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ABSTRACT: This investigation was carried out at a Privet Farm, El-Ibrahimia District, Sharkia 

Governorate, Egypt during the two consecutive seasons of 2016/2017 and 2017/2018 to study the 

effect of different saline irrigation water levels (0.0, 10000, 15000 and 20000 ppm NaCl), amino acids 

type (0.0, proline at 200 ppm, putrescine at 200 ppm and proline + putrescence each one at 200 ppm) 

and their combinations on plant growth, root system, salt resistance index and leaf pigments content of 

seashore paspalum (Paspalum vaginatum, Swartz) turfgrass. Plastic pots in 35 cm diameter filled with 

5.5 kg of sand and clay mixture (1:2, V/V) were used in this experiment. The obtained results showed 

that plant growth (plant height , covering density percentage and herb fresh and dry weights), root 

system (root fresh and dry weights and root length), salt resistance index and leaf pigments 

(chlorophyll a, chlorophyll b and carotenoids contents) were descendingly decreased with increasing 

salinity level of irrigation water comparing with the control in both seasons, but they were 

progressively increased as the concentration of  amino acids (proline and putrescine) was used. From 

these results, it can be recommended to irrigate seashore paspalum turfgrass with saline water up to 

10000 ppm NaCl and sprayed with proline + putrescine each at 200 ppm to obtain the best growth, 

colour and higher covering density.   
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INTRODUCTION 

 Seashore paspalum (Paspalum vaginatum, 

Swartz) is a succulent warm-season turf type 

grass that belongs to family Gramineae, but it 

retains a healthy appearance all year-round, 

unlike bermuda grass that tends to go off color 

during cooler months and short days (Huxley et 

al., 1992). It is easily propagated by cuttings and 

pre-prepared rolls, and fast spreads with lateral 

growing stems called stolons. It makes an 

attractive perennial turf in tropical and 

subtropical areas and can tolerate irrigation 

water with high salinity levels, with stand 

mowing, treading as well as wear and tear 

(Morton, 1974). Seashore paspalum has 

demonstrated superior salt tolerance compared 

to other turf grasses (Marcum and Murdoch, 

1990; Shahba, 2010). 

There are different stresses such as salt, 

drought, heat and oxidative stresses for plants 

(Zhang and Yang, 2004). Salinization of soils 

or waters is one of the world’s most serious 

environmental problems in agriculture. It is 

necessary to determine the environmental 

factors under which turf grasses plants give 

higher growth and better quality. Nearly half of 

the irrigated surface is seriously affected by 

salinity and/or secondary alkalinity (Flagella et 

al., 2002). Increased need for salt tolerant 

grasses is still continues due to salt accumulation 

in soil, increased restrictions on groundwater 

utilization and salt water intrusion into ground 

water (Hoss, 1981 and Lee et al., 2004). 

Gamal El-Din and Abd El-Wahed (2005) 

showed that a foliar application of 50 mg/l 

ornithine and 100 mg/l proline increased plant 

height, number of branches, fresh and dry 
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Plant Production Science 

*Corresponding author: Tel.  : +201100760919 

E-mail address: ahmed97911111@gmail.com 

 



 
Mohammed, et al. 

 

weights of aerial vegetative parts and flower 

head of chamomile (Matricaria chamomilla L. 

Rausch). Poly amines (PAs), such as putrescine 

is plant growth regulators and low-molecular-

mass polycations occurring in all living 

organisms (Kusano et al., 2008). Some reports 

have indicated the relationships between PAs 

and environmental stress (Galston et al., 1997; 

Bouchereau et al., 1999). Biosynthesis of PAs 

may be an integral part of plant’s response to 

salinity stress (Alcazar et al., 2010). Increasing 

polyamine biosynthesis might protect the plants 

from salinity by removing free radicals, 

maintaining membrane and cellular structures, 

keeping a cation–anion balance (Bouchereau et 

al., 1999). 

