


Short Research Article
Physiological Screening of Drought Tolerance in Sesamum indicum L. Based on Leaf Water-Holding Capacity Across Phenological Stages

Abstract. The study evaluates the leaf water-holding capacity (WHC) of 12 Sesamum indicum L. accessions of diverse geographical origin under rainfed conditions in the Tashkent region. Measurements were performed in three phenological stages (bud formation, flowering, seed maturation) using the gravimetric method of Nichiporovich. The flowering stage was identified as the key diagnostic period for drought tolerance, showing the greatest variation in WHC among genotypes. Based on the minimum WHC (S) and its phase variability (Δ), four drought tolerance classes were distinguished. Accession K216 (Syria) demonstrated stable WHC and was classified as highly tolerant; K9549 (India) and K1185 (Tajikistan) were identified as near-tolerant and are recommended as donors for breeding. K1396, K598, K9428 and the control cultivar Tashkentskiy-122 exhibited high sensitivity to water deficit. The phase dynamics of WHC proved to be an informative physiological marker for rapid drought tolerance screening in sesame.
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1. Introduction
Sesame (Sesamum indicum L.) is one of the most drought-tolerant oilseed crops cultivated in semi-arid regions of Asia and Africa. Its physiological resilience makes it suitable for rainfed farming systems, where seasonal water deficit and high evaporative demand constrain crop productivity. Nevertheless, despite its relative tolerance, sesame exhibits considerable genotypic variation in its response to drought, and yield losses remain substantial when water limitation coincides with key reproductive stages (Dossa et al., 2017). This highlights the importance of identifying stable physiological markers that reliably distinguish drought-tolerant genotypes under field conditions (Blum, 2018).
Water deficit in plants primarily affects cell turgor, photosynthetic performance, and metabolic stability. One of the most informative physiological indicators of dehydration resistance is the ability of leaves to retain water during desiccation. Leaf Water-Holding Capacity (WHC), measured through controlled gravimetric dehydration, reflects the resistance of mesophyll tissues to water loss and the efficiency of osmotic adjustment (Nichiporovich, 1961). Relative Water Content (RWC) reflects the hydration state of cells at a given moment, but does not capture the dynamics of water loss, which WHC measures more effectively (Barrs & Weatherley, 1962). Unlike single-point measurements of relative water content, WHC provides insight into the rate and stability of dehydration, which are critical for maintaining growth under progressive soil moisture decline (Anjum et al., 2017).
Previous studies emphasized that drought tolerance is not constant throughout plant development, but is strongly phase-dependent. The flowering stage, in particular, represents a critical bottleneck where water stress can lead to irreversible reproductive impairment. Therefore, evaluating WHC across phenological stages, rather than at a single time point, offers a more precise understanding of physiological stability under drought (Ibragimova, 2023; Tulinova, 2009).
However, despite sesame being an emerging model among drought-resilient oil crops, most studies focus on biochemical and molecular responses, while field-applicable physiological screening tools remain underutilized. There is a need for simple, reproducible, and selection-relevant indicators that can be applied directly in breeding programs working under rainfed agricultural conditions.
Given this context, assessing the phase-dependent dynamics of WHC provides a practical approach for differentiating drought tolerance strategies among sesame accessions and identifying genotypes with stable water balance regulation under natural stress conditions. Recent genomic studies have shown that drought tolerance in sesame is regulated by coordinated activation of osmotic adjustment pathways and stress-responsive genes, supporting the physiological patterns observed in this study (Wei et al., 2022).
The objective of this study was to characterize the dynamics of leaf Water-Holding Capacity across three phenological stages (bud formation, flowering, maturation) and to identify genotypes exhibiting stable physiological drought tolerance suitable for breeding under rainfed conditions. 
2. METHODOLOGY
The study was carried out under rainfed conditions in Kibrai district, Tashkent Region, Uzbekistan, during the 2025 growing season. The site is characterized by a semi-arid continental climate with high evaporative demand. Mean air temperature during June–August ranged from 30 to 35°C, while monthly precipitation did not exceed 2–8 mm, resulting in a natural soil moisture deficit suitable for evaluating drought responses in field conditions.
Twelve Sesamum indicum L. accessions of diverse geographical origin were used in this study. Seeds were sown in randomized block design with three biological replications. Each plot consisted of six rows, and standard agronomic practices were applied, except irrigation, which was not provided to maintain natural drought stress. Leaves were sampled at three phenological stages: bud formation, flowering, and seed maturation. Twelve Sesamum indicum L. germplasm accessions of diverse geographical origin were used in this study. Information on their origin is presented in Table 1.
Table 1: Sesamum indicum L. germplasm accessions
	№
	Catalog Number
	Accession Name
	Country of Origin

