once these sediments are deponted,
nterlogging often results Crop yields from such
ireas were 10-35% less than that from other areas
Pathak 1981, unpubluhed report, ICRISAT)
Ineven land surfaces also create problems in
arrying out vanous agncultural operations, ¢ g,
llage or planting, at the proper depth Higher
trmunstion percentages were recorded for pearl
ullet and sorghum 1n fields with proper smoothung
§ compared to those without (Pathak 1981,
npublished report, ICRISAT) To alleviate the
influence of such depressions, it 1 necessary o
Soothen the land surface, and thus 15 done most

.

efficient!s in the direction of planned cultvation
Since high runoff 1 frequent on Alfisol,
provision must be made for early and safe removal
of excess runoff dunng the growing (rainy) season
The urgency to reduce runoff must be tempered by
the need to improve surface drunage dunng wet
periods, in view of the fact that the profie’s capacity
for water storage 5 often very hmuted Also, the need
1o reduce or enhance runoff must be assessed,
keeping in view a predetermined strategy for water-
resource development and use Should surface
storage of excess runoff water for supplemental
irngation be determined as the feasible alternative,
the system should be designed 10 yreld and store
sufficient runoff for this purpose Conversely,
maximum water entry into the soil should be
faciliated through varous ponding techniques
when accessible subsurface water storage 1s posnible
Tied ndging (installation of furrow-dams) has
been extensively tried in the Afncan SAT as an in
situ soil- and water<conservation system Under
certain circumstances, the sysiem not only helped
reduce runoff and soul loss but also increased crop
yelds (Lawes 1961 and 1963, and Dagg and
Macartney 1968) However, dunng high raunfall
years, orin years when relatvely long penods withun
the rainy season were very wet, ugnuficantly lower
yields were reported {rom systems using tied ndpes
than from graded systems that disallowed surface
ponding of water (Lawes 1963, Dagg and Macartney
1968) Under such conditions, ied-ndging enhanced
waterlogging, development of snaerobic conditions
in the rooting zone, excessive fertulzer leaching; and
nise of the water table in Jower-lope aress (Kowa!
1970)
Hudson (1971) expresses senous concern about
overtopping of tied ndges, and emphasizes that
these systems should be designed so that the ties are
lower than the ndges, which should themselves be
graded so that excessive runofl s released along the
furrow and not down the slope Further, a support
system of conventional contour terraces must b
installed to cope with runoff from exceplions]
storms Lawes (1961, 1963, and 1966) compared the
performance of alternative designs with open freg-
druming furrows, aliemate cross-ted furrows, g
furrows cross-tied, and all furrows cross-tied with
mulch His results showed that tying alternate
furrows slone, or tying all furrows 1n combination
with mukhing, ugnificantly improved yields of
cotton compared with open furrows and tied
unmulched furrows 1n both dry and wet seasons (889
mm and 1303 mm ranfall) With groundnut and
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whike constructing furrows In the BBF sysiem

sorghum, the effects of treatment were kst

h ranof, eroson, snd cr0p yleds on Ateok (Averageof %141 ong Ny
nearly one-third of the land area 18 1n r‘:"::ﬁ-:‘on ——
promunent her land  mual infiltration rates about one-third 0 o
nuve sdntages of of bed sl Alfisols differ from Verusols. Sorghum Prgeonpes Runoff  Soil low

T?-‘ c:tt‘t;p:‘ for effective soil and water undl;l:’ “:muandmodemmoms(lmmnly Land treatments (kgha ) (kgha ) m (o)
conligur another way
conservation have been the subject of ;“‘:’( defined as those with <80 mm mnhll)comnbr‘tu Bodbedaodfaron 008 ”» -~ - ~
mvesugations (Pathak et al 1985);: ‘:\‘:d‘elrc:ht majorshare of seasonal runofl (“%u::ndw'::h:l: Narros ndge-and-furrow i § 45; 10 ] » N

o 9
cont o Verth K w:mon wnoffand  (¢575%) on BBF Forlarge “om:i cont;n rauons ::::m “l\z‘r:x up later a1 04 ;Z;g :g ;Tg iw
BBF syem prented ey B \ited  difference between the vanous a o pius ndging-up later a X 8l
soil loss than vanous fat c“}“;’“ni:?;tmswh (Pathak et al 1985) | Tou! rusfllt 920 mm  Source Paihat 1934
the
Table 6 shows the supenonty o

