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ABSTRACT

The potential agricultural lands are falling preystlinity in the world over including Pakistan. Tihmited
water supply is also becoming a serious probleneéal the humans and livestock production. Therefore,
research studies were undertaken to enhance thehgrod development of sunfloweétdlianthus annuuk.)

on saline soils to increase productively of crope Treatments consisted of (a) two lines of sunflower
(Hysun-33 and LG-56-63), (b) two levels of salini®y 120 mM (NaCl)) and (c) two levels of salicyliddc

(0, 200 mg [*) and were arranged in a completely randomized desith four replications. The results
showed that biological yield was significantly reddickue to imposition of salinity at the rate of 1M
(NaCl) on both sunflower lines (Hysun -33, LG 56-6B)e stem length was also reduced due to decrease
in biological yield in response to salinity. Howeviire exogenous application of salicylic acid atridte of
200 mg ! mitigated the adverse effects of salts and immtdbe biological yield and stem length under
saline and non-saline environments. The quantitghddrophyll (SPAD) values were impacted negatively
in response to salt stress, however, the phenomgasmecovered by foliar spray of salicylic acid. The
trient concentration of K CI' and Na were altered because of presence of excess quahtitgCl in the
substrate. The translocation of ion was reduced substantially, while higher amodri¥@ and Clions
were absorbed, thus creating ionic imbalance impkiet system. The foliar spray of salicylic a@8@ mg L)
enhanced the uptake of Krom the soil medium. The salicylic acid provegatential phytoprotectant to
mitigate the adverse effects of salinity and therielproving the physiological and biochemicalsibtites,
stem length and also enhanced uptake‘dbK while depressing Nand Clions in plant system.
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INTRODUCTION

