Water stress tolerance at different growth stages in cowpea [Vigna unguiculata (L.) Walp.] in the Far North region of Cameroon
Abstract
Background: Cowpea is a protein-rich legume essential for food security in sub-Saharan Africa, but its productivity is increasingly constrained by drought and irregular rainfall patterns.
Objective: To address intra-seasonal drought episodes when they occur at critical stages of the crop and to mitigate the resulting decline in yield in Cameroon, it is necessary to identify and understand the mechanisms of water-stress tolerance in accessions at different stages of their growth cycle.
Methodology: One hundred and seventy-three cowpea accessions and one control variety were evaluated under two factors (genotype and developmental stage) for their response to different water conditions. The agro-morphological and physiological parameters of the plants were assessed per bag in a randomized complete block design with three replications. An intermittent water-deficit treatment covering both the vegetative and reproductive stages was studied. 
Results & Discussion:
The results show that water stress negatively affects agro-morphological and physiological variables, considerably reducing their performance, and that its effect is more noticeable during the second water stress. Nevertheless, water stress caused a greater increase in chlorophyll content in the majority of accessions during the second water stress (SH2), from the vegetative stage to flowering, which led to a decrease in final productivity because of their inability to manage light energy (photoinhibition). Accessions A161, A108, A106, A1 and A151 proved to be accessions of choice in terms of pod production, seed production, root size per plant and water-stress tolerance. Accessions A12, A45, A93, A105, A146 and A167 also proved to be accessions of choice in terms of greenness, recovery rate, chlorophyll content and water-stress tolerance, outperforming the control variety A140 in performance. The identification of these accessions could be used in breeding programs to improve cowpea tolerance at the vegetative and/or reproductive stages and could help increase yield.
Conclusion: 
[bookmark: _GoBack]Based on yield-related traits, root length and responses to water deficit, the study revealed that accessions A161, A108, A106, A1 and A151 were identified as promising drought-tolerant accessions..
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Introduction
Cowpea (V. unguiculata L. Walp) is one of the most widely produced legumes worldwide (Kareem and Taiwo, 2007). Its cultivation plays a very important role in nutritional balance. It is a crop whose production contributes to food security in developing countries. Cowpea occupies a prominent place because it is an important source of protein and energy for humans and animals in developing countries where access to animal-derived proteins is difficult, or even impossible, for populations. Cowpea is cultivated mainly for its seeds, which are rich in protein (20 to 25%), carbohydrates (65%) and have a low-fat content (1.8%) on a dry-weight basis. The seed is also rich in lysine and tryptophan. Fresh leaves are consumed as a vegetable, especially in Africa, with a protein content ranging from 27 to 34% (Bressani, 1999). Worldwide, cowpea production is estimated at 6.4 million tons over an area of 12.7 million hectares, 95% of which is attributable to sub-Saharan Africa (FAOSTAT, 2013). In 2019, in the Far North region of Cameroon, cowpea production was estimated at 102,881 tons over 109,769 hectares, making it the largest production zone (MINADER, 2020), which is lower than the 2010 production, estimated at 166,145 tons (Agristat, 2010).
Despite its importance, cowpea yields in Cameroon are relatively low. A major decrease in rainfall and an increase in its spatiotemporal variability, reflected in poor distribution of rainfall in space and time, have been considered one of the main constraints limiting crop yield (Agbicodo et al., 2009). According to SUMMERFIELD et al. (1985) and HALL et al. (1997), cowpea is drought resistant. However, the water deficit that frequently affects the Sahel significantly reduces its production. In cowpea cultivation, the magnitude of the effect of water deficit on final seed yield depends on the stage at which it occurs as well as its duration (Amigues et al., 2009; Hamidou et al., 2005). The stages most sensitive to water deficit or water stress are mainly the seed-filling stage (Cordeiro et al., 1998) and the vegetative stage, followed by flowering and fruiting stages (Carvalho et al., 2000). Thus, cowpea yield in Cameroon remains far below the world average yield.
II.2 Materials and Methods
The trial was conducted in 2025 at the experimental station of the Maroua Regional Agricultural Research Centre, located in Djarengol, the administrative center of the Far North region of Cameroon. Djarengol lies at an altitude of 390 to 415 m (10°35'N; 14°19'E). The soil is mainly clayey-sandy (Donfack et al., 1997). The climate is tropical Sudano-Sahelian, characterized by two annual seasons: a short four-month rainy season, from June to September, and an eight-month dry season, from October to May. Cumulative annual rainfall ranges from 800 to 1,000 mm. The temperature is around 35 °C, with a maximum of 40 °C in April (Laclavière and Loung, 1979). One hundred and seventy-four cowpea genotypes were used, including the 173 most productive and high-performing cowpea accessions selected following a preliminary characterization trial conducted in 2023, and one medium-cycle variety developed by the International Institute of Tropical Agriculture (IITA) that is tolerant to water stress.
II.3. Methods
II.3.1 Experimental design and management
The evaluation of drought tolerance was carried out in a controlled environment at the Djarengole experimental station. The trial was conducted using a randomized complete block design with three (03) replications. Treatments were randomly allocated within the experimental plot. A total of eight rows were established in each replication. The treatments consisted of cowpea accessions repeated three times. The factors studied were the genotype factor, corresponding to the accessions, and the developmental-stage factor; water supply was quantified so that the accessions were exposed to the same water conditions.
The seeds were planted in plastic grow bags filled with 8.85 kg of sandy loam soil. Each bag was watered with 250 mm, i.e. 1 L of water per day, until full expansion of the first trifoliate leaf (day 20), after which watering was stopped. The plants were subjected to two water regimes, as follows:
Intermittent stress:
-SH1: the plants were watered every day until the 20th day after sowing (DAS); on the 21st DAS, irrigation was stopped for 10 days.
-SH2: A second 10-day water stress was imposed from the 53rd day after sowing (beginning of flower and pod formation), after which the plants were watered normally until harvest.
II.3.2.1 Parameters measured before the application of water stress
- Measurement of the length and width of the primary leaves: This consisted of measuring the length and width of two primary cotyledonary leaves using a graduated ruler on the 20th DAS and on the 52nd day before and during the 10 days following stress imposition.
- Number of leaves: The number of leaves was determined by simply counting the leaves on each plant before and after water stress.
- Chlorophyll content was determined using a MINOLTA SPAD-type chlorophyll meter, before and during water stress.
- Soil moisture content (SMC) was measured using a Falker HFM2030 meter (HidroFarm, Porto Alegre, RS, Brazil) between 7:00 and 9:00 a.m. before and during water stress.
Parameters measured after the application of water stress
- Counting of resistant plants: this involved counting all plants that survived;
- Measurement of root length: this made it possible to assess adaptive capacity;
- Evaluation of plant greenness, which is a precise parameter for assessing drought tolerance at the seedling stage in cowpea (Ravelombola et al., 2018).
Plant greenness was assessed using the scale below:
(1 = plants are completely green, 2 = plants begin to lose their greenness, 3 = signs of chlorosis and necrosis are visible, 4 = chlorosis and necrosis are severe, and 5 = plants are completely dead) (Ravelombola et al., 2018).
- Recovery parameters: after water stress was imposed, watering was resumed, and 14 days later the percentage of plant recovery in each accession was recorded.
Yield-related parameters
The weight of one hundred (100) seeds in grams (g) was determined by counting 100 seeds randomly sampled from each accession, followed by weighing with an electronic scale; seed and pod weight per accession were determined using an electronic scale and expressed in kilograms (kg) by weighing; the number of pods and seeds per plant was obtained by manually counting the number of pods and seeds per plant at maturity;
Statistical analysis of the data:
The agronomic data collected were subjected to analysis of variance (ANOVA) to compare variable means at the 5% significance level (P<0.05). Correlations between quantitative variables were estimated using Pearson's correlation coefficient. All these analyses were performed using Statgraphics software. Principal component analysis (PCA) was performed with XLSTAT 2014 software to identify discriminating variables among the varieties used.


