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Abstract 

 This study was conducted at the Research Station and Agricultural Experimentation – 

College of Agriculture - Kirkuk University  during the agricultural season 2018 on three varieties 

of turfgrass, one of which is  winter turfgrass (Tall fescue) and two of which are summer 

turfgrass (Argentina Bahiagrass and Bermudagrass), irrigated by four different levels of 

irrigation water (1.7, 5, 10, and 15 dS/m) and two levels of Potassium (K2SO4) fertilizer  (zero 

and recommended) , in order to determine the effect of different varieties and application of 

potassium fertilization on turfgrass tolerance to irrigation water salinity. Results showed the 

difference of the three varieties in their ability to tolerate salinity, where Tall fescue surpassed 

the other two. It was also found that increasing the salinity levels of irrigation water resulted in 

increasing the content of the leaves of proline and sodium. No significant effect was observed on 

leaf content of chlorophyll. Potassium fertilization resulted in a negligible increase in leaf 

content of proline, sodium, potassium and chlorophyll. 
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كهية انزراعة -جامعة كركوك    

                                                                                                  احث الاولانبحث مستم من رسانة ماجستير نهب
          

 انخلاصة

 8102جاٍعت مشمىك خلاه اىَىسٌ اىضساعٍ  –ميُت اىضساعت  -اجشَج هزه اىذساست فٍ ٍحطت اىبحىد واىخجاسب اىضساعُت    

و  Argentina Bahiagrass( واثناُ ٍنها صُفُت )  Tall fescueطحاث اىخضشاء احذاها شخىَت )عيً ثلاثت اصناف ٍِ اىَس

Bermudagrass( ٌاسخخذً فٍ سقُها اسبعت ٍسخىَاث ٍخخيفت ٍِ ٍُاه اىش ,)و ٍسخىَُِ \دسُسَنض 05و 01و   5و  0.1 )ً

اخخلاف الاصناف واضافت اىخسَُذ اىبىحاسٍ فٍ ) صفش و اىَىصً بها( ورىل بهذف ٍعشفت حاثُش  K2So4ٍِ اىسَاد اىبىحاسٍ  

ححَو اىَسطحاث اىخضشاء ىَيىحت ٍُاه اىشٌ. اظهشث اىنخائج اخخلاف الاصناف اىثلاثت فٍ قذسة ححَيها ىيَيىحت وحفىق 

 عيً اىصنفُِ الاخشَِ.مَا حبُِ اُ صَادة ٍسخىي ٍيىحت ٍُاه اىشٌ ادث اىً صَادة ٍحخىي الاوساق ٍِ Tall fescueاىصنف 

اىبشوىُِ واىصىدَىً وىٌ َلاحع حاثُش ٍعنىٌ فٍ ٍحخىي الاوساق ٍِ اىنيىسوفُو .مَا  ادي اىخسَُذ باىبىحاسُىً اىً صَادة غُش 

 ٍعنىَت فٍ ٍحخىي الاوساق ٍِ اىبشوىُِ واىصىدَىً واىبىحاسُىً واىنيىسوفُو.

 وتاسي ، انبرونين  انكهمات انمفتاحية : انمسطحات انخضراء ، مهوحة مياه انري ، انتسميذ انب

Introduction 

 Turfgrasses are defined as specific areas of land covered by short grass plants 

strumming on the ground and bear the burden of it, grow beside each other consisting of 

branches and dense leaves .Its growth is constantly renewed, as a result of systematic cutting 

operations at a height of 2-5 cm, at intervals of 10-30 times a year (Borchardt, 1999). Researches 

and studies point to the environmental importance of the turfgrass in improving the conditions of 

the environment and its surrounding  by softening the general climate within the cities and 

creating a refreshing and clean atmosphere by releasing water vapour through the process of 

transpiration through the leaves, where it is found at the University of Texas that the space of the 

turf grass covering a football field reducing temperature and air cooling equivalent to the 
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capacity of industrial air conditioners of 70 hp.( (Ahmed and Hassan, 2003 ; Tapia Silva, 2002). 

