


Identification of drought tolerant chickpea genotypes under simulated drought


Abstract
  Chickpea (Cicer arietinum L.) is one of the most important legumes crops worldwide, with high protein content. Chickpea productivity is highly threatened by abiotic stresses, of which drought exerts the most crucial role in terms of growth inhibition and yield losses encountered. Since germination is a critical stage that is negatively affected by drought, an experiment was conducted to estimate the genotypic variability among 27 chickpea genotypes and to determine the seed germination and seedling growth ability under water stress conditions. Seeds were subjected to water stress by using polyethylene glycol (PEG-6000) at five stress levels (0, 5, 10, 15 and 20 % PEG). Among the genotype DIBG 205 (94.50 %) recorded highest germination percentage compared to other genotypes.  Root length recorded was highest in ICCV 4958 (18.48 cm) under 10% PEG -6000 and decreased with increase in osmotic stress. Drought significantly affected germination as well as all other associated traits with the effects of stress being analogous to the stress level applied. Seedling vigour index is a suitable selection criterion for drought tolerance, high seedling vigour index was observed in DIBG 205 and ICCV 4958 showing increased drought tolerance at high stress level, whereas low seedling vigour index was recorded in ICCV 201217 and ICCV 201116 indicating their possible exploitation as valuable genetic material for further breeding programs for drought tolerance.
Introduction
Chickpea (Cicer arietinum L.) is a self-pollinated, cool season leguminous crop and it belongs to the  “Fabaceae" family. It is also known as bengalBengal gram, Cchhana or Eegyptian pea (Humos) and is one of the earliest cultivated legumes. Chickpea is the third most important pulse crop globally, after common bean and pea. Globally it is grown on a 159.66 lakh ha area, with a total production of 182.25 lakh tonnes (Anon., 2022) and an average productivity of 1356 kg/ha. According to India stat STAT (MOAFW), in the year 2021–2022,. Madhya Pradesh stands first place in area production productivity in chickpea followed by Maharashtra (Anon., 2022). Chickpea is a good source of protein with significant amounts of all the essential amino acids. Starch is the major storage carbohydrate for simple sugars like glucose and sucrose. Though chickpea has a low lipid content, it is rich in nutritionally important unsaturated fatty acids. Chickpea is also a good source of nutrients like calcium, magnesium, phosphorus, and especially potassium. 
Chickpea productivity is restricted by a number of abiotic and biotic variables. Drought is the most significant abiotic constraint on chickpea production. The availability of soil moisture decreases over time during a terminal drought, potentially resulting in severe drought stress later in crop development. Chickpeas are suffering from terminal drought stress due to its cultivation on marginal terrain. (Martignago et al., 2020).
Low moisture availability at sowing stage adversely affects germination and seedling establishment (Hassan et al., 2023a). Considering the ongoing climate change as well as the gradual decline of available water resources, research efforts towards developing of drought tolerant germplasm is of paramount importance (Khalil et al., 2022). Breeding for drought tolerance by evaluation of yield performance under water-deficit stress conditions in the field is a difficult procedure due to the difficulties both in terms of obtaining homogeneous stress conditions and identifying drought tolerant genotypes  (Shaheen and Hood-Nowotny, 2005) is rather slow and laborious. As an alternative, Richards (1978) marked germination phase as the most sensitive stage in chickpea lifecycle and proposed that screening at this phase brings suitable genotype for drought tolerance. Further, seedling vigour index, which combines seed germination rate with seedling length is a suitable index for selecting drought tolerance at germination (Siahsar et al., 2010). In vitro screening finds an alternative method that is useful over the traditional approaches as it is reliable and time-effective. In this method, stress is induced through the use of osmotic solutions, among which Polyethylene glycol (PEG) has proven as potential source (Hassan et al., 2023b). PEG is capable of imposing water stress by decreasing the osmotic potential without entering into the plant cells (Rai et al., 2011). The objective of this experiment was to study the effect of PEG-induced drought stress in germination and seedling vigour index as parameters for screening chickpea genotypes in selecting drought tolerance which could to be employed for breeding purposes or for commercial use.	Comment by Zienab Ahmed: Hassan, F.E.; Alyafei, M.A.S.; Kurup, S.; Jaleel, A.; Al Busaidi, N.; Ahmed, Z.F.R. (2023) Effective Priming Techniques to Enhance Ghaf (Prosopis cineraria L. Druce) Seed Germination for Mass Planting. Horticulturae 9, 542.	Comment by Zienab Ahmed: Khalil, H; ZFR Ahmed (2022) Salicylic Acid Mitigates the Adverse Effects of Salinity Stress on Pomegranate (Punica granatum L. cv. Wonderful) by Activating the Antioxidant Enzymatic Mechanism, Protecting Morphological Structure, and Regulating Lipid Peroxidation Level. Horticulturea. 8(5), 375.	Comment by Zienab Ahmed: Hassan, F.A., Alshamsi, A.S.M., Alyafei, M.A.S., Kurup, S., Al Busaidi, N. and Ahmed, Z.F.R. (2023). Enhancing germination of ghaf seeds (Prosopis cineraria L.) using sulfuric acid scarification and cytokinin. Acta Hortic. 1365, 39-44