Results
Agro-morphological parameters
Leaf area:
According to Table 1, accession A31 was less affected and recorded the highest mean during water stress, while accession A171 was the most affected by water stress and recorded the lowest mean. The control, for its part, recorded means of 15.14 and 5.53 cm² before and after stress, respectively. The different means show that leaf area is higher in the absence of stress than when water stress is imposed.
Table 1: Leaf area of the accessions
	Accessions
	MSF1
	MSF2
	Accessions
	MSF1
	MSF2

	A1
	9.52±6.49
	7.65±10.08
	A88
	20.08±2.67
	7.53±4.19

	A2
	19.60±7.47
	14.55±8.27
	A89
	21.41±6.06
	12.34±0.87

	A3
	15.74±5.23
	10.1±8.97
	A90
	18.73±6.01
	9.33±0.89

	A4
	22.47±7.46
	14.76±11.49
	A91
	9.92±0.91
	9.52±0.44

	A5
	14.13±24.48
	6±10.39
	A92
	16.13±0.49
	14.5±1.05

	A6
	16.8±8.88
	13.12±5.43
	A93
	16.99±4.17
	14.53±4.05

	A7
	23.23±6.22
	14.57±10.07
	A94
	22.95±1.48
	14.44±1.02

	A8
	21.6±1.2
	21.4±0.12
	A95
	33.6±1.13
	28±0

	A9
	18.49±0.52
	5.3±1.17
	A96
	10.17±0.93
	9.16±0.33

	A10
	27.54±3.48
	21.5±18.63
	A97
	10.99±15.55
	9.57±13.54

	A11
	15.49±7.91
	7.5±3.53
	A99
	20.43±3.09
	14±4.91

	A12
	11.92±11.44
	14.83±7.80
	A100
	22.68±2.39
	15.27±8.4

	A13
	15.79±7.55
	12.21±13.03
	A101
	12.91±0.32
	10.78±0.64

	A14
	21.56±10.68
	12.3±13.15
	A102
	23.95±0.93
	23.83±1.61

	A15
	22.90±6.58
	15.56±1.41
	A103
	8.01±8.24
	1.59±2.75

	A16
	19.76±7.02
	13.08±9.07
	A104
	2.01±0.23
	0

	A17
	8.97±7.94
	2.56±3.10
	A105
	16.38±1.51
	14.73±4.33

	A18
	18.56±0.56
	16.14±1.45
	A106
	16.07±4.03
	6.62±9.26

	A19
	18.44±7.50
	13.62±8.63
	A107
	1.53±0.42
	0±0

	A20
	18.63±0.56
	16.56±1.08
	A108
	24.34±5.65
	22.02±6.71

	A21
	16.78±0.73
	6.53±0.04
	A109
	20.97±5.44
	12.16±1.18

	A22
	21.67±0.52
	8±11.31
	A110
	12.39±2.71
	7.25±4.60

	A23
	10.71±0.55
	3.51±0.22
	A111
	12.945±7.56
	3.75±3.89

	A24
	13.27±1.15
	8.97±6.60
	A112
	13.26±5.61
	4.98±3.83

	A25
	22±0.12
	14.33±0.62
	A113
	13.99±9.33
	7.57±6.63

	A26
	23.07±6
	15.83±7.38
	A114
	15.68±2.70
	3.43±5.94

	A27
	5.53±0.09
	0
	A115
	4.17±7.22
	4.17±7.22

	A28
	20.71±1.47
	15.77±0.14
	A116
	16.20±4.05
	11.01±5.69

	A29
	11.4±10.42
	5.53±5.46
	A117
	14.04±6.15
	15.87±11.79

	A30
	8.23±4.29
	7.9±7.88
	A118
	6.41±0.30
	2.67±0

	A31
	31.9±0.24
	35.7±0.11
	A119
	5.41±0.58
	5.1±0.14

	A32
	23.61±0.1
	20.33±5.85
	A120
	19.5±8.34
	7.55±2.84

	A33
	34.03±1.2
	30±0.62
	A121
	18.83±4.86
	8.14±0.2

	A34
	27.3±2.34
	31.2±0.58
	A122
	11.29±0.40
	0

	A35
	19.67±0.87
	9.57±0.57
	A123
	19.92±3.15
	16.11±7.27

	A36
	13.72±9.15
	10.28±9.14
	A124
	13.44±2.51
	10.67±9.24

	A37
	19.97±2.55
	18.88±7.64
	A125
	17.55±2.86
	10.56±5.94

	A38
	15.83±4.17
	13.17a±7.34
	A126
	16.22±7.99
	11.53±7.32

	A39
	10.93±12.25
	14.91±1.28
	A127
	20.19±3.20
	11.33±10.07

	A40
	5.35±4.78
	3.51±3.28
	A128
	18.4±2.23
	10.4±5.55

	A41
	25.96±6.54
	21.6a±7.25
	A129
	12.94±8.56
	5.67±0.17

	A42
	16.52±10.46
	13.4±13.76
	A130
	11.01±1.81
	4.35±4.60

	A43
	20.70±4.73
	14.20±4.06
	A131
	17.84±2.23
	11.7167±6.84

	A44
	5.66±0.09
	0
	A132
	11.03±6.55
	3±4.24

	A45
	17.31±0.61
	15.77±0
	A133
	10.12±1.512
	6.54±2.10

	A46
	11.41±0.45
	4.61±0.12
	A134
	12.24±2.14
	10.84±9.81

	A47
	19.58±6.64
	15.83±7.28
	A135
	38.31±0.88
	10.18±0.92

	A48
	16.91±9.11
	9.81±2.56
	A136
	18.97±3.57
	10.98±4.38

	A49
	12.84±3.79
	7.58±4.165
	A137
	28.43±19.76
	17.55±17.04

	A50
	8.82±9.28
	1.94±3.36
	A138
	20.29±0.37
	5.74±0.48

