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Agroclimati™Aspects in Planning for Improved
Productivity of Alfisols

M.V.K. Sivakumar!, Piara Singh!, and J.H. Williams?

Abstract

Crop vields on Alfisols the most abundant souls in the sermi arid tropics have remained low and
unstable due 10 aberrani weather and soul related ¢ With blee. \ples from India
and Wesi Africa varianions in the amount and disiribution of rainfall as well as its intensity were
described However crop planming on Alfisols should 1ake in1o account the length of the grow ing
period involving an assessmeni of rainfall as well as potennial exapotranspiranion The role of soil
constrainis such as depth sotl water storage capacity parncic size distribunion and soil moisture
release characteristics in making water available for crop grow th on Alfisols was illustrared At
soil depths below 30 cm in Alfisols the recharge and depletion of soil water occurred on an annual
basis whereas 1n the upper 30 cm the process occurred repeated!y with a periodicity determined
by the depth amount and frequency of rainfall In the upper 30 cm soil lavers with decreasing
capillary potennal there was a large decrease in the water content while in the lower layers this
decrease was considerably less The effect of short 1erm iniraseasonal droughts on crop moisture
status was shown 10 differ depending on soil depth The niming and intensity of water siress is an
important facior in assessing the crop response to drought on Alfisols Studies conducied at
ICRISAT Center showed that crop water-use efficiency on Alfisols could be improved through
appropriale managemeni practices including the selection of suitable genotypes crops and
cropping systems

Introduction soil and water-ma Since

ful crop pr d ds heavily on
Alfisols are the third most important soil order in the tal factors the bined 1nfl of cl and
world covenng 13 1% of the world area (Buningh so1l on plant growth must be considered before land

1982) Compared with Verusols (which have been
the major focus of attenuon at ICRISAT's Farming
Systems Research Program) Alfisols cover a much
larger area of potentally arable and grazeable land
These soils are most abundant in the semi-and trop-
ics (SAT) (Kampen and Burford 1980)

Due to aberrant weather and soil-related con-
straints to production, crop yields on Alfisols have

d low and ble Exper !l evid

from research however shows that these soils are
capable of producing more food with appropnate

use 15 planned In order to take advantage of the
advances made 1n science and technology, Kanwar
(1982) advocated that soil scicnusts should work
with agrochmatologists to predict more accurately
the the her, the soil, and
the plant

About 62% of the Alfisols in the SAT are located
in West Afnca and India The agrochmatic aspect:
that need tobe dered 1n pl for imp d
productivity of Alfisols are sllustrated in this paper,
with suitable examples from India and West Afnica
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Rainfall

Rainfall amounts

Alfisols are distnbuted over a
gimes The annual ranfall,
for instance, vanes from less than 500 mm ;n ?No:;
wana to more than 1400 mm in Nigern In
Afnca, which accounts for 36% of tfh; globnl‘:::
) TS
Alfisols, the mean annual rainfall va
::gct; 1250 mm The rainfall sohyets ’:n: p"::;‘ t;;
farther south the locaty
the equator, and the on o
the rainfall (Coc
bands or zones, the more 15 e
1 and Knabe (1972) ha
and Franquin 1967) Kowa v
he northern states
that annual rainfall for t
;:‘;::n decreases by 119 mm for every degree of
latitude
In peninsular India, .
ortion of the arca un ¢
‘:nmnl ranfall vanes from S00 mm n ; m;r‘:\; ::::‘-
that covers southwestern Andhra Prades! ———
ern Karnataka, to over 1000 mm 1n sout

In SAT countnes,
wide range of rainfall re

which accounts for a major
er Alfisols in India, the

1000 mm a-! 1n the Alfisol srca of castern Madhys
and western Onssa )
Pr;:c;?ovndc a descnpuion of the rainfall character

we have chosen 24 stauons in S dufferent ran-

o Afnca (Tabie 1) for which

in India and
::‘r‘\:::r:\ rainfall data are available on tape from

the Agrochmatology unit of ICRISAT Ar}:::el
rainfall staustics for these stations are gwenl n o
2 The coefficient of vanauon of annual rai il
vanes from 9 to 45%, with the largest vanauo
Mahalapye, which has the lowest ranfall

