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ABSTRACT:  

Many plants of economic importance exhibit salt tolerance and are adapted to grow in salt-affected 

environments. Drought is undoubtedly one of the most important environmental stresses limiting the 

productivity of crop plants around the world. The assimilatory power of the plant is due to the presence 

of pigment called chlorophyll. One of the important factors that determines crop productivity is the 

chlorophyll content of the leaves. Chlorophyll was estimated from leaves of Dapoli-3 variety of 

Eleusine coracana under control plants (without any stress) as well as from plants grown under salt, 

drought and presowing salt treated seed stress conditions. Dapoli-3 variety of Eleusine coracana 

showed an increase in chlorophyll level at all concentrations of salt treatment w. In presowing salt 

treated plants, Dapoli-3, there was decrease in chlorophyll content at all salt concentration. While 

chlorophyll content decreased with extended duration of drought.  

 

Introduction 

The development of salt tolerant crop genotypes is a 

sustainable method for the productive usage of salt-

affected soils (SAS), which span over 6.73 million acres 

of land in India [1].   degradation and declining soil 

fertility are both largely caused by soil salinization [2] 

which causes serious impact on the ecological 

environment, waste of resources as well as social and 

economic development [3]. Salinity stress has grown to 

be a serious problem for global agricultural productivity, 

especially in arid and semi-arid regions. Ion toxicity 

(Na+, Cl-); osmotic stress; and nutritional anomalies are 

used to explain the adverse effects of salinity stress on 

plants [4-8].  

The impact of EDD (extreme temperature (>34 °C) 

degree days) stress is related to damages to 

photosynthetic cells, resulting in the reduction of 

chlorophyll content, photosynthetic rates and the leaf 

area, or even withering of the leaves [9-11]. Plant growth 

and productivity are limited by environmental 

challenges, particularly water stress [12-14]. Countries 

that fall under the "drought" category have water 

availability per year and residents that are less than 1700 

m3, especially in semi-arid areas. Arid zones are 

distinguished by a negative hydrological balance, mean 

annual rainfall of less than 800 mm, mean insolation of 

2800 h/year, and mean annual temperatures of 23–27°C. 

Due to these factors, the region as a whole experiences 

significant evapotranspiration rates and a consequent 

water deficit [15]. The obvious reasons limiting crop 

productivity, especially in the southern regions marked 

by severe aridity, are abiotic stresses and inefficient 

methods of agriculture [16-18]. Undoubtedly, one of the 

most significant environmental factors affecting crop 

plant productivity worldwide is drought [19].  Due to the 

fact that the majority of the world's chickpea-growing 

regions are in arid and semi-arid regions and that around 

90% of chickpea is cultivated under rain-fed 

circumstances, drought is also a key yield-limiting factor 

in the production of chickpeas (Cicer arietinum L.) 

which shows mechanisms for overcoming this condition 

[20]. Intermittent drought during the vegetative phase, 

reproductive development, or terminal drought at the 

conclusion of the crop cycle can all lead to yield losses 

[21]. Drought stress decreases the rate of photosynthesis 

[22]. A reduced stomatal conductance is present in plants 

growing in drought-stricken areas in an effort to preserve 

water. 

Seed priming improves seedling development and 

establishment, enables DNA replication, boosts RNA 

and protein synthesis, and decreases metabolite leakage 

[23]. The pre-treatment with plant growth regulators is 

one of the efficient priming techniques. Plant stress 

responses are induced by growth regulators for plants 

such GAs and SA [24]. One of the crucial growth 

regulators utilized to encourage cell division and 
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elongation in plants is Gibberllic acid[25]. 

 

Effect of Increasing Salt Stress on Organic 

Constituents Chlorophyll (Figure 1) 

The assimilatory power of the plant is due to the presence 

of pigment called chlorophyll. One of the important 

factor that determines crop productivity is the 

chlorophyll content of the leaves. Chlorophyll was 

estimated from leaves of control plants as well as from 

plants grown under salt stress condition. These results are 

depicted in figures 1. Dapoli-3 variety of Eleusine 

coracana showed an increase in chlorophyll level at all 

concentrations of salt treatment. 