	A51
	24.01±0.81
	0
	A139
	11.14±0.65
	6.36±2.51

	A52
	16.13±16.55
	12.25±17.32
	A140
	15.14±4.39
	5.53±4.05

	A53
	10.36±9.98
	10.45±7.02
	A141
	10.54±5.53
	5.17±4.19

	A54
	17.5±8.34
	15.25±9.79
	A142
	20.54±0.19
	11.5±9.90

	A55
	19.61±11.77
	19.15±9.54
	A143
	13.98±5.40
	12.83±6.36

	A56
	14.25±1.14
	5±1.88
	A144
	20.4±0.14
	17.43±0.33

	A57
	13.03±0.99
	8.29±4.66
	A145
	7.3±10.32
	7.38±10.44

	A58
	16.19±0.65
	9.98±6.34
	A146
	17.2±3.95
	16.27±2.91

	A59
	12.67±10.97
	9.2±9.26
	A147
	16.43±3.47
	8.06±2.63

	A60
	15.24±0.83
	15.83±14.1
	A148
	22.53±5.26
	8.25±3.42

	A61
	23.71±0.69
	13.22±6.4
	A149
	23.045±0.40
	12.33±0.47

	A62
	11.78±16.66
	4.75±6.71
	A150
	8.31±10.44
	15.61±14.07

	A63
	15.14±8.58
	6.16±3.06
	A151
	13.50±0.12
	12.36±0.19

	A64
	18.27±0.40
	14.05±0.55
	A152
	17.08±6.41
	9.95±14.08

	A65
	14.18±17.04
	6.43±3.44
	A153
	8.22±11.62
	10.8±11.84

	A66
	23.74±5.25
	15.28±10.03
	A154
	14.1±6.93
	7.75±10.96

	A67
	21.62±2.34
	11.02±11
	A155
	14.61±0.08
	8.23±0.14

	A68
	24.86±0.21
	10.5±4.95
	A156
	8.72±3.13
	5.78±6.20

	A69
	16.35±21.15
	13.33±18.86
	A157
	19.39±4.16
	15.5±12.02

	A70
	5.58±7.90
	1.83±2.59
	A158
	16.09±6.15
	8.39±8.77

	A71
	29.50±8.59
	17.41±4.05
	A159
	7.90±2.01
	3.25±0.36

	A72
	8.54±4.55
	7.43±5.15
	A160
	17.72±15.06
	14±19.79

	A73
	22.16±0.80
	19.91±0.52
	A161
	19.87±0.14
	20.9±0.14

	A74
	22.8±3.39
	10.85±5.97
	A162
	14.92±6.39
	11.02±3.50

	A75
	17.22±8.41
	15.94±8.40
	A163
	27.57±2.12
	19.5±18.62

	A76
	9.17±1.50
	6.2±0.28
	A164
	1.43±2.02
	3.9±3.68

	A77
	23.66±9
	13.99±11.55
	A165
	15.49±10.45
	10.5±12.02

	A78
	15.71±3.13
	14.25±1.06
	A166
	17.95±1.71
	9.64±2.41

	A79
	20.85±5.15
	12.1±1.94
	A167
	18.66±0.76
	17.1±0.56

	A80
	5.875±7.22
	2.83±1.65
	A168
	25.16±0.23
	25.6±0.47

	A81
	16.92±0.16
	7.13±0.52
	A169
	15.52±7.62
	7.53±1.11

	A82
	18.3±1.43
	10.25±7.81
	A170
	17.70±5.75
	14.61±4.88

	A83
	4.28±7.41
	4.2±4.14
	A171
	6.07±2.51
	0.67±1.15

	A84
	6.48±6.36
	2.28±2.34
	A172
	6.13±0.76
	5.29±0.11

	A85
	19.02±2.65
	11.66±0.94
	A173
	30.28±3.87
	27.17±6.28

	A86
	9.66±13.66
	7.89±2.40
	A174
	17.82±1.67t
	14.6±2.50p

	A87
	6.26±0.19
	10.32±0.18
	
	
	



Analysis of variance for leaf area showed a significant difference among the mean leaf areas of the accessions at the 95.0% confidence level (P<0.05). Water stress significantly reduced the leaf area of the accessions. Leaf growth is one of the first physiological processes affected by changes in plant water status under water stress. A decrease in the leaf expansion rate usually precedes a reduction in stomatal conductance or photosynthesis (Farooq et al., 2010).
Physiological characteristics:
Chlorophyll content increased in stressed plants during the vegetative phase (Figures 1 and 2). At SH1, accession A94 had the highest mean (27.30 SPAD), whereas accessions A45, A9 and A171 had the lowest chlorophyll means (2.55, 2.87 and 2.90 SPAD). At SH2, accession A165 had the highest mean (35.75 SPAD), followed by accessions A69, A161, A18 and A126, which recorded means of 33.10, 30.75, 30.60 and 30.55 SPAD, respectively, with optimal photosynthetic yields, whereas accessions A50 and A111 had the lowest chlorophyll means (2.90 SPAD).
The control accession A140 recorded respective means of 5.20 and 7.49 SPAD before and after SH1. At SH2, the control recorded means of 31 and 20.95 SPAD before and after water stress imposition.