Materials and methodology
The germination study conducted in seed unit laboratory, Department of seed science and technology, UAS, Dharwad. During (2021). The experimental application of poly ethylene glycol (PEG) has proven its ability to mimic drought stress conditions by generating osmotic stress, resulting in a decrease in plant water potential. In order to assess the response of chickpea genotypes across different PEG concentrations, twenty- seven chickpea genotypes were characterized under four osmotic stress condition by subjecting the seeds of chickpea genotypes to polyethylene glycol treatments along with control Viz., 0% (Control) ,5% (-0.05 MPa),10% (-0.148 MPa),15% (-0.295 MPa) and 20% (-0.491 MPa). This experiment aids in analyzing the germination percentage and seedling growth behaviour of all the examined chickpea genotypes across various osmotic stress levels. Based on the performance displayed by these genotypes, fifteen specific chickpea genotypes were chosen for further field evaluation. The concentrations of PEG-6000 required to obtaining these values were determined by using the equation of Michel and Kaufmann (1973). The experiment was laid out in a completely randomized design (CRD) with two replications.
Ψs = - (1.18 × 10–2) C - (1.18 × 10–4) C2 + (2.67 × 10–4) CT + (8.39 × 10–7) C2T,
   Where Ψs = osmotic potential (MPa) 
 	  C = concentration (g L–1 PEG in water)
   T = temperature (ºC).
[bookmark: _Hlk142811144]JG-11, BGD 111-1, BGD 103, BGD 133, BGD 138, BGD 1536, BGD 225, BGD 7050, BGD 163, ICCV 191608, DBGV 213, ICCV 191102, DBGV 210, ICCV 19113, ICCV 21204, I CCV 19110, JAKI 9218 , ICCV 4958, ICCV 20121, A-1, DBGV 204, SA 1, NBeG 506, DIBG 205, DBGV 206, ICCV 201111 and ICCV 201116.
[bookmark: _Hlk147653453]Chickpea seeds were surface sterilized using sodium hypochlorite solution (2%, v/v) for 5 minutes. After that, seeds were treated with various concentrations of polyethylene glycol 6000 (PEG 6000). Distilled water was employed as a control. Two sets of 50 seeds from each genotype were evenly distributed across two Germitest® germination paper sheets. These sheets were soaked with different PEG solutions in an amount equal to 2.5 times the paper's dried mass, and then rolled. These rolls were subsequently sealed in plastic containers to prevent evaporation and maintain a humidity level close to 100 per cent. The germination trials were carried out in a germinator, maintaining a constant temperature of 25 °C (within the range of 24-26 °C) with adequate lighting. Seeds were considered germinated when the radicle length exceeded 1.0 mm, in accordance with Koskosidis et al. (2020). The data were recorded 15 days after germination of treated chickpea seeds. The following section provides a detailed description of the observations that were recorded during germination study.
Observation recorded is seed germination, Shoot length, Root length and Seedling dry weight on the 15 th day after the germination test 
Seed germination (%): 
	Germination percentage (%) =
	Number of normal seedlings
	 100

