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Abstract: Role of potassium (K), zinc (Zn) and gibberellic acid (GA ) in salinity tolerance, proline and total3

phenolic contents in sunflower varieties were investigated. Eight varieties of sunflower (Rising Sun, SMH-0907,
Ausigold-7, SMH-0939, US-444, Hysun-33, SMH-0917 and HS-K6) were obtained from National Agricultural
Research Center Islamabad and analyzed for salinity tolerance. Different solutions of potassium (10 and 5 mg/L),
zinc (1 and 2 mg/L) and gibberellic acid (100 ppm) were prepared and added to the plants through foliar sprays.
Salt tolerance assessment carried through leaf disc assay using sodium chloride (NaCl) test solutions.
Potassium and gibberellic acid significantly increased the salinity tolerance in sunflower varieties. The highest
salinity tolerance was found in the Hysun-33 followed by US-444 at higher concentration of potassium foliar
spray. In gibberellic acid treatment, the maximum salinity tolerance level was observed in the SMH-0917
followed by Hysun-33. The treatments of potassium, Zinc and GA  significantly enhanced the free proline and3

total phenolics content production in the leaves of sunflower. Significant positive correlation was found
between greenness % with proline (R = 0.86) and total phenolics contents (R = 0.83), respectively.2 2

Conclusively; salinity tolerance in sunflower might be increased with foliar application of K, Zn and GA .3

Further investigation is suggested to study the effect of these treatments on salinity tolerant genes expression.
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INTRODUCTION nutritional imbalance, soil solution low water potential,

Oilseed crops are very essential and valuable for toxicity and osmotic stress due to the accretion of Na ,
human  food.  It  gets  third  position among different promote the production of ROS (reactive oxygen species)
crops such as legumes and cereals [1]. Sunflower such as hydrogen peroxide (H O ), superoxide (O ),
(Helianthus annuus L. 2n = 34) is an oilseed crop which singlet oxygen (1O ) and hydroxyl radical (OH ) which
has a great importance all over the world. Crop production injure chloroplasts, mitochondria and cellular structure of
in fields is restricted by a number of abiotic stress factors the cell [6].
like drought, salinity, light intensity and temperature. Soil The salinity tolerance level can be elevated by the
salinization is among the most severe abiotic threats to application of nutrients. Among the nutrients, Potassium
agriculture. It is the major threats affects plant growth and plays a vital role in the stress tolerance [7]. It is very
production worldwide [2]. The production of the important for membrane potential, controlling stomatal
sunflower  is  significantly  decreased by the salinity [3]. movement, balancing osmotic potential and activating
It can affect the physiological, biochemical and molecular enzymes [8]. The appropriate concentration of potassium
changes as well as the process of development, is imperious for cell osmoregulation, production of protein
respiration, photosynthesis, ion uptake, translocation and and photosynthesis [9]. It greatly reduced the production
nutrient metabolism in plants [4]. Salt stress causes many ROS and enhanced the activities of antioxidant enzymes,
harmful effects on plant cell due to several factors, i.e. i.e.  catalase,  superoxide  dismutase  and  peroxidase  [10].

hormonal imbalance and toxicity [5]. It leads to ionic
+
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Zinc minimizes the harmful effect of salinity and an dissolve media in the water. Then flask was covered with
important constituent of different enzymes, i.e. ribulose-1, aluminum  foil  and  autoclaved  (121°C  for 20 minutes at
5-bisphosphate, carboxylase, glutamate dehydrogenase 15 pa pressure). 
and superoxide dismutase [11]. It provides stability to
protein,  DNA  binding   proteins  and   membranes  [12]. Seed Sterilization: The seed surface was properly
It plays a key role in the production of protein metabolism washed with tap water followed by surfacing sterilized
and indole acetic acid [13]. The deficiency of zinc in the with 70 % ethanol for three minutes. Then the seeds were
plants leads to decrease the rate of photosynthesis. incubated for 15 minutes in the 3 % sodium hypochlorite
Gibberellic acid plays a central role in the salinity (NaOCl). Finally, seeds were washed with distilled water
tolerance [14]. It involves in the activation of plant stress for 10 minutes and transferred to the autoclaved MS
responsesand increases levels of salicylic acid [15]. It can media.
increase the percent germination and seedling growth of
the plants in the saline condition [16]. The exogenous Seed Inoculation: The sterilized MS media were poured
foliar spray of gibberellins alleviates the harmful effect of into the test tubes (sterilized) at laminar flow. A 50 ml MS
salt stress and enhance the development, seed yield and media were added to the each test tube, properly covered
yield quality [17]. and kept overnight to check the contamination. Next day,