Rainfall distribution and probsbilities

In most Alfisol regions of West Afnca and (I::‘d‘:e‘
rainfall 1s restncted to a short grt;v l:\vg sta:;na e
r) In West Afnca,
northern hemisphere summe "
the beginning
fall increases gradually from
::;Ienmny scason (1n late spnng of carly sumsr:::c)’,l:l
scason
h a maximum in the ramny
:l'x:fnbuuon of ramnfall for different suuon_s[ n: :‘;
howninTa
| areas of India and Afncass|
3:/‘1:'080% of the annual rainfall occurs in the rainv

Tamsl Nadu and Kerala The minfall 15 2lso over

rainfall zones used in the description of climatic sspects

Table 2. Annual rainfall (mm) for difieremt stations In

Alfisol aress of India and Africa

Table 3 Seasonal distribution of rainfall (mm) for differ-

Table 1. List of stations in different = Lon!l,mde Ek::)wn
.
::\:f(.:m a') Stauon Country — —
500 Mahalspye Botswana ” . -
<500-600 Anantspur india Il o o 1 -z’g
X - 76 58
Birmi N'Konmi 1 %o ™
Coimbatore lMM:;: e C‘Z : u
? ol::::h ' Mah 15 07 o -
600-800 . Mah 1433 % o
Cudde Inda 1429 o °
Fa ' s BB 545
T ndua 1727 A .
Hyderond Mal 14 26 A o
Xorme Inda 15 S0 s ot
:\Il‘nool Burkina Faso 13 06 i~ o
aya
Bangalore inda :i ;’;: en l:o
so0-10%0 Foundiaugne :m:l e (: :g @
e Mal 13135 A asd
Koonl?hgwem Malaw 1357 o 5
v India 09 5% ol ot
M.m“ml India ny i
: 07 30
melvum ot Fi :il) : 031 :;32
as0
o Bamak :A“:l? " 1238 : 0’29 o
° Inda 214
Rapur

ent stations in AMfiso! areas of Indis and Africa

Mean Max Min- Preruiny Rainy Postrainy  Dry  Annual
annual CV  imum imum  Range Stauon 3CAION 3easOn  scason  season rminfall
Station ranfall (%) ramfall ramfall (mm) Mahalap 8 9% o 3 9
Mahalapye 494 45 1765 191 1574 Anantapur 2 502 1 2 91
Anantapur 591 26 866 259 607 Birmi N"honn) L] 307 10 8 %3
Bumi N\ Konni 565 26 990 289 201 Coimbatore I8 197 o4 32 602
Coimbatore 602 1) 1047 238 809 Mourdiah 2 461 pes 28 S48
Mourduah 545 21 8la Ry 4 Yehiman 15 S16 24 " 5mn
Yehman 512 24 976 36 660 Diema 19 ™ 3 18 652
Drema 652 20 962 424 SW Cuddapah 57 634 37 b3} 782
Cuddapah 751 28 1226 299 927 Fatick 2 709 25 9 775
Fatick 775 27 12 295 928 Hyderabad Al 63) [ 33 A} Tk4
Hyvderabad 784 bl 143] 457 974 Kaves 16 667 26 i4 m
Kaves 723 2 1136 161 7 Aumool 47 517 u 32 610
Kumool 630 7 1065 281 784 Kava 1 626 15 2 704
hava 40wk 1k w2 Bangalore 2 s 0m FL T
Bangalore 831 8 1282 588 694 Foundiaugne 46 752 24 13 813
Foundiaugne 815 26 1427 416 101} Gava 32 768 14 2] 836
Gaya 836 17 1108 451 6™ Aolokan: 24 ~48 13 26 b1
Kolokans 813 24 1226 352 874 Lilongwe 32 7%8 43 18 880
Lincongeue 880 26 1260 198 1062 Madura 213 590 4 34 883
Madura 883 25 1443 41 1032 Salem 24 865 34 2 95$
Salem 955 M 4% 54 9e2 Bougoun: 0 1067 17 2% 109
Boug 1090 12 1309 844 465 Gaoua 60 1152 20 27 1289
Gaoua 1259 29 2359 440 1919 Bamako 32 933 32 25 1022
Bamako 1022 9 1297 942 355 Raspur 1 174 3 19 1337
Raipur 1337 20 2178 714 1461

scason 1t 1s recognized, however, that the amount of
rainy-season rainfall cannot by iself provide a good
index of productivity, because the potental evapo-
transpiration, or water loss and the soil's water-
holding capacity, dictate the amount of rainfall
available for crop growth