The turfgrass species are in the family Poaceae which was formerly known as Gramineae under 

the class Monocotyledoneae. More than 800 genera comprising over ten thousand species belong 

to the Poaceae (Piperno and Sues, 2005). Each species may contain a number of varieties or 

varieties. Most varieties are produced by hybridization followed by natural selection and also 

artificial selection. In consideration of life cycle, annual and perennial turfgrasses are available 

throughout the ecosystems (Prasad et al., 2005). Salinity inhibits seed germination, plant growth 

and affects the leaf anatomy and physiology of plants and, thereby, influences their 

photosynthesis, water relations, protein synthesis, energy production and lipid metabolism 

(Parida and Das, 2005).Salinity causes a major environmental problem limiting plant growth and 

productivity of both irrigated and non irrigated lands in many areas of the world and include 

imposition of ion toxicities (e.g., Na and Cl), ionic imbalances, osmotic stress, and soil 

permeability problems (Ashraf et al., 2008). In general, salt tolerance in plants is associated with 

low uptake and accumulation of Na, which is mediated through the control of influx and/or by 

active efflux from the cytoplasm to the vacuoles and also back to the growth medium 

(Jacoby,1999). Physiological responses to salinity include growth suppression and 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). There are a number of potential turfgrass species that may be 

appropriate at various salinity levels of seawater. The demand for salinity-tolerant turfgrasses is 

increasing due to augmented use of effluent or low-quality water for turfgrass  irrigation 

(Harivandi et al., 1992). A new generation of turf varieties allows landscape development in 

saline environments (Hester, et al, 2001; Gulzar, et al, 2003). Such type of several grasses has 

now been developed and selected to produce plant varieties that can be utilized as turf. These 

turfs are ideal in environments in which salinity is a problem or where limited or no fresh water 

is available for irrigation. During the onset and development of salinity stress within a plant, all 

the major processes, including photosynthesis, protein synthesis, as well as energy and lipid 

metabolism, are affected (Parida and Das, 2005). Plants experience water stress during the initial 

exposure of salt, followed by leaf expansion reduction (Carillo et al., 2011). The osmosis effects 

of salinity stress continue along with the duration of exposure, leading to inhibited cell 

expansion, cell division, and stomatal closure (Flowers, 2004; Munns, 2002; Carillo et al., 2011). 

In Bermudagrass and other turfgrass species it was found that proline and glycine betaine levels 

increased as salinity increased (Munshaw et al., 2004; Uddin and Juraimi, 2012). Most of the 

salt-tolerant plants can still function by maximizing water uptake and turgor pressure meaning 

that water relations are important for negating salinity stress. Salt-tolerant turfgrasses have the 

ability to minimize the detrimental effects by producing a series of anatomical, morphological, 

and physiological adaptations. Plants have developed diverse strategies to resist salt stress, such 

as restricting Na
+
 uptake, activating Na

+
 exclusion or cellular compartmentalization of excessive 

Na
+
 into the vacuole (Hasigawa et al., 2000; Yang et al,. 2012). Potassium is an important 

component of a turfgrass fertility program. Although effects of K application may not be readily 

evidenced through increased turf shoot growth or darker green leaf color, K can reduce 

numerous stresses on turf. One of the primary ways that K reduces turf stress is through 

regulation of stomatal functioning, which enhances shoot water potential of the turfgrass plant. 

K
+
 deficiency can usually be observed under salinity stress (Trenholm et al., 2001). Water 

scarcity is a growing problem. Finding ways to satisfy the need of water for human activities 

while at the same time protecting the freshwater systems, now ranks among the 21st century’s 

most critical challenges. Government-mandated water use restrictions are widely spreading, 

requiring use of well water due to the increasing demands on limited potable water resources 

(Marcum, 2006). Well water, in general, has a higher salinity level than fresh water. Salinity 

tolerant plants can minimize saline stress effects by generating a series of processes at the 

morphological, physiological and biochemical levels (Jacoby, 1999; Uddin et al., 2011). Saline 

tolerant turfgrass could be used in areas where well water is used as the irrigation source or 
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where saline soil issues exist (Uddin et al., 2011). For the purpose of adapting to well(saline) 

water and its use in irrigating the turfgrass , this study was conducted to determine the relative 

salt tolerance and growth response of warm and cool  season turfgrass species and selection of 

the most suitable varieties of turf grass for cultivation in Kirkuk –Iraq  and the extent of their 

tolerance to salinity of  irrigation water. 
 

