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ABSTRACT 

The potential agricultural lands are falling prey to salinity in the world over including Pakistan. The limited 
water supply is also becoming a serious problem to feed the humans and livestock production. Therefore, 
research studies were undertaken to enhance the growth and development of sunflower (Helianthus annuus L.) 
on saline soils to increase productively of crop. The treatments consisted of (a) two lines of sunflower 
(Hysun-33 and LG-56-63), (b) two levels of salinity (0, 120 mM (NaCl)) and (c) two levels of salicylic acid 
(0, 200 mg L-1) and were arranged in a completely randomized design with four replications. The results 
showed that biological yield was significantly reduced due to imposition of salinity at the rate of 120 mM 
(NaCl) on both sunflower lines (Hysun -33, LG 56-63). The stem length was also reduced due to decrease 
in biological yield in response to salinity. However, the exogenous application of salicylic acid at the rate of 
200 mg L-1 mitigated the adverse effects of salts and improved the biological yield and stem length under 
saline and non-saline environments. The quantity of chlorophyll (SPAD) values were impacted negatively 
in response to salt stress, however, the phenomenon was recovered by foliar spray of salicylic acid. The nu-
trient concentration of K+, Cl- and Na+ were altered because of presence of excess quantity of NaCl in the 
substrate. The translocation of K+ ion was reduced substantially, while higher amount of Na+ and Cl- ions 
were absorbed, thus creating ionic imbalance in the plant system. The foliar spray of salicylic acid (200 mg L-1) 
enhanced the uptake of K+ from the soil medium. The salicylic acid proved a potential phytoprotectant to 
mitigate the adverse effects of salinity and thereby improving the physiological and biochemicals attributes, 
stem length and also enhanced uptake of K+ ion while depressing Na+ and Cl- ions in plant system. 
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INTRODUCTION 

Currently, the world is experiencing continuous 
decline in productivity of crops, because of a number 
of eco-edaphic factors [Hasanuzzaman et al. 2012, 
2013 a–c]. Among these, salinity is a major environ-

mental stress. It results in limiting the germination, 
plant vigor and yield of most of agricultural crops to 
a significant proportion [Hasanuzzaman et al. 2013 b, c, 
Shahbaz and Ashraf 2013]. Most affected regions of 
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the world are arid and semi- arid regions. Out of the 
total arable lands, one fifth of the land is hard hit by 
salinity and more area is also falling prey to this 
menace [Rasool et al. 2013]. On the other hand, the 
population of the world has reached to about 
7.2 billion and is expected to rise by 9.6 billion by the 
year 2050. This phenomenal growth in population as 
well as livestock demands to raise the productivity of 
crops by more than 70% over the current level to 
suffice the future needs [Varshney et al. 2013]. 

Thereby, the galloping efforts are needed to ad-
dress various environmental stresses to sustain the 
productivity of crops, particularly staple foods and 
oilseed crops. The severe salinity stress results in 
significant changes in plant systems, i.e., water stress, 
toxicity of ions, nutritional imbalances, oxidative 
stress and reduction in cell progression and disinte-
gration of membrane structures [Djanaguiraman and 
Prarad 2013, Shahbaz and Ashraf 2013]. Resultantly, 
the plant growth and potential productivity of plants 
for production of economic yield is affected to 
a significant level under salinity stress [Hessini et al. 
2015]. Razzaghi et al. [2015] reported that negative 
effects of salts could be mitigated by regulating the 
photosynthetic capacity in crop plants, because the 
photosynthetic capacity in directly related to stomatal 
and non-stomatal limitations. The various physiolog-
ical processes occurring during the period from ger-
mination of seed to maturity are greatly impacted by 
the amount of soil moisture, concentration of salts 
and their interactive effects and crop species. 
The photosynthetic capacity of wheat and Brassica 
spp were significantly affected by salinity stress. 
The salinity stress led to the oxidative stress, be-
cause of phenomenal production of reactive oxygen 
species (ROS) with concurrent reduction in molecu-
lar oxygen in various crop plants [Shahbaz and  
Ashraf 2013]. 

The deleterious effects of ROS could be mitigated 
by simulating several metabolites, including phyto-
hormones and changes at the level of endogenous 
macromolecules [Razzaghi et al. 2015]. Thereby, the 
negative effects of salinity could be averted by adop-
tion of short-term and long-term strategies. On the 
long-term frontiers, the genetic manipulations to 

incorporate the traits of tolerance salt stress would be 
economical and value for money to sustain productiv-
ity [Ashraf and Harris 2013]. However, this adaptive 
strategy requires heavy investment both in capital 
goods and human resources [Ashraf and Harris 
2013]. Furthermore, the abiotic stresses are genetical-
ly controlled by multiple genes in plants, in contrast 
to biotic stresses, which are monogenic ones. 
The success of genetically modified crop species 
depends on expression of genes, which are involved 
in signaling and regulatory pathways in response to 
environmental stresses. Thereby, the expression of 
tolerance to abiotic stresses including salinity is un-
predictable and compounded by other prevailing 
limitations [Fayez and Bazaid 2014]. Alternatively, 
the short term strategy by employing anti-oxidant 
compounds offers their potential services to alleviate 
the perils of salinity on productivity of crops [Fayez 
and Bazaid 2014]. Thereby, the tolerance to salinity 
stress may be enhanced through certain interventions 
for greater accumulation of compatible osmolytes in 
plant tissues [Rivas et al. 2011]. 

A great variation exists among crop species due to 
their genetic make-up, severity of stress and degree 
of simulating and/or accumulation of osmolytes in 
reaction to external vagaries [Zhang et al. 2014]. 
Most of crop species cannot produce osmolytes in 
sufficient amount to face the threat of abnormalities 
[Shahbaz and Ashraf 2013]. The tolerance against 
stressful condition could be augmented by foliar 
application of certain osmoprotectants, (viz, salicylic 
acid, glycine betaine, ascorbic acid, trehalose) in 
most of crop plants [Kishor et al. 2014]. Among these 
phytoprotectants, salicylic acid has been reported to 
be most cost-effective and efficient in improving the 
salt tolerance in majority of crop species [Noreen et 
al. 2016]. Salicylic acid (SA) and its analogue be-
longs to phenolics and is regarded as endogenous 
signal molecule and performs the role in defense 
mechanism [Aldesuquy et al. 2012]. The various 
studies have been reported about its potential func-
tions in resistance to salt stress in wheat seedlings 
[Loatfy et al. 2012], heavy metal toxic effects on 
mustard [Ahmad et al. 2011] and temperature stress 
on cucumber [Dong et al. 2014]. Application of 
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0.05 mM salicylic acid reduced damaging effects of 
oxidative stress in Catharanthus roses [Misra et al. 
2014]. It is further reported that foliar spray of SA 
enhanced the relative water content, biological yield, 
soluble protein, proline concentration and photosyn-
thetic pigments of peanut seedlings [Kong et al. 
2012]. Various researchers reported beneficial effects 
of exogenous application of SA on rapeseed [Para-
shar et al. 2014], wheat [Kong et al. 2012], soybean 
and mungbean [Yang et al. 2013], cotton [Noreen et 
al. 2013] and sunflower [Noreen and Ashraf 2008, 
Noreen et al. 2012] under stressful environments. 
The degree of tolerance of plants to vagaries of sa-
linity could be enhanced by improving photosynthet-
ic capacity [Makino 2011]. Therefore, it is imperative 
to equip the plants to maintain higher rates of photo-
synthesis in plants [Makino 2011]. The photosynthet-
ic capacity and stomatal conductance were greatly 
induced by application of salicylic acid [Noreen et 
al. 2011]. 

