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Abstract.

Genotypic variation in crop response to drought depends on agronomic, environmental and genetic factors,

and only limited work has compared responses of crop species to water limitation. Twenty genotypes of peanut
(Arachis hypogaea L.) and of cowpea (Vigna unguiculata (L.) Walp) were tested in lysimeters under well-watered
(WW) and water-stress (WS) conditions during two seasons, a post-rainy season with high evapotranspiration and a
rainy season with low evapotranspiration (ET), in order to assess: (i) variability in the agronomic response to stress within
and between species across the seasons; (i) the water requirement of the two crops in each season; and (iii) the stress effect
on harvest index (HI), transpiration efficiency (TE), pod yield and haulm yield. Cowpea required less water than peanut
during the two seasons, and water use in cowpea varied less across seasons than in peanut. Peanut yield was more sensitive
to water stress than cowpea yield, although its water use under WS was higher than in cowpea. Also, under WS conditions,
TE, HI and pod yield were more stable across season in cowpea than in peanut. In the post-rainy season, the decrease in
podyield and HI under WS was higher in peanut (95% and 80%, respectively) than in cowpea (70% and 35%). In addition, TE
was less affected by WS in cowpea (5%) than in peanut (24%). HI explained a large part of yield variation in both crops,
especially under WS. Under WW, water use explained a large portion of the residual yield variations unexplained by
HI, although TE also explained a substantial part of the variation in cowpea. Under WS, the main determinant of residual
yield variations in both crops was TE. Generally, genetic variation for water use, TE and HI was found in both species across
water regimes and seasons. A notable exception was the absence of variation in peanut water use and TE in the rainy season.
Our results showed that cowpea, with lower water requirement and efficient water use under a high-ET season, was more
resilient to water-limited and high-ET conditions than peanut.
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Introduction

Peanut (also known as groundnut, Arachis hypogaea L.) and
cowpea (Vigna unguiculata (L.) Walp) are economically
important legumes supplying major dietary protein compared
with animal resources. About 90% of total peanut production
across the world comes from tropical regions (in Asia and Africa),
with 60% from semi-arid tropics. Crops are often subjected to
drought stress at any growth stage, leading to great loss of grain
yield and biomass. Cowpea and peanut are considered drought-
tolerant crops (Ehlers and Hall 1997; Singh et al. 1999; Dadson
et al. 2005). However, erratic rainfall and short rainy seasons
negatively affect their productivity in semi-arid tropical areas.
Although terminal drought is predominant in the semi-arid
tropics, drought can affect cowpea at any time (Ahmed and
Suliman 2010; Sanda and Maina 2013). Previous studies have
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reported genotypic variation in cowpea under terminal drought
(Ahmed and Suliman 2010; Sanda and Maina 2013; Belko et al.
2014). Peanut has a longer crop cycle than cowpea and faces both
intermittent and terminal drought stress (Ratnakumar and Vadez
2011). Genotypic variation for grain yield in peanut genotypes
under intermittent drought has been reported (Hamidou et al.
2012). Therefore, differences in water requirement surely exist
between peanut and cowpea, mainly due to difference in cycle
duration, but no accurate estimation exists of these water-need
differences, their variation across seasons, and their variation
within species.

Much effort is being made to reduce water use by crops and
produce ‘more crop per drop’ (Morison et al. 2008). Under these
circumstances, managing crop water use so that the crop reaches
maturity is crucial (Vadez et al. 2013). Transpiration efficiency
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(TE), i.e. the ratio of mass accumulation to transpiration, is
an important component of water-use efficiency (WUE) and a
possible source of yield variation under drought stress in various
crops. For instance, it contributes to higher yields in peanut under
intermittent drought (Ratnakumar et a/. 2009) and in sorghum
under terminal drought (Vadez et al. 2011a). However, TE is
complex and depends on physiological and environmental
variables (Sinclair 2012). Therefore, comparison of TE data
across experiments within a given crop is difficult to make,
and even more difficult when the comparison is between crops
species. Although a few authors consider that TE should
theoretically not vary within C; and C4 plants (Steduto ef al.
2007; DeLucia et al. 2014), meaning that TE of peanut and
cowpea should be similar, many reports demonstrate genetic
differences in TE among species (Pandey et al. 1987; Tomas
etal. 2014). Using a lysimeter system allowing the monitoring of
plant transpiration throughout the entire crop cycle, large
variation has been found within species (e.g. Vadez et al.
201150). In the present study, we use the same experimental
approach to assess TE of two species; cowpea and peanut,
cultivated side-by-side under the same experimental conditions
and during the same season, and then assess the range of TE
variation within and between species.

Increasing water uptake from the soil profile is also essential
for growth and production under limited water availability,
and drought tolerance could derive from the ability of the
crop to extract water from the entire soil profile (Wright and
Nageswara Rao 1994; Blum 2009). In peanut, enhanced root
development has been reported to provide better water extraction
(Jongrungklang et al. 2011) and sometimes leads to higher
yield under drought. However, a poor relationship between
root length density and water extraction was reported in
peanut (Ratnakumar and Vadez 2011). Therefore, measuring
plant water uptake in vivo over the entire life of the crop may
provide better information on the functional role of roots
(Vadez et al. 2007a, 2008). Because of the difficulty of
assessing plant water use in the field, high-throughput
lysimetric methods have been developed (Vadez et al. 2008,
2014; Zaman-Allah et al. 2011) to improve our knowledge of the
water requirements of many crops and of the range of variation
within species.

Here, we compare these water requirements in peanut and
cowpea. We also used the system to analyse each component of
the conceptual framework of Passioura (1977), Y =T x TE x HI,
defining crop yield (Y) as a function of crop harvest index
(HI), the amount of transpired water (T) and TE to compare
the importance of each term of the equation in the two species.
We hypothesise that TE would be an important yield-determining
factor in both of these crops, which are adapted to the Sahel
(the semi-arid zone extending across Northern Africa, south ofthe
Sahara Desert), and we expect that water requirement differences
would depend on season and water regime. Therefore, we tested
whether there were relationships between these integrative traits
and yield, how close these relationships would be, and whether
they were species-specific. The objectives of this work were to (7)
compare the peanut and cowpea agronomic response to drought
in two seasons varying in their evapotranspiration (ET) under
lysimetric conditions; (if) investigate water requirement in peanut
and cowpea; and (iif) assess the contribution of water use, TE and
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HI in cowpea and peanut yield based on the equation of Passioura
(1977).