This study was undertaken to evaluate the 

effects of proline and putrescine, assess their 

ability to stimulate vegetative growth and root 

system and salt resistance index as well as 

chlorophylls of seashore paspalum (Paspalum 

vaginatum, Swartz) under different saline water 

irrigation levels. 

MATERIALS AND METHODS 

The pot experiment involving seashore 
paspalum (Paspalum vaginatum, Swartz) was 
carried out in 2016/2017 and 2017/2018 seasons 
at a Privet Farm, El-Ibrahimia District, Sharkia 
Governorate, Egypt, to study the effect of saline 
irrigation water levels and amino acid types on 
seashore paspalum plant. Circle pieces from pre-
prepared rolls of seashore paspalum at a radius 
of 15 cm (its fresh weight ranged between 134-
150g) were planted on 25th September during 
both seasons in the center of 35 cm diameter 
pots (1 piece/pot) filled about 5.5 kg of a 
mixture of sand: clay (1:2 V/V). The Seashore 
paspalum pieces were obtained from a privet 
nursery, Belbas District, Sharkia Governorate, 
Egypt. The physical and chemical properties of 
the experimental soil used are shown in Table 1, 
according to Chapman and Pratt (1978). 

After pieces were transplanted, gently 
pressed by hand to be more contact with the 
mixture soil, then it was covered with a thin 
layer (1 cm) of the same soil. Pots were daily 
irrigated with tap water (about 300 ml) to wet 
only the zone in which pieces are imbedded. 
This was done for two weeks; the plants then 
received the following treatments: 

1. Saline irrigation water at levels of 0.0, 10000, 

15000 and 20000 ppm of NaCl, where the 

pots were irrigated biweekly with 750 ml of 

the different saline water levels till the end of 

the experiment (10th March).  

2. Amino acids types of 0 (as control), proline 

(Pro), putrescine (Put) and proline + 

putrescine as foliar spray at 200 ppm for each 

one were applied every month after one 

month from transplanting data. 

3. The combination between saline irrigation 

water levels and amino acids types to consist 

16 treatments. 

These treatments were arranged in a split-
plot in randomized complete blocks design with 
3 replicates. Saline irrigation water levels were 
randomly arranged in the main plots and amino 
acids types were distributed randomly in the sub 
plots. 

 The source of putrescine acid [1,4-
diaminobutane (NH2(CH2)4NH2)] and  proline 
acid [Pyrrolidine-2-carboxylic acid (C5H9NO2)] 
was TECHNO GENE Company, Dokky, Giza, 
Egypt. 

The first cut was handly done after 45 days 
from planting (on 10th November) using a very 
sharp stainless steel cutter leaving stubbles with 
1 inch long. Other four cuts were monthly 
undertaken thereafter.  

Data Recorded 

Plant growth 

Before each cut in the two seasons, plant height 
(cm) was recorded, while covering density 
percentage as described by Mahdi (1953) and 
herb fresh and dry weights (g/pot) of the resulted 
clippings after mowing were determined after each 
cut. All these traits were averaged for all the 
cuts and tabulated. 

Root parameters 

At the end of the experiment in the two 
seasons, root fresh and dry weights (g) and root 
length were determined. Besides, the salt 
resistance index (SRI %), as a real indicator for 
salinity tolerance was calculated from the equation 
mentioned before by Wu and Huff (1983): SRI 
(%)=Mean root length of the salt treated 
plants/mean root length of control one × 100.  

https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Carbon
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Table 1. Physical and chemical properties of experimental mixture soil (average of the two 

seasons) 

Physical analysis  

Clay (%) Silt (%) Fine sand (%) Coarse sand (%) 

40.36 13.26 20.62 26.76 

Chemical analysis 

pH E.C 

m.mohs/cm 

Organic 

mater (%) 

Soluble cations (meq./l) Soluble anions (meq./l) Available (ppm) 

Mg
++ 

Ca
++ 

Na
+ 

Cl
- 

HCO3
- 

SO4
-- 

N P K 

7.92 2.28 1.58 9.7 16.6 18.1 8.5 2.7 4.5 18 20 17 

 

Pigments content 

In fresh leaf samples taken from the last cut 
(on 10th March), photosynthetic pigments 
(chlorophyll a, b and carotenoids, mg/g f.w.) 
were measured according to the methods of 
Saric et al. (1967). 