	
	Number of seeds put for germination
	


Seedling vigour indices
[bookmark: _Hlk147653514]The seedling vigour indices viz, seedling vigour index I and seedling vigour index II was calculated by adopting the method as suggested by Abdul and Anderson (1973) and expressed in number by using following formula. 
Seedling vigour index I (SVI I) = Germination percentage (%) × Seedling length (cm)
Seedling vigour index II (SVI II) = Germination percentage (%) × Seedling dry weight (g)
Results and discussion
Germination percentage (%)
Germination is one of the most critical and important stage, as it is directly correlated with seedling establishment and early growth (Kaydan and Yagmur, 2008) and also a suitable criterion for screening drought tolerance. Among PEG concentrations, the maximum mean germination percentage (85.36 %) was recorded in control 0% PEG. And least germination was recorded at 20% PEG concentration. The maximum germination percentage was recorded in DIBG 205 (94.50 %) in control. And lowest germination percentage was recorded in ICCV 201217 (79.25 %), with an increase in osmotic stress condition, there was a decrease in germination percentage. However, Zero germination recorded occurred with increasing osmotic stress under 20 % PEG in ICCV 201217 and ICCV 201204 genotypes. DIBG 205 recorded the highest germination percentage across all the PEG concentrations among all the genotypes. Similar results were obtained by Yucel et al. (2010) who studied response of chickpea to drought stress by PEG and also recorded no germination at -0.8 Mpa for chickpea and it was proposed as the threshold osmotic potential
Shoot length (cm)
 The highest shoot length was recorded in control compared to other PEG concentrations. Shoot length decreased as the concentration of PEG increased and the mean shoot length under 0% PEG was 16.85cm and decreased under 5, 10, 15 and 20 % PEG (15.69, 13.11, 10.38 and 7.84 cm respectively). Among the genotypes, the mean highest shoot length was recorded in DBGV 206 (22.26 cm) in control (0% PEG). And lowest shoot length was recorded in BGD 163(11.90 cm). Decreased osmotic potential leads to a more drastic inhibition of shoot tissue elongation and the similar findings were observed by Jamaati et al. (2011). Shoot length was major factor which was affected more under osmotic stress, dDecreased osmotic potential leads to a more drastic inhibition of shoot tissue elongation and the similar findings were observed by Jamaati et al. (2011).
Root length (cm)
[bookmark: _Hlk142802378][bookmark: _Hlk142802434][bookmark: _Hlk142802926][bookmark: _Hlk142802550]Mean root length was recorded highest in 10% PEG treatment (12.91 cm) compare to the control 0% PEG (10.54 cm). Among the genotypes under 10% PEG treatment, the highest root length was recorded in ICCV 4958 (18.48 cm) had recorded highest root length and the mean lowest root length recorded under 10% PEG treatment are BGD 7050 (9.48 cm), Among all the PEG concentration mean highest root length recorded in ICCV 4958 and DIBG 205 (15.79 and 15.23 cm ) ICCV 201116 and  ICCV 201217 (6.59 and 6.67 cm) recorded lowest root length. In the highest osmotic stress condition at 20% PEG, genotypes ICCV 4958 had showed less reduction in root length . Similar findings were observed by Babu et al. (2014) who worked on cotton with five different concentration and high root length was recorded in 10% PEG (-0.148). The increased root length might be due to the factor that under water stress, the plant partitioned more photosynthates for the growth of roots rather than shoots.
Seedling dry weight
Mean highest seedling dry weight recorded highest in control 0% PEG 1.38 g and the lowest recorded in 20% PEG treatment 0.60g. Among the treatments highest seedling dry weight recorded in DIBG 205 (1.82 g) and lowest was recorded in ICCV 201217 (1.06g) similarly high level of PEG concentration DIBG 205 recorded highest seedling dry weight lowest seedling dry weight recorded in NBeG 506. The decrease could be due to the damage caused to meristem cells of root and shoot by drought which disrupted the cell division and elongation process. Another possible reason might be that lowered water absorption by cells under drought conditions decreased the turgor pressure of cells which accelerated the growth retardation (Hellal et al., 2018).
Seedling vigour index I and II
[bookmark: _Hlk142820753][bookmark: _Hlk142820688][bookmark: _Hlk142821151]Mean seedling vigour index I was recorded highest in control, 0% PEG (2369.84), and the lowest (847.70) recorded in high osmotic stress (20% PEG). Seedling vigour index I showed less reduction in 5% PEG concentration (2239.39) compared to control and seedling vigour index I decreased with increase in osmotic stress concentration. Among the genotypes, in control (0% PEG) ICCV 4958 (3548.86), recorded the highest seedling vigour index I. And lowest recorded in ICCV 201217 (1550.92). Seedling vigour index II was recorded in ICCV 201116 and ICCV 201217 (978.09 and 1005.60). The vigour index decreased with the increase in osmotic levels. Significantly higher mean vigour index II was exhibited under control 0% PEG (118.91) and lowest in 20% (32.95). Among the genotypes, the highest were recorded in control (0% PEG) DIBG 205 (171.99). The lowest seedling vigour index was recorded in ICCV 201217 (84.01). 