Materials and methods
Experimental conditions

Experiments were conducted in a lysimetric system at the
International Crop Research Institute for the Semi-Arid
Tropics (ICRISAT), Sahelian Centre (Sadoré, 45km south of
Niamey city, Niger; 13°N, 2°E), during the post-rainy season
2012 (January—April) and the rainy season 2012 (August—
November). During the rainy season, a rainout shelter was
used to protect plants from rains during drought imposition.
Climatic data (temperature, humidity and ET through class A
pan evaporation) were recorded daily from a meteorological
station located close to our experiment.

Twenty genotypes of peanut and 20 genotypes of cowpea
(Table 1), contrasting for yield under drought in the field and
under controlled environment conditions (Hamidou et al. 2012;
Belko et al. 2013), were sown in lysimeters. These consisted of
PVC cylinders, 1.30 m deep and 25 cm in diameter, filled with a
soil mixture of 60% sand, 30% clay and 10% manure. The soil was
fertilised with 200mg kg of di-ammonium phosphate (NPK
18:46:0). The top 3 cm of soil was mixed with 2 g carbofuran to
prevent damage from soilborne pests. Between the two trials
(rainy and off-season), pearl millet (Pennisetum glaucum (L.)
R.Br.) was grown in the cylinders as a fallow crop to mitigate
the build-up of pathogens and pests that often occurs when one
species is continuously cropped. Before sowing, the soil was
irrigated (90% field capacity), and four seeds were sown per
cylinder and thinned to two plants per cylinder at 10 days after
sowing (DAS). The experimental design was a randomised
complete split-plot with water treatment as the main factor
(well-watered, WW; water stress, WS), crop species as the
sub-factor, and 20 genotypes of each species randomised
within each sub-block in five replications. Cylinders were
arranged in two adjacent trenches, one for WW and one for
WS. One of the two plants in each cylinder was sampled before
measurement of transpiration to assess initial biomass dry weight.
The average dry weight of plants at that time was 7.4 g plant " in
cowpea and 5.1 g plant" in peanut in the post-rainy season, and
6.5 g plant™' in cowpea and 4.2 g plant ' in peanut in the rainy
season. Prior to weighing cylinders, the lysimeters were watered
to field capacity and the soil surface was covered with a 2-cm-
thick layer of polyethylene beads to minimise soil evaporation
(Ratnakumar et al. 2009).

Cylinders of the WW plants were at 80% field capacity until
the end of experiments. Cylinder weighing started at flowering
time (50% of plants had a first flower), when WS was imposed.
This stage was chosen because previous works (Pallas ez al. 1979;
Turk etal. 1980; Ravindra etal. 1990; Naveen et al. 1992; Rucker
et al. 1995) showed that peanut and cowpea were particularly
sensitive to drought imposed at the flowering stage. In cowpea,
WS was imposed at 46 and 45 DAS in the rainy and post-rainy
season, respectively, by stopping irrigation. In peanut, the WS
cycle started at 38 and 40 DAS in rainy and post-rainy season,
respectively. Peanut plants were then exposed to an intermittent
WS, typical for peanut in the rain-fed regions of the semi-arid
tropics (Sharma and Lavanya 2002; Reddy et al. 2003), which
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Table 1. List of selected peanut and cowpea genotypes and an
evaluation of their drought response in previous work (Belko ef al.
2013; Hamidou et al. 2012)

Cowpea entry Drought Peanut entry Drought
name response name response
1T84S-2049 Tolerant ICG 97183 Tolerant
IT85F-3139 Tolerant ICGV 97182 Tolerant
1T93K-693-2 Tolerant ICGV 02266 Tolerant
IT98K-1105-5 Tolerant ICGV 02189 Tolerant
Mouride Tolerant ICG11088 Tolerant
IT93K-503-1 Tolerant ICG 12697 Tolerant
1T96D-610 Tolerant ICG 8751 Tolerant
IT98K-428-3 Tolerant ICGV 01232 Tolerant
IT99K-124-5 Tolerant ICGV 91114 Tolerant
Suvita 2 Tolerant 55-437 Tolerant
Bambey 21 Susceptible ICGS 44 Susceptible
UC-CB 46 Susceptible ICGV 00350 Tolerant
IT82E-18 Susceptible ICG 4750 Tolerant
1T84S-2246 Susceptible ICG 3584 Tolerant
IT93K-93-10 Susceptible T™V2 Susceptible
1T83D-442 Susceptible JL 24 Susceptible
IT90K-284-2 Susceptible ICG 15287 Tolerant
IT95K-1095-4 Susceptible ICG1834 Susceptible
1T97K-556-6 Susceptible FLEUR 11 Tolerant
KVX-525 Susceptible ICGV 99001 Susceptible

consisted of cycles of drying and re-watering when the majority
of WS plants showed clear wilting symptoms. At that time, the
stress was relieved by providing 1000 mL of water. Given the
diameter of the lysimeters, this was equivalent to 16 mm of
water when extrapolated to a field condition. Several such
cycles of stress and re-watering were applied until final harvest
at maturity.

Lysimeters arrangement and weighing

Weighing of the cylinders was done by lifting them with a
block-chained pulley and inserting an S-type load cell
(Mettler-Toledo, Geneva, Switzerland) between the rings of
the cylinder and the pulley. The scale (capacity 200kg)
allowed repeated-measurements and gave an accuracy of 20 g
on each weighing. The lysimeters were separated from one
another by a distance of ~5cm. Therefore, the peanut and
cowpea crops were planted at a density of 16 plants m 2, which
was close to plant density in the field (20 plants m 2). This allowed
an assessment of the water extraction pattern of a crop cultivated
in conditions similar to the field.

Measurements

Cowpea was harvested at 75 DAS (30 March 2012) in the
post-rainy season and at 68 DAS (17 October 2012) in the
rainy season. Peanut was harvested at 96 DAS (20 April 2012)
in the post-rainy season and 98 DAS (16 November 2012) in the
rainy season. Plants were harvested by hand after well irrigation of
the tubes to facilitate unearthing of the pods. The plants were air-
dried for 2 weeks and plants were separated into haulm and pod
fractions.

Transpiration was measured via a gravimetric procedure, by
regular weighing ofthe cylinders (twice per week) and accounting
for possible water additions. TE was calculated as:
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TE = (FDM — mean IDM)/TTW (1)

where FDM is final dry matter at harvest; mean IDM is average
initial dry matter for each genotype; and TTW is total transpired
water for each individual plant during the period of water-uptake
monitoring, where transpiration was calculated as the difference
of consecutive lysimeter weight, plus water added after the
previous weighing.