Figure 1: Chlorophyll SH1


Figure 2: Chlorophyll SH2


Effect of water stress on yield-related parameters
Table 2 presents the mean values of pod- and seed-related parameters, namely number of pods, pod weight, number of seeds, seed weight and 100-seed weight of the accessions that produced seeds after the different water stresses applied.
Table 2: Effect of water stress on yield-related parameters
	Accessions
	Ngss
	Pgss
	NG
	PG
	P100

	A1
	7±1.41
	7.35±0.21
	25±7.07
	5.65±0.64
	23.16±4.01

	A102
	2.5±0.70
	4.05±0.21
	17.5±0.71
	3.2±0.85
	18.2±4.11

	A105
	1.5±0.65
	0.9±0.42
	4±1.41
	0.75±0.21
	21±12.7279

	A106
	5.5±0.70
	7.7±0.56
	27.5±0.71
	6.8±0.99
	24.69±2.97

	A108
	7.5±0.73
	9.95±0.21
	40±1.41
	8.2±0.85
	20.47±1.40

	A109
	3.5±0.71
	6.3±0.14
	18±1.41
	5.3±0.28
	29.47±0.74

	A122
	3±1.41
	1.5±0.42
	7±4.24
	1.4±0.14
	23.75±12.37

	A143
	4.5±0.61
	2.4±0.14
	13.5±0.71
	2.1±0.14
	15.54±0.23

	A145
	2.5±0.51
	2.25±0.35
	13±1.41
	2.8±0.14
	21.71±1.41

	A151
	6.5±0.69
	6.3±0.14
	21±1.41
	5.15±0.07
	24.57±1.31

	A16
	4.5±0.71
	2.85±0.07
	12.5±0.71
	2.85±0.07
	21.47±0.1

	A161
	8.5±0.68
	13.6±0.14
	27±11.31
	8.9±4.24
	32.52±2.08

	A172
	2.5±0.71
	1.5±0.28
	2±0.1
	1.15±0.21
	57.5±10.61

	A47
	2.5±0.50
	0.85±0.07
	8.5±0.71
	0.65±0.07
	7.64±0.2

	A6
	1.5±0.73
	2.4±0.14
	8.5±0.71
	2.45±0.07
	26.58±0.12

	A77
	3±0.1
	2.3±0.28
	22.5±3.53
	1.25±0.35
	5.5±0.71

	A88
	3.5±0.71
	0.55±0.07
	7.5±0.71
	0.45±0.07
	5.62±0.88

	A140
	6.1±1.1
	5.3±0.41
	21±0.83
	5.8±0.24
	19.2±0.16



Table 2 indicates that accession A161 can be considered tolerant to water stress, as it showed the best yield performance, with mean pod number and pod weight of 9 and 13.6 g, respectively, and 8.9 g of dried seeds. Accession A161 also had a mean 100-seed weight of 32.52 g, ranking second after accession A172, which had the highest mean for this parameter, 57.5 g, but low performance for the other parameters. Accession A108, for its part, obtained a high mean pod weight of 9.95 g, with a pod number of 8, seed weight of 8.2 g and seed number of 40; however, its mean 100-seed weight was low (20.47 g) compared with other accessions. Accessions A106, A1 and A151 also stood out with the best performance for these yield-related parameters. The control, for its part, was outperformed by these accessions (Ngss=6.1; Pgsse=5.3 g; NG=21; PG=5.8 g; P100=19.2 g).
Survival rate
Figure 3 shows that the number of plants subjected to SH1, applied for 10 days from 21 DAS, corresponding to the growth and development phase, was relatively low.

      
Figure 3: Survival rate
Out of the 174 plants of the accessions studied, i.e. 522 plants sown, we recorded a small number of dried plants, corresponding to 4.59%, with a survival rate of 95.4%. The application of 10 days of water stress during SH2 from 52 DAS showed a high number, i.e. 88.35% dried plants among the different accessions and 11.64% of accessions that survived.
Root length
Root length is an important trait for resistance to water stress. Figure 4 shows that root length varies from one accession to another.

Figure 4: Root length
Following the different water stresses, the length of the main roots varied from 10.5 to 38.5 cm. Accession A88 recorded the smallest length, at 10.5 cm. Accession A1 recorded substantial deep root development, at 38.5 cm, more than accessions A106, A77, A109 and A174, which recorded 28, 27.5, 26.75 and 26 cm, respectively, and also had high means. Moreover, the control recorded a mean of 26 cm, which is relatively low and not the best performance.
Analysis of variance for main root length shows that there is a significant difference among the means of the accessions tested at the 5% threshold (P<0.05).
Qualitative responses of varieties subjected to water stress
Table 3 presents the results of observations made on the leaf-greenness trait of the plants. Water stress caused visible and substantial cases of necrosis and chlorosis in plant greenness, leading to the death of some accessions, such as A9, A21, A23, A39, A44, A46, A49, A51, A62, A63, A65, A70, A81, A104, A107, A111, A118, A119, A120, A128, A133, A134, A138, A139, A155, A156, A159 and A164. Despite water deficit, some accessions, namely A12, A45, A93, A105, A146 and A167, maintained a green coloration.
Table 3: Greenness and recovery of accessions
	Accessions
	VT
	R
	Accessions
	VT
	R