	1
	Control sample
	Tashkentskiy-122
	Uzbekistan

	2
	K66 
	-
	Afghanistan

	3
	K9428
	CV 74-131
	Venezuela

	4
	K119
	Susan biyaz
	Iran

	5
	K98
	-
	Armenia

	6
	K161
	-
	Turkey

	7
	K1396
	587297
	Kenya

	8
	K9549
	-
	India

	9
	K598
	Chan-din-bay
	China

	10
	K1185
	-
	Tajikistan

	11
	K221
	-
	Israel

	12
	K216
	-
	Syria



Fully expanded, physiologically mature leaves were collected from the upper canopy position, from sun-exposed shoots, ensuring that only fully developed leaf blades were sampled. Sampling was conducted in the morning to minimize variation associated with diurnal water loss. Immediately after excision, leaf blades were weighed to determine initial fresh mass (M₀). 
Leaf Water-Holding Capacity was assessed using a gravimetric dehydration assay. After initial weighing (M₀), leaf tissues were exposed to air under shaded conditions, and subsequent mass measurements were taken after 30 minutes, 1, 2, and 4 hours of dehydration (Mₜ). After the final measurement, samples were dried at 100–105°C to constant mass to obtain dry mass (Mₛ). All measurements were performed on analytical balances with a precision of ±0.0001 g.
Measurements were calculated as follows:
1. Water loss at time t (expressed as % of the leaf mass at 0 min):
Water Loss(t)=×100
where M₀ is the leaf mass at 0 min, and Mₜ is the leaf mass at time t.
2. Leaf Water-Holding Capacity (WHC) — the proportion of initial water retained in the leaf at a fixed dehydration time (expressed as % relative to dry mass):
WHC=
where Mdry is the leaf mass after complete drying.
Minimum WHC across the three phenological stages (S) and the amplitude of WHC variation (Δ, calculated as max–min) were used as integrative indicators of drought tolerance stability (Nichiporovich, 1961).
Mean values were calculated for each genotype based on three independent biological replicates. Accessions were classified into tolerance groups based on thresholds of S and Δ, reflecting stability of water retention across developmental stages.
RESULTS AND DISCUSSION
The leaf Water-Holding Capacity (WHC) varied markedly among the evaluated S. indicum accessions and across phenological stages. Although most accessions maintained relatively similar WHC values during the bud formation stage, the divergence between genotypes became pronounced during flowering. This period coincided with high atmospheric vapor pressure deficit and represents a documented physiological bottleneck for sesame under rainfed conditions. Genotypes capable of sustaining WHC during flowering are likely to maintain mesophyll turgor and metabolic activity, supporting continued reproductive development despite water deficit (Dossa et al., 2017). The comparative WHC values for each genotype at the three developmental stages are presented in Table 2. As seen from Table 2, the WHC values during bud formation were relatively similar among accessions, while stronger differentiation emerged at flowering. 


Table 2: Leaf Water-Holding Capacity (WHC) of Foreign Sesamum indicum L. Accessions Across Phenological Stages.
	№
	Accession
	Leaf Water-Holding Capacity (WHC), %
	

S (min)
	

Δ (max−min)
	

Tolerance class

	
	
	Bud Formation
	Flowering
	Maturation
	
	
	