Harvest index was calculated as ratio of pod weight to total
biomass:

For cowpea: HI = pod weight/(pod weight + haulm weight)
2)

For peanut: HI = 1.65 x pod weight/(pods weight x 1.65
+ haulm weight)

3)

The correction coefficient 1.65 was used to adjust for
differences in the energy requirement of peanuts to produce
pod dry matter compared with the vegetative part (Duncan
et al. 1978).

Statistical analyses

Statistical analyses were performed using GENSTAT 14th edition
(VSN International Ltd, Hemel Hempstead, UK), by one-way
analysis of variance (ANOVA) and #-test. Differences between
the mean values of treatments were evaluated using l.s.d.
at P=0.05. A two-way ANOVA analysis was also performed
to assess the effect of genotype (G), season (S) and
genotype X season (G x S) interaction for the different traits
measured. Microsoft office Excel 2010 Software (Microsoft
Corp., Redmond, WA, USA) was used for linear regression by
plotting different traits to determine the R® and regression
equation. GraphPad Prism version 5.00 for Windows
(GraphPad Software Inc., San Diego, CA, USA) was used to
test the significance of linear regression using Pearson’s test.

Results
Weather

Temperature, relative humidity (RH), maximum vapour
pressure deficit (VPD .y, i.e. the VPD calculated from the
daily minimum RH percentage and maximum temperature),
and ET differed largely between the two seasons. During the
post-rainy season, the minimum and maximum temperature
ranges were 11—28°C and 31—44°C, respectively, and RH
4-16% and 43-84%. In the rainy season, the minimum and
maximum temperatures ranges were 18—28°C and 26—39°C,
respectively, and RH 13-51% and 94-98%. The VPD,,,, was
higher during the post-rainy season (3.0 kPa average, range
1.5-4.7 kPa) than during the rainy season (1.4 kPa average,
range 0.18-0.28 kPa) when the air temperature was lower and
RH higher (Fig. 1). Therefore, the post-rainy season was
characterised by high evaporative demand and then high ET
(10mm day ', on average), whereas ET during the rainy season
was lower (5 mm day ', on average) (Fig. 1).
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Differences between peanut and cowpea

Water use and transpiration efficiency, harvest index
and pod yield

Water use of both crops was lower in the rainy season than in
the post-rainy season. Under WW conditions, large differences
in water use between seasons occurred in peanut, whereas
differences in water use were much smaller for cowpea
(Fig. 2a). Under both WW and WS and across seasons, peanut
used more water than cowpea. In the post-rainy season, water use
in cowpea was 61% and 57% less than in peanut under WW and
WS, respectively, whereas in the rainy season it was 52% and
59% less. For both crops, TE was higher in the rainy season than
in post-rainy season, and this was related to the higher VPD,,,,, in
the post-rainy (3 kPa) than in the rainy season (1.4 kPa). Under
WW conditions, peanut and cowpea TE values were similar
in both seasons. However, under WS conditions, cowpea had
higher TE than peanut in the post-rainy season, whereas peanut

Water stress imposition Final Harvest
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had higher TE than cowpea in the rainy season (Fig. 2b).
Consequently, under WS conditions, the TE difference
between seasons was larger in peanut than in cowpea; hence,
TE was more stable across seasons in cowpea than in peanut.
Under WW treatment, peanut and cowpea pod yields were
quite stable across seasons (Fig. 3a). Under WW conditions, the
peanut pod yield was higher than cowpea pod yield in the two
seasons. Under WS conditions, the pod yield of peanut was
similar to that of cowpea in the rainy season, but was one-third
that of cowpea in the post-rainy season (1.5 v. 4.7 g plant™")
(Tables 2, 3). The differences in pod yield between seasons
under WS were higher in peanut than in cowpea, suggesting
greater pod yield stability in cowpea across seasons than in
peanut. Under WW treatment, total haulm biomass production
was higher in peanut than in cowpea in the two seasons. Under
WW conditions, the difference between peanut and cowpea was
upto 16 and 12 g plant ™', respectively, in the post-rainy and rainy
season, respectively. Under WS conditions, haulm dry weight
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was similar between crops in the post-rainy season but higher
in peanut in the rainy season (Fig. 3). Under WW treatment, HI
was higher in peanut than in cowpea in both seasons (Fig. 3c¢).
Under WS treatment, the HI of peanut was higher than in cowpea
in the rainy season, but below that of cowpea in the post-rainy
season (Fig. 3¢). Therefore, the HI of cowpea was more stable
across seasons than that of peanut, where it showed large seasonal
fluctuations under WS.

In summary, there were species differences in yield and
yield components. Cowpea appeared better adapted to the high
evaporative demand of the post-rainy season, especially under
WS conditions, because it showed more stability in several
indices across season (HI, TE, yield). As expected, peanut had

||:I Peanut mEB Cowpea

40 - (@)
T
L 30 -
IS
o
2 20
ke)
[9]
=
- 104
[e]
o

60 1 (b)
T
C
]
S 40
=
ke]
Q
=
£ 201
S
©
I

0 T T T T

0.6 1 (¢
3
g 04
£
k7
(0]
c
S 02
I

T T T T
ww ws ww ws

Post-rainy season Rainy season

Fig. 3. (a) Pod yield, (b) haulm yield and (c¢) harvest index, in cowpea
and peanut under well-watered (WW) and water-stress (WS) conditions in
the post-rainy and rainy seasons. Data are means of the means for each
genotype—treatment combinations (=4s.e.d.). Each genotypic mean was
calculated before that from the five replicates per genotype—treatment
combinations.
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higher yield potential but it was more affected by WS conditions,
especially in the post-rainy season.

Within-species differences in traits
Genotypic variation in water use

Under WW conditions, no significant genotypic variation in
total plant water use was observed for peanut in the rainy season,
whereas genotypic differences were significant in the post-rainy
season. For cowpea, the genotypic variation in water use was
significant in both the rainy and post-rainy seasons. The range of
variation in the post-rainy season was similar for both crops, that
is, ~2-fold range (Tables 2 and 3). Peanut and cowpea showed
strong genotypic variation for water use across environments
(seasons) (P<0.001). There was also a significant (P=0.026)
G X S interaction for cowpea, although the variance had a lower
magnitude than the variance of genotypic effects (Table 3). There
was no significant G x S interaction for peanut. Under WS
conditions, no genotypic variation was observed in the two
seasons for peanut, and for cowpea, it was significant in the
rainy season only. The season effect was not significant for peanut
or cowpea under WS.

