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Introduction 

Bermudagrass (Cynodon dactylon (L.) Pers.) is one of the most 

popular warm season turfgrasses grown worldwide. Its popularity 

stems from its rapid, dense growth, ability to spread as stolons and 

underground rhizomes, excellent tolerance to heavy foot traffic and 

adaptability to warm and hot climates (1, 2). Turfgrasses provide 

numerous environmental and functional benefits including erosion 

control, reducing the heat island effect in urban landscapes, 

enhanced rainwater infiltration, carbon sequestration and 

improving the aesthetic value of parks and landscapes and the 

provision of high-quality surfaces for sports and outdoor recreational 

activities (2, 3). 

However, the scarcity of high-quality water resources is 

becoming increasingly severe due to population growth and 

expansion of agricultural areas (4). Turfgrass management is water-

intensive (5), with bermudagrass requiring approximately 25 to 38 

mm of water per week during its growing season, while having a 

daily water use ranging from 2.5 to 7.5 mm depending on prevailing 

weather conditions (6, 7). In hot climatic regions, golf courses and 

sports fields require more than 1000 mm of water per year, placing 

considerable pressure on fresh water resources (1). With this high 

domestic demand, the availability of water for urban green spaces 

such as gardens, lawns and sports fields is even more limited. 

Therefore, the recycling and reuse of wastewater for irrigating 

turfgrass areas in urban landscapes has become an essential 

strategy for conserving freshwater resources. 

Urban areas in India generated about 72368 million litres of 

sewage per day, of which only 28 % is treated (8). This presents a 

significant opportunity for wastewater treatment and its reuse in the 

maintenance of urban green spaces. However, the recycled water 

contains more dissolved salts, which can adversely affect plant 

growth when applied as irrigation water. Previous studies have 

reported that treated wastewater can have high salt concentrations 

(9). Processes such as reverse osmosis are essential for removing 

dissolved salts from recycled water (10–12). Despite such treatment, 

salinity remains one of the major constraints associated with the use 

of recycled water for turfgrass irrigation. Salinity stress induces a 

range of morphological changes in Bermudagrasses which includes 

leaf tip burning (leaf firing), reduced shoot density and leaf length 
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Abstract  

Salinity stress limits turfgrass performance in urban landscapes, where irrigation is highly dependent on recycled water. This study evaluated the 

morphological and turf quality responses of six Cynodon genotypes, comprising three native accessions (Directorate of Floriculture Research (DFR) 
RS-2, DFR RS-10, DFR RS-11) and three commercial varieties (Tif Dwarf, Tif Eagle, Selection-1) subjected to four salinity levels (0, 10, 20 and 30 

deciSiemens (dS) m-1) in a simulated sand-based sports field profile. Salinity treatments were applied for six weeks after canopy establishment 

and visual quality rating (VQR), leaf firing, leaf length, clipping yield, dark green colour index (DGCI) and salt secretion were evaluated weekly. 

Genotype Selection-1 (G6) and DFR RS-11 (G3) consistently maintained acceptable turf quality (VQR ≥ 6), greater leaf elongation, higher canopy 
greenness and reduced leaf firing under severe salinity stress (30 dS m-1). These responses indicated superior salinity tolerance compared with 

other genotypes. In contrast, Tif Eagle (G5) exhibited the greatest susceptibility, recording the lowest VQR, DGCI, clipping yield and leaf length, 

accompanied by the highest salt secretion. These findings identify Selection-1 and DFR RS-11 as promising salinity-tolerant genotypes for 

sustainable turfgrass cultivation using saline or recycled irrigation water. 
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and decreased biomass accumulation (13). Previous reports suggest 

that a salt level of 33 deciSiemens (dS m-1 )causes a reduction in grass 

clippings by more than 44 % and an increase in leaf firing by about 38 

to 41 % across different grass types (14, 15). However, considerable 

variation exists among Bermudagrass genotypes in their ability to 

tolerate saline environments, highlighting the need for systematic 

screening and selection of salt-tolerant germplasm. Given the 

increasing scarcity of freshwater resources and the growing reliance 

on recycled water for urban landscape irrigation, the identification of 

salt-tolerant Bermudagrass genotypes has become essential for 

sustainable turfgrass management. Although several Bermudagrass 

cultivars are widely used on sports fields in India, limited information 

is available regarding their comparative performance under saline 

irrigation conditions, particularly in relation to native germplasm 

resources. 