During stress conditions, osmolytes production is sterilized seeds were added to test tubes and slightly
started which are small neutral molecules provide stability squeeze in the MS media. Completely covered the caps of
and protection to macro-molecule of the plant cell [18]. the test tubes and placed in the tissue culture room at
Proline is compatible osmolyte, play a central role in the optimum temperature. 
salinity tolerance and provide stability to the
macromolecules, cell osmotic potential and detoxification Soil Analysis: Soil samples were taken from the glass
of toxic ion [19]. In adverse conditions, plants evolved a house Department of Biotechnology University of
defense system which minimizes the formation of reactive Malakand. Soil analysis was carried out at Takhtaband
oxygen species. It scavenges superoxide in cells (the Research Station Swat during 2014. The soil composition
cytosol, chloroplasts, peroxisomes, mitochondria and consist of sand (54 %), silt (44 %), clay (1.6 %), soil texture
apoplast) leading to the formation of O  and H O . It also (loamy sand), organic matter (1.6 %), lime (2.5 %), nitrogen2 2 2

plays a central role in the neutralization of free radicals (0.69 %), phosphorous (12.85 mg/kg)) and potassium
and  the  quenching  of  singlet oxygen during salinity. (40.00 mg/kg).
The high level of antioxidants has greater resistance to
damage caused by oxidation [20]. Thus the aim of the Seedling Transformation: All the seeds were germinated
present study was to investigate the role of exogenous in the MS media and after two weeks, the healthy seedling
application of potassium, zinc and GA  to induce the were transferred to the medium size pots. The pots were3

salinity tolerance in sunflower. filled with loamy soil and shifted to the glass house. 

MATERIALS AND METHODS Treatments:    Different    concentrations   of  potassium

Plant Material: This study was carried out at the tissue (100 ppm) solutions were prepared. When plant reached
culture room and glass house, Department of three to four leaf stage, foliar spray of these solutions was
Biotechnology, University of Malakand. Eight sunflower applied to each plant. Four doses of the treatments were
varieties (Rising Sun, SMH-0907, Ausigold-7, SMH-0939, applied at the interval of five days. During plant growth all
US-444, Hysun-33, SMH-0917 and HS-K6) were collected the irrigation, weeding and hoeing practiced were carried
from National Agricultural Research Center Islamabad, out.
Pakistan.

Murashige  and  Skoog  Media  Preparation:  MS  media estimation in selected sunflower verities was carried out
(4 g/L) were taken in a flask and dissolved in the distilled on leaf disc assy. Different sodium chloride (NaCl)
water and finally reached the volume up to 1 L. The flask solution was prepared, i.e. T0 (0 mm NaCl), T1 (150 mm of
was kept on hot plate for some time, to completely NaCl) T2 (250 mm of NaCl) and T3 (350 mm of NaCl).

(5 and 10 mgL ), zinc (1 and 2 mgL ) and gibberellic acid1 1

Salt Stress Resistance Estimation: Salinity tolerance
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These solutions were added to each sterilized Petri plate. From each variety, fresh mature leaves were collected and
MS salts (4 g/L) was taken and dissolved in the distilled shade dried. Each sample (200 mg) was taken and ground
water, adjust the pH (5.8) and then autoclaved. The MS into powder, then transferred into Eppendorf tubes.
salts were poured into plates in a septic condition under Methanol (2 ml) was added to the sample and kept for
laminar flow. Five replicated were used for each variety three hours. The Eppendorf tubes were centrifuged at
and treatments. Upper fully expanded fresh leaves from 5000 rpm for 6 minutes. The supernatant was added into
each plant was collected at the glass house and brought fresh tubes. 2.5 ml of 10 % FC reagent was mixed with
to the laboratory. Sample leaves were surface sterilized methanol extract (0.5 ml) and kept for 5 minutes. 2.5 ml
with 70% ethanol, kept 10 minutes with 10 % bleach distilled water and 2.5 ml of 7.5 % NaHCO  was added,
followed by three time rinse with distilled water. Leaf disc kept in dark for 1 hour. A blue color was developed in
of diameter (2 cm) was prepared in aseptic conditions tubes and absorbance of reaction mixture was measured
(laminar flow) and transferred to sterilize petri plates at 650 nm against the reagent used as a blank. A standard
containing test solution (NaCl) and MS media. Three calibration plot was generated at 650 nm using known
discs per plates were added and three replicates for each concentrations of galic acid. The concentrations of total
variety and each treatment were used. All petri plates were phenolic contents in samples were calculated from the
incubated in the incubator at 25°C under 16 h calibration plot and expressed as mg galic acid equivalent
photoperiods. The effects of salinity on leaf discs were of phenol/g of sample. 
recorded after 4, 6 and 8 days treatments. Change in color
of leaf discs was used to differentiate resistance strength. RESULTS
The color  change  was classified into (1) dark green
(100% greenness), (2) light green (75 % greenness), (3) Salinity Tolerance Estimation: Different concentrations
half light green half white (50 % greenness), (4) small of test solutions (NaCl) were used for the analysis of
amount  of  light  green (25 % greenness) and (6) white salinity tolerance in sunflower varieties. As the
(0% greenness). concentration of salt increases, leaf disc color is also

