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Abstract

Approximately 70% of the world groundnut production comes from the developing countries,
many of which lie in the semi-arid tropics (SAT). Yields in the SAT are low and variable due to
erratic rainfall. Water deficits that are a consequence of the imbalance between water supply and
plant-water needs affect groundnut growth depending on the stage of crop growth and the degree
or intensity of the drought stress. In order to develop management strategies to increase and
stabilize groundnut yields in the SAT it is necessary to study the effect of drought stress at
different phenological phases on growth. water relations, and yield.
Total water use by groundnut is controlled by climatic, agronomic, and varietal factors. The
role of some of these factors has been summarized with suitable examples. Drought stress effects
t different phenological phases on the growth, water relations. and yield have been highlighted
‘ing the data collected in a series of experiments conducted over three postrainy seasons of 1980,
1981. and 1982 on a medium deep Alfisol at ICRISAT center in India employing the line-source
sprinkler irrigation (echmque The xmplu.wom of re\cunh on water relations in developing
strategies for improve dnut prod are

Résumé

Etudes sur les relations hydriques de I'arachide : Environ 70% de la production mondiale
d'arachide provient des pays en voie de développement, dont plusieurs se trouvent dans les zones tropicales
semi-arides. Dans ces zones, les rendements sont faibles et variables en raison de Uirrégulurité des pluies.
1 effet des déficuts hydriques (résultante du déséquilibre entre l'apport d'eau et les besoins hydriques des
plantes) sur la croissance de l'arachide varie selon les stades de croissance de la culture et la gravité du stress
hydrique. Pour développer des stratégies visant  accroltre et régulariser la production d'arachide dans les
zones semi-arides, il faut &udier les effets de la hvdrique a différents stades phénologiques, les
relations hydriques et les rendements de ['arachide.

La consommation totale d'eau par l'arachide est fonction de facteurs climatiques, agronomiques et
variétaux. Le role de certains de ces facteurs est illustré par quelques exemples. Les effets de lu contrainte
hydrique sur la croissance, les relations hydriques et les rendements sont résumés pour différents stades
nhénologiques. Pour ce faire, nous avons utilisé les données collectées lors d'une série d'essais conduats en
) "&0 1981 et 1982, apn!s la saison des pluies, sur des Alfisols de profondeur moyenne, au Centre ICRISAT
en Inde. Latechniqued’i p en ligne a étéutilisée. Les implications de ces résultats sur le
développ de ég df prod. d'arachide sont discutées,

. Principal i ist, Resource Program, ICRISAT Sahelian Center. B P 12404, Niumey, Niger, and Associate
‘rofessor, Andhra Pradesh Agricultural University, Hyderabad, India.

CRISAT (International Crops Research Institute for the Semi-And Tropics). 1986, of groundnut. of an
nternational Symposium, 21-26 Aug 1985. ICRISAT Sahelian Center, Niamey. Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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® 1. Summary of reported values of total water use (mm) of groundnut.

Total water

Reference use (mm) Remarks
Aliet al. (1974) 530 Irrigated at 60<; water depletion
Angus ct al. (1983) 250 Rainfed
Charoy et al. (1974) slo Rainfed
Cheema et al. (1974) 7 Rainted

597 Irngated at 40¢; water depletion
Kadam et al (1978) 342 Ramted
Kassam et al. (1975) 438 Rainted
Reddy et al (1980) 560 Irrigated. winter months
Reddy et al. (1978) 4 Rainted
Reddy and Reddy (1977) 508 Irrigated at 25 water depletion
Panabokke (1959) 404 October-January
Keesc et al. (1975) 500-700 Irrigated at 50/ water depletion
Samples (1981) 450-600 Irngated at S0° water depletion
Nageswara Rao ct al. (1985) RO7-831 Ierigated 7-10 day

interval during winter months

spacing studies was reported to influence the water
use.