There are number of reports, which state that there is an 

increase in chlorophyll content of the leaves when plants 

are raised in a saline environment [26-32]. There are 

equal number of reports which suggest that there is a 

decrease in chlorophyll content with increasing salinity 

[33-37]. In a study on effect of salt on horse gram 

seedling, it has been reported that due to NaCl and 

Na2SO4 salt concentrations there was decrease in total 

chlorophyll content in the leaves [38,39]. According to 

Bosque-Sanchez et al., (2003) and Eisa et al., (2012), 

variations have been identified in the photochemical 

phase of photosynthesis due to the effect of salinity 

which changes the photosynthetic rate, transpiration rate, 

efficiency of the use of photosynthetic water and the 

fluorescence activity of chlorophyll [40,41]. Perveen et 

al., (2015) reported that, salinity causes adverse effects 

on crops [42]. Nusrat et al., (2014) revealed that salt 

greatly suppresses the photosynthesis process in plants 

due to different factors like photosynthetic pigments, 

stomatal performance and generation of essential 

metabolites and antioxidants [43]. According to Nusrat 

et al., (2014), salt stress induces disturbance in various 

metabolic processes such as photosynthesis, stomatal 

regulation and protein synthesis [43]. And added that salt 

stress not only suppresses photosynthetic activity but 

also inhibit photosynthetic machinery of plants. Salt 

stress also affects the cell organelles like chloroplast and 

it is the site for most of photosynthetic processes (PSI 

and PSII) and generation of reactive oxygen species 

(ROS). Perveen et al., (2013), observed that, plants avoid 

salt stress by various means like shoot damage while 

Kausar and Shahbaz, (2013) observed that under salt 

stress, stomatal aperture decreased and resulted in low 

CO2 availability to plants [42,44]. Shabala et al.; Rafique 

et al; Shabbir et. al., noted that plants develop multigenic 

responses/ mechanisms for salt tolerance; these will then 

regulate many physiological/biochemical processes [45-

47].  Srinieng et al., reported that salinity disturbs 

uptake/distribution of essential nutrients and balanced 

absorption [48]. Bavei et al.,  stated that ionic imbalance 

causes due to excess Na+ in root cells competes with K+ 

for uptake [49].  

Waghmode and Joshi reported that the chlorophyll 

synthesis was stimulated with lower concentration of 

NaCl [50]. Mudliar and Bharati observed Lower (1 mM) 

KC1 concentrations resulted in increased chlorophyll 

synthesis, whereas higher amounts resulted in decreased 

chlorophyll content [51].  

In contrast to salt-sensitive plants, it appears that salt-

tolerant plants can accumulate chlorophyll. According to 

Rao and Rao, as chlorophyll is more sensitive to salinity, 

it gets wiped out by environments with higher salt 

concentrations. Higher salinity environments wipe off 

chlorophyll because it is more sensitive to salinity [52]. 

Lower chlorophyll synthesis is a recognized 

consequence of higher salt concentrations affecting the 

structure of chloroplasts and the stability of pigment 

protein complexes [34]. Anshuman Singh et.al., when 

worked on Aegle marmelos grown with saline stress, 

observed, consistent decrease in values of leaf 

chlorophyll (a, b and total) in Aegle marmelos cultivars 

NB-55 variety but also noted increase in salinity in Aegle 

marmelos cultivars NB-9, CB-1 and CB-2 for plants 

which exhibited slightly higher chlorophyll contents at 

moderate salinity [53]. Singh et.al., also observed 

significant increased membrane injury which caused 

reduction in relative water content in all the cultivars due 

to salinity [53]. Ali Y. et.al., (2004), while studying 

effect of salinity on chlorophyll concentration, leaf area, 

yield and yield components of rice genotypes [54]. The 

reduction in leaf area, yield and yield components under 

saline conditions were also due to reduced growth as a 

result of decreased water uptake, toxicity of sodium and 

chloride in the shoot cell as well as reduced 

photosynthesis. Reduction in chlorophyll concentrations 

is probably due to the inhibitory effect of the 

accumulated ions of various salts on the biosynthesis of 

the different chlorophyll fractions. Salinity affects the 

strength of the forces bringing the complex pigment 

protein- liquid, in the chloroplast structure. As the 

chloroplast in membrane bound its stability is dependent 

on the membrane stability which under high salinity 

condition seldom remains intact due to which reduction 
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in chlorophyll was recorded by [54]. 

In the present investigation Dapoli-3 cultivar seems to 

tolerate salinity to a greater extent as compared to HR-

374 in terms of chlorophyll content which is one of the 

important contributory factors leading to increased crop 

productivity. Chlorophyll a and Chlorophyll b content of 

Eleusine coracana crop under different levels of salt and 

water stress and pre-sowing salt stress shows variety in 

results.  

 

Effect of Pre-sowing Salt Treatment on Organic 

Constituents Chlorophyll (Figure 2) 

The chlorophyll content of the leaves from both the 

cultivars, Dapoli-3 of Eleusine coracana were estimated. 