The processes of uptake and transport of ions in 
plants are altered by exogenous application of SA. 
The absorption of Na+ and Cl- was appreciably re-
duced by foliar spray of SA at the rate of 1.0 mM 
(NaCl) [Noreen et al. 2013]. In wheat, the osmotic 
potential, photosynthetic capacity, chlorophyll pig-
ments, production of shoot and root biomass were 
enhanced by application of salicylic acid under stress 
conditions. Moreover, the uptake of K+ increased 
with simultaneous reduction in Na+ and Cl- contents 
in leaf tissues [Arfan et al. 2007]. Noreen and Ashraf 
[2008] and Noreen et al. [2013] found a positive corre-
lation between the progressive growth and salicylic 
acid applied exogenously on sunflower crop under 
saline conditions. Furthermore, it was also reported 
that foliar spray of SA at the rate of 200 mg L-1 en-
hanced the regulatory system of antioxidant enzymes 
in response to salinity [Noreen et al. 2009].  

At present Pakistan is facing an acute shortage of 
edible oils and an amount of US $ 2.25 billion is 
spent on import to meet the demand. The sunflower 
is a short duration, high yielding and very good quali-
ty oil crop among other oilseed crops. It is also classi-
fied as relatively salt tolerant crop, i.e. upto to ECe 
4.8 dSm-1, and could be grown under irrigated and 
rainfed production areas [Francois 1996]. There are 

reports that increase in salinity could cause consider-
able reduction in head diameter, stem diameter, plant 
height and reduction in yield. The effect of osmopro-
tectants including salicylic acid to overcome stressful 
affects and/or stimulating tolerance to abiotic stresses 
in plant species has been studied by a number of 
researchers [Noreen et al. 2009, 2012]. However, the 
research studies on interactive effects of genotypes × 
environment × management practices (G × E × M) 
growth, stage and ionic constituents in the soil medi-
um are of paramount important for raising the toler-
ance level under different ecological environments 
[Hasanuzzaman et al. 2015]. Therefore, a research 
study was undertaken with an objective to quantify 
the effects of exogenously applied salicylic acid on 
physiological and biochemical attributes and concen-
tration of K+, Cl-1, Na+ ions in sunflower (Healian-
thus annuus L.) crop under salt-stress conditions. 

MATERIALS AND METHODS 

The research studies were undertaken to quantify 
the impact of salicylic acid under saline environment 
on physiological and biochemical attributes of two 
sunflower lines under green house conditions at Ba-
hauddin Zakariya University, Multan-Pakistan. The 
treatments were consisted of three factors, (a) two 
sunflower lines (Hysun-33, LG-56-63), (b) two levels 
of salinity (0 and 120 mM (NaCl)), and (c) two levels 
of salicylic acid (0 and 200 mg L-1), and arranged in 
a completely randomized design with four applica-
tions. The lines were selected on the basis of their 
level of tolerance to salinity, i.e., Hysun-33 (sensi-
tive) and LG-56–63 (tolerant) ones. The seed were 
surface sterilized with 5.0 g L-1 sodium hypochlorite 
for five minutes and dried at room temperature before 
dibbling in the experimental pots. Ten kg washed 
river sand was filled in plastic pots measuring 24.5 × 
28.0 cm and having a drainage hole at the bottom. 
The impurities from the sand were removed by  
a 10-hour leaching with 10 percent HCl followed by 
thorough washings with de-ionized water. Ten 
achenes were dibbled at 5 mm depth in the pots dur-
ing month of October. Irrigation was carried out us-
ing modified half strength  Hoagland’s  solution  after 
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Table 1. Detail of JIP parameters from the fast OJIP fluorescence induction. Adapted after Guha et al. [2013] 

Terms and formulae Illustration 

FO = F50 µs 
first reliable fluorescence value after the onset of actinic illumination: 
used as initial value of the fluorescence  

FL = F150 µs fluorescence value at 150 µs 

FK = F300 µs fluorescence value at 300 µs 

FJ = F2 ms fluorescence value at 2 ms (J-level of OJIP) 

FI = F30 ms fluorescence value at 30 ms (I-level of OJIP) 

FP (= FM) 
fluorescence value at the peak of OJIP curve: maximum value under 
saturating illumination 

TFM time (ms) to reach the maximal fluorescence value FM 

Area area between fluorescence induction (OJIP) curve and the line F = FM 

FV = (FM-FO) variable chlorophyll fluorescence  

MO = (∆V/∆t)O 4(F300 - FO) / (FM - FO) 
approximated initial slope (in ms-1) of relative variable chl fluores-
cence curve Vt (for FO =F50 µs) 

VJ = (FJ - FO) / (FM - FO) 
relative variable fluorescence at phase J of the fluorescence induction 
curve 

V I = (FI - FO) / (FM - FO) 
relative variable fluorescence at phase I of the fluorescence induction 
curve 

SM = Area / FV 
normalized total complementary area above the OJIP transient (re-
flecting multiple turnover QA reduction events) 

N = SM MO (1 / VJ) number of QA redox turn overs until FM is reached 

KN 
no-photochemical de-excitation rate constant in the excited antennae 
for non-photochemistry 

KP 
photochemical de-excitation rate constant in the excited antennae 
of energy fluxes for photochemistry 

ABS / RC = MO (I / VJ) (1 / ϕ PO) absorption flux (for PSII antenna chls) per reaction center (RC) 

TRO / RC = MO (1 / VJ) trapped energy flux per RC (at t = 0) 

ETO / RC = MO (1 / Vj)ψ O electron transport flux per RC at t = 0) 

DIO / RC = (ABS / RC) - (TRO / RC) dissipated energy flux per RC (at t = 0) 

RC / CSm = ψ O (VJ / MO) (ABS / CSm) density of reaction centers per excited cross-section (at t = tFM) 

ABS / CSm = FM (at t = tFM) absorption flux per excited cross section, approximated by FM 

TRO / CSm = ϕ PO (ABS / CSm ) (at t = tFM) trapped energy flux per excited cross section, approximated by FM 

ETO/CSm = ϕ EO (ABS / CSm) at t = tPM) election transport flux per excited cross section, approximated by FM 

DlO/CSm = (ABS / CSm) - (TRO / CSm) (at t = tFM) dissipated energy flux per excited cross section, approximated by FM 

RC/ABS = [(F2m - FO) / 4 (F300 µs - FO)] (FV / FM) density of reaction centers per PSII antenna chl 

PI(ABS) = [RC/ABS) (ϕ PO/(1 -ϕ PO)] × [ϕ O / (1 - ϕ O)] performance index on absorption basis 

PI(CSm) = [RC / CSm) (ϕ PO / (1 -ϕ PO)] × [ϕ O / (1 - ϕ O)] performance index on cross section basis 
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sowing at every two days interval [Hoagland and 
Arnon 1950, Epstein 1972]. Evaporated water was 
replenished with distilled water at other times. 
The seedlings were thinned to four per pot at day five 
after complete germination.  