Proline Assessment: Proline assessment was carried out salt resistance. The increase in the concentration of
using the method of Bates et al. [21]. The fresh leaves salinity and time of exposure decreased the greenness %.
sample was collected from each experimental plant and After incubation of four days, no such obvious
appropriately washed with distilled water. One ml of 3 % differences were found, but at the time of exposure and
sulfosalicylic acid was added to the each sample (200 mg) intensity of salinity increased the greenness % were
and crushed very well. The crushed samples were clearly decreased. 
transported  into  Eppendorf tubes and centrifuge at
13,000 rpm for 6 minutes. The supernatant (300 µl) was Effect of Potassium (K), Zinc (Zn) and Gibberellic Acid
removed and added to test tubes. 2 ml acid ninhydrin and (GA3) on Salinity Tolerance: The effect of different
2 ml  of glacial acetic acid was added to the test tubes. treatments of test solutions (NaCl) on the greenness % in
The reaction mixture was boiled (100°C for 1 hour) at water sunflower varieties is presented in Fig. 1A-F. Different
bath. After boiling, test tubes were directly dipped in ice treatments (potassium, zinc and gibberellic acid) showed
to  stop  the  further reaction. Two ml toluene was added significant (p  0.05) effect of salinity tolerance in
to  the  test  tubes  and  shake  vigorously for I minute. sunflower  varieties  as  compared to control C (Table 1).
The chromophore containing toluene was taken through In control plants (without treatments of potassium, zinc
pipet and through spectrophotometer the absorbance was and gibberellic acid) the maximum salinity tolerance level
read at 520 nm by using toluene for a blank. The was  found  in HS-K6 (55.25 %) and US-444 (53.25 %),
concentration of proline in different samples was while the minimum was recorded in SMH-0907 (46.25 %)
determined from a standard curve. Three replicates were (Table 1). The potassium treatments significantly (p  0.05)
used for each sample. enhanced the salinity resistance level as compared control

Estimation of Total Phenolic Contents: In different maximum salinity resistance level was observed in the
varieties of sunflower the total phenolic content was HYSUN-33 (75.25 %), US-444 (74.00 %) and SMH-0939
determined by using the method of Malik and Singh, 1980. (73.75  %), while the minimum salinity tolerance was found

3

decreases  and  this  change in color is the indicator of

C (Table 1). In high potassium foliar spray (10 mg/L), the
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Table 1: Shows significant differences among the treatments of potassium (K), Zinc (Zn) and gibberellic acid (GA3) on salinity tolerance in sunflower varieties as compared to control C

Treatments Rising sun SMH-0907 Ausigold-7 SMH-0939 US-444 Hysun-33 SMH-0917 HS-K6

Control C (without treatments) 47.00 + 2.01 46.25±2.12 51.50±1.12 49.00±1.12 53.25±1.22 50.75±1.34 52.75±1.11 55.25±0.93f g b e c e d a

(T1) Potassium high Conc. 10 mg/L 71.50±3.08 72.25±3.50 68.25±3.23 73.75±0.88 74.00±4.33 75.25±4.32 72.25±2.11 66.25±2.11a a a a a a a

(T2) Potassium low Conc. 5 mg/L 65.00±2.80 66.25±3.12 64.50±3.11 64.25±1.56 64.25±2.01 69.00±4.67 64.25±2.34 58.74±0.98c b b d c b f