More important than the quanuity of rainfallin a
gven season, 15 the quesuion of persistency in recerv-
ing a specified of fall over a shon inter-
val (for instance, 1 week) In the case of Alfisols,
which are known to dry rapidly and develop a sur-
face crust, infor on fall probabil Is
important for agncultural planning The probabilits
of receiving 10 mm of rainfall, and the weekly rain-
fall amoun, for three | in the p lar
Indan Alfisol zones are shown m Figure 1|
Although there 1s httle difference in the amount of
Annuai rainfall at Hyderabad and Bangalore, the
runy season rainfall at Bangalore extends over a

much longer period, alben at a lower probabihty
than at Hyderabad Coimb ! d farther

south in peninsular India—has a bimodal rainfall
distnbution with the two rainfall peaks separated
by an 8-week dry penod

The rainfall probabihues for Yeliman (Mali)
Gava (Niger) and Gaoua (Burkina Faso) in Africa
are shown 1n Figure 2 These weekly ruinfall proba-
bilities as well as the amounts, are more sharply
defined than those relevant 1o Alfisol locations in
India In the higher-rainfall locations of Gaya and
Gaoua, the cropping opportuniies appear more
promising For Lilomgwe (Malawi) and Mahalapye
(B ) the peak probabil (Fig 3) occur in
December and January At Mahalapye, the rainy
scason is short and the probabilities are low

Raunfall intensities

It1s known that Alfisols, becausc of their poor struc-
tural stability at the surface, are susceptible 10 ero-
sion In spite of this 8! fall
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Figure 1. Weekly probability of recelving 10 mm of rainfall

in Alfisol areas in peninsular India.
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Figure 2. Weekly probability of recelving 10 mm of rainfall (line) and rainfall amo

in Alfisol areas of Africa.
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Figure 3. Weekly probability of receiving 10 mm of rainfall (line) and amount of rainfall (bars) for Mahalapye

(Botswana) and Lilongwe (Malawi).

in Alfisol arcas arc seldom measured. At Bambey
(Sencgal), Charreau and Nicou (1971) reported that
78% of the total volume of rainfall had an intensity
distribution of 8.6 mm h-!, and 25% recorded inten-
ntes less than 52 mm h-'.

Hoogmoed (1981) reporied that, at Niono (Mali),
75% of the rainfall received had intensities of 10 mm

1007 AN storms

. T Storms under 10 mm
AL === Storms 10 to 20 mm

80— \._T7TT Storms over 20 mm

h-! or lower, while 25% had intensities of S8 mm h-!
or more (Fig. 4). Peak intensities in 1977, 1978, and
1979 were reported to be 190, 230, and 300 mm h-!
respectively.

At ICRISAT Center, the rainfall intensities are
lower than those reported for Africa. Rainfall inten-
sities at ICRISAT Center for 1975 are shown in

10 30 50 70

110 130 150 170

Storm intensity (mm h'x)
Figure 4. Distribution of storm intensities in different storm sizes at Niono, Mali (Hoogmoed 1981).



Figure 5. Peak intensities in 1974, 1975, 1976, and
1977 were reported to be 134, 155,92, 8nd 57 mm b-!
respectively (Hoogmoed 1981).

Length of the Growing Period

Plans for improved productivity on Alfisols should
take into account the period availabie for crop
growth. Using different average rainfall potenuasl
evapotranspiration (PE) ratios, Cocheme and Fran-
quin (1967) evolved a procedure to determine the
beginning and end of the growing period as well as
its length. We have used the average rainfzll and PE
for different stations in the Alfisol areas to deter-
mine the average dates of the beginning, end. and the
length of the growing period. It should be under-
stood that this analysis provides only approximate
data, because in the SAT the vanabihty in these
dates could be large. As shown in Table 4. the begin-
ning #nd end of the growing period show a wide
fluctuation across the different rainfall zones,
reflecting thereby the need to consider different
management strategies. Kowal and Kassam (1973)
showed that in the Sudanian and Northern Guinean
zones of Nigeria, due to abnormality in the amount

100 ————— A1l storms
%0 ~=- Storms 10 to 20mm
—.—-— Storms over 20 mm

probability (%)

and distribution of ri:dtall, the suarn of the rainy
scason of 1973 was delayed, and the delay was most
accentuated nornth of 11°N latitude. The iength of
the growing period was reduced from 120 days at
11.2°N latitude, and to 70 days at 12.3°N latitude.
The minimum reduction in groundnut yield was
estimated to vary from 0% at 11.2° lautude to 56%. a1

12.3° latitude.