Currently, the world is experiencing continuousmental stress. It results in limiting the germioati
decline in productivity of crops, because of a nemb plant vigor and yield of most of agricultural crofms
of eco-edaphic factors [Hasanuzzaman et al. 201a significant proportion [Hasanuzzaman et al. 2018
2013 a—c]. Among these, salinity is a major envirorShahbaz and Ashraf 2013]. Most affected regions of
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the world are arid and semi- arid regions. Outhef t incorporate the traits of tolerance salt stresslavbe
total arable lands, one fifth of the land is haitdbly economical and value for money to sustain productiv
salinity and more area is also falling prey to thiity [Ashraf and Harris 2013]. However, this adaptiv
menace [Rasool et al. 2013]. On the other hand, tstrategy requires heavy investment both in capital
population of the world has reached to abowgoods and human resources [Ashraf and Harris
7.2 billion and is expected to rise by 9.6 billiopthe 2013]. Furthermore, the abiotic stresses are geeti
year 2050. This phenomenal growth in population dy controlled by multiple genes in plants, in castr
well as livestock demands to raise the productieity to biotic stresses, which are monogenic ones.
crops by more than 70% over the current level {The success of genetically modified crop species
suffice the future needs [Varshney et al. 2013]. depends on expression of genes, which are involved
Thereby, the galloping efforts are needed to ain signaling and regulatory pathways in response to
dress various environmental stresses to sustain environmental stresses. Thereby, the expression of
productivity of crops, particularly staple foodsdan tolerance to abiotic stresses including salinityiris
oilseed crops. The severe salinity stress results predictable and compounded by other prevailing
significant changes in plant systems, i.e., watesss, limitations [Fayez and Bazaid 2014]. Alternatively,
toxicity of ions, nutritional imbalances, oxidativethe short term strategy by employing anti-oxidant
stress and reduction in cell progression and disintcompounds offers their potential services to adltevi
gration of membrane structures [Djanaguiraman arthe perils of salinity on productivity of crops ez
Prarad 2013, Shahbaz and Ashraf 2013]. Resultantand Bazaid 2014]. Thereby, the tolerance to sglinit
the plant growth and potential productivity of glan stress may be enhanced through certain intervention
for production of economic yield is affected tofor greater accumulation of compatible osmolytes in
a significant level under salinity stress [Hesg&hal. plant tissues [Rivas et al. 2011].
2015]. Razzaghi et al. [2015] reported that negativ A great variation exists among crop species due to
effects of salts could be mitigated by regulatihg t their genetic make-up, severity of stress and degre
photosynthetic capacity in crop plants, because tlof simulating and/or accumulation of osmolytes in
photosynthetic capacity in directly related to sabah reaction to external vagaries [Zhang et al. 2014].
and non-stomatal limitations. The various physielocMost of crop species cannot produce osmolytes in
ical processes occurring during the period from gesufficient amount to face the threat of abnornesiti
mination of seed to maturity are greatly impactgd b[Shahbaz and Ashraf 2013]. The tolerance against
the amount of soil moisture, concentration of salistressful condition could be augmented by foliar
and their interactive effects and crop specieapplication of certain osmoprotectants, (viz, séikic
The photosynthetic capacity of wheat aBrhssica acid, glycine betaine, ascorbic acid, trehalose) in
spp were significantly affected by salinity stressmost of crop plants [Kishor et al. 2014]. Amongshe
The salinity stress led to the oxidative stress, bphytoprotectants, salicylic acid has been reported
cause of phenomenal production of reactive oxygebe most cost-effective and efficient in improvirge t
species (ROS) with concurrent reduction in molecisalt tolerance in majority of crop species [Nore¢n
lar oxygen in various crop plants [Shahbaz anal. 2016]. Salicylic acid (SA) and its analogue be-
Ashraf 2013]. longs to phenolics and is regarded as endogenous
The deleterious effects of ROS could be mitigatesignal molecule and performs the role in defense
by simulating several metabolites, including phytomechanism [Aldesuquy et al. 2012]. The various
hormones and changes at the level of endogencstudies have been reported about its potential-func
macromolecules [Razzaghi et al. 2015]. Thereby, thions in resistance to salt stress in wheat segsllin
negative effects of salinity could be averted bygmd [Loatfy et al. 2012], heavy metal toxic effects on
tion of short-term and long-term strategies. On thmustard [Ahmad et al. 2011] and temperature stress
long-term frontiers, the genetic manipulations ton cucumber [Dong et al. 2014]. Application of
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0.05 mM salicylic acid reduced damaging effects creports that increase in salinity could cause dmrsi
oxidative stress irCatharanthusroses[Misra et al. able reduction in head diameter, stem diametent pla
2014]. It is further reported that foliar spray ® height and reduction in yield. The effect of osnmpr
enhanced the relative water content, biologicdllyie tectants including salicylic acid to overcome stfek
soluble protein, proline concentration and photesyiaffects and/or stimulating tolerance to abiotiesses
thetic pigments of peanut seedlings [Kong et ain plant species has been studied by a number of
2012]. Various researchers reported beneficiaceffe researchers [Noreen et al. 2009, 2012]. However, th
of exogenous application of SA on rapeseed [Parresearch studies on interactive effects of genstype
shar et al. 2014], wheat [Kong et al. 2012], soybezenvironment x management practices (G x E x M)
and mungbean [Yang et al. 2013], cotton [Noreen growth, stage and ionic constituents in the soitlime
al. 2013] and sunflower [Noreen and Ashraf 200¢um are of paramount important for raising the toler
Noreen et al. 2012] under stressful environmentance level under different ecological environments
The degree of tolerance of plants to vagaries of sfHasanuzzaman et al. 2015]. Therefore, a research
linity could be enhanced by improving photosyntheistudy was undertaken with an objective to quantify
ic capacity [Makino 2011]. Therefore, it is impevat the effects of exogenously applied salicylic acid o
to equip the plants to maintain higher rates oftpho physiological and biochemical attributes and concen
synthesis in plants [Makino 2011]. The photosynthetration of K, CI*, Na" ions in sunflower Klealian-
ic capacity and stomatal conductance were greathus annuus.) crop under salt-stress conditions.
induced by application of salicylic acid [Noreen et
al. 2011]. MATERIALS AND METHODS

