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ABSTRACT

Guar (Cyamopsis tetragonoloba L.) is an important industrial legume widely cultivated across arid and semi-arid regions. To identify salt-
tolerant genotypes, the fifteen guar genotypes originating from Iran, India, and Pakistan were evaluated under three salinity levels (0, 10,
and 15 dS/m) in a factorial RCBD design. Salinity imposed highly significant reductions in physiological traits and caused phenological
delays in guar genotypes. Under severe salt stress (15 dS/m), seed yield decreased across all genotypes. In response to 15 dS/m NacCl, the
lowest yield reductions were recorded for the genotypes S6553, Saravan, S6260, and RGC-1031, at 16.3, 20.4, 21.2, and 21.4%,
respectively, demonstrating relative tolerance to salt. In contrast, the largest decrease was observed in genotypes S-5885, S6566, and S-
6560, by 31.4, 30.5, and 30.5%, respectively, confirming their relative sensitivity to salt stress. Although genotypes S6553, Saravan,
S6260, and RGC-1031 exhibited the lowest yield reductions at 15 dS/m NacCl, overall, genotype RGC-986 consistently displayed superior
performance across all salinity levels, while genotype Pishen was the most adversely affected, exhibiting sharp declines in physiological
performance and delayed phenology. Inclusive, the study demonstrated substantial genetic variability in guar responses to salinity and
highlighted key physiological traits, such as chlorophyll retention, osmotic adjustment, membrane stability, and growth maintenance, as
essential determinants of tolerance. RGC-986 genotype, identified as salt-tolerant, represents valuable candidates for breeding programs
and for sustainable guar cultivation in salinity-affected regions.
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INTRODUCTION

Cyamopsis tetragonoloba (L.) Taub has substantial economic value owing to the by-product galactomannan extracted from seeds, which
is used in several industries, including food and cosmetics [1-6, 50]. It has recently been demonstrated that guar exhibits a variable response
to salinity stress. For example, in a field experiment, different genotypes exhibited substantial differences in agronomic characters in
response to salinity, with Matador and Pl 268229 showing higher shoot and root biomass salt tolerance indices than Pl 340261 and PI
537281 [7]. Salinity stress poses a significant threat to crop production, especially in arid and semi-arid regions [8, 9]. Salt stress (SS)
clearly restricts the growth and development of vegetation, resulting in considerable yield loss [10, 11]. Many reports have confirmed that
salt stress adversely affects the growth and metabolism of medicinal industrial plants [12, 13, 51]. The adverse effects of salinity on plant
growth are primarily due to an increase in osmotic potential and the toxic accumulation of sodium (Na*) and chloride (CI7) ions, which
disrupt the physiological functions of the plasma membrane, such as water and nutrient absorption, and cause ion imbalance [14, 15].
Selecting salt-tolerant genotypes can be an effective way to cultivate legumes in saline soils [16]. We conducted the present study to
identify superior genotypes tolerant of salt stress and to develop guar varieties for cultivation in saline soils.

MATERIALS AND METHODS

Field Site Description, Plant Materials and Research Design

In a factorial farm trial (RCBD) at Ardakan University, Yazd, Iran, fifteen guar genotypes from India, Pakistan, and Iran (Table 1) were
exposed to 0, 10, and 15 dS/m salinity. The local Iranian guar seeds were prepared and authenticated by the Medicinal Plant Research
Institute, Ardakan University, Iran and other seeds were supplied by the Rajasthan Agricultural Research Center, India. The study was
conducted in 2023 as a factorial experiment using a randomized complete block design (RCBD) with three replications (n=3). The seeds
were sown on July 15 in 3 m x 4 m plots at a density of 8 seeds m-2 (30 x 50 cm row spacing).