	A1
	3
	3
	A88
	4
	3

	A2
	2
	5
	A89
	3
	4

	A3
	4
	4
	A90
	5
	2

	A4
	4
	2
	A91
	3
	3

	A5
	4
	3
	A92
	3
	3

	A6
	2
	5
	A93
	1
	5

	A7
	2
	5
	A94
	3
	3

	A8
	2
	5
	A95
	3
	3

	A9
	5
	1
	A96
	3
	3

	A10
	3
	5
	A97
	3
	3

	A11
	2
	5
	A98
	2
	5

	A12
	1
	5
	A99
	2
	4

	A13
	3
	3
	A100
	2
	5

	A14
	4
	3
	A101
	2
	5

	A15
	3
	4
	A102
	3
	3

	A16
	2
	5
	A103
	4
	2

	A17
	5
	2
	A104
	5
	1

	A18
	2
	3
	A105
	1
	5

	A19
	3
	4
	A106
	3
	4

	A20
	2
	5
	A107
	5
	1

	A21
	5
	1
	A108
	3
	4

	A22
	3
	3
	A109
	3
	3

	A23
	5
	1
	A110
	2
	5

	A24
	3
	5
	A111
	5
	3

	A25
	4
	2
	A112
	3
	4

	A26
	4
	2
	A113
	3
	4

	A27
	2
	5
	A114
	4
	2

	A28
	2
	5
	A115
	4
	2

	A29
	3
	3
	A116
	4
	2

	A30
	3
	3
	A117
	4
	2

	A31
	2
	4
	A118
	5
	1

	A32
	4
	2
	A119
	5
	1

	A33
	3
	4
	A120
	5
	1

	A34
	4
	5
	A121
	4
	3

	A35
	3
	3
	A122
	3
	5

	A36
	4
	2
	A123
	3
	3

	A37
	4
	3
	A124
	4
	2

	A38
	4
	2
	A125
	4
	2

	A39
	5
	3
	A126
	4
	2

	A40
	2
	4
	A127
	2
	5

	A41
	3
	4
	A128
	5
	1

	A42
	3
	3
	A129
	4
	2

	A43
	3
	3
	A130
	2
	5

	A44
	5
	1
	A131
	2
	4

	A45
	1
	3
	A132
	3
	5

	A46
	5
	3
	A133
	5
	1

	A47
	2
	4
	A134
	5
	1

	A48
	4
	2
	A135
	2
	5

	A49
	5
	1
	A136
	4
	2

	A50
	4
	2
	A137
	4
	3

	A51
	5
	1
	A138
	5
	1

	A52
	4
	3
	A139
	5
	1

	A53
	4
	2
	A140
	3
	3

	A54
	2
	5
	A141
	4
	2

	A55
	3
	3
	A142
	4
	3

	A56
	4
	3
	A143
	3
	5

	A57
	3
	5
	A144
	4
	3

	A58
	2
	5
	A145
	3
	3

	A59
	3
	4
	A146
	1
	5

	A60
	4
	2
	A147
	4
	2

	A61
	3
	4
	A148
	4
	3

	A62
	5
	3
	A149
	2
	5

	A63
	5
	3
	A150
	4
	2

	A64
	3
	4
	A151
	3
	3

	A65
	5
	3
	A152
	3
	3

	A66
	3
	4
	A153
	3
	3

	A67
	4
	2
	A154
	4
	3

	A68
	3
	5
	A155
	5
	1

	A69
	3
	5
	A156
	5
	1

	A70
	5
	1
	A157
	3
	5

	A71
	3
	4
	A158
	4
	2

	A72
	2
	5
	A159
	5
	1

	A73
	3
	3
	A160
	4
	3

	A74
	2
	5
	A161
	3
	3

	A75
	3
	3
	A162
	2
	5

	A76
	3
	3
	A163
	3
	3

	A77
	4
	3
	A164
	5
	1

	A78
	2
	5
	A165
	4
	3

	A79
	3
	4
	A166
	4
	2

	A80
	3
	3
	A167
	1
	5

	A81
	5
	1
	A168
	3
	3

	A82
	4
	3
	A169
	3
	4

	A83
	4
	2
	A170
	2
	5

	A84
	3
	4
	A171
	4
	2

	A85
	4
	3
	A172
	4
	3

	A86
	4
	3
	A173
	4
	3

	A87
	3
	3
	A174
	2
	5



The recovery score after water stress imposition varied from 1 to 5 according to the Ravelombola et al. (2018) scale used for the accessions. Accessions A2, A6, A7, A8, A10, A11, A12, A16, A20, A24, A27, A28, A34, A54, A57, A58, A68, A69, A72, A74, A78, A93, A98, A100, A101, A105, A110, A122, A127, A130, A132, A135, A143, A146, A149, A157, A162, A167, A170 and A174 became green again after the different water stresses. According to the scale, accessions A9, A21, A21, A44, A49, A51, A70, A81, A104, A107, A118, A119, A120, A128, A133, A134, A138, A139, A155, A156, A159 and A164 turned yellow after the different water stresses were imposed.
Analysis of variance shows that there is no significant difference among the means of the accessions tested at the 5% threshold (P>0.05) with regard to plant greenness.
Correlation among quantitative traits
Table 4 presents the correlation among the different accessions. Seed number is positively correlated with pod weight (r=0.96) and number of pods (r=0.97); seed weight is positively correlated with number of pods (r=9.94), pod weight (r=1), and seed number (r=0.95). The weight of 100 seeds is positively correlated with pod weight (r=0.64), number of pods (r=0.67) and seed weight (r=0.65). Root length is positively correlated with number of pods (r=0.88), pod weight (r=0.82), seed number (r=0.87), seed weight (r=0.81) and 100-seed weight (r=0.72); the number of secondary roots is positively correlated with number of pods (r=0.74), pod weight (r=0.69), seed number (r=0.69), seed weight (r=0.69), 100-seed weight (r=0.79) and root length (r=0.89).
Table 4: The correlation among the different accessions
	
	
	
	
	
	
	
	
	
	

	Variables
	SF
	CHLP
	CHLS
	Ngsse
	Pgsse
	NG
	PG
	P100
	Tr

	SF
	1,00
	
	
	
	
	
	
	
	

	CHLP
	0,09
	1,00
	
	
	
	
	
	
	

	CHLS
	0,37
	0,22
	1,00
	
	
	
	
	
	

	Ngsse
	0,09
	-0,13
	0,13
	1,00
	
	
	
	
	

	Pgsse
	0,12
	-0,14
	0,14
	0,94
	1,00
	
	
	
	

	NG
	0,10
	-0,14
	0,13
	0,97
	0,96
	1,00
	
	
	

	PG
	0,11
	-0,15
	0,14
	0,94
	1,00
	0,95
	1,00
	
	

	P100
	0,00
	-0,03
	0,17
	0,67
	0,64
	0,58
	0,65
	1,00
	

	Tr
	0,09
	-0,11
	0,15
	0,88
	0,82
	0,87
	0,81
	0,72
	1

	
	
	
	
	
	
	
	
	
	





Principal component analysis:
The representation of the cowpea accessions studied according to the measured parameters shows that their distribution is not uniform in space (Figure 5).

Figure 5: Individual variables subjected to water stress at the vegetative stage.
Legend: NF: number of leaves, SF: leaf area, HUMS: soil moisture at SH1, CHLS: chlorophyll at SH2, CHLP: chlorophyll at SH1, HUMP: moisture at SH1, VT: plant greenness, NG: number of pods, PG: pod weight, P100: 100-seed weight, Pgsse: pod weight, Tr: plant height, Ngsse: number of pods.
Principal component analysis was performed to determine the relevant parameters in this study. The figure presents the results of the principal component analysis carried out with the different parameters studied. This analysis made it possible to distinguish two axes explaining 64.59% of the genetic variability within the accessions. Axes F1 and F2 explain 43.27% and 21.32% of the variability, respectively. The parameters number of pods, pod weight, number of seeds, seed weight, weight of one hundred seeds, moisture at the first stress and leaf greenness were strongly correlated with axis F1;
while the variables chlorophyll and moisture at the second stress, plant recovery score, number of leaves, leaf area and plant height were strongly correlated with axis F2.
Analysis of accession diversity by hierarchical clustering performed on quantitative traits
The dendrogram constructed on the basis of the quantitative traits studied made it possible to divide the accessions into four groups, as shown in Figure 6.