Statistical Analysis 

The statistical layout of this experiment was 
split-plot experiment in completely randomized 
block design. Data were analyzed according to 
Gomez and Gomez (1984). The means were 
compared using computer program of Statistix 
version 9 (Analytical Software, 2008). 

RESULTS AND DISCUSSION 

Plant Growth  

As shown in Tables (2, 3, 4 and 5), using 
saline water treatments significantly decreased 
plant height, covering density percentage and 
herb fresh and dry weights/pot of Paspalum 
vagimatum compared to control in both seasons. 
In the same time, the plant growth parameters 
were decreased with the increasing of the levels 
of salinity to reach its minimum by using that of 
20000 ppm. Moreover, Pessarakli and 
Touchane (2006) found that mechanism of salt 
may result in cell division inhibitory and hence, 
reduces the rate of plant development. Also, 
Harivandi et al. (1992) suggested that plants 
known to exhibit salt tolerance often mediate 
salt stress by osmotic adjustment, therefore 
minimizing changes in turgor potential and 
reducing the overall effect on plant growth 
responses linked to carbon dioxide assimilation 
and cell elongation. In addition, Jou et al. 
(2006) revealed that ATPase participates in the 

endoplasmic reticulum Golgi mediated protein 
sorting machinery for both housekeeping function 
and compartmentalization of excess Na+ under 
high salinity. In this connection, Pompeiano et 
al. (2016) indicated that the use of straight 
seawater or brackish water for "Sea Spray" 
seashore paspalum as a salt tolerant species, 
creating the opportunity to develop turfgrass 
landscapes in arid and seashore regions. 

Results showed that addition of proline or 

proline + putrecine significantly increased all 

the studied growth parameters, i.e. plant height, 

covering density and fresh and dry weight of 

herb/pot of seashore paspalum plants comparing 

with control plants in both seasons (Tables 2, 3, 

4 and 5). El-Sherbeny and Da Silva (2013) 

found that a foliar application of 100 mg·l-1 

proline increased plant height, number of 

branches, fresh and dry weights of leaves of 

(Beta vulgaris L. subsp. cicla) plant. Moreover, 

Nassar et al. (2003) demonstrated that addition 

of arginine or putrescine induced significant 

increases in growth (fresh and dry weights) of 

bean plants. 

Results under discussion in Tables 2, 3, 4 and 

5 indicate that, spraying seashore paspalum 

turfgrasses under water salinity levels with 

proline plus putrecine at 200 ppm gave the 

highest plant height, covering density percentage 

as well as herb fresh and dry weights/pot (g) of 

Paspalum vagimatum in comparison to those 

under water salinity levels in the two seasons in 

most cases. In the same time, using amino acids 

at this concentration reduced the harmful effect 

of salinity stress in this respect. These results are 

in line with those reported by Talat et al. (2013) 

on wheat plant. 
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Table 2. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum plant height (cm) during 2016/2017 and 2017/2018 

seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 38.67 39.67 39.33 42.67 40.08 

10000 37.33 38.33 38.33 41.33 38.83 

15000 35.33 37.33 36.33 38.67 36.92 

20000 31.67 34.00 32.33 35.00 33.25 

Mean (A) 35.75 37.33 36.58 39.42  

LSD at 5% (S)= 0.76  (A)= 0.58  (S×A)= 1.25 

 2017/2018 season  

Control 37.67 40.33 38.67 43.33 40.00 

10000 36.33 39.33 38.67 42.67 39.25 

15000 34.33 36.33 35.67 39.00 36.33 

20000 30.33 34.33 33.00 35.67 33.33 

Mean (A) 34.67 37.58 36.50 40.17  

LSD at 5% (S)= 0.74 (A)= 0.77 (S×A)= 1.52 

* Pro. = Proline   and **Put. = putrescine 
 

 