Temperature

Air temperature

The air temperatures in Alfisol areas in India and
Afnica are consistently high, and can be considered
above opimum for most crops (Table 5); wn low-
rainfall zones, the temperatures can exceed 40°C.
Information oh the probabiliues of occurrence of
lethal and stress-inducing temperatures would be
useful in planning alternative cropping strategics for *
Alfisols: but the long-term records on &ir tempera-
ture recorded at shorter intervals are insufficient.
Table 6 shows, as an example, the probability of the
temperatures rising to the point of becoming iethal

20 40 60

Figure 5. Distribution of storm intensities in
1981).
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"Table 4. Dates of beginning and en.

length of the growing period for differen ot
” pip-ieily t stations in A Miso!

Growing period
Date of Date of  Len,
ength
Suauon beginning ending (days)
Mahalapye 13 Nov 17 Apr 155
Anantapur 09 May 24 Nov
Birni N'Konmi o1 Jun 07001 ::
Coimbatore 24 Aug 23 Dec 121
lldnurdnh 07 Jun 10 Oct I;S
Yehman 07 Jun 13 Oct 128
Diema 05 Jun
S 15 Oct 132

Cuddlpﬂh 16 May 13 Dec ’l;
Fanuck 13 Jun 30 Oct 139
}fydcrabad 26 May IS Nov I%t
‘f."“ 01 Jun T 0 l-l"(
b:umnol 23 May 12N l""x
Kaya 18 May 12 Oct 14.7
Bangatore 12 Apr 08 Dec 240
Foundiaugne i3 Jun 29 Oct ;18
Gaya 08 May 12 Oct l;7
Kolokam 21 May 21 Oct 153
Lilongwe 02 Nov 28 Apr l7.7
Sh:aduul 03 Jut 08 Jan 189

lem 09 Apr 20 Dec 255
Bougoun) 19 Apr 04 Nov 199
;}:ou.l 25 Mar 11 Nov 231
h@ko 08 May 08 Nov 184

ipur 23 May 05 Nov 166

and stress-inducing in Kayes, Mali, High tempera-
tures are known to effect germination and establish-
ment, leaf-area development, stem growth, tillerin
rool‘grt‘m-lh. panicle inttation, pholo:\'nlivesix lngd.
respiration (Peacock 1982). ' '

Table S. Average monthly ai
) air temperature { ) for differ-
ent stations in Alfisol areas of India and Africa. o

Jun  Jul Aug Sep  Oct New

Tnmn Nov! Dec Jan Feh M
Anantapur 297 20 27 ¢ 78 3
. 2 2 279 218 2
Birni N'Konm M2 22 268 270 ‘;‘:
Coimbatore 265 255 20 260 ;b 2
Cuddapah 319 30 297 2 ‘I :K 3
Hyderabad 291 260 25x %6 ;‘(;
Kayes e B3I 272 178 2wy
Kurnool 3y 281 278 27 (x :7 4
Bangalore M3 22 M2 oMy e
Lilongwe 155 150 165 194 52 ;
Madurai IS 307 302 299 kS 26k
zll:m 296 285 23 X2 273 ’5‘!!
Gou,aum 272 256 252 257 266 26‘5
B:oua 268 255 255 257 .2 78
Ny m.ko 285 266 20 263 273 267
aipur 320 272 270 215 263 225

|. Months in the lowe: i
ooy 1 row refer 10 Lilongwe which iy south of the

Table &. Statistical analysis of marimum air temperatures for Kayes, Mali

Probability of exceeding max temp C)

Mean max. cv

)Momh temp. (°C) $D (%) >25 >30 s
= : =40 =-4$
- :;: 16 s 100 100 26 0
e S :; 4 100 100 85 k) 8
oo B 12 3 100 100 100 33
Moy 20 . 2 ] 100 100 100 o
- o 1.0 2 100 100 100 100 5
o 33:5 ;,3 3 100 100 9 3 ;
Aug b 0 3 100 100 1) 0
o e [} 3 100 100 3 0 0
o ;;9 08 3 100 100 1] 3 0
ol 36:7 13 4 100 100 73 0 0
o Jog 1.0 3 100 100 9% 0 o

. 1.1 3 100 100 13 ] g
Annual 36.3 0.5 1
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Soil temperature

Soil temperatures, particularly the extremes, advers-
ely influence germination of seed. functional activity
of roots, the rate and duration of plant growth, and
the occurrence and severity of plant discases (Chang

1968). The soil temperatures observed at any given

Jocation depend (Monteith 1979) on:

a. The rate at which radiant energy is absorbed;

b. the fraction of encrgy that is available for heating
the soil and atmosphere (sensible heat), i.c., the
fraction not used for cvaporation (latent heat);
and

¢. the partitioning of sensible heat between soil and
the atmosphere.