Genotypic variation in water extraction under stress

Water extraction was evaluated in the WS treatment by
subtracting the final tube weight from the tube weight at field
capacity. In peanut and cowpea, genotypic variation was found in
the two seasons. Peanut extracted more water than cowpea under
WS conditions in the two seasons (Fig. 4a, b). In the post-rainy
season, peanut extracted 7.3 L plant™' of water (on average). The
range of variation was from 6.1 L plant ' for ICG 15287 to 8.3 L
plant™! for ICG 97183 (Fig. 4a). In cowpea, average water
extraction was 4.8L plant', from 3.3L plant' for IT84S-
2049 to 6.6 L plant™' for IT82E-18 (Fig. 4b, Table 3). During
the rainy season, peanut extracted, on average, 7.4 L plant™' of
water, from 6.8 L plant ' forICGV 01232 to 7.8 L plant ' for ICG
8751. Cowpea water extraction averaged 6.7 L plant ™' and ranged
from 3.7 L plant ™ for IT82E-18to 7.5 L plant™' for IT93K-503-1.
A G x Sinteraction (P =0.006) was found in peanut, although the
magnitude of genotypic variance (P =0.004) was higher than the
interaction effect. A G x S interaction (P <0.001) was also found
in cowpea, but in this case, the magnitude of the genotypic
variance was less than the interaction effect.

Genotypic variation in transpiration efficiency

Under WW conditions, genotypic variation for TE was not
significant in peanut in either the rainy or post-rainy season,
whereas it was significant in cowpea. The range of variation for
TE in cowpea was larger (almost 50%) in the rainy season than in
the post-rainy season (Tables 2 and 3). IT97K-556-6 showed the
highest TE (3.03 g kg ") and IT82E-18 the lowest TE (1.74 ¢
kg ). Under WW conditions, there was a significant season effect
on TE in peanut and cowpea, butno G x S effect for the two crops.
Under WS conditions, genotypic variation was observed only in
peanut in the post-rainy season (Table 2), where TE ranged
between 1.13g kg' (ICGS 44) and 2.02g kg' (ICGV
01232). There was no TE difference in the rainy season for
both crops. Under WS treatment, a significant season effect
was found but no significant G x S interaction.
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Table 2. Peanut water use (WU), transpiration efficiency (TE), harvest index (HI), and pod and haulm yield the in post-rainy and rainy seasons

under well-watered (WW) and water-stress (WS) conditions, and genotypic (G), season (S) and genotype X season (G x S) effects
n.s., Not significant at P=0.05

Genotypes HI Pod yield Haulm yield
(L plant ") (g plant ") (g plant ")
ww WS wWw WS WWwW WS WwW WS WwW WS
Post-rainy season
ICG 97183 442 13.3 2.06 1.3 0.55 0.11 33.1 1.4 44.1 18.6
ICGV 97182 42.5 13 1.96 1.39 0.43 0.09 273 1.4 53.9 21.9
ICGV 02266 44.1 12.4 1.91 1.18 0.47 0.08 30.5 0.8 53.5 17.9
ICGV 02189 46.2 13.1 1.8 1.31 0.44 0.08 26.3 1 57.1 18.9
ICG11088 40.8 13 1.54 1.4 0.37 0.15 21.4 2.3 44.9 19.7
ICG 12697 47.2 12.5 2.03 1.19 0.56 0.07 35 0.8 449 16.6
ICG 8751 44.9 11.1 1.77 1.74 0.44 0.19 233 3 49.2 20.9
ICGV 01232 37.6 10.4 2.17 2.02 0.61 0.17 324 2.9 34.9 24.6
ICGV 91114 43.7 11.3 1.94 1.19 0.54 0.08 30.6 0.8 42.8 18.4
55-437 47.7 12.2 2.12 1.42 0.58 0.09 372 1.2 45.1 20.5
ICGS 44 34.6 12.1 1.76 1.13 0.6 0.08 24.6 1 272 20.1
ICGV 00350 45.2 11.2 2.04 1.55 0.47 0.08 28.6 1.1 53.1 239
ICG 4750 46.7 12.1 2.01 1.63 0.58 0.2 34.6 2.7 412 18.2
1CG 3584 51.4 12.9 2.15 1.74 0.6 0.1 40.8 1.4 45.9 21.7
T™MV2 43.8 11.5 1.86 1.29 0.55 0.09 29.9 1.3 40.3 22
JL 24 34 12.5 1.98 1.65 0.48 0.05 19.6 0.7 36.9 222
ICG 15287 433 11 1.98 1.39 0.56 0.08 315 1.2 40.1 225
ICG1834 389 12.3 1.67 1.16 0.55 0.16 30.5 2 38.7 17.5
FLEUR 11 36.1 11 1.97 1.58 0.57 0.08 29.4 1.3 36.9 232
ICGV 99001 259 11.6 1.77 1.79 0.51 0.08 18.8 1 26.6 19.9
F-prob. 0.002 0.052 n.s. 0.05 0.003 <0.001 0.002 <0.001 <0.001 n.s.
F-value 2.72 1.76 1.25 1.8 2.69 6.19 2.86 8.71 3.33 1.28
Ls.d. 10.1 1.8 0.41 0.5 0.11 0.05 9.67 0.7 12.8 5.5
Mean 41.9 12 1.9 1.5 0.5 0.1 29.3 1.5 429 20.5
Max. 51.4 13.3 2.17 2 0.61 0.2 40.8 3 57.1 24.6
Min. 259 10.4 1.54 1.1 0.37 0.05 18.8 0.7 26.6 16.6
Rainy season
ICG 97183 31.3 11.9 2.68 2.72 0.54 0.45 353 15.4 48.3 30.3
ICGV 97182 235 12.2 2.4 2.59 0.49 0.4 232 13 35.1 31.1
ICGV 02266 349 12.3 2.7 2.38 0.54 0.38 39.6 11 54 29.8
ICGV 02189 33 12.3 2.17 2.52 0.43 0.37 23.7 11.8 52.3 33.7
ICG11088 38.7 12 2.33 2.52 0.41 0.44 28.2 14.4 66.9 30.6
ICG 12697 28.2 11.7 2.45 222 0.39 0.47 23.7 12.6 51.9 24.7
ICG 8751 34 12.5 2.26 2.25 0.46 0.26 27.1 7.5 50.6 34
ICGV 01232 25.8 11.6 2.54 2.26 0.6 0.48 383 13.7 40.4 249
ICGV 91114 259 12 2.75 2.24 0.44 0.42 232 12.1 49.9 27.5
55-437 31.1 12 2.68 2.35 0.52 0.44 34.1 12.7 60.4 26.4
ICGS 44 239 11.3 2.53 2.36 0.56 0.49 29.9 14.6 36.2 21.1
ICGV 00350 27.4 11.4 2.96 2.71 0.57 0.51 38.2 16.6 41 27
ICG 4750 36.5 11.9 2.4 2.61 0.45 0.42 31.9 15.9 61.8 35.2
ICG 3584 385 12.1 2.34 2.45 0.52 0.43 36.5 132 52.9 28.7
T™V2 28.2 12 241 2.51 0.53 0.4 34 12.5 44.9 30.5
JL 24 28.4 11.8 2.53 2.48 0.5 0.47 29 14.7 46.5 29.3
ICG 15287 29.6 12.2 2.72 2.32 0.53 0.46 34.6 13 48.7 259
1CG1834 239 11.6 2.23 2.06 0.38 0.44 17.6 10.5 42.1 21.9
FLEUR 11 21.3 11.9 245 2.15 0.45 0.47 20.5 12.2 39.2 25.8
ICGV 99001 29 12.3 2.45 2.27 0.36 0.4 203 11.2 57.6 27.4
F-prob. n.s. n.s. n.s. n.s. 0.022 <0.001 n.s. 0.011 0.011 0.032
F-value 1.29 1.04 1.21 1.52 2.05 3.11 1.45 2.25 2.21 1.91
Ls.d. 12.6 0.9 0.53 0.4 0.14 0.1 15.8 3.9 16.5 7.7
Mean 29.6 11.9 2.5 2.4 0.48 0.43 29.4 12.9 49 283
Max. 38.7 12.5 2.96 2.72 0.6 0.51 39.6 16.6 66.9 35.2
Min. 21.3 11.3 2.17 2.06 0.36 0.26 17.6 7.5 35.1 21.1
G F-value 2.73 1.85 1.6 1.75 3.49 2.68 2.74 2.83 3 1.6
G F-prob. <0.001 0.025 n.s. 0.04 <0.001 <0.001 <0.001 <0.001 <0.001 n.s.