Table 3. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum covering density (%) during 2016/2017 and 2017/ 

2018 seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 146.77 156.34 150.75 157.09 152.74 

10000 144.15 153.85 148.26 157.96 151.06 

15000 140.17 142.04 140.42 143.91 141.63 

20000 113.31 120.40 119.03 122.64 118.84 

Mean (A) 136.10 143.16 139.61 145.40  

LSD at 5% (S)= 2.33 (A)= 1.61  (S×A)= 3.92 

 2017/2018 season  

Control 145.52 151.12 148.51 157.34 150.62 

10000 143.04 150.13 147.02 156.09 149.07 

15000 137.81 140.42 137.81 143.53 139.89 

20000 111.32 123.51 122.89 127.24 121.24 

Mean (A) 134.42 141.29 139.06 146.05  

LSD at 5% (S)= 1.94 (A)= 1.25 (S×A)= 2.89  

* Pro. = Proline   and **Put. = putrescine 
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Table 4. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum herb fresh weight /pot (g) during 2016/2017 and 

2017/2018 seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 58.51 60.33 59.72 68.30 61.97 

10000 57.01 60.11 58.76 66.04 60.48 

15000 49.29 51.67 49.93 52.21 50.78 

20000 42.07 45.50 44.71 48.70 45.24 

Mean (A) 51.72 54.65 53.28 58.81  

LSD at 5 % (S)= 0.93  (A)= 0.92  (S×A)= 1.85 

 2017/2018 season  

Control 60.38 64.72 61.68 70.64 64.53 

10000 58.98 62.39 60.02 66.01 61.85 

15000 50.52 55.13 53.57 56.86 54.02 

20000 43.62 46.93 46.76 50.31 46.90 

Mean (A) 53.37 57.29 55.51 60.95  

LSD at 5 % (S)= 0.95 (A)= 1.03 (S×A)= 2.01 

* Pro. = Proline   and **Put. = putrescine 

 

 
Table 5. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum herb dry weight/pot (g) during 2016/2017 and 2017/ 

2018 seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 24.25 25.42 24.90 28.38 25.74 

10000 22.46 24.65 23.94 27.16 24.55 

15000 20.03 21.43 20.40 21.63 20.87 

20000 17.24 18.34 18.05 19.79 18.35 

Mean (A) 20.99 22.46 21.82 24.24  

LSD at 5% (S)= 0.78 (A)= 0.52  (S×A)= 1.18 

 2017/2018 season  

Control 24.28 26.11 24.91 28.10 25.85 

10000 23.75 25.05 24.40 26.77 24.99 

15000 20.29 22.40 21.23 22.86 21.69 

20000 17.55 18.96 18.92 20.43 18.97 

Mean (A) 21.47 23.13 22.36 24.54  

LSD at 5% (S)= 0.46 (A)= 0.34 (S×A)= 0.75  

* Pro. = Proline   and **Put. = putrescine 



 
Mohammed, et al. 

 

Root Parameters  

Results presented in Tables 6, 7 and 8 show 

that, root fresh and dry weights/pot and root 

length were significantly decreased by saline 

water irrigation levels in the two seasons 

compared to control in most cases. However, the 

decrease in root length were about 37.99 and 

38.86 % for the salinity level 20000 ppm in the 

first and second seasons, respectively. Salinity 

may decrease biomass production and rooting, 

because it causes a lowering of plant water 

potentials, specific ion toxicities, or ionic 

imbalances (Neumann, 1997). These results are 

in accordance with those found by Guo et al. 

(2016) on seashore paspalum. 