 Therefore, this study was to evaluate the salinity tolerance of 

six Cynodon genotypes, including three native accessions and three 

commercially cultivated varieties commonly used in Indian sports 

turf systems. The specific objective was to assess their growth, turf 

quality and physiological responses under different levels of salt 

stress and to identify genotypes suitable for irrigation using recycled 

water in water-limited urban environments. 

 

Materials and Methods 

Experimental setup and growing conditions  

The experiment was conducted at the ICAR-Directorate of 

Floriculture Research (DFR) Regional Station Andhra Pradesh, 

India (16.932739°N; 81.788860°E), situated in the East Godavari 

district within the Eastern Coastal Plains agro-climatic zone. The 

climate is of the tropical monsoon type, with annual precipitation 

ranging from 1100 to 1200 mm. The experiment was laid out in a 

split-plot design with six turfgrass genotypes (G1-Cynodon DFR RS-

2, G2-Cynodon DFR RS-10, G3-Cynodon DFR RS-11, G4-Tif Dwarf, G5

-Tif Eagle and G6-Selection-1) as subplots and salinity levels (S0- 

Control (potable water), S1- 10 dS m-1, S2- 20 dS m-1 and S3- 30 dS 

m-1) as main plot with three replications.  

 Each experimental unit consisted of a polyvinyl chloride 

(PVC) cylindrical column measuring 100 cm in height and 20 cm in 

internal diameter. Columns were arranged vertically in an open 

field, installed 20 cm below ground level to ensure uniform 

drainage across all replicates. Each column was filled in four 

distinct layers to simulate a sports field soil profile (Fig. 1). The 

lower 33.5 cm was filled with sandy loam soil at a bulk density of 

1.4 g cm-3, above which a 33.5 cm layer was packed at 1.2 g cm-3 of 

bulk density. Above this, a 3 cm coarse gravel layer was placed and 

the upper 30 cm was filled with washed river sand amended with 

vermicompost 360 g column-1.   

Planting material and turf establishment 

All six turfgrass genotypes were sourced from the turfgrass 

germplasm block maintained at ICAR-DFR, Regional Station 

Andhra Pradesh. Stem sprigs bearing two to three intact nodes 

were cut from actively growing stolons, washed thoroughly to 

remove any surface contaminants and 20 such sprigs were 

planted per column at a depth of 1–2 cm in pre-irrigated 

columns. An irrigation volume was standardised through a 

preliminary trial. A volume of 750 mL per column per irrigation 

event was selected as it sustained healthy vegetative growth. 

Nutrients were added at weekly intervals through water-soluble 

nitrogen, phosphorus, potassium (NPK) fertiliser (19:19:19) 

dissolved at 4 g L-1 and the salt concentration of the irrigation 

solution was adjusted to compensate for the increase in 

electrical conductivity (EC) resulting from fertiliser application, 

thereby maintaining the target salinity level. The height of the 

turfgrass was maintained at 2.5 cm (1 inch) by trimming using 

scissors at weekly intervals. 

Salinity stress imposition 

Salinity treatments were initiated 60 days after planting (DAP) 
(once all genotypes achieved full canopy coverage with well-

distributed root systems). The EC of the irrigation water was 

increased gradually in weekly increments of 5 dS m-1, from 5 dS m-1 

up to each treatment’s target EC. Upon reaching the target level, it 

was maintained continuously for six weeks to allow physiological 

 

Fig. 1. Simulation of a playing surface with 4 distinct layers. Layer 1-loam soil at 1.4 g cm-3. Layer 2-loam soil at 1.2 g cm-3, Layer 3-gravel, Layer 
4-sand layer. Salinity levels: S0-control; S1–10 dS m-1; S2–20 dS m-1; S3–30 dS m-1. Bermudagrass Genotypes: G1-Cynodon DFR RS-2; G2-Cynodon 

DFR RS-10; G3-Cynodon DFR RS-11; G4- Tif Dwarf; G5-Tif Eagle, G6-Selection-1. 
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acclimatisation while establishing chronic stress. Saline solutions 

were prepared using a combination of sodium chloride (NaCl), 

calcium sulphate dihydrate (CaSO4.2H2O) and magnesium 

chloride (MgCl2) in a mass ratio of approximately 4:2:2 (g L-1) to 

simulate treated sewage water and avoid sodicity hazard. All salts 

were of analytical reagent (AR) grade and solution EC was verified 

daily using a calibrated digital EC meter (± 0.01 dS m-1). 

