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Physiological responses of coriander (Coriandrum sativum L.) genotypes under varying levels of moisture stress


ABSTRACT
An experiment was conducted at College of Horticulture, Bagalkot, to evaluate the physiological responses of ten selected coriander (Coriandrum sativum L.) genotypes under different levels of moisture stress. The ten genotypes were subjected to three moisture regimes, including a non-stress control (M1), 25% moisture stress (M2) and 50% moisture stress (M3) based on field capacity, and statistically analysed using factorial completely randomized design with two replications. The physiological parameters like relative water content (RWC), total chlorophyll content, proline accumulation and membrane stability index (MSI) were assessed. Increasing moisture stress resulted in a gradual reduction in RWC and chlorophyll content, with mean RWC declining from 71.98% under M1 to 51.63% under M3, while chlorophyll content decreased from 15.45 to 10.47 SCMR units. Genotypes DCC-60 and DCC-64 consistently maintained higher water status and chlorophyll stability, indicating better adaptation to moisture stress. Proline content increased substantially with stress intensity, rising from 4.32 µmol g⁻¹ FW under control conditions to 13.90 µmol g⁻¹ FW under severe stress, with higher accumulation observed in susceptible genotypes. MSI also declined sharply under stress, although DCC-60 and DCC-64 retained comparatively higher membrane stability. Overall, the combined evaluation of physiological traits identified the genotypes DCC-60, followed by DCC-64 and DCC-56, performed better under moisture stress condition. which seems to be another objective of the study, provide a brief summary of the most important results you obtained regarding the physiological tests. 
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 Introduction
India has been known as the “land of spices” since antiquity, cultivating a wide array of precious spices to meet culinary, medicinal and economic needs. The distinctive flavour and aroma of Indian spices have gained global recognition. Among these, coriander (Coriandrum sativum L.) is one of the most important and widely cultivated seed spices, in use since 500 BC. It is native to the Eastern Mediterranean region and Southern Europe, possesses a chromosome number of 2n = 2x = 22, and belongs to the family Apiaceae. In India, coriander is predominantly cultivated under rainfed conditions and largely depends on monsoon rainfall. However, irregular and erratic distribution of rainfall often results in moisture stress or drought at various crop growth stages, adversely affecting production and productivity.
Moisture stress significantly influences soil–plant relationships and nutrient dynamics. Inadequate water availability restricts nutrient uptake, reduces leaf water content and suppresses plant growth. Water deficit occurs when water supply fails to meet transpirational demand, and its impact depends on the severity and duration of stress as well as the developmental stage of the crop. At the cellular level, drought stress reduces water potential and turgor pressure, increases solute concentration and limits cell expansion. It induces accumulation of abscisic acid and osmolytes such as proline, enhances reactive oxygen species (ROS) production, and disrupts membrane integrity. Drought also reduces gas exchange, transpiration and photosynthesis while impairing mineral uptake and assimilate partitioning. These physiological disturbances ultimately slow cell division and enlargement, leading to reduced growth and productivity (Muscolo et al., 2015).
Genetic variation among coriander genotypes plays a pivotal role in determining their response to moisture stress. Differences in genetic makeup regulate physiological traits such as relative water content, chlorophyll stability, membrane stability and osmotic adjustment capacity. These traits represent phenotypic expressions of underlying genetic potential and serve as reliable indicators for assessing drought tolerance. Therefore, evaluation of physiological responses provides an effective approach to identify tolerant genotypes. Identification of suitable coriander genotypes that can withstand moisture stress without substantial yield reduction is essential for improving productivity under rainfed conditions and for developing resilient cultivars through breeding programmes.
Material and methods:
The experimental was conducted during rabi 2024 at 16o 10’ N latitude, 74o 42’ E longitudes and at an altitude of 542.0 m above the mean sea level (MSL). This domain falls under the northern dry zone of Karnataka (Zone- III). A pot experiment was carried out for ten coriander genotypes were selected based on prior laboratory screening conducted using the PEG (polyethylene glycol) test to assess drought tolerance. The seeds were sown in each pot containing uniform mixture of red clay soil, sand and farm yard manure (1:1:1) and each pot weighed 5kg. The pots were watered to Field capacity (100 % moisture) to facilitate germination. On the fifteenth day after sowing, excess seedlings were removed in order to retain one healthy seedling per pot. The plants were watered regularly depending on soil moisture requirement until the 30th DAS. The treatments were imposed after 30 days after sowing and were replicated twice with five plants per each replication, by adopting factorial completely randomized design. The first factor consisted of ten genotypes selected based on prior laboratory screening using PEG-6000 chemical, designated as G1 to G10. The second factor comprised three moisture regimes, including a non-stressed control (M1), 25% moisture stress (M2) and 50% moisture stress (M3). These M1, M2 and M3 are determined based on the field capacity. The 75% of field capacity is considered as a 25% moisture stress (M2)  and 50% of field capacity is considered as a 50% moisture stress (M3). These factors were combined to evaluate the response of the selected genotypes under varying levels of moisture stress. The Physiological parameters like Relative water content (RWC), Chlorophyll content (SCMR), Proline content (μg/g), Membrane stability index (MSI) and Stress susceptibility index (SSI) were recorded. Relative water content (RWC) was determined following the method of Barrs and Weatherly (1962). Fresh weight of leaf samples was recorded, and leaves were hydrated in distilled water for 4 h to obtain turgid weight after blotting surface moisture. Samples were then oven-dried at 60 °C to constant weight to record dry weight, and RWC was calculated using the standard formula. Chlorophyll content was estimated from fully expanded middle leaves using a SPAD-502 chlorophyll meter (Konica Minolta, Japan), and mean SCMR values were recorded. Free proline content was estimated spectrophotometrically according to Bates et al. (1973) by extracting 500 mg fresh tissue in 3% sulfosalicylic acid, reacting the extract with acid ninhydrin and glacial acetic acid, incubating at 100 °C for 1 h, and measuring absorbance of the toluene phase at 520 nm; proline concentration was calculated from a standard curve and expressed as µg g⁻¹ fresh weight. Stress susceptibility index (SSI) was computed as per Fischer and Maurer (1978) using the formula SSI = [1 – (Ys/Yp)] / [1 – (Ȳs/Ȳp)], where Ys and Yp denote yield under stress and non-stress conditions, respectively, and Ȳs and Ȳp represent corresponding mean yields; genotypes with SSI < 1 were considered drought tolerant.
Results and Discussion: 
Relative water content (RWC) decreased significantly with increasing moisture stress, recording the highest mean under control conditions (71.98%), followed by 25% stress (62.34%) and the lowest under 50% stress (51.63%). Significant difference among the genotypes were observed at 1% level of probability, with DCC-60 showing the highest RWC (70.59%), followed by DCC-64 (68.43%) and DCC-56 (66.17%), while DCC-4 (53.64%) and DCC-89 (55.33%) recorded the lowest values. The genotype × moisture stress interaction was non-significant (Table 1).
Chlorophyll content declined significantly with increasing moisture stress, recording the highest mean under control conditions (15.45), followed by 25% stress (12.99) and the lowest under 50% stress (10.47). Significant variation among genotypes were observed at 1% level of probability, with DCC-60 showing the highest chlorophyll content (16.53), followed by DCC-64 (15.37) and DCC-56 (14.83), while DCC-4 (10.37) and DCC-23 (10.63) recorded the lowest values. The genotype × moisture stress interaction was significant, with the maximum chlorophyll content in DCC-60 under control conditions (18.60) and the minimum in DCC-4 under 50% stress (7.50) (Table 1).
Table 1. Relative water content and total chlorophyll content of coriander genotypes as influenced by different moisture stress
	Moisture stress /
Genotypes
	Relative water content
	Total chlorophyll content (SCMR)