Root fresh and dry weights/pot and root 
length were increased by using proline or 
putrescine alone or together compared to control 
in both seasons (Tables 6, 7 and 8). Moreover, 
the best treatment in this regard was proline at 
200 ppm + putrescine at 200 ppm in the two 
seasons. Proline at different concentrations has 
been shown to simulate growth of Urtica 
pilulifera, L. (Wahba et al., 2007). El-Sherbeny 
and Da Silva (2013) found that a foliar 
application of 100 mg·l-1 proline increased fresh 
and dry weights of roots of beetroot plant. 
However, Bais et al. (1999) inferred that 
putrescine treatment played an important role in 
chicory root growth and development. 

The results illustrated in Tables 6, 7 and 8 
reveal that combination treatments between 
amino acids and salinity significantly affect the 
root fresh and dry weights/pot and root length. 
Although, there was significant increase, in this 
regard, due to spraying the seashore paspalum 
plants with proline at 200 ppm + putrescine at 
200 ppm and were exposing to water salinity at 
10000 ppm. Such results hold true in the both 
seasons. However, adding putrescine to wheat 
plants creates significant increase in fresh and 
dry weights under water stress condition 
(Ahmed and Sadak, 2016). 

Salt Resistance Index (%)  

A real indicator for salt tolerance (the salt 
resistance index), was as 100% for control 
plants grown in soil without saline water 
irrigation and without foliar spray with amino 
acids (Table 9). However, the percent of this 
index was increased to more than 100% for 
plants irrigated with either fresh water or saline 

water at low level (10000 ppm) and sprayed 
with 200 ppm of proline or putrescine alone or 
together in both seasons. 

This means that proline and putrescine as a 

amino acids plays a vital role in improving 

salinity tolerance of paspalum plants irrigated 

with saline water up to 10000 ppm to be more 

than that of control through elongating their root. 

In general, proline+ putrescine concentration of 

200 ppm gave higher salt resistance indices than 

individual effect, in which the percent of such 

index was more than 100 % even for plants 

irrigated with saline water up to 10000 ppm in 

the two seasons. The plants irrigated with 10000 

ppm saline water and sprayed with proline + 

putrescine at 200 ppm exhibited good tolerance 

for salinity giving SRI % closely near to that of 

control plants in both seasons (124.40 % in the 

first season and 119.30 % in the second one). 

Furthermore, Dergham et al. (2017) indicated 

that paspalum plants grown in the sandy soil can 

tolerate salinity of irrigation water up to 12000 

ppm if they were fertilized with the higher rate 

of kristalon (4 g/tray), while in the calcareous 

soil, that was true for plants irrigated with saline 

water up to 16000 ppm and dressed with the 

same rate of kristalon (4 g/tray). 

Pigments Content  

In the present study, it was found that the 

lowest value for each of chlorophyll a and 

chlorophyll b in leaves of seashore paspalum 

was recorded with saline water irrigation 

treatments at 15000 and 20000 ppm, in most 

cases, while the best value in this connection 

was achieved with each of control ant the lowest 

level (10000 ppm) of water salinity. A similar 

trend to that of vegetative and root growth traits 

was also obtained in relation to leaf content of 

chlorophyll (a) and chlorophyll (b) (Tables 10 

and 11), as the content of these constituents was 

descendingly decreased with increasing water 

salinity level, but ascendingly increased as the 

use of amino acids was increased. In contrast, 

carotenoids content (mg/g fw) was increased by 

increasing saline water irrigation levels in both 

seasons (Table 12). These results may be due to 

salt-induced water stress reduction of chloroplast 

stoma volume and regeneration of reactive 

oxygen species in playing an important role in 

the inhibition of photosynthesis seen in salt 
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Table 6. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum root fresh weight/pot (g) during 2016/2017 and 

2017/ 2018 seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 80.67 82.49 82.91 86.71 83.19 