Table 1: Effect of osmotic stress using different level of PEG on seed germination percentage (%) in chickpea genotypes	Comment by Zienab Ahmed: Add the statistical analysis letter to show the differences if it is significant or not
	Genotypes
	Germination percentage (%)

	
	0%PEG
(Control)
	5 % PEG
	10 % PEG
	15 % PEG
	20% PEG
	Mean

	JG-11
	90.65
	88.25
	86.50
	79.50
	63.25
	[bookmark: _Hlk142761113]81.63

	BGD 111-1
	87.25
	83.75
	83.00
	75.50
	57.25
	77.35

	BGD 103
	85.75
	85.75
	81.00
	72.75
	54.25
	75.90

	BGD 133
	84.50
	81.00
	79.25
	72.75
	53.00
	74.10

	BGD 138
	83.25
	78.00
	75.50
	72.25
	48.00
	71.40

	BGD 1536
	82.25
	78.75
	75.00
	70.25
	45.00
	70.25

	BGD 225
	86.75
	83.75
	80.25
	73.00
	54.50
	75.65

	[bookmark: _Hlk142761190]BGD 7050
	82.25
	77.50
	75.50
	68.00
	36.00
	[bookmark: _Hlk142761201]67.85

	[bookmark: _Hlk142770136][bookmark: _Hlk142760359]BGD 163
	[bookmark: _Hlk142760380]81.25
	77.75
	70.60
	52.25
	0.00
	[bookmark: _Hlk142761165]56.37

	ICCV 191608
	89.25
	85.25
	84.00
	76.25
	56.50
	78.25

	DBGV 213
	81.25
	78.50
	78.25
	69.00
	52.25
	71.85

	ICCV 191102
	82.25
	78.75
	76.25
	65.25
	49.25
	70.35

	DBGV 210
	82.50
	80.75
	77.75
	69.25
	51.25
	72.30

	ICCV 19113
	82.25
	78.75
	79.25
	71.75
	46.50
	71.70

	ICCV 201204
	80.25
	76.00
	70.50
	51.50
	0.00
	[bookmark: _Hlk142761157]55.65

	[bookmark: _Hlk142770034]ICCV 191106
	85.25
	80.25
	79.25
	69.75
	52.50
	73.40

	JAKI-9218
	86.25
	84.75
	82.50
	75.50
	64.50
	78.70

	[bookmark: _Hlk142760203]ICCV 4958
	92.18
	91.75
	90.25
	83.00
	61.50
	83.75

	ICCV 201217
	79.25
	75.75
	67.50
	47.00
	0.00
	[bookmark: _Hlk142761139]53.90

	[bookmark: _Hlk142760660]A-1
	92.25
	90.75
	87.75
	78.50
	58.50
	[bookmark: _Hlk142761126]81.55

	DBGV 204
	84.25
	79.75
	70.50
	63.00
	44.50
	68.40

	SA 1
	85.40
	82.25
	80.25
	71.00
	52.50
	74.28

	NBeG 506
	91.70
	90.50
	90.25
	81.00
	59.50
	82.59

	[bookmark: _Hlk142761414]DIBG 205
	94.50
	92.75
	91.25
	82.25
	63.55
	84.85

	DBGV 206
	90.15
	88.25
	86.50
	79.00
	63.50
	81.48

	ICCV 201111
	82.30
	80.23
	78.53
	70.24
	64.32
	75.12

	ICCV 201116
	79.50
	76.00
	69.60
	47.50
	0.00
	54.52

	Mean
	85.36
	82.36
	79.24
	69.60
	45.96
	




Table 2: Effect of osmotic stress using different level of PEG on shoot length (cm) inof chickpea genotypes 
	Genotypes
	Shoot length (cm)

	
	0% PEG
(Control)
	
5 % PEG
	10 % PEG
	15 % PEG
	20% PEG
	Mean

	
	
	
	
	
	
	
	

	JG-11
	20.00
	19.50	Comment by Zienab Ahmed: Same here about the statistical letters
	16.70
	13.25
	11.26
	16.14
	

	BGD 111-1
	20.65
	19.05
	16.85
	12.45
	10.60
	15.92
	

	BGD 103
	18.75
	17.60
	14.30
	11.50
	10.02
	14.43
	

	BGD 133
	17.40
	16.65
	13.65
	9.75
	9.50
	13.39
	

	BGD 138
	13.15
	12.65
	9.85
	7.40
	7.50
	10.11
	

	[bookmark: _Hlk142770210]BGD 1536
	13.40
	12.65
	9.25
	7.05
	6.65
	9.80
	

	BGD 225
	18.65
	16.75
	13.35
	11.70
	10.45
	14.18
	

	[bookmark: _Hlk142770194]BGD 7050
	13.10
	11.80
	9.45
	6.45
	6.12
	9.38
	

	[bookmark: _Hlk142811323]BGD 163
	11.90
	11.55
	8.75
	6.20
	0.00
	[bookmark: _Hlk142811806]7.68
	

	ICCV 191608
	18.90
	16.55
	14.05
	10.85
	9.50
	13.97
	

	DBGV 213
	13.05
	11.80
	11.60
	9.05
	7.55
	10.61
	

	[bookmark: _Hlk142770268][bookmark: _Hlk142811267]ICCV 191102
	12.35
	11.35
	9.35
	6.80
	6.71
	9.31
	