Observations recorded 

Turf quality was assessed by visual scoring on a scale of 1–9, where 1 

= fully dead and 9 = fully dark green with excellent density and 

texture (16). Leaf firing was recorded using a 1–9 visual rating scale, 

where 1 = severe leaf firing (fully dead) and 9 = no firing (fully green) 

and healthy leaf, based on leaf colour, texture and burning extent 

(17). Thus, on this scale a higher leaf-firing score corresponds to less 

firing (i.e., lower leaf injury and better health), the same direction as 

the turf quality scale. Leaf length was measured with a ruler from the 

base to the tip of the third fully matured leaf per shoot. Clippings 

were collected at each weekly trimming event (cutting height at 1 

inch), dried in a hot-air oven at 75 °C for 72 hr and the dry weight was 

recorded in milligrams (18). Dark green colour index (DGCI) was 

recorded weekly using a Spectrum Field Scout Green Index + 

reference board and the associated iPhone Operating System (iOS) 

application. Calibration was performed against the grey colour 

reference on the board before each measurement.  To estimate salt 

secretion, a marked shoot area was sprayed with distilled water to 

remove pre-existing salts from the leaf surface prior to 

measurement. Following a 7-day secretion period, 40 leaves from 

each column were collected and immediately washed with 10 mL of 

double-distilled water. The conductivity of the wash solution was 

determined using a conductivity meter and salt secretion was 

expressed as μS cm-1 g-1 fresh weight (FW) per 7 days (19). 

Statistical analysis  

 The data were analysed using analysis of variance (ANOVA) and 
treatment means were separated using the Least Significant 

Difference (LSD) test at the 5 % significance level (p≤0.05). 

Statistical analyses were performed using RAISINS software 

(version 1.2.0) (19). 

Results  

Turf quality  

The effect of incremental salinity levels in various turf genotypes 

on visual quality ratings and their interactions, are presented in 

Table 1. Visual quality rating decreased significantly with 

increasing salinity levels from S0 (control) to S3 throughout the 

experimental period. Among the genotypes, G6 consistently 

recorded the highest VQR. A significant reduction in VQR was 

observed from the second week onward in all salinity treatments 

compared with the control. Under moderate salinity (S1) except 

G5 turf genotype, all the other turfgrass genotypes have 

maintained minimum acceptable turf quality (VQR ≥ 6) during the 

entire study period of about six weeks, while in G5 the quality has 

started to decline below 6 VQR from fourth week and scored 

minimum VQR (5.17) in sixth week. Interestingly G1, G2 and G3 

genotypes have a stable VQR from third week onwards. At S2 (20 

dS m-1) salinity level G3 and G6 genotypes have maintained 

minimum VQR (6) in all the weeks, while all other genotypes 

scored value below 6 VQR, further G5 scored significantly lowest 

VQR in all the weeks. Under the highest salinity level (S3), G6 

maintained the minimum acceptable VQR (≥ 6) throughout the six-

week stress period, whereas G5 maintained acceptable quality 

only up to the fifth week.  

Leaf firing  

The effects of salinity levels and genotype on leaf firing during six 

weeks of stress are presented in Table 2. Higher salinity levels 

induced significantly higher leaf firing in comparison to the control 

(S0). Genotype G6 consistently recorded the highest leaf-firing rating 

(i.e., the least leaf injury) throughout the evaluation period. 

Furthermore, G3 was at par with G6 in first, third, fourth and fifth 

weeks scoring significantly higher leaf firing ratings. At moderate 

salinity level (S1) leaf firing was minimum across weeks and none of 

the grasses scored below 6, but a declining trend of leaf firing score 

was observed in the genotypes G2 and G5 from first to sixth week. 