The main physicochemical properties of the field soil were presented in Table 2. Before sowing, fertilization was carried out at a total rate
of 40 kg/ha N and 50 kg/ha P2Os. Water was applied through a trickle (drip) irrigation system. A total of four irrigation events were
conducted throughout the plants' growth period. Salinity treatments were imposed by dissolving sodium chloride (NaCl) in the irrigation
water to achieve the target electrical conductivity levels (0, 10, and 15 dS/m). Salinity stress was imposed at the two-leaf stage and
maintained until harvest. Weed control was carried out manually by hoeing. The thermo-pluviometric diagram of the experimental field
is shown in Figure 1. Harvest-related traits were measured when more than 70% of the plant pods had turned dry and brown, indicating
physiological maturity. Harvest time was recorded for all treatments, and samples were subsequently collected for further analyses.



Table 1 The specification of guar (C. tetragonoloba L.) genotypes

Genotype 1D Genotypes name Origin of genotypes

1 RGC-986 Rajhestan, India

2 S6673 Bahawalpur, Pakistan

3 BR-99 Bahawalpur, Pakistan

4 S6566 Bahawalpur, Pakistan

5 S-6560 Rajhestan, India

6 S-5885 Bahawalpur, Pakistan

7 S-6581 Bahawalpur, Pakistan

8 Grembite Sistan va Baluchistan, Iran
9 S6260 Bahawalpur, Pakistan

10 Saravan Sistan va Baluchistan, Iran
11 S6553 Bahawalpur, Pakistan

12 S6486 Bahawalpur, Pakistan

13 RGC-1031 Bahawalpur, Pakistan

14 RGC-1066 Rajhestan, India

15 Pishen Sistan va Baluchistan, Iran

Table 2 The soil physical and chemical characteristics of the experimental field before planting

Texture Clay (%) Silt (%) Sand (%) K (mg/kg) P (mg/kg) N (%) O0.C(%) pH EC (dS/m)
Clay-silt 37 12 14 264 8.4 0.17 1.07 7.8 3.12
W Precipitation  —=—T Average —=—T Max T Min
7 - 50
6 40
cal -
g > 30 £
£41
£ F20 ¥
£ g
g 10 2
£ I &
14 - o
0 4 . . . . . B,
Sb.d '\{bd rb&\‘-l\\ Y*Q& ‘g..:\ \\\-’Oq" \\3\‘\ \‘%5"} ‘&é 607} §z§ {0”5‘\
& Qif’\ W = Q\e} o L &
Month < < <

Fig. 1 The precipitation and temperature values during the experiment period

Measurement of Morphological, Yield, and Yield Components Parameters

Physiological and phenological characteristics were recorded from 10 randomly selected plant of each plot. The chlorophyll content (n=30
leaves) was measured with a SPAD-502 chlorophyll meter. Proline content was measured according to the method of Bates et al. [17].
The standard curve was illustrated according to Bates et al. [17]. The OD of plant samples and proline standard was read at 520 nm by
BioTek Gen 5 software in a BioTek PowerWave XS2 Microplate Spectrophotometer, USA. Then, the OD of each sample entered the
standard equation and was reported as pg/g FW [17].

Malondialdehyde (MDA) content was determined as described by Hodges et al. [18], and COz concentration was measured based on Moss
and Rawlins [19]. To determine the RWC (%), 30 young leaves were selected from each plant, separated, and immediately weighed (LFW)
in the laboratory with a scale (Sartorius BP210D, Germany; 0.0001 g); then they were placed in DDW for 16 to 18 hours (for complete
dehydration) in a laboratory environment with an approximate temperature of 22 °C. The leaf surface water was dried with filter paper,
and the samples were reweighed (LTW). The leaves were placed in an oven at 70 °C for 48 hours, and the LDW measured. The means of
LFW and LDW were calculated (mg). RWC calculated from the following formula [20].

Data Analysis
Data were analyzed using R software (version 4.3.1). A two-way ANOVA was used to evaluate the effects of genotype, salinity, and their
interaction. Tukey’s HSD test was employed for mean comparisons when ANOVA results were significant.

