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Abstract

The commercial landscaping in the coastal area has raised a problem of the salinity tolerance level of the turf grass species
used for laying. In order to maintain the quality outdoors in salt affected areas, the experiment was carried out in the south
Guijarat region. The Plot was laid out in completely randomized design with factorial concept (FCRD) with three repetitions,
comprising five salinity treatments of different saline irrigation water viz., S : = 2.0 dS/m (Control/Best Available Water), S; :
4.0 dS/m, S, : 8.0 dS/m, Sz : 16.0 dS/m and S4 : 32.0 dS/m. The effect of salinity on six turfgrass genotype viz., Cynodon
dactylon (G3), Paspalum vaginatum (G), Zoysia japonica (Gs), Axonopus compressus (Ga), Eremochloa ophiuroides (Gs) and
Stenotaphrum secundatum (Gg) were studied. The pot experiment was carried out under the UV stabilized rain shelter. The
treatments were imposed for the period of two month with saline irrigation water based on the moisture sensor reading on fully
established turfgrasses. The morphological parameter of the grass species viz., Leaf length, Leaf width and Stolon internodal
length were observed during this period. As the salinity increased the morphological parameters showed a sharp reduction
across all the turfgrass species, Although Paspalum vaginatum showed more tolerance among all, making it the best turfgrass
under the high salinity stress.
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Introduction when water shortages occur (Kjelgren et al., 2000) B,
Turfgrasses are plants that form a more or less continuous Freshwater resource constraints are not the only issues
ground cover that persists under regular mowing and traffic facing many regions; salinity issues with soil and water are
(Turgeon, 1980) 3. Turfgrass and ornamental plants are also getting worse. Therefore, in addition to developing
integral part of landscape ecological system and they serve saline water resources for irrigation, the turfgrass sector
both the thing of service and beauty (Robert et al., 1992). must also manage turfgrasses on salty locations. Salt
They provides at least three major benefits to human tolerant turfgrasses are becoming essential in many areas of
activities: functional, recreational and ornamental (Beard, the world because of salt accumulation in soil, restriction on
1973) [, Functional uses include wind and water erosion ground water especially in coastal areas (Hixson et al.,
control, thereby reducing dust and mud problems 2004) B, Turfgrass species that can withstand salt have
surrounding homes and businesses. It is also recognized for become more and more necessary due to the growing usage
reducing glare, noise, air pollution and heat build up. Turf is of brackish water sources and sewage effluent for irrigation.
extensively used along the roadsides for erosion control. Therefore, the study was done to evaluate the salinity
Recreational use of turf is extensive throughout the world. tolerance level of the six warm season turfgrass used in the
The turfgrass species belongs to the family Poaceae which south Gujrat condition.

was formerly known as Gramineae under the class

Monocotyledonae. More than 800 genera comprising over Materials and methods:

ten thousand species belong to Poaceae (Piperno and Sues, A pot experiment was conducted under a UV-stabilized rain
2005) 19, The grass family is of particular interest to human shelter at Navsari Agricultural University, Gujarat, during
as our staple foods including rice, wheat and maize etc. the period of April 2024 to December 2024, with six
belongs to the grass family. In addition, grasses form an turfgrass genotypes, viz., Cynodon dactylon, Paspalum
important part of the urban and peri-urban landscape all vaginatum, Zoysia japonica, AXOnopus Ccompressus,
over the world. However, there are also at least 12 species Eremochloa ophiuroides and Stenotaphrum secundatum in
that are widely used as turfgrasses (Shaw, 2012) [*?1, order to compare their salt tolerance. Fifty sprigs of each
Salinity is one of the most important abiotic stresses widely genotype were planted in the rectangular plastic pots with
affecting the plant growth around the world. Soil salinity is dimensions 60 cm x 30 cm x 27 cm. In order to provide
an escalating problem worldwide, with nearly 10 % of the uniform soil conditions, all the pots were filled with a
earth’s total land surface or 954 Mha covered with salt- mixture of white sand and neem cake. Neem cake was
affected soils and up to 100 Mha saline due to irrigation mixed into the sand media at the rate of 1.0 kg/m2. Each
(Ghassemi et al., 1995 [ and Pessarakli and Szabolics, grass genotype was planted in 15 pots; likewise, a total of
1999) [, Critical water shortages are occurring in rapidly 90 pots with different grasses planted on them, including
growing urban areas, resulting in restrictions on the use of three repetitions, were arranged under the rain shelter based
potable water for irrigating turfgrasses in varieties of on a completely randomized design. For a period of four
landscape areas. Turfgrass landscape irrigation is typically months, the grasses were grown under the greenhouse
considered a low priority use for fresh water, particularly condition with tap water irrigation for the proper
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establishment and later on the grasses were clipped to a
height of 3 cm above the media level in the pots in order to
maintain a dense turf before the application of the treatment.