While at higher salinity levels (S2 and S3) the leaf firing score reduced 

significantly across the genotypes with G2 fell below a rating of 6 

from fifth week onwards and G5 started the decline from fourth 

Table 1. Effect of varied levels of salinity on turf quality (1–9) of Bermudagrass genotypes (two-way ANOVA, split-plot design; means followed 
by different superscript letters within a factor differ significantly by critical difference (CD)) 

 
 

Turf quality 
Week-1 

Turf quality 
Week-2 

Turf quality 
Week-3 

Turf quality 
Week-4 

Turf quality 
Week-5 

Turf quality 
Week-6 

Salinity level             
S0 7.47a 7.47a 7.47a 7.47a 7.47a 7.47a 
S1 7.00b 6.92b 6.58b 6.44b 6.39b 6.17b 
S2 6.67c 6.42c 6.31c 6.00c 5.86c 5.44c 
S3 6.17d 6.14d 5.83d 5.47d 5.19d 4.64d 
SE(m) 0.01 0.03 0.02 0.03 0.03 0.02 
CD 0.05** 0.12** 0.07** 0.11** 0.10** 0.08** 
Grass genotype             
G1 6.83c 6.75d 6.54d 6.33d 6.12c 6.08b 
G2 6.62d 6.67e 6.38e 6.12e 6.12c 5.75c 
G3 7.00b 6.88c 6.75c 6.75b 6.62b 6.38a 
G4 7.25a 7.12a 6.88b 6.46c 6.17c 5.88c 
G5 6.25e 6.00f 5.75f 5.54f 5.46d 5.04d 
G6 7.00b 7.00b 7.00a 6.88a 6.88a 6.46a 
SE(m) 0.02 0.03 0.02 0.04 0.05 0.05 
CD 0.05** 0.08** 0.07** 0.12** 0.13** 0.14** 
Interaction (S × G)             
SE(m) 0.03 0.05 0.05 0.08 0.09 0.10 
CD 0.10** 0.16** 0.14** 0.24** 0.27** 0.27** 

Salinity Levels: S0-control; S1-11–10 dS m-1; S2-22–20 dS m-1; S3-33–30 dS m-1  Bermudagrass genotypes: G1- Cynodon DFR RS-2; G2-Cynodon 
DFR RS-10; G3-Cynodon DFR RS-11; G4-Tif Dwarf; G5-Tif Eagle; G6-Selection-1. ** indicates significance at 1 % level, NS indicates non-

significance. DFR: Directorate of Floriculture Research; SE(m): Standard error of the mean; CD: Critical difference.  
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week onwards in S2 level of salinity and most pronounced leaf firing 

was observed at salinity level S3 in the genotype G5, which showed 

the leaf firing score less than 6 in all six weeks and the lowest score (2) 

was recorded in fifth and sixth week. These results indicate 

considerable genotypic variation in salinity tolerance, with G6 and 

G3 exhibiting marked resistance to salt-induced leaf injury, whereas 

G5 was highly susceptible to salinity stress. 

Leaf length  

Leaf length declined progressively with increasing salinity in all 

genotypes (Table 3).  During week 1 responses varied among 

genotypes, with values ranging from 2.56 cm in S1 × G2 to 1.05 cm in 

S3 × G5. Interestingly, G1 and G2 exhibited slightly greater leaf 

elongation at S1 than under non-saline conditions. By week 2, 

salinity-induced suppression became more evident, with G5 at S3 

showed the lowest value (0.60 cm) in comparison to control G1 at S0 

which exhibited highest leaf length (3.09cm). Increasing salinity 

progressively reduced leaf elongation across all genotypes, 

particularly in G3 and G4 under S3 treatment. The reduction 

intensified during 3rd week when G3 at S0 exhibited the highest 

elongation (1.86 cm), whereas G5 at S3 recorded the lowest value 

(0.57 cm). At 4th and 5th week, genotypic differences became more 

pronounced, with G1 and G6 having relatively greater leaf length 

under severe salinity, with G6 showing a notable recovery under S3 

(1.42 cm in week 5). In contrast, G3, G4 and G5 experienced 

substantial suppression, with leaf elongation values declining below 

0.40 cm under S3. During week 6, two distinct response groups 

emerged: G1 (1.39 cm) and G6 (1.25 cm) maintained comparatively 

higher leaf elongation under S3, whereas G2, G3, G4 and G5 

exhibited severe reductions, with elongation values below 0.31 cm. 

These results demonstrate the presence of considerable genotypic 

variation in leaf growth responses to salinity, with G1 and G6 

showing superior adaptation to prolonged salt stress. 

