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The effects of potassium, zinc and gibberellic  acid foliar spray on salt stress tolerance, free
proline,  total  phenolics,  carbohydrates  and  chlorophyll  contents  in  sunflower  varieties  were
evaluated. Eight varieties of sunflower were grown in glass house and NaCl (150 mM) was
added to roots alone and in combinations with KNO3, ZnSO4 and GA3 foliar spray. Different
varieties were evaluated for salt tolerance through leaf disc assay (LDA). Various test solutions
of  NaCl  were  used  to  induce  salt  stress.  T1  treatment  (150  mM  NaCl  only)  significantly
decreased the greenness % in all of eight varieties of sunflower as compared to control C. The
T2 treatment (150 mM NaCl + Potassium) enhanced the greenness % and maximum greenness
% was observed in the SMH-0917 (76.00 %) followed by Ausigold-7 (75.50 %). The treatment
T3 (150 mM NaCl + Zinc) and T4 treatment (150 mM NaCl + 100 ppm of GA3) retained the
greenness % in leaf discs compared to control.  The free proline and total phenolic contents
significantly increased in all of eight varieties of sunflower when treated with K, Zn, GA3 and
NaCl. Positively significant correlation was found between greenness % with proline (R2 = 0.86)
and total phenolics contents (R2 = 0.83). Conclusively; salt tolerance could be increased by the
application of K, Zn and GA3.
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Physiological and Biochemical Characteristics...

 Plant are sessile organisms, frequently exposed to

environmental stresses such as salinity, drought and low

temperature  which  significantly  reduced  plant  growth

(Nasreen  et  al.  2013).  Among  the  abiotic  stresses,

salinity  is  a  major  problem  in  the  world  that  affects

around  7  %  of  the  world  cultivated  land  area  and

significantly diminishes yield more than 50 % of major

crops  (Bray  et  al.  2000).  Deposition  of  high  salt

concentration in soil, makes it difficult for the plant to up-

take water, may lead to disturbing the water balance and

reduced  the  metabolic  process.  Salinity  affect  leaf

physiology, anatomy, protein synthesis, water relations,

lipid metabolism and energy production (Parida and Das

2005). It can increase the ions toxicity, rate of respiration

(Alavi  and  Ranjbar  2012),  reduced  biosynthesis  of

chlorophyll (Khan et al. 2009). Salinity induced osmotic

stress  and  alter  the  production  of  reactive  oxygen

species  (ROS)  i.e.  hydrogen  peroxide  (H2O2),  singlet

oxygen  (1O2),  superoxide  (O2)  and  hydroxyl  radical

(OH).  These  ROS  damage  membranes,  chloroplasts

mitochondria and DNA by disrupting cellular structures

(Mittler 2002). 

Mineral nutrient plays an important role in increasing

tolerance to salinity stress (Marschner 1995). Among the

nutrients, potassium is an essential macro-nutrient and

play a vital role in the adjustment of osmotic potential,

water  uptake,  stomatal  closure,  activating  enzyme

system, enhance water use efficiency, protein synthesis

and up taking nitrogen (Nguyen et al. 2002). Potassium

turn  on  more  than  60  different  types  of  enzymes,

formation of ATPs and yield under unfavorable condition

(Umar and Moinuddin 2002; Pettigrew 2008). It greatly

reduces  the  production  of  ROS  and  enhance  the

activities  of  antioxidant  enzymes,  i.e.  catalase,

superoxide dismutase and peroxidase (Cakmak 2000).

Zinc is a micronutrient plays a fundamental role in bio-

membrane  integrity,  protein  metabolism,  gene

expression  and  metabolism  (Cakmak  2000).  It  is  a

cofactor  of  several  important  enzymes,  scavenging  of

reactive  oxygen  species  (Marschner  1995)  and

diminishes  the  activity  of  membrane-bound  NADPH

oxidase which may leads to decrease the production of

reactive  oxygen  species  (Waraich  et  al. 2011).  It

minimizes the harmful effect of salinity and an important

constituent  of  different  enzymes,  i.e.  ribulose-1,  5-

bisphosphate,  carboxylase,  glutamate  dehydrogenase

and  superoxide  dismutase  (Brown  et  al.  1993).  It

provides stability to protein,  DNA binding proteins and

membranes (Aravind and Prasad 2004). Zinc play role in

gene regulation, protein synthesis, and protection from

oxidative damage and DNA transcription (Alloway 2008).