The crop was raised after giving salt presowing treatment 

to the seeds of both the cultivars and results obtained are 

represented graphically in figure. There was an increase 

in the chlorophyll content of the leaves when the salt 

concentration was 8 and 30 mM however, any further 

increase was not favourable resulting in 60 % decrease 

in the chlorophyll content. In Dapoli-3, there was 

decrease in chlorophyll content at all salt concentration. 

There are reports regarding the influence of pretreatment 

of growth regulators on chlorophyll content in plant 

leaves. Nimbalkar and Joshi found that, pre-planting 

treatment with GA, kinetin, and ascorbic acid, there was 

a reduction in chlorophyll content in all above 

pretreatments but more reduction was observed due to 

GA pretreated leaves of sugarcane variety Co-740 [37]. 

Saran (1991) observed that seed soaking in 50 ppm IAA 

for 24 hrs increased chlorophyll content but lowered 

chlorophyll a/b ratio in mustard [55]. However, reports 

on the effect of pretreatment of seeds with salt are 

negligible. Kausar Farhana and Shahbaz Muhammad, 

experimented with pre-sowing seed treatment with 

strigolactone (GR24) on two wheat cultivars and 

observed an increasing response towards chlorophyll 

fluorescence [56]. Pre-sowing seed treatments with 

chemicals like GA3, Thiourea, KNO3, and NAA 

influence the duration of germination, percent seed 

germination, seedling height, and number of branches 

and roots [57-60]. Barley seed treatment with 

preparations based on iron, silicon, molybdenum, 

bogum, and molybdenum nanoparticles stimulates an 

increase in the level of photosynthetic pigments and the 

activity of antioxidant enzymes in plants [61]. While 

Fatemeh Jamal et al., (2011), examined the impact of 

priming on the growth and chemical properties of the 

green leaf of wheat and stated that chlorophyll b had been 

significantly increased by seed priming [62].  

 

Effect of Increasing Water Stress on Organic 

Constituents Chlorophyll (Figure 3) 

It is evident from these results that the chlorophyll 

content decreased with extended duration of drought. In 

the Dapoli-3 variety, this decrease was more as compared 

to that of the control.  

Reduction in chlorophyll content due to drought has been 

reported by many workers during a study on biochemical 

changes in Oryza sativa under water stress noticed a 

decrease in chlorophyll level [63,64]. Albert et al., 

(1977), showed that in corn leaves the chlorophyll 

content declined after 8 days of water stress [63]. 

Sanchez R.A., et.al., observed reduced chlorophyll 

levels, stomatal conductance, and photosynthesis due to 

water stress [65]. Mafakheri A. et.al., when working on 

Chickpea Cultivars, revealed that due to drought stress 

all physiological parameters get affected while due to 

drought, vegetative growth or anthesis significantly 

decreased chlorophyll a, chlorophyll b and total 

chlorophyll content [66]. 

González et al., when studied on Chenopodium quinoa, 

reported that the reduction in soil moisture leads to a 

decrease in the relative water content of the leaves, which 

causes the stomata to close impacting the exchange of 

gases [13]. This affects the reduction in the rate of 

photosynthesis, photorespiration, transpiration, and 

absorption of nutrients, along with a decrease in the rate 

of consumption of ATP and NADPH for CO2 

assimilation. Fghire et al., (2015); Killi and Haworth, 

(2017), revealed that water stress affects the balance 

between photochemical activity in the FSII and the 

demand for electrons for photosynthesis, generating an 

over-excitation in the photosynthetic system and photo-

inhibitory damage in the reaction centres [67,68]. 

Garcia-Parra M et al. and Hinojosa et al. noted that in 

drought conditions, chlorophyll fluorescence analyses 

provide extensive information on the structure and 

function of the photosynthetic machinery [69,70]. 

Thakur, J., Shinde, B.P., while studying on effect of 

water stress and AM fungi on the growth performance of 

pea plants revealed a decrease in the chlorophyll contents 

in the three ascensions during the period of stress due to 

the increased catalytic activity of chlorophylls and 

degradation of photosynthetic pigments and this process 

is also the result of not providing the necessary factors 
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for the synthesis of chlorophyll and the destruction of its 

structure under stress conditions [71]. 

The state of plant plastid apparatus under the conditions 

of water stress has been studied. It has been observed that 

drought conditions affect to a lesser degree, the quantity 

of segments strongly bound with the lipoprotein 

complex, particularly chlorophyll-b. According to a 

study, drought-resistant plants are characterised by the 

least changes in pigment content, but the nitrogen content 

of the leaves is not affected. Gill studied ultra-structural 

changes in the mesophyll and bundle sheath cells of 

maize leaves in response to water stress [72]. He found 

that mesophyll cells are more sensitive to water stress 

than bundle sheath cells. It has been seen that; rapid leaf 

dehydration causes profound changes in the 

photochemical activity of thylakoid membranes in 

detached tobacco leaves. It consequently shows that, in 

most plant species, water deficit has a profound influence 

on the photosynthetic apparatus and more specifically on 

the photosynthetic pigment system. In most cases, the 

chloroplast membrane is disrupted and degradation of 

chlorophyll takes place.