The crop water-use requirements reach the maxi-
mum about midway through the growth of the crop
when the canopy cover is complete (Davidson et al.
1973). Peak water-use values range from 5-7 mm !
(Mantell and Goldin 1964, Stansell et al. 1976, Hen-
ning et al. 1982). Soil-water availability exerts a
controlling influence on the peak water use as
reported by Vivekanandan and Gunasena (1976)
who measured peak values of 6.1, 4.8, and 3.8 mm !
under high, intermediate, and low water potentials
respectively.

Soil-Water Availability and Total Water Use
as Influenced by the Stage at which Drought
Stress Occurs

3

Rainl'f\.‘m the semi-arid regions is erratic in dura-
tion and distribution, which could lead to droughts
of varying intensities and durations during the crop
season. Hence, the total water use could vary with
the stage of crop growth during which these droughts
occur, and the water-use requirements of the crop at
these stages. Using the line-source sprinkler irriga-
tion technique (Hanks et al. 1976), we examined the
effects of withholding irrigations at different growth
stages on the growth, development, water relations,
and yield responses of groundnut cultivar Robut
33-1 grown during the postrainy season.

The crop growth phases studied were:

A. emergence to start of flowering,

B. emergence to start of pegging,

C. start of flowering to start of seed growth,

D. start of seed growth to maturity, and

E. continuous stress [rom emergence to maturity.

Growth phases investigated during 1980/ &1 and
1981 82included Bto E, while in 1982/83 in place of
growth phase D, growth phase A was included to
gather additional data on the effects of withholding
irrigations during the early growth ph. Although
data were collected at three different dis
the line source, for the sake of simplicity in this paper
we present data collected at the 12-18 m
range from the line source, which only represents the
fully stressed situation during the periods when line-
source irrigations. were given.

Seasonal changes in the available soil water at
different soil depths in the 0-120 cm soil profile in
different treatments during the 1982/83 growing
season are presented in Figure |. The data show that
in growth phase A the soil-water extraction was
more or less confined to the top 60 cm of soil. in
growth phase B, since the drought stress was imposed
till the start of pegging, i.e., up to 55 days after emer-
gence (DAE), soil-water extraction in the 0-30 cm
soil layer was higher than in growth phase A, and the
extraction occurred even in the lower layers. In
growth phase C (no irrigations from 30-90 DAE),
soil-water extraction occurred at all depths, and at
soil depths 60-120 cm the extraction was signifi-




cantly higher than in the earlier two growth phases.
When the drought stress was imposed throughout
the growing season, water extractionin the 60-120cm
soil depths was the highest of all the treatments.
The effect of drought stress imposed at different

tion of the water use in the fully irrigated cont™®
differences between the three years are less signific

Peg P into Soil in

growth phases on the total water use by g d

during the three years is shown in Table 2. Total
water use during the three seasons was different for
any given growth phase because of the differences in
the rainfall during the preceding rainy season (and
hence the initial-profile water content) during the

to Soil-Water Availability

Soil-surface moisture content is considered critical
to peg entrance into the soil. Taylor and Ratliff
(1969) showed that as the soil dried, its mechanical

three years and because of the diff in the
amount of water applied. However, when water use
in any given growth phase is considered as a propor-

Soil depth (cm)

d. For fruiting to occur the gyno-
phores must enter the soil. Hence the soil physical
condition is of importance since the gynophores are

Growth phase B
(Y

Available soil water (mm)

Growth phase E

Az

T T T T T T
20 40 60 80 100 120 140

Days after emergence

Figure 1. Seasonal changes in available soil water (mm) at different depths (cm) for groundnut subjected to
drought stress in different growth phases, ICRISAT Center, 1982/83. (Growth phase A: emergence to start of
flowering. B: emergence to start of pegging. C: start of flowering to start of seed growth. E: emergence to

maturity.)
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EI. Total water use (mm) of groundnut cv Robut 33-1 when drought stress was imposed at different growth phases

ring three growing seasons, ICRISAT Center, 1980-83.

Total water use (mm)

Growth phase - 1980, 81" 1981/82 1982/83

A. Emergence to start of flowering 611

B. Emergence 10 stant of pegging 6l4 753 494

C. Start of flowering 1o start of seed growth 483 516 401

D. Start of seed growth to maturity 529 44|

E. Emergence to maturity 176 pxl} 169
Control 807 831 687

1. 77 mm of rain received during the growing season.