The processes of uptake and transport of ions in
plants are altered by exogenous application of SA. The research studies were undertaken to quantify
The absorption of Naand Cl was appreciably re- the impact of salicylic acid under saline environine
duced by foliar spray of SA at the rate of 1.0 m\on physiological and biochemical attributes of two
(NaCl) [Noreen et al. 2013]. In wheat, the osmotignfiower lines under green house conditions at Ba-
potential, photosynthetic capacity, chlorophyll pigpay4din zakariya University, Multan-Pakistan. The

ments, production of shoot and root biomass Weyeaiments were consisted of three factors, (a) two
enha_n_ced by application of salicylic acid undeessr sunflower lines (Hysun-33, LG-56-63), (b) two lesel
conditions. Moreover, the uptake of Kncreased of salinity (0 and 120 mM (NaCl)), and (c) two lése

with simultaneous reduction in Nand ClI contents oo . h .
in leaf tissues [Arfan et al. 2007]. Noreen and rash of salicylic acid (0 an_d 200 mglb, ar_1d arranged n
a completely randomized design with four applica-

[2008] and Noreen et al. [2013] found a positivero tions. The lines were selected on the basis of thei

lation between the progressive growth and salicyl:

acid applied exogenously on sunflower crop undA?VEl of tolerance to salinity, i.e., Hysun-33 (sen

saline conditions. Furthermore, it was also rembrtet've) and LG-56-63 (tolerant) ones. The seed were

that foliar spray of SA at the rate of 200 mg én- surfgce sjterilized with _5.0 gLsodium hypochlorite
hanced the regulatory system of antioxidant enzym!©r five minutes and dried at room temperature feefo
in response to salinity [Noreen et al. 2009]. d_|bb||ng in the _expe_rlmenta_ll pots. Ten kg washed
At present Pakistan is facing an acute shortage "ver sand was filled in plastic pots measuring524.
edible oils and an amount of US $ 2.25 billion i8.0 cm and having a drainage hole at the bottom.
spent on import to meet the demand. The sunflowIhe impurities from the sand were removed by
is a short duration, high yielding and very goodlgu @ 10-hour leaching with 10 percent HCI followed by
ty oil crop among other oilseed crops. Itis alessi- thorough washings with de-ionized water. Ten
fied as relatively salt tolerant crop, i.e. uptoBG, achenes were dibbled at 5 mm depth in the pots dur-
4.8 dSnt, and could be grown under irrigated andng month of October. Irrigation was carried out us
rainfed production areas [Francois 1996]. There aing modified half strength Hoagland’s solutioftea
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Table 1. Detail of JIP parameters from the fast OJIP fluoneseenduction. Adapted after Guha et al. [2013]

Terms and formulae

Illustration

first reliable fluorescence value after the ongetabinic illumination:

Fo=F50 us used as initial value of the fluorescence

F. = F150 ps fluorescence value at 150 ps

Fx = F300 us fluorescence value at 300 ps

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

F, =F30 ms fluorescence value at 30 ms (l-level of OJIP)

Fo(= F) quoresgenpe va}lue. at the peak of OJIP curve: maximalue unde
saturating illumination

Tem time (ms) to reach the maximal fluorescence valye F

Area area between fluorescence induction (OJIP) curdelamline F = |

Fv = (Fu-Fo) variable chlorophyll fluorescence

Mo = (AV/At)o 4(F300 - k) / (Fu - Fo)

approximated initial slope (in rif¥ of relative variable chl fluores-
cence curve Vt (for FO =F50 ps)

Vy=(F-FR)/ (Fu-Fo)

relative variable fluorescence at phase J of therélscence inductic
curve

Vi=(R-Fo)/ (Fu-Fo)

relative variable fluorescence at phase | of theréscence inductic
curve

Sy =Areal/F

normalized total complementary area above the @dRsient (re-
flecting multiple turnover @ reduction events)

N =Sy Mo (1/V)

number of Q redox turn overs until FM is reached

Kn

no-photochemical dexcitation rate constant in the excited anter
for non-photochemistry

Ke

photochemical dexcitation rate constant in the excited anter
of energy fluxes for photochemistry

ABS/RC =M (1/V) (1! @ e

absorption flux (for PSII antenna chls) per reactenter (RC)

TRolRC: Nb(l/v_])

trapped energy flux per RC (att = 0)

ETo/RC =M (1/ V)W,

electron transport flux per RC at t = 0)