The flat-on-grade system was not only most

contour or graded bunds, over BBF and traditional s o b .

methods Thes trends were confirmed for both Jow-

and hugh-rainfall years (Table) These mu;\:l:::
atirtbuted 1o the tendency of BBF-shaped lsulung
undergo surface smoothing along the sk:;c rcl st
1 low surface depresnion, and exposure u:nz':n)
with low infiltration rates (¢ g the argillic ho

produced shghtly hugher crop yield than the o|the;
land configurations (Table 8) Rawsed t: :
configurations (broadbed-and-furron d ::dr.r:nd
ndge-and-furrow and wave-pe broa and
furrow) offered no particular advantages in term

Table 6 Effects of alternative land-management
watersheds (average annual values, 1975-9).

Ifisol
systems on annual runoff, soil low, and peah runoff rates from A

Peak
Runoff rnafl
G of e’ Soil
loss
scasonal (m's!
Runfall o
(mm) (mm) rainfall ) :
Treatments - -
Plat with graded bunds 51 13§ N )
i, " " 2133‘2) 010 088
BBF at 0 6% slope " ' T
Flat with contour bunds %6) " o .
Tradivoral fat with
farmers' field bunds?

| Maximum peal. runoff rate 19N

n these 4 years
1 Watershed monutored {rom 1876 to 1979 Values reported art based o

Source Pathak et al 1985

‘bunds system and 8 BBF
1L runolf, soi lows, and peak runalT rate for an Alfisol in & Rat, graded-bu
Table 7 Annual rainfall, runofl,
s BBF at 0 6% slope
Flat wath graded bunds at 0 6% slope *
Pukﬁ Runoff runofl “
te
et mr:loc Soil Run G of ] ( ,:) '
o ; oxful (m's! Joss fall ms:;:l o
o woi | ) (tht) {mm) n “;_
. - o 210 1104 N9 ().

1975 1103 150 g:i
19% 6 U2 o
9m % 53 "
9 1048 198

684 n9 03 2
:?; 563 12 010 11

] 1060 N6 on i(!l_

Source Pathak etal 1985
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runoff soul loss and vield over the Nat-on-grade
svstem They also posed problems resulting from
low stabihity and complications n accomodating
ceriain crop combinetions In raised-land
configuraions  the expected benefits of high
infiltrauon rates in the planting 20ne and reguced
velocity of overland flow, seemed to be counteracted
by the extremely low surface-depression storage and
by other problems resulting from turning the soil
and exposure of the compact argyllic honzon n the
furrow 200 Thus, i Alfisols, unless furrow
imgation 1 required, the faton-grade con.
figuration 15 probably the most effective
Operational-scale research at ICRISAT, over a
pertod of 6 years, has confirmed that clear benefits 1o
1ol and water conservation, and substantal
tnreases In crop yeld, can be obtained by using 2
tumber of improved management practices (Pathak
1984) Among these, the modified contour-bund
tystem that ncludes gated outlets, involves land-
smoothing and planting on gnde msiead of on
contour, 1 the most promusing (Table 9) Inaddinion
10 & low annual runoff of 162 mm and so loss of
138 tbart, this system has been found 10 1ncrease
peari mullet yield by 19% and that of pigeonpea by
16%, compared with the BBF system (pear} mullet
yeld, 1920 kg ha1, prgeonpea yield, %40 kg ha"1)

Table § Ukmo(dlﬂmlsyﬁmoﬂlmhlonrwﬂ

nd sail lous on Alflsol watersheds, 1931

Runofl  Soil loss
Treatment (mm) (tha?)
Trdwonal system M ous
Contour bund system 2 1ol
Modified contour bund sysem (YRR
Deoadbed-and-fumow sysem . T
———