1ble to exert a pressure equivalent to only 3-4 gem2
on the soil (Underwood et al. 1971).

We the (SPR)
n the surface 5-6 cm of soil during the 1982/83
grow . @season from the beginning of pegging to the
sod development period.

Seasonal variation in the SPR for the different
reatments (Fig. 2) shows that in growth phase C, the
3PR was higher than in growth phases A and B with
‘he highest SPR value of 9.9 kg cm 2 recorded at 86
DAE. In the continuous stress treatment these
values ranged from 8.2-10.3 kg cm2,

The impli ofi d SPR for g
are reduced peg penetration into the soil (Cox 1962,
Underwood et al. 1971, Boote et al. 1976) and
educed peg development into pods (Ono et al.
1974).

Influence of Soil-Water A vailability
on Crop Growth

Soil-water deficiency is known to inhibit leaf expan-
sion - ~4 stem elongation through lowered relative
turgr! ¥ (Slatyer 1955, Allen et al. 1976, Viveka-
nandan and Gunasena 1976). Leaf area index (LAI)
of groundnut in different stress treatments during
the 1982/83 growing season is shown in Figure 3.
The recovery in leaf-area production when stress
was relieved at the start of pegging was remarkable.
However, this recovery was much less rapid in the
case where stress was imposed during flowering to
start of seed growth, The maintenance of leaf area up
to the time of maturity was also remarkable for

treatment was 4.4 while in the continuous-stress
treatment it was only 1.7. Vivekanandan and Gun-
asena( 1976) also reponed reduced 1.Al with reduced

il P ial, with LAlof6.25a1a
soil- walev potential of -0.033 MPa. A study of the
anatomy of groundnut leaves under stress (Ilyina
1959) revealed that leaves formed under stress had
smaller cells than others.

Several studies reported reduction in the dry-
matter production due to drought stress (Fourrier

Growth phase A
~==-== Growth phase B
—-=— Growth phase C
=== Growth phase E

A

e

ST~
R
6 O\ )

__\x__—\

ey

0il pene
sistance

>
£

ho
&+

60 80 100

Days after emergence

Figure 2. Seasonal changes in mean daily soil-
penetration mlﬂlnce (kg cm?) in drought-stress

stress imposed in growth phase B as dtothe
fully irrigated control. Maximum LAl in the control

d at different growth phases,
ICRISAT Center, 1982/83.
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—— Growth phase A
Growth phase B

FIZOO

’
E1000 Growth phase C Jr=
2 8004 — = Growth phase E !

Ory matter
~n B

=3

o

20 40 60 80 100 120 140
Days after emergence

Figure 4. Seasonal changes in dry-matter produc-
tion (g m2) for groundnut subjected to drought
stress in different growth phases, ICRISAT Center,
1982/83,

tion now enable measurements of transpiration.
which is related to stomatal opening and closing
mechanisms under drought stress.

Stomatal Conductance

Under drought stress significant changes in stomatal
resistance of groundnut plants have been shown.
Bhagsari et al. (1976) showed that when relative
water content decreased below 80%, a groundnut
crop showed 8dlpllll0n to drought stress by reduc-
ing the di Diffusive res in
the stressed plants was 30-35 s cm'! while in the
watered plants it varied from 0.5-2.5scm ! Reduced
photosynthesis due to drought stress in groundnut
was attributed to stomatal closure (Bhagsari et al.
1976).

We made diurnal measurements of stomatal con-
ductance and transpiration using a steady state

of pheric demand, soil p 1, root-
ing d - gty and distribution, as well as other plant
charac &4istics (Kramer 1969). Therefore 10 obtain a
true measure of plant-water deficit, the measure-
ments should be made on the plant. Several plant

could be used as indi of drought

at weekly intervals from 0900 to 1700 at
2-hour intervals each day throughout the crop-
growth period during the 1982/83 growing season.
Diurnal variation in the stomatal conductance of
groundnut that was subjected to drought stress at
different growth phases is shown in Figure 6. These

were made at 75 DAE when stress

stress for gl d The most p ing ones
reported to be useful under field conditions include
stomatal resistance (Pallas and Samish 1974, Pallas
etal. 1974, Bhagsariet al. 1976), leaf- water potential
(Bhagsari et al. 1976, Pallas et al. 1977, Pallas et al.
1979), and canopy temperature (Sanders et al. 1982).
Recent advances made in porometry instrumenta-

420

—— Growth phase A

~-==- Growth phase B /‘\,
300 -~ Growth phase C ;.