	[bookmark: _Hlk142770246]DBGV 210
	13.75
	11.80
	9.35
	8.25
	6.95
	10.02
	

	[bookmark: _Hlk142811824][bookmark: _Hlk142811367]ICCV 19113
	11.95
	10.86
	8.80
	8.10
	7.12
	[bookmark: _Hlk142811832]9.37
	

	[bookmark: _Hlk142811541]ICCV 201204
	13.85
	11.85
	9.30
	6.40
	0.00
	8.28
	

	ICCV 191106
	19.35
	18.15
	14.80
	12.15
	9.23
	14.74
	

	JAKI-9218
	18.75
	17.60
	15.15
	11.10
	10.65
	14.65
	

	ICCV 4958
	22.10
	20.65
	17.80
	14.23
	10.23
	[bookmark: _Hlk142811666]17.00
	

	[bookmark: _Hlk142811344]ICCV 201217
	11.92
	11.60
	8.95
	6.90
	0.00
	[bookmark: _Hlk142811788]7.87
	

	[bookmark: _Hlk142811683]A-1
	20.15
	20.15
	17.45
	16.30
	10.65
	[bookmark: _Hlk142811690]16.94
	

	DBGV 204
	14.95
	13.10
	10.35
	8.90
	7.00
	10.86
	

	SA 1
	21.10
	20.80
	18.65
	14.80
	11.35
	17.34
	

	NBeG 506
	20.85
	19.45
	16.10
	12.60
	9.75
	15.75
	

	[bookmark: _Hlk142811633]DIBG 205
	21.00
	19.45
	18.35
	15.40
	11.45
	[bookmark: _Hlk142811641]17.13
	

	DBGV 206
	22.26
	22.25
	18.50
	14.55
	11.95
	[bookmark: _Hlk142811621]17.90
	

	[bookmark: _Hlk142811167]ICCV 201111
	19.63
	17.23
	15.21
	12.32
	9.51
	14.78
	

	[bookmark: _Hlk142769890]ICCV 201116
	12.05
	10.70
	7.95
	5.90
	0.00
	[bookmark: _Hlk142811771]7.32
	

	Mean
	16.85
	15.69
	13.11
	10.38
	7.84
	
	





Table 3: Effect of osmotic stress using different level of PEG on root length of (cm) in chickpea genotypes
	Genotypes
	Root length (cm)

	
	0% PEG (Control)
	5 % PEG
	10 % PEG
	15 % PEG
	20% PEG
	Mean

	
	
	
	
	
	
	

	JG-11
	13.30
	14.41
	16.25
	12.00
	11.20
	13.43

	BGD 111-1
	12.85
	13.07
	15.30
	11.05
	10.30
	12.51

	BGD 103
	12.00
	12.45
	13.46
	10.85
	9.12
	11.58

	BGD 133
	10.13
	10.89
	11.51
	9.75
	8.52
	10.16

	BGD 138
	8.28
	9.72
	10.30
	7.99
	7.36
	8.73

	BGD 1536
	8.25
	8.51
	10.65
	7.85
	7.13
	8.48

	BGD 225
	11.15
	12.07
	13.37
	9.25
	9.02
	10.97

	[bookmark: _Hlk142812439]BGD 7050
	7.50
	8.24
	9.48
	6.45
	6.00
	7.53

	BGD 163
	8.38
	8.54
	10.95
	6.20
	0.00
	[bookmark: _Hlk142815842]6.81

	ICCV 191608
	9.30
	10.09
	13.18
	9.10
	8.23
	9.98

	[bookmark: _Hlk142812467]DBGV 213
	8.27
	9.15
	10.48
	7.70
	7.20
	8.56

	[bookmark: _Hlk142816371]ICCV 191102
	8.00
	8.02
	11.00
	7.40
	7.12
	8.31

	DBGV 210
	10.25
	10.24
	11.87
	9.75
	9.03
	10.23

	ICCV 19113
	7.33
	9.05
	11.01
	6.65
	6.15
	8.04

	[bookmark: _Hlk142815809][bookmark: _Hlk142802993]ICCV 201204
	9.22
	9.30
	10.98
	5.95
	0.00
	[bookmark: _Hlk142815858]7.09

	ICCV 191106
	11.30
	11.30
	12.23
	10.05
	10.02
	10.98

	JAKI-9218
	9.11
	11.05
	12.81
	8.05
	7.80
	9.76

	[bookmark: _Hlk142815543]ICCV 4958
	16.37
	16.65
	18.48
	14.23
	[bookmark: _Hlk142816192]13.24
	[bookmark: _Hlk142815669]15.79