    

Table 1: Each value is the mean and SD of three replicates 

Treatment 

 Chlorophyll a Chlorophyll b Total Chlorophyll  

Salt Stress Control 155.55±1.00 113.85±2.00 273.73±3.06 

8mM 136.07±2.00 86.79±1.53 217.75±1.53 

30mM 127.91±1.53 101.40±2.21 233.97±3.06 

80mM 129.24±3.00 54.69±2.52 113.51±3.00 

150mM 152.53±2.08 97.28±2.58 247.14±3.12 

Pre-sowing salt treated 

salt stress. 

Control 73.21±1.53 51.51±1.53 103.71±2.12 

8mM 193.87±2.52 143.38±2.65 334.26±3.16 

30mM 88.10±1.73 66.20±1.75 154.97±1.15 

80mM 57.46±1.15 32.65±2.31 88.44±0.58 

150mM 13.99±0.58 17.80±1.15 33.13±1.73 

Water stress Control 131.74±2.15 85.68±1.15 237.08±1.70 

2 Days 127.72±1.15 82.93±1.73 211.64±2.39 

4 Days 49.88±1.18 41.57±2.31 92.12±2.23 

6 Days 57.52±1.20 47.20±1.79 104.38±2.29 

8 Days 56.64±2.31 49.21±2.89 104.17±2.22 

 

Table 2: Two-way ANOVA showing variation Chlorophyll a, Chlorophyll b content Dapoli crop Dapoli-3 variety 

of Eleusine coracana under different levels of salt stress, water stress, and pre-sowing salt stress. 

 Source df F P value 

Chlorophyll a, Stress Treatment 2 5125.567 .000 

Concentration 4 3204.208 .000 
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Stress Treatment * Concentration 8 1581.287 .000 

Chlorophyll a, Stress Treatment 2 1001.175 .000 

Concentration 4 1190.469 .000 

Stress Treatment * Concentration 8 598.233 .000 

Total Chlorophyll Stress Treatment 2 4641.015 .000 

Concentration 4 6122.841 .000 

Stress Treatment * Concentration 8 2955.302 .000 

 

Inference: Chlorophyll a, Chlorophyll b content Dapoli 

crop under different levels of salt and water stress is 

significantly affected by different stress levels. There 

was a significant interaction effect noticed among 

different levels of Treatment stress (table 1 and table 2). 

 

                    
 

                    
 

0

50

100

150

200

250

300

Control 8mM 30mM 80mM 150mM

Fig-1Effect of Increasing Salt Stress on  Chlorophyll in 

Dapoli-3 variety of Eleusine coracana

Chlorophyll-a
Chlorophyll--b
Chl-a+b

0

50

100

150

200

250

300

350

Control 8mM 30mM 80mM 150mM

Fig-2 Effect of presowing  Salt Stress on  Chlorophyll 

in Dapoli-3 variety of Eleusine coracana

Chlorophyll-a
Chlorophyll--b
Chl-a+b

http://www.jchr.org/


  

 

844 

Journal of Chemical Health Risks 
www.jchr.org 

JCHR (2023) 13(5), 839-847 | ISSN:2251-6727 

                   
 

 

REFERENCES 

1. Singh G Bundela DS Sethi M Lal K and Kamra SK 

(2010), Remote sensing and geographic 

information system for appraisal of salt-affected 

soils in India. Journal of Environmental Quality 39: 

5-15. 

2. Jing, Y.P., Duan, Y., Tuo, D.B., Zhao, P.Y., Zhang, 

J., Lu, S.Z. (2016) Characteristics of salinization of 

deserted farmland in Hetao Plain, China. Acta 

Pedol. Sin., 53: 1410-1420.  

3. Jing, Y.P., Lian, H.F., Li, Y.J., Li, X.P., Gao, W., 

Di, C.X., Li, Y.F., Kang, W.Q. (2020)  Analysis on 

the Difference of Soil Salinization Characteristics 

in Hetao saline-alkali soil with different land use. J. 

Soil Water Conserv., 34: 354-363. 

4. Greenway, H. and R. Munns. 1980. Mechanisms of 

salt tolerance in nonhalophytes. Annual      Review 

of Plant  Physiology, 30: 149-190.  

5. Lewitt, J. 1980a. Responses of plants to 

environmental stress. Acedemic Press. New York, 

pp. 489-53010.  