The salt stress was imposed by using neutral full 
strength Hoagland’s nutrient solution at day 15 after 
sowing. The salt levels were raised progressively 
with an increment of 50 mM (NaCl) at two days in-
terval, as to avoid any osmotic shock to the seedlings. 
Salicylic acid (2-hydroxybenzoic acid) was dissolved 
in a few drops of dimethyl sulfoxide and finally pH 
adjusted 5.5 with KOH (1.0 N) solution. Salicylic 
acid was applied in combination with 0.1 percent 
(v/v) Tween 80 (polyoxyethylene sorbiton monoole-
ate) as surfactant to maximize penetration into the 
leaf tissues. The plants were foliated with salicylic 
acid solution at day 30 (15 days after imposition of 
salt stress) after sowing; while untreated plants also 
received spray of distilled water, adjusted at pH 5.5. 
A constant volume of 10 mL salicylic acid and/or 
distilled water was sprayed per plant to ensure full 
coverage.  

The measurements on chlorophyll (SPAD) values 
were recorded at day 45 after sowing (15 days after 
foliar spray of salicylic acid) at 9:30 to 10:00 hours 
by using portable chlorophyll Meter (Minolta Cam-
era, Co.). Thereafter, seedlings were uprooted, rinsed 
with distilled water and blotted. The plants were 
divided into shoot and root organs and quantified 
fresh biomass production. Plant material was oven-
dried at 70°C for 48 hours for biological yield and 
chemical assay. The total soluble proteins and free 
amino acids were determined by methods of Bradford 
[1976] and Hamilton and Van Slyke [1943], respec-
tively. The concentrations of K+, Cl- and Na+ were 
determined according to Allen et al. [1986].  

The chlorophyll ‘a’ fluorescence measurements 
were recorded by employing portable Flour Pen  
(FP-100) Instrument between 09:00 to 10:00 hours. 
Data were recorded on the recently fully expanded 
leaves, i.e. using the same leaves used for determin-
ing of chlorophyll (SPAD) values by following 
methods [Guha et al. 2013, Noreen et al. 2016]. First-
ly, the leaves were acclimatized to dark environment 
for 30 minutes by fixing leaf clips, as to ensure that 

all PSII were in dark adapted state with open reaction 
centers. Then, chlorophyll ‘a’ fluorescence transients 
were obtained by illuminating the leaves with a beam 
of saturating light at 650 nm peak wave length, which 
were obtained from six light-emitting diodes focused 
on the leaf surface through the clips on a spot of 
5 mm diameter circle. Measurements were replicated 
for four times and a single leaf per plant constituted 
each replicate. The original OJIP transients were 
double normalized between the two fluorescence 
extreme O(Fo) and P(FM) phases and the variable 
fluorescence between OP expressed as Vok were 
detemined according to Strasser et al. [2004]. The 
various parameters obtained from OJIP fluorescence 
induction were analyzed with those of Guha et al. 
[2013]. Detail of terms and formulae used for various 
OJIP fluorescence inductions are as follows. The data 
were analyzed according to Steel and Torrie [2000].  

RESULTS 

Data for shoot and root fresh and dry weights dif-
fered significantly in response to different levels of 
salinity and salicylic acid in both lines of sunflower. 
Averaged across salicylic acid levels, shoot and root 
fresh and dry weights of two lines of sunflower de-
creased significantly at p < 0.01 and p < 0.001 levels, 
respectively due to differential salinity regimes. 
While, the exogenous application of salicylic acid at 
the rate of 200 mg L-1 enhanced significantly the 
shoot and root fresh and dry weights of sunflower at 
p < 0.001 and p < 0.01 levels, respectively compared 
to untreated check. The line “LG-56-63” produced 
greater amount of shoot and root fresh and dry mass 
as compared to line “Hysun-33” under both saline 
and non-saline conditions. Averaged across salicylic 
acid treatments, the salts stress also markedly de-
creased the root fresh and dry weight in both lines 
of sunflower. The two lines differed significantly  
(p < 0.05) in response to salinity. Data further 
showed that exogenous application of salicylic acid 
significantly (p < 0.01) improved the fresh and dry 
biomass of both lines of sunflower as compared to 
untreated plants under both saline and non-saline 
conditions. The line “LG-56-63”  produced  greater qu- 
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Table 2. Shoots and roots weight of sunflower lines as affected salt stress and salicylic acid levels (n = 4) 

Treatments Shot fresh 
weight 

(g platn-1) 

Shoot dry 
weight 

(g plant-1) 

Root fresh 
weight 

(g plant-1) 

Root dry 
weight 

(g plant-1) 

Stem length 
(cm) Line 

Salt stress 
(mM) 

Salicylic acid 
(mg L-1) 

Hysun-33 

0 
0 7.21 1.34 1.21 0.17 48.3 

200 13.0 1.61 1.22 0.19 51.2 

120 
0 6.3 0.83 1.12 0.17 44.3 

200 7.56 1.4 1.22 0.20 47.8 

LG-56-63 

0 
0 13.8 2.7 2.66 0.55 57.1 

200 14.8 2.24 3.47 0.44 60.1 

120 
0 11.2 1.62 1.83 0.30 46.0 

200 16.8 2.26 4.56 0.52 50.8 

Line (L) 2.31** 0.21* 0.17* 0.9* 2.1** 

Salt stress (SS) 0.36* 0.19** 0.18** 0.8* 2.2* 

Salicylic acid (SA) 0.86* 0.15* 0.14* 0.7* 1.7** 

L × SS 0.46* 0.26* 0.23* 0.8* 1.4* 

L × SA 0.59* 0.19* 0.21* 0.8* 1.1* 

SS × SA 0.38* 0.15* 0.16* 0.7* 0.9* 

L × SS × SA ns ns ns ns ns 

Table 3. Chlorophyll (SPAD), total free amino acids and total soluble protein contents of sunflower liens as affected by 
salt stress and salicylic acid levels (n = 4) 