Materials and Methods 

 This study was conducted  at the Research Station and Agricultural Experimentation – 

College of Agriculture - Kirkuk University , during the agricultural season 2018 , on three 

varieties of turfgrasses  including winter turfgrass Tall fescue Festuca arundinacea (V1)  and 

two summer turfgrasses including  Argentina Bahiagrass Paspalum notatum (V2) and 

Bermudagrass Cynodon dactylon (V3) .All turfgrasses  irrigated by four different levels of saline 

irrigation water  S1, S2, S3, and S4, the electrical conductivity for each treatment  was  (1.7, 5, 

10, and 15 dS/m) respectively. Two levels of Potassium (K2So4) fertilizer applicated, Zero (K0) 

and recommended (K1), in order to determine the effect of different varieties and application of 

potassium fertilization on turfgrass tolerance to irrigation water salinity. Randomize Complete 

Block Design (RCBD) was used for a factorial experiment with three factors (3*4*2) with three 

replicates for each treatment, thus, the number of experimental units reached 72 units, and each 

area of experimental units was 1.5 m * 1.5 m. A distance of 1.5 m was left between the 

experimental units for agricultural service operations including fertilizer applications, weeding, 

pest control and...etc. 75 g of each variety was cultivated  in the experimental unit in 7/3/2018 , 

Potassium fertilizer was added by zero and the recommended amount of 4.5 g per experimental 

unit. The plants were irrigated for four weeks with normal water (control) to prevent plants from 

shocking, and then irrigation was started with four salt treatments for eight weeks, during this 

period the plants were cut twice to a length of 3cm. After the end of the experiment on 7/6/2018, 

samples of soft plant leaves were taken for the estimation of chlorophyll by the (Arnon, 1949) 

method, and Proline was estimated by (Bates, 1973) method. A sample of the soft plant was 

dried in a 65 °C for 72 hours, and 0.4 g of it was digested with concentrated sulphuric acid and 

perchloric acid, then K and Na were determined using flame photometer (Model No. 1381). 

 

Results and Discussion 

 

Leaves content of proline (µmol/g): 

 The results in Table (1) show that there are significant differences in proline  leaves 

content  among  the varieties ( V ), where it reached the highest average  of  Proline in Tall 

fescue (V1) 312.3 µmol/g followed by the Argentina Bahiagrass (V2) and Bermudagrass (V3) at 

204.8 and 140.6 µmol/g  respectively. The results also showed a significant increase in the 

average of proline leaves content by increasing salinity levels. The highest average was 270.7 

µmol/g at the treatment of 5 dS/m (S2), while the lowest average was 167.2 µmol/g in control 

treatment (S1), with an increase of 61.9%. While there was no significant difference between the 

leaves in the content of proline when treated with potassium, the control treatment (K0) 

exceeded the recommended treatment (K1) by the value 233.7 µmol/g and 204.9 µmol/g for both 

of them respectively.The results in the same table refer to significant effect of the interaction 

between varieties (V) and levels of salt treatments (S), the V1S2 interaction treatment gave the 

highest mean of 509.0 µmol/g, followed by interaction treatment V1S4 with a value of 361.0 