(continued next page)
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Table 2. (continued)
Genotypes WU TE HI Pod yield Haulm yield
(L plant ') (gke™ (g plant ™) (g plant ™)

wWw WS wWw WS wWwW WS A WS wWwW WS
S F-value 93.75 0.14 116 317 8.2 1656 0.02 1292 15 113
S F-prob. <0.001 n.s. <0.001 <0.001 0.01 <0.001 n.s. <0.001 <0.001 <0.001
G x S F-value 1.03 1.59 0.64 1.63 1.71 5.43 1.1 2.57 23 1.9
G x S F-prob. n.s. n.s. n.s. n.s. 0.05 <0.001 n.s. 0.001 0.003 0.022

Table3. Cowpea water use (WU), transpiration efficiency (TE), harvest index (HI), and pod and haulm yield in the post-rainy and rainy seasons under
well-watered (WW) and water-stress (WS) conditions, and genotypic (G), season (S) and genotype X season (G x S) effects
n.s., Not significant at P=0.05

Genotypes Wu TE HI Pod yield Haulm yield
(L plant™") (ekg™ (g plant™") (g plant ™)
wWwW WS ww WS wwW WS wWw WS ww WS
Post-rainy season
1T84S-2049 12.4 4.7 1.86 2.04 0.35 0.34 13.8 5.8 244 9.9
IT85F-3139 18.9 4.8 2.16 245 0.4 0.27 19.6 5.6 29.6 14
IT93K-693-2 15 5.8 2.03 1.69 0.47 0.33 18.6 6.2 21 12.3
IT98K-1105-5 15.1 5.5 2.38 1.41 0.33 0.24 14.3 44 30 13.6
Mouride 13.7 6 1.53 1.84 0.38 0.27 13.6 7.9 214 14.3
IT93K-503-1 18.1 5.6 22 2.08 0.46 0.25 25 5.3 29.7 16.5
IT96D-610 15 52 2.03 1.02 0.4 0.24 16 3.8 243 11.8
IT98K-428-3 20.1 5.4 2.14 1.33 0.34 0.28 17.5 5.4 33.4 13.7
IT99K-124-5 18.5 5.5 222 2.24 0.4 0.34 19.2 7.2 28.4 14.1
Suvita 2 14.2 4.5 1.68 1.47 0.39 0.33 13.7 53 22.4 10.7
Bambey 21 153 4.8 1.55 1.84 0.28 0.31 9.9 6 26.1 11.9
UC-CB 46 12.6 4.6 2.14 1.12 0.39 0.24 144 44 22.7 13
IT82E-18 12.4 6 1.66 1.87 0.41 0.41 12.9 7.6 18.4 11
1T84S-2246 18.2 4.5 1.85 1.42 0.37 0.14 16.3 22 28.4 12.8
IT93K-93-10 14 5.4 1.37 22 0.46 0.4 17 9.3 17.6 12.2
IT83D-442 21.5 4 1.77 1.92 0.32 - 18.1 0 343 14.9
IT90K-284-2 215 4.9 2.23 3.02 0.27 0.02 13.7 0.2 38.7 19.9
IT95K-1095-4 19.9 6.4 1.64 1.12 0.39 0.14 18.9 32 28.9 132
IT97K-556-6 14.2 52 1.69 2.49 0.33 0.23 10.3 5 243 17.5
KVX-525 17.5 5.2 1.54 0.98 0.36 0.01 14.5 0 272 16.1
F-prob. <0.001 n.s. 0.05 n.s. <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
F-value 3 0.9 1.78 1.3 3.28 8.1 4.86 6.6 3.03 3.6
Ls.d. 5 1.8 0.64 1.37 0.09 0.12 4.5 2.9 8.8 3.7
Mean 16.4 52 1.9 1.8 0.4 0.2 15.9 4.7 26.6 13.7
Max. 215 6.4 2.38 3.02 0.47 0.4 25 9.3 38.7 19.9
Min. 12.4 4 1.37 0.98 0.27 0.02 9.9 0 17.6 9.9
Rainy season
1T84S-2049 9.5 4.6 2.5 2.29 0.33 0.24 14.5 11.1 29 29.9
IT85F-3139 15.4 5.5 2.68 2.46 0.37 0.31 24.6 14.2 433 30.6
1T93K-693-2 13.9 5.1 222 2.29 0.29 0.27 13.7 8.4 28.2 25.6
IT98K-1105-5 10.1 5 2.34 22 0.23 0.33 9 152 31.1 29.7
Mouride 12.7 4.8 222 2.13 0.3 0.32 16.2 12.1 38.1 25.6
IT93K-503-1 20.2 5.5 2.25 1.81 0.35 0.18 26.1 5.7 415 26.9
IT96D-610 18.2 4.8 2.93 2.39 0.36 0.39 26.5 16.9 46.4 25.8
IT98K-428-3 14.4 53 2.57 1.99 0.37 0.45 20.2 18.7 335 20.6
IT99K-124-5 16 4.5 2.46 1.89 0.38 0.33 27.2 13.8 413 23
Suvita 2 16.2 5 2.44 2.26 0.3 0.39 20.1 16.8 45.8 25.8
Bambey 21 12.5 5.5 2.72 2.28 0.31 0.24 16.3 10 359 31.4
UC-CB 46 11.2 4.8 222 2.53 0.36 0.34 154 16.2 27.1 31.6
IT82E-18 6.7 39 1.74 2.36 0.28 0.34 9.1 13.5 19.1 26.4
1T84S-2246 11.3 5.8 2.78 2.11 0.35 0.3 18.4 10 33.8 232
1T93K-93-10 12.8 4.5 2.19 241 0.35 0.42 18.6 19 34.1 26.8
IT83D-442 18.5 3.4 2.43 1.89 0.32 0.35 219 12.6 47.8 243