Treatments 
Chlorophyll (SPAD) 

values 
Total soluble proteins 

(mg g-1) 
Total free amino acids 

(mg g-1) Line 
Salt stress  

(mM) 
Salicylic acid 

(mg L-1) 

Hysun-33 

0 
0 35.92 5.3 1.59 

200 38.72 4.26 1.72 

120 
0 30.03 8.85 1.88 

200 40.6 9.21 2.26 

LG-56-63 

0 
0 32.98 2.58 1.49 

200 38.95 3.81 1.51 

120 
0 31.57 11.39 2.02 

200 41.57 11.59 2.38 

Line (L) 0.9** 0.06* 0.05* 

Salt stress (SS) 0.8* 0.05** 0.04** 

Salicylic acid (SA) 1.3* 0.04** 0.03** 

L × SS 0.8* 0.03* 0.03* 

L × SA 0.7* 0.03* 0.02* 

SS × SA 0.9* 0.04* 0.03* 

L × SS × SA ns ns ns 
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antity of biological yield compared line “Hysun-33”. 
The stem length was significantly reduced due to 
imposition of 120 mM (NaCl) salinity stress. Howev-
er, the stem length was improved appreciably by 
spraying of crop with salicylic acid at the rate of 200 
mg L-1 solution (tab. 2). 

Data for chlorophyll (SPAD) values differed con-
siderably in both lines of sunflower in response to 
salinity stress and foliar spray of salicylic acid. The 
imposition of salt stress (120 mM, NaCl) caused 
marked reduction in SPAD values, whereas, the ad-
verse effects were mitigated by spraying of salicylic 
acid at the rate of 200 mg L-1 solution. Data for total 
soluble proteins and total free amino acids revealed 
that salinity caused significant increase in the quan-
tum of total soluble proteins and total free amino 
acids contents. The amount of total soluble pro-
teins and total free amino acids were significantly 
(p < 0.001) increased in response to salinity stress 
compared to non-saline condition. The exogenous 

application of salicylic acid enhanced total protein 
and amino acid contents under saline and non-saline 
conditions (tab. 3). 

The concentration of K+ in shoot and root tissues 
was significantly (p < 0.05 and p < 0.001), respec-
tively reduced by imposition of 120 mM (NaCl) salt 
stress. The response of salinity to both lines of sun-
flowers was dissimilar in maintaining the quantities 
of K+ in their plant parts. The exogenous application 
of salicylic acid at the rate of 200 mgL-1 caused in-
crease in the amount of K+ in shoot and roots tissues 
across the different salinity levels in both lines of 
sunflower. The salinity stress of 120 mM (NaCl) 
resulted in significant (p < 0.001) increase in the 
content of Na+ ion in shoot and root tissues. The con-
centration of Na+ ion in shoots and root tissues was 
significantly (p < 0.05 and p < 0.01), respectively re-
duced by foliar spray of salicylic acid in both sun-
flower lines under saline environment. Furthermore, 
the salt stress at 120  mM  (NaCl)  caused  significant 

Table 4. Concentration of K+, Na+ and Cl- ions in shoot and root organs of sunflower lines as affected by salt stress and 
salicylic acid (n = 4) 

Treatments 

Shoot K+ 
(mg g-1) 

Root K+ 
(mg g-1) 

Shoot Na+ 
(mg g-1) 

Root Na+ 
(mg g-1) 

Shoot Cl- 
(mg g-1) 

Root Cl- 
(mg g-1) Line 

Salt stress 
(mM) 

Salicylic 
acid  

(mg L-1) 

Hysun-33 

0 
0 39.1 41.2 5.4 0.1 12.1 9.9 

200 45.6 43.8 6.8 24.2 10.0 7.9 

120 
0 17.4 21.8 17.4 44.1 28.1 18.9 

200 21.9 25.2 15.2 23.4 25.1 16.8 

LG-56-63 

0 
0 38.0 39.7 6.9 12.6 10.3 10.3 

200 44.4 42.4 7.8 10.1 9.0 8.4 

120 
0 15.6 20.0 15.1 38.1 29.8 24.4 

200 18.4 23.4 17.1 33.2 24.8 21.4 

Line (L) 0.8* 0.4** 0.3** 0.4** 0.5* 0.5** 

Salt stress (SS) 0.7** 0.5* 0.2* 0.5* 0.5** 0.5** 

Salicylic acid (SA) 0.6** 0.3* 0.3* 0.3* 0.4** 0.3* 

L × SS 0.4* 0.2* 0.2* 0.2* 0.3* 0.2* 

L × SA 0.3* 0.3* 0.2* 0.2* 0.2* 0.2* 

SS × SA 0.3* 0.2* 0.2* 0.2* 0.2* 0.2* 

L × SS × SA ns ns ns ns ns ns 
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increase in rising the amount of Cl- in shoot and root 
tissues. However, the adverse effects of salinity were 
mitigated by exogenous application of 200 mg L-1 
salicylic acid (tab. 4). 

The changes induces by various treatments in the 
biophysical parameters and derived from the transient 
curves JIP are illustrated at Radar Plot (fig. 1). 
The JIP parameters, Fo, Fj, Fi, Fm, Fv were signifi-
cantly affected by varietal differences, however, sa-
linity and/or interaction of variety and salinity pro-
duced a little affect on these parameters, except Fi 
parameter. The parameters namely, Vj, Vi, Fm/Fo, 
Fv/Fo, Fv/Fm were non-significantly affected by 
salinity and interaction between variety and salinity. 
However, values of Vj and Vi were significantly 
affected by varietal differences. The parameters 
related to Mo, Area, Fix Area, Sm and Ss were also 
non-significantly affected by salinity and its interac-
tion with variety, except the values for Mo and Fix 
Area were significantly influenced by varieties. 
Furthermore, the parameters related to Ni, Phi-Po, 
Ps-o, Phi-Eo, Phi-Do were non-significantly affect-
ed by variety, salinity and their interaction. Howev-
er, values of Psi-o and Phi-Eo were significantly 
affected by varietal differences. The other parame-
ters, Phi-pav, Phi-abs, ABS/RC, TRO/RC, ETo/RC 

and DIo/RC were also non significantly affected 
by salinity. However, Phi-pave, ABS/RC, TRo/Rc, 
ETo/RC and DIo/RC ere significantly affected by 
varietal differences.  