RESULTS AND DISCUSSION

Analysis of variance revealed that salt stress exerted a highly significant effect (p < 0.001) on all physiological and phenological traits
evaluated. Traits such as total chlorophyll content, CO2 concentration, relative water content, MDA accumulation, electrolyte leakage,
proline content, root length, and early growth parameters showed strong reductions or increases under salt stress. Genotypic differences
were also significant for most traits, including total chlorophyll, MDA, electrolyte leakage, root length, and all phenological and yield



traits, indicating substantial variability among genotypes in their inherent performance. Furthermore, the salt stress x genotype interaction
was significant for most variables.

Total Chlorophyll

A clear and significant Salt x Genotype interaction was observed for total chlorophyll, with values ranging from 38.7 (0 dS/m salt in
genotype 1) to 25.57 (15 dS/m x genotype 15) (Fig. 2a). Under non-saline conditions (0 dS/m), genotype 1 exhibited the highest
chlorophyll content (38.7), representing the maximum observed across all treatments, followed closely by genotypes 11 and 12. Several
other genotypes also maintained relatively high chlorophyll levels at this salt level, ranging between 34.2 and 35.0. At moderate salinity
(10 dS/m), chlorophyll values decreased for all genotypes, but genotype 10 (33.56) and genotype 2 (32.83) preserved the highest values,
indicating stronger pigment stability under increasing ionic stress. Under severe salinity (15 dS/m), chlorophyll reduction was most
pronounced, and all genotypes showed their lowest values. Genotype 15 showed the lowest chlorophyll content (25.57), followed by
genotypes 9, 8, 12, and 7 (27.2-27.5), indicating strong susceptibility to salinity. In contrast, genotype 1 remained among the highest
performers even at the highest stress level (31.7), retaining substantially more chlorophyll than other genotypes. The strong interaction
pattern reflects differential genotypic capacity to maintain pigment stability across stress levels, with genotypes 1, 2, 3, and 10 performing
consistently better, while genotypes 12, 14, and 15 showed the sharpest declines in chlorophyll content under salinity.

CO, Concentration

The interaction between salinity and genotype significantly affected CO2 concentration, which ranged from a maximum of 272.33 ppm in
genotype 1 under 15 dS/m NaCl to a minimum of 214.33 and 214.66 ppm in genotype 10 and 2 under non-stress condition, respectively
(Fig. 2b). Under severe salinity (15 dS/m NacCl), the genotypes 1, 9, 2, 7, and 3 exhibited the highest CO> concentrations (265-272 ppm),
suggesting an enhancement of internal CO2 buildup under stress due to stomatal restriction (Fig. 2b). Under moderate salinity (10 dS /m
NaCl), the genotypes 12, 15, and 8 (all 265 ppm of CO2 concentration), also ranked among the top statistical group, indicating that
moderate stress similarly increased CO2 concentration in multiple genotypes. Under non-saline conditions, CO2 concentrations were
uniformly lower and more variable across genotypes, with the lowest values recorded for genotypes 6, 1, 2, and 10 (214-216 ppm). The
lowest CO: values overall were observed under non-stress conditions, confirming that the COz concentration increased with salinity levels.
Collectively, the interaction data demonstrate that CO2 accumulation increases strongly under salinity, with some genotypes, particularly
1,2,3,7,8,9, and 15, showing the most pronounced increases.