—-= Growth phase E/

Pod growth (g m™<)

100 125 150

0 75
Days after emergence
Figure 5. Changes in pod growth (g m*?) of ground-
nut subjected to drought stress in different growth
phases, ICRISAT Center, 1982/83.

was relieved in growth phases A and B and growth
phase C was undergoingsstress. Both time of the day
and drought stress influznced the observed stomatal
conductance values. The recovery from drought
stress imposed during growth phase B was reflected
well by the typical diurnal response exhibited by the

—— Growth phase A

3 =-=-= Growth phase B
5 1.54 === Growth phase C
] == Growth phase E
3
§ \n1.04
o
13
- G
£ 0.5
g 0.
2
"y

0900 1100 1300 1500 1700
Indian standard time (h)
Figure 6. Diurnal variation i

(cm 5°') of groundnut subjected to drought stress in
different growth phases, ICRISAT Center, 1982/83.
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g plantstoi ingi levels dur-
ing the day and reduced stomatal conductance in the
Iate afternoon with reduced irradiance levels. Allen
et al. (1976) have also shown that even when the
stomatal conductance reached 0.1 ¢cm s, a cloud
cover extending over a 1-hour period could improve
it 10 0.5 cm s, Plants undergoing drought stress in
growth phase C and in the continuous drought stress
treatment closed their stomata by 1100 in response
to reduced soil-water availability.

To show the droughl-slms modulated responses
of to ph i pholon
flux density (PPFD) we used the data collected in
the fully-irrigated control treatment and the contin-
uous-stress uealrnem In the fully- lrngned control
with
increasing PPFD (Fig. 7), a response typical of a
crop under adequate water availability. [n the con-
tinuous drought stress treatment, changing radia-
tion levels had little influence on the stomatal con-

the levels of the fully-irrigated control. lr“

phase C the stomatal conductance reached a1
imum mean value of 0.07 cms-! from 60-80 DAE. ]
92 DAE when drought stress was relieved, the recov-
ery extended over a longer period. In the contin-
uous-stress treatment the lowest mean value of 0.02
cm s-! was recorded. Measurements made by Allen
et al. (1976) also showed that after 17 days of
drought the stomatal conductance reached a min-
imum value of 0.1 cm s compared with0.5cms! in
the irrigated plots.

Transpiration

Diurnal variation in groundnut transpiration is
shown in Figure 9. The adaptation of groundnut to
reduce transpiration under drought stress condi-
tions through stomatal closure is reflected in the
pattern of transpiration during the day in growth
phase C and the continuous drought stress .%mem

d thereby indicating the di d of
stomatal activity on the soil ilability. S
S | variation in the | cond of

groundnut with drought stress imposed at different
growth phases is shown in Figure 8. In growth phase
B, which was under drought stress up to about 51
DAE, the conductance was greatly reduced, but re-
covered steadily after water application, and reached
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| variation in transpiration (Fig. T0) also
showed a six-fold reduction in daily mean transpira-
tion during the period when groundnut underwent
drought stress. While the fully-irrigated control
treatment recorded a daily mean transpiration of 10
ug cm2 57!, it was 1.8 ug cm? 57! in groundnut
undergoing drought stress in growth phase C.
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Canopy Temperature