Dlo/ RC = (ABS / RC) - (TR/ RC)

dissipated energy flux per RC (att = 0)

RC/CS,= ¥/ (VI/MO) (ABS/ CS)
ABS / CS, =Ry (att = ty)
TRo/ CSy= @ po (ABS / CSy) (at t = k)

ETo/CSn= @ e0 (ABS/ CS,) att = py)

density of reaction centers per excited cross-@e¢tt t = f)

absorption flux per excited cross section, apjpnated bygy

trapped energy flux per excited cross section,@pprated by,

election transport flux per excited cross sectapproximated by,

DIo/CS,=(ABS/CS) - (TR / CSy) (at t = £y) dissipated energy flux per excited cross sectpproximated byy

RC/ABS = [(F2,- Fo) / 4 (F300 us - )] (Fyv / Ry) density of reaction centers per PSIl antenna chl

Plags) = [RC/ABS) (@ pd(1 -@ po)l X [P o/ (1 - P )]  performance index on absorption basis

Plcsm=[RC/CS) (@ po/ 1 -@ el X [P o/ 1 - P 0)] performance index on cross section basis
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sowing at every two days interval [Hoagland anall PSII were in dark adapted state with open feact
Arnon 1950, Epstein 1972]. Evaporated water wecenters. Then, chlorophyll ‘a’ fluorescence trantse
replenished with distilled water at other timeswere obtained by illuminating the leaves with arhea
The seedlings were thinned to four per pot at dlay f of saturating light at 650 nm peak wave length,clthi
after complete germination. were obtained from six light-emitting diodes foatdise
The salt stress was imposed by using neutral fion the leaf surface through the clips on a spot of
strength Hoagland’s nutrient solution at day 1®mft > mm diameter circle. Measurements were replicated
sowing. The salt levels were raised progressivefor four times and a single leaf per plant contitu
with an increment of 50 mM (NaCl) at two days in-€ach replicate. The original OJIP transients were
terval, as to avoid any osmotic shock to the segdli double normalized between the two fluorescence
Salicylic acid (2-hydroxybenzoic acid) was dissolve €xtreme O(Fo) and Py phases and the variable
in a few drops of dimethyl sulfoxide and finally pHfluorescence between OP expressed as Vok were
adjusted 5.5 with KOH (1.0 N) solution. Salicylicdetemined according to Strasser et al. [2004]. The
acid was applied in combination with 0.1 percervarious parameters obtained from OJIP fluorescence
(viv) Tween 80 (polyoxyethylene sorbiton monooleinduction were analyzed with those of Guha et al.
ate) as surfactant to maximize penetration into tt{{2013]. Detail of terms and formulae used for vasio
leaf tissues. The plants were foliated with saiicyl OJIP fluorescence inductions are as follows. Tha da
acid solution at day 30 (15 days after impositidn cwere analyzed according to Steel and Torrie [2000].
salt stress) after sowing; while untreated plamds a
received spray of distilled water, adjusted at pbl 5 pgsuLTs
A constant volume of 10 mL salicylic acid and/or

distilled water was sprayed per plant to ensuré ful i i
Data for shoot and root fresh and dry weights dif-

coverage. o : :
The measurements on chlorophyll (SPAD) valuefered significantly in response to different levels

were recorded at day 45 after sowing (15 days aftsalinity and salicylic _acigl in poth lines of sunfler.
foliar spray of salicylic acid) at 9:30 to 10:00une Averaged across _sallcyllc amd_levels, shoot ard ro
by using portable chlorophyll Meter (Minolta cam-fresh and.dry_welghts of two lines of sunflower de-
era, Co.). Thereafter, seedlings were uprootededn Ccreased significantly at p < 0.01 and p < 0.00&l&v
with distilled water and blotted. The plants werd€Spectively due to differential salinity regimes.
divided into shoot and root organs and quantifieVhile, the exogenous application of salicylic aatd
fresh biomass production. Plant material was ovethe rate of 200 mg t enhanced significantly the
dried at 70°C for 48 hours for biological yield ancShoot and root fresh and dry weights of sunflowter a
chemical assay. The total soluble proteins and frP < 0.001 and p < 0.01 levels, respectively compare
amino acids were determined by methods of Bradfoto untreated check. The line “LG-56-63" produced
[1976] and Hamilton and Van Slyke [1943], respecdreater amount of shoot and root fresh and dry mass

tively. The concentrations of 'K CI and N4 were as compared to line “Hysun-33" under both saline
determined according to Allen et al. [1986]. and non-saline conditions. Averaged across saticyli