Figure 6: Hierarchical tree of accessions subjected to water stress at the vegetative stage (dendrogram).
The detailed composition of these accessions is as follows: 4 individuals in group I, 144 in group II, 25 in group III and 1 in group IV. The individuals in group I consist of accessions (A1, A108, A151 and A161) with better pod number, pod weight, seed number, root length and leaf greenness.
Group II, consisting of accessions (A2, A3, A4, A5, A6, A7, A8, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A22, A24, A25, A26, A27, A2, A29, A30, A31, A32 A33, A34, A35, A36, A38, A39, A40, A41 A43, A45, A46, A47, A48, A50, A52, A53, A54, A55, A56, A57, A58, A59, A60, A61, A62, A64, A65, A66, A67, A68, A69, A71, A72, A73, A74, A75, A76, A77, A78, A79, A80, A82, A83, A84, A85, A86, A87, A88, A89, A90, A91, A92, A93, A94, A9, A96, A97, A98, A99, A100, A101, A102, A103, A105, A106, A109, A110, A111, A112, A113, A114, A115, A116, A117, A121, A122, A123, A124, A125, A126, A127, A129, A130, A131, A132, A135, A136, A137, A140, A141, A142, A143, A144, A145, A146, A147, A148, A149, A150, A152, A153, A154, A157, A158, A160, A162, A163, A165, A166, A167, A168, A169, A170, A173 and A174), has a high recovery rate, plant greenness and leaf area.
Group III consists of accessions (A9, A21, A23, A37, A44, A49, A51, A63, A70, A81, A104, A107, A118, A119, A120, A128, A133, A134, A138, A139, A155, A156, A159
A164 and A171) with a high moisture rate at the first stress.
Accession A172 in group IV is characterized by high chlorophyll at SH1 and SH2 and a high value for 100-seed weight.

Discussion
The results of this study show that the cowpea accessions responded differently to water stress.
Agro-morphological parameter
The imposed water deficit negatively affected all the parameters studied.
Leaf area
The mean leaf area after stress imposition decreased from 38.31 cm² to 10.18 cm² in accession A135, which had recorded the best mean before stress imposition; by contrast, the mean for accession A95 varied from 28 to 33.60 cm², making it the accession that recorded the best performance, followed by accessions A173, A168 and A102, with respective means of 27.24, 25.67 and 23.23 cm². As for control A140, it recorded a very low mean after stress (A140=15.14 before stress and 5.53 after stress). In general, water stress leads to a significant reduction in leaf area in all the accessions studied, which could highlight their appropriate strategy for resisting water shortage through a water-saving mechanism. This strategy is identified by Passioura (2007) and Anyia et al. (2004), who showed that when plants are subjected to water stress, they adopt strategies enabling them to maintain their water status (Passioura and Angus, 2010). Under water stress, leaf area decreases in order to limit transpiration and maintain high relative water content; this is the drought-avoidance strategy (Anyia and Herzog, 2004; Puangbut et al., 2009).
Physiological parameter
Chlorophyll
The water stress applied contributed to physiological disturbances in the chlorophyll content of plant leaves. Thus, the dark green coloration of some stressed leaves could be explained by a high concentration of chlorophyll in these leaves due to water deficit. It should be noted that chlorophyll is the molecule that enables the plant to perform photosynthesis. Therefore, the high concentration of chlorophyll in the leaves of plants under stressed water regimes could be the source of substantial photosynthesis. This would lead to a strong accumulation of carbohydrates in the seeds, hence the increase in chlorophyll rate in most accessions. Accession A154 recorded a better chlorophyll rate, with an increase in this parameter at SH1 and SH2; at SH2, accessions A167, A69, A161, A18 and A126 saw their chlorophyll rate increase and recorded the best performances. The control plant (A140), by contrast, although tolerant, underwent a dilution phenomenon. In this case, there is good water-management capacity under water shortage, good circulation of water and, as a result, chlorophyll does not concentrate in the leaves. This is why it has a light-green coloration; it also saw its chlorophyll content increase from 5.20 to 7.49 SPAD at SH1 and decrease from 30 to 20.95 SPAD at SH2 (Nguinambaye, 2010). Bougdad (2015) showed that the increase in chlorophyll content observed in the Janet and Chott populations when less watered was probably the consequence of the reduction in leaf cell size under the effect of water stress, which generates a higher concentration.
Effect of water deficit on yield components
The results obtained during our work showed that the different 10-day water stresses imposed at 21 and 53 DAS (during pod filling) led to significant reductions in the number of seeds per pod, number of pods per plant, their respective weights and also the 100-seed weight of the plants. Cowpea is very sensitive to drought during pod formation and filling (Anthony Hall, 2004). These results are similar to those found by Turk et al. (1980), who state that drought during pod filling considerably reduces cultivar yield. Alami-Milani et al. (2013) showed that water deficit significantly reduces the number of pods per plant and the number of seeds per pod and, consequently, seed mass per plant in a species related to cowpea.
Water stress resulted in a reduction in the number of accessions, from 174 to 18, which is explained by floral organ abscission and the death of many of them. Some accessions, although subjected to these different water stresses during the two critical phases of their growth, showed physiological functions essential for their production and stood out.
For the number of pods per plant, the significant difference among accessions could be explained by the fact that this parameter is decisive in cowpea selection. Kutty et al. (2003) found that the number of pods per plant had the greatest direct effect on fresh pod yield. Considering these aspects, accessions A161, A108, A151 and A106, with respective means of 9, 8, 7 and 6, would be the best accessions given their high number of pods. Accessions A108, A106, A161 and A1 recorded the best performance for seed number, with 40, 28, 27 and 25, respectively.
Weights recorded variable values according to accession, and some accessions stood out. With regard to pod and seed weight, accessions A161, A108, A106 and A1 showed the best performance, with 13.6, 9.95, 7.7 and 7.35 g, respectively, for pod weight, and 8.9, 8.2, 6.8 and 5.65 g for seed weight. Accessions A172, A161, A109 and A6 also showed the best performance for the weight of one hundred (100) seeds, with respective means of 57.5, 32.52, 29.47 and 26.58.
