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ABSTRACT 
 

Salinity is one of the most important problems that restrict cultivation of crops in arid and semi-arid 
regions; is a major limitation to plant production in many areas of the world. In this greenhouse study, the 
effects of presoaking of seeds with arginine or putrescine treatments and salinity stress on growth, some 
chemical constituents and yield of sunflower were evaluated. A pot experiment was carried out in two 
successive seasons (2011 and 2012) in the greenhouse of National Research Centre, Dokki, Giza, Egypt. 
Irrigation of plants with different concentrations of salinity (0.0, 3000 and 6000 mg/l) led to variable effects 
according to salinity level used on the following morphological criteria (plant height, number & area of 
leaves/plant, fresh & dry weight of shoot and RWC of shoot). 3000 mg/l increased the above growth parameters 
significantly. Meanwhile, 6000 mg/l reduced significantly these growth parameters. Increasing salinity levels 
from 3000 to 6000 mg/l resulted generally in gradual significant reductions of chlorophyll a, chlorophyll b, and 
total pigments contents. While in carotenoids contents salinity level 3000 mg/l caused significant increase and 
6000 mg/l caused significant reduction. Increasing salinity level from 3000 to 6000 mg/l caused significant 
reduction in polysaccharides, total carbohydrates, protein contents, Put and Spd levels, and yield components 
(head diameter, seeds weight/plant and 100 seeds weight). In the meantime, caused gradual significant increases 
in total soluble sugars, total amino acids, Spm, Cad and total polyamine levels, some macroelements (K, Na, Ca 
and Mg) of shoots and oil% of the yielded seeds as compared with control plant. Pretreatment of sunflower 
seeds with different concentrations of arginine and putrescine (2.5 and 5.0 mg/l) led to positive changes in all 
the above recorded parameters.  
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Introduction 
 

Sunflower (Helianthus annuus L.) is a major oil seed crop worldwide, and it is also an important crop in 
Mediterranean areas. The promotion of sunflower could be successful to increase the domestic production, 
provided proper cultivars which are suitable to different soil and climatic conditions (Khatoon et al., 2000).  
Sunflower is high yielding, non conventional oilseed crop. It is a short duration crop (90-120 days) and can be 
grown twice a year. It fits well in existing cropping systems and can be grown without replacing any major crop 
(Ahmad et al., 2009). Sunflower seed contains 25-48 % oil and 20-27 % protein. Sunflower oil is quite palatable 
and contains soluble vitamins A, D, E and K. It is used in manufacturing of margarine. Sunflower cake is used 
as cattle feed (Hussain et al., 2006).   

Water stress (hyperosmotic) caused by drought and salinity is the most important abiotic factor limiting 
plant growth and crop productivity worldwide. Arable land acreage is limited in Egypt due to the lack of water 
needed for irrigation. The amount of High Dam water available is only sufficient for two million feddans of 
cultivated land along the north coast of Egypt. Therefore, the possibility of future irrigation with mixed fresh 
and sea water raises the need for developing sunflower cultivars with increased salt and drought tolerance. 
Recently, water scarcity became an alarming problem. Deficit irrigation may result in similar yield or low yield 
reduction, with the benefit that the amount of saved irrigation water can be assigned to be used in irrigating new 
lands. Furthermore, using saline water for irrigation could also save a lot of fresh water and by using certain 
polyamines. Salt stress, like many abiotic stress factors, reduces the ability of plants to take up water, leading to 
growth reduction as well as metabolic changes similar to those caused by water stress (Munns, 2002). Salinity 
may reduce crop yield by upsetting water and nutritional balance of plant (Taffouo, et al 2009.). Although, 
adaptation of plants to salinity is associated with osmotic adjustment (Turan et al., 2007b), they widely differ 
from the exerted to which they accumulate inorganic ions (Munns, 1993). Osmotic regulators in plants include 
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K, soluble sugar, proline and betaine (Le Rudulier, 2005). These molecules are important physiological 
indicator for evaluating osmotic adjustment ability (Zhu,2002). 

Polyamines (PAs) are known as a group of natural compounds with aliphatic nitrogen structure, present in 
almost all living organisms, play important roles in many physiological processes, such as cell growth and 
development and respond to environmental stresses. In higher plants putrescine (Put), spermidine (Spd), and 
spermine (Spm) are the most abundant PAs and are implicated in various developmental processes (Tonon et 
al., 2004). Because the levels of PAs increase during the adaptation to stresses in a variety of plants, it is thought 
that they are also involved in these processes. Polyamines titers altered in different manners dependent upon 
several factors, such as plant species, tolerance or sensitivity to stress, and duration of stress. Exogenous 
addition of polyamines to stress-treated cells or tissues could lead to injury alleviation and growth promotion in 
most cases, although the effects varied between polyamines and among plant species (Amri and Shahsavar, 
2010). There is now conclusive evidence that polyamines (PAs) accumulate in plants and are involved in their 
protection against various environmental stresses (He et al., 2002). Arginine is one of essential amino acids 
considered the main precursor of polyamines which produced by decarboxylation of arginine via arginine 
decarboxylase to form putrescine, (Bouchereau et al., 1999). Polyamines and their precursor arginine have been 
implicated as vital modulators in a variety of growth, physiological and developmental processes in higher 
plants (Galaston and Kaur-Sahney, 1990). Polyamines are involved in the control of cell cycle, cell division, 
morphogenesis in phytochrome and plant hormone mediated process and the control of plant senescence, as well 
as in plant response to various stress factors (Abdel Monem, 2007).  