10000 80.61 82.49 81.58 85.31 82.50 

15000 74.76 76.34 75.68 78.33 76.28 

20000 58.11 59.70 59.14 62.16 59.53 

Mean (A) 73.54 75.26 74.58 78.13  

LSD at 5% (S)=  0.51 (A)= 0.49  (S×A)= 0.98 

 2017/2018 season  

Control 82.86 83.47 82.80 86.70 83.96 

10000 81.57 82.61 81.76 85.23 82.79 

15000 74.99 77.02 75.53 78.56 76.52 

20000 57.11 60.01 59.04 62.09 59.56 

Mean (A) 74.13 75.78 74.78 78.15  

LSD at 5% (S) = 0.54 (A) = 0.98 (S×A) = 1.78  

* Pro. = Proline   and **Put. = putrescine 

 

 

 
Table 7. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum dry root weight /pot (g) during 2016/2017 and 2017/ 

2018 seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 36.36 38.37 38.96 40.13 38.52 

10000 36.07 38.01 37.83 39.61 37.88 

15000 34.36 34.68 34.80 37.11 35.24 

20000 26.53 26.73 27.11 28.18 27.14 

Mean (A) 33.33 34.45 34.68 36.25  

LSD at 5% (S)= 0.64 (A)= 0.51  (S×A)= 1.09 

 2017/2018 season  

Control 36.68 38.08 37.50 38.71 37.74 

10000 36.17 37.05 36.71 37.74 36.92 

15000 33.53 34.73 33.71 35.04 34.25 

20000 25.13 26.67 25.79 28.20 26.45 

Mean (A) 32.88 34.13 33.42 34.92  

LSD at 5% (S) = 0.63  (A) = 0.47  (S×A) = 1.03   

* Pro. = Proline   and **Put. = putrescine 
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Table 8. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum root length (cm) during 2016/2017 and 2017/2018 

seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 13.50 15.68 14.45 16.50 15.03 

10000 12.90 15.32 14.45 16.03 14.67 

15000 9.27 9.62 9.20 11.18 9.82 

20000 8.17 9.10 8.82 9.67 8.94 

Mean (A) 10.96 12.43 11.73 13.35  

LSD at 5% (S) = 0.33 (A) = 0.35  (S×A) = 0.69 

 2017/2018 season  

Control 13.33 15.15 14.50 16.10 14.77 

10000 12.60 15.17 14.10 15.88 14.44 

15000 8.57 9.98 8.70 11.40 9.66 

20000 7.83 9.15 8.93 10.22 9.03 

Mean (A) 10.58 12.36 11.56 13.40  

LSD at 5% (S) = 0.59 (A) = 0.28 (S×A) = 0.76 

* Pro. = Proline   and **Put. = putrescine 

 

 

Table 9. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum salt resistance index (%) during 2016/2017 and 

2017/ 2018 seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 104.71 121.64 112.07 128.00 116.60 

10000 100.00 118.88 112.07 124.40 113.84 

15000 71.89 74.54 71.45 86.64 76.13 

20000 63.24 70.53 68.40 74.98 69.29 

Mean (A) 84.96 96.40 91.00 103.50  

LSD at 5% (S) = 3.60 (A) = 3.74   (S×A) = 5.94  

 2017/2018 season  

Control 100.00 113.72 108.94 120.91 110.89 

10000 94.65 114.03 105.91 119.30 108.47 

15000 64.28 74.82 65.25 85.46 72.45 

20000 58.85 68.67 67.09 76.66 67.82 

Mean (A) 79.45 92.81 86.80 100.58  

LSD at 5% (S) = 5.90 (A) = 2.12 (S×A) = 6.93  

* Pro. = Proline   and **Put. = putrescine 
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Table 10. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum chlorophyll a content (mg/g as fresh weight) 

during 2016/2017 and 2017/2018 seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 2.74 2.80 2.76 2.84 2.97 

