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ABSTRACT 
 

Puccinellia (Puccinellia ciliata Bor.) fairly resistant to salinity and used as forage for livestock in 
China, Australia, and Turkey. In this study, our objective was to determine the effects of salinity on 
growth and various photosynthetic pigments of an improved population of Puccinellia via recurrent 
selection. To accomplish this, effects of salinity on seedlings growth of homogenous Puccinellia was 
examined, one week after emerging of radicle from seeds. Seeds were germinated on Murashige 
and Skoog (MS) medium with 6% agar. Seedling growth was studied under different levels of NaCl 
salinity (0, 10, 20, 30, 40 μS/cm). Salinity applications were carried out for 6 weeks. Cultures were 
maintained in growth chambers at 24±2ºC and 16/8 light/dark conditions. Germination was scored 
during 2 weeks after culture initiation. The experiment was performed in a completely randomized 
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design with three replicates. Plant growth parameters such as the number of radicle and tillers, 
maximum radicle and shoot length, plants fresh and dry weights were investigated. Photosynthetic 
pigments such as total chlorophyll, chlorophyll a, b, chlorophyll a/b ratio, total carotenoid, β- 
carotene, lutein and neoxanthin were examined. The maximum values for tiller number per plant, 
the maximum length of shoot and chlorophyll b were found in the 20 µs/cm, while the maximum 
length of the radicle was recorded at 10 µs/cm NaCl treatment. It was concluded that low salinity 
levels (10-20 μS/cm) increased seedling growth, while high salinity levels (30 and 40 μS/cm) 
inhibited the growth significantly. These results indicate that P. ciliata is a promising salt-tolerant and 
can be grown productively under low to moderate saline conditions between 10-20 µs/cm. 
 

 

Keywords: Germination; growth; halophyte; Puccinellia; salinity tolerance. 
 

1. INTRODUCTION 
 

Salinity significantly restricts plant growth [1]. 
Sodium toxicity and osmotic effect are the main 
factors that reduce the growth of plants under 
salinity conditions. Due to its high salinity / 
sodicity, such soils are not suitable for plant 
growing. Therefore, forage plants can be grown 
in such areas. [2]. Puccinellia (Puccinellia ciliata 
Bor – Poaceae) is a perennial pasture grass 
located near the Aegean Sea on the west coast 
of Turkey. It is suitable for forage with the use of 
salt water in alkaline and calcareous soils [3]. 
Puccinellia ciliata - Poaceae is highly resistant to 
salinity, and previously it has shown much better 
performance than most of the grasses on water 
logged environment [2]. As stated by Reddy and 
Vora [4], salinity-induced reductions in 
chlorophyll content, and it may increase from the 
inhibitory effects of salt on Chl synthesis or the 
acceleration of Chl degradation. With the 
increase of NaCl concentration, salinity treatment 
resulted in significant reduction in both shoot    
and dry weights of buffalograss cultivars blue 
grama ecotypes [5] Puccinellia ciliata [2] and 
Puccinellia distans [6]. Other researcher reports 
indicate that higher salinity conditions 
signifycantly affect the tiller production of Chloris 
gayana plants [7]. There is “puccinellia” 
population improved by our breeding studies 
under the salinity, alkalinity and waterlogged 
conditions. There is a little information about salt 
tolerance of the homogeneous/heterozygote 
population in Puccinellia ciliata. Hence, the 
present study was designed with the aim of 
assessing the suitability of this population for 
salinity tolerance. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant Material and Extracts 
Preparation 

 
Our working team has conducted the population 
breeding of Puccinellia ciliata via recurrent 

selection methods since 2010. Healthy seeds of 
pre-registration at the end of cycle-2 were used 
as material. For seed sterilization, seeds were 
washed under running tap water for an hour. 
Subsequently, seeds were surface-sterilized in 
70% EtOH for 5 min, then in 2.25% NaOCl 
(including 3-4 drops tween 20) for 8 min. Then, 
seeds were rinsed three times for 5 min each 
with sterile distilled water. Surface-sterilized 
seeds were placed in to different NaCl solutions 
overnight (0, 10, 20, 30, 40 μS/cm established 
with NaCl). For germination, seeds were placed 
on 6% agar. One week after germination, 
seedlings were replaced on Murashige and 
Skoog (MS) medium (Murashige and Skoog, [8]) 
with different concentrations of NaCl (10, 20, 30, 
40 μS/cm). Medium without salt was used as 
control. Agar-agar was used for a gelling agent 
(6%). a pH of medium adjusted to 5.8 using 1M 
NaOH or HCl. 25 seeds per glass were planted. 
Salinity was applied for six weeks. 
 

