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Introduction 
 

Salinity is becoming a big threat for 

agricultural crops and is common in arid and  

semi-arid regions. It is the major limiting 

factor for enhancing the growth and 

productivity of agricultural crops. The 

presence of salts in the soil and their effects 

on the plant physiological mechanisms was 

major restrictive factor for agricultural 

productivity (Qadir et al., 2008). Salinity 

stress significantly reduced many 

physiological     characters     such   as 

 

 

 

 

 

 

 

 

 

 
 

photosynthetic efficiency and chlorophyll 

stability index as well as sugar contents (Jamil 

et al., 2007). Chlorophylls are the green 

pigment performing the most important role 

in photochemical reactions during 

photosynthesis. The level and state of 

chlorophyll pigments in the leaf tissue are 

important factors which determine the overall 

photosynthetic efficiency of a plant. Sultana 

(1999) reported that chlorophyll a 

fluorescence including Fv/Fm, ΦPSII, qP and 
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Soil salinity is considered as a one of the major abiotic stress posing great challenges to the 

growth and production of crops around the world. Salinity affects various physiological 

processes related to plant growth and development. Salinity induced a drastic decline in 

chlorophyll content, chlorophyll stability index and photosynthesis activity in the plants. 

Phytohormones are chemical messengers produced in one part of plant and translocated to 

the other parts, where they play critical roles in regulation of physiological process and 

plant responses to abiotic stresses including salinity stress. In this study, the pot culture 

experiment was carried out with two contrasting rice varieties differing in salinity 

tolerance viz., pokkali and CO51. These two rice varieties were foliar applied with 

different plant growth regulators associated with salinity tolerance at varied concentrations 

under 160 mM NaCl salinity conditions.  We attempted to investigate the influence of 

plant growth regulators for mitigating the salinity stress in contrasting rice varieties. 

Among the four hormones studied, brassinolide @ 1ppm increased the photosynthetic rate 

and chlorophyll fluorescence whereas gibberellic acid @ 50 ppm improved the chlorophyll 

content compared to other hormones besides enhanced transpiration through 20 ppm 

kinetin rate under salinity stress. This study indicated that plant growth regulators could be 

effectively used for improving physiological traits, thereby increasing the yield in rice 

under salinity stress. Further, the response in terms of improvement in physiological traits 

was similar in both tolerant and sensitive varieties.  
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NPQ is affected in salt stress and mainly PSII 

is damaged in the plants (Kalaji and Guo, 

2008).  Plants also show the high chlorophyll 

degradation symptom, chlorosis as a common 

morphological and physiological 

characteristic in response to the salt stress                  

(Harinasut et al., 2000).  Exogenous 

application of PGRs, gibberellins  (Afzal et 

al., 2005),  cytokinins (Gul et al., 2000)  

produces some benefit in alleviating the 

adverse effects of salt stress and also 

improves germination, growth and 

development seed yield and quality 

(Egamberdieva, 2009).  Based on information 

available on stress alleviation, the study was 

taken up with four PGRs such as 

brassinosteriods, gibberellic acid, salicylic 

acid and kinetin which are relevant in relation 

to stress tolerance especially salinity.  

 

Materials and Methods 
 

The pot culture experiment was carried out 

using two rice varieties namely pokkali and 

CO51 with foliar application of different plant 

growth regulators at varied concentrations 

under salinity conditions. CO51 is short 

duration and high yielding semi dwarf rice 

variety while pokkali is a well-known salt 

tolerant variety grown in coastal areas of 

Kerala.  The plant growth regulators were 

applied at tillering stage (45 DAS) for 

amelioration of salinity with  

160 mM NaCl.  

 

The water sprayed plants were taken as control 

and the plants without salt stress are considered 

as absolute control. These experiments were 

carried out in the Department of Crop 

Physiology, Tamil Nadu Agricultural 

University, Coimbatore.   Physiological 

parameters associated with salinty stress 

tolerance such as photosynthesis rate, 

transpiration rate, chlorophyll fluorescence 

and chlorophyll meter readings were 

recorded. The photosynthetic and 

transpiration rates were measured using 

portable photosynthesis system (LI-6400XT, 

Licor Inc, Nebraska, USA) and expressed as 

µmol CO2 m
-2

 s
-1

 and mmol H2O m
-2 

s
-1 

respectively.
 