10000 2.77 2.84 2.79 2.98 2.85 

15000 2.62 2.66 2.66 2.71 2.66 

20000 2.48 2.50 2.50 2.55 2.51 

Mean (A) 2.65 2.70 2.70 2.77  

LSD at 5% (S)= 0.016  (A)= 0.018  (S×A)= 0.035 

 2017/2018 season  

Control 2.82 2.88 2.88 2.93 2.87 

10000 2.79 2.87 2.84 2.89 2.84 

15000 2.48 2.57 2.53 2.65 2.56 

20000 2.48 2.52 2.50 2.54 2.51 

Mean (A) 2.64 2.71 2.69 2.75  

LSD at 5% (S)= 0.018 (A)= 0.014 (S×A)= 0.030 

* Pro. = Proline   and **Put. = putrescine 

 
 

Table 11. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum chlorophyll b content (mg/g as fresh weight) 

during 2016/2017 and 2017/2018 seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 0.84 0.87 0.86 0.96 0.88 

10000 0.85 0.86 0.84 0.99 0.88 

15000 0.73 0.79 0.77 0.85 0.78 

20000 0.70 0.76 0.75 0.80 0.75 

Mean (A) 0.78 0.82 0.80 0.90  

LSD at 5% (S) = 0.017 (A) = 0.013  (S×A) = 0.028 

 2017/2018 season  

Control 0.84 0.89 0.86 0.97 0.89 

10000 0.85 0.88 0.85 0.99 0.89 

15000 0.68 0.77 0.72 0.81 0.75 

20000 0.69 0.76 0.72 0.79 0.74 

Mean (A) 0.76 0.82 0.79 0.89  

LSD at 5% (S) = 0.006 (A) = 0.010 (S×A) =  0.018 

* Pro. = Proline   and **Put. = putrescine 
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Table 12. Influence of saline water level (S), amino acid type (A) and their combination (S×A) 

treatments on Paspalum vaginatum carotenoids content (mg/g as fresh weight) during 

2016/2017 and 2017/2018 seasons 

Salinity level (ppm) Amino acid (200 ppm) 

0.0 Pro.* Put.** Pro.+ Put. Mean (S) 

 2016/2017 season  

Control 0.58 0.54 0.50 0.44 0.51 

10000 0.62 0.58 0.56 0.49 0.56 

15000 0.65 0.62 0.61 0.49 0.59 

20000 0.65 0.62 0.63 0.52 0.60 

Mean (A) 0.62 0.59 0.57 0.48  

LSD at 5% (S) = 0.021  (A) = 0.014  (S×A) = 0.033 

 2017/2018 season  

Control 0.60 0.56 0.57 0.42 0.54 

10000 0.61 0.58 0.59 0.47 0.56 

15000 0.62 0.59 0.59 0.49 0.57 

20000 0.59 0.58 0.62 0.52 0.58 

Mean (A) 0.60 0.58 0.59 0.48  

LSD at 5% (S) = 0.010 (A) = 0.008 (S×A) = 0.017 

* Pro. = Proline   and **Put. = putrescine 

 

stressed plants (Price and Hendry, 1991; 

Allen, 1995). Pompeiano et al. (2016) noted 

that pigment content in the leaves of Paspalum 

vaginatum "Salam" was not affected by salinity 

level, though chlorophyll a was slightly decreased 

at the highest salinity level (20000 ppm). 

In addition, chlorophyll a and chlorophyll b 

were significantly increased by using each of 

proline or putrescine alone or in mixture 

compared to control (untreated plants) in both 

seasons. The applied putrescine treatments 

significantly increased the content of wheat 

photosynthetic pigments over the control values 

(El–Bassiouny et al., 2008). 

The results reported in Tables 10, 11 and 12 

suggest that, using proline + putrescine at 200 

ppm under all water salinity levels, significantly 

increased chlorophyll a and b content as 

compared to saline water irrigation treatments 

alone in the two seasons. In the same time, the 

combination treatment between water salinity at 

10000 ppm and amino acids was more effective 

in plant pigments content values than the other 

treatments of salinity or amino acids each alone 

in the two seasons. Furthermore, some 

treatments of amino acids, to some extent, 

reduced the harmful effect of water salinity in 

chlorophyll a and b content of seashore 

paspalum turfgrasses. 