These significant differences in seed weight could be based on the time required for reserve accumulation in the seeds or on the genetic composition of the different accessions. The climate-adaptation factor could also be responsible for the higher seed weight. This result also supports the work carried out by Khan et al. (2010), who found highly significant variation in 100-seed weight among 24 cowpea genotypes.
Root development
Under water stress, plants adapt their root systems to maximize water uptake, often resulting in an increase in root length but a reduction or modification in the number of secondary roots. This was the case for accessions A1, A109, A77 and A106, which recorded the best performance in main root length but had a relatively low number of secondary roots. They performed better than the control (A140). According to Monneveux (1997), sustained growth of the root system under water stress conditions may be a factor in resistance to water stress. This phenomenon is explained by the fact that when the soil dries at the surface, roots tend to penetrate deeper into the soil in search of water.
Recovery
Recovery after water stress is a process that involves the rearrangement of many metabolic pathways to repair drought-induced damage and resume plant growth.
After the 10 days of stress imposition, rewatering resumed; plants of some accessions fully recovered, while others continued to die. There was variability in recovery after the imposed water stresses depending on the accessions and the stage at which stress was imposed. Similar results were reported by Anyia and Herzog (2004). Accessions that maintained a high chlorophyll content under water stress imposition showed a greater capacity to recover from stress. In particular, accessions A2, A6, A7, A8, A10, A11, A12, A16, A20, A24, A27, A28, A34, A54, A57, A58, A68, A69, A72, A74, A78, A93, A98, A100, A101, A105, A110, A122, A127, A130, A132, A135, A143, A146, A149, A157, A162, A167, A170 and A174 maintained above-average chlorophyll content and had a greater capacity to recover from stress (Table 3). Among the accessions, those showing slow chlorosis and necrosis from the beginning of water stress and those showing weaker drought-sensitivity signs under water stress had high recovery rates, whereas accessions with higher sensitivity never recovered. Most of them also maintained a green stem, such as A12, A45, A93, A105, A146 and A167. As water stress continued, most plants of the accessions with very high chlorosis and necrosis died, whereas those of the less sensitive accessions survived through stomatal closure, a first line of defense during intense drought stress (Jaleel et al., 2009; Singh and Reddy, 2011).
Survival rate
Water stress is consistent with reports by several authors (Mai-kodomi et al., 1999; Agbicodo, 2009; Muchero et al., 2008; Mai-kodomi et al., 1999; Fatokun et al., 2009), who reported signs of sensitivity during the first week of water stress in cowpea. They suggest that, during evaluations, sensitive accessions can easily be identified during the first week of water stress (Lawrent et al., 2013). The accessions nevertheless remained unchanged until the seventh day of water stress, when signs of sensitivity were recorded. On day 10 of the first water stress, accessions A44, A51 and A104 became the most sensitive, with the highest number of dead or completely wilted plants. By contrast, during the second stress, only accessions A20, A22, A24, A27, A26, A29, A32, A58, A59, A64, A65, A68, A69, A70, A74, A78, A81, A82, A83, A84, A85, A110, A113, A119, A120, A125, A127, A128, A129, A130, A132, A133, A141, A143, A159, A164, A165, A166, A173, A174, A175, A1, A102, A105, A106, A108, A109, A122, A143, A145, A151, A16, A161, A173, A47, A6, A77 and A88 survived. The percentage of completely dead or wilted plants for each accession was also consistent with each accession's sensitivity level, as previously indicated (Nkouannessi, 2005). After two weeks of rewatering, plants of some accessions fully recovered, while others continued to die. Principal component analysis revealed that the agronomic performance of the varieties may be structured by physiological and agronomic traits. The projection of the varieties in PCA planes 1-2 showed a random distribution of the accessions in the plane. This dispersion of the varieties in the PCA planes would indicate substantial agronomic variability. Since the dispersion of the varieties is greater in the PCA, the agronomic diversity of the accessions studied would be fairly substantial. The main discriminating parameters of the study would therefore be the number of leaves, chlorophyll rate, greenness of the cowpea plant, root length, number of seeds per pod, pod weight, seed weight, number of pods, 100-seed weight and aboveground and belowground dry matter.
Conclusion
Although cowpea is considered a drought-tolerant crop, the results of this study show that its cultivation requires sufficient moisture for growth and potential yield. The results reveal that water deficit negatively affects physiological and agronomic variables and reveals the existence of genotypic variation in the response to this constraint. This highlighted the strong influence of the second water stress on the physiological and agro-morphological responses of the accessions, reflected in a decrease in leaf area, an increase in chlorophyll and a high rate of dead plants compared with the first water stress. In addition, the study also revealed the effect of physiological parameters on the productivity of accessions A12, A45, A93, A105, A146 and A167, which proved efficient in terms of greenness, recovery rate and chlorophyll content, but which experienced a decrease in final productivity due to severe and prolonged stress, owing to their inability to manage light energy (photoinhibition). Similarly, the reduction in leaf cell size under the effect of water stress generated a greater concentration, which becomes harmful when the stress persists.
Based on yield-related elements, root length and water deficit, the study revealed that accessions A161, A108, A106, A1 and A151 proved to be accessions of choice that are tolerant to drought.
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Root length