The temperature and relative humidity were measured
timely during the period of the experiment, and the mean
weather data is presented in Table 1.

Table 1: Weather data during the period of experiment

Months Parameters April May June July Aug Sept Oct Nov Dec
Temperature(°C) 29.85 31.00 30.10 27.80 27.10 27.65 28.80 25.75 23.00
Relative Humidity (%) 59.50 68.00 79.00 90.00 90.50 88.50 78.50 60.00 61.50

The five salinity levels, viz., 2.0 (BAW), 4.0, 8.0, 16.0, 32.0
dS/m, were made by diluting seawater (45.0 dS/m) with the
best available water. In order to avoid the salinity shock, all
the pots received the best available water (2.0 dS/m) in the
first irrigation. In the second irrigation, all the pots, except
for the control ones, were irrigated with 4.0 dS/m water. In
subsequent irrigations, except for the control pots and 4.0
dS/m treatments, they were irrigated with 8.0 dS/m water
and so on, until the maximum salinity treatments were
reached. The irrigation interval was determined using the
moisture sensor reading, which was installed in the
experimental unit. Each pot was irrigated with 2 liters of
water during each irrigation. The EC of each salinity
treatment was properly checked before every irrigation
using a portable EC meter. The application of the salinity
treatment continued for a period of two months. The data on
Leaf length, Leaf width, Stolon internodal length were
recorded 4 weeks after the initiation of salinity treatment.
Leaf length (cm) Length of the third mature leaf from the
growing tip was recorded with digital Vernier Calliper in 5
flattened random leaves from each pot on weekly basis and
averaged. Leaf length from leaf tip to the leaf collar was
measured in centimetre.

Leaf width (mm) Width of the third mature leaf from the
growing tip was recorded in 5 flattened random leaves from
each pot on weekly basis and averaged. Leaf width was
measured at a distance of 1.0 cm from its ligule (at the
widest part of the leaf blade) using digital Vernier Calliper
and expressed in millimetre.

Stolon internodal length (mm) Five stolons of grasses from
each pot were taken out and their third internode from top
was measured as the distance between two nodes of mature
stolon using digital Vernier Calliper. The observations were
recorded on weekly basis and then averaged and expressed
in millimetre.

Result and discussion:

It is evident from the data that, leaf length of all the
turfgrass species was significantly decreased with increased
salinity of irrigation water. The mean data of salinity (SO to
S4) of the different turfgrass species revealed that the
salinity had significant effect on the reduction of the leaf
length. Over the period of observation also, it was
noticeable that the leaf length of all the turfgrass species
reduced considerably. As the grasses used in this experiment
belonged to different genotype, their morphological
characters like leaf length, width and stolon internodal
length varied widely, so that morphological characters of the
genotypes was not comparable in this context. From the
interaction table, it is evident that, the turfgrass genotypes
recorded their normal leaf length under the control treatment
of 2.0 dS/m (S0). It is evident from the data (Table 2) that,
the leaf length of all the turfgrass species was significantly
decreased with increased salinity of irrigation water and also
with the period of application of treatment except for the
genotype G2 (Paspalum vaginatum) which did not follow a
gradual reduction in leaf length. The trend for the leaf length
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reduction followed by the six different genotypes as a result
of the salinity stress imposed on them followed the order Gg
> Gs > G4 > Gy > Gz > Gy, in which the genotypes were
Stenotaphrum  secundatum, Eremochloa ophiuroides,
Axonopus compressus, Cynodon dactylon, Zoysia japonica
and Paspalum vaginatum respectively. The results obtained
were in conformity with the previous findings of Zhang and
Hu (2021) 0% in zoysia grass; Patel et al. (2024) [ in
Bermuda grass cultivar selection-1.