2.2 Growing Conditions, Measurement of 
Growth Parameters and Photo-
synthetic Pigment Analysis 

 

Cultures were inoculated in a growth chamber for 
16/8-h (light/dark) photoperiod provided by 
fluorescent light (36 mmol

–1
m

-2
) at 24 ± 2ºC. All 

tests were conducted as a completely 
randomized design with three replicates. The 
radicle and tiller number, maximum radicle and 
shoot length (mm), fresh and dry weight (mg) of 
the plant were evaluated. Plants were treated at 
70ºC for 24 hours for the determination of dry 
weight. 
 
Total chlorophyll, chlorophyll a, b, chlorophyll a/b 
ratio, total carotenoid were determined according 
to the method described by Wellburn [9]. β-
carotene, lutein and neoxanthin contents were 
recorded as absorbance values at 477.8, 461 
and 453.4 nm, respectively. The concentrations 
of chlorophylls a (Ca) and b (Cb) and total 
carotenoids (Cc+x) in micrograms per milliliter of 
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pigment extracts were calculated using equations 
of Wellburn [9]. 
 

Ca = 12.47A665.1 − 3.62A649.1 
Cb = 25.06A649.1 − 6.5A665.1 
Cc+x = (1000A480 − 1.29Ca − 53.78Cb)/220 
 

2.3 Statistical Analysis 
 

All the data were statistically analyzed with 
analysis of variance (ANOVA) procedures using 
the SPSS software (SPSS Inc. [10]). The 
differences between the means were compared 
by the least significant difference by employing 
the Duncan Multiple Range Test (p≤0 05). 
 

The regression graphs and curve fitting were 
generated by SPSS using replication values for 
each observed parameters. Here, the most 
suitable curve function is selected to the highest 
R

2
. 

 

3. RESULTS AND DISCUSSION 
 

3.1 Growth Parameters 
 

Duncan’s Multiple Range Test (P<0.05) indicated 
significant differences among means of some 
growth parameters at different salinity levels 
(Table 1). 
 

Seeding data indicated that all parameters 
except maximum radicle length significantly 
affected by salinity (Table 1), and radicle 
number, fresh and dry weight decreased 
accordingly with increasing salinity. The lowest 
values were statistically observed in high salinity 
levels (30 and 40 µS/cm). Lower salinity levels 
had stimulating effects on 10 µs/cm for radicle 
length, 20 µS/cm for shoot length and tiller 
number compared to control. 50% decrease in 
the dry weight of plants occurred at 30-40 µs/cm. 
Results of the present study were in agreement 
with the finding of Haider et al. [2] who observed 
22 mg decreased at 40 µs/cm. Besides, they 

found linear relationships for a fresh and dry 
weight of shoot and radicle against increasing 
salinity in the root zone. Jenkins et al. [1] stated 
that in Puccinellia, total radicle dry mass was 80-
85% greater under saline waterlogged than 
saline drained conditions. This is in agreement 
with the results of Alshammary et al. [11]. 
Significant reduction in dry matter with increase 
in salinity was also observed for Puccinellia 
distans [12]. The authors found the maximum 
length and weight of the radicle and the shoots 
were seen at 4 dS/m salinity level [13]. Results 
revealed that under salinity stress, nutrient and 
water absorption by radicle and shoot were 
reduced. In line with the results of present study, 
Jenkins [14] also reported 50% reduction in 
growth of shoot under 25 28 dS/m levels of 
salinity. In P. ciliata, the 250 mM the salinity 
concentrations under waterlogged conditions 
causing a 20% increase in shoot weight. At 2.1 
g.kg

-1
 NaCl, total radicle weights increased under 

hypoxia. In a comparison to the performance of 
two halophytic kinds of grass at salt land sites in 
Western Australia, Jenkins et al. [1] observed 
that the salinity level (300 mM NaCl) under 
drained conditions reduced shoot dry mass by 
50%. 
 