Relative Water Content (RWC)

RWC displayed a strong and highly structured salt x genotype interaction, with values ranging from a maximum of 89.3% which observed
in genotype 15 under non-saline condition to a minimum of 61.1% (observed under severe salinity in genotype 3) (Fig. 2¢). Under non-
stress condition (0 dS/m NaCl), all genotypes maintained high RWC, generally above 84%, so that in genotype 15 achieved to the
maximum value (89.3%), followed closely by genotypes 1, 14, 10, and 3. At moderate salinity conditions (10 dS/m NaCl), RWC declined
in all genotypes, falling to 75.8-82.3% for most genotypes. Under this condition, the genotypes 1, 2, and 3 retained the highest hydration
(82.3%, 82.2%, and 81.7%, respectively, while genotype 14 showed the largest decline within this group (75.83%). Under severe NaCl
stress (15 dS/m NaCl), RWC decreased sharply to 61-66%, representing the lowest hydration levels. At 15 dS/m NaCl, genotypes 3, 2, 6,
and 1 exhibited the minimum RWC values (61-63%), demonstrating high susceptibility to severe salt stress. Conversely, genotypes 5, 8,
11, 9, and 15 maintained relatively higher RWC values (65-66%) at 15 dS/m NaCl, indicating superior osmotic adjustment and water
retention capacity. The interaction pattern demonstrated that while RWC values decreased substantially across all genotypes under 0 to 15
dS/m NacCl, genotypes 5, 8, 9, 11, and 15 maintained water status more effectively under severe salt stress.
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Fig. 2 The effect of 0, 10, and 15 dS/m NaCl on Total chlorophyl content (a), CO, content (b), and relative water content (c) of different guar genotypes
(Tukey test, 0=0.05, n=30).

MDA Concentration

MDA content, an indicator of lipid peroxidation and oxidative stress, increased sharply with higher salinity, displaying the strong stress-
dependent responses (Fig. 3a). Under control conditions, most genotypes maintained low MDA values (2.0-2.5 mol/g FW), with genotype
10 showing the lowest oxidative damage and genotype 7 presenting slightly higher values. Under moderate stress (10 dS/m NaCl), MDA
increased substantially across genotypes. Genotype 6 exhibited the highest MDA accumulation in response to 10 dS/m NaCl, whereas
genotypes 1, 3, and 5 showed relatively lower increases, suggesting better oxidative protection mechanisms stress (Fig. 3a). Severe salinity
(15 dS/mNaCl), induced the highest MDA levels overall, with several genotypes, particularly 6, 7, 10, and 12, exceeding 3.8—4.2 mol/g
FW, which represented the maximum oxidative damage. Meanwhile, genotypes 1, 3, and 8 maintained the lowest MDA concentrations
under severe salt stress (Fig. 3a).

Electrolyte Leakage

A similar pattern was found for electrolyte leakage, where genotypes exposed to 15 dS/m NaCl, particularly genotypes 3, 6, 1, and 9,
showed the highest leakage rates, confirming substantial membrane injury at severe saline conditions. Conversely, the genotypes 13, 14,
10, 3, and 7 displayed the lowest leakage values under control conditions (Fig. 3b). Under low stress (10 dS/m NaCl), leakage rose
noticeably across all genotypes, with the highest values (33—35 units) in genotypes 7, 10, and 12, while genotypes 1 and 3 continued to
exhibit the lowest values. Under the highest stress condition (15 dS/m NaCl), electrolyte leakage reached its highest values, ranging from
approximately 33 to 38 units. The highest leakage was recorded in genotypes 7, 10, and 12, indicating heightened membrane sensitivity,
whereas genotypes 1, 3, and 5 retained comparatively lower leakage despite the severe stress.

Proline Acclimation

Proline content also increased markedly under high salinity, with the greatest accumulation occurring in genotypes 15, 8,4, 7, and 5 at 15
dS/mNaCl (Fig. 3c). In the control plants, proline values ranged mainly from 70 to 90 ng/FW, with genotypes 1 and 5 presenting slightly
higher accumulation, while genotypes 12 and 14 exhibited the lowest values. In response to 10 dS/m NaCl, most genotypes showed a
modest increase, with concentrations ranging from 85 to 95 pg/FW. Genotypes 1, 3, 5, and 7 recorded the highest proline amounts, whereas



11 and 14 accumulated the least. Under the highest stress level (15 dS/m NaCl), proline content increased further, reaching the maximum
values (90-100 pug/FW The largest increases were observed in genotypes 1, 5, 7, and 10, which markedly outperformed others in osmolyte
accumulation, whereas the genotypes 11, 12, and 14 continued to exhibit comparatively lower concentrations (Fig. 3c).
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Fig. 3 The effect of 0, 10, and 15 dS/m NaCl on electrolyte-leakage (a), MDA content (b) and proline content (c) of different guar genotypes (Tukey test,
0=0.05, n=30).