Table 2: The effect of different saline water irrigation on leaf
length of various turfgrass genotypes at weekly interval

Sr. | Treatment Leaf length (cm)

No. lcombinations] Wi | W2 | W3 | W4 Ws Mean
1 Gi1So 4,87 |5.37|5.15| 4.88 | 4.83 5.02
2 Gi1Si 5.13 [4.91]|5.01| 481 | 4.79 4.93
3 GiS2 424 1469 (4.12| 422 | 4.18 4.29
4 GiSs 423 |4.40(4.04| 411 | 3.94 4,14
5 G1S4 4,00 |3.87(3.88| 3.17 | 3.15 3.62
6 G2So 5.29 |5.03|5.17| 5.74 | 7.15 5.68
7 G2Sy 5.25 15.39|5.31| 6.23 | 7.87 6.01
8 G2S: 4,88 (4.83|4.78| 5.68 | 7.26 5.49
9 G2Ss 483 |455(5.09| 496 | 6.54 5.19

10 G2S4 495 |4.711485| 5.70 | 6.59 5.36

11 GsSo 4.98 14.49|443| 457 | 4.80 4.65

12 GsS: 4.93 [441|441| 454 | 467 4.59

13 GsS2 487 1435|427 | 415 | 455 4.44

14 GsSs 424 1419]4.10| 4.07 | 4.24 4.17

15 GsSa 3.90 |3.33|3.29| 3.06 | 3.03 3.32

16 GaSo 7.03 |8.04[5.94| 537 | 6.49 6.58

17 GaS: 6.84 |7.03|590| 531 | 6.27 6.27

18 GaS2 6.77 |6.80[5.47| 453 | 491 5.70

19 GaSs 6.19 |6.37(4.99| 430 | 3.81 5.13

20 GaSa 428 1439|409 3.88 | 3.17 3.96

21 GsSo 10.47]10.35/8.83| 9.82 | 9.43 9.78

22 GsS: 9.64 |10.24/7.91| 8.91 | 9.09 9.16

23 GsS2 7.77 19.65|7.09] 743 | 7.59 791

24 GsSs 7.17 |747|6.11| 7.29 | 6.87 6.98
25 GsSa 5.99 |6.34|556| 6.25 | 6.41 6.11
26 GsSo 8.35 |8.21|6.98| 6.84 | 6.89 7.45
27 GesS1 8.19 |7.59|6.10| 542 | 6.43 6.75
28 GsS2 6.25 |6.61|551| 445 | 4.83 5.53
29 GsS3 5.17 |577]411| 403 | 415 4.65
30 GeS4 3.25 [3.31|3.09] 3.27 | 331 3.25

Mean (W) 5.80 |5.89(5.19| 5.23 | 5.57

SEm+ CDat5% CV %

G 0.017 0.047
S 0.015 0.043

W 0.016 0.044 261
GxS 0.037 0.105
G xW 0.038 0.107

SxW 0.035 0.098 2.67
GxSxW 0.086 0.239

(G-Genotypes, S-Salinity, W-week)

Similarly, the data for the character leaf width of six
different turfgrass genotype used for this experiment, as
influenced by different levels of saline irrigation water,



period of exposure and their interaction effect have been
presented in Table 3. Over the period of observation, five-
week data were collected in which leaf width of all the six
turfgrass species was decreased due to increase in the period
of exposure to saline irrigation water (W0 to W5) in which
the maximum overall leaf width (2.41 mm) was recorded in
the first week (W1) and the minimum leaf width (1.84 mm)
was observed at the fifth week (WS5). Here also the least
difference in the leaf width over the weeks and across the
salinity was observed in the genotype G, -Paspalum
vaginatum. The order of leaf width reduction followed by
the genotypes are G4 > Gg > Gs > G; >G3 > G, in which the
genotypes were Axonopus compressus, Stenotaphrum
secundatum, Eremochloa ophiuroides, Cynodon dactylon,
Zoysia japonica and Paspalum vaginatum, respectively.
Hence it is evident that, for the character leaf width,
genotype G, (Paspalum vaginatum) was least affected by
salinity, followed by Gs (Zoysia japonica) and G; (Cynodon
dactylon). Earlier, similar trends were also reported by
Zhang and Hu (2021) P in zoysiagrass; Keyikoglu et al.
(2019) ™ in four turfgrass species; Li et al. (2018) in
centipedegrass;