The OJIP transients related to chlorophyll ‘a’ flu-
orescence in response to varying levels of salt and 
salicylic acid levels revealed that Vop showed a sig-
nificant positive peak in response to spray of salicylic 
acid under untreated check, while it was depressed 
under saline conditions (fig. 2) The K-Band and  
L-band were lowered down to a greater extent, how-
ever, the situation was averted by spray of salicylic 
acid in both lines. The fluorescence data normalized 
between 50 µs and 1s expressed as Voi differed 
among the periodic time interval. The kinetic differ-
ences were resulted as a negative deviation under all 
treatments for Voi (fig. 3), Voj (fig. 4), Vok (fig. 5) 
and Vip (fig. 6). The salt stress decreased Fo, Fj, Fi, 
Fm, Fv, Vi, Vj, Fm/Fo, Area, SM = area/Fv, Pi 
(ABS), TRO/CSm, and To/RC. The salicylic acid as 
endogenous substance enhanced the capacity of these 
parameters and reaction centers, thereby deleterious 
effects of salts were reduced. Under salt stress,  
OP-Band and OI Band were reduced in both lines, 
while K-band and L-band were reduced in line 
Hysun-33.        

 
Fig. 1. Radar plot showing the changes in chlorophyll ‘a’ florescence transients in dark 
adapted sunflower lines under varying conditions of salinity and salicylic acid 
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Fig. 2. Kinetic differences of Vop [∆Vop = (Ft – Fo) / (Fp – Fo)] depicting the OP-band deduced from OJIP chl a fluores-
cence transients 
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Fig. 3. Kinetic differences of Voi [∆Voi = (Ft – Fo) / (Fi – Fo)] depicting the OI-band deduced from OJIP chl a fluores-
cence transients 
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Fig. 4. Kinetic differences of Voj [∆Voj = (Ft – Fo) / (Fj – Fo)] depicting the K-band deduced from OJIP chlorophyll 
a fluorescence transients 
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Fig. 5. Kinetic differences of Vok [∆Vok = (Ft – Fo) / (Fk – Fo)] depicting the L-band deduced from OJIP chl a fluores-
cence transients 
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Fig. 6. Kinetic differences of Vip [∆Vip = (Ft – Fi) / (Fp – Fi)] depicting the IP-band deduced from OJIP chlorophyll 
a fluorescence transients 
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DISCUSSION 

Salicylic acid is an endogenous hormone, which is 
involved in number of processes, such as growth and 
development, seed and fruit yield, flowering initia-
tion, glycolysis and defense system to quench the 
production of ROS [Arfan et al. 2007, Noreen and 
Ashraf 2008, Hasanuzzaman et al. 2015]. Moreover 
the modulating effect exerted by external application 
of salicylic acid enhanced the photosynthetic capacity 
and stomatal conductance [Noreen and Ashraf 2008]. 
Moreover the quantity and proportionate amount of 
ions was also altered as induced by spray of salicylic 
acid under stressful condition. [Tufail et al. 2013]. 
Various researchers have reported that oxidative 
stress caused by ROS under salinity stress could be 
quenched by increased the quantum of salicylic acid 
in the plant system [Noreen et al. 2012]. In a recent 
study, Hasanuzzaman et al. [2015] also reported that 
salicylic acid induced antioxidative system resulted 
in ameliorating the adverse effect of environmental 
stresses. 

The result of the present study demonstrated that 
biological yield and stem length were decreased in 
response to salinity in both sunflower lines. The pro-
duction of biomass and attainment of higher growth 
rate is dependent upon progression of cell division, 
higher photosynthetic activity, and higher turgor 
pressure for sustaining the life cycle. Under saline 
condition, the growth and development of sunflower 
crop was affected to a greater extent thereby, lowered 
quantity of biomass. The similar results have been 
reported by other researchers [Djanaguiraman and 
Parad 2013] that progression in growth and develop-
ment and steering a series of physiological functions 
including photosynthetic activity were impacted to 
a greater extent in response to salinity stress. The 
reduction in photosynthetic capacity resulted in de-
creased production of biological yield and stem 
length ultimately, which led to loss of yield [Noreen 
et al. 2009, Hessini et al. 2015]. The reduction in 
stem length was an outcome of lowering photosyn-
thetic efficiency in relation to high salt contents in 
growth medium. Various researchers [Zhang et al. 
2014] also found a close correlation between photo-

synthetic capacity and progressive growth and devel-
opment in various plant species. The exogenous ap-
plication of salicylic acid alleviated the adverse af-
fects of salinity stress, with concurrent enhanced the 
growth in both lines of sunflower. The similar result 
have also been reported by various researchers [Loat-
fy et al. 2012, Kong et al. 2014, Mirsa et al. 2014, 
Hasanuzzaman et al. 2015] that raising the level of 
salicylic acid through foliar spray would enhance the 
tolerance capacity of plants under salinity for improv-
ing growth and development of crop species. 
The existence of negative association between photo-
synthetic capacity and biomass production under salt 
stress has also been reported in other crop plants i.e. 
wheat seedlings [Loatfy et al. 2012], roses [Mirsa et 
al. 2014], peanut seedlings [Kong et al. 2014], rape 
seed [Parashar et al. 2014], soybean and mung bean 
[Yang et al. 2013], cotton [Noreen et al. 2013] and 
sunflower [Noreen et al. 2012]. 

The salts in the rooting medium caused toxicity 
through absorption of Na+ and Cl- ions, disturbing the 
ionic balance and thereby impacting physiological 
processes of the plants [Hasanuzzaman et al. 2015]. 
The chlorophyll content was greatly limited in re-
sponse to salinity stress. The process of photosynthe-
sis is regulated by chlorophyll ‘a’ and ‘b’ [Ashraf and 
Harris 2013]. These findings of our study are analo-
gous to evidence of other researchers [Rivas et al. 
2011, Hasanuzzaman et al. 2015] that the total chlo-
rophyll content decreased due to salt stress which 
caused reduction in photosynthetic capacity in most 
of crop plants. In analogous to this, chlorophyll val-
ues in both sunflower lines (Hysun-33 and LG-56-63) 
was decreased due to salt stress and resulted in the 
reduction of photosynthetic capacity. Salt stress con-
siderably reduced the chlorophyll content in sorghum 
[Bavei et al. 2011], wheat and bean [Radi et al. 
2013], maize [Rashad and Hussain 2014], however 
the exogenous application of salicylic acid improved 
the chlorophyll content under both saline and non-
saline condition. The similar results have also been 
found in sunflower [Noreen et al. 2012], fenugreek 
[Babar et al. 2014] and canola [Baghizadeh et al. 
2014]. The results of our study indicated that quantity 
of soluble protein increased in both sunflower lines, 
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when exposed to salinity stress compared to non-
saline condition. Various researchers [Kong et al. 
2012, Yi et al. 2014] also reported that de novo syn-
thesis of protein occurred, when plants were subject-
ed to stressful conditions. The findings of our study 
are similar to the earlier findings that salt tolerant 
cultivars exhibited increase in soluble protein in re-
sponse to salt stress in crops namely barley, sun 
flower, pearl millet and rice [Radi et al. 2013]. Dif-
ferent researchers [Ahmad et al. 2011] also reported 
that quantity of soluble protein increased with in-
creasing level of salinity in barley and chlorella 
plants. However, contrary to these findings, that 
Kausar et al. [2014] reported that salt stress caused 
reduction in soluble protein contents in sorghum and 
tomato crops, respectively. 