(T3) Zinc high Conc. 2mg/L 62.50±3.08 61.50±3.50 63.67±3.23 58.33±0.88 57.50±4.33 64.00±4.32 64.00±2.11 58.75±2.11a a a a a a a

(T4) Zinc low Conc. 1 mg/L 57.50±2.80 53.33±3.12 62.70±3.11 55.25±1.56 56.00±2.01 62.25±4.67 62.50±2.34 56.25±0.98c b b d c b f

(T5) Gibberellic acid 100 ppm 66.25±1.82 65.00±2.12 64.50±3.00 64.75±2.33 67.50± 3.11 67.00±2.11 70.00±2.23 62.75±3.11a b b b b d c

Fig. 1: (A-G): Effect of different treatments (K, Zn and GA ) on the greenness % in leaf discs of sunflower varieties at3

different concentration of NaCl in media, T0 = control without NaCl, T1 = 150 mM NaCl, T2 = 250 mM NaCl and
T3 = 350 mM NaCl. (A) Control plants without treatment (B) high concentration of potassium foliar spray (C) low
concentration of potassium foliar spray (D) Zinc high foliar spray (E) Zinc low foliar spray (F) GA  foliar spray3

(G) Overall effect of different treatment on salinity tolerance
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Table 2: Effect of different treatments of potassium (K), Zinc (Zn) and gibberellic acid (GA3) on free proline contents in selected sunflower varieties. The columns “A” shows comparison
of significant differences among varieties for proline in selected sunflower varieties

Rising Sun SMH-0907 Ausigold-7 SMH-0939 US-444 Hysun-33 SMH-0917 HS-K6
----------------------- ------------------------ ---------------------- ---------------------- ---------------------- ---------------------- ---------------------- -----------------------------

Column Columnb Column Column Column Column Column Column
Treatment Proline “A” Proline “A” Proline “A” Proline “A” Proline “A” Proline “A” Proline “A” Proline “A”

Control 0.29+0.04 E 0.27+0.09 f 0.39+0.02 bc 0.36+0.05 0.40+0.11 b 0.36+0.11 d 0.38+0.02 c 0.42+0.01 af f f f e f f d

C(without
treatments )

T1(10 mg/L 0.57+0.11 Cd 0.59+0.04 bc 0.52+0.08 f 0.60+0.01 b 0.60+0.09 b 0.63+0.12 a 0.58+0.14 c 0.55+0.05 ea a a a a a a a

of Potassium

T2(5 mg/L 0.54+0.09 Cd 0.55+0.05 c 0.51+0.05 e 0.56+0.11 bc 0.57+0.01 b 0.62+0.13 a 0.55+0.01 c 0.49+0.04 fb b b b b b b b

of potassium)

T3 (2 mg/L 0.40+0.06 E 0.37+0.11 f 0.42+0.09 d 0.40+0.12 e 0.58+0.05 a 0.44+0.06 c 0.49+0.11 b 0.41+0.05 ded d d d c d e

of Zn)

T4(1 mg/L 0.39+0.01 Cd 0.36+0.23 f 0.41+0.19 bc 0.38+0.11 e 0.39+0.03 d 0.42+0.02 b 0.45+0.01p a 0.40+0.05 ce e e e f e f

of Zn)

T5(100 ppm 0.41+0.03 E 0.41+0.03 e 0.43+0.07 d 0.48+0.05 a 0.44+0.9 c 0.45+0.01 bc 0.48+0.09 a 0.46+0.11 bc c c c d c c c

of GA3)

Table 3: Effect of different treatments of potassium (K), Zinc (Zn) and gibberellic acid (GA3) on total phenolic contents in selected sunflower varieties. The columns “A” shows comparison
of significant differences among varieties for total phenolic contents in selected sunflower varieties. TPC = Total phenolic contents 

Rising Sun SMH-0907 Ausigold-7 SMH-0939 US-444 Hysun-33 SMH-0917 HS-K6
---------------------- ----------------------- --------------------- ----------------------- ---------------------- ---------------------- ---------------------- -----------------------------

Column Column Column Column Column Column Column Column
Treatment TPC “A” TPC “A” TPC “A” TPC “A” TPC “A” TPC “A” TPC “A” TPC “A”