	ICCV 201217
	7.67
	8.26
	11.00
	6.42
	0.00
	[bookmark: _Hlk142815830]6.67

	A-1
	13.04
	14.29
	16.02
	12.42
	[bookmark: _Hlk142816213]12.63
	[bookmark: _Hlk142815700]13.68

	[bookmark: _Hlk142816285]DBGV 204
	9.62
	10.08
	12.12
	7.23
	7.05
	9.22

	SA 1
	9.15
	9.26
	12.90
	8.30
	7.15
	9.35

	NBeG 506
	9.11
	9.02
	13.89
	8.20
	7.65
	9.57

	DIBG 205
	16.07
	16.13
	[bookmark: _Hlk142812313]17.51
	14.32
	[bookmark: _Hlk142816224]12.14
	[bookmark: _Hlk142815677]15.23

	[bookmark: _Hlk142815621]DBGV 206
	14.23
	14.79
	15.20
	13.15
	11.25
	[bookmark: _Hlk142815692]13.72

	[bookmark: _Hlk142802851]ICCV 201111
	13.21
	14.23
	16.00
	11.13
	8.21
	12.56

	ICCV 201116
	7.95
	8.17
	10.60
	6.21
	0.00
	[bookmark: _Hlk142815820]6.59

	Mean
	[bookmark: _Hlk142812084]10.54
	[bookmark: _Hlk142812102]11.04
	12.91
	9.17
	7.54
	





Table 4: Effect of osmotic stress using different level of PEG on seedling dry weight (g) inof chickpea genotypes
	Genotypes
	Seedling dry weight (g)

	
	0%PEG
(Control)
	5 % PEG
	10 % PEG
	15 % PEG
	20% PEG
	Mean

	
	
	
	
	
	
	

	JG-11
	1.63
	1.59
	1.47
	1.41
	0.75
	1.37

	BGD 111-1
	1.60
	1.51
	1.50
	1.41
	0.94
	1.39

	[bookmark: _Hlk142818141]BGD 103
	1.57
	1.51
	1.49
	1.40
	1.05
	1.40

	BGD 133
	1.35
	1.33
	1.24
	1.26
	0.86
	1.21

	BGD 138
	1.26
	1.21
	1.15
	1.02
	0.68
	1.06

	[bookmark: _Hlk142817091]BGD 1536
	1.16
	1.12
	1.05
	0.92
	0.64
	0.98

	BGD 225
	1.33
	1.30
	1.28
	1.20
	0.89
	1.20

	BGD 7050
	1.18
	1.13
	1.11
	0.77
	0.67
	0.97

	[bookmark: _Hlk142818513]BGD 163
	1.26
	1.12
	1.09
	0.72
	0.00
	0.84

	ICCV 191608
	1.30
	1.28
	1.25
	1.19
	0.57
	1.12

	DBGV 213
	1.29
	1.16
	1.12
	0.69
	0.53
	0.96

	[bookmark: _Hlk142817936]ICCV 191102
	1.22
	1.17
	1.05
	0.79
	0.51
	0.95

	DBGV 210
	1.18
	1.11
	1.04
	0.70
	0.62
	0.93

	[bookmark: _Hlk142817878]ICCV 19113
	1.21
	1.19
	1.04
	0.74
	0.44
	0.92

	[bookmark: _Hlk142818499]ICCV 201204
	1.22
	1.05
	1.02
	0.75
	0.00
	0.81

	[bookmark: _Hlk142817845]ICCV 191106
	1.44
	1.34
	1.22
	0.98
	0.37
	1.07

	JAKI-9218
	1.56
	1.45
	1.39
	1.31
	0.82
	1.31

	ICCV 4958
	1.67
	1.61
	1.57
	1.49
	0.90
	1.45

	ICCV 201217
	1.06
	0.94
	0.84
	0.58
	0.00
	0.68

	A-1
	1.51
	1.49
	1.29
	0.93
	0.83
	1.21

	[bookmark: _Hlk142817797]DBGV 204
	1.30
	1.20
	1.19
	0.92
	0.51
	1.02

	SA 1
	1.51
	1.35
	1.23
	1.06
	0.71
	1.17

	[bookmark: _Hlk142817829]NBeG 506
	1.55
	1.42
	1.30
	0.97
	0.37
	1.12

	DIBG 205
	1.82
	1.74
	1.63
	1.59
	1.12
	1.58

	[bookmark: _Hlk142816956]DBGV 206
	1.81
	1.77
	1.50
	1.13
	0.72
	1.39

	ICCV 201111
	1.42
	1.23
	1.00
	0.95
	0.64
	1.05

	ICCV 201116
	1.14
	1.07
	0.92
	0.66
	0.00
	0.76

	Mean
	1.38
	1.31
	1.22
	1.02
	0.60
	





Figure 1: Graphical representation of effect of osmotic stress using different level of PEG  on seedling vigour index I in Chickpea genotypes	Comment by Zienab Ahmed: Add the standard error on the bars to show the differences	Comment by Zienab Ahmed: The figure caption goes under the figure, same for all figuers
SVI I
Genotypes