It is evidenced from our present study that total 
free amino acid were increased in both sunflower 
lines when they were grown under saline condition. 
These results agree with those of various researchers 
[Akhtar et al. 2013, Kausar et al. 2014], who reported 
that quantity of total free amino acids in most of the 
crops were elevated. Furthermore, various studies 
showed that application of salicylic acid produced 
simulating effect in increasing the quantity of total 
soluble protein and total free amino acid in response 
to salt stress in maize crop [Sahar et al. 2011, Akhtar 
et al. 2013]. The results from our study reveal that 
salt stress depressed the absorption of K+ ion and 
enhanced the uptake of Na+ and Cl- ions in both sun-
flower lines. However contrary to it, foliar applica-
tion of salicylic acid favoured the uptake of K+ ion at 
the cost of depressing of Na+ Cl- ions in the plant 
system. Recently, similar results were reported by 
Tufail et al. [2013] that increased salinity due to 
NaCl caused increase in uptake of Na+ and Cl- ions 
with concurrent reduction in K+ ion in maize and 
barley plants, respectively. However, Benzarti et al. 
[2014] found that pre-sowing treating the broad bean 
seed with salicylic acid enhanced the level of toler-
ance to salt stress. The plants accumulated greater 
quantities of K+ ions in their tissues, while the ab-
sorption of Na+ and Cl- ions were reduced markedly, 
thereby improved the growth and development. 

The photosystem II is highly sensitive to salt 
stress resulting in reduction in photosynthetic capaci-

ty of the crop plants [Ashraf and Harris 2013]. Data 
of our study also indicate that photosynthetic capacity 
was reduced due to damage to photosystem II in both 
sunflower lines. It was observed that salt stress also 
mediated the fall in light energy moving towards 
reaction centers and reducing quantum yield of pho-
tosystem II [Mehta et al. 2010]. Moreover, there was 
a drop in the fluorescence yield at J, I and P contents 
in plants subjected to salinity. Mehta et al. [2010] 
reported that shrinkage in QA, QB and PQ pool size 
of photosystem II or hindrance of electron transport 
at the donor sites were the main cause of reduction in 
different phases of fluorescence yield. 

Chlorophyll ‘a’ fluorescence transients double 
normalized between Fo and Fm as Vop exhibited the 
single and multiple turnover phases for localization 
of other action sites. The relative variable fluores-
cence at J step (Vj) is the degree of the fraction of the 
primary quinine of PS II [Ni et al. 2012]. Data from 
our present study also indicate that Vj escalated in 
Hysun-33 due to salinity stress. These results corre-
late with those of Mehta et al. [2010] and Cuchiara et 
al. [2013] who noticed escalation in Vj under salinity. 
However, treatment of salicylic acid caused acclima-
tization of salt stress and alleviated the level of these 
parameters. Furthermore, the quantities of ETo/RC 
and TRo/RC were decreased in reaction to salinity 
level. The efficiency of these parameters were re-
duced due to inactivation of RCs tap and excitation of 
energy in the system. Jajoo [2013] reported that RCs 
are instantly converted into inactive RCs under 
stressful condition. However the rate of inactivation 
is dependent upon the degree of severity of the preva-
lent stress condition.  

CONCLUSION 

The negative aspects of salinity on sunflower crop 
could be alleviated by spray of salicylic acid at the 
rate of 200 mg L-1 solution. The levels of various 
physiological and biochemical parameters could be 
augmented by spray of salicylic acid under saline 
conditions. The improvement in growth and devel-
opment would result in enhancing the yield of sun-
flower crop on saline soils. 



Noreen, S., Siddiq, A., Hussain, K., Ahmad, S., Hasanuzzaman, M. (2017). Foliar application of salicylic acid with salinity stress on 

physiological and biochemical attributes of sunflower (Helianthus annuus L.) crop. Acta Sci. Pol. Hortorum Cultus, 16(2), 57–74 
 

 

 

  

www.acta.media.pl 72 

REFERENCES 

Ahmad, P., Nabi, G., Ashraf, M. (2011). Calcium-induced 
oxidative damage in mustard ((Brassica napus L.) 
Czern & Coss) plants can be alleviated by salicylic ac-
id. South Afr. J. Bot., 77, 36–44. 

Akhtar, J., Ahmad, R., Ashraf, M.Y., Tanveer, A., Wa-
raichand, E.A., Oraby, H. (2013). Influence of exoge-
nous application of salicylic acid on salt-stressed 
mungbean (Vigna radiata): Growth and nitrogen me-
tabolism. Pak. J. Bot., 45(1), 119–125. 

Aldesuqny, H.S., Abbas, M.A., Abohamed, S.A., Elhakem, 
A.H., Alsokari, S.S. (2012). Glycinebetaine and salicyl-
ic acid induced modification in productivity of two dif-
ferent cultivars of wheat grown under water stress. 
J. Stress Physiol. Biochem., 8(2), 72–89. 

Allen, S.E., Grimshaw, M., Rowland, A.P. (1986). Chemi-
cal analysis. In: Methods in plant ecology, Moore, 
P.D., Chapman, S.B. (eds). Blackwell Scientific Publi-
cations, Bostan, 285–344. 

Arfan, M., Athar, H.R., Ashraf, M. (2007). Does exoge-
nous application of salicylic acid through rooting me-
dium modulate growth and photosynthetic capacity in 
differently adopted spring wheat cultivars under salt 
stress? J. Plant Physiol., 164(6), 685–694. 

Ashraf, M., Harris, P.J.C. (2013). Photosynthesis under 
stressful environments: an overview. Photosynthetica, 
51(2), 163–190. 

Babar, S., Siddiqi, E.H., Hussain, I., Bhatti, K.H., Rasheed, 
R. (2014). Mitigating the effects of salinity by foliar 
application of salicylic acid in fenugreek. Physiol. J., 
2014:869058. doi: 10.1155/2014/869058 

Baghizadeh, A., Salarizadeh, M.R., Abaasi, F. (2014). 
Effects of salicylic acid on some physiological and bio-
chemical parameters of Brassica napus L. (Canola) un-
der salt stress. Int. J. Agric. Sci. 4(2), 147–152. 

Bavei, V., Shiran, B., Khodambashi, M., Ranjbar, A. 
(2011). Protein electrophoretic profiles and physio-
chemical indicators of salinity tolerance in sorghum 
(Sorghum bicolor L.). Afr. J. Biotechnol., 10(14), 
2683–2697. 