µmol/g .The rest of the other interactions were less, but there were no significant differences 

between them. The interaction between the addition of saline concentrations (S) and potassium 

treatment (K) was differed significantly, which the highest value was observed in the interaction 

treatments S4K0 (294.1µmol/g) and S3K1 (294.9 µmol/g), while the lowest value appeared in 

the S2K1 treatment (141.4 µmol/g). 
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 The results also showed a significant difference between the interaction treatment 

varieties and Potassium application (VK), V1K0 and V1K1 interaction treatments are superior to 

other treatments by the value of 321.2 µmol/g and 303.5 µmol/g, while the V3K1 interaction 

treatment has a least value by the rate of 109.1 µmol/g. With regard to triple interaction among 

the study factors VSK , results showed in the same table that was a significant differences , 

where the interaction treatment of V1S2K1 exceeds the rest of the other treatments with an 

average of 620 µmol/g, this value was reduced to lowest value of(55.8 µmol/g in the interaction  

treatment V1S1K0. The reason for increasing the content of the leaves of the proline by 

increasing the salinity of irrigation water regarded to the speed of its construction and low use as 

well as the inhibition of the oxidizing enzymes of proline. The increase in proline accumulation 

is also due to the increased destruction of proteins and their transformation into amino acids, 

including proline, where this amino acid works to regulate the osmosis of plant tissue cells and 

reduce the ionic effect resulting from salt stress, where proline leads to reorganization of osmosis 

of the plant to be able to overcome  osmosis for soil solution and contributes to the restriction of 

toxic elements absorbed under saline conditions (Ashraf and Foolad, 2007). 
 

Table 1 Effect of varieties, salinity treatment levels, Potassium and interactions between 

them on Proline (µmol/g). 

Potassium 

 (K) 

Salinity 

treatment 

 (S) 

Variety (V) 

S×K 
V1 V2 V3 

 

K0 

S1 
55.8  

g 
234.8 cdefg 

176.1 

defg 
155.6 bc 

S2 
398.0  

bc 

250.7 

cde 

93.1 

efg 
178.8 bc 

S3 
324.8  

cd 

151.6 

defg 

234.7 

cdefg 
247.2 ab 

S4 
506.5  

ab 

193.6 

defg 

184.7 

defg 
294.1 a 

 

K1 

S1 
251.4  

cde 

218.5  

defg 

66.5 

fg 
237.0 abc 

S2 
620.0  

a 

143.6 

defg 

118.8 

efg 
141.4 c 

S3 
127.0  

efg 

204.7 

defg 

92.7 

efg 
294.9 a 

S4 
215.6 

 defg 

241.3 

cdef 

158.5 

defg 
205.1 abc 

 K 

V×K 

 

K0 321.2 a 207.7 b 172.1 bc 233.7 a 

K1 303.5 a 202.0 b 109.1 c 204.9 a 

 S 

 

V×S 

S1 153.6 c 226.6 c 121.3 c 167.2 c 

S2 509.0 a 197.1 c 105.9 c 270.7 a 

S3 225.9 c 178.2 c 163.7 c 189.2 bc 

S4 361.0 b 217.4 c 171.6 c 250.0 ab 

V 312.3 a 204.8 b 140.6 c 
Means accompanied by the same small letter in the same column are not significantly different at the    P = 0.05  

 

Leaves content of Potassium (%): 

 

 The results in Table (2) show That there are significant differences in Potassium leaves 

content  among  the varieties (V) , where it reached the highest average  of  Potassium in 

Argentina Bahiagrass variety (V2) and Tall fescue variety V1 at an average of  1.00 and 0.94% 

respectively,  followed by the  Bermudagrass V3 which differed significantly by the rate of 
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0.77%, while there was no significant difference between the leaves in the content of  Potassium  

when treated with  different levels of salt concentration, the control treatment (S1)and 15 dS/m 

(S4) treatment which reached 0.95% K  exceeded  5 and 10 dS/m treatments  which reached the 

value 0.90 and 0.83% respectively. The results also showed that the Potassium application does 

not have significant effect on the content of the leaves of potassium, despite the superiority of the 

recommended treatment K1 on a control treatment (K0) with a value of 0.95 and 0.86% for each 

of them. The results in the same table refer to significant effect of the interaction between 

varieties (V) and levels of salt treatments (S), the V1S1 interaction treatment gave the highest 

average of 1.24 %, while least value occurred in V1S4 treatment, which reached 0.55 %. The 

interaction between the addition of saline concentrations (S) and potassium treatment (K) did not 

differed significantly, which the highest value was observed in the interaction treatments S4K1 