The chlorophyll ‘a’ fluorescence measurementacid treatments, the salts stress also markedly de-
were recorded by employing portable Flour Pecreased the root fresh and dry weight in both lines
(FP-100) Instrument between 09:00 to 10:00 hourof sunflower. The two lines differed significantly
Data were recorded on the recently fully expande(p < 0.05) in response to salinity. Data further
leaves, i.e. using the same leaves used for deterrshowed that exogenous application of salicylic acid
ing of chlorophyll (SPAD) values by following significantly (p < 0.01) improved the fresh and dry
methods [Guha et al. 2013, Noreen et al. 20163tFir biomass of both lines of sunflower as compared to
ly, the leaves were acclimatized to dark environmewuntreated plants under both saline and non-saline
for 30 minutes by fixing leaf clips, as to ensunatt conditions. The line “LG-56-63" produced greajar
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Table 2. Shoots and roots weight of sunflower lines as aftestdt stress and salicylic acid leveis<(4)

Treatments Shot fresh Shootdry  Root fresh Root dry
— - . . . . Stem length
Line Salt stress ~ Salicylic acid weight weight weight weight (cm)
(mM) (mg LY (gplati)  (gplant)  (gplant) (g plant)
o 0 7.21 1.34 1.21 0.17 48.3
200 13.0 1.61 1.22 0.19 51.2
Hysun-33
120 0 6.3 0.83 1.12 0.17 44.3
200 7.56 1.4 1.22 0.20 47.8
0 0 13.8 2.7 2.66 0.55 57.1
200 14.8 2.24 3.47 0.44 60.1
LG-56-63
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 x SS 0.46* 0.26* 0.23* 0.8* 1.4*
L x SA 0.59* 0.19* 0.21* 0.8* 1.1*
SS x SA 0.38* 0.15* 0.16* 0.7* 0.9*
L x SS x SA ns ns ns ns ns

Table 3. Chlorophyll (SPAD), total free amino acids and tctaluble protein contents of sunflower liens ascée by
salt stress and salicylic acid levets«4)

Treatments

— - Chlorophyll (SPAD) Total soluble proteins  Total free amino acids
Salt stress  Salicylic acid

Li values mg g* mg g*
ine (M) (mg LY (mg g") (mg g)
0 0 35.92 5.3 1.59
200 38.72 4.26 1.72
Hysun-33
0 30.03 8.85 1.88
120
200 40.6 9.21 2.26
0 0 32.98 2.58 1.49
200 38.95 3.81 1.51
LG-56-63
0 31.57 11.39 2.02
120

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 xSS 0.8* 0.03* 0.03*
L x SA 0.7* 0.03* 0.02*
SS x SA 0.9* 0.04* 0.03*

L x SS x SA ns ns ns
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Table 4. Concentration of K N& and Clions in shoot and root organs of sunflower linesféscted by salt stress and
salicylic acid 6= 4)

Treatments
Salicylic Shoot K Root K ShootNAa Root Nd Shoot Cl Root CI
. Salt stress . -1 -1 1 -1 -1 -1
Line (M) acid (mgg) (mgg) (mgg) (mg g) (mg g’) (mg g)
(mg L)
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
Hysun-33
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
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
LG-56-63
e 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 xSS 0.4* 0.2* 0.2* 0.2* 0.3* 0.2*
L x SA 0.3* 0.3* 0.2* 0.2* 0.2* 0.2*
SS x SA 0.3* 0.2* 0.2* 0.2* 0.2* 0.2*
L x SS x SA ns ns ns ns ns ns