The amount of chlorophyll 

present in leaves was measured by   

non-destructive method using chlorophyll 

meter (CCM300, Delta-T Devices, UK) as 

suggested by Peng (1996) and expressed as 

chlorophyll meter readings. Chlorophyll 

fluorescence measurements were recorded 

using waltz, Germany and expressed as Fv/Fm. 

Statistical analysis of the data with three 

replicates was performed using ANOVA and 

compared with least significant differences 

(LSD) at the 5 % level, according to the 

procedure of Gomez and Gomez (1984). 

 

Results and Discussion 

 

Abiotic stress has been considered as major 

limiting factor and it is estimated that more 

than half of the yield potential of major crops 

is usually lost due to unfavorable 

environments such as drought or high salinity 

(Cortina and Culianez-Macia, 2005). This can 

be recovered to a certain extent with the 

applications of plant growth regulators 

(PGRs) that play an important role in several 

physiological and molecular processes of 

plants. In addition, PGRs used as potential 

tools to increase defense mechanisms against 

stress conditions (Nair et al., 2009).  

 

Different approaches were adopted to mitigate 

the effect of salinity and one of the options 

was to use the plant growth regulators (Ashraf 

and Foolad, 2007).  Here, we attempted to 

study the influence of foliar applied plant 

growth regulators in rice under salt stress with 

idea of developing management techniques 

for mitigation of salinity stress and the effects 

were quantified  in terms of alteration in 

physiological traits mainly gas exchange and 

chlorophyll fluorescence parameters.  
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Effect of plant growth regulators on 

photosynthesis and transpiration under 

salt stress 

 

Photosynthesis is the primary determinant of 

plant growth and yield. Current study showed 

that salt stress caused significant reduction in 

photosynthetic rate (Table 1). Among the 

PGRs,   application of  1 ppm of Brassinolide 

(T3) resulted in higher photosynthetic rate 

while the lower value recorded in 150 ppm of 

salicylic acid (T4)  under 160 mM NaCl 

irrespective of varieties and stages.  

 

Salt accumulation in the expanding leaves has 

been correlated with photosynthetic decline 

with ultra-structural and metabolic damages 

and sequential death of leaves. Under saline 

conditions, reduction in photosynthesis can 

also be attributed to changes in chlorophyll 

fluorescence, photoinhibition of photosystem 

II (PS-II), conformational changes in 

membrane bound ATPase enzyme complex as 

well as decrease in both concentration and 

activity of Rubisco enzyme (Lawlor, 2002). 

The destruction of chloroplast structure by 

NaCl toxicity may lead to stomatal closure 

caused by oxidative stress (Ashraf, 2009). 

High concentrations of injurious ions, such as 

Na
+
 and Cl

–
, which accumulate in the 

chloroplasts under salinity stress, are known 

to damage thylakoid membranes (Wu and 

Zou, 2009 and Omoto et al., 2010).  
 

Among the four hormones studied, foliar 

application of 1 ppm of brassinolide was 

found to be effective in enhancing 

photosynthetic rate under salinity stress and 

interestingly, the response was similar in both 

varieties.   

 

This might be due to increase in light 

saturated net CO2 assimilation rate 

accompanied by the increase in the maximum 

carboxylation rate of Rubisco and a higher 

quantum yield of PSII electron transport (Yu 

et al., 2004). The findings of present study is 

in accordance with the findings of Braun and 

Wild (1984) in wheat and Mustard. 

Transpiration rate determines the significance 

of various physiological processes along with 

their impact on biomass production and yield. 

Significant reduction in transpiration rate was 

observed in salt stress conditions. Further, 

lower transpiration rate recorded in salinity 

tolerant variety (pokkali) compared to CO 51 

implying role of transpiration in maintaining 

the water status of plants.  In the present 

study, significant variation between the two 

different varieties was observed under saline 

condition with transpiration rate was found 

higher in CO51 (Table 1). The results on 

transpiration rate revealed that CO 51 showed 

the higher value (5.0, 2.5) in salt stress both 

the stages compared to pokkali (1.4, 0.5).  