6. Munns, R. and A. Termaat. 1986. Whole-plant 

responses to salinity. Aust. J. Plant Physiol.,    13: 

143-160. 

7. Yeo, A.R., K.S. Lee, P. Izard, P.J. Boursier and T.J. 

Flowers. 1991. Short and long term effects of 

salinity on leaf growth in Rice (Oryza sativa L.), J. 

Exp. Bot., 42: 881-889. 

8. Marschner, H. 1995. Mineral nutrition of higher 

plants. Academic Pres, 657-680. 

9. Bita, C.E., Gerats, T., 2013. Plant tolerance to high 

temperature in a changing environment: scientific 

fundamentals and production of heat stress-tolerant 

crops. Front Plant Sci 4, 273. 

10. Bohnert HJ, Nelson DE, Jensen RG (1995), 

Adaptations to environmental stress. Plant Cell 7: 

1099-1111. 

11. Chakrabarti, B., Singh, S.D., Kumar, V., Harit, 

R.C., Misra, S., 2013. Growth and yield response of 

wheat and chickpea crops under high temperature. 

Indian Journal of Plant Physiology 18, 7-14. 

12. Begum, F., Nessa, A., 2014. Effects of temperature 

on some Physiological traits of Wheat.   Journal of 

Bangladesh Academy of Sciences 38, 103-110. 

13. González JA, Gallardo M, Hilal M, Rosa M, Prado 

FE (2009). Physiological responses of  quinoa 

(Chenopodium quinoa Willd.) to drought and 

waterlogging stresses: dry matter  partitioning. 

Botanical Studies 50:35-42. 

14. Fahad S, Chen Y, Saud S, Wang K, Xiong D, Chen 

C, et al. Ultraviolet radiation effect on 

photosynthetic pigments, biochemical attributes, 

antioxidant enzyme activity and hormonal contents 

of wheat. J Food, Agri Environ. 

2013;11(3&4):1635-1641 

15. Jan M, Anwar-ul-Haq M, Adnan NS, Muhammad 

Y, Javaid I, Xiuling L, et al. 2019, Modulation in 

growth, gas exchange, and antioxidant activities of 

0

50

100

150

200

250

Control 2D 4D 6D 8D

Fig-3 Effect of Increasing water Stress on  Chlorophyll 

in Dapoli-3 variety of Eleusine coracana

Chlorophyll-a
Chlorophyll--b
Chl-a+b

http://www.jchr.org/


  

 

845 

Journal of Chemical Health Risks 
www.jchr.org 

JCHR (2023) 13(5), 839-847 | ISSN:2251-6727 

salt stressed rice (Oryza sativa L.) genotypes by 

zinc fertilization. Arabian Journal of Geosciences. 

2019; 12:775  

16. https://doi.org/10.1007/s12517-019-4939-2 

17. Thapa S, Rudd JC, Xue QW, Bhandari M, Reddy 

SK, Jessup KE, et al. Use of NDVI for 

characterizing winter wheat response to water stress 

in a semi-arid environment. J. Crop.improve. 2019; 

33:633-648. DOI: 

10.1080/15427528.2019.1648348 

18. Tariq M, Ahmad S, Fahad S, Abbas G, Hussain S, 

Fatima Z, et al., The impact of climate warming and 

crop management on phenology of sunflower-

based cropping systems inPunjab, Pakistan. Agri 

and Forest Met. 2018; 256:270-282 

19. Kharrat M, Le Guen J, Tivoli B. Genetics of 

resistance to 3 isolates of Ascochyta fabae   on       

faba bean (Vicia faba L.) in controlled conditions. 

Euphytica. 2006; 151:49-61. DOI: 

10.1007/s10681-006-9127-2 

20. Saud S, Chen Y, Long B, Fahad S,Sadiq A. The 

different impact on the growth of cool season turf 

grass under the various conditions on salinity and 

drought stress. Int J Agric  Sci Res. 2013;3:77-84 

21. Bohnert HJ, Nelson DE, Jensen RG (1995), 

Adaptations to environmental stress. Plant Cell 7: 

1099-1111. 

22. Kumar J, Abbo S (2001). Genetics of flowering 

time in chickpea and its bearing on productivity in 

semiarid environments. Adv. Agron. 72: 107–138. 

23. Serraj R, Krishnamurthy L, Kashiwagi J, Kumar J, 

Chandra S, Crouch JH ( 2004)  Variation in root 

traits of chickpea (Cicer arietinum L.) grown under 

terminal drought. Field Crops Res 88: 115–127.  