We d the soil perature, at 10 cm
depth, of a medium-decp Alfisol planted t0 a
postrainy-scason sorghum crop at ICRISAT Cen-
ter. Three mositure regimes were imposed on the
crop.

1. No drought stress (by irrigating the crop every 10
days).

2. Drought stress imposed 35 to 65 days after emer-
gence (DAE) (by withholding irrigations during
this period and irrigating thereafter every 10
days).

3. Drought stress imposed from 65 DAE (by with-
holding irrigation) to maturity.

Soil temperatures were also measured on a nonir-
rigated, bare soil. Maximum soil temperatures
under different treatments are shown in Figure 6.
Treatment | showed the lowest soil temperatures to
range between 21° and 24°C,upto 95 DAE. Because
all irrigations were withheld thereafter, the soil

tures showed a sudden i Treatment

2, which was undér stress up to 65 DAE, showed soil

temperatures that were, on an average, about 4°C

higher than in 1. In 3, the
temperatures were high, occasionally approaching
those for the bare fallow in treatment 4.

Van Wambcke (1982) d the mean 1
mean summer. and mean winter soil temperatures
for selected stations n Africa from the mean air
temperatures (see Table 7). According to the USDA
Soil Conservation service (1975), Alfisol regions can
be classified as Hyperthermic or Isohyperthermic.

In crops. the shoot meristem has been indentified
as the site of temperature perception (Kleinendorst
and Brouwer 1970; Peacock 1975). At the start of the
growing scason, the meristem may be at or just
below the surface, so that the rate of feaf expansion
is determined by surface soil temperature ( Monteith
1979). As the shoot extends, the meristem moves
away from the soil surface but, if transpiration is fast
enough, its temperature may stili be modified by the
temperature of the root system and, therefore, of the
water the roots absorb.

1n relating the response of a crop plant to soil (or -

air) temperature, Montceith (1979) advocates that it
is essential to record the duration of each develop-
mental stage. Scveral management practices (¢.g.,
muiching) aimed at favorably altering the soil-
temperature regimes of Alfisols will be discussed
during the course of this workshop, and the fore-
mentioned suggestion of monitoring the duration of
growth in addition to the rates is worth considering.

Soil Water -
Soil water storage capacity

The above discussion on rainfali, PE. and the length
of the growing scason provides rough solutions to

regime for different stations in

Table 7. Computed soil temp and soll

Alfisol areas of Africa.

finition of the temp

Rainfall

; °

zome Mean soil temperature (°C) Temg

(mm a-') Station Annual Summer Winter regime
<500 Mahalapye 23.0 25.7 18.5 Hyperthermic
500-600 Birni N'Konni 31.0 30.6 283 I1sohyperthermic
600-800 Kayes 320 314 294 Isohyperthermic
800-1000 Lilongwe 24 2.6 19.3 Isohyperthermx
>1000 Bougouni 29.5 285 28.3 Isohyperthermic
>1000 Gaoua 30.0 283 30.2 Isohyperthermic

Source: van Wambeke 1982.

38 Treatments

T oo No stress

2. ————<Stress 35-65 DAE
———-—-=Stress from &5 DAL

—— Fallow

3643,
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Days after emergence (DAE)