Plant  growth  regulator  (Gibberellic  acid)  playing  an

important role in the stress responses and adaptation. It

stimulates seed germination, plant growth, development,

stem elongation,  leaf  expansion, stem, seed yield and

quality  (Mohamed  and  Ismail  2011).  Plant  hormones

play a key role in plant growth and development. GA3

plays a central role in different process of the plant such

as  increases  root  length,  shoot  length  and  seed

development  (Yamaguchi  and  Kamiya  2008).  It

improves the leaf area index, dry matter, process of cell

division (Khan et al. 2002). GA3 also promote phloem

loading,  increases  the  amount  of  sucrose  phosphate

synthase and fructose-1, 6-biphosphatase. It reverse the

inhibitory effect of salt, oxidative and heat stresses in the

germination  and  seedling  growth.  GA3  may  leads  to

increase  the  level  of  salicylic  acid  which  is  a  plant

hormone  and  plays  a  vital  role  in  abiotic  stress

tolerances in plants (Khan et al. 2002). 

During  stress  conditions,  osmolytes  production  is

started  which  are  small  neutral  molecules  provide

stability and protection to macro-molecule of  the plant

cell  (Hong-Bo  et  al.  2006).  Proline  is  compatible

osmolyte, play a central role in the drought and salinity

tolerance and provide stability to  the macromolecules,

cell  osmotic  potential  and  detoxification  of  toxic  ion

(Ashraf  et  al.  2010).  In  adverse  conditions,  plants

evolved  a  defense  system  which  minimizes  the

formation  of  reactive  oxygen  species.  It  scavenges

superoxide in cells (cytosol, chloroplasts, peroxisomes,

mitochondria and the apoplast) leading to the formation

of  O2 and  H2O2.  It  also  plays  a  central  role  in  the

neutralization  of  free  radicals  and  the  quenching  of

singlet  oxygen  during  salinity.  Plant  cells  have

antioxidant  systems  which  are  consisting  of  low-

molecular-weight  antioxidants,  such  as  a  tocopherol,

ascorbate,  carotenoids  and  glutathione  as  well  as

antioxidant  enzymes  such  as  catalase,  superoxide
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dismutase, and ascorbate peroxidase (Noctor and Foyer

1998). The accumulation of carbohydrate is posited as

an  important  trait  for  resistance.  The  carbohydrate  is

uses for the osmoregulation and maintenance of turgor

pressure during stress conditions (Michael et al. 2014).

Sunflower (Helianthus annuus L.) is the most important

oil seed crop in the world which belongs to the family

Asteraceae.  Sunflower  due  to  its  significant  share  in

vegetable  oil  production  of  Pakistan  emerged  as  an

economically  important  crop  of  the  country.  But  its

sensitivity  to  soil  salinity,  during  the  growing  season

constraints its seed yield with significant reductions. The

aim of the present research work was to investigate the

role  of  potassium,  zinc and gibberellic  acid  in  salinity

tolerance in sunflower varieties.

MATERIALS AND METHODS

Plant material and growth condition 

This research work was carried out at the Department

of Biotechnology, University of Malakand. Seeds of eight

sunflower varieties (Rising Sun, SMH-0907, Ausigold-7,

SMH-0939, US-444, Hysun-33, SMH-0917 and HS-K6)

were  obtained  from  the  Seed  Bank  of  National

Agricultural  Research  Center  Islamabad  (NARC)

Pakistan.  Seeds  were  germinated  on  MS  media

(Murashige  and  Skoog,  Sigma-Aldrich)  prior  to

transplantation  into  pots.  Before  seedling

transplantation,  medium  size  plastic  pots  filled  with

fertile soil and will irrigated. After one day of irrigation,

healthy  seedling  were  selected  and  transplanted  into

pots. Each pot was transplanted with a single seedling.