Table 3: The effect of different saline water irrigation on leaf
width of various turfgrass genotypes at weekly interval

The stolon internodal length of the six turfgrass species to
the salt stress of five different saline irrigation treatment for
a continuous five-week period as well as their interaction
effect were found significant, which have been presented in
Table 4.0. The mean data from the shows that the maximum
stolon internodal length was observed in the control
treatment (SO ~2.0 dS/m) for all the grass species and
thereby reduced significantly with a minimum growth
recorded at the highest salinity treatment S4 (32.0 dS/m).
The maximum stolon internodal length for all the turfgrass
were recorded in the control treatment SO (=2.0 dS/m),
except for the genotype Gi (Cynodon dactylon) and G
(Paspalum vaginatum), in which the maximum growth was
recorded in the salinity treatment S1 (4.0 dS/m). This
increase in growth was probably aided by the nutrients
present in the sea water that used for making the saline
irrigation water. The trend shown by the genotypes based on
the reduction in their stolon internodal growth was Gs > G
> Gy > Gs > Gz > Gy, in which the genotypes were
Stenotaphrum secundatum, Cynodon dactylon, Axonopus
compressus, Eremochloa ophiuroides, Zoysia japonica and
Paspalum vaginatum, respectively. The results obtained
were in conformity with the previous research of Kumar et
al. (2021) %1 in Melia dubia and Wang et al. (1997) [*4l in
Atriplex prostrata.