(1.03%), but the least value occurred in S1K1 interaction treatment (0.75%). The results also 

showed a significant difference between the interaction treatment varieties and Potassium 

application VK, V2K1 interaction treatment is superior to other treatments by the value of 

1.19%, while the V3K0 has a least value by the rate of 0.76%.  With regard to triple interaction 

among the study factors VSK, results showed in the same table that was a significant differences, 

where the interaction treatment of V1S1K0 and V2S4K1 exceeds the rest of the other treatments 

with an average of 1.49 and 1.47 % this value was reduced to lowest value of0.48 and 0.57% in 

the interaction treatment V1S4K0 and V3S3K0. Potassium is an important component of a 

turfgrass fertility program. Although effects from K
+
 application may not be readily evidenced 

through increased turf shoot growth or darker green leaf colour, K
+
 can reduce numerous stresses 

on turf. One of the primary ways that K
+
 reduces turf stress is through regulation of stomatal 

functioning, which enhances shoot water potential of the turfgrass plant. Maintenance of turgor 

potential by K
+
 can also help overcome stress effects of salinity. Turfgrass wear tolerance 

increases with increasing potassium nutrition (Trenholm et al., 2001). Salt-stressed root growth 

has restricted by osmotic effects and toxic effects of ions, which results in lower nutrient uptake 

and inhibits the translocation of mineral nutrients, especially K
+
 (Shabala and Pottosin, 2010; 

Shabala and Cuin, 2008). Uddin et al, (2012) demonstrated that, as salinity increased, plant K
+
 

levels decrease and to a lesser degree, there is a decrease in Ca, Mg, and P. K
+
 deficiency had 

usually be observed under salinity stress. An increasing K
+
 supply corresponded with higher 

K
+
 accumulation in plant tissue, which reduced the Na

+ 
concentration and resulted in a higher 

K
+
/Na

+
 ratio. The addition of K

+
 to a saline culture solution has been found to increase 

K
+
 concentrations in plant tissue that corresponds with a decrease in Na

+
 content, with a further 

increase in plant growth and salt tolerance. Increased evidence shows that it is not the absolute 

quantity of Na
+
 perse that influences salt resistance, but rather the cytosolic K

+
/Na

+
 ratio that 

determines plant salt tolerance (Shabala, Pottosin, 2010 ; Shabala and Cuin, 2008). 

 

Leaves content of Sodium (%): 

 The results in Table (3) show a significant differences in sodium leaves content among 

the varieties (V), where Tall fescue variety (V1) reached the highest average of Sodium  by 

0.52% and  exceeded Argentina Bahiagrass (V2) and Bermudagrass (V3) which reached 0.46 

and 0.30 %  respectively. The results also showed a significant increase in the average of Sodium 

leaves content by increasing salinity levels. The highest average was 0.75% at the treatment of 

10 dS/m (S3), while the lowest average was 0.16% in control treatment (S1), with an increase of 

368.75 %. While there was no significant difference between the leaves in the content of Sodium 

when treated with potassium, but the recommended treatment (K1) exceeded the control 

treatment (K0) by the value 0.44 and 0.41% for both of them respectively. The results in the 

same table refer to significant effect of the interaction between varieties (V) and levels of salt 

treatments (S), the V1S3 interaction treatment gave the highest average of 0.96%, followed by 

the least interaction treatment V3S1 with a value of 0.12%. 
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Table 2 Effect of varieties, salinity treatment levels, Potassium and interactions between 

them on potassium content (K %) 

Potassium 

(K) 

Salinity 

treatment 

 (S) 

Variety (V) 

S×K 
V1 V2 V3 

 

K0 

S1 
1.49 

a 

0.75 

bcde 

0.64 

cde 
0.96 a 

S2 
1.28 

ab 

0.71 

cde 

0.65 

cde 
0.94 a 

S3 
0.83 

bcde 

0.85 

bcde 

0.57 

e 
0.88 a 

S4 
0.48 

e 

0.97 

abcde 

1.17 

abc 
0.92 a 

 