The pots were shifted to the glass house and arranged

in  completely  randomized  design  (RCD)  at  optimum

temperature.  The total  number of  pots used were = 8

varieties × 5 replicates × 5 treatments plus control = 240

Treatments application 

When plant  reached  three  to  four  leaf  stage,  foliar

spray of  these solutions (10 mg/L of  KNO3,  5 mg/L of

KNO3,  2 mg / of ZnSo4,  1 mg / of ZnSO4 and 100 ppm of

GA3) were applied to the ariel parts of each plant. Four

doses of the solution were applied at the interval of five

days.  During  foliar  spray,  soil  in  pots  was  completely

covered with polyene sheets to avoid drops access to

soil. During plant growth all the irrigation, weeding and

hoeing practice were carried out. 

Salt stress tolerance estimation through leaf disc 

assay (LDA)

Salinity  tolerance  estimation  in  selected  sunflower

verities was carried out through leaf disc assay. Different

sodium chloride (NaCl) solution were prepared, i.e. (Ta)

0 mM, (Tb) 150 mM, (Tc) (250 mM and (Td) 350 mM.

These  solutions  were  added  to  each  sterilized  Petri

plate. MS salts (4 gm/L) was taken and dissolved in the

distilled  water,  adjusted  the  pH  (5.8)  and  then

autoclaved.  The  MS salts  were  poured  into  plates  in

aseptic condition under laminar flow. Five replicate were

used  for  each  variety  and  treatments.  Upper  fully

expanded fresh leaves from each plant was collected at

the glass house and brought to the laboratory. Sample

leaves were surface sterilized with 70% ethanol, kept 10

minutes with 10 % bleach followed by three time rinse

with  distilled water.  Leaf  disc of  diameter  (2  cm) was

prepared  in  aseptic  conditions  (laminar  flow)  and

transferred  to  sterilize  petri  plates  containing  test

solution (NaCl) and MS media. Three discs per plates

were added and three replicates for each variety  and

each  treatment  were  used.  All  petri  plates  were

incubated  in  the  incubator  at  25  0C  under  16  h

photoperiods. The effects of salinity on leaf discs was

recorded after 5 days. Change in color of leaf discs was

used  to  differentiate  resistance  strength.  The  color

change  was  classified  into  (1)  dark  green  (100%

greenness),  (2) light  green (75 % greenness),  (3) half

light  green  half  white  (50  %  greenness),  (4)  small

amount of light green (25 % greenness) and (6) white

(0% greenness).

Proline estimation 

Proline  estimation  was  carried  out  following  the

method of  Bates et  al.  (1973).  A fresh mature leaves

were  collected  from experimental  plants  and  properly

washed with  sterile  distilled water.  Samples  (200 mg)

were  taken  and  crushed  in  3  %  sulfosalicylic  acid.

Centrifuged at 13000 rpm for five minutes, 300 µl of the

supernatant was transferred to each test tube.  Glacial

acetic acid and (1 ml)  and acid ninhydrin (1 ml)  were

added  to  each  test  tubes.  The  reaction  mixture  were

boiled at 100o  C for 1 hour at water bath and then test
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tubes  were  immediately  dipped  in  ice  to  stop  the

reaction.  One  ml  toluene  was  added  to  the  reaction

mixture  and  shake  briskly  for  20-30  seconds.  The

chromophore containing toluene was pipetted and the

absorbance was read at 520 nm by spectrophotometer

(Shimadzu UV-1700) using toluene for a blank.  Three

replicates were used for each sample.

Estimation of total phenolics contents 

The  total  phenolics  content  in  leaves  of  different

varieties  of  sunflower  were  determined  according  to

method of Malik and Singh (1980). Fresh mature leaves

from each variety were collected and air dried at room

temperature in shade. Samples (200 mg) were grinded

into  powder  and  transferred  into  ependorf  tubes.

Methanol (2 ml) was added to each sample and kept for

four hours. Centrifuged for 6 minutes at 5000 rpm. The

supernatant was transferred into fresh tubes. Methanol

extract  (0.5  ml)  were  mixed with  2.5  ml  of  10  % FC

reagent  (Folin-Ciocalteau,  Sigma)  and  kept  for  5

minutes.   Added 2.5  ml  (7.5  % NaHCO3) and  2.5  ml

distilled water and kept in dark for 1  hour.  Blue color

developed, then absorbance at 650 nm was measured.