antity of biological yield compared line “Hysun-33" application of salicylic acid enhanced total protei
The stem length was significantly reduced due fand amino acid contents under saline and non-saline
imposition of 120 mM (NacCl) salinity stress. Howev-conditions (tab. 3).
er, the stem length was improved appreciably by The concentration of Kin shoot and root tissues
spraying of crop with salicylic acid at the rate28f0 was significantly (p < 0.05 and p < 0.001), respec-
mg L™ solution (tab. 2). tively reduced by imposition of 120 mM (NacCl) salt
Data for chlorophyll (SPAD) values differed con-stress. The response of salinity to both linesuof-s
siderably in both lines of sunflower in response tflowers was dissimilar in maintaining the quanttie
salinity stress and foliar spray of salicylic ackhe of K* in their plant parts. The exogenous application
imposition of salt stress (120 mM, NaCl) causeof salicylic acid at the rate of 200 miglcaused in-
marked reduction in SPAD values, whereas, the acrease in the amount of Kn shoot and roots tissues
verse effects were mitigated by spraying of sailicyl across the different salinity levels in both lines
acid at the rate of 200 mg'Lsolution. Data for total sunflower. The salinity stress of 120 mM (NacCl)
soluble proteins and total free amino acids revkalresulted in significant (p < 0.001) increase in the
that salinity caused significant increase in thargu content of N&ion in shoot and root tissues. The con-
tum of total soluble proteins and total free aminicentration of Naion in shoots and root tissues was
acids contents. The amount of total soluble presignificantly (p < 0.05 and p < 0.01), respectivedy
teins and total free amino acids were significantlduced by foliar spray of salicylic acid in both sun
(p < 0.001) increased in response to salinity streflower lines under saline environment. Furthermore,
compared to non-saline condition. The exogenotthe salt stress at 120 mM (NaCl) caused sioaniti
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Fig. 1. Radar plot showing the changes in chlorophyll ‘ardlscence transients in dark
adapted sunflower lines under varying conditionsadiihity and salicylic acid

increase in rising the amount of @i shoot and root and DIo/RC were also non significantly affected
tissues. However, the adverse effects of salingyew by salinity. However, Phi-pave, ABS/RC, TRo/Rc,
mitigated by exogenous application of 200 m§ LETo/RC and DIo/RC ere significantly affected by
salicylic acid (tab. 4). varietal differences.