Table 4: The effect of different saline water irrigation on stolon

(G-Genotypes, S-Salinity, W-week)
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Sr. | Treatment Leaf width (mm) Mean internodal length of various turfgrass genotypes at weekly interval
No. lcombination] Wi W: | Wa | Wu Ws
1 GiSo 160 | 1.12 11151 1.12 | 1.07 121 Sr. Trea_ltmqnt Stolon Internodal Length (mm) Mean
5 GiSs 145 108 11031 102 | Lo4 112 No. lcombinations| W1 W2 W3 W4 W5
3 s Tos Toos Toso o089 {089 | 003 1 G:So 16.41 | 16.55 | 16.22 | 16.17 | 16.00 | 16.27
- - ' ' ' : 2 G:S: 16.72 | 19.28 | 18.05 | 17.14 |15.41|17.32
4 GS, |087]097083] 082|083 | 086 3 GiS. | 14.74 | 16.47 | 16.24 | 14.01 | 13.87| 15.06
) GiS+ | 096 | 0.99 |0.84] 0.78 | 0.78 | 0.87 4 G:Ss 11.76 | 14.60 | 15.45 | 12.42 |12.14 | 13.27
6 G2So 197 | 111 |1.52) 147 | 149 | 151 5 G1S4 10.57 | 12.60 | 11.16 | 10.39 | 9.61 | 10.87
7 GaS: 164|111 |159) 1.57 | 148 | 148 6 G>So 10.70 | 9.07 | 8.79 | 8.44 | 8.16 | 9.03
8 G:S; 1451101 |126| 124 | 1.36 | 1.26 7 [ 12.49 | 857 | 853 | 8.35 | 8.10 | 9.21
9 G2Ss 104 | 111 |124| 122 | 1.27 118 8 G2S2 899 | 833 | 830 | 827 | 7.64 | 8.31
10 G2S4 1.12 | 1.15 |1.33| 1.17 | 1.23 1.20 9 G2S;s 971 | 799 | 6.56 6.65 | 6.41 | 7.46
11 G:So 1.45 | 0.79 [0.84] 0.82 | 0.81 | 0.94 10 G2Sa 9.68 | 7.70 | 6.46 | 6.62 | 6.44 | 7.38
12 GsS: 0.90 | 0.80 [0.75] 0.74 | 0.79 | 0.79 11 GsSo 1254 | 788 | 7.83 | 7.71 | 7.25 | 8.64
13 GsS: 0.73 | 067 |066] 0.71 | 0.77 | 0.71 12 GsS: 1049 | 7.46 | 7.29 | 7.09 | 6.05 | 7.68
14 GsSs 0.71 | 0.64 |0.64| 067 | 0.71 | 067 13 GS, 9.63 | 7.39 | 7.08 | 6.81 | 5.35 | 7.25
15 GsS4 0.67 | 0.62 |0.61| 0.60 | 0.67 0.63 14 GsSs 8.68 | 731 | 6.81 | 6.65 | 6.16 | 7.12
16 G4So 950 | 5.25 [3.39] 4.14 | 5.11 5.48 15 Gs3S4 8.28 | 6.27 | 594 | 6.30 | 5.13 | 6.38
17 GaSi 553 | 5.08 [3.59| 4.06 | 4.79 4.61 16 GaSo 13.53 | 13.67 | 11.64 | 10.19 | 9.93 [11.79
18 GaS, 459 | 4.74 |358] 4.00 | 4.63 4.31 17 GaSi 14.39 | 13.00 | 10.63 | 9.65 | 9.86 |11.51
19 GSs 224 | 428 [354] 393 | 442 | 208 18 GaSs 11.61 | 12.06 | 10.79 | 9.42 | 9.12 | 10.60
20 GS. 242 1205 13401 348 | 332 | 373 19 GaSs 9.45 | 9.84 | 9.31 | 8.08 | 7.69 | 8.87
20 GaS4 992 | 915 | 7.21 | 6.80 | 4.74 | 7.57
o[ os [zpg s sl 18 | S GS e e s oar o 07
22 GsS: 15.88 | 11.03 | 9.40 | 8.33 | 8.03 | 10.53
gi (G}ng 12? i'g i'is 1@‘1" i'jg i'ii 23 GsS: 11.95 [ 10.68 | 8.27 | 6.98 | 6.90 | 8.95
25 sti 143 | 151 |1.39] 1.26 | 131 | 1.39 5‘5" g? 1322 ggg ?gg ggg gé? ggg
594 . . . . . .
26 | GeSo |576|4.20[3.77] 3.31 | 339 | 4.06 26 |  GeSo | 24.03 | 18.10 | 14.76 | 12.59 | 12.30| 16.36
27 GeS: 4.09 | 359 |333| 294 | 332 | 345 27 GeSt 18.55 | 15.51 | 13.33 | 11.07 | 10.45 | 13.78
28 GoS2 2.69 | 2.95 |3.06] 281 | 287 | 2.88 28 GsS: 17.61 | 14.74 | 13.95 | 10.23 | 9.89 | 13.28
29 GoSs 2.43 | 248 |2.36| 245 | 2.55 | 245 29 GeSs 1521 | 11.46 | 9.32 | 9.31 | 8.68 | 10.79
30 GeSs 296 | 240 |231) 212 | 210 | 238 30 GeSs 13.36 | 10.87 | 8.47 | 7.41 | 6.24 | 9.27
Mean 241 | 241 |206) 184 | 1.84 Mean (W) 12.81 [11.27]10.19] 9.16 | 8.60
SEm + CDat5% CV % SEm + CDat5% CV %
G 0.008 0.022 313 G 0.079 0.225
S 0.007 0.020 : S 0.072 0.205 6.60
W 0.007 0.019 W 0.077 0.216 :
GxS 0.017 0.048 GxS 0.177 0.503
GxW 0.016 0.046 3.13 GxW 0.190 0.528
SxW 0.015 0.042 SxW 0.173 0.482 7.05
GxSxW 0.037 0.102 GxSxW 0.424 1.181

(G-Genotypes, S-Salinity, W-week)



Conclusion

From study it was notable that, across all the salinity
treatments, G, - Paspalum vaginatum was the genotype that
maintained the morphological characters viz., leaf length,
leaf width and stolon internodal length over the period of
experiment. Although the genotypes used in the study has
their own morphological character, their changes according
to the salinity treatment over time was successfully analyzed
and found that the G,-Paspalum vaginatum makes best
result under saline areas for better landscaping. Based on the
results of the present study, Seashore paspalum (Paspalum
vaginatum) proved to be the most salt tolerant genotype
with excellent turf quality and stability even at the highest
salinity level of 32.0dS/m. In conclusion, Paspalum
vaginatum is the best option for keeping the turf healthy and
green even under saline irrigation.
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