Reagent was used as blank. The concentrations of total

phenolic contents in samples were calculated from the

calibration  plot  and  expressed  as  mg  galic  acid

equivalent of phenol/g of sample.    

Total carbohydrate contents estimation

The  total  carbohydrate  contents  in  plants  were

determined  according  to  the  methods  of  Hedge  and

Hofreiter  (1962). Fully  mature  leaves  were  collected

from plants and dried. Then 200 mg sample were taken

and added 10 ml water into test tubes and boiled for 1

hour in a water bath. 1 ml of extract was taken from the

test  tubes  and 3  ml  of  3  % Antheron  reagent  (3  mg

Antheron dissolved in 100 ml of H2So4) were added to

the extract and the mixtures were kept in water bath for

30 minutes at 1000 C.  Samples (2 ml) were taken in

cuvettes  and  read  the  absorbance  at  630  nm  using

glucose as a standard and the amount of carbohydrate

present in the sample tube were calculated.   

Analysis of chlorophyll contents 

Chlorophylls  a,  b  and  total  chlorophyll  were

determined according to  the method of  Arnon (1949).

Fresh leaves from each verity were collected and 200

mg  samples  were  taken  from  fully  mature  leaf.  The

samples were mixed with 2 ml (80 %) acetone and grind

well.  These mixtures were transferred in to  eppendorf

tubes and centrifuged at  10,000 rpm for  five minutes.

After centrifugation, the supernatant was removed and

transferred  into  test  tube.  Acetone  were  added  to

sample test tube and reached the volume up to 6 ml.

Absorbance of the samples was read at 645 nm and 663

nm using  a  spectrophotometer.  The  chlorophylls  a,  b

and  total  chlorophyll  were  calculated  by  using  the

following formula:

  Total chlorophyll (µg/ml) = 20.2 (A645) + 8.02 (A663)

  Chlorophyll a (µg/ml) = 12.7 (A663) - 2.69 (A645)

  Chlorophyll b (µg/ml) = 22.9 (A645) - 4.68 (A663)

Statistical analysis

Analysis  of  variance  was  performed  by  GraphPad

Prisim 5 and Minitab 15 and the mean values of three

replicate plants within a variety along with standard error

presented. Mean values were compared using Tukey’s

honestly  significant  difference  test  at  p  ≤  0.05.

Correlations  among  different  parameters  were

investigated using Excel fitting curve and values of the

correlation coefficient for different levels of significance

investigated according to Fisher and Frank (1948).

RESULTS 

Effect of potassium nitrate, zinc sulphate and 

gibberellic acid on salt stress tolerance 

The  effect  of  different  treatments  of  test  solutions

(NaCl) on the greenness % in sunflower varieties were

presented in the (Fig. 1). Different concentrations of test

solutions (NaCl)  were used for the analysis of  salinity

tolerance in sunflower varieties through leaf disc assay

(LDA). As the concentration of salt increases, leaf disc

colour is also decreases and this change in colour is the

indicator  of  salt  resistance.  The  increase  in  the

concentration of salinity and time of exposure decreases

the greenness %.  After incubation of four days, no such

obvious  differences  were  found,  but  at  the  time  of

exposure  and  intensity  of  salinity  increased  the

greenness  %  were  clearly  decreased.  Different

treatments  (potassium  nitrate,  zinc  sulphate  and

gibberellic  acid) showed significant (p≤ 0.05) effect on

salinity tolerance in sunflower varieties as compared to

Control C (Table 1). In Control C (without treatments),
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the maximum salinity tolerance level was found in SMH-

0917 (57.25 %) followed by Ausigold-7 (55.00 %) while

the minimum was recorded in Rising Sun (41.25 %). The

T1 treatment (150 mM Salinity),  significantly (p≤ 0.05)

reduced the greenness % in the leaves as compared to

Control  C.  The T2 treatments  (150 mM Salinity  +  10

mg /  L  of  KNO3)  significantly  (p≤  0.05)  enhanced the

salinity tolerance level as compared control C (Table 1).