Table 2. Effect of varied levels of salinity on Leaf firing (1–9) of Bermudagrass genotypes (two-way ANOVA, split-plot design; a higher score 
indicates less leaf firing; means followed by different superscript letters within a factor differ significantly by critical difference (CD)) 

 
 

Leaf firing 
Week-1 

Leaf firing 
Week-2 

Leaf firing 
Week-3 

Leaf firing 
Week-4 

Leaf firing 
Week-5 

Leaf firing 
Week-6 

Salinity level             
S0 8.83a 9.00a 8.94a 9.00a 9.00a 9.00a 
S1 8.08b 7.83b 7.50b 7.50b 7.50b 7.50b 
S2 7.17c 6.83c 6.75c 6.42c 6.42c 5.81c 
S3 6.42d 6.42d 6.17d 5.58d 5.34d 5.08d 
SE(m) 0.00 0.00 0.03 0.00 0.00 0.03 
CD 0** 0** 0.1** 0** 0.01** 0.1** 
Grass genotype             
G1 7.92a 7.62c 7.62b 7.50b 7.50b 7.25b 
G2 7.50b 7.50d 7.04c 6.75c 6.75d 6.58d 
G3 8.00a 7.75b 7.75a 7.62a 7.63a 7.25b 
G4 7.67b 7.75b 7.62b 7.50b 7.38c 7.00c 
G5 6.75c 6.62e 6.25d 5.75d 5.50e 5.50e 
G6 7.92a 7.88a 7.75a 7.62a 7.62a 7.50a 
SE(m) 0.06 0.00 0.03 0.00 0.00 0.03 
CD 0.18** 0** 0.1** 0** 0.01** 0.1** 
Interaction (S × G)             
SE(m) 0.13 0.00 0.07 0.00 0.01 0.07 
CD 0.37** 0** 0.19** 0** 0.02** 0.19** 

Salinity Levels: S0-control; S1-11–10 dS m-1; S2-22–20 dS m-1; S3-33–30 dS m-1 Bermudagrass genotypes: G1- Cynodon DFR RS-2; G2-Cynodon 
DFR RS-10; G3-Cynodon DFR RS-11; G4-Tif Dwarf; G5-Tif Eagle; G6-Selection-1. ** indicates significance at 1 % level, NS indicates non-

significance. DFR: Directorate of Floriculture Research; SE(m): Standard error of the mean; CD: Critical difference. 

Table 3. Effect of varied levels of salinity on Leaf length (cm) of Bermudagrass genotypes (two-way ANOVA, split-plot design; means followed 
by different superscript letters within a factor differ significantly by critical difference (CD))  

 
 

Leaf length 
Week-1 

Leaf length 
Week-2 

Leaf length 
Week-3 

Leaf length 
Week-4 

Leaf length 
Week-5 

Leaf length 
Week-6 

Salinity level             
S0 2.18a 1.96a 1.64a 1.47a 1.53a 1.44a 
S1 2.12a 1.73a 1.43b 1.32b 1.30b 1.15b 
S2 1.37b 1.30b 1.19c 1.03c 1.06c 0.98c 
S3 1.27b 0.90c 0.94d 0.94c 0.70d 0.62d 
SE(m) 0.10 0.08 0.01 0.04 0.03 0.03 
CD 0.34** 0.27** 0.04** 0.12** 0.12** 0.09** 
Grass genotype             
G1 1.86a 1.86a 1.35ab 1.39a 1.32a 1.31a 
G2 1.98a 1.66ab 1.32ab 1.35a 1.27a 1.07c 
G3 1.81ab 1.52b 1.40a 1.22b 1.09b 1.02c 
G4 1.58bc 1.21c 1.29b 1.13b 0.94c 0.87d 
G5 1.47c 1.13c 1.11c 0.92c 0.87c 0.79d 
G6 1.72abc 1.46b 1.32ab 1.15b 1.38a 1.22b 
SE(m) 0.09 0.08 0.04 0.04 0.04 0.03 
CD 0.26** 0.22** 0.1** 0.12** 0.13** 0.08** 
Interaction (S × G)             
SE(m) 0.18 0.15 0.07 0.08 0.09 0.06 
CD NS 0.43** 0.2** 0.24** 0.26** 0.16** 

Salinity Levels: S0-control; S1-11–10 dS m-1; S2-22–20 dS m-1; S3-33–30 dS m-1 Bermudagrass Genotypes: G1- Cynodon DFR RS-2; G2-Cynodon 
DFR RS-10; G3-Cynodon DFR RS-11; G4-Tif Dwarf; G5-Tif Eagle; G6-Selection-1. ** indicates significance at 1 % level; NS indicates non-

significance. DFR: Directorate of Floriculture Research; SE(m): Standard error of the mean; CD: Critical difference. 
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Dark green colour index  

The DCGI recorded at fortnightly intervals (2nd, 4th and 6th weeks) 

showed gradual decline indicating a progressive reduction in 

turfgrass canopy greenness with increasing salinity (Table 4).  