24. Kawamitsu Y, Driscoll T, Boyer JS (2000) 

Photosynthesis during desiccation in an Intertidal 

Alga and a Land Plant. Plant Cell Physiol. 41 (3): 

344-353. 

25. McDonald MB. 2000. Seed Pre-treatments. In:Seed 

Technology and its Biological Basis   (Eds. 

Black,M., Bewley, J.D.). Sheffield Academic 

Press, Sheffield,UK pp. 287–325. 

26. Pedranzani H, Racagni G, Alemano S, Miersch O, 

Ramírez I, Peña-Cortés H, Taleisnik E,Machado-

Domenech E, Abdala G. 2003. Salt tolerant tomato 

plants show increased levels  Of jasmonic acid. 

Plant Growth Regulation 41, 149-158. 

27. Golenberg EM, West NW. 2013.Hormonal 

interactions and gene regulation can link monoecy 

and environmental plasticity to the evolution of 

dioecy in plants. American journal of botany 

100,1022-1037. 

28. Leclera J C (1967) Suda Croissance Et La 

Photosynthese De Porphyridium , En Function De 

La Salinite De Mileade Culture. Photosynthetica 

1(3 4) 179 191. 

29. Brownell P. F and Nicholas D. J. D (1967) Some 

effects of sodium on nitrate assimilation and N2 

fixation in Anabaena cylindrica, Plant Physiol. 42: 

15 921 

30. Varshney K. A And. Bajal B. D (1977) Effect of 

salt stress on chlorophyll contents on some grasses, 

Indian J. Plant Physiol. 20(2):161 163.  

31. Passera C and Albuzio A (1978) Effect of salinity 

on photosynthesis and photorespiration  of two 

wheat species (Triticum durum Cv. Pepe 2122 and 

Triticurn Cv. Marzoffo) Can. J.  Bot. 56(l): 121 

126. 

32. Hegde B. A and Joshi G. V (1974) Mineral salt 

absorption in saline Rice variety Kala Rata, Plant 

and Soil, 41(2): 421 424. 

33. Deshpande R. G (1981) Physiological Studies In: 

Pulses of Maharashtra, Ph. D. Thesis Shivaji 

University, Kolhapur, India 

34. Kokate P. S (1984) An aspect of physiological 

studies in Rice. Ph. D. Thesis, Shivaji  University, 

Kolhapur, India 36. Heikal M. M. D (1976) 

Physiological studies on salinity  effect of NaCl on 

growth and  photosynthetic pigments of Kidney 

Bean plants raised in  culture solution, Bull. Fac. 

Sci.       Assit.Univ., 5(1): 17 30. 

35. Lapina L. P and Popov B. A (1971) After effects of 

sodium sulphate and sodium chloride  on the 

functional activity and structure of maize 

chloroplasts. Sov plant Physiol., 18: 341-  347. 

36. Weimberg R (1975) Effect on growth in highly 

salinized media on the enzymes of photosynthetic 

apparatus in pea seedlings. Plant Physiol., 56: 8-12. 

37. Weimberg R (1975) Effect on growth in highly 

salinized media on the enzymes of photosynthetic 

apparatus in pea seedlings. Plant Physiol., 56: 8-12. 

38. Nimbalkar J. D and Joshi G.V (1976) Effect of salt 

stress on photosynthesis in Sugarcane Var. Co  740, 

Biovigyanam, 2: 137-144. 

39. Malakondaih N and Rajeswara Rao G (1980) Effect 

of foliar application of phosphorous on chlorophyll 

http://www.jchr.org/


  

 

846 

Journal of Chemical Health Risks 
www.jchr.org 

JCHR (2023) 13(5), 839-847 | ISSN:2251-6727 

content, Hill Reaction Photo Phosphorylation and 

14CO2 fixation under salt stress in Peanut plants. 

Photosynthetica., 14(l): 17 21. 

40. Sudhakar C, Reddy P. S and Veeranjaneyulu K 

(1987) Biochemical changes during early seedling 

growth of horsegram (Dolichos biflorus L.) 

subjected to salt stress, Indian J. Exp. Biol., 25: 

479-482. 

41. Bosque-Sanchez H, Lemeur R, Van Damme P, 

Jacobsen S-E (2003). Eco physiological analysis of 

drought and salinity stress of quinoa (Chenopodium 

quinoa Willd.). Food Reviews International 19(1-

2):111-119. https://doi.org/10.1081/FRI-

120018874 

42. Eisa, S., Hussin, S., Geissler, N., & Koyro, H. W. 

(2012) , "Effect of NaCl salinity on water relations, 

photosynthesis and chemical composition of 

Quinoa ('Chenopodium  quinoa' Willd.) as a 

potential cash crop halophyte." Australian Journal 

of Crop Science 6.2  (2012): 357-368. 

