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Introduction

Salinity is one of the major environmental factors limiting plant

growth and productivity of both irrigated and non-irrigated lands in

many areas of the world. Soils directly affects all stages of plant growth

and development in vegetative growth prior to reproductive stage,

especially crop species (Allakhverdiev et al., 2000; Sairam and Tyagi,

2004; Chinnusamy et al., 2005; Ashraf, 2004; Ashraf et al., 2008;

Ashraf, 2009). The relative salt tolerance among most of the widely

used turfgrass species and cultivars has not been adequately studied.

Those species possessing some level of salt tolerance could provide

more acceptable turf in areas where only low quality irrigation water is

available or saline soil conditions exist.

Water related problems are on increase in turfgrass sites

because of using recycled water. Managers for perennial turfgrass

must deal with problems of reduced growth, tissue dehydration,

nutritional imbalances and specific ion toxicities, slow recovery from

injury, and poor long term persistence that can be caused by salinity

stress (Carrow and Duncan, 1998).

Salt tolerant turfgrasses are becoming essential in many

areas of the world including Malaysia because of salt accumulation

on soil, restrictions on groundwater use and saltwater intrusion into

groundwater (Hixson et al., 2004). Physiological responses to salinity

include growth suppression, lowered osmotic potential (Marcum,

2006). Salt tolerant plants have the ability to minimize these detrimental

effects by producing a series of morphological, physiological and

biochemical processes (Jacoby, 1999).

With a gradual increase in fresh water scarcity, increased use of

brackish water sources and sewage effluent for irrigation has resulted in

an increased need for salt tolerant turfgrasses. Therefore, several
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Abstract

Fresh water, coupled with soil salinization in many areas has resulted in an increased need for screening of salt

tolerant turf grasses. Relative salinity tolerance of eight warm season turfgrass species were examined in this study

in sand culture. Grasses were grown in a glasshouse, irrigated with either distilled water or saline sea water

adjusted to 24, 48 or 72 dSm-1. Salt tolerances of the grasses were assessed on the basis of their shoot and root

growth, leaf firing and turf quality. Regression analysis indicated that Zoysia japonica (Japanese lawn grass) (JG),

Stenotaphrum secundatum (St. Augustine) (SA), Cynodon dactylon ( satiri) (BS), Zoysia teneuifolia (Korean

grass) (KG), Digitaria didactyla (Serangoon grass) (SG), Cynodon dactylon (Tifdwarf) (TD), Paspalum notatum

(Bahia grass) (BG) and  Axonopus compressus (Pearl blue) (PB) suffered a 50% shoot growth reduction at 36.0, 31.8,

30.9, 28.4,  26.4, 25.7, 20.0 and 18.6 dSm-1 of salinity, respectively and a root growth reduction at 44.9, 43.7, 33.4,

31.0, 29.5 27.5, 21.5 and 21.4 dSm-1 of salinity, respectively. Leaf firing and turf quality of the selected species, as

a whole, were also found to be affected harmoniously with the change in root and shoot growth. On the basis of the

experimental results the selected species were ranked for salinity tolerance as JG>SA>BS>KG>SG >TD>BG>PB.
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countries have adopted the use of marginal quality for irrigation to

overcome water scarcity (Oron et al., 2002). Though there are broad

differences in salt tolerance among turfgrasses, little has been studied in

Malaysia about how grasses adapt to salinity. The proper utilization of

highly salt tolerant turfgrass species will give much benefit to turfgrass

areas in Malaysia. Limited information is available on the utilization and

management of turfgrasses with low quality water. Therefore, the objective

of this experiment to determine the relative salinity tolerances and growth

responses of warm season turfgrasses which are adapted to Malaysia.

Materials and Methods

This experiment was conducted in the glasshouse of Faculty

Agriculture, Universiti Putra Malaysia. The plastic pots (14×15 cm)