K1 

S1 
0.99 

abcde 

1.12 

Abcd 

0.71 

cde 
0.75 a 

S2 
0.86 

bcde  

1.25 

ab 

0.66 

cde 
0.91 a 

S3 
1.00 

abcde 

0.94 

bcde 

0.81 

bcde 
0.87 a 

S4 
0.62 

de 

1.47 

a 

1.00 

abcde 
1.03 a 

 K 

V×K 

 

K0 1.02 ab 0.82 bc 0.76 c 0.86 a 

K1 0.87 bc 1.19 a 0.79 bc 0.95 a 

 S 

 

V×S 

S1 1.24 a 0.93 ab 0.67 bc 0.95 a 

S2 1.07 a 0.98 ab 0.65 bc 0.90 a 

S3 0.91 ab 0.89 abc 0.69 bc 0.83 a 

S4 0.55 c 1.22 a 1.08 a 0.95 a 

V 0.94 a 1.00 a 0.77 b 
Means accompanied by the same small letter in the same column are not significantly different at the    P = 0.05  

 

    The interaction between the addition of saline concentrations (S) and potassium treatment (K) 

was also differed significantly, which the highest value was observed in the interaction 

treatments S3K1 (0.92%) while the lowest value appeared in the S1K0 and S2K0 treatment (0.15 

and 0.17%). The results also showed a significant difference between the interaction treatment of 

varieties and Potassium application (VK), V1K1 interaction treatment is superior to other 

treatments by the value of 0.66 %, while the V3K1 interaction treatment has a least value by the 

rate of 0.20 %. With regard to triple interaction among the study factors VSK, results registered 

in the same table that was a significant difference, where the interaction treatment of V1S3K1 

exceeds the rest of the other treatments with an average of 1.48%, this value was reduced to 0.09, 

0.11, 0.13, 0.14, 0.14, 0.16 and 0.18% respectively in the interaction treatments V1S1K1, 

V3S1K0, V3S1K1, V1S2K1, V3S4K1, V2S1K0 and V2S4K1 respectively. The increase in 

sodium levels by increasing  salinity of  irrigation water may be due to that absorbed Na 
+
, which 

free through diffusion, is to be released by active pumping, so it is easy to enter into the plant 

and then accumulate in the leaves, these results are agree with (Khalil et al., 2011; Roussos et 

al., 2013 and Khoshbakht et al., 2014). 
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Table 3 Effect of varieties, salinity treatment levels, Potassium and interactions between 

them on sodium content (Na %). 

Potassium 

(K) 

Salinity 

treatment 

(S) 

Variety (V) 

S×K 
V1 V2 V3 

 

K0 

S1 
0.19 

fg 

0.16 

g 

0.11 

g 
0.15 d 

S2 
0.34 

defg 

0.21 

fg 

0.37 

defg 
0.17 d 

S3 
0.44 

defg 

0.79 

cd 

0.53 

cdef 
0.31 cd 

S4 
0.58 

cde 

0.63 

cd 

0.59 

cde 
0.27 cd 

 

K1 

S1 
0.09 

g 

0.30 

defg 

0.13 

g 
0.59 b 

S2 
0.14 

g 

0.41 

defg 

0.25 

efg 
0.60 b  

S3 
1.48 

a 

0.99 

b 

0.29 

defg 
0.92 a 

S4 
0.95 

b 

0.18 

g 

0.14 

g 
0.42 bc 

 K 

V×K 

 

K0 0.39 b 0.45 b 0.40 b 0.41 a 

K1 0.66 a 0.47 b 0.20 c 0.44 a 

 S 

 

V×S 

S1 0.14 cd 0.23 bcd 0.12 d 0.16 d 

S2 0.24 bcd 0.31 bcd 0.31 bcd 0.29 c 

S3 0.96 a 0.89 a 0.41 b 0.75 a 

S4 0.76 a 0.40 b 0.36 bc 0.51 b 

V 0.52 a 0.46 b 0.30 b 
Means accompanied by the same small letter in the same column are not significantly different at the    P = 0.05  

 

Total chlorophyll (a+b) in leaves (mg/g): 