Benzarti, M., Rejeb, K.B., Messedi, D., Mna, A.B., 
Hessini, K., Ksontini, M., Abdelly, C., Debez, A. 
(2014). Effect of high salinity on Atriplex portu-
lacoides: Growth, leaf water relations and solute accu-
mulation in relation with osmotic adjustment. South 
Afr. J. Bot., 95, 70–77. 

Bradford, M.M. (1976). A rapid and sensitive method for 
the quantification of microgram quantities of protein 
utilizing the principle of protein-dye binding. Anal. Bi-
ochem., 72(1–2), 248–254. 

Cuchiara, C.C., Silva, I.M.C., Martinazzo, E.G., Braga, 
E.J.B., Bacarin, M.A., Peters, J.A. (2013). Chlorophyll 
fluorescence transient analysis in Alternanthera tenella 
Colla plants grown in nutrient solution with different 
concentrations of copper. J. Agric. Sci., 5(8), 8–16.  

Djanaguiraman, M., Prasad, P.W.V. (2013). Effect of 
salinity on ion transport, water relations and oxidative 
damage. In: Ecophysiology and responses of plants un-
der salt stress, Ahmad, P., Azooz, M.M., Prasad, 
M.N.V. (eds). Springer, New York, 89–114. 

Dong, C.J., Li, L., Shang, Q.M., Liu, X.Y., Zhang, Z.G. 
(2014) Endogenous salicylic acid accumulation is re-
quired for chilling tolerance in cucumber (Cucumis Sa-
tivus L.) seedlings. Planta, 240(4), 687–700. 

Epstein, E. (1972). Mineral nutrition of plants: principles 
and perspectives. John Wiley & Sons, New York. 

Fayez, K.A., Bazaid, S.A. (2014). Improving drought and 
salinity tolerance in barley by application of salicylic 
acid and potassium nitrate. J. Saudi Soc. Agric. Sci., 
13(1), 45–55. 

Francois, L.E. (1996). Salinity effects of four sunflower 
hybrids. Agron. J., 88, 215–219. 

Guha, A., Sengupta, D, Raddy, A.R. (2013). Polyphasic 
chlorophyll ‘a’ fluorescence kinetics and leaf protein 
analyses to track dynamics of photosynthetic perfor-
mance in mulberry during progressive drought. J. Pho-
tochem. Photobiol., B: Biology, 119, 71–83. 

Hamilton, P.B., Van Slyke, D.D. (1943). Amino acid deter-
mination with ninhydrin. J. Biol. Chem., 150, 231–233. 

Hasanuzzaman, M., Hossain, M.A., da Silva, J.A.T., Fujita 
M. (2012). Plant responses and tolerance to abiotic ox-
idative stress: antioxidant defense is a key factor. In: 
Bandi V, Shanker, A.K., Shanker, C., Mandapaka, M. 
(eds). Crop stress and its management: perspectives 
and strategies. Springer, Berlin, pp. 261–316. 

Hasanuzzaman, M., Nahar, K., Alam, M.M, Roychowdhu-
ry, R., Fujita, M. (2013 a). Physiological, biochemical, 
and molecular mechanisms of heat stress tolerance in 
plants. Int. J. Mol. Sci., 14, 9643–9684. 

Hasanuzzaman, M., Nahar, K., Fujita, M. (2013 b). Plant 
response to salt stress and role of exogenous protect-
ants to mitigate salt-induced damages. In: Ahmad, P., 
Azooz, M.M., Prasad, M.N.V. (eds). Ecophysiology 



Noreen, S., Siddiq, A., Hussain, K., Ahmad, S., Hasanuzzaman, M. (2017). Foliar application of salicylic acid with salinity stress on 

physiological and biochemical attributes of sunflower (Helianthus annuus L.) crop. Acta Sci. Pol. Hortorum Cultus, 16(2), 57–74 
 

 

 

  

www.acta.media.pl 73

and responses of plants under salt stress. Springer, New 
York, pp. 25–87. 

Hasanuzzaman, M., Nahar, K., Fujita, M., Ahmad, P., 
Chandna, R., Prasad, M.N.V., Ozturk, M. (2013 c). En-
hancing plant productivity under salt stress: Relevance 
of poly-omics. In: Ahmad, P., Azooz, M.M., Prasad, 
M.N.V. (eds). Salt stress in plants: Signaling, omics 
and adaptations. Springer, New York, pp. 113–156. 

Hasanuzzaman, M., Nahar, K., Alam, M.M., Ahmad, S., 
Fujita, M. (2015). Exogenous application of phytopro-
tectants in legume against environmental stress. In: 
Legumes under environmental stress, yield, improve-
ment and adaptations, Azzoz, M.M., Ahmad, P. (eds). 
Wiley, New York, 161–198. 

Hessini, K., Ferchichi, S., Youssef, S.B., Werner, K.H., 
Cruz, C., Gandour, M. (2015). How does salinity dura-
tion affect growth and productivity of cultivated bar-
ley? Agron. J., 107(1), 174–180. 

Hoagland, D.R., Arnon, D.I. (1950). Water culture method 
for growing plants without soil. Calif. Agric. Expt. Sta. 
Circ., 347, 32. 

Jajoo, A. (2013). Changes in photosystem II in response to 
salt stress. In: Ecophysiology and responses of plants 
under salt stress, Ahmed, P. (ed.). Springer, New York, 
149–168. 

Kong, G., Li, G., Zheng, B., Han, Q., Wang, C., Zhu, Y., 
Guo, D.T. (2012). Proteomic analysis on salicylic acid-
induced salt tolerance in common wheat seedlings 
(Triticum aestivum L.). Biochim. Biophys. Acta., 
1824(12), 1324–1333. 

Kausar, A., Ashraf, M.Y., Niaz, M. (2014). Some physio-
logical and genetic determinants of salt tolerance in 
sorghum (Sorghum Bicolor (L.) Moench), Biomass 
production and nitrogen metabolism. Pak. J. Bot., 
46(2), 515–519. 

Kishor, P.B.K., Rajesh, K., Reddy, P.S., Seiler, C., Sreeni-
vasulce, N. (2014). Drought stress tolerance mecha-
nisms in barley and its relevance to cereals. In: Bio-
technological approaches to barley improvement, Kum-
lehn, J. Stein, N. (eds). Springer, Berlin, 161–179. 

Kong, J., Dong, Y., Xu, L., Liu, S., Bai, X. (2014). Role of 
endogenous nitric oxide in alleviating iron deficiency 
induced peanut choruses on calcareous soils. Bot. 
Stud., 55, 9. 

Loatfy, N., El-Tayeb, M.A., Hassanen, A.M., Moustafa, 
M.F., Sakuma, Y., Inouhe, M. (2012). Changes in the 
water status and osmotic solute contents in response to 
drought and salicylic acid treatments in form different 

cultivars of wheat (Triticum aestivum L.). J. Plant Res., 
125(1), 173–184. 