The DCGI values of salinity level S0 and S1 were at par in week 2 

whereas at week 4 and week 6 all the salinity levels were 

significantly different from each other, with S3 recording lowest 

DGCI. These results suggest that prolonged exposure to higher 

salinity impaired the greenness. The bermudagrass genotype G5 

exhibited the lowest DGCI values among all genotypes 

throughout the study period. At 6th week, G1, G2, G3, G4 and G6 

were statistically at par and maintained significantly higher DGCI 

value. Under S3 during week 6, G5 recorded the lowest DGCI, 

whereas G6 consistently maintained higher DGCI values 

throughout the evaluation period. 

 

Biomass production  

The rate of biomass accumulation was reflected by clipping dry 

weights collected at regular intervals to maintain turf height. The 

total clipping yield data presented in Fig. 2 revealed a significant 

reduction in biomass productivity with increasing salinity stress. The 

interaction between salinity level (S) and turfgrass genotype (G) was 

significant (Fig. 2). Genotype G5 under S3 produced the lowest clipping 

yield, followed by G5 under S2 and G2 under S2. These treatments 

exhibited the greatest reduction in biomass accumulation. Among 

the genotypes, G3 (DFR RS-11) maintained relatively higher clipping 

yields under both S2 and S3 salinity levels compared with the other 

genotypes exposed to similar stress conditions, suggesting a greater 

ability to sustain vegetative growth and biomass production under 

saline environments. Conversely, G5 (Tif Eagle) exhibited the most 

pronounced reduction in clipping yield across all salinity treatments, 

confirming its high sensitivity to salinity stress. 

Table 4. Effect of varied levels of salinity on dark green colour index (DGCI) of Bermudagrass genotypes (two-way ANOVA, split-plot design; 
means followed by different superscript letters within a factor differ significantly by critical difference (CD))  

Salinity Levels: S0-control; S1-11–10 dS m-1; S2-22–20 dS m-1; S3-33–30 dS m-1 Bermudagrass genotypes: G1- Cynodon DFR RS-2; G2-Cynodon 
DFR RS-10; G3-Cynodon DFR RS-11; G4-Tif Dwarf; G5-Tif Eagle; G6-Selection-1. * Indicates significance at 5 % level; NS indicates non-

significance. DFR: Directorate of Floriculture Research; SE(m): Standard error of the mean; CD: Critical difference. 

 DGCI Week-2 DGCI Week-4 DGCI Week-6 
Salinity level       
S0 0.64a 0.63a 0.67a 
S1 0.62a 0.62b 0.63b 
S2 0.59b 0.59c 0.60c 
S3 0.56c 0.55d 0.52d 
SE(m) 0.01 0.00 0.00 
CD 0.02** 0.01** 0.01** 
Grass genotype       
G1 0.60abc 0.62a 0.62a 
G2 0.59c 0.59b 0.61a 
G3 0.61ab 0.62a 0.61a 
G4 0.62a 0.59b 0.62a 
G5 0.59c 0.57b 0.56b 
G6 0.59bc 0.59b 0.62a 
SE(m) 0.01 0.01 0.01 
CD 0.02* 0.02** 0.03** 
Interaction (S × G)       
SE(m) 0.02 0.02 0.02 
CD NS NS 0.06** 

 

Fig. 2. Effect of salinity levels (S) on different Bermudagrass genotypes (G) on cumulative clipping yield. Data are means from a two-way 
ANOVA (split-plot design, S × G); error bars/CD as reported in the text denote significance at P ≤ 0.05. CD: Critical difference  Salinity levels: S0-

control; S1-11–10 dS m-1; S2-22–20 dS m-1; S3-33–30 dS m-1. Bermudagrass Genotypes: G1-Cynodon DFR RS-2; G2-Cynodon DFR RS-10; G3-
Cynodon DFR RS-11; G4- Tif Dwarf; G5-Tif Eagle; G6-Selection-1. 
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Salt secretion 

Salt secretion increased significantly with increasing salinity (Fig. 