The changes induces by various treatments in the The OJIP transients related to chlorophyll ‘a’ flu-
biophysical parameters and derived from the tramsieorescence in response to varying levels of salt and
curves JIP are illustrated at Radar Plot (fig. 1lsalicylic acid levels revealed that Vop showedg si
The JIP parameters, Fo, Fj, Fi, Fm, Fv were signifnificant positive peak in response to spray ofcyét
cantly affected by varietal differences, however, sacid under untreated check, while it was depressed
linity and/or interaction of variety and salinityga under saline conditions (fig. 2) The K-Band and
duced a little affect on these parameters, excépt L-band were lowered down to a greater extent, how-
parameter. The parameters namely, Vj, Vi, Fm/Fever, the situation was averted by spray of sadicyl
Fv/iFo, Fv/Fm were non-significantly affected byacid in both lines. The fluorescence data normdlize
salinity and interaction between variety and ssflini between 50ls and 1s expressed as Voi differed
However, values of Vj and Vi were significantlyamong the periodic time interval. The kinetic diffe
affected by varietal differences. The parameteiences were resulted as a negative deviation utider a
related to Mo, Area, Fix Area, Sm and Ss were aldreatments for Voi (fig. 3), Voj (fig. 4), Vok (figd)
non-significantly affected by salinity and its irde- and Vip (fig. 6). The salt stress decreased FoFifj,
tion with variety, except the values for Mo and FixkFm, Fv, Vi, Vj, Fm/Fo, Area, SM = area/Fv, Pi
Area were significantly influenced by varieties(ABS), TRO/CSm, and To/RC. The salicylic acid as
Furthermore, the parameters related to Ni, Phi-Pendogenous substance enhanced the capacity of these
Ps-o, Phi-Eo, Phi-Do were non-significantly affectparameters and reaction centers, thereby deleteriou
ed by variety, salinity and their interaction. Howe effects of salts were reduced. Under salt stress,
er, values of Psi-o and Phi-Eo were significantlOP-Band and Ol Band were reduced in both lines,
affected by varietal differences. The other paramwhile K-band and L-band were reduced in line
ters, Phi-pav, Phi-abs, ABS/RC, TRO/RC, ETo/R(Hysun-33.
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DISCUSSION synthetic capacity and progressive growth and devel
opment in various plant species. The exogenous ap-
Salicylic acid is an endogenous hormone, which plication of salicylic acid alleviated the adverale
involved in number of processes, such as growth afects of salinity stress, with concurrent enhanttesl
development, seed and fruit yield, flowering initiagrowth in both lines of sunflower. The similar risu
tion, glycolysis and defense system to quench tthave also been reported by various researchers-[Loa
production of ROS [Arfan et aR007, Noreen and fy et al. 2012, Kong et al. 2014, Mirsa et al. 2014,
Ashraf 2008, Hasanuzzaman et 20.15]. Moreover Hasanuzzaman et al. 2015] that raising the level of
the modulating effect exerted by external applarati salicylic acid through foliar spray would enhanbe t
of salicylic acid enhanced the photosynthetic cipac tolerance capacity of plants under salinity for imp
and stomatal conductance [Noreen and Ashraf 200ing growth and development of crop species.
Moreover the quantity and proportionate amount (The existence of negative association between photo
ions was also altered as induced by spray of salicysynthetic capacity and biomass production undér sal
acid under stressful condition. [Tufail et al. 213 stress has also been reported in other crop plants
Various researchers have reported that oxidatiwheat seedlings [Loatfy et al. 2012], roses [Miesa
stress caused by ROS under salinity stress could al. 2014], peanut seedlings [Kong et al. 2014]erap
qguenched by increased the quantum of salicylic acseed [Parashar et al. 2014], soybean and mung bean
in the plant system [Noreen et al. 2012]. In a méce[Yang et al. 2013], cotton [Noreen et aD13] and
study, Hasanuzzaman et al. [2015] also reported ttsunflower [Noreen et al. 2012].
salicylic acid induced antioxidative system redlilte = The salts in the rooting medium caused toxicity
in ameliorating the adverse effect of environmentdhrough absorption of Naand Clions, disturbing the
stresses. ionic balance and thereby impacting physiological
The result of the present study demonstrated thprocesses of the plants [Hasanuzzaman et al. 2015].
biological yield and stem length were decreased The chlorophyll content was greatly limited in re-
response to salinity in both sunflower lines. The-p sponse to salinity stress. The process of photbsynt
duction of biomass and attainment of higher growtsis is regulated by chlorophyll ‘a’ and ‘b’ [Ashrahd
rate is dependent upon progression of cell divisioHarris 2013]. These findings of our study are analo
higher photosynthetic activity, and higher turgogous to evidence of other researchers [Rivas et al.
pressure for sustaining the life cycle. Under ®alin2011, Hasanuzzaman et al. 2015] that the totalchlo
condition, the growth and development of sunflowerophyll content decreased due to salt stress which
crop was affected to a greater extent thereby, iedve caused reduction in photosynthetic capacity in most
quantity of biomass. The similar results have beeof crop plants. In analogous to this, chlorophyl-v
reported by other researchers [Djanaguiraman aues in both sunflower lines (Hysun-33 and LG-56-63)
Parad 2013] that progression in growth and develowas decreased due to salt stress and resultecin th
ment and steering a series of physiological fumstio reduction of photosynthetic capacity. Salt strems-c
including photosynthetic activity were impacted tcsiderably reduced the chlorophyll content in sorghu
a greater extent in response to salinity stresg T[Bavei et al. 2011], wheat and bean [Radi et al.
reduction in photosynthetic capacity resulted in de2013], maize [Rashad and Hussain 2014], however
creased production of biological yield and sterthe exogenous application of salicylic acid impbve
length ultimately, which led to loss of yield [Ner the chlorophyll content under both saline and non-
et al. 2009, Hessini et al. 2015]. The reduction isaline condition. The similar results have alsonbee
stem length was an outcome of lowering photosyifound in sunflower [Noreen et al. 2012], fenugreek
thetic efficiency in relation to high salt conterits [Babar et al. 2014] and canola [Baghizadeh et al.
growth medium. Various researchers [Zhang et ¢2014]. The results of our study indicated that djgxan
2014] also found a close correlation between photof soluble protein increased in both sunflower sine
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when exposed to salinity stress compared to noty of the crop plants [Ashraf and Harris 2013]. ®at
saline condition. Various researchers [Kong et aof our study also indicate that photosynthetic cépa
2012, Yi et al. 2014] also reported that de nove sy was reduced due to damage to photosystem Il in both
thesis of protein occurred, when plants were stbjesunflower lines. It was observed that salt strdss a
ed to stressful conditions. The findings of ourdstu mediated the fall in light energy moving towards
are similar to the earlier findings that salt tal@r reaction centers and reducing quantum vyield of pho-
cultivars exhibited increase in soluble proteinréa tosystem Il [Mehta et al. 2010]. Moreover, thereswa
sponse to salt stress in crops namely barley, sa drop in the fluorescence yield at J, | and P eust
flower, pearl millet and rice [Radi et al. 2013]ifD in plants subjected to salinity. Mehta et al. [2010
ferent researchers [Ahmad et 2011] also reported reported that shrinkage in QA, QB and PQ pool size
that quantity of soluble protein increased with inof photosystem Il or hindrance of electron transpor
creasing level of salinity in barley and chlorelleat the donor sites were the main cause of redugtion
plants. However, contrary to these findings, thedifferent phases of fluorescence yield.
Kausar et al. [2014] reported that salt stressexhus Chlorophyll ‘a’ fluorescence transients double
reduction in soluble protein contents in sorghurd arnormalized between Fo and Fm as Vop exhibited the
tomato crops, respectively. single and multiple turnover phases for localizatio