Makino, A. (2011). Photosynthesis, grain yield, and nitro-
gen utilization in rice and wheat. J. Plant Physiol., 
155(1), 125–129. 

Mehta, P., Allakhverdiev, S.I., Jajoo, A. (2010). Character-
ization of photosystem II heterogeneity in response to 
high salt stress in wheat leaves (Triticum aestivum). 
Photosyn. Res., 105(3), 249–255. 

Misra, N., Misra, R., Mariam, A., Yusufand, K., Yusuf, L. 
(2014). Salicylic acid alters antioxidant and phenolics 
metabolism in Catharanthus rosus groom under salini-
ty stress. Afr. J. Tradit. Compl. Altern. Med., 11(5), 
118–125. 

Ni, L., Acharya, K. Hao, X., Li, S., Li, Y., Li, Y. (2012). 
Effects of artemisinin on photosystem II performance 
of Microcystis aeruginosa by in vivo chlorophyll fluo-
rescence. Bull. Environ. Cont. Toxic., 89(6), 165–1169. 

Noreen, S, Ashraf, M. (2008). Alleviation of adverse ef-
fects of salt stress on sunflower (Helianthus annuus L.) 
by exogenous application of salicylic acid: growth and 
photosynthesis. Pak. J. Bot., 40(4), 1657–1663. 

Noreen, S., Ashraf, M., Akram, N.A. (2012). Does exoge-
nous application of salicylic acid improves growth and 
some key physiological attributes in sunflower plants 
subjected to salt stress? J. Appl. Bot. Food Qual., 84, 
169–177.  

Noreen, S., Ashraf, M., Hussain, M., Jamil, A. (2009). 
Exogenous application of salicylic acid enhances anti-
oxidative capacity in the salt stressed sunflower (Heli-
anthus annuus L.) plants. Pak. J. Bot., 41(1), 473–479. 

Noreen, S., Athar, H.R., Ashraf, M. (2013). Interactive 
effects of watering regimes and exogenously applied 
osmoprotectants on earliness indices and leaf area in-
dex in cotton (Gossypium hirsutum L.) crop. Pak. 
J. Bot., 45(6), 1873–1881. 

Noreen, S., Noor, S., Ahmad, S., Bibi, F., Hasanuzzaman, 
M (2016). Quantifying some physiological and produc-
tivity indices of canola (Brasica napus L.) crop under 
an arid environment. Not. Bot. Horti Agrobot., 44, 
272–279. 

Parashar, A., Yusuf, M., Fariduddin, Q., Ahmad, A. 
(2014). Salicylic acid enhances antioxidant system in 
Brassica juncea grown under different levels of man-
ganese. Int. J. Biol. Macromolec., 70, 551–558. 

Radi, A.A., Farghaly, F.A., Hamada, A.M. (2013). Physio-
logical and biochemical responses of salt-tolerant and 



Noreen, S., Siddiq, A., Hussain, K., Ahmad, S., Hasanuzzaman, M. (2017). Foliar application of salicylic acid with salinity stress on 

physiological and biochemical attributes of sunflower (Helianthus annuus L.) crop. Acta Sci. Pol. Hortorum Cultus, 16(2), 57–74 
 

 

 

  

www.acta.media.pl 74 

salt-sensitive wheat and bean cultivars to salinity. 
J. Biol. Earth Sci., 3(1), 72–88. 

Rashad, R.T., Hussain, R.A. (2014). A comparison study 
on the effect of some growth regulators on the nutrients 
content of maize plant under salinity conditions. Ann. 
Agric. Sci., 59(1), 89–94. 

Rasool, S., Ahmad, A., Siddiqui, T.O., Ahmad, P. (2013). 
Changes in growth, lipid peroxidation and some key 
antioxidant enzymes in chickpea genotypes under salt 
stress. Acta. Physiol. Plant, 35(4), 1039–1050. 

Razzaghi, F., Sven-Erik, J., Jensen, C.R., Andersenm, N. 
(2015). Ionic and photosynthetic homeostasis in quinoa 
challenged by salinity and drought – mechanisms of 
tolerance. Funct. Plant Biol., 42(2), 136–148. 

Rivas, S., Vicente, M., Plasencia, J. (2011). Salicylic acid 
beyond defence: its role in plant growth and develop-
ment. J. Expt. Bot., 62, 3321–3338. 

Sahar, K., Amin, B., Taher, N.M. (2011). The salicylic acid 
effect on the Salvia officianlis L. sugar, protein and 
proline contents under salinity (NaCl) stress. J. Stress 
Physiol. Biochem., 7(4), 80–87. 

Shahbaz, M., Ashraf, M. (2013). Improving salinity toler-
ance in cereals. Crit. Rev. Plant Sci., 32(4), 237–249. 

Strasser, A., Tsimilli-Michael, M, Srivastava, A. (2004). 
Analysis  of the fluorescence transient. In:  Chlorophyll 
fluorescence: A signature of photosynthesis, Papageor-
giou, G.C., Govindjee (eds). Springer, Dordrecht, pp. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      321–362.Steel, R.G., Torrie, J.H. (2000). Principles and 
procedures of statistics in scientific research. 4th Ed. Mc 
Graw Hill, New York. 

Tufail, A., Arfan, M., Gurmani, A.R., Khan, A., Bano, A. 
(2013). Salicylic acid induced salinity tolerance in 
maize (Zea mays). Pak. J. Bot., 45, 75–82. 

Varshney, R.K, Rookiwol, M, Nguyen, H.N. (2013). Re-
sources to molecular breeding. Plant Gen., 6, 1–7. 

Yang, W., Zhu, C., Ma, X., Li, G., Gan, L., Ng, D., Xia, K. 
(2013). Hydrogen peroxide is a second messenger in 
the salicylic acid triggered adventitious rooting process 
in mung bean seedlings. PLoS One 8(12), e84580. doi: 
10.1371/journal.pone.0084580 

Yi, X., Sun, Y., Yang, Q., Guo, A., Chang, L., Wang, D., 
Tong, Z., Jin, X., Wang, L., Yu, J., Jin, W., Xie, Y., 
Wang, X. (2014). Quantitative proteomics of Sesuvium 
portulacastrum leaves revealed that ion transportation 
by V-ATPase and sugar accumulation in chloroplast 
played crucial roles in halophyte salt tolerance. J. Pro-
teom., 99, 84–100. 

Zhang, L.X., Lai, J.H., Liang, Z.S., Ashraf, M. (2014). 
Interactive effects of sudden and gradual drought stress 
and foliar applied glycinebetaine on growth, water rela-
tions, osmolyte accumulation and antioxidant defence 
system in two maize cultivars differing in drought tol-
erance. J. Agron. Crop Sci., 200(6), 425–433. 