In  T2  treatment,  the  maximum salinity  tolerance level

was observed in the SMH-0917 (76.00 %) followed by

Ausigold (75.50 %) while  minimum greenness  % was

found in  HS-K6 (63.75  %).  In  T3 treatment  (150  mM

Salinity + 2 mg / L of ZnSO4), the maximum tolerance

level was found in the SMH-0917 (68.25 %) while the

least tolerance was observed in the US-444 (55.00 %)

(Table  1).  Gibberellic  acid  foliar  spray  (100  ppm),

significantly  increased  the  salinity  level  in  sunflower

varieties  as  compared  to  Control  C  (Table  1).  In  T4

treatment  (150  mM Salinity  +  100  ppm  of  GA3),  the

highest salinity tolerance level was found in the SMH-

0917 (65.00 %) followed by US-444 (63.75 %) while the

minimum was noted in the Rising Sun (56.25 % Table

(1). The overall effect of different treatments on salinity

tolerance  was  presented  in  the  (Fig.  1).  The  salinity

tolerance  level  was  strongly  increased  by  potassium

nitrate followed by gibberellic acid and zinc sulphate as

compared to Control C.    

Effect of NaCl, KNO3, ZnSO4 and GA3 on free proline 

production in root and shoot 

Different treatments of  NaCl, KNO3, ZnSO4 and GA3

significantly increased the free proline level in selected

varieties as compared to Control C. In Control C (without

treatments), the highest proline was found in the SMH-

0917 (0.47 µg/mg, 0.42 µg/mg) while lowest proline level

was  demonstrated  by  Rising  Sun  (0.34  µg/mg,  0.28

µg/mg) root  and shoot respectively.  The T1 treatment

(150 mM NaCl) significantly (p≤ 0.05) enhanced the free

proline level as compared to Control C. The salt stress

alter  the  production  of  free  proline,  to  encounter  the

adverse effect.   In T1 treatment the maximum proline

was found in the SMH-0917 (0.51 µg/mg, 0.47 µg/mg)

root and shoot respectively. The T2 treatment (150 mM

NaCl + 10 mg/L of KNO3) revealed a significant increase

in the free proline level  as compared to  T1 treatment

and  Control  C.  In  the  T2  treatment,  the  highest  free

proline  was  observed  in  the  SMH-0917  (0.68  µg/mg,

0.62 µg/mg root and shoot respectively) while the lowest

was observed in the HS-K6 (0.56 µg/mg, 0.55 µg/mg)

root and shoot respectively. The T3 treatment (150 mM

NaCl + ZnSO4) showed significant increased in proline

level as compared to T1 treatment and Control C. The

T4  treatments  (150  mM  NaCl  +  100  ppm  of  GA3)

demonstrated  significant  enhancement  in  the  free

proline level as compared to T1 and Control C. Overall

potassium nitrate significantly increased the level of free

proline level followed by zinc sulphate, GA3 and salt as

compared to Control C  (Table 2). 

Effect of sodium chloride, potassium nitrate, zinc 

sulphate and gibberellic acid on total phenolic 

contents in root and shoot

Different  treatments  (Sodium  chloride,  Potassium

Nitrate, Zinc Sulphate and Gibberellic Acid) significantly

(p≤  0.05)  increased  the  total  phenolic  contents  in  all

varieties  of  sunflower  as  compared  to  Control  plants

(Table 3). The T1 treatment (150 mM NaCl) increased

the  total  phenolic  contents  in  the  root  and  shoot  as

compared to Control plants. In T1 treatment, the highest

phenolic contents was observed in the SMH-0917 (0.61

µg/mg,  0.67  µg/mg  root  and  shoot  respectively).  The

total  phenolic  contents  was  significantly  (p≤  0.05)