3). All the turfgrass genotypes exhibited significantly lower salt 

secretion at S0 (control) level of salinity in comparison to the 

salinity treatments. Among the turf genotypes G5 at S3 level of 

salinity exhibited higher salt secretion than other genotypes at all 

other levels of salinity, suggesting an enhanced exclusion to cope 

with excessive salt accumulation. In contrast G1 turfgrass 

genotype has secreted less salt across all salinity levels, indicating a 

conservative ionic regulation mechanism.  

 

Discussion  

Turf quality and growth parameters 

Salinity stress markedly reduced turf quality, confirming its 

detrimental effects on bermudagrass growth and aesthetic 

performance. A considerable variation was observed among the 

bermudagrass genotypes in their response to increasing salinity 

levels, indicating substantial genetic diversity for salinity 

tolerance (20). The progressive decline in visual quality ratings 

(VQR) with increasing salinity concentrations can be attributed to 

the cumulative physiological and morphological damage 

induced by salt stress (21). Among the evaluated genotypes, G6 

(Selection-1) and G3 (Cynodon sp. DFR RS-11) consistently 

maintained higher turf quality ratings and exhibited lower levels 

of leaf firing under S2 (20 dS m-1) and S3 (30 dS m-1) salinity 

treatments. Their ability to sustain visually acceptable turf 

quality under severe saline conditions suggested the presence of 

effective tolerance mechanisms that minimise salt-induced 

injury and help in maintaining the canopy performance. In 

contrast, G5 (Tif Eagle) showed a rapid decline in VQR with 

increasing salinity, indicating greater susceptibility to salt stress. 

 Leaf firing trait is considered one of the most reliable 

indicators of salinity injury and is frequently used as a primary 

criterion for assessing turfgrass performance under saline 

conditions (17). Since the earliest visible symptoms of salt injury 

appear on the leaves, the extent of leaf firing directly influences 

turf visual quality (22, 23). The development of leaf firing is largely 

attributed to the excessive accumulation of Na+ and Cl- ions in 

leaf tissues, which leads to ion toxicity, chlorophyll degradation, 

membrane damage and subsequent tissue necrosis (24, 25). 

 The superior leaf firing scores recorded in G6 and G3 

suggest a greater capacity to regulate ionic balance and protect 

leaf tissues from salinity-induced damage. Conversely, the severe 

leaf firing observed in G5 suggested inadequate exclusion or 

compartmentalisation of toxic ions, resulting in accelerated leaf 

senescence and deterioration of turf quality. Similar findings 

were reported by previous researchers (26), who observed that 

Bermudagrass cultivars maintained acceptable turf quality and 

only moderate leaf firing at salinity levels up to 24 dS m-1. 

Likewise, some other earlier studies (27) reported significant 

genotypic variation in turf quality and leaf firing responses 

among Bermudagrass cultivars under saline conditions, with the 

cultivar Celebration® maintaining the highest turf quality rating 

(7.6) at 30 dS m-1 salinity. The present findings corroborate with 

these reports and further demonstrate the superior salinity 

tolerance of G6 and G3 compared with the other Bermudagrass 

genotypes evaluated in this study. 

 Leaf length and clipping yield declined progressively with 

increasing salinity levels, indicating the adverse effects of salt 

stress on vegetative growth and biomass accumulation. Under 

severe salinity stress (S3- 30 dS m-1), genotypes G1 and G6 

maintained comparatively greater leaf elongation throughout 

the six-week stress period. Similarly, G3 and G6 under S1 (10 dS 

m-1) and S2 (20 dS m-1) and G3 under S3, recorded higher 

cumulative clipping yields than the other genotypes. The 

reduction in leaf elongation and clipping yield reflects a decline 

in biomass production, as restricted leaf growth reduces the total 

photosynthetically active leaf area, thereby limiting carbon 

assimilation and plant productivity (28). 

 Salinity-induced reductions in leaf growth have been 
widely reported and are primarily associated with osmotic stress, 

which decreases cell turgor pressure and restricts cell expansion. 