	
	M1
	M2
	M3
	Mean
	M1
	M2
	M3
	Mean

	DCC-89
	68.50
	56.00
	41.50
	55.33
	14.40
	11.00
	8.50
	11.30

	DCC-81
	73.00
	63.50
	52.00
	62.83
	14.50
	12.20
	9.70
	12.13

	DCC-68
	73.21
	63.71
	56.21
	64.38
	15.50
	13.60
	11.40
	13.50

	DCC-64
	75.26
	68.76
	61.26
	68.43
	17.40
	15.60
	13.10
	15.37

	DCC-60
	77.42
	70.92
	63.42
	70.59
	18.60
	17.00
	14.00
	16.53

	DCC-56
	73.00
	66.50
	59.00
	66.17
	17.00
	15.00
	12.50
	14.83

	DCC-46
	71.00
	61.50
	50.00
	60.83
	14.90
	12.50
	10.00
	12.47

	DCC-25
	71.21
	60.96
	50.21
	60.79
	14.60
	12.80
	10.30
	12.57

	DCC-23
	70.00
	57.50
	43.00
	56.83
	14.00
	10.20
	7.70
	10.63

	DCC-4
	67.21
	54.00
	39.71
	53.64
	13.60
	10.00
	7.50
	10.37

	Mean
	71.98
	62.34
	51.63
	
	15.45
	12.99
	10.47
	

	For comparing
means of
	S. Em.±
	CD at 1%
	S. Em.±
	CD at 1%

	Moisture stress
	1.907
	5.533
	0.056
	0.163

	Genotypes
	3.481
	10.102
	0.102
	0.297

	G×M
	6.029
	NS
	0.177
	0.515


          M1 – 0 % Moisture stress       M2 – 25 % Moisture stress           M3 – 50 % Moisture stress     
Proline content increased significantly with increasing moisture stress, showing the lowest mean under control conditions (4.32 µmol g⁻¹ FW), rising to 10.49 µmol g⁻¹ FW at 25% stress and reaching a maximum under 50% stress (13.90 µmol g⁻¹ FW). Significant genotypic differences were observed, with DCC-4 recording the highest proline content (13.34 µmol g⁻¹ FW), followed by DCC-89 (11.34 µmol g⁻¹ FW) and DCC-23 (11.26 µmol g⁻¹ FW), while DCC-60 (6.73 µmol g⁻¹ FW) and DCC-64 (7.40 µmol g⁻¹ FW) showed the lowest values. The genotype × moisture stress interaction was significant, with maximum proline accumulation in DCC-4 under 50% stress (22.36 µmol g⁻¹ FW) and minimum in DCC-56 under control conditions (3.37 µmol g⁻¹ FW) (Table 2). 
Membrane stability index (MSI) decreased significantly with increasing moisture stress, recording the highest mean under control conditions (66.77%), followed by 25% stress (51.48%) and the lowest under 50% stress (39.81%). Significant genotypic variation was observed, with DCC-60 (63.57%), DCC-64 (61.80%), and DCC-56 (59.70%) showing higher MSI values, while DCC-4 (43.06%), DCC-23 (46.27%) and DCC-89 (46.88%) recorded the lowest. The genotype × moisture stress interaction was significant, with the maximum MSI observed in DCC-60 under control conditions (81.25%) and the minimum in DCC-4 under 50% moisture stress (26.58%) (Table 2). 
Table 2. Proline content and membrane stability index of coriander genotypes as influenced by different moisture stress
	Moisture stress /
Genotypes
	Proline content (µmol/g FW)
	Membrane stability index (MSI)