were filled up with sandy soil. The sandy soil composed of EC 0.3

dSm-1, organic carbon 0.69%, sand 97.93, silt 1.89 and clay 0%

with a pH 5.23. ±The average glasshouse temperature and light

intensity was 26-40oC and 1500-20400 Lux, respectively. The

temperature was measured by a laboratory thermometer and light

intensity by heavy duty light meter (Extech ® model 407026). All

pots were fertilized with ‘Green’ NPK (15:15:15) @ 50 kg N ha-1 and

applied fort nightly. The native soil  on the grasses were washed

from the sod and then sods  were transplanted  into the plastic pots

and grown for 8 weeks with non-saline irrigation water in order to

achieve full establishment.  Grasses were clipped weekly by scissors

throughout the experiment at the cutting height of 15 mm for coarse

leaf and 5 mm for narrow leaf. After 8 weeks with fresh water irrigation

to ensure establishement, salinity treatments were initiated. The control

grasses were irrigated with distilled water. Seawater was diluted to

50% by adding distilled water for 24 dSm-1. Sodium chloride   was

added to seawater to obtain the salinity level of 72 dSm-1. To avoid

salinity shock, salinity levels were increased gradually by 8 dSm-

1day-1 for each treatment until the final salinity levels were achieved.

After the targeted salinity levels were achieved, the irrigation water

was applied on daily basis for a period of four weeks. The amount of

water applied were 200 ml per pot. Data were collected on leaf firing,

turf quality, shoot and root growth. Leaf firing was estimated as the

percent of chlorotic leaf area, with 0% corresponding to no leaf firing,

and 100% as totally brown leaves. Turf quality was estimated based

on a scale of 1-9, with 9 as green, dense and uniform turf, and 1 as

thin and completely brown turf (Alshammary et el., 2003). At the end

of the experiment shoots were harvested, and roots were clipped.

Both shoots and roots were washed with deioniozed water and

dried at 70oC for 72 hr to determine root and shoot dry weight. The

experimental design was a randomized complete block design with

five replications. Treatment means were separated by LSD test

using SAS, 2004. Regression analysis was used to determine the

relationship between each variable and the salinity level. Growth

measurements (shoot weight and root weight) were expressed as

percentages, relative to control to evaluate the salt tolerance for

each species by the following formula proposed by Ashraf and

Waheed, (1990).

 100
species that of  value treatmentcontrol ofDry wight 

species a of  value treatmentsalinized of Dry weight
 (%)growth  Relative ×=

Results and Discussion

Relative shoot growth (as a percent of control) differed

significantly among different turf species under study duet to saline water

application. There was a gradual decrease in relative shoot growth with

the increase in salinity in all species (Fig. 1). Regression analysis indicated

that JG, SA, BS, KG, SG, TD, BG and PB suffered a 50% shoot growth

reduction at 36.0, 31.8, 30.9, 28.4, 26.4, 25.7, 20.0 and 18.6 dSm-1 of

salinity, respectively (Fig. 1, Table 1). At 24 dSm-1salinity level, variety

JG had the highest relative shoot growth, followed by SA. While PB had

the lowest relative shoot growth followed by BG. However, relative

shoot growth of JG dramatically decreased at 48 dSm-1 salinity which

was even lower than that of SA (Fig. 1). BG showed the lowest relative

shoot growth at 48 dSm-1 while PB and TD were low but statistically

identical in their growth. SA and JG continued to maintain higher relative

shoot growth up to the highest salinity dose (72 dSm-1), whereas the

species PB suffered the highest growth retardation.

Root growth of all the species decreased as salinity levels

increased. Statistical analysis showed that the linear polynomial

contrast was significant (Fig. 2). The analysis also predicted that

50% root growth reduction would occur in JG, SA, BS, KG, SG, TD,

BG and  PB at 44.9, 43.7, 33.4, 31.0, 29.5 27.5, 21.5 and 21.4 dSm-1,

respectively (Fig. 2, Table1). At 24 dSm-1 salinity, root growth of JG

and ST were less affected, as were seen in shoot growth; and those

of BG and PB drastically reduced. At this salinity level, relative root

growth of JG was the highest (63.45%) followed by SA (55.10%)

and BS (54.23%) while the lowest root growth was observed in PB

(30.19%) followed by BG (35.71%). At 48 dSm-1 relative root growth

was also found to be the highest in JG (42.26%) and SA (42.24%)

while PB and BG suffered badly in relative root growth reduction. At

the highest salinity dose (72 dSm-1), highest relative root growth was

attained by JG (33.12%) followed by SA (35.13%) while that of PB

was the lowest (20.86%) (Fig. 2). Overall, JG and SA had greater

relative root growth throughout all salinity levels than other grasses.

Regardless of species, leaf firing increased with increasing salinity,

reaching 94-100% at the extreme salinity dose of 72 dSm-1 in most

turfgrasses under study (Table 2). However, there were less noticeable

salinity injury in JG and SA at all salinity levels compared to other grasses.