L“f"_"‘_"’%n Sowce: Pathak 1984

There 15 considerable ewidence 10 show that the
tllage operations (particularly primary tllage)
selected should be a ppropnate if continuous crop-
ping of SAT Alfisos 15 to be sucoessful Thus 13 1n
contrast o the humid tropics where considerable
success has been reported with mmmum Ullage (Lal
1977 and 1980) Intensve primary tllage of SAT
Alfisols was generally found necessary for creatinga
favorable zone for root proliferation, and for
enhancing rinfall acceptance by the soi Secondary
ullage operations are necessary for seedbed prepan-
tion, and for weed control because herbicide use 13
stll limited 1n the SAT Since these souls genenlly
undergo severe hardening dunng the dry season,
cultivation it difficult before the runyseason When
powerful implements are utilized 10 permit plowing
i dry conditions, the resulty are genenally undes-
rable as large hard clods are created thet necesntate
further intensive ullage 10 produce & suitable
seedbed (Rawatzetal 1981) When cultivation must
await the moutening of the topsoil, the effective
length of the growing season 15 appreciably reduced
and the farmer has to conduct all the fequired opera-
tions withina short period Plowing at the end of the
CTOPPIng season can, In some circumstances, be used
10 overcome these problems Studies at Raschur
(Indu) showed that Alfisols subjected 10 summer
plowing had s higher rainfall-intake capactty than
souls that were not (Hadimaniand Perur 1971) Even
shallow surface: cultvation was found 1o be of
advantage in helping the carly rinwater to soak
deeply into the soil Hadimaru et al (1982) observed
that rainwater penetrated 10 8 depth of 30 ¢m 1n
hatrowed plots, but to only 15 cm inadgacent unhar-
rowed plots
The benefits of intensive tlage in terms of crop
performance have been documented on many Alfis-
ols In Senegal, with shallow hoe culvation the bulk
dennty of the top few centimeters of soul decreased
from 1610 14 gem? With plowing by tractor the
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even limited tillage was swickht 10 enhance rapid
and deep root esuablishment by the crop, thereby
sllowing it 10 escape the effects of dewrimental dry
spelis early in the rainy season. Water Josses thmllx;g
evaporation ar¢ considerable from deeply ti

Alfisols, and this may prove detrimental when ufm
fallis limited. Kllu(lm)dcmomtmmhc need for

cnsuring good seed-soil contact by pressing thesol

after sowing to allow adequate crop establishment

on Alfisols. Healso sho ,
tillage (spht-strip plowing) can help increase crop

yields. .

Management of soi
emergence and Crop §
gaining increasing importance

crusts for improving scedling
und on rainfed Alfisols is
(Klaij 1983). Strong
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surface crusts develop when seals . éated by rain-

storms are subjected 1o rapid drving under direct
sunlight. It has been found that a rolling crust-
breaker with spokes mounted at precalculated pos-
tions can substantially improve seed emergence (in
the case of susceptible seeds) when available soil
mousture is not a hmitation to growth (Awadhwal
and Thierstein 1983). Soman etal. (1984) have deve-
loped & simple technique for field screening of
genetic resistance of millet and sorghum to emer-
gence through soil crusts. Little investigation to date
has been done on the effects of chemical amendment
on the strength of crusts formed on these soils. The
benefits of increased shallow intercultivation—
conducted {requently to break crusty subsequent to
the normal practices—have been recently invest-
gated. The practice was effective in increasing infil
tration (Pathak 1984, Weststevn 1983) and to some
extent in reducing moisture losses through evapors-
tion by producing a dust mulch. Breaking crusts
reduced both runoff and soil loss (Table 10). During
2 high-rainfall year, no significant increase in crop
yield was obuained from additional intercultiva-
tions. However, during normal and low rainfall
years, crop yield increased significantly.

Addition of organic mulches on Alfisols was quite
effective in reducing runoff and soil loss (Table 11).
AUICRISAT, even in a high-rainfall year (1981),
mulch applied at the rate of 10 ¢ ha! reduced the
seasonal runoff by 74% and soil loss by 80%, com-
pared with the situation when no mulch was applied.
In a normal rainfall year (1982), no significant
runoff or soil loss was recorded from the muich
treatment (10 t ha'*). During the same vear a runoff
of 205 mm and soil loss of 3.7t ha"! were recorded
from the control treatment with no mulch added.

Table 10. Effects of shallow interrow tiliage and land-
shaping on runoff and sol loss from an uncropped Alfisol,
ICRISAT Center, 1981,

Tilage syiem Runoff  Soil loss
Depth Land shaping  (mm) (tha)
Shallow Fiat 138 12
BBF 168 59
Ni Flat 24 36
BBF b. 1] 89 -
SE 82 29

r—

BBF = Broagbed-andarrow sysiem.