3.2 Photosynthetic Pigments 
 
Significant effects of NaCl treatments were 
observed on chlorophyll a, b, total chlorophyll, 
chlorophyll a/b, total carotenoid, β- carotene, 
lutein and neoxanthine contents (Fig. 1). 
According to R

2
 value, much more expressive 

deceased in Chl a and total Chl were detected in 
response to salinity, whereas chlorophyll a/b, 
total carotenoid, β- carotene, lutein and 
neoxanthin showed quadratic trends. The salinity 
dose, 10 µS/cm, triggered the content of 
chlorophyll b, total carotenoid, β- carotene, lutein 
and neoxanthine contents. Higher salinity doses, 
30 and 40 µS/cm caused significant decreases in 
all pigment parameters. 

 

Table 1. Some growth parameters of Puccinellia ciliata subjected to salinity for six weeks 
 

NaCl 
(µS/ 
cm)  

Tiller number 
per plant  

Maximum 
length of 
shoot (cm)  

Number of 
radicle 

Maximum 
length of 
radicle 
(mm)  

Fresh 
weight of 
plants (mg)  

Dry weight 
of plants 
(mg)  

0 3.30±0.16 ab 4.33±0.25 c 2.90±0.22 a 5.4±0.89 8.29±0.15 a 0.94±0.22 a 
10 3.06±0.22 abc 5.64±0.34 ab 2.80±0.20 a 6.5±1,67 8.13±0.16 a 0.68±0.18 b 
20 3.46±0.17 a 6.06±0.48 a 2.20±0.20 b 4.7±0.56 6.32±0.37 ab 0.56±0.40 b 
30 2.86±0.17 bc 4.64±0.37 bc 2.06±0.18 b 4.8±0.54 6.26±0.8 ab 0.42±0.16 c 
40 2.70±0.11 c 4.39±0.28 c 1.90±0.20 b 4.1±0.50 5.00±0.46 b 0.22±0.32 d 

Values are means of three replicates ± SE. Means with different superscripts within a row differ significantly 
according to Duncan’s Multiple Range Test (P< .05) 
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Fig. 1. Regression graphs of total chlorophyll, chlorophyll a, b, chlorophyll a/b ratio, total 
carotenoid, β- carotene, lutein, and neoxanthine contents under different concentrations of 

NaCl in of Puccinellia ciliate. Horizontal bars represent the standard errors of the mean 
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Maximum reduction in chlorophyll a value was 
observed at 40 µs/cm level of salinity. Results of 
our study were consistent with the findings of 
Kiani-Pouya and Rasouli [15] who found that salt 
stress significantly reduced chlorophyll a in 
leaves. The concentration of NaCl had a 
negative effect on the chlorophyll content of 
wheat [16]). Results of the present study were in 
line with the findings of Terletskaya et al. [17] 
who reported that the chlorophyll content of T. 
monococcum, T. polonicum, T. macha, T. 
aestivum decreased significantly (by 75-84%) 
under stress conditions. Salama et al. [18] 
reported that high salinity level of (200 Mm NaCl) 
resulted in the swelling of membranes in 
chloroplasts of sensitive wheat cultivars while it 
had little effect in the tolerant ones. Total 
chlorophyll content of wheat genotypes was 
decreased at 100 mM NaCl as mentioned by 
Hussain et al. [19]. It has been observed that 
applying low doses of salt (10 µS/cm NaCl) to 
puccinellia plants promotes chlorophyll b content. 
Different studies over the years also reported the 
significant decline in chlorophyll contents under 
saline conditions [19,20,21,22]. The highest 
chlorophyll a/b values were observed at control 
conditions. Kiani-Pouya and Rasouli [15] found 
that chl a/b remained unchanged with increasing 
salinity at late tillering, but significantly reduced 
at the anthesis stage. They found that both chl a 
and b failed to be used as the indicator of 
salinity.In puccinellia, it was found that the plants 
were resistant to 30 µs/cm NaCl in terms of 
carotenoid and total β-carotene. In another 
study, chloropyll and carotenoid of wheat were 
stimulated by 14 dS.m

-1
 NaCl [23]. Oludare 

Agbolade et al. [24] also reported significant 
reduction in chlorophyll a, b, total chlorophyll and 
carotenoids contents under the application of 
both selenium and salinity stress in wheat plants. 
On the other hand, Ben-Abdallah [25] observed a 
decrease in β-carotene and lutein of Solanum 
nigrum at concentrations of 150 mM NaCl. 
Similarly, Kahrizi and Sedghi [26] reported that β-
carotene contents were considerably increased 
under increasing level of salt stress. Norshazila 
et al. [27] stated that the absence of light would 
increase the lutein content in pumpkin plants, but 
the synthesis of β-carotene could not occur. 
Abadia et al. [28] reported that salt stress did not 
induced significant changes in chlorophyll a, b, 
chlorophyll a/b, β- carotene, lutein and 
neoxanthine in barley. 
 