The objective of the present study was to study the effect of application of arginine (as a precursor of 
polyamines) or putrescine at different salinity levels on growth, yield components. Photosynthetic pigments of 
leaves, carbohydrates contents, nitrogenous components, endogenous polyamines and element composition of 
sunflower plants were determined.  
 
Materials And Methods 

 
This experiment was carried out to study the effect of soaking seeds of sunflower plant  in different 

concentrations of arginine and putrescine (Put) on growth, some physiological parameters, yield and chemical 
composition of the yielded seeds of sunflower under different salinity levels. A pot experiment was carried out 
in two successive seasons April 2011 and 2012 in the screen greenhouse of National Research Centre, Dokki, 
Giza, Egypt. The experimental plant used in this investigation was sunflower (Helianthus annuus L.) cultivar 
sakha 53. Arginine and putrescine (Put) used in the present work were supplied from Sigma – Aldrich. Seeds of 
sunflower were obtained from Agricultural Research Centre Giza, Egypt. Sunflower seeds were soaked for 12 h 
in the different concentrations of arginine and putrescine (Put) putrescine (0.0, 2.5 and 5.0 mg/l). Seeds were 
planted in April of 2011 and 2012 in pots (50 cm3) with soil of silt and sand soil of 1:1 ratio. Seeds of sunflower 
were sown in split-split plot design. Salinity levels in the main plot, the materials in subplot and concentrations 
in sub sub plot. 5 replicates for each treatment were concluded. Thinning was carried out at 15 days after 
sowing, and 5 plants were left in each pot. Fertilization with the recommended doses of super phosphate, 
potassium sulfate and urea in each pot. Pots of each plot irrigated with one of the following salt concentrations 
(0.0, 3000 and 6000 mg/l). These EC concentrations are equal (0.03, 3.2 and 6.1 dsm-1). The preparation of salt 
mixture according to Stroganov (1962) equation as in table (1). 

 
Table 1: The component of salt mixture used for chloride salinization expressed as % of total salt content. 

MgSO4 CaSO4 NaCl MgCl2 CaCO3 
10 1 78 2 9 

 
The component of specific anions and cations in chloride mixture expressed as percentage of total  milliequivalents. 

Na+ Mg+2 Ca+2 SO-2 Cl- CO3
-2 

38 6 6 5 40 5 
 
Plants were irrigated three times with equal amounts (liter/pot) of the salt solution followed by one with tap 

water (without salt) to prevent the accumulation of salts around root system. Samples were taken after 45 days 
from sowing to determine the morphological measurements and chemical analysis. One plant/pot has been left 
for yield determination (plant height in cm, number of leaves/plant, area of leaves/plant (cm2), fresh and dry 
weight of shoot in g/plant and relative water contents RWC of shoot). When signs of full maturity stage, 
measurements for yield and its components were also recorded (head diameter (cm), seeds weight / head (g), 
100 seeds weights and oil%). 
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Chemical analysis:  
 
Photosynthetic Pigments:  

 
Total chlorophyll a, b and carotenoids contents in fresh leaves were estimated using the method of  

Lichtenthaler and Buschmann (2001). The fresh tissue was ground in a mortar and pestles using 80% acetone. 
The optical density (OD) of the solution was recorded (for chlorophyll a, b and carotenoids) at 662, 645 nm and 
470 nm using a spectrophotometer (Shimadzu UV-1700, Tokyo, Japan). The values of photosynthetic pigments 
were expressed in mg/100g FW. 
 
Total soluble sugars (TSS):  

 
Total soluble sugars (TSS) were extracted by overnight submersion of dry tissue in 10 ml of 80% (v/v) 

ethanol at 25°C with periodic shaking, and centrifuged at 600g. The supernatant was evaporated till completely 
dried then dissolved in a known volume of distilled water to be ready for determination of soluble carbohydrates 
(Homme et al. 1992). TSS were analyzed by reacting of 0.1 ml of ethanolic extract with 3.0 ml freshly prepared 
anthrone (150 mg anthrone + 100 ml 72% H2SO4) in boiling water bath for ten minutes and reading the cooled 
samples at 625 nm using Spekol SpectrocololourimeterVEB Carl Zeiss. 