Diurnal variation in canopy temperature of ground-
nut measured at 75 DAE in different drought stress
treatments is shown in Figure 11. As with stomatal
d and piration, canopy temp
was influenced by time of the day and the stage at
which drought stress was imposed. Canopy temper-
ature of groundnut undergoing stress in growth
phase C peaked to 35°C at 1300, while in the
cont ';éms-slrexs treatment the canopy reached a
maximum temperature of 33°C by 1100 and main-
tained the same until 1300. In growth phases A and B
the canopy temperatures were low because the
drought stress was relieved in these treatments long
before 75 DAE. Sanders et al. (1982) also observed
that canopy temperatures increased with drought.
Afternoon canopy temperatures under irrigated
conditions in their study were 28.5°C, while they
were 35°C in the other treatments where three com-
binations of drought and soil temperatures were
imposed.
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Figure 9. Diurnal variation in transpiration (ug em-2
s°!) of groundnut subjected to drought stress in dif-
ferent growth phases, ICRISAT Center, 1982/83.
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Seasonal variation in the canopy-air temperature
differential (CATD) are shown in Figure 12. In
growth phase B the CATD reached a low value of
-2.9°Cto 1.9°C during the period of stress, but when
stress was released the CATD values reflect the

ional cooling achieved through ad
water availability. In growth phase C, the CATD
values ranged from -3.7°C to 2.0°C during the
period of drought stress from 30-90 DAE. The sever-
ity of drought stress in the continuous-stress treat-
ment is evident from the more or less positive CATD
for most of the growing season.

Leaf-Water Potential

The wuer potential of plmt tissue has become a
dard means of p g plant-water status.

Studies conducted so far on of leaf-

water potential of groundnuts indicate that reduced
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znspimion due to drought stress could lead to
Yieaf- water potentials of -3.0 to -4.5 MPa (Bhagsari
et‘al. 1976, Pallas et al. 1977, 1979), while in the
-frequently irrigated plants water potentials stayed at
around -1.2 or-1.3 MPa (Allen et al. 1976, Pallas et
al. 1977, 1979). Patel et al. (1983) showed that leaf-
water potentials decreased from -1.0 to -3.8 MPa
with a decrease in soil-water potential from -0.05 to
-2.0 MPa. Sarma (1984) recorded large differences
in leaf-water potentials of g grown under
different ET levels. In the treatment that received no
supplemental water from emergence to maturity
where the seasonal evapotranspiration was only 47
mm, the leaf-water potential reached -6.3 MPa.
Gautreau (1977) used leaf-water potential mea-
surements to evaluate the drought tolerance of 21
groundnut cultivars in Senegal. Early cultivars which
avoid the end of wet-season drought by a short life
cycle had intermediate leaf-water p ial; those

Bennett et al. (1981) reported that in field tests,
zero-turgor potential occurred at leaf-water poten-
tial of -1.6 MPa and concluded that water relations
of groundnuts were similar to other crops with no
unique drought-resistance mechanism. Stansell et
al. (1976) however, noted that clouds can cause sig-
nificant changes in plant-water status of groundnut
in a short time. Therefore they cautioned that care
should be taken to sample different treatments
under comparable radiation.

Influence of Soil-Water Availability
on Pod Yield

It is difficult to find uniform conclusions from stu-
dies conducted so far on the influence of soil-water

wi(hﬁl: lowest potentials had the highest yield.

ilability on yield at different growth phases.
Since groundnut is often grown under contrasting
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Figure 12. Seasonal changes in mean daily canopy-air temperature differential of groundnut subjected to
drought stress in different growth phases, ICRISAT Center, 1982/83.
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moisture regimes in a range of envi mea-

sured yield responses are different. While some car-
lier studies showed a marked trend for higher yields
at high moisture levels (Goldberg et al. 1967, Matlock
etal. 1961, Su and Lu 1963), the more recent investi-
gations (Nageswara Rao et al. 1985) confirmed that
irrigations can be withheld during much of the
vegetative period without any apparent effect on
pod yield. As shown earlier, drought stress imposed
from emergence to start of peg initiation had not
affected the total dry matter produced and the rate
of pod growth. Various plant-water stress measure-
ments also showed impressive recovery from the
stress in this treatment.