Days to Vegetative Phase

Time to reach the vegetative phase also varied as a function of salt x genotype interaction. The longest developmental duration was
observed for genotype 15 under the effect of 15 dS/m NaCl (38.0 days) (Fig. 4a). In contrast, the shortest time to vegetative phase was
observed in control plants of genotype 1, which completed this stage in 25.3 days. A clear pattern emerged in which most genotypes
exposed to high salinity (15 dS/m NaCl) exhibited significantly delayed vegetative development, while control plants and genotypes grown
under lower salinity (10 dS/m NaCl) reached the vegetative stage earlier (Fig. 4a).

Root Length
The longest roots were measured for genotype 1 under non-stress conditions (52.3 cm). In contrast, the shortest roots were observed across

multiple sensitive genotypes under high salinity, with the lowest value (23.0 cm) recorded for genotypes 4 and 7 under application of 15
dS/m NaCl (Fig 4b).
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Fig. 4 The effect of 0, 10, and 15 dS/m NaCl on days to vegetative phase (a) and root length (b) of different guar genotypes (Tukey test, a=0.05, n=30).

Days to Flower Initiation

The longest time to flower initiation (38.3 days) occurred in genotype 6 in response to 15 dS/m NaCl, and in the next step for several
genotypes, including 7, 12,14, and 11 exposed to the 15 dS/m NaCl (Fig. 5a). In contrast, the earliest flowering was recorded in genotype
1 under non-stress conditions (28.0 days). Overall, most genotypes subjected to 15 dS/m NaCl clustered in the upper groups (a—f), whereas
control plants and genotypes grown at salinity 10 dS/m NaCl were predominantly placed in the lower groups (g—k). This pattern
demonstrates that increasing salinity leads to a progressive delay in the onset of flowering, with genotypic differences strongly influencing
the magnitude of this response.

Days to Pod Initiation (n)

A similarly wide range of variation was observed for days to pod initiation under the salt x genotype interaction. The greatest delay
occurred in treatments with genotype 11 under severe salt stress (50.7 days). The shortest duration to pod initiation was found in genotype
1 under non-stress conditions (38.0 days) (Fig. 5b). In general, the results indicate that higher salinity consistently delays pod initiation,
and that genotypic variation plays an important role in determining the extent of this delay.
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Fig. 5 The effect of 0, 10, and 15 dS/m NaCl on days to flowering (a) and days to pod initiation (b) of different guar genotypes (Tukey test, 0=0.05, n=30).

Days to 50% Podding

The longest duration of days to 50% podding (72.3 days) was recorded for genotype 15 under application of 15 dS/m NacCl, followed by
genotype 15 under application of 10 dS/m NaCl (66.7 days) and the genotypes of 11, 12, 10, and 14 under application of 15 dS/m NaCl
(Fig. 6a). In contrast, the shortest time to 50% podding (50.3 days) observed for genotype 1 in the non-stress condition. Overall, all
genotypes exposed to high salinity (15 dS/m NaCl) exhibited a pronounced delay in pod development. These results highlight the strong
inhibitory effect of salinity on pod development.

Days to Maturity (n)

Days to maturity also differed among the salt x genotype combinations. The longest maturity period (131.3 days) was observed in genotype
15 under15 dS/mNacCl, followed by genotypes 7, 8, 3, and 4 in 15 dS/m NaCl, reflecting significant delays in crop completion under high
salt stress (Fig. 6b). The shortest time to maturity (95.7 days) occurred in genotype 1 under salt control conditions. Overall, the results
clearly show that increased salinity prolongs the time to maturity, and that genotypes differ substantially in their responsiveness to salt
stress during the late stages of development.
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Fig. 6 The effect of 0, 10, and 15 dS/m NaCl on days to 50% podding (a) and days to maturity (b) of different guar genotypes (Tukey test, 0=0.05, n=30).