Figure 6. Seasonal variation in maximum soil temperature under different treatments in sorghum grown
de! 4 £

during the postrainy season at ICRISAT Center

b_road. region-specific problems in agricultural plan-
ning. But the soil characteristics of the region are by
themselves very important since the soil serves as a
slgragc reservoir when rainfall exceeds PE. Availa-
bility of stored water is crucial for the successful
!’unves! of a crop in SAT Alfisols, where water defic-
ns dunfl.g the growing season are frequent.
Tndx'nonally. the water-storage capacity of a soil

proﬁk_:s determined by using the limits of water
extraction at field capacity and -15 bars (permanent

wilting point). The lower limit used in this procedure
h_as come under criticism of late, because the propor-
tion of the 4soil profile tapped by the crop is difficuit
to ascerwin (Hsiao et al. 1980). By growing
sorghum, pigeonpea. and chickpea under good man-
yg:mcnl_dur:ng the postrainy season on water stored
in the s_onl, generalized estimates of crop-extractable
water in decp and medium-deep Alfisols at the
ICRISAT Center were determined. (See Fig. $, El-
Swaify et al. 1987, in this volume). a
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Figure 7. Seasonal changes in water content at three
soil depths in an uncropped deep Alfisol.
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Soil texture and soil nsoisture changes

The particle size distribution of selecied A'Iﬁwls at
ICRISAT Center are reported in El-Swaify et al.
7 (1n this volume).

lm;m'(i-r‘noislurt changes at depths of 30. 60, and 90
cm in an uncropped deep Alfisol (Fig. 7) clearly
reflect the dynamic changes in proﬁl;—wcter
recharge and depletion in the top 30 cm during the
rainy and postrainy scasons. At depths below 30 cm,
recharge and depletion occur annually, whereas in
the upper 30 cm the periodicity of mch-r“ and
depletion is determined by depth an§ by the size and
frequency of rainfall. The water regime of the upper
30 cm of the profile 1s highly dynamic, evaporation
from the soil surface being the primary causc of
depletion.

0.16 4
0.12 H
0.08
° 0 ‘ l : -3‘00 -3ISO
510 -100 -150 -200 -250
Capillary potential (millibars)
y h risti es d ined from in-situ field measurements on an Alfisol at
Figure 8. Moi curv!

ICRISAT Center.
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Capillary potential: water c(
relationships '

One of the basic relationships used 10 describe and
analyze the interactions of water with soils is the
functional relationship between volumetric water
content and capillary potenual. From the tensiomet-
nc daw and volumetric water contents measured at
different depths on an Alfisolat ICRISAT Center. it
was shown (Fig. 8) that with decreasing capillary
potential there was a large decrease in the water
content in the top 30-cm soil layer. while, in the
lower layers, this decreasc was considerably less.
This reflects the large difference in texture between

the soil layer at 0-30 cm and the deeper lavers of
Alfisols.

Water balance

Once the extractable water-holding capacity of an
Alfisol is determined, water-budgeting or water-
balance techniques can be used 1o determine the
pattern of changes in profile moisture during the
crop-growing season. The changes in profile mois-
ture in deep and medium-deep Alfisols were esti-
mated for five locations in Africa and India, using a
simple water-balance model (Keig and McAlpine

£
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Figure 9a. Si d profile moi: hanges under

two assumed available soil water storage capacities
(95 and 146 mm) for two locations in Africa.
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Figure 9b. Simulated profile i ¢ chang

under two assumed available soil water storage

capacities (95 and 140 mm) for three locations in
India.

1974). The results, shown in Figures 9a and 9b,
indicate that, under id | rainfall d the
effect of short-term intraseasonal droughts on crop
moisture status will differ with the depth of the
Alfisols. The effect of changes in seeding dates, and
the influence of different phenological characteris-
tics on crop performance, could be assessed on a
first-approximation basis using such analysis.

Crop Response to Drought Stress on
Alfisols

Timing and intensity of drought stress

From the description of the climatic and soil charac-
teristics of Alfisols, it is apparent that improved
productivity on these soils wouid largely depend on
the nature of the crops’ response 10 drought. We
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.ve conducted several studies on the effects of tim-

1g and intensity of drought stress on groundnut
_rown during the postrainy season on Alfisols at
JCRISAT Center. The timing of stress on the crop
was found to be much more important than the
intensity of stress. This is reflected in the yields
achicved, as shown in Figure 10. The final yiclds
were greater from the crops that experienced
drought stress during the preflowering stage.

It is worth noting the yicld advantages obtained
from early stress and considering whether or not this
can be exploited. The merit of conditioning ground-
nuts 1o carly stress to enable them to withstand a
second stress has been demonstrated by Rao and
Williams (1983), who found that the damage due to
stress may be halved.