Among the treatments, 20 ppm of kinetin (T5) 

showed the highest transpiration rate in both 

the varieties.    Application of kinetin, might 

improve the salt tolerance of rice variety by 

reducing the uptake of Na
+
 ion and improve 

the capacity to absorb water by increasing in 

osmotic component of soil water potential      

(Ramadan et al., 2004). 

 

Effect of plant growth regulators on 

chlorophyll fluorescence and chlorophyll 

index 

 

The Fv/Fm ratio measures the efficiency of 

excitation energy captured by open PSII 

reaction centres representing the maximum 

capacity of light-dependent charge separation 

(Krause et al., 1991). Current study showed 

that salt stress caused significant reduction in 

chlorophyll fluorescence compared to control 

conditions (Table 2).  

 

Among the PGRs, application of 1 ppm 

brassinolide (T3) resulted in higher 

chlorophyll fluorescence in both varieties 

indicating that response to plant growth 

regulators is similar irrespective of their 

nature of tolerance to salinity.  
 



Int.J.Curr.Microbiol.App.Sci (2017) 6(5): 1654-1661 

1657 

 

Table.1 Effect of salt stress and plant growth regulators on photosynthetic rate (µmol CO2 m-2 s-1) and  

Transpiration rate (mmol H2 O m-2 s-1) 

 

       V1 – Pokkali  V2 – CO 51 

 

 

 

 

 

Treatments 

Photosynthetic rate (µmol CO2 m
-2 

s
-1

) Transpiration rate (mmol H2O m
-2

 s
-1

) 

Tillering stage Flowering stage Tillering stage Flowering stage 

V1 V2 Mean V1 V2 Mean V1 V2 Mean V1 V2 Mean 

T1-Absolute control 34.2 32.5 33.4 20.2 33.6 26.9 6.7 9.2 7.9 1.4 4.5 2.9 

T2-Control(water spray) 11.8 18.8 15.3 6.7 20.6 13.6 1.4 5.0 3.2 0.5 2.5 1.4 

T3-Brassinolide@1ppm 33.2 30.1 31.6 16.9 27.5 20.9 3.3 4.8 4.0 1.0 3.3 2.5 

T4-Salicylic acid@150ppm 26.3 27.5 26.9 14.8 24.7 19.7 3.7 5.3 4.5 1.1 2.7 1.9 

T5-Kinetin@20ppm 26.3 24.5 25.4 12.2 22.3 19.8 4.9 6.0 5.5 1.7 3.4 2.2 

T6-MCP@1ppm 32.7 27.7 30.2 14.0 25.5 18.2 4.8 5.2 5.0 1.4 3.3 2.3 

T7-Gibberllic acid@50ppm 30.7 24.7 30.3 16.0 20.4 18.1 3.4 5.0 4.2 1.5 3.3 2.5 

Mean 27.8 26.5 27.2 14.3 25.0 19.6 4.0 5.8 4.9 1.2 3.4 2.3 

Factors V T V X T V T V X T V T V X T V T V X T 

S. Ed 0.02 0.03 0.04 0.005 0.009 0.01 0.05 0.09 0.12 0.001 0.003 0.005 

CD (P= 0.05) 0.03** 0.06** 0.12** 0.01** 0.19** 0.03** 0.09** 0.18** 0.25** 0.004** 0.006** 0.009** 
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Table.2 Effect of salt stress and plant growth regulators on chlorophyll fluorescence (Fv/Fm) and chlorophyll index 

 