enhanced by T2 treatment (150 mM salinity + 10 mg/L of

KNO3) as compared to T1 treatment and Control C. In

T2  treatment,  the  maximum  phenolic  contents  were

found in the SMH-0917 (0.82 µg/mg, 0.88 µg/mg root

and  shoot  respectively).  The  T4  treatment  (150  mM

NaCl + 100 ppm of GA3) increased the total  phenolic

contents  as  compared  to  T1amd  Control  C.  In  T4

treatment,  the  maximum  total  phenolic  content  was

found in the SMH-0917 (0.67 µg/mg, 0.73 µg/mg) root

and  shoot  respectively  (Table  3).  Overall  potassium

nitrate  treatment  significantly  increased  the  total

phenolic contents followed by GA3 and zinc sulphate as

compared to Control C. 
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Figure 1. (A-F): Effect of different treatments of potassium nitrate on the greenness % in leaf discs of sunflower varieties
under NaCl test solution, i.e. Ta = control without NaCl, Tb = 150 mM NaCl, Tc= 250 mM NaCl and Td = 350 
mM NaCl. (A) Control plants without treatments (B) 150 mM NaCl added to soil (C) 150 mM NaCl added to soil 
+ Potassium Nitrate foliar spray. (D) 150 mM NaCl added to soil + Zn foliar spray (E) 150 mM NaCl added to 
soil + GA3 foliar spray (F) Overall effect of different treatment on salt tolerance (mean value of all varieties).  
The bar show standard error.

Figure 2. Correlation between greenness % and proline under various treatments of KNO3, ZnSO4 and GA3 (A) Control 
plants without treatments (B) 150 mM NaCl added to soil (C) 150 mM NaCl added to soil + 10 mg/L of KNO3 
foliar spray (D) 150 mM NaCl added to soil + 2 mg/L of ZnSO4 foliar spray (E) 150 mM NaCl added to soil + 100
ppm of GA3 of foliar spray.
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Figure 3. Correlation between greenness % and total phenolic contents under various treatments      pkpof KNO3, ZnSO4

and GA3 (A) Control plants without treatments (B) 150 mM NaCl added to soil (C) 150 mM NaCl added to soil +
10 mg/L of KNO3 foliar spray (D) 150 mM NaCl added to soil + 2 mg/L of ZnSO4 foliar spray (E) 150 mM NaCl 
added to soil + 100 ppm of GA3 of foliar spray.

Effect of NaCl, KNO3, ZnSO4 and GA3 on total 

carbohydrate contents 

Different treatments of potassium nitrate (KNO3), zinc

sulphate  (ZnSO4)  and  gibberellic  acid  increased

significantly (p≤ 0.05) the total carbohydrate contents as

compared to Control plants (Table 4). The T1 treatments

(150 mM NaCl) enhanced the total carbohydrate content

in selected sunflower varieties as compared to Control

plants. Salt stress, increased synthesis of carbohydrate

contents  and  other  metabolites  which  contribute  in

salinity  tolerance.  The T2 treatment  (150  mM NaCl  +

KNO3)  improved  the  production  of  total  carbohydrate

contents  as  compared  to  T1  treatment  and  Control

plants. In T2 treatment, the maximum total carbohydrate

contents  were  revealed  by  SMH-0917  (1.87  µg/mg)

followed by Ausigold-7 (1.84 µg/mg) while the minimum

was  observed  in  the  US-444  (1.45  µg/mg).  The  total

carbohydrate contents was significantly boosted by T3

treatment  (150  mM  NaCl  +  Zn) as  compared  to  T1

treatment  and  Control  plants.  The  maximum  total

carbohydrate contents was observed in SMH-0917 (1.84

µg/mg) followed by Ausigold-7 (1.81 µg/mg) Table 4.

Effect of sodium chloride, potassium nitrate, zinc 

sulphate and gibberellic Acid on chlorophyll 

contents 

Different  treatments  showed  significant (p≤  0.05)

effect  on  chlorophyll  contents  in  selected  sunflower

varieties (Table 5).  The T1 treatment (150 mM NaCl),

significantly reduced the concentration of chlorophyll “a”,

chlorophyll  “b”  and  total  chlorophyll  as  compared  to

Control  plants. The T2 treatment (150 mM NaCl + 10

mg/L  of  KNO3),  significantly  increased  the  chlorophyll

concentration as compared to TI treatment and Control

plants.  In  T2  treatment,  the  maximum  chlorophyll  “a”

concentration was found in the SMH-0917 (7.20 µg/mg)

while  minimum  Chlorophyll  “a”  was  observed  in  the

Hysun-33 (4.02 µg/mg).  The T3 treatment significantly

enhanced the chlorophyll  contents as compared to T1
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treatment  and  Control  plants.  The  exogenous

application of GA3 along with salt stress (T4 treatment)

significantly boosted the concentration of Chlorophyll in

selected sunflower varieties. Overall salinity decreased

the chlorophyll concentration, but the treatment of K, Zn

and GA3 significantly increased the level of chlorophyll

as compared to Control plants (Table 5).