Figure 2: Graphical representation of effect of osmotic stress on seedling vigour index II in Chickpea genotypes
Genotypes
SVI II

Conclusion
In conclusion, keeping in view the above stated research finding it can be concluded that the two chickpea genotypes DIBG 205 and ICCV 4958 performed better under drought conditions and hence can be declared as drought tolerant while ICCV201117 and ICCV201116 genotypes of chickpea were regarded drought sensitive. Selection can be made on the basis of these characters at early growth stage to screen a large population for drought stress. It would be cost effective, less time consuming and less laborious to screen the germplasm at early growth stage. 
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Treatment 0% PEG	JG-11	BGD 111-1	BGD 103	BGD 133	BGD 138	BGD 1536	BGD 225	BGD 7050	BGD 163	ICCV 191608	DBGV 213	ICCV 191102	DBGV 210	ICCV 19113	ICCV 201204	ICCV 191106	JAKI-9218	ICCV 4958	ICCV 201217	A-1	DBGV 204	SA 1	NBeG 506	DIBG 205	DBGV 206	ICCV 201111	ICCV 201116	0	3018.65	2922.88	2636.81	2326.29	1784.05	1780.71	2585.15	1694.35	1647.75	2516.85	1732.25	1673.79	1980	1585.78	1851.37	2612.91	2402.9299999999998	3548.86	1550.92	3061.78	2070.02	2583.35	2747.33	3503.12	3289.57	2702.73	1590	Treatment 5 % PEG	JG-11	BGD 111-1	BGD 103	BGD 133	BGD 138	BGD 1536	BGD 225	BGD 7050	BGD 163	ICCV 191608	DBGV 213	ICCV 191102	DBGV 210	ICCV 19113	ICCV 201204	ICCV 191106	JAKI-9218	ICCV 4958	ICCV 201217	A-1	DBGV 204	SA 1	NBeG 506	DIBG 205	DBGV 206	ICCV 201111	ICCV 201116	2992.56	2690.05	2576.79	2230.7399999999998	1744.86	1666.35	2413.6799999999998	1553.1	1562	2271.06	1644.58	1525.39	1779.73	1567.91	1607.4	2363.36	2428.09	3422.28	1504.4	3125.43	1848.61	2472.44	2576.54	3300.05	3268.78	2524.04	1434.12	Treatment 10% PEG	JG-11	BGD 111-1	BGD 103	BGD 133	BGD 138	BGD 1536	BGD 225	BGD 7050	BGD 163	ICCV 191608	DBGV 213	ICCV 191102	DBGV 210	ICCV 19113	ICCV 201204	ICCV 191106	JAKI-9218	ICCV 4958	ICCV 201217	A-1	DBGV 204	SA 1	NBeG 506	DIBG 205	DBGV 206	ICCV 201111	ICCV 201116	2850.18	2668.45	2248.56	1993.93	1521.33	1492.5	2144.2800000000002	1429.22	1390.82	2287.3200000000002	1727.76	1551.69	1649.86	1569.94	1429.74	2142.13	2306.6999999999998	3274.27	1346.63	2936.99	1584.14	2531.89	2706.6	3272.23	2915.05	2450.92	1291.08	Treatment 15 % PEG	JG-11	BGD 111-1	BGD 103	BGD 133	BGD 138	BGD 1536	BGD 225	BGD 7050	BGD 163	ICCV 191608	DBGV 213	ICCV 191102	DBGV 210	ICCV 19113	ICCV 201204	ICCV 191106	JAKI-9218	ICCV 4958	ICCV 201217	A-1	DBGV 204	SA 1	NBeG 506	DIBG 205	DBGV 206	ICCV 201111	ICCV 201116	2007.38	1774.25	1625.96	1418.63	1111.93	1046.73	1529.35	877.2	647.9	1521.19	1155.75	926.55	1246.5	1058.31	636.03	1548.45	1445.83	2362.1799999999998	626.04	2254.52	1016.19	1640.1	1684.8	2444.4699999999998	2188.3000000000002	1647.13	575.23	