(continued next page)
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Table 3. (continued)
Genotypes WU TE HI Pod yield Haulm yield
(L plant ) (gkg™) (g plant™") (g plant )
wWw WS WW WS WWwW WS Ww WS WW WS
1T90K-284-2 16.8 4.6 2.76 2.28 0.38 0.29 26 12.2 424 30.2
1T95K-1095-4 14.7 5 2.1 1.55 0.33 0.32 15.4 9.2 33.1 17.7
IT97K-556-6 17.1 42 3.03 1.97 0.34 0.3 26.5 10.5 51.6 24.7
KVX-525 16.7 6.2 2.24 1.93 0.3 0.17 17.7 5.7 40.5 28
F-prob. <0.001 0.005 0.009 n.s. 0.001 <0.001 <0.001 <0.001 <0.001 n.s.
F-value 5.65 2.34 2.28 1.12 2.95 4.26 4.3 4.41 3.28 1.25
Ls.d. 42 1.2 0.59 0.7 0.07 0.1 7.6 53 12.7 9.3
Mean 14.3 4.9 2.44 2.15 0.33 0.31 19.2 12.6 37.2 26.4
Max. 20.2 6.2 3.03 2.53 0.38 0.45 27.2 19 51.6 31.6
Min. 6.7 34 1.74 1.55 0.23 0.17 9 5.7 19.1 17.7
G F-value 6.87 0.156 2.68 0.15 3.59 7.82 5.66 6.52 4.16 1.63
G F-prob. <0.001 n.s. <0.001 n.s. <0.001 <0.001 <0.001 <0.001 <0.001 n.s.
S F-value 18.19 2.40 68.9 10.3 25.7 335 23.9 258 74.4 253
S F-prob. <0.001 n.s. <0.001 0 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
G x S F-value 1.84 0.219 1.57 1.27 3.04 4.94 3.33 3.15 1.94 1.42
G x S F-prob. 0.026 n.s. n.s. n.s. <0.001 <0.001 <0.001 <0.001 0.02 n.s.
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Fig. 4. Water extraction per plant in («) peanut and (b) cowpea under stress conditions in the post-rainy and rainy seasons.

Genotypic variation in harvest index

Under WW conditions, in both peanut and cowpea there
was genotypic variation for HI in both seasons (Tables 2 and
3). In the post-rainy season, HI in peanut ranged from 0.61
(ICGV 01232) to 0.37 (ICG 11088), and in cowpea from 0.47
(IT93K-693-2) to 0.27 (IT90K-284-2). In the rainy season, HI
in peanut ranged from 0.6 ICGV 01232) to 0.36 (ICGV 99001),
and in cowpea from 0.38 (IT99K-124-5; IT90K-284-2) to 0.23
(IT98K-1105-5) (Tables 2 and 3). A significant G X S interaction
was observed for HI in both cowpea and peanut under WW
conditions, although the variance of the interaction was lower
than the genotypic variance in both species (Tables 2 and 3). The
two crops showed genotypic differences for HI in both seasons
under WS conditions, although in the post-rainy season, HI

was very low in both crops. The range of HI was 0.05-0.2 in
peanut and 0.02-0.4 in cowpea. The G x S interaction under
WS was significant for cowpea and peanut. In both crops, the
season effect had a stronger influence than the genotypic variation.

Genotypic variation in pod and haulm yield

Under WW treatment, genotypic variation for pod yield was
observed in the post-rainy season only for peanut, whereas in
cowpea it was observed in the two seasons. In the post-rainy
season, pod yield in peanut ranged from 18.8 to 40.8 g plant ' and
in cowpea from 9.9 to 25 g plant ' (Tables 2 and 3). In the rainy
season, pod yield in cowpea ranged from 9.0 to 27.2 g plant™', a
range similar to the post-rainy season. Nevertheless, the G x S
interaction for pod yield was significant only in cowpea. Under
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WS conditions, there was genotypic variation in both rainy and
post-rainy seasons, and in both peanut and cowpea. In the
post-rainy season, the pod yield range of variation was 0.7-3 g
plant™" for peanut and 0-9.3 g plant™ for cowpea (Tables 2
and 3). Under WS treatment in the rainy season, pod yield
in peanut varied from 7.5 to 16.6 g plant™' and in cowpea from
57t019¢g plant™! (Tables 2 and 3). Under stress, a significant
season effect and G x S interaction was observed in peanut and
cowpea.