While 90-93% leaf firing was noticed in BG and PB at 24 dSm-1, JG, KG

and SG were totally unaffected. However, BS and SA were slightly

affected, but TD alone was moderately affected at this salinity dose. At 48

dSm-1, leaf firing was high in BG (91%) and PB (96%) followed by TD,

SG and BS (82-94%).  SA was moderately affected. The least leaf firing

was observed in JG. The same trend was maintained by JG at the

highest level of salinity (72 dSm-1). SA was the species to follow JG at this

level while other species were severely affected.

Turf quality under salt stress as determined by visual ratings

is presented in Table 3. Turf quality deteriorated with increasing

salinity level. Quality deterioration was severe in BG and PB while

JG and SA exhibited the best turf quality among the entries at all

salinity levels (Table 3). Other four species including BS, KG, SG,

and TD were intermediate in their quality ranking. At 24 dSm-1, turf

quality was unaffected in JG (9) however, drastically reduced in BG
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Fig. 2: Relative root growth of Digitaria didactyla (SG), Stenotaphrum

secundatum (SA), Paspalum notatum (BG), Zoysia teneuifolia (KG),

Axonopus compressus (PB), Cynodon dactylon (BS), Cynodon dactylon

(TD) and Zoysia japonica (JG) at different salinity levels

Salinity tolerance of warm season turfgrass species

(2.8) and PB (2.4). While slightly decreased in SA (8) and were

moderate (4-8) in BS, KG, SG and TD. At 48 dSm-1, only JG

maintained their quality high (8.0) while it deteriorated in SA (5.0).

Turf quality was badly affected in BS (3.0), SG (2.4), TD (2.2), BG

(1.8) and PB (1.4) at the highest (72 dSm-1) salinity level. However,

at the highest dose (72 dSm-1), turf quality decreased significantly in

all turfgrass with minimal differences between species.

Leaf firing (LF) was negatively correlated with root growth

(r = -0.77) and shoot growth (r = -0.80). Since turf quality (TQ) was

positively correlated with root growth (r = 0.80) and shoot growth

(r = 0.78) and negatively correlated with leaf firing (r = -0.98) (Table

4), the increasing leaf firing under saline conditions was one of the

major causes of growth reduction observed in this study.

A tolerance criteria commonly used in salinity studies is the salinity

level that results in 50% shoots dry weight reduction relative to the control

(Lee et al., 2004a; Mass, 1986). It was reflected in the present study.

Actually, the eight turfgrass species were shown in the following order

JG>SA>BS>KG>SG>TD>BG>PB, based on 50% shoot growth

reduction under salinity (Table 1). In our earlier study, it was reported

that common bermuda exhibited a 50% shoot and root growth reduction

at 25.9 and 29.7 dSm-1 respectively (Kamal Uddin et al., 2009).

Assessment of salinity tolerance using percent leaf firing has

also been reported previously (Marcum, 1999; Lee et al., 2004b).

In fact, leaf firing has been considered as an important criterion of

turfgrass assessment under salt stress because leaf firing is easily

noticed on turfs and also easily measured. Reduced shoot growth,

root growth and turf quality of turfgrasses due to saline water irrigation

also have been reported by Marcum and Kopec, 1997, Dean et al.

Table - 2: Effect of different salinity levels on leaf firing (%) of different

turfgrass species

          Leaf firing (%) LSD

Species     Salinity levels (dSm-1) (0.05)

0 24 48 72

Zoysia japonica (JG) 0 c 0 c 7 b 59 a 3

S. secundatum (SA) 0 c 3 c 45 b 73 a 7

C. dactylon ‘satiri’(BS) 0 c 2 c 72 b 89 a 3

Zoysia teneuifolia (KG) 0 c 0 c 74 b 90 a 2

Digitaria didactyla (SG) 0 c 0 c 79 b 93 a 3

C. dactylon ‘tifdwarf’(TD) 0 d 30 c 82 b 94 a 5

Paspalum notatum (BG) 0 c 90 b 91 b 97 a 5

Axonopus compressus (PB) 0 c 93 b 96 ab 98 a 4

LSD (0.05) 0 6 9 7

Means accompanied by common letters in rows are not significantly different

at p<0.05 by least significant difference (LSD) test

Fig. 1: Relative shoot growth of Digitaria didactyla (SG), Stenotaphrum

secundatum (SA), Paspalum notatum (BG), Zoysia teneufolia (KG),

Axonopus compressus (PB), Cynodon dactylon (BS), Cynodon dactylon

(TD) and Zoysia japonica (JG) at different salinity levels

Table - 1: Regression data of predicted salinity for 50% growth retardation of

different species of turfgrass

Species
 Predicted salinity level (dSm-1)