Table 11, Eftect of different levels of organic muleh! on
crop yield, runofl, and soll low on Alflsah, 1981,

Intercrop system

Sorghum  Pigeonpea

Mulch rate  yield vield  Runoff Soil logy

(the!) (hgha) (kgha)  (mm) (1hah)

No mulch 1% W 59
25 2800 13%0 %5 u
50 2980 1500 20 140

100 0 1810101 119
SE b % Uy 0N

I Groundnut shells  Source Pathak 1984,

Addition of organic mulch also increased crop yields
inasorghum pigeonpes intercropsystem. In a high-
rainfall vear, the mulch applied at the rate of 101 ha!
increased the sorghum vield by 9%, and that of
pigeonpea by 35% over the no-mulch treatment. In
normal- and low-rainfall vears, more substantial
increases in sorghum yield were recorded, When
groundnut shells were used, 8 mulch rate of § ¢ ha!
appeared 10 be the minimum needed for increasing
crop yields.

Harnessing runoff or development of other water
sources or supplemental irrigation is important for
optimizing the productivity of Alfisols since these
soils are often shallow and bave u low water-
retention capacity (Fig. 5). The benefits from supple-
mental irrigation interms of increased and stabilized
crop production on Alfisols have been impressive,
even in dependable rainfall areas. The potential for
delivering excess water 1o surface water-storage
structures (1anks) or groundwater reserves is good
since even improved cropping systems us¢ only 3-
$5% of the seasonal rainfall, The remainder, or 45-
70%, runs off or drains 10 deeper layers, Both can
potentially be wpped for supplemental irrigation.
The high runoff on Alfisols during the early part of
the rainy seadon (Pathak et al. 1985) provides a
dependable surface-water source for most of the

season. An analysis of 6 vears' data collected from
three tanks on Alfisol watersheds (Pathak 1980)
showed that these tanks held sufficient water for
supplemental irngation during dry spells, Even in
1977, when runofl was the lowest in 9 years (1974-
82), more than 35 mm of water was present in the
tanks during periods when the probability of
drought was high. In all years, s minimum of S0 mm
of water was available in the nks during 80% of the
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g & Available water profiles 'ford
g s represen! the approximate

(>1 m) and medium (1.0-0.5m) Alﬁsqk st ICRISAT Center. The
':zwer end of the soil layer and the top of the murrum layer.

during 1982—8 high-rainfall year—was quite low.

Table 11 Crop responses on ANisok | KISAT Crnter 1o e

application of 4 cm of wpplemental irrigation* water

these regions for competitive uses other than return
to-the soil. However, both should be considered
necessary components for enhancing organic-matter
buildup and thereby contributing o enhanced pro-
ductivity of Alfisols in the short term,

In the long term, strong clues for successfu) crop-
ping and sustained productivity of Alfisols may be
denved from experience gained in the humid tropics
and temperate, semi-arid areas. In the humid trop-
ics, these soils appear to be more amenable 1o man-
agement for sustained agricultural productivity than
in the SAT. Considerable success has in fact been

during rainy-season droughts, N
w0 00 0 0 08
‘5 0.12 0‘, B ) . Yield (kg ha')
: N e Pear! millet Sorghum Groundnut

With supple- With supple- With supple-
mental irm- mental irn- mental irri-

Year and Control fation Control gation Contral fation

irngation (no ym- (grain filk (no irni- (Nowering (noiri-  (pegging

date pation) Ing stage) ftion) slage) gation) ttage)

1981 (23 Aug) 2100 o pLb Ry 090 1080

...................... 1982 (20 Aug) 1630 10§ ! ! 686 9%
| Sorghum was not grown n 198 Source Pathak 1984
12
L.....-q
b

cal activity throughout the year. Only certain types
of vegetation are able 1o sustain themselves with
significant viability despite the annual intense dry
period in the SAT, particularly on Alfisols. Selected,
fast-growing trees have this potential, and have been
recommended for inclusion with conventional crop-
ping systems in agroforestry schemes in the tropics.
Cropping systems that capitalize on the attributes of
such trees 1o the ultimate benefit of both the soil and
the farmer are currently under increasing investiga-
tion in the SAT (Lundgren and Nair 1983).
Another sirategy that has been favored for