It is evidenced from our present study that toteof other action sites. The relative variable flisre
free amino acid were increased in both sunflowtcence at J step (V)) is the degree of the fraatioiie
lines when they were grown under saline conditiotprimary quinine of PS Il [Ni et al. 2012]. Data fino
These results agree with those of various reseachour present study also indicate that Vj escalated i
[Akhtar et al. 2013, Kausar et al. 2014], who répdr Hysun-33 due to salinity stress. These resultseeorr
that quantity of total free amino acids in mostiué late with those of Mehta et al. [2010] and Cuchgetra
crops were elevated. Furthermore, various studial. [2013] who noticed escalation in Vj under sié§in
showed that application of salicylic acid produceHowever, treatment of salicylic acid caused acclima
simulating effect in increasing the quantity ofalot tization of salt stress and alleviated the levethaise
soluble protein and total free amino acid in reggon parameters. Furthermore, the quantities of ETo/RC
to salt stress in maize crop [Sahar et al. 201ht#k and TRo/RC were decreased in reaction to salinity
et al. 2013]. The results from our study reveal thidevel. The efficiency of these parameters were re-
salt stress depressed the absorption dfidd and duced due to inactivation of RCs tap and excitatibn
enhanced the uptake of Nand Clions in both sun- energy in the system. Jajoo [2013] reported thas RC
flower lines. However contrary to it, foliar ap@ic are instantly converted into inactive RCs under
tion of salicylic acid favoured the uptake of kn at  stressful condition. However the rate of inactivati
the cost of depressing of N&I ions in the plant is dependent upon the degree of severity of theapre
system. Recently, similar results were reported tlent stress condition.
Tufail et al. [2013] that increased salinity due to
NaCl caused increase in uptake of Nad Cl ions
with concurrent reduction in Kion in maize and
barley plants, respectively. However, Benzarti let a
[2014] found that pre-sowing treating the broadrbea The negative aspects of salinity on sunflower crop
seed with salicylic acid enhanced the level ofrtolecould be alleviated by spray of salicylic acid lag t
ance to salt stress. The plants accumulated greerate of 200 mg L solution. The levels of various
quantities of K ions in their tissues, while the ab-physiological and biochemical parameters could be
sorption of Na and Clions were reduced markedly,augmented by spray of salicylic acid under saline
thereby improved the growth and development. conditions. The improvement in growth and devel-

The photosystem Il is highly sensitive to salopment would result in enhancing the yield of sun-
stress resulting in reduction in photosyntheticacap flower crop on saline soils.

CONCLUSION
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