Shoot growth Root growth

Zoysia japonica (JG) 36.0 44.9

Stenotaphrum secundatum (SA) 31.8 43.7

Cynodon  dactylon ‘satiri’ (BS) 30.9 33.4

Zoysia teneuifolia (KG) 28.4 31.0

Digitaria didactyla (SG) 26.4 29.5

Cynodon  dactylon ‘tifdwarf’ (TD) 25.7 27.5

Paspalum notatum (BG) 20.0 21.5

Axonopus compressus (PB) 18.6 21.4
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(1996) and Peacock and Dudeck (1985). In the current study, JG

and SA were the two most salt tolerant turfgrass species based on

leaf firing data (Table 2).  Moreover, BS and KG were more tolerant

than TD, BG and PB turfgrass species (Table 2). It was reported that

common bermuda is less salt tolerant than Tifgreen and Tifdwarf

(Dudeck et al., 1983). Peacock and Dudeck (1985) reported a

50% shoot growth reduction in St. Augustine at 25.0 dSm-1. The

effect of saline on the growth of turfgrass is reflected in lower dry

weights which may be a result of a combination of osmotic and

specific ion effects of Cl and Na. Growth limitation at high salinity may

also be due to depletion of energy that is needed for growth and the

loss of turgor (Marcum, 2006).

The root growth, shoot growth leaf firing and turf quality

were found closely related with salinity tolerance in our current study

(Table 4). The species were grouped for salinity tolerance on the

basis of 50% reduction in shoot and root growth (Table 1), leaf firing

(Table 2) and turf quality (Table 3) with increasing salinity. The first

group included JG (Z. japonica) and SA (S. secundatum), the most

tolerant species, which were able to tolerate high levels of salinity

between 36.0 to 44.9 dSm-1 (Table 1, Fig 1, 2). The second group

included BS (C. dactylon) and KG (Z. teneuifolia), the moderately

tolerant species, which were able to tolerate salinity level between

28.4 to 33.4 dSm-1, while the lowest tolerant group included SG (D.

didactyla), TD (C. dactylon), BG (P. notatum) and PB (A.

compressus) species, which were affected at salinity level between

18.6 and 29.5 dSm-1 (Table 1, Fig. 1, 2). In conclusion it can be

proposed that Z. japonica (JG) and S. secundatum (SA) the highest

Table - 4: Pearson correlation coefficients for relative shoot dry weight

(SDW), relative root dry weight (RDW), leaf firing (LF) and turf quality (TQ)

Parameter SDW RDW LF TQ

SDW 1.00 0.98** -0.77** 0.78**

RDW 1.00 -0.80** 0.80**

LF 1.00 -0.98**

TQ 1.00

**indicates significant of correlations at p = 0.01 level

Table - 3: Effect of different salinity levels on turf quality of different turfgrass

species

            Turf qualitya LSD

Species     Salinity levels (dSm-1) (0.05)

0 24 48 72

Zoysia japonica (JG) 9.0 a 9.0 a 8.0 b 4.0 c 0.93

S. secundatum (SA) 9.0 a 8.0 b 5.0 c 3.4 d 0.78

C. dactylon ‘satiri’(BS) 9.0 a 8.6 a 3.4 b 3.0 b 1.48
Zoysia teneuifolia (KG) 9.0 a 9.0 a 4.0 b 2.2 c 0.64

Digitaria didactyla (SG) 9.0 a 9.0 a 3.0 b 2.4 b 0.67

C. dactylon ‘tifdwarf’(TD) 9 .0a 6.0 b 3.0 c 2.2 c 1.26

Paspalum notatum (BG) 9.0 a 2.8 b 2.2 b 1.8 b 1.13
Axonopus compressus (PB) 9.0 a 2.4 b 1.8 bc 1.4 c 0.61

LSD (0.05) 0.0 0.81 0.93 0.92

Means accompanied by common letters in rows are not significantly different
at p<0.05 by Least significant difference (LSD) test, aTurf quality ratings range

from 0 (dead turf) to 9 (green, dense, uniform turf)

salinity tolerant species could be selected as popular species for

cultivation in a salt-affected land that can endure sea salinity.
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