Pod yields for different drought-stress treatments
during the three growing seasons at ICRISAT Cen-
ter (Table 4) show that in comparison to the fully
irrigated control, stress from emergence to pegging

Reductions in pod yield due to stress were l:
growth phase D). The indeterminate nature «
crop as well as the subterranean fruiting habil
should be considered here. Since fruit initiation con-
tinues after the start of kernel growth, soil-water
deficits during pod filling stage reduce both the initi-
ation and development of pods (Matlock et al. 1961,
Booteetal. 1976, Pallasct al. 1979, Underwood et al.
1971, Ono et al. 1974). High soil temperatures (Ono
etal. 1974) might have affected the peg development
into pods, and growth of pods in the soil might have
been affected by inadequale moisture in the root
zone (Allen et al. 1976, Boote et al. 1976).

Developing Strategies for Improved
Groundnut Production: Implications

gave 18,12, and 34%i d yields. As Nag 2
Rao et al. (1985) surmised, this effect provides a
significant managerial option in that stress at this
stage can be allowed to maximize use of irrigation
resources. Water savings that accrue from withhold-
ing irrigations during this stage could be substantial
and could contribute to increased water-use effi-
ciency. It was proposed that in farming systems
where irrigation could be used to initiate a crop of
groundnut with a long-season cultivar in advance of
rains, it may be possible to exploit the benefits of
stress before the rains arrive.

When stress was imposed during growth phase C,
the reduction in pod yields was 30% during the first
season, 8% during the second, and 25% during the
third season. Lower soil-moisture content in the top
soil might have contributed to considerable mechan-
ical resistance to peg penetration (Cox 1962, Under-
wood et al. 1971, Boote et al. 1976).

of R ch on Water Relations

Several speakers in this symposium huv«ﬂudy
emphasized the need to develop strategics that will
make more efficient use of the limited water avail-
able for groundnut production in the SAT. Research
on water relations that treats the soil, the plant, and
the phere as a phasizes that
drought stresses affect crop growth and develop-
ment because of low water availability (or in other
words, low probability of receiving rainfall) during
certain sensitive stages of the crop-growth cycle.
Historical rainfall data should permit determination
of probabilities of drought stress periods for ground-
nut from a mean sowing date, which could be calcu-
lated from the beginning of rains. As an extension of
this approach, information on soil water-holding
capacity and patterns of change in evapotranspira-
tion with crop growth could be used in a simple

Table 4. Pod yields (kg ha'') of groundnut cv Robut 33-1 when drought stress was i d st different gr

three growing seasons, ICRISAT Center, 1980-83.

Pod yields (kg ha'')

Growth phase 1980/81" 1981/82 1982/83

A. Emergence to stant of flowering — 2701

B. Emergence to start of pegging 5480 5300 439

C. Start of flowering to start of seed growth 3257 3870 2438

D. Start of seed growth to maturity 1450 3610 —

E. Emergence to maturity 590 75 503
Control 4615 4720 3258

1. 77 mm of rain received during the growing season.
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Pmoisture model with climatic data as input to
FSmpute soil-moisture budget on a daily basis, and
to calculate frequencies of stress periods of various
lengths.

Knowledge of probable stress periods at a given
location could then be used to:

@ Select appropriate varieties with a growing cycle
that would match the probable stress periods
with the dependable-rainfall periods.

®  Ad)ust the sowing date to take advantage of the
dependable-rainfall periods. The choice of sow-
ing date adjustments in the SAT may be limited,
especially in regions with low rainfall. In view of
the capacity of groundnut to withstand stress
during the early stages, maximum advantage
should be taken of the first rains. This may neces-
sitate the completion of primary tillage after the
harvest of the previous crop in order to make use
of the first rains for sowing.

IMi‘imize the water-use efficiency (WUE) under

hed conditions by establishing the ground-
nut crop with irrigation ahead of the probable
date of beginning of rains. This would take
advantage of the Iowcr water needs durmg the

However these techniques can only be limited t
evaluation of advanced breeding lines in view of the
time it takes to make these measurements. Hence a:
Turner (1982) suggests, there is a need to develo}
suitable visual techniques such as leaf rolling, wilt
ing, or tip burning for screening large populations.
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