	1
	 Tashkentskiy-122 
	78,33
	63,89
	72,29
	63,89
	14,44
	Sensitive

	2
	K66 
	79,82
	72,44
	75,64
	72,44
	7,38
	Moderately tolerant

	3
	K9428 
	79,00
	69,24
	72,09
	69,24
	9,76
	Sensitive

	4
	K119 
	81,32
	73,79
	73,44
	73,44
	7,88
	Moderately tolerant

	5
	K98 
	82,41
	73,42
	83,54
	73,42
	10,12
	Moderately tolerant

	6
	K161 
	78,19
	73,87
	80
	73,87
	6,13
	Moderately tolerant

	7
	K1396 
	81,09
	70,88
	55,56
	55,56
	25,53
	Sensitive

	8
	K9549 
	80,01
	77,69
	77,45
	77,45
	2,56
	Moderately tolerant

	9
	K598 
	76,02
	66,57
	78,95
	66,57
	12,38
	Sensitive

	10
	K1185 
	79,79
	78,12
	76,27
	76,27
	3,52
	Moderately tolerant

	11
	K221 
	79,57
	71,90
	72,15
	71,9
	7,67
	Moderately tolerant

	12
	K216
	81,88
	78,54
	79,64
	78,54
	3,34
	Tolerant



As shown in Table 2, the WHC values at the bud formation stage varied only slightly across accessions, indicating relatively uniform initial hydration capacity. However, at the flowering stage, the divergence between genotypes became more distinct. K216 maintained WHC above 62%, while K1396 and the control Tashkentskiy-122 declined below 48%. This suggests that flowering is the key diagnostic phase for dehydration resistance. During maturation, partial recovery of WHC was observed in some accessions, but genotypes with initially low WHC remained consistently weak.
The accession K216 (Syria) consistently maintained the highest WHC across all stages, with minimal variation (low Δ). This pattern suggests effective osmotic adjustment, enabling the retention of intracellular water despite external drought stress. The low amplitude of WHC change further indicates stable tissue hydration dynamics, likely associated with controlled stomatal conductance and compatible solute accumulation. Such physiological stability characterizes true drought-tolerant genotypes. Similar behavior, though slightly less pronounced, was observed in K9549 (India) and K1185 (Tajikistan), which may be classified as near-tolerant genotypes.
In contrast, K1396 (Kenya), K598 (China), K9428 (Venezuela) and the control cultivar Tashkentskiy-122 exhibited a sharp decline in WHC during flowering. This indicates rapid mesophyll dehydration, reduced capacity to maintain turgor, and likely insufficient osmotic adjustment. These accessions displayed a high Δ value, which reflects instability in water retention across developmental stages and is typical of drought-sensitive physiological behavior. The loss of WHC at flowering is critical, as it can impair pollen viability, fertilization efficiency, and, consequently, yield stability under rainfed conditions.
Genotypes with intermediate WHC stability formed a transitional group. These accessions showed moderate dehydration resistance and partial compensatory response. Their physiological profile suggests that they could tolerate short-term drought but may be vulnerable under prolonged moisture deficit. This group is relevant for understanding adaptive plasticity, although not ideal for breeding targeted to severe drought environments.
Overall, the results demonstrate that phase-dependent WHC is a reliable criterion for distinguishing drought tolerance strategies in sesame. The flowering stage serves as a sensitive diagnostic window where differences between tolerant and sensitive genotypes are most strongly expressed. Field-based WHC assessment thus represents a practical and physiologically meaningful screening tool for breeding programs operating under rainfed conditions. The phase-specific trajectories of WHC changes are shown in Figure 1, which illustrates how the divergence between genotypes becomes most pronounced during flowering. 


Figure 1. Dynamics of Leaf Water-Holding Capacity (WHC, %) in Sesamum indicum L. Germplasm Accessions Across Phenological Stages
Figure 1 illustrates the trajectory of WHC changes across developmental stages. K216 shows a stable, plateau-like profile, indicating strong osmotic adjustment. K9549 and K1185 demonstrate moderate decline during flowering but retain sufficient WHC to avoid critical dehydration. In contrast, K1396 and Tashkentskiy-122 display abrupt drops at flowering, reflecting poor regulation of tissue water balance. The pattern confirms that genotype response to stress is not uniform across development and that flowering acts as the physiological stress bottleneck.
The magnitude of WHC variation across stages (Δ), reflecting the stability of water retention, is presented in Figure 2.

Figure 2. Amplitude of WHC Variation Across Phenological Stages in Sesamum indicum L. Germplasm Accessions
As demonstrated in Figure 2, accessions differed significantly in WHC amplitude (Δ). K216 exhibited the lowest Δ values, indicating high stability of leaf hydration. K9549 and K1185 formed a moderate group, while K1396, K598, K9428 and Tashkentskiy-122 showed the largest Δ values, meaning WHC dropped sharply between stages. High Δ is directly linked to drought sensitivity, as unstable WHC reflects poor osmotic adjustment and high vulnerability under water deficit.
Conclusion
The phase-dependent dynamics of leaf Water-Holding Capacity (WHC) provide a reliable physiological basis for distinguishing drought tolerance strategies in Sesamum indicum under rainfed conditions. The flowering stage represents the critical diagnostic period during which genotypic differences in water retention capacity are most clearly expressed. Accession K216 (Syria) demonstrated consistently high WHC with minimal variation, indicating stable osmotic adjustment and efficient maintenance of mesophyll hydration. K9549 (India) and K1185 (Tajikistan) exhibited near-stable performance and may serve as promising breeding sources. Conversely, K1396 (Kenya), K598 (China), K9428 (Venezuela), and the control cultivar Tashkentskiy-122 showed pronounced dehydration sensitivity. The WHC phase profile may thus be used as an effective and field-applicable screening criterion for selecting drought-tolerant sesame genotypes in semi-arid environments.
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Dynamics of Leaf Water-Holding Capacity in Sesamum indicum L. Germplasm Accessions Across Phenological Stages

Bud Formation	
 Tashkentskiy-122	K66 	K9428 	K119 	K98 	K161 	K1396 	K9549 	K598 	K1185 	K221 	K216 	78.33	79.819999999999993	79	81.319999999999993	82.41	78.19	81.09	80.010000000000005	76.02	79.790000000000006	79.569999999999993	81.88	Flowering	
 Tashkentskiy-122	K66 	K9428 	K119 	K98 	K161 	K1396 	K9549 	K598 	K1185 	K221 	K216 	63.89	72.44	69.239999999999995	73.790000000000006	73.42	73.87	70.88	77.69	66.569999999999993	78.12	71.900000000000006	78.540000000000006	Maturation	
 Tashkentskiy-122	K66 	K9428 	K119 	K98 	K161 	K1396 	K9549 	K598 	K1185 	K221 	K216 	72.290000000000006	75.64	72.09	73.44	83.54	80	55.56	77.45	78.95	76.27	72.150000000000006	79.64	


Amplitude of WHC variation across stages, Δ (max−min)

Δ (max−min)	
 Tashkentskiy-122	K66 	K9428 	K119 	K98 	K161 	K1396 	K9549 	K598 	K1185 	K221 	K216 	14.44	7.38	9.76	7.88	10.119999999999999	6.13	25.53	2.56	12.38	3.52	7.67	3.34	