Water * nutrient interactions
Aborted and stunted groundnut sceds result from

inadequate calcium uptake by the pod. Calcium
deficiencies can develop in soils with low calcium-

A Mean of intensities for time
400 ® Intensity

604 I I
°
320 L)
— A
~ 280
3
o [
:240 Control
(=3
8200 ..
(-4
S
2
s 160 °
120
° A o
=1 °
80,
.
40 T - T T
Sy 52 Sy Sy S2 S S152 S3
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Figure 10. The effect of time and intensity of drought
on groundnut yleld (Robut 13-1). S, = mild stress; S,
= intermediate stress; S; = severe stress.
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Figure 11. Effect of gypsum on the relationship
between applied water and pod yield in groundnut
(ICG 4601) at ICRISAT Center.

exchange capacity, or when drought restricts: cal-
cium movement in the soil solution. The effects of
gypsum application on yields of different ground nut
genotypes under varied intensitics of drought stress
on a medium-deep Alfisol were studied at ICRISAT
Center. Although the Alfisols utilized would, nor-
mally, not be considered deficient in calcium, gyp-
sum application did increase the yields under

drought (Fig. 11).

Crop water-use efficiency on Alfisols

Since water is the most limiting factor for crop pro-
duction on Alfisols, its efficient usc is important.
Water-use cfficiency can be increased by decreasing
evaporation from bare soils (E) between crop rows,
and by increasing transpiration (T) and the transpi-
ration efficiency of crops. Various soil and crop
management practices employed for improving pro-
ductivity on Alfisols (El-Swaify etal. 1987) can alter
cither or both the components of ET. The variation
in the E and T compaonents of sorghum and miliet
crops was studied under both irrigated and nonirri-

Tabie 8. Water balances N
for rainfed & m-"d sorghum on an Alfisol during the rainy and postreiny seasom of 1977.78

at ICRISAT Center.

~

Dates
Days P Eo M L E Tm E/Tm
Rainyseason sorghum ‘
13 Jul 10 18 Jul s
50 37
; ;ul to 28 Jul 10 56 92 .f: 3:- . § .o
o Aul to 04 Aug 07 16 37 -16 32 " : T
; ug to 16 Aug 12 97 54 [ 91 0 2 037
o: ;n;llo |025 Sep 20 124 73 7 17 :2 P o2
” 5¢p 0 12 Sep 7 0 k -42 42 i " 00
p to 26 Sep 14 [ 8 16 ); ) s o
3 - ! 15 0.07
Total 75 kEk} R -2 365 90 150 0.60
Postrainy rainfed sorghum
(l);’ ::o\ 10 16 Nov 9 b 3 -17 2 2
. b:: loi)l Dec 15 28 61 6 S; i0 12 ot
to 28 Dec 27 2 128 44 2 » ot
28 Dec 10 18 Jan 21 17 9&1 20 :ﬁ . % o
-2 3 9 28 0.32
Total
72 52 329 75 127 3 &9 0.43
Postrainy irrigated sorghum
(:7 :ov to 16 Nov 9 5 53 -1 16
07 [):: to 01 Dec 15 28! 61 ] 28 :2 ; oes
0 D :: ;; g:: 14 4] 65 18 23 l; 0 e
hen 8 0 37 -33 33 s N o1
to 04 Jan 12 k2 58 -4 » o
04 Jan 10 18 Jan 14 kLY S8 -8 :; l: % oo
30 0.43
Total
: — 72 143 329 -38 181 63 118 0.53
= infall (mm). Tm = .
o s m = Transpiration b bala;
g g::n p‘n evaporation (mm). 1 = Including 22 m; ’:.n:nmnm fmm) !
Yol 1',.:1.:..:::'"(" 127 em profik (mm) 2. = Including 39 mm uru-uon-
= oss (mm). 3 < Includ
v . ing 34 mm irngat
Soil evaporaton (mm) 4. = Including Ik mm un"’.nl:::

p}ed conditions on Alfisols in the rainy and posi-
rainy scasons at ICRISAT Center. Data in Table 8
show that the E/ Tm ratio was highin the early stages
of sorghum growth in both the rainy and postrainy
scasons. In the rainy season, evaporation accounted
for 60% of the total transpiration, and about 24% of
lhel total water loss.
n the postrainy season, for nonirrigat

sorghum, the proportion of E to Tm was lov/el"llh::

or_nion in the carly stages of plant growth. Fol

millet (Table 9), the E/ Tm ratio, :verucd mf:et.hrel
season, was 0.25-—considerably lowesr when com-
pared with sorghum.