: ith minimum tillage, generous inputs of improving SAT Alfisols involves the combination of
, 75 mm during 30% of the ‘ to supplemen- | Feported wit : B, generous inp proving SA T
ENH rened :ngmngg can often be ham- In the postrainy ”"“,’"_“ ‘h: ir:b‘:: :“yuts ({Tbk 13). " | residues (e.g., mulching), and the application of her- legume-ley farming and grazing animals (Jones and
— “"ﬁ‘ uﬂpaxe rates in Alfisols. 1l irrigation wml{gm w;n" sgeonpes nd asr, bicides within the cropping systems. The depend- McCown 1983), Preliminary results indicate that
b B R Deep-rooted crops, suc :

Sopg < il in progress (0 dctgmine the most
:: o satenals and techniques (Mahesh-
&saﬁu]\;is has shown that tanks an
Ti ;-,-.- ~enied for suppkmnul irrigation
L ‘.‘:., parige Sepge rate is below 1 mm
e analysis using runofl modeling

responded only to larger applications. Two imiga-
tions, each of 4 cm, were therefore _rcqmrcd. .

It should be emphasized at lhi; point that bmlc?ug
of organic-maltcr levels is mcnml‘lo impart fnio;
able physical and chemical properties 0 thes¢ soils,

ence on herbicides is necessarily heavy. The
abundant water supply in these regions encourages
some form of vegetative growth and overall biologi-

this system, which has proved successful in the tem-
perate regions of Australis, appears promising when
the following features are included: (1) o self-

- g eapae o : ivity. The organic-mattef Table 13, Crop responses on Alfisols a1 ICRISAT Center, 10 the application of 4 em of supplemental irrigation water

PR N S bility of and to improve pdem“ . .

E=TESURL] “"°“'d. ;m;;:e;:?obdls :)f hyigh contents of SAT Alfisols undergo a NP“:““’““[;: wing the posirainy season,

2 ggezann July :ilt in August, Sep- when virgin lands are b.roughl under C:v eqi Yiekd (kg ha")

T ﬁir‘st;ﬁ”‘;wiw exceeds 92 The dlecur °£ “:’r’moi':dn:yml: ot: :o? land clear Pigeonpea Castor Cowpes Tomato

o 10 KRR ined that rium level 15 de 4 : — — "

- bmsml(wsl)h:vedetcﬂ;;ml for ing, environmenal conditions, and tht‘ farmng v - Twier o o

ceyape c.cution and storage PO svstem in use. As much as 40 t ha! of soil orgas Once-ir-  rigated Onceir- rigated Once-ir- Twice-ir- Once-ir- Twice-ir-

T " -_:._C-._.md, India, was superior to that y tter are reported to have been lost from the -2 figated (Mower- rigated (Nower- righted  rigated figated  rigated
-M-'u | irr :; horizon of Alfsol following clearing and ! If (Nover. ing & (ower- ing & (veg.  (veg, and (veg.  (veg. and
oo CRISAT indicate thatsupplementalirn- s of continuous cultivation (Charreau Con- ing podding Con- ing podding - Con- suage: flowering Con- siage: Nowering
A NN year.

st vekds in oth the rainy ';d p(‘m- Fauck 1970). The loss vas maximum in the {“x Yar sage) sages)  wol  stage) suges) trol 3 days) suges) ol 30 days) slages)
= - ing the 1981 rainy - ing 2 relativel.
an s ik 19%4). Dunng years and then it tapered off, reaching a re P

. X W w0 o o M8 N0 S S s w0 23000

0 pxts\»ns:sumobuxnedtosn\;wlt"‘::' stable level which, under conventional croppiths M 0 S M B0 S MW s oy
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generating legume-ley pasture fgr -3 years grown in
rotation with a cereal; 2) n!lowmg cattle to graze o:
native grass pastures during the wct‘ mu:: ::

leguminous pastures in the dry season; {J) h;: r;e:
crops directly into the pasture after it has !
herbicide-Killed; and (4) allowing solunteer pas’xur7
legume sward from hard setd to form n undcr:}oryl
in the main crop. In contrast 10 convcnuqml lfs |§o.
cropping this system allows implementation ol min

imum tillage concepts.

Final Remarks

It must be emphasized that » balanced ‘approvach :c}
coil and water conservaiion and opumxmn’ofx oh
roductivity should be follmd in future rcgarcf
sirategies for Alfisols (El-Swaify 1'983): lnl view 0
the specifc nature of tis workshop' objectives, our
discussions were restncied 108 ree of mana::-
ment options. The need for base-line data ¢ (;
allow quantitative and integrated watershed-base

planning also merits equal emphasis.
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