Correlation between greenness % and free proline 

The  correlation  between  greenness  %  and  free

proline  was  shown  in  the  (Fig.  2).  In  control  plants

(without treatments), highly significant (p≤ 0.05) positive

correlation (R2 = 0.71) was found between greenness %

and free proline production Figure 2A. Potassium nitrate

treatments showed highly significant (p≤ 0.05) positive

correlation  (R2 =  0.86)  between  greenness  %  and

proline level Fig. (2 B). T3 treatment (2 mg/L of ZnSO4)

showed highly significant (p≤ 0.05) positive correlation

(R2 = 0.85) between greenness % and proline level Fig.

(2 D). 

Correlation between greenness % and total 

phenolics contents 

Figure 3 shows the effect of different treatments on

greenness  %  and  total  phenolics  content  in  selected

sunflower varieties. In control plants (without treatments)

high significant (p≤ 0.05) positive correlation (R2 = 0.79)

was found  between  greenness  % and total  phenolics

content (Figure 3A). Potassium nitrate treatment showed

significant  (p≤  0.05)  positive  correlation  (R2 =  0.83)

between greenness % and phenolics content (Fig. 3 C).

T3  treatment  revealed  highly  significant  (p≤  0.05)

positive correlation (R2 = 0.64)  between greenness %

and total phenolic contents (Fig. 3 D). 

DISCUSSION

Salinity significantly reduced the growth and yield of

crops due to the presence of toxic ions in the root zone

(Panda et al. 2003). It may cause ionic dis-equilibrium

which leads to inactivation of important enzymes, ionic

toxicity  in  tissues,  oxidative  stress  and  nutrient

starvation. Salt stress induces over production of ROS

(Nazar et al. 2011) that elicits DNA damage, inhibition of

photosynthesis, lipid peroxidation, reduction in the rate

of  photosynthesis  and  disturbance  in  mineral  nutrient

status (Nazar et al. 2011). Sodium is the major cation

that accumulated mainly in the roots and stems as salt

concentration  is  increased  (Netondo  et  al.  2004).  In

sunflower,  potassium plays  very  important  role  in  the

salinity tolerance. It increased growth and minimize the

effect of salinity (Safaa et al. 2013). Potassium is a good

osmoticum  and  charge  carrier  in  the  plant  and

antagonistic relationship with sodium uptake (Kabir et al.

2004).  In  saline  environment,  K+ can  be  used  as  a

metabolite to control the turgor and avoid from osmotic

shock  (Kabir  et  al.  2004).  It  is  an  essential  macro-

element of the plant growth and plays a vital role in the

several  metabolic  activities,  i.e.  the  flow  of  water,

nutrients and carbohydrates in plant tissue. Potassium

can  counteract  the  harmful  effect  of  salinity  and

maintains the ions homeostasis. The insufficiency of Zn

is  acknowledged  as  one  of  the  most  serious  micro-

nutrient deficiency in plants grown on saline soils. Zn is

a very important cofactor of many important enzymes,

DNA-binding  proteins  and  stabilizer  of  structural

membrane, proteins (Aravind and Prasad 2004). The Zn

availability to the plant in saline soil is very low and may

lead  to  stunted  growth  and  low  yield  of  crop.  The

exogenous application of Zn can minimize the adverse

effect of salinity, inhibit the absorption and translocation

of  Na+ and  Cl- and  alleviate  possible  injury  in  plants

(Alpaslan  et  al.  1999).  Our  results  are  in  line  with

findings  of  previous  other  researcher  (Kamrani  and

Ardalan 2013). Gibberellic acid plays a key role in the

induction of abiotic stress tolerance (Pedranzani et al.

2003). During salinity, the amount of gibberellic acid is

decreased  and  the  level  of  abscisic  acid  contents  is

increased (Ahmad 2009). Salinity significantly damaged

metabolism, inhibit the growth and development of the

plants. During salinity the content of DNA and RNA are

decreased while GA3 treatment increased the content of

DNA,  RNA and growth  of  the  plant  under  salt  stress

condition (Afzal et al. 2005). The exogenous application

of  gibberellic  acid  concentrations  in  crops could  be  a

possible means of  reversing the effects of  salt  stress.