43. Perveen, S., M. Shahbaz and M. Ashraf, 2013. 

Influence of foliar-applied triacontanol on growth, 

gas exchange characteristics, photosynthetic 

pigments and chlorophyll  flourescence at different 

growth stages in wheat (Triticum aestivum L.) 

under saline  conditions. Photosynthetica, 51: 541‒

551 

44. Nusrat, N., M. Shahbaz and S. Perveen, 2014. 

Modulation in growth, photosynthetic efficiency, 

activity of antioxidants and mineral ions by foliar 

application of glycine  betaine on pea (Pisum 

sativum L.) under salt stress. Acta Physiol. Plant., 

36: 2985‒2998 

45. Kausar, F. and M. Shahbaz, 2013. Interactive effect 

of foliar application of nitric oxide (NO) and 

salinity on wheat (Triticum aestivum L.). Pak. J. 

Bot., 45: 67‒73 

46. Shabala, S., L. Shabala, T.A. Cuin, J. Pang, W. 

Percey, Z. Chen, S. Conn, C. Eing and L.H. 

Wegner, 2010. Xylem ionic relations and salinity 

tolerance in barley. Plant J., 61:  839‒       853 

47. Rafique, H.M., H.N. Asghar, Z.A. Zahir and M. 

Shahbaz, 2015. Evaluation of plant growth 

promoting bacteria for inducing stress tolerance in 

plants against petroleum   hydro carbons. Pak. 

J.Agric.Sci., 52:905‒914. 

48. Shabbir, R.N., M.Y. Ashraf, E.A. Waraich, R. 

Ahmad and M. Shahbaz, 2015. Combined effects of 

drought stress and NPK foliar spray on growth, 

physiological processes and nutrient uptake in 

wheat. Pak. J. Bot., 47: 1207‒1216 

49. Srinieng, K., T. Saisavoey and A. Karnchanatat, 

2015. Effect of salinity stress on  

50. antioxidative enzyme activities in tomato cultured 

in vitro. Pak. J. Bot., 47: 1‒10 

51. Bavei, V., B. Shiran, M. Khodambashi and A. 

Ranjbar, 2011. Protein electrophoretic  profiles and 

physiochemical indicators of salinity tolerance in 

Sorghum bicolor L. Afr. J.  Biotechnol., 10: 2683‒

2697 

52. Waghmode A. P and Joshi G. V (1981) Effect of 

NaCl on photosynthesis in saline grass (Aleuropus 

lagopoides L.) Botanica Marina 24: 248-253 

53. Mudliar A  and Bharati S (1984) Effect of Mn ions 

on benzyladenine induced growth and chlorophyll 

synthesis in excised cucumber. Physiol Plant 61: 

629-633 

54. Rao G. G and Rao G. R (1981) Pigment 

composition and chlorophyllase activity in pigeon   

pea (Cajanus indicus Spreng) and gingelley 

(Sesamum indicum L ) under NaCl salinity,    

Indian. J. Exp. Biol., 19: 768-770. 

55. Singh Anshuman, Sharma P.C., Kumar A, Meena 

M.D. and Sharma D.K. (2015), Salinity Induced 

Changes in Chlorophyll Pigments and Ionic 

Relations in Bael (Aegle marmelos  Correa) 

Cultivars, Journal of Soil Salinity and Water 

Quality 7(1), 40-44, 2015 

56. Ali Y., Aslam Z., Ashraf M. Y. and Tahir G. R., 

(2004),Effect of salinity on chlorophyll  

concentration, leaf area, yield and yield 

components of rice genotypes grown under saline  

environment. International Journal of 

Environmental Science & Technology,Vol. 1, 

No.3,  pp. 221-225, Autumn 2004. 

57. Saran B (1991) Effect of pre sowing IAA treatment 

on biochemical constituents in  Subsequentl y 

obtained seeds of Brassica juncea Var. Br. 23, 

Geobios, 18: 129 131. R A  

58. 56. Kausar Farhana , Muhammad Shahbaz,( 2017) 

, Influence of Strigolactone (GR24) as a Seed 

Treatment on Growth, Gas Exchange and 

Chlorophyll Fluorescence of Wheat under Saline 

Conditions, March 2017 International Journal of 

Agriculture and Biology 19(2):321-327 

DOI:10.17957/IJAB/15.0283 

http://www.jchr.org/
https://www.researchgate.net/scientific-contributions/Farhana-Kausar-2049797641
https://www.researchgate.net/profile/Muhammad-Shahbaz-46
https://www.researchgate.net/journal/International-Journal-of-Agriculture-and-Biology-1814-9596?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/International-Journal-of-Agriculture-and-Biology-1814-9596?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.17957/IJAB/15.0283