Treatments 

Chlorophyll fluorescence (Fv/Fm) Chlorophyll meter readings  

Tillering stage Flowering stage Tillering stage Flowering stage 

V1 V2 Mean V1 V2 Mean V1 V2 Mean V1 V2 Mean 

T1-Absolute control 
0.7 0.7 0.7 0.5 0.6 0.6 533 423 478 462 380 423.9 

T2-Control(water spray) 
0.5 0.6 0.6 0.4 0.5 0.5 279 409 343 276 232 254.6 

T3-Brassinolide@1ppm 
0.8 0.7 0.7 0.7 0.7 0.7 383 445 413 305 407 356.4 

T4-Salicylic acid@150ppm 
0.5 0.6 0.5 0.6 0.6 0.6 380 433 407 336 438 427.6 

T5-Kinetin@20ppm 
0.5 0.6 0.6 0.6 0.6 0.6 412 329 388 411 433 401.2 

T6-MCP@1ppm 
0.5 0.5 0.5 0.5 0.6 0.6 441 512 476 411 451 431.5 

T7-Gibberllic acid@50ppm 
0.6 0.5 0.5 0.5 0.6 0.6 449 537 474 434 466 432.4 

Mean 0.5 0.6 0.6 0.5 0.6 0.5 411 441 426 377 401 389.6 

Factors V T V X T V T V X T V T V X T V T V X T 

S. Ed 0.009 0.028 0.02 0.02 0 0.06 17.4 32.6 46.2 3.01 5.6 7.9 

CD (P= 0.05) 0.02** 0.03** 0.05** 0.05* NS NS NS 66.0* 93.2* 6.10** 11.4** 16.1** 

          V1 – Pokkali  V2 – CO 51 
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Increased CO2 assimilation rate in 

brassinolide treated leaves was accompanied 

by a higher quantum yield of PSII electron 

transport, mainly due to a significant increase 

in the photochemical quenching and 

unchanged efficiency of energy capture by 

open PSII reaction centers.  

 

Moreover, brassinolide had a positive effect 

on the activation of Rubisco based on 

increased maximum Rubisco carboxylation 

rates, total Rubisco activity and initial 

Rubisco activity induced by an enhanced 

expression of genes encoding other Calvin 

cycle genes.  BRs treatment might also play a 

positive role in RuBP regeneration, thereby 

increasing maximum carboxylation rate of 

Rubisco  (Hayat et al., 2010). 

 

Chlorophyll index using chlorophyll meter 

(CCM) permits a rapid and non-destructive 

determination of leaf chlorophyll content by 

measuring leaf transmittance.  The 

measurement of chlorophyll index value, 

which is very simple and rapid, has been 

applied in rice as an index for salt tolerance 

screening (Hussain et al., 2000; Mohan et al., 

2000). The chlorophyll index value decreased 

upon increases in the duration of salinity. 

Hernandez et al., (2000) observed that salinity 

can cause leaf injury manifested by a 

reduction in chlorophyll content.  

 

The higher values of chlorophyll had 

attributed to an increased photosynthetic rate, 

resulting in higher dry matter production.  In 

the present study, significant variation 

between the two different varieties was 

observed under salt stress condition with 

chlorophyll index was found to be higher in 

CO51 in tillering stage (409) while pokkali 

registered higher value in flowering stage 

(276) (Table 2). The results indicate that the 

tolerance variety pokkali was able to maintain 

the chlorophyll content during flowering, the 

trait necessary for synthesis of photosynthates 

for grain filling. Among the treatments, 50 

ppm gibberellic acid (T7) showed the higher 

chlorophyll index in both the varieties. GA3 

foliar application could effectively 

compensate such depression by preventing the 

chlorophyll breakdown under salinity. It is 

also due to retention of chlorophyll and delay 

of senescence. This result is corroborating 

with result of Misratia et al., (2013) in rice 

and Rama et al., (2014) in maize.  

 

In conclusion, in recent years the growth rates 

of world agricultural production and crop 

yields have been reduced due to increase in 

saline condition in the field. Of the various 

management options available, mitigation 

through plant growth regulators is promising 

in terms reducing yield reduction under stress.  

The pot culture studies revealed that salinity 

adversely affected the gas exchange 

parameters, chlorophyll fluoresce and 

chlorophyll index which could be improved 

through application of application of plant 

growth regulators.  It is also interesting to 

note that application of plant growth 

regulators was not showed not much varietal 

differences for responses as measured by 

physiological traits. Therefore, these results 

have practical field applications in terms of 

improving physiological traits thereby 

enhancing the yield under salt stress. Further 

studies would be required to identify the 

alteration in gene expression in PGR applied 

plants. 
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