During stress condition proline production are increased

which is a defensive mechanism of plants (Koocheki et

al. 2004). Proline is a free amino acid; provide protection

and stability  to  macromolecules  of  the cell  by several

mechanisms i.e. protect enzymes and maintains protein

synthesis,  plant  stress  tolerance,  osmotic  adjustment
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and  resistance  increase  against  stress  (Mattioli  et  al.

2009).  Potassium showed  a  significant  effect  on  free

proline level in different sunflower varieties. Our results

are also in line with the findings of (Nobel 1991) which

stated  that  potassium  foliar  application  significantly

increasing  the  free  proline  level.  Zinc  significantly

increased the free proline content in plants.  The ROS

are produced during stress condition and zinc may act

as a scavenger of  ROS and provide protection to  the

cells  (Weisany et  al.  2012).  According to  Schat  et  al.

(1997), zinc application significantly increased the free

proline content  in  plants.  Our results  are contradictive

with those of (Chaum et al. 2009) which stated that zinc

foliar  spray  can  reduced  the  production  of  proline

content. The foliar application of plant growth regulator

(GA3) showed non-significant effect on plants. GA3 has

no or little effect on drought tolerance in plants. These

findings  are  also  supported  by  (Bakrim  et  al.  2007).

Potassium  different  concentration  showed  significant

effect  on  total  phenolics  content.  Our  findings  was

confirmed  by  other  researcher  (Sharafzadeh  et  al.

2011). Increase in the production of total flavonoid and

total phenolics contents by potassium might be due to

development of  nonstructural  carbohydrate (Ibrahim et

al. 2012; Ghasemzadeh et al. 2010). It may be also due

to  the  role  of  potassium,  provoking  the  process  of

photosynthesis  and  translocation  of  photosynthete  to

different parts of the plant (Ghasemzadeh et al. 2010).

Zinc  foliar  spray  showed  a  significant  effect  on  total

phenolics content in sunflower varieties. The application

of  zinc  sulphate  significantly  increased  the  total

phenolics contents in plants (Razzaq et al. 2013). There

was a positive significant correlation between greenness

% and proline level. Our finding are also according with

the  previous  findings  (Chaum  and  Kirdmanee  2009).

The accumulation of proline in the cell is very important

for osmotic adjustment under adverse condition. Proline

enhances  the  formation  of  hydrogen  bonded  water

around protein and scavenger of free radicals (Ghoulam

et al.  2002). A positive correlation was found between

total  phenolics  content  and  salinity  tolerance  in

sunflower  varieties.  A  positive  correlation  was  also

reported  by  Ashraf  et  al.  (2010).  Salinity  significantly

reduced  the  chlorophyll  content  in  the  leaves  due  to

reduction of stomata conductance, rate of transpiration,

intercellular  concentration  of  CO2 and  net

photosynthesis  (Lu  et  al.  2009).  It  also  disturbs  the

protein  synthesis,  decrease  in  the  absorption  of

magnesium (Ahmed, 1998), iron (Chougui et al.  2004)

which influence chlorophyll structural component (Jaleel

et  al.  2008).  Potassium  plays  a  vital  role  in  the

elimination of toxic effect of salinity and increased the

chlorophyll contents. The current results are in line with

the  previous  studies  (Sohrabi  et  al.  2008).  Zinc

maintains  plasma  membrane  structural  integrity,

regulating  the  uptake  of  sodium ions  (Na+)  and  other

toxic ions (Cakmak and Marschner 1988). It enhanced

concentration  of  chlorophyll  and  photosynthesis  under

salinity stress.  These results  agree with early  findings

(Salama et al. 2012). The exogenous application of GA3

significantly  boosted  the  concentration  of  chlorophyll.

The current results are similar with the works of previous

researcher (Shaddad et al.  2013).  It  is  concluded that

the adverse effect  of  salt  can be significantly reduced

with  application  of  potassium  followed  by  zinc  and

gibberellic  acid.  Salt  stress  badly  damage  the

photosynthetic pigments in the plant cell and reduce the

process of  photosynthesis.  The exogenous application

of potassium, zinc and gibberellic acid enhanced level of

free proline, total phenolic, chlorophyll contents and play

vital role in the elevation of salt stress tolerance.
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