Control 0.47+0.11 e 0.46+0.01 f 0.50+0.11 c 0.49+0.01 c 0.50+0.11 c 0.48+0.03 d 0.52+0.05 b 0.55+0.02 af f f f f f e d

Cwithout
treatments)

T1(10 mg/L 0.77+0.02 d 0.78+0.21 c 0.71+0.01 f 0.76+0.02 e 0.80+0.12 b 0.84+0.06 a 0.78+0.09 c 0.66+0.03 ga a a a a a a a

of Potassium

T2(5 mg/L of 0.73+0.04 e 0.75+0.07 c 0.68+0.02 f 0.71+0.04 h 0.76+0.09 b 0.79+0.08 a 0.74+0.22 d 0.63+0.11 gb b b b b b b b

potassium)

T3(2 mg/L 0.60+0.12 c 0.54+0.06 f 0.59+0.03 d 0.56+0.01 e 0.54+0.06 f 0.64+0.03 b 0.66+0.01 a 0.54+0.11 dd d c d d d c e

of Zn)

T4(1 mg/L 0.58+0.16 c 0.51+0.09 g 0.57+0.06 d 0.54+0.11 e 0.52+0.02 f 0.59+0.09 b 0.66+0.03 a 0.51+0.02 ge e e e e e c f

of Zn)

T5(100 ppm 0.61+O.02 d 0.58+0.07 g 0.62+0.05 c 0.59+0.12 f 0.66+0.08 a 0.65+0.08 b 0.60+0.04 e 0.56+0.11 hc c d c c c d ca

of GA3)

in the HS-K6 (66.25 %) (Table 1 and Fig. 1B). The Effect of Different Treatments (K, Zn and GA ) on Free
exogenous applications of zinc significantly enhanced the Proline Accumulation in Leaves: The effect of different
salinity tolerance level as compared to control C (Table 1). treatments (K, Zn and GA ) on free proline accumulation
In high zinc treatment (2 mg/L), the maximum tolerance in sunflower varieties is presented in Table 2. The
level was found in the Hysun-33 (64.00 %) followed by potassium treatments showed significant (p  0.05) effect
Ausigold-7 (63.67 %), while the least tolerance was on  free  proline  accumulation as compared to control C.
observed in the US-444 57.50 % (Table 1 and Fig. 1D). In  T1  treatment (10  mg/L  of  K),  the maximum free
Gibberellic acid foliar spray (100 ppm), significantly proline  levels  were found in Hysun-33 (0.63 µg/mg),
increased the salinity level in sunflower varieties as while the lowest free proline was noted in the Ausigold-7
compared to control C (Table 1). In GA  treatment, the (0.52 µg/mg). The low potassium foliar spray (5 mg/L of3

highest  salinity  tolerance  level  was   found   in  the K),  increased the proline content in selected varieties.
SMH-0917  (70.00  %)  followed  by US-444 (67.50 %), The  maximum  free proline was noted in the Hysun-33
while the minimum was noted in the HS-K6(62.75 %) (0.62 µg/mg), while the minimum was observed in HS-K6
(Table1 and Fig. 1F). The overall effect of different (0.49 µg/mg). Zinc treatments showed highly significant
treatments  was  presented in Fig. 1G. The salinity effect (p  0.05) on free proline level as compared to
tolerance level was strongly increased by potassium control C. In T3 treatments (2 mg/L of Zn), the maximum
followed by gibberellic acid and zinc as compared to free proline level was noted in the SMH-0917 (0.49 µg/mg)
control C. followed by Hysun-33 (0.44 µg/mg) while the minimum

3

3
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proline was observed in SMH-0907 (0.37 µg/mg). In T4 (0.84 µg/mg), while lowest total phenolics content was
treatment (1mg/L of Zn), the highest free proline was noted in the HS-K6 (0.66 µg/mg). In T2 treatments, the
noted in SMH-0917 (0.45 µg/mg), while the lowest free highest total phenolics content was observed in the
proline was found in the SMH-0939 (0.38 µg/mg) (Table 2). Hysun-33 (0.79 µg/mg), while the least value was noted in
The exogenous foliar application of GA , enhanced the HS-K6 (0.63 µg/mg). Zinc foliar applications3

significantly the proline content in sunflower leaves as significantly increased the phenolics content as compared
compared to control C. The highest free proline was found to control C (Table 3). The maximum phenolics content
in the SMH-0939 and SMH-917 (0.48 µg/mg) while the was found in the SMH-0917 (0.66 µg/mg), while minimum
lowest  free  proline was noted in the Rising Sun and was noted in the SMH-0907 (0.53 µg/mg). The gibberellic
SMH-0907 (0.41 µg/mg). acid foliar application significantly increased the