4. CONCLUSION 
 

From the above mentioned results it is concluded 
that salt stress significantly affected the number 

of radicles, fresh/dry weight and chlorophyll 
contents in Puccinellia ciliata. Tiller number, 
shoot length, total carotenoid, β- carotene, lutein 
and neoxanthine were triggered by lower salinity 
doses. Overall, our results indicate that 
Puccinellia ciliata have the ability to survive 
under 10- 20 µs/cm salinity stress. It seems that 
halophytic plants such as Puccinellia could be 
positively affected by slight saline conditions at 
early seedling stage, whereas extremely salty-
alkaline soil conditions restrict the growth of 
plants. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 

1. Jenkins S, Barret-Lennard EG, Rengel Z. 
Impacts of waterlogging and salinity on 
puccinellia (Puccinellia ciliata) and tall 
wheatgrass (Thinopyrum ponticum): 
Zonation on saltland with a shallow water-
table, plant growth, Na+ and K+ 
concentrations in the leaves. Plant Soil. 
2010;329:91-104. 

2. Haider MS, Ibrahim M, Athar HR, Sarwar 
G, Tahir MA. Ability of Puccinellia ciliata to 
grow in a waterlogged saline environment. 
Agrochimica. 2013;LVII-N.3:279-288. 

3. Munday C, Bettink K. Future farm 
industries CRC environmental weed risk 
assessment protocol; 2012. 

(Accessed 16 December 2019) 

Available:https://www.agric.wa.gov.au/site
s/gateway.pdf 

4. Reddy MP, Vora AB. Changes in pigment 
composition, hill reaction activity and 
saccharides metabolism in Bajra 
(Pennisetum typhoides S and H) leaves 
under NaCl salinity. Photosynthetica. 
1986;20:50-55. 

5. Zhang Q, Rue K, Wang S. Salinity effect 
on seed germination and growth of two 
warm-season native grass species. 
HortScience. 2012;47:527–530. 

6. Soleimannejad Z, Abdolzadeh A, 
Sadeghipour HR. Beneficial effects of 
silicon application in alleviating salinity 
stress in halophytic Puccinellia distans 
plants. Silicon. 2019;11:1001-1010. 

7. Daba AW, Qureshi AS, Nisaren BN. 
Evaluation of some Rhodes grass (Chloris 
gayana) genotypes for their salt tolerance, 

https://www.agric.wa.gov.au/sites/gateway.pdf
https://www.agric.wa.gov.au/sites/gateway.pdf


 
 
 
 

Yavas et al.; CJAST, 39(1): 64-70, 2020; Article no.CJAST.54317 
 

 

 
69 

 

biomass yield and nutrient composition. 
Appl. Sci. 2019;9:1-12. 

8. Murashige T, Skoog F. A revised medium 
for rapid growth and bio assays with 
tobacco tissue cultures. Physiol Plantarum. 
1962;15:473-497. 

9. Wellburn AR. The spectral determination 
of chlorophylls a and b, as well as total 
carotenoids, using various solvents with 
spectrophotometers of different resolution. 
J Plant Physiol. 1994;144:307-313. 

10. SPSS for Windows: Base 10.0 
Applications Guide. Chicago, Illinois. 

11. Alshammary SF, Qian YL, Wallner SJ. 
Growth response of four turfgrass species 
to salinity. Agric. Water Management. 
2004;66:97-111. 

12. Sepehry A, Akhzari D, Pessarakli M, 
Barani H. Studying the effects of salinity 
stress on the growth of various halophytic 
plant species (Agropyron elongatum, 
Kochia prostrata and Puccinellia distans). 
World Applied Sciences Journal. 2012;16: 
998-1003. 

13. Akhzari D, Sepehry A, Pessarakli M, 
Barani H. Studying the effects of salinity 
stress on the growth of various halophytic 
plant species (Agropyron elongatum, 
Kochia prostrata and Puccinellia distans). 
World Appl Sci J. 2012;16:998-1003. 