 

 The results in Table (4) show That there are significant differences among  the varieties 

(V) in total chlorophyll content in leaves, where Tall fescue variety (V1) reached the highest 

average by 4.27 mg/g , followed by the Bermudagrass (V3) and Argentina Bahiagrass(V2) In 

which chlorophyll content was reported 3.33 and 2.02 mg/g respectively. While there was no 

significant difference between the leaves content of chlorophyll when treated with different 

levels of salt concentration. As well, no significant difference between Potassium applications 

levels (K0 and K1) where the results were very close between the four levels of salt treatments 

on the one hand and between K applications on the other. The results in the same table refer to 

significant effect of the interaction between varieties (V) and levels of salt treatments (S), the 

V1S3 interaction treatment gave the highest average of 5.29 mg/g, followed by interaction 

treatment V2S4 with a value of 1.77 mg/g, which reached the least value. As well  the results 

showed no significant difference between the leaves  content of  chlorophyll  when treated with  

different levels of salt concentration and Potassium (SK), But there were significant differences 

in case of interaction between varieties and Potassium application, highest value occurred in 

V1K0( 4.47mg/g) and lowest in V2K0 and V2K1 (1.92 and 2.12 mg/g) respectively. The results 

from the same table also showed  a significant differences among three factors used (VSK), 

where the interaction treatment of V1S3K1 exceeds the rest of the other treatments with an 

average of 5.56mg/g , this value was reduced to lowest value of 1.48 mg/g in the interaction  

treatment V2S4K0. 
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 It was observed that the chlorophyll content varied according to types of variety but 

saline additives have no apparent effect on chlorophyll content. A new generation of salt-tolerant 

turf varieties might allow landscape development in saline environments and might be ideal in 

such environments where salt water spray is a problem, or where limited or no fresh water is 

available for irrigation (Hester et al., 2001; Gulzar et al., 2003). There are a number of potential 

turfgrass species that may be appropriate at various salinity levels (Murdoch, 1987). During the 

onset and development of salinity stress within a plant, all the major processes, including 

photosynthesis, protein synthesis, as well as energy and lipid metabolism, are affected (Parida 

and Das, 2005). Plants experience water stress during the initial exposure of salt, followed by 

leaf expansion reduction (Carillo et al., 2011).  

 

Table 4 Effect of varieties, salinity treatment levels, Potassium and interactions between 

them on total chlorophyll (a+b) (mg/g). 

Potassium 

(K) 

Salinity 

treatment 

 (S) 

Variety (V) 

S×K 
V1 V2 V3 

 

K0 

S1 
4.30  

abcd 

1.90 

fg 

2.83 

cdefg 
3.01 a 

S2 
4.10 

abcde 

2.05 

efg 

3.15 

bcdefg 
3.34 a 

S3 
5.02 

ab 

2.24 

defg 

3.22 

bcdefg 
3.10 a 

S4 
4.45 

abc 

1.48 

G 

3.65 

abcdef 
3.04 a 

 

K1 

S1 
3.94 

abcdef  

2.02 

fg 

4.06 

abcde 
3.49 a 

S2 
3.33 

bcdefg 

2.24 

defg 

3.54 

abcdefg 
3.43 a 

S3 
5.56 

a 

2.16 

efg 

2.57 

cdefg 
3.19 a 

S4 
3.48 

bcdefg 

2.06 

efg 

3.64 

abcdef 
3.06 a 

 K 

V×K 

 

K0 4.47 a 1.92 c 3.21 b 3.20 a 

K1 4.08 ab 2.12 c 3.45 b 3.21 a 

 S 

 

V×S 

S1 4.12 ab 1.96 d 3.44 bc 3.17 a 

S2 3.72 b 2.14 cd 3.34 bc 3.07 a 

S3 5.29 a 2.20 cd 2.89 bcd 3.46 a 

S4 3.96 b 1.77 d 3.64 b 3.12 a 

V 4.27 a 2.02 c 3.33 b 
Means accompanied by the same small letter in the same column are not significantly different at the    P = 0.05  
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