The Reduction of Seed Yield under Stress Condition

Under severe salt stress (15 dS/m), seed yield decreased across all genotypes. The lowest reductions were recorded for the genotypes 11,
10, 9, and 13 by 16.3, 20.4, 21.2, and 21.4% respectively, demonstrating relative tolerant genotypes to salt, whereas the highest decrease
was observed in genotypes 6, 4, and 5 by 31.4, 30.5, and 30.5%, respectively, which confirmed the relative sensitivity to salt stress (Fig.
7.
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Regressions under Saline Conditions

Under stress conditions, the seed yield (Ys) showed strong and highly significant positive linear associations with STI (R? = 0.803), YI
(R?=1.00), GMP (R? = 0.812), SI (R?=0.723), MP (R? = 0.760), and HM (R? = 0.857), indicating that genotypes with higher values for
these indices generally produced higher yields under salinity (Fig. 8 a—g). Among these, YI exhibited a nearly perfect linear relationship
with Ys, reflecting its direct dependence on stress-condition yield. ST-related indices such as STI, GMP, MP, and HM also demonstrated
high explanatory power, suggesting their strong suitability for identifying salt-tolerant genotypes. In contrast, SSPI showed only a
moderate but significant association with Ys (R? = 0.408), indicating weaker predictive ability than the other indices. Overall, the results



highlight that indices integrating both stress and non-stress performance (STI, GMP, MP, HM) are more robust indicators of salt-stress
yield than SSPI.

y=133.18x + 111.05 b y=28171x%0 Y=085x +431
a) st e c S
R? = 0.803 R?=0.812"
240 240 240
) v
1
> 220 > 220 > 220
200 200 200
0.7 0.8 09 1.0 0.70 0.75 > 0.80 085 240 260 280
STl GMP
d y=15037%+ 9778 Y=081X 1152 f yzf_‘”g?é
) e e) Al ) Rt = 0.408

240 240 240

w
2 220

w i
> 220 > 220

200

200

180

07 08 240 260 280 27000 29000 31000 33000
SI mMP SSPI

) y=088x+-1.21
g R?*=0.857*"*

240

w
> 220

200

220 240 260 280
HM

Fig. 8 The linear regressions between seed yield under salt stress conditions (Ys) of guar genotypes as the dependent variable and stress tolerance indices
(predictors).

DISCUSSION

Substantial genetic variability exists in the magnitude of guar responses to salt stress. High salinity (15 dS/m) produced the greatest
declines in chlorophyll content, RWC, leaf area, plant height, and root length, while markedly intensifying electrolyte leakage, CO2
accumulation, and proline synthesis. The pronounced genotype X salinity interactions indicate differential adaptive capacities among
cultivars. Genotype 1 consistently outperformed all others by maintaining higher pigment stability, superior water status, minimal
oxidative damage, and earlier phenological progression. In contrast, genotypes 14 and 15 showed drastic reductions in physiological traits
and showed severe phenological delays under salinity, classifying them as highly sensitive to salt stress. These findings are consistent with
the well-established model of salt injury in plants, in which excessive Na* and CI~ disrupt ionic homeostasis, induce osmotic stress, and
promote oxidative damage [21-25]. Mechanistically, the observed declines in chlorophyll content, relative water content (RWC), and
growth reflect salt-induced osmotic restriction and impaired photosynthetic machinery [26-27].