Effect of K, Zn and GA  on Total Phenolics Contents in compared to control C (Table 3).The highest total3

Leaves: The effects of potassium, zinc and gibberellic acid phenolics content was observed in the US-444 (0.66
in total phenolics contents is shown in Table 3. The K µg/mg), while the lowest phenolics content was noted in
treatments significantly increased total phenolic contents the HS-K6 (0.56 µg/mg). Overall potassium strongly
as compared to control C. In T1 treatments, the maximum increased the total phenolics content followed by GA
phenolics   content    was    recorded    in    the  HYSUN-33 and zinc as compared to control C (Table 3).

phenolics content in the leaves of sunflower varieties as

3

Fig. 2: Shows correlation between greenness % and proline. (A) Control C without treatment of K, Zn and GA3 (B) High
K (10 mg/L) foliar spray (C) Low K (5 mg/L) foliar spray (D) High Zn (2 mg/L) treatment (E) Low Zn (1 mg/L)
treatment (F) GA3 (100 ppm) foliar spray
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Fig. 3: Shows correlation between greenness % and total phenolic contents. (A) Control C without treatment of K, Zn
and GA3 (B) High K (10 mg/L) foliar spray (C) Low K (5 mg/L) foliar spray (D) High Zn (2 mg/L) treatment (E) Low
Zn (1 mg/L) treatment (F) GA3 (100 ppm) foliar spray 

Correlation Between Greenness % and Proline: The application  of  gibberellic  acid also showed significant
correlation between greenness % and proline is shown in (p  0.05) positive correlation (R  = 0.78) between
Fig. 2. In control plants (without treatment of K, Zn and greenness % and proline level (Fig. 2F).
GA ), highly  significant  (p   0.05)  positive correlation3

(R  = 0.71) was found between greenness % and free Correlation between Greenness % and Total Phenolics2

proline content (Fig. 2A). Potassium treatments (T1 and Content:  Fig.  3 shows the effect of different treatments
T2) showed highly significant (p  0.05) positive (K, Zn and GA ) on greenness % and total phenolics
correlation (R  = 0.83, R  = 0.86) between greenness % and content in selected sunflower varieties. In control plants2 2

proline  level,  respectively  (Fig.  2B-C). T3 treatment (without treatments) high significant (p  0.05) positive
(Zinc  high  foliar   spray)   showed   highly  significant correlation (R  = 0.79) was found between greenness %
(p  0.05) positive correlation (R  = 0.85) between and total phenolics content (Fig. 3A). Potassium2

greenness % and proline level (Fig. 2D). Exogenous treatments (T1 and T2) showed significant (p  0.05)

2

3

2
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positive correlation (R  =0.63, R  = 0.83) between [15]. During salinity, the amount of gibberellic acid is2 2

greenness % and phenolics content (Fig. 3B-C). Zinc decreased and the level of abscisic acid contents is
application also revealed highly significant (p  0.05) increased. Salinity significantly damaged metabolism,
positive correlation (R  = 0.64) (Fig. 3D). inhibit  the growth   and development of the plants.2

DISCUSSION decreased, while GA  treatment increased the content of

Salinity significantly reduced the growth and yield of condition [17]. Therefore, the exogenous application of
crops due to the presence of toxic ions in the root zone gibberellic acid concentrations in crops could be a
[22]. It may cause ionic disequilibrium which leads to possible means of reversing the effects of salt stress.
inactivation of important enzymes, ionic toxicity in Proline is a free amino acid synthesized in the plant cell
tissues, oxidative stress and nutrient starvation. Salt during stress conditions. The free proline provides
stress induces over production of ROS [23], that elicits stability  and  protection to the macro-molecules of the
DNA damage, inhibition of photosynthesis, lipid cell during the adverse condition. It is a stress indicator of
peroxidation, reduction in the rate of photosynthesis and the cells. The treatments of potassium significantly
disturbance in mineral nutrient status [23]. Sodium is the increased the level of free proline. Our  results are also
major cation that accumulated mainly in the roots and supported by the findings of  [19]. The saline condition
stems as salt concentration is increased and high salinity initiates the ROS production in the cell which badly
levels inhibited the accumulation of Ca  and K  in the damaged the cell components. The exogenous application+2 +