	
	M1
	M2
	M3
	Mean
	M1
	M2
	M3
	Mean

	DCC-89
	5.29
	12.65
	16.08
	11.34
	59.42
	48.40
	32.83
	46.88

	DCC-81
	5.40
	12.60
	15.30
	11.10
	60.42
	49.19
	38.84
	49.48

	DCC-68
	4.54
	9.65
	11.54
	8.58
	69.12
	51.75
	37.63
	52.83

	DCC-64
	3.99
	7.99
	10.23
	7.40
	77.39
	57.89
	50.12
	61.80

	DCC-60
	3.40
	6.90
	9.89
	6.73
	81.25
	58.06
	51.39
	63.57

	DCC-56
	3.37
	8.74
	11.30
	7.80
	75.69
	55.00
	48.40
	59.70

	DCC-46
	4.47
	10.30
	12.90
	9.22
	62.39
	50.30
	40.01
	50.90

	DCC-25
	4.30
	9.89
	12.60
	8.93
	65.32
	51.47
	40.29
	52.36

	DCC-23
	4.08
	12.90
	16.79
	11.26
	58.39
	48.40
	32.03
	46.27

	DCC-4
	4.38
	13.29
	22.36
	13.34
	58.32
	44.29
	26.58
	43.06

	Mean
	4.32
	10.49
	13.90
	
	66.77
	51.48
	39.81
	

	For comparing
means of
	S. Em.±
	CD at 1%
	S. Em.±
	CD at 1%

	Moisture stress
	0.079
	0.229
	0.576
	1.672

	Genotypes
	0.144
	0.418
	1.052
	3.052

	G×M
	0.249
	0.724
	1.822
	5.287


                M1 – 0 % Moisture stress       M2 – 25 % Moisture stress           M3 – 50 % Moisture stress   


Table 3. Stress susceptibility index (SSI) among coriander genotypes as influenced by different moisture stress 
	Stress susceptibility index (SSI)

	Genotype
	M2
(25% moisture stress)
	M3
(50% moisture stress)
	Mean

	DCC-89
	1.00
	1.20
	1.11

	DCC-81
	1.00
	1.10
	1.05

	DCC-68
	0.80
	1.00
	0.88

	DCC-64
	0.70
	0.70
	0.72

	DCC-60
	0.70
	0.70
	0.69

	DCC-56
	0.80
	0.90
	0.85

	DCC-46
	1.20
	1.10
	1.17

	DCC-25
	1.50
	1.00
	1.26

	DCC-23
	1.10
	1.20
	1.18

	DCC-4
	1.20
	1.30
	1.22


Stress susceptibility index (SSI) increased slightly with stress intensity, rising from 0.99 under 25% stress to 1.02 under 50% stress. Significant genotypic variation was observed, with lower SSI values in DCC-60 (0.69) and DCC-64 (0.72), followed by DCC-56 (0.85) and DCC-68 (0.88), indicating better tolerance than other genotypes used in the study (Table 3).
Moisture stress induced clear physiological changes that differentiated drought-tolerance level among the genotypes. Relative water content and chlorophyll content declined progressively with increasing stress, with tolerant genotypes such as DCC-60 and DCC-64 maintaining higher values, indicating better water status and photosynthetic stability under drought (Farooq et al. 2009 and Gholizadeh et al. 2019, Hosamath et al. 2025). Proline accumulation increased markedly under stress, particularly in susceptible genotypes, reflecting its role in osmotic adjustment and stress protection (Khodadadi et al. 2021, Vinila et al. 2020, Thakur and Thakur, 2018). Membrane stability index decreased with stress, with higher stability in tolerant genotypes suggesting reduced membrane damage and electrolyte leakage (Bajji et al. 2002; Yadav et al. 2017). These physiological responses were consistent with stress susceptibility index values, where lower SSI in DCC-60 and DCC-64 confirmed their better drought tolerance and yield stability. (Fischer and Maurer 1978 and Pour-Aboughadareh et al. 2019).


Conclusion:
[bookmark: _Hlk219284361][bookmark: _Hlk198031404][bookmark: _Hlk219128673][bookmark: _Hlk221094604]Moisture stress significantly influenced the physiological performance of coriander genotypes. Drought-tolerant genotypes maintained higher relative water content, chlorophyll content and membrane stability, whereas susceptible genotypes exhibited greater proline accumulation and higher stress sensitivity. Based on the combined physiological responses and stress susceptibility index, the genotypes DCC-60 and DCC-64 performed superior under moisture stress conditions and can be considered relatively tolerant.
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