Salinity reduces water uptake by lowering soil water potential, leading to cellular dehydration and compromised turgor, which directly
limits leaf expansion and biomass accumulation [22, 28-31]. These processes align with recent reviews emphasizing that salt stress
negatively affects plant water relations and photosynthesis, leading to reduced crop productivity [32, 33]. In line with present findings,
increasing salinity levels caused significant reductions in relative water content, chlorophyll, and carotenoid content, while drastically
enhances the antioxidant activities, proline, electrolyte—leakage, and MDA content in medicinal plants [34]. Also, in a previous study,
levels of stress led to a significant reduction in grain yield and harvest index of guar [35].



In guar, the strong genotype x salinity interactions observed indicate substantial genetic variation in stress response strategies. Similar
genotype-dependent variation in growth and performance has been reported in other guar collections, where genotypes that maintained
higher root length and biomass under salinity exhibited superior tolerance [36]. In a study conducted under saline conditions, a wide
genotypic variation in shoot and root length, fresh and dry weight was observed across 25 guar genotypes, and eight genotypes performed
well at the highest level of irrigation water salinity (9.0 dS/m) and were considered salt-tolerant [36]. Relative water content and leaf
proline are key determinants of leaf survival and overall plant metabolic activity under salinity conditions [37]. The capacity of certain
genotypes in the current study (e.g., G1 and G3) to maintain higher chlorophyll and RWC under high salinity suggests effective osmotic
adjustment and water-conservation mechanisms, supporting findings in other legumes, where tolerant cultivars preserve water status more
effectively than sensitive ones [32].

Increases in proline content and in oxidative indicators, such as MDA and electrolyte leakage, reflect typical biochemical responses to
ionic and osmotic stress. Proline accumulation under salinity is widely recognized as both an osmoprotectant and ROS scavenger that
helps stabilize proteins and membranes [38, 39]. However, excessive oxidative damage (high MDA and leakage) in sensitive genotypes
suggests that their antioxidant defenses were insufficient to mitigate ROS accumulation, consistent with broader plant stress physiology
models [40-45]. Root traits emerged as particularly important in our study, with longer roots correlating strongly with yield under stress.
Enhanced root growth likely supports improved water and ion acquisition. It contributes to ion exclusion, a key tolerance strategy identified
in molecular studies of guar, in which transporter genes and salt-responsive pathways were differentially expressed between tolerant and
sensitive genotypes [46-49].

Furthermore, the reductions in growth, chlorophyll content, and RWC observed at 15 dS/mare in agreement with previous studies on guar,
where only tolerant genotypes maintained higher growth under saline irrigation [36]. In contrast, sensitive genotypes showed severe
declines in physiological traits, emphasizing the role of genetic background in determining salinity tolerance. These patterns are consistent
with the general model of salt stress in plants, where excessive Na* and Cl- disrupt osmotic balance, inhibit photosynthesis, and induce
oxidative damage [22]. The superior performance of tolerant genotypes in maintaining water status and pigment stability suggests effective
osmotic adjustment and stress mitigation mechanisms. Moreover, the observed increases in proline and membrane leakage align with
known biochemical responses to salinity, where proline functions as an osmoprotectant and antioxidant, while high MDA and electrolyte
leakage indicate oxidative injury in sensitive genotypes [39]. Together, these findings highlight that salt tolerance in guar involves
coordinated regulation of water relations, photosynthesis, and antioxidant defenses.

CONCLUSION

The study demonstrates that substantial genetic variation exists among guar genotypes in their ability to cope with salinity stress, with
physiological traits such as chlorophyll stability, osmotic adjustment, membrane integrity, and growth performance serving as key
determinants of tolerance. Genotypes exhibiting consistent resilience, particularly RGC-986, provide valuable genetic resources for
breeding programs aimed at developing salt-tolerant cultivars. Incorporating these physiological and phenological traits into selection
criteria can enhance the efficiency of breeding strategies and support sustainable cultivation practices in salinity-affected regions. Overall,
the findings underscore the importance of integrating genotype evaluation with targeted physiological screening to improve guar
productivity under challenging environmental conditions.
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