roots and stems [24]. For alleviation of adverse effects of of  potassium  minimizes the total antioxidant activity in
salt stress, several strategies have been adopted and the cells. The possible mechanism of proline, which
efforts are made to explore mechanisms for salinity provides protection to the cell is to alleviate the
tolerance. The exogenous application of nutrients photosynthetic pigments and lipid peroxidation [31]. Zn
enhanced the stress tolerance in the plant. In sunflower, is very essential for the normal activity of the plant cells.
potassium plays very important role in the salinity It is required in a trace amount of the cells and works as
tolerance. It increased growth and minimize the effect of cofactors of so many essential enzymes [32].Gibberellic
salinity [7, 25]. Potassium is a good osmoticum and charge acid plays a key role in the signaling and induction of
carrier in the plant and antagonistic relationship with salinity tolerance responses and increases proline content
sodium uptake [26].In saline environment, K  can be used which minimize the harmful effect of salinity, provide+

as a metabolite to control the turgor and avoid from stability to membrane permeability. These results are also
osmotic shock [26]. It is an essential macro element of the supported by [33]. Phenolic compounds are secondary
plant growth and plays a vital role in the several metabolic metabolite which works as an antioxidant and provide
activities,  i.e. the flow of water, nutrients and protection to cell component during adverse conditions.
carbohydrates in plant tissue. K can counteract the The potassium treatments, significantly increase total
harmful effect of salinity and maintains the ions phenolic content in sunflower varieties. Our results also
homeostasis. The insufficiency of Zn is acknowledged as supported by the works of [25]. Zinc also exhibited a
one of the most serious micro-nutrient deficiency in plants highly significant increase in phenolic contents. These
grown on saline soils. Zn is a very important cofactor of results are in line with findings of [34], who found that the
many  important  enzymes,  DNA-binding proteins and phenolic content of  plants  were  increasing  with
stabilizer of structural membrane, proteins [12].The Zn increasing level of Zn. The gibberellic acid increases the
availability to the plant in saline soil is very low and may total phenolic contents in sunflower plants. The results
lead to stunted growth and low yield of crop. Salinity are in agreement with the findings of [35]. The phenolic
decreased the uptake of Zn [27]. So the exogenous compounds help in strengthening the defense system of
application of Zn can minimize the adverse effect of plant against diseases and abiotic stresses [36]. There
salinity, inhibit the absorption and translocation of Na was a positive significant correlation between greenness+

and  Cl  and  alleviate  possible  injury  in   plants  [28]. % and proline level. Our findings are parallel to previous-

Zinc showed significant effect on salinity tolerance. Our results reported by [37]. The accumulation of proline in
results are in line with findings of [29]. Gibberellic acid the cell is very important for osmotic adjustment under
plays a key role in the induction of abiotic stress tolerance adverse condition. Proline also enhanced the formation of

During salinity the content of DNA and RNA are
3

DNA, RNA and growth of the plant under salt stress
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hydrogen bonded water around protein and scavenger of 9. Shabala,  S.,  V.  Demidchik,  L.  Shabala,  T.A.  Cuin,
free radicals [38]. A positive correlation was found S.J. Smith, A.J. Miller, J.M. Davies and I.A. Newman,
between total phenolic content and salinity tolerance in 2006. Extracellular Ca  ameliorates NaCl-induced K
sunflower varieties. A positive correlation was also loss from Arabidopsis root and leaf cells by
reported by [39]. controlling plasma membrane K  -permeable

CONCLUSIONS 10. Cakmak, I., 2005. The role of potassium in alleviating

Potassium, zinc and GA  significantly enhanced the Plant Nut. and Soil Sci., 168: 521-530. 3

free proline and total phenolic contents in leaves of 11. Brown, T.J., G.A. Churchill and J.P. Peter, 1993.
sunflower. Significantly positive correlation was found Improving the measurement of service quality. J.
between salt tolerance with free proline and total phenolic Retailing, 69: 127-39.
contents. In light of the current findings, the salinity 12. Aravind,  P.  and  M.N.V.  Prasad,   2004.  Zinc
tolerance in sunflower might be increased with foliar protects chloroplasts and associated photochemical
application of K, Zn and GA . functions in cadmium exposed Ceratophylum3
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