TR	A1	A102	A105	A106	A108	A109	A122	A143	A145	A151	A16	A161	A172	A47	A6	A77	A88	A174	38.5	20.5	24	28	17	26.75	19	23.25	12.5	17.5	13.5	23.5	13	16	15.5	27.5	10.5	26	


Variables (axes F1 et F2 : 64,59 %)
TP
NF
SF
HUMP
CHLP
VT
CHLS
HUMS
Ngsse
Pgsse
NG
PG
P100
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A164
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A23
A156
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A70
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A49
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A151
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1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	
Similarité

chlorophylle SH1

 CH1P	A1	A2	A3	A4	A5	A6	A7	A8	A9	A10	A11	A12	A13	A14	A15	A16	A17	A18	A19	A20	A21	A22	A23	A24	A25	A26	A27	A28	A29	A30	A31	A32	A33	A34	A35	A36	A37	A38	A39	A40	A41	A42	A43	A44	A45	A46	A47	A48	A49	A50	A52	A53	A54	A55	A56	A57	A58	A59	A60	A61	A62	A63	A64	A65	A66	A67	A68	A69	A70	A71	A72	A73	A74	A75	A76	A77	A78	A79	A80	A81	A82	A83	A84	A85	A86	A87	A88	A89	A90	A91	A92	A93	A94	A95	A96	A97	A98	A99	A100	A101	A102	A103	A105	A106	A107	A108	A109	A110	A111	A112	A113	A114	A115	A116	A117	A119	A120	A121	A122	A123	A124	A125	A126	A127	A128	A129	A130	A131	A132	A133	A134	A135	A136	A137	A138	A139	A140	A141	A142	A143	A144	A145	A146	A147	A148	A149	A150	A151	A152	A153	A154	A155	A156	A157	A158	A159	A160	A161	A162	A163	A164	A165	A166	A167	A168	A169	A170	A171	A172	A173	A174	7.1	10	9.76	10.2667	5.65	15.5	13.1	8.9666700000000006	16.399999999999999	5.45	14.6	13.4	11.35	8.5500000000000007	12.966699999999999	3.05	9.6	6.25	10.7667	12.8	19.05	7.2	5.45	10.199999999999999	14.5	15.466699999999999	6.15	10.7	13.65	7.65	15.4	10.4	6.4333299999999998	4.3	6.35	4.5	8.1999999999999993	10.3	17.45	17.2	14.2667	6	14.05	11.3	13.55	5.45	8.1333300000000008	6.1333299999999999	17.2	10.7	7.05	4.45	11.4	4.5	4.7	6.6	6.2	6.6333299999999999	9.3000000000000007	9.2666699999999995	6.7	7.15	7	20.3	8.4	10.566700000000001	10.199999999999999	7.1	10.7	7.1333299999999999	15.35	10.35	7.15	16.3	8.1	10.65	12.8	9.5666700000000002	8.4499999999999993	3.15	9.9499999999999993	11	13.7	18.5	7.3	4.05	10	14.166700000000001	6.9333299999999998	5.85	16.399999999999999	15.4	10.85	13.2	4.25	2.9	11.25	9.6999999999999993	7	8	5.25	7.8333300000000001	4.8	9.8333300000000001	5	7.2	12.5	6.55	5.4	15	8.3333300000000001	10.5	9.6	8.6999999999999993	7.9	12.85	8.0666700000000002	5.2	9.6	5.3333300000000001	7.0666700000000002	5.7	7.2666700000000004	15.066700000000001	12.1333	4.1500000000000004	14.666700000000001	13.7333	12.7	7.4333299999999998	6.55	12.6	18.45	6.55	12	15.8	5.2	5.3333300000000001	14.45	12.7	6.05	6.3	8.65	11.033300000000001	10.9	7.45	4	3.1	3.9	7.75	6.25	5.65	8.8000000000000007	7.55	8.6666699999999999	9.1999999999999993	15.35	7.65	8.1999999999999993	10.3	10.15	10.6	12.433299999999999	12.3	4.1500000000000004	6.7	9.8000000000000007	3.6	15.35	4.5	5.4	MCHP	A1	A2	A3	A4	A5	A6	A7	A8	A9	A10	A11	A12	A13	A14	A15	A16	A17	A18	A19	A20	A21	A22	A23	A24	A25	A26	A27	A28	A29	A30	A31	A32	A33	A34	A35	A36	A37	A38	A39	A40	A41	A42	A43	A44	A45	A46	A47	A48	A49	A50	A52	A53	A54	A55	A56	A57	A58	A59	A60	A61	A62	A63	A64	A65	A66	A67	A68	A69	A70	A71	A72	A73	A74	A75	A76	A77	A78	A79	A80	A81	A82	A83	A84	A85	A86	A87	A88	A89	A90	A91	A92	A93	A94	A95	A96	A97	A98	A99	A100	A101	A102	A103	A105	A106	A107	A108	A109	A110	A111	A112	A113	A114	A115	A116	A117	A119	A120	A121	A122	A123	A124	A125	A126	A127	A128	A129	A130	A131	A132	A133	A134	A135	A136	A137	A138	A139	A140	A141	A142	A143	A144	A145	A146	A147	A148	A149	A150	A151	A152	A153	A154	A155	A156	A157	A158	A159	A160	A161	A162	A163	A164	A165	A166	A167	A168	A169	A170	A171	A172	A173	A174	8.0500000000000007	6.3666700000000001	8.9999850000000006	10.116685	7.95	5.3250000000000002	10.183335	9.1999849999999999	4.3333349999999999	12.225	11.074999999999999	10.833335	8.8999999999999986	18.05	11.25	9.5749999999999993	9.4499999999999993	9.0249999999999986	8.0500000000000007	8.6499999999999986	3.5750000000000002	8.25	2.4249999999999998	7.3833349999999998	9.6833500000000008	11.466650000000001	12.35	12.55	10.524999999999999	10.425000000000001	6.6666650000000001	10.141665	7.8916500000000003	6.375	11.8	11.95	10.725	13.03335	19.274999999999999	10.083349999999999	8.1833349999999996	7.6749999999999998	7.3	4.0750000000000002	5.125	6.125	10	12.883299999999998	10.216664999999999	10.399984999999999	7.6749999999999998	9.0500000000000007	9.85	7.2249999999999996	12.15	8.65	9.9750000000000014	8.6333350000000006	11.816649999999999	7.6999999999999993	8.9499999999999993	7.4499999999999993	7.4499849999999999	11.425000000000001	15.2	12.316700000000001	13.025	10.675000000000001	11.55	7.6666650000000001	9.3249999999999993	6.2750000000000004	6.4	6.0250000000000004	5.7249999999999996	10.95	8.9499999999999993	10.083314999999999	7.9250000000000007	10.55	12.4	13.074999999999999	9.1999849999999999	7.05	11.700000000000001	10.6	5.9250000000000007	7.0333299999999994	9.8083349999999996	12.824999999999999	8.7750000000000004	12.5	17.475000000000001	8.7249999999999996	7.35	14.6	13.775	13.883299999999998	16.024999999999999	4.8	5.0750000000000002	7.4833350000000003	4.0999999999999996	8.3249999999999993	6.9666650000000008	8.7333350000000003	6.0250000000000004	7.2	11.175000000000001	8.9083500000000004	10.258334999999999	7.0166700000000004	10.566649999999999	8.1333300000000008	5.8000000000000007	3.1749999999999998	10.15	12.85	11.475	5.9749999999999996	10.399985000000001	7.7666699999999995	8.6833349999999996	8.35	9.4666499999999996	7.0166649999999997	8.5	12.683350000000001	12.3	15.7	8.3333300000000001	6.6	16.425000000000001	11.3	8.375	2.6	7.4916649999999994	12.525	5.7833299999999994	5.375	14.65	8.625	6.5749999999999993	4.25	11.266685000000001	6.1749999999999998	10.774999999999999	7.5083349999999998	9.4749999999999996	7.8	22.924999999999997	8.7250000000000014	8.4749999999999996	6.65	12.35	7.5083500000000001	8.4499999999999993	8.7249999999999996	7.4	9.125	11	10.875	11.350015000000001	12.625	10.1	6.1833349999999996	8.8000000000000007	6.5	13.55	9.65	14.774999999999999	



Chlorophylle SH2
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water stress 1

NP SEC	NPSURVECU	24	498	


water stress 2

NP SEC	NPSURVECU	440	58	