Conclusion  

From above mentioned results, it is preferable 

to spray Paspalum vaginatum turfgrasses with 

proline + putrescine at 200 ppm under moderate 

water salt stress (10000 ppm) to enhance the 

plant growth, root system and salt resistance 

index as well as chlorophyll content of seashore 

paspalum plant under Sharkia Governorate 

conditions. 
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الجذرً ودليل مقاومة  والمجموعمستوى الزً بالماء المالح وووع الأحماض الأميىية علي الىمو تأثيز 

 لىجيل جزر البحز والصبغات الورقية الملوحة

 أحمد شاكز حسيه جىدً - عبد الزحمه العزيان عوض - لسيد محمداأحمد محمد 

 هصش -جاهعح الضقاصَق  -كلُح الضساعح  -قسن الثساذُي 

فتتٍ هضسعتتح ،امتتح  هشكتتض اةتشاهُوُتتح  هقاف،تتح اللاتتشقُح  هصتتش ،تتلي الوى تتوُي الوررتتالُُي  الرجشتتتحشَتتد هتتزٍ أجُ

 10000و  20000  20000هستتتترىَاخ التتتتشٌ تالوتتتتار الوتتتتال   متتتت ش   لذسا تتتتح ذتتتت  ُش 1027/1028و  1026/1027

جضر/هلُتىى  100ثرشو تُي ترشكُتض جتضر/ هلُتىى  ال 100وًىع الأحواض الأهٌُُتح  مت ش  الثتشولُي ترشكُتض  جضر/هلُىى(

ومتثااخ الأوسا  لٌجُت   ودلُت  هااوهتح الولىحتح الٌثتاخ والوجوتىع الجتزسٌ وذ اعلذهن علً ًوىوالثشولُي + الثرشو ُي( 

 1:2كجتن هتي هخلتىل الرشتتح الشهت  والطوتٍ   0.0 تن وذقرتىي علتً  50ذن ا رخذام أمص تل رُكُح تاطش  جضس الثقش 

الٌستتثح الويىَتتح لك افتتح  اسذ تتاع الٌثتتاخ   الٌثتتاخ أوضتتقد الٌرتتالم الورقصتت  علُهتتا أى ًوتتى  حفتتٍ هتتزٍ الرجشتتتحجوتتا ( 

الأوصاى الطاصجح والجافح هي الجزوس ولتىي  الوجوىع الجزسٌ  ( الراطُح والأوصاى الطاصجح والجافح هي العلاة

قتذ اًخ تتد هت  ( أ وب والكاسوذٌُُتذاخ لكلىسوفُ ا هي الوقرىي  صثااخ الٌثاذُحالودلُ  هااوهح الولىحح  ( الجزس

لكٌهتتا صادخ هعٌىَتتا  هتت  ا تترخذام ذشكُتتضاخ   تتتالكٌرشوي فتتٍ الوى تتوُي هلىحتتح هتتار التتشٌ هااسًتتح   يصَتتادي هستترى

هي ،تلي ذلتا الٌرتالم  َوكتي الرىمتُح تتشٌ ًجُت  جتضس الثقتش تالوتار   الأحواض الأهٌُُح  الثشولُي والثرشو ُي(

جتضر  100كُتض شوالشش الىسقٍ تالثشولُي والثرشو تُي تر هي كلىسَذ الصىدَىم جضر/هلُىى 20000الوال  حرً 

 للقصىي علً أفت  ًوى ولىى وأعلً ك افح ذاطُح ذقد إجهاد الشٌ الوال .  او/هلُىى هي ك  هٌه

 ـــــــــــــــــــــــــــ
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