Treatment 20% PEG	JG-11	BGD 111-1	BGD 103	BGD 133	BGD 138	BGD 1536	BGD 225	BGD 7050	BGD 163	ICCV 191608	DBGV 213	ICCV 191102	DBGV 210	ICCV 19113	ICCV 201204	ICCV 191106	JAKI-9218	ICCV 4958	ICCV 201217	A-1	DBGV 204	SA 1	NBeG 506	DIBG 205	DBGV 206	ICCV 201111	ICCV 201116	1420.6	1196.53	1038.3499999999999	955.06	713.28	620.1	1061.1199999999999	436.32	0	1001.75	770.69	681.13	818.98	617.05999999999995	0	1010.63	1190.03	1443.41	0	1361.88	625.23	971.25	1035.3	1497.97	1473.2	1139.75	0	
0% PEG	JG-11	BGD 111-1	BGD 103	BGD 133	BGD 138	BGD 1536	BGD 225	BGD 7050	BGD 163	ICCV 191608	DBGV 213	ICCV 191102	DBGV 210	ICCV 19113	ICCV 201204	ICCV 191106	JAKI-9218	ICCV 4958	ICCV 201217	A-1	DBGV 204	SA 1	NBeG 506	DIBG 205	DBGV 206	ICCV 201111	ICCV 201116	0	139.6	134.63	114.08	104.9	95.41	115.38	97.06	102.38	116.03	104.81	100.35	97.35	99.52	97.91	122.76	134.55000000000001	154.06	84.01	139.30000000000001	109.53	128.94999999999999	142.13999999999999	171.99	163.16999999999999	116.87	90.63	5 % PEG	JG-11	BGD 111-1	BGD 103	BGD 133	BGD 138	BGD 1536	BGD 225	BGD 7050	BGD 163	ICCV 191608	DBGV 213	ICCV 191102	DBGV 210	ICCV 19113	ICCV 201204	ICCV 191106	JAKI-9218	ICCV 4958	ICCV 201217	A-1	DBGV 204	SA 1	NBeG 506	DIBG 205	DBGV 206	ICCV 201111	ICCV 201116	126.46	129.47999999999999	107.73	94.38	88.2	108.88	87.58	87.08	109.12	91.06	92.14	89.63	93.71	79.8	107.54	122.89	147.72	71.209999999999994	135.22	95.7	111.04	128.51	161.38999999999999	156.19999999999999	98.68	81.319999999999993	10% PEG	JG-11	BGD 111-1	BGD 103	BGD 133	BGD 138	BGD 1536	BGD 225	BGD 7050	BGD 163	ICCV 191608	DBGV 213	ICCV 191102	DBGV 210	ICCV 19113	ICCV 201204	ICCV 191106	JAKI-9218	ICCV 4958	ICCV 201217	A-1	DBGV 204	SA 1	NBeG 506	DIBG 205	DBGV 206	ICCV 201111	ICCV 201116	124.5	120.69	98.27	86.83	78.75	102.72	83.81	76.95	105	87.64	80.06	80.86	82.42	71.91	96.69	114.68	141.69	56.7	113.2	83.9	98.71	117.33	148.74	129.75	78.53	64.03	15 % PEG	JG-11	BGD 111-1	BGD 103	BGD 133	BGD 138	BGD 1536	BGD 225	BGD 7050	BGD 163	ICCV 191608	DBGV 213	ICCV 191102	DBGV 210	ICCV 19113	ICCV 201204	ICCV 191106	JAKI-9218	ICCV 4958	ICCV 201217	A-1	DBGV 204	SA 1	NBeG 506	DIBG 205	DBGV 206	ICCV 201111	ICCV 201116	106.46	101.85	91.67	73.7	64.63	87.6	52.36	37.619999999999997	90.74	47.61	51.55	48.48	53.1	38.630000000000003	68.36	98.91	123.67	27.26	73.010000000000005	57.96	75.260000000000005	78.569999999999993	130.78	89.27	66.73	31.35	20% PEG	JG-11	BGD 111-1	BGD 103	BGD 133	BGD 138	BGD 1536	BGD 225	BGD 7050	BGD 163	ICCV 191608	DBGV 213	ICCV 191102	DBGV 210	ICCV 19113	ICCV 201204	ICCV 191106	JAKI-9218	ICCV 4958	ICCV 201217	A-1	DBGV 204	SA 1	NBeG 506	DIBG 205	DBGV 206	ICCV 201111	ICCV 201116	53.82	54.96	45.58	32.64	28.8	48.51	24.12	0	32.21	27.69	25.12	31.78	20.46	0	19.43	61.28	55.35	0	48.56	22.7	37.28	22.02	71.12	45.72	41.16	0	