Under WW conditions, there was significant genotypic
variation for haulm yield across crops and seasons (Tables 2
and 3). In the post-rainy season, haulm yield in peanut varied
between 26.6 and 57.1 g plant ™' and in cowpea between 17.6 and
38.7g plant™'. In the rainy season, the haulm yield in peanut
ranged from 35.1 g plant ' (ICGV 97182) to 66.9 g plant ' (ICG
11088), whereas in cowpea it varied from 19.1 g plant™' (ITS2E-
18)to 51.6 g plant ' (IT97K-556-6). There was significant G x S
interaction for haulm biomass under WW conditions in peanut
and cowpea; nevertheless, the season effect was stronger than the
G X S interaction. Under WS treatment, in peanut there were no
genotypic differences for haulm yield in the post-rainy season,
whereas in cowpea there were significant differences, with haulm
yield varying from 9.9 to 19.9 g plant ! in the post rainy season. In
the rainy season, there was genotypic variation in peanut but notin
cowpea. The haulm biomass ranged from 21.1 to 35.2 g plant™*
(P<0.05) for peanut and from 17.7 to 31.6¢g plant' (not
significant) for cowpea. Under stress conditions, the G x S
interaction was significant in peanut only and the magnitude
was lower than season effect.
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Relationship between pod yield and component traits

Under WW conditions, there were significant, high correlations
between pod yield and HI in peanut in the post-rainy (R*=0.4)
and rainy (R*=0.72) seasons (Fig. 5d). Cowpea pod yield was
also correlated with HI (R*=0.38 in the post-rainy and R*=0.53
in the rainy season) (Fig. 5¢). In both crops, HI influenced pods
yield significantly, more so in the rainy season than the post-rainy
season, especially in peanut under WW condition. The residuals
of the relationship between pod yield and HI, i.e. those yield
values below and above the regression equation between the pod
yield and the HI, were calculated by subtracting the predicted pod
yield from the observed values (Vadez et al. 2007b). These
residuals represented the yield variation not accounted for by
the HI, and these were plotted against TE and against the total
plant water use. Under WW conditions in the post-rainy season,
the residuals were highly correlated with water use (R* =0.74 and
R*=0.62 in peanut and cowpea, respectively), meaning that the
part of the yield variation unexplained by HI was highly related to
water use in the post-rainy season (Fig. 6a, b). These residual were
also significantly related to water use in the rainy season, although
the strength of the relationships was much lower than during the
post-rainy season, and this correlation was higher in peanut
(R*=0.46) than in cowpea (R*=0.17) (Fig. 6a, b). Under WW
conditions in the post-rainy season, some correlation was also
observed between residuals and TE in cowpea (R>=0.42) and
peanut (R*=0.16) (Fig. 6¢, d). In the rainy season, TE was also
correlated to the residual yield in cowpea (R*=0.38) but not in
peanut (R*=0.01) (Fig. 6¢, d). In summary, under WW
conditions, the residual yield not explained by HI was mostly
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Fig. 5. Relationship between pod yield and harvest index in (a, ¢) cowpea and (b, d) peanut under water-stress (WS) and well-watered

(WW) conditions in the post-rainy and rainy seasons.
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Fig. 6. Relationship between residual yields unexplained by HI and water use for (a) cowpea and (b) peanut; and relationship between residuals and
transpiration efficiency for (c) cowpea and (d) peanut in the post-rainy and rainy seasons under well-watered (WW) conditions.

driven by water use, especially during the post-rainy season, and
less so by TE. However, species-wise, TE had a much more
important influence on these residual grain yields in cowpea than
in peanut.

Under WS conditions in both seasons, pod yields were also
strongly correlated with HI in both peanut and cowpea. In peanut,
the correlation was stronger in the post-rainy (R>=0.93) than the
rainy (R*=0.59) season, whereas in cowpea, the correlation was
similar in both seasons (post-rainy, R*=0.89; rainy, R*=0.83)
(Fig. 5a, b). Clearly, for both crops and seasons, the relationship
of pods to HI was much stronger in the WS than the WW
treatment. Residuals of yield calculated and plotted against TE
and against total plant water use under WS showed a strong
correlation with TE and very weak correlation with water use in
the two crops. No significant correlation was found between water
use and these residuals in the post-rainy and rainy seasons in
peanut and cowpea (Fig. 7a, b). In the post-rainy season, the
residual and TE were significantly correlated for peanut
(R*=0.46) and cowpea (R*>=0.38). The correlation was also
significant in the rainy season in peanut (R*=0.71) and in
cowpea (R*>=0.74) (Fig. 7¢, d). The slopes of the relationships
were also higher in the rainy than the post-rainy season in both
crops. In summary, under WS conditions, TE was a predominant
factor explaining the yield residuals not explained by HI, more so
in the rainy than the post-rainy season, whereas WU had no

influence. Also the decrease in pod yield, haulm yield and HI
caused by water stress were larger in the post-rainy than in the
rainy season (see Supplementary Material Fig. 1 as available on
the journal’s website).

Discussion

Peanut and cowpea water requirements under well-watered and
water-stress conditions were higher in the post-rainy than the
rainy season. Cowpea used half the water of peanut, indicating
large differences in water requirement between the two crops.
Peanut and cowpea yield decreased because of drought in both
seasons but the effect was less in cowpea, suggesting that pod
yield in cowpea was more stable across seasons. The significant
correlation between residual pod yield and TE suggests that TE
was a good selection criterion for drought stress in peanut and
cowpea. The large variation in water use across seasons in peanut
while water use was more similar in cowpea also suggests that
cowpea had tighter stomatal control than peanut in the season with
high evaporative demand. For both peanut and cowpea, five
varieties had high yield under drought across the seasons.
Several genotypes with either high TE or high water extraction
under WS conditions are also reported as tolerant to water deficit,
for instance ICG 97183 or ICG 8751 in peanut and Mouride in
cowpea for high water extraction, ICGV 11088 and ICGV 01232
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transpiration efficiency for (c¢) cowpea and (d) peanut in the post-rainy and rainy seasons under water-stress (WS) conditions.

in peanut for high TE. Evaluation of varieties in the lysimeters was
of agronomic relevance. At a planting density of 16 tubes m 2, a
mean pod yield in peanut of 30 g plant ' (WW, post-rainy season)
could be extrapolated to a yield of 480 gm > (4.8 tha '), whereas
in cowpea, a mean pod yield of 16 g plant™' (WW, post-rainy
season) could be extrapolated to a yield of 260 g m?2(2.6tha'),
wellin line with reported yields in the field in the region (Hamidou
et al. 2012; Belko et al. 2013).

Differences between species

The species difference in yield largely depended water regime.
Peanut had a clear advantage over cowpea under WW conditions,
especially in the rainy season, but cowpea had either a similar or a
higher yield under WSS conditions. Rainy conditions could alleviate
the impact of WS on HI in cowpea but not in peanut. In addition,
under WS conditions, pod yield and HI in cowpea were more stable
across seasons, whereas large fluctuation was found in peanut,
showing that cowpea was more resilient under WS conditions than
peanut. This could also relate to the fact that TE values were more
stable across season in cowpea than in peanut, perhaps in part from
a better capacity to deal with the high evaporative demand of the
post-rainy season. These differences in TE stability may also be
related to the differences in water stress regimes imposed on each of
these crops. This ability of cowpea to tolerate drought probably
relates to both an intrinsic adaptive strategy and a short reproductive
period (25-35 days from flowering to pod maturity) (Pandey et al.