14. Jenkins S. Ecophysiological principles 
governing the zonation of puccinellia 
(Puccinellia ciliata) and tall wheatgrass 
(Thinopyrum ponticum) on saline 
waterlogged land in South-Western 
Australia. PhD Thesis. School of Earth and 
Geographical Sciences. Faculty of Natural 
and Agricultural Sciences. The University 
of Western Australia. 2007;162. 

15. Kiani-Pouya A, Rasouli F. The potential of 
leaf chlorophyll content to screen bread-
wheat genotypes in saline condition. 
Photosynthetica. 2014;52:288–300. 

16. Mala K, Khan TI. Effect of different levels 
of salinity on growth and photosynthetic 
pigments of wheat plants (Triticum 
aestivum L. var. Raj- 3765). Journal of 
Environmental Science, Toxicology and 
Food Technology. 2017;11(5):17-20. 

17. Terletskaya N, Zobova N, Stupko V, 
Shuyskaya E. Growth and photosynthetic 
reactions of different species of wheat 
seedlings under drought and salt stress. 
Period. Biol. 2017;119(1):37-45. 

DOI: 10.18054/pb.v119i1.4408 

18. Salama S, Trivedi S, Busheva M, Arafat 
AA, Garab G, Erdei L. Effects of NaCl 
salinity on growth, cation accumulation, 
chloroplast structure and function in wheat 
cultivars differing in salt tolerance. J. Plant 
Physiol. 1994;144:241-247. 

19. Hussain T, Iqbal A, Amir I, Swati ZA. 
Chlorophyll-based secreening for salinity 
tolerance in wheat genotypes. Journal of 
Agricultural and Biological Science. 
2013;8(8):596-598. 

20. Ashraf MY, Azmi AR, Khan AH, Ala SA. 
Effect of water stress on total phenol, 
peroxidase activity and chlorophyll 
contents in wheat (Triticum aestivum L.). 
Acta Physiologeae Plantarum. 1994;16: 
185-191. 

21. Naqvi SSM, Mumtaz S, Ali SA, Shereen A, 
Khan AH, Ashraf MY, Khan MA. Proline 
accumulation under salinity stress. Is 
abscisic acid involved? Acta Physiol. Plant. 
1994;16(2):117-122. 

22. Khan N, Nazar R, Anjum N. Growth, 
photosynthesis and antioxidant 
metabolism in mustard (Brassica juncea 
L.) cultivars differing in ATP-sulfurylase 
activity under salinity stress. Sci Hortic. 
2009;122:455-460. 

23. Shah SH, Houborg R, McCabe MF. 
Response of chlorophyll, carotenoid and 
SPAD-502 measurement to salinity and 
nutrient stress in wheat (Triticum aestivum 
L.). Agronomy. 2017;7(3):61. 

24. Oludare Agbolade J, David O, Ajiboye A, 
Kioko J, Jolayemi O, Olawuni I, Ojo M, 
Akomolafe G, Adekoya M, Komolafe R. 
Morpho-physiological effect of selenium on 
salinity-stressed wheat (Triticum aestivum 
L.). Journal of Biological Research. 
2019;92:24-29. 

25. Ben-Abdallah S, Aung B, Amyot L, Lalin I, 
Lachaal M, Karray-Bouraoui N, Hannoufa 
A. Salt stress (NaCl) affects plant              
growth and branch pathways of carotenoid 
and flavonoid biosyntheses in Solanum 
nigrum. Acta Physiol. Plant. 2016;38:              
72. 

DOI: 10.1007/s11738-016-2096-8 

26. Kahrizi S, Sedghi M. Effect of salt stress 
on grain reserve composition in ten durum 
wheat cultivars. J Stress Physiol Biochem. 
2013;9:113-121. 

27. Norshazila S, Othman R, Jaswir I, Yumi 
Zuhanis HH. Effect of abiotic stress on 
carotenoids accumulation in pumpkin 



 
 
 
 

Yavas et al.; CJAST, 39(1): 64-70, 2020; Article no.CJAST.54317 
 

 

 
70 

 

plants under light and dark conditions. Int. 
Food Res. J. 2017;24(Suppl):S387-S394. 

28. Abadia A, Belkhodja R, Morales F, Abadia 
J. Effects of salinity on the photosynthetic 

pigment composition of barley (Hordeum 
vulgare L.) grown under a triple-line-source 
sprinkler system in the field. J. Plant 
Physiol. 1999;154:392-400. 

_________________________________________________________________________________ 
© 2020 Yavas et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/54317 

http://creativecommons.org/licenses/by/4.0