Early canopy growth and development of maxi-
mum leafarea i the py d d for water
through increased transpiration. For a postrainy-
season groundnut crop grown on Alfisols, stress
xmpq:ed f::‘am emergence to appearance of first pegs

that for the rainy season. Under irrigation, the
E/Tm ratio increased t0 0.53. Early-scason losses in
'gter due 1o evaporation were high during the post-
Tuny season also, indicating the need to check evap-

d the canopy transpiration
through reduction in leaf area index (LAI), but did
not reduce the water-use efficiency (WUE) (Table
10). However, when stress was imposed after full
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the iny seasons of 1977-78 at
an!.“-luhhnn(anudn“m’.ﬂd.aunAMm postrain;

ICRISAT Center.

T E:Tm
Days P Eo M L E m
= " " 30 12 (1] 0.67
DT ' 0 e 'Jli 56 5 s 0.10
3‘0 g:v‘too 25 Nov 15 10 f; - s : ! o‘lsz
25 Nov 1o 05 Dec 10 2 P 3 : ! 4 °
05 Dec to 15 Dec 10 o : "
45 30 210 -66 96 19
Touwl
Irrigated pear] millet " s . o
Nov 10 18 S -_li ‘~7 : o o
T oc‘ ¥ I:J h‘oov -9 s 38 .‘; . e 4 o
g S A R T
: o " p -14 14 1 [k
20 Dec o 05 Jan 13 o a7
28 10 : "
52 25 240 -130 155 3 12
= L = Towal water oss (mm}
H P E : Soil evaporation (mm) L (mm)
E: =_ g:::::\:r-wr in 127 em profik tmm) Tm = Transpirstion by mass bal

Table 10. Effect of stage of growth at which drought stress is imposed on leafl growth and water
2 & ug!
‘»l .

-use efficiency of

Water-use
groundnut. LA before LAL at cfficiency
N impaosition of (kg ha-' em™)
Stage of growth at which waler stress maturity 8 —
stress is imposed 3.60 b
|. Emergence 1o peg initiation %0 -390 10.47
. I X
2. Flowering 1o last pod set . 133 295
3. Pod filling 1o maturity ’ 142 173

4. Comtinuous drought stress

I. LAI = leaf area index

4 d

devel he o
leaf-area p tl P al d
was very high; t supply was q

nd the WUE was low. )
* Sclection of varictics that produce more yg:lg c: _;
given amount of water has been( made at 1 ‘
Center. It seems p ble to BT

Conclusions

Planning for improved productivity_ of Alﬁsol:
should wake into account the intcractions betwee!
climate, soil. and plant indiffere
where these soils a

yvields under drought conditions on Alfisols
M N iR. ‘2 . )
P o wropping sysicms diffe in their
capacity to cover the ground quifkly. and in |hc:‘-
sensitivity to drought stress at dnﬂ‘erel}t n-ges’in
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the WUE of three sole crops and an intercrop ;_:‘o:k
on Alfisols at ICRISAT Center are shown in {a
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Table 11. Water use and water-use :?}N-c
ICRISAT Center.

ydmp/mhg:mmmnmAMMumah)mn

Water use
Crop cropping Water use Yield efficency
system tem) (kg ha-'y (kg ha'' em-Y) Reference
Sorghum 240 3700 154 ICRISAT (1978)
Pearl millet 159 2226 140 Reddy and Willey (1981)
Groundnut 196 1188 60 Reddy and Willey (1981)
Pearl millet ‘groundnut 28 1227 840 9% Reddy and Willey (1981)
600, .___. Y = 161 .+ 10.4x References
214.3 1.4
Y = 218 + 11.4¥ Buringh, P. 1982 Potentials on world soils for agricultural
500+ 217.4 :1.8
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Figure 12. The response of pod yield 10 variations in
applied water during pod set 10 pod filling for
groundnut (ICG 4743), at ICRISAT Center.

of Alfisols being variabie. various soil physicalchar-
acteristics related to moisture storage and its release
should be quantified. Furst-approximation informa-
tion on profile water changes, employing simple
models that use s0il and climatic data. should prove
useful in planning.

crop’s response 10 water shortages—so com-
mon on Alfisols—should be studied carcfully, tak-
ing into account the timing and iniensities of water
Stress. Water * nutrient interactions play an impor-
@ant role in drought responses. Crop WUE on Alfis-
ols could be improved through appropriate
ma B 5

. ion of genotype. crops,
and cropping systems. :
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