1987; Nyakatawa and Kamba 1996; Belko et al. 2014) compared
with peanut (69—88days) (Boote 1982; Pandey et al. 1987; Ntare
et al. 2008). Because of a short reproductive period (flowering to
pod maturity), when exposed to terminal drought, water remaining
in the tubes would be sufficient to complete pod maturation in
cowpea. Although the decrease in water use under stress was almost
the same in both crops and seasons, peanut showed larger pod yield
and HI decreases under WS than cowpea. The intermittent stress
applied in peanut was, in particular, severe in the post-rainy season
and had a strong repercussion on HI. Our results also showed more
reduction of yield and yield components than previous findings
(Songsri et al. 2008; Ratnakumar and Vadez 201 1; Hamidou et al.
2013). The fact that HI did not decrease under WS in the rainy
season, whereas it did in the post-rainy season, and more so in
peanut than in cowpea, suggests that the WS conditions might have
affected specifically the reproductive success in the post-rainy
season, and then that reproduction in peanut would have been
more sensitive than in cowpea. That could also be explained in part
by additional stress due to heat. Heat stress combined with drought
has a more drastic effect on plant growth and yield than drought
alone (Ferris ef al. 1998; Prasad et al. 2000; Lobell et al. 2011;
Cairns et al. 2012; Hamidou et al. 2013).

Importance of TE in the determination of crop yield

The residual yields unexplained by HI were highly correlated
with TE in peanut and cowpea under stress conditions. This
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indicates that TE was an important explanatory component
of yield under WS conditions and to a certain extent, under
WW conditions. We interpret that this relationship may have
originated from genetic differences in the transpiration response
to high VPD,,.,« in both crop species (Vadez et al. 2013,2014) in
these two seasons with medium-high evaporative demand.
Interestingly, the correlations between TE and the residual
yields unexplained by HI were tighter in the rainy than the
post-rainy season. This may have been in part because the
residuals were smaller in the post-rainy season (due to a
greater dependence of yield on HI in that season), but also
because the evaporative demand in the rainy season was
medium to high and may have created an environment prone
to differentiate genotypes that are either responsive or not to high
VPD,,,.x. By contrast, under the high evaporative demand of the
post-rainy season, all genotypes would have been forced to
respond in the same way (a restriction of transpiration under
high VPD,,,,) to such harsh conditions. In any case, these data
showed clearly the central importance of TE in the determination
of yield in both crops, more so in cowpea than peanut.

Water use in peanut and cowpea across season

Peanut water use decreased greatly under WW in the rainy
season compared with post-rainy season, whereas it did not
change much in cowpea. This was despite the fact that haulm
weight (and then very likely leaf area) was higher in the rainy
season than in the post-rainy season in peanut. It might reflect that
cowpea had a better capacity to restrict transpiration under high
evaporative demand. Under stress, peanut also transpired more
water than cowpea (192 v. 81 mm), and appeared more sensitive
to drought stress than cowpea. It was also interesting that there
was no genotypic variation in the water use of peanut in the rainy
season, whereas there were variations in cowpea. However, water
use had no relationship to yield residuals in any of the crops. The
drought resistance of cowpea could be due to its capacity to
maintain higher relative water content to avoid dehydration by
extracting moisture at low soil water content and decrease
stomatal conductance and transpiration, thus leading to a net
decrease in photosynthesis. Indeed, several studies (Pandey et al.
1984; Hall et al. 1997; Campos et al. 1999; Sarr et al. 2001;
Ogbonnaya et al. 2003; Omae et al. 2005; Hamidou et al. 2007;
Cardona-Ayala et al. 2013) show high stomatal control in
cowpea, leading to a rapid closure of stomata under WS
conditions. Of course, the high water requirement in peanut,
because of a longer cycle than cowpea, led to higher yield than
cowpea under WW conditions. Differences in water use were
mostly due to differences in crop cycle duration and associated
differences in evaporative demand, for instance, the 20 days
elapsed between cowpea and peanut harvests. In any case, the
data provided here on the plant water requirements under a range
of environments and stress conditions provide a benchmark
from which these crops can be best fitted to different rainfall
environments. For instance, under water stress in a rainy season
environment (high RH, moderate temperature), even a shorter
duration cowpea would match peanut. Hence, the data are
there to inform possible users about how these crops behave,
how much water they need to grow to potential yield, how
much of that potential is achieved if water is limiting, and how
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much of this potential is achieved if water is limiting and
the environmental conditions are dry and hot. Therefore,
although both peanut and cowpea are crops commonly grown
in the Sahel, their water requirements clearly make them fit for
different environments—cowpea for the more northern drier
Sahelian zones, and peanut for higher rainfall, more southern area.

Based on higher pod yield criteria under stress conditions,
some genotypes performed well in both seasons, whereas some
genotypes performed in only one season. Genotypes ICG 4750
and ICGV 01232 for peanut and IT93K-93-10 for cowpea
performed well under stress conditions across seasons. These
genotypes can be selected for high pod production in both post-
rainy and rainy seasons. Genotypes ICGV 00350, ICG 97183 and
JL 24 for peanut and IT98K-428-3 and IT96D-610 for cowpea
revealed high pod yield in the rainy season, whereas ICG 8751
for peanut and Mouride and IT82E-18 for cowpea performed
better in the post-rainy season. Independent of seasons, the top
five genotypes under stress conditions were ICG 4750, ICGV
00350, ICG 97183, ICGV 01232 and ICG11088 for peanut and
1T93K-93-10, Suvita2, IT98K-428-3, IT82E-18 and IT96D-610
for cowpea.

Conclusion

There were large species differences between peanut and
cowpea. Thus, peanuts were more affected by seasonal
fluctuation than cowpea. Genotypic variation in drought
response was found for both species (peanut and cowpea).
Peanut appeared to fit better to conditions with higher water
availability and lower evaporative demand, whereas cowpea
fitted well to harsher and dryer environments, suggesting that
mechanisms of drought adaptation in peanut and cowpea were
different. It is hypothesised that cowpea has a better capacity to
restrict transpiration under high evaporative demand. TE could be
good criteria for breeding peanut and cowpea under drought
condition. Genotypes ICG 4750, ICGV 00350, ICG 97183,
ICGV 01232 and ICG11088 for peanut and IT93K-93-10,
Suvita2, IT98K-428-3, IT82E-18 and IT96D-610 for cowpea
can be recommended under conditions of low rainfall for better
pod yield production.
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