Similar findings were reported in Brassica (29) where it was 

noted that salinity adversely affected leaf development and 

overall plant growth due to osmotic and ionic stress. In turfgrass 

Fig. 3. Effect of salinity levels (S) on salt secretion (µS cm-1g-1FW 7days-1) in different Bermudagrass genotypes (G). Data are means from a two-
way ANOVA (split-plot design, S × G); error bars/CD as reported in the text denote significance at P ≤ 0.05. 
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species, previous researchers (30) reported significant reductions in 

leaf length, leaf area and shoot growth in Zoysia grass and 

Bermudagrass exposed to saline conditions. Likewise, these studies 

further (31) observed substantial reductions in clipping yield among 

Chinese native Bermudagrass accessions under salinity stress, while 

some other researchers (32) reported significant declines in biomass 

production and considerable genotypic variation in growth 

responses among Kentucky bluegrass genotypes subjected to saline 

environments. The superior leaf elongation maintained by G1 and 

G6 under severe salinity stress may reflect improved osmotic 

adjustment of cellular water status, enabling continued growth 

despite the adverse effects of salinity. According to an earlier report 

(25), salt-tolerant turfgrass genotypes often maintain growth under 

saline conditions through improved osmotic regulation, selective ion 

uptake and efficient water-use mechanisms. Furthermore, the 

higher clipping yields recorded by G3 and G6 indicate their ability to 

sustain photosynthetic activity and biomass accumulation under 

saline conditions, highlighting their superior adaptation and 

tolerance to salinity stress compared with the more susceptible 

genotypes like G5. 

Physiological characters  

Turf quality and DGCI exhibited a strong positive correlation, 

indicating that canopy greenness is closely associated with overall 

turf performance (33). Assessment of turfgrass performance under 

salinity through sensor-based measurements such as DGCI provides 

a more objective and reliable selection criterion than visual turf 

quality ratings, which are inherently subjective. In the present study, 

canopy greenness measured by DGCI declined with increasing 

salinity, with considerable variation observed among the 

Bermudagrass genotypes. The higher DGCI values maintained by G6 

(Selection-1) under S3 conditions indicate its ability to preserve 

chlorophyll integrity and sustain photosynthetic activity under 

salinity stress. In contrast, the consistently lower DGCI values 

recorded in G5 suggest greater susceptibility to salinity-induced 

chlorophyll degradation. Similar findings were reported by previous 

researchers (34), who observed a strong association between turf 

quality and DGCI in Bermudagrass cultivars exposed to salinity 

stress.  Some other studies (35) similarly reported significant 

reduction in DGCI under saline conditions and considerable 

genotypic variation in canopy greenness among Poa annua L turf 

lines. 

 It is well established that Bermudagrass possesses salt 

glands on its leaves (36–38), which facilitate ion exclusion through 

membrane transport proteins (39). Salt secretion in Bermudagrass 

generally increases with increasing salinity (19, 40), which was 

evident in the present study. Salt secretion increased by 1.5, 2.7 and 

7.7 fold at S1, S2 and S3 respectively, compared with the control (S0). 

The genotype G5 exhibited the highest salt secretion across all 

salinity treatments but recorded the lowest VQR, indicating high 

susceptibility to salt stress In contrast, earlier studies (13, 27) in Zoysia 

grass, Bermudagrass and seashore paspalum reported a positive 

association between salinity tolerance and increased salt secretion, 

suggesting that greater secretion contributes to enhanced salinity 

tolerance. In the present study, G6 and G3 also exhibited relatively 

high salt secretion under S3, second only to G5, while maintaining 

superior turf quality throughout the study period. This may indicate 

more efficient Na+ compartmentalisation in these genotypes, 

contributing to their enhanced salinity tolerance. 

Conclusion 

Increasing salinity levels adversely affected turf quality, canopy 

greenness, leaf growth and biomass production in all the 

bermudagrass genotypes studied. Among the six genotypes, G6 

(Selection-1) and G3 (Cynodon sp. DFR RS-11) consistently maintained 

superior turf quality, canopy greenness and biomass production 

under high salinity stress, indicating greater salinity tolerance. The 

results further suggest that salt secretion alone is not a reliable criterion 

for selecting salt-tolerant genotypes, as neither G3 nor G6 were the 

highest salt secretors. Further physiological and molecular 

investigations are warranted to elucidate the mechanisms underlying 

salinity tolerance, particularly ion compartmentalisation and other 

adaptive responses, in these promising Indian bermudagrass 

genotypes. 
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