  

 

847 

Journal of Chemical Health Risks 
www.jchr.org 

JCHR (2023) 13(5), 839-847 | ISSN:2251-6727 

59. Dhankar DS and Singh M. 1996. Seed germination 

and seedling growth in aonla  (Phyllanthus emblica 

Linn.) as influenced by gibberellic acid and 

thiourea. Crop Research Hisar. 12(3):363-366 

60. Pawshe YH; Patil BN and Patil L.P. 1997.Effect of 

pre-germination seed treatments on germination 

and vigour of seedlings in amla (Emblica officinalis 

Gaertn). PKV Res. J.,21(2): 152-154 

61. Gholap SV, Dod V N, Bhuyar SA and Bharad SG. 

2000. Effect of plant growth regulators on seed 

germination and seedling growth in Aonla under 

climatic condition of Akola. Crop Research-Hisar. 

20(3): 546-548. 

62. Rajamanickam C, Anbu S and Balakrishnan K. 

2002. Effect of chemical and growth regulators on 

seed germination in Aonla ( Emblica officinalis 

Gaertn.). 

63. Voskobulova, N. I., Neverov,A. A., T. N. Vasilieva, 

Schukin V.B. and Terekhova N.A. Effect of 

presowing seed treatment on photosynthetic 

pigments content and enzyme  activity in Hordeum 

vulgare L. plants International Conference on 

World Technological   Trends in Agribusiness IOP 

Conf. Series: Earth and Environmental Science 624 

(2021)  012157 IOP Publishing doi:10.1088/1755-

1315/624/1/012157 

64. Jamal Y, Shafi M, Bakht J (2011), Effect of seed 

priming on growth and biochemical traits of wheat 

under saline conditions. African Journal of 

Biotechnology. 10(75):17127- 17133.  

65. Albert R and Falter J (1977) Metabolic of lime fires 

leaves of Tilia Cordata injured by de-icing salts 2. 

nitrogen and carbohydrate metabolism. Phyton 

19:141 162. 

66. Gujarathi B. G, Karadge B. A and Chavan P. D 

(1981) Effect of salinity on germination    of    

Arachis hypogea L. Geobios, 8: 273-275. 

67. Sanchez RA, Hall AJ, Trapani N, de Hunau RC. ( 

1983), Effects of water stress on the  chlorophyll 

content, nitrogen level and photosynthesis of leaves 

of two maize genotypes.  Photosynth Res. 1983 

Jan;4(1):35-47. doi: 10.1007/BF00041799. PMID: 

24458383. 

68. Mafakheri A; Siosemardeh A; Bahramnejad B; 

Struik P C; Sohrabi Y,(2010), Effect of Drought 

Stress on Yield, Proline and Chlorophyll Contents 

in Three Chickpea Cultivars.  Australian Journal of 

Crop Science, Vol. 4, No. 8, 2010, 580-585 

ISSN:1835-2693 

69. Fghire R, Anaya F, Ali OI, Benlhabib O, Ragab R, 

Wahbi S (2015). Physiological and photosynthetic 

response of quinoa to drought stress. Chilean 

Journal of Agricultural Research 75(2):174-183. 

https://doi.org/10.4067/S0718- 

58392015000200006 

70. Killi D, Haworth M (2017). Diffusive and 

metabolic constraints to photosynthesis in  quinoa 

during drought and salt stress. Plants 

(4):49.https://doi.org/10.3390/plants6040049 

71. Garcia-Parra M, Roa-Acosta D, Stechauner-

Rohringer R, García-Molano JF, Bazile D,  Plazas-

Leguizamón N (2020). Effect of temperature on the 

growth and development of quinoa plants 

(Chenopodium quinoa Willd.): A review on a 

global scale. Sylwan 164(5):411-     433 

72. Hinojosa L, González J, Barrios-Masias F, Fuentes 

F, Murphy K (2018). Quinoa abiotic stress 

responses: a review. Plants 7(4):106. 

https://doi.org/10.3390/plants7040106 

73. Thakur, J., Shinde, B.P. (2020) Effect of water 

stress and AM fungi on the growth  performance of 

pea plant. International Journal of Applied Biology. 

2020;4(1). DOI:  10.20956/ijab. v4i1.9446. 

74. Gill K. S (1979) Chlorophyll protein, DNA and 

RNA contents and yield of Cowpea and      

Dhaincha grown at different levels of soil 

alkalinity, Indian J. Agric. Sci. 49(l): 7 12. 

 

 

http://www.jchr.org/
https://doi.org/10.4067/S0718-
https://doi.org/10.3390/plants7040106