 
Total carbohydrate: 

 
Determination of total carbohydrates was carried out according to Herbert et al., (1971). A known mass 

(0.2-0.5 g) of dried tissue was placed in a test tube, and then 10 ml of sulphuric acid (1N) was added. The tube 
was sealed and placed overnight in an oven at 100ºC. The solution was then filtered into a measuring flask 
(100ml) and completed to the mark with distilled water. The total sugars were determined Colorimeterically 
according to the method of Smith et al., (1956) as follows: An aliquot of 1ml of sugar solution was transferred 
into test tube and treated with 1ml of 5% aqueous phenol solution followed by 5 ml of concentrated sulphuric 
acid. The tubes were thoroughly shaken for ten minutes then placed in a water bath at 23-30ºC for 20 minutes. 
The optical density of the developed color was measured at 490 nm using Shimadzu spectrophotometer model 
UV 1201.                                                                                                      
 
Free amino acids: 

 
Free amino acid content was extracted according to the method described by Vartainan et al. (1992). Free 

amino acid was determined with the ninhydrin reagent method (Yemm & Cocking 1955). One ml acetate buffer 
(pH 5.4) and 1 ml chromogenic agent were added to 1 ml free amino acid extraction. The mixture was heated in 
boiling water bath for 15 min. after cooled in tap water, 3 ml ethanol (60% v/v) was added. The absorbance at 
570 nm was then monitored using Spekol Spectrocololourimeter VEB Carl Zeiss.  
 
Protein contents: 

 
Total protein concentration of the supernatant was determined according to the method described by 

Bradford (1976) with bovine serum albumin as a standard. An amount of 2 gm of samples were grinded in 
mortar with 5ml of phosphate buffer (pH 7.6) and was then transformed to the centrifuge tubes. The homogenate 
was centrifuged at 8000 rpm for 20 minutes. The supernatant of different samples were put in separate tubes. 
The volume of all of the samples in tubes were then made equal by adding phosphate buffer solution and the 
extraction were stored in the refrigerator at 40c for further analysis. After extraction, 30μl of different samples 
were taken out in separate tubes and were mixed with 70μl of distilled water separately. In all of these separate 
sample tubes 2.9 ml of Coosmassic Brillaint Blue solution was then added and mixed thoroughly. The Total 
volume now was 3ml in each tube. All these tubes were incubated for 5 minutes at room temperature and 
absorbance at 600 nm was recorded against the reagent blank. A standard curve of Absorbance (600 nm) versus 
Concentration (μg) of protein was calculated. 
 
Endogenous polyamines:  

 
Polyamine contents were determined by using HPLC method (Agilent 1100 HPLC system, Germany). The 

frozen tissue of shoot in liquid nitrogen homogenized with 5 % cold perchloric acid (1: 10 w/v). The 
homogenate was kept for 1 h at 20C and then centrifuged at 15000 g for 20 min. The supernatant phase 
containing the free polyamine fraction was stored frozen. High HPLC and fluorescence spectrophotometry used 
to separate and quantify the free polyamines prepared as their dansyl derivatives according to the method of 
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Mietz and Karmas, (1977) and Ayesh et al. (2002). The samples were detected at 254 nm using a standard 
Spectrophotometer.                                                                                                                                   
 
Mineral Ions: 

 
Macro and microelement contents of were determined according to the method described by Chapman & 

Pratt (1978). Estimation of Ca, K and Na contents were done by the use of flame photometer. Also, Mg, 
contents were estimated using atomic absorption spectrophotometer. 
 
Oil determination: 

 
The oil of sunflower seeds were extracted according to Kates and Eberhardt (1957), the powdered seeds is 

shaken overnight with isopropanol : chloroform (1:1). The solvent were evaporated under reduced pressure of 
CO2 atmosphere. The lipid residue is taken up in a chloroform : methanol (2:1 v/v) and given a folch wash, the 
dissolved total oils were purified by washing with 1% aqueous saline solution. The aqueous phases were washed 
with chloroform that was combined with the pure oil solution. Chloroform was evaporated and the total pure oil 
was weighed.   

 
Statistical analysis:  

 
The data were statistically analyzed using MSTAT – C software. The mean comparisons among treatments 

were determined by Duncan's multiple range tests at 5% level of probability (Gomez and Gomez, 1984).  
 
Results: 

 
Growth parameters (plant height, number & area of leaves/plant, fresh & dry weight of shoot/plant and 

relative water contents RWC of shoot) were recorded in sunflower plant in response to salinity stress and 
different concentrations of arginine or putrescine (Table 2). Data show that the effect of salinity on sunflower 
plant vary according to salinity level. 3000 mg/l salinity level caused significant increases in all growth 
parameters as compared with control plant except RWC it cause nonsignificant decrease. Meanwhile, 6000 mg/l 
salinity level caused significant reductions in the above mentioned parameters except dry weight the decrease 
was insignificant. With regard to arginine or putrescine effect, soaking sunflower seeds in different 
concentrations of arginine or putrescine (2.5 and 5.0 mg/l) resulted in obvious increases in all the above 
mentioned growth parameters except plant height at 2.5 mg/l arginine and 5.0 mg/l Put at 3000 mg/l and RWC 
at 2.5 mg/l Put at 6000 mg/l caused reduction, compared with control plants and the corresponding salinity 
levels. 

 
Table 2: Effect of arginine and putrescine on morphological crieteria of sunflower plants grown under salinity stress. 

Treatment  

Plant 
height (cm) 

Number of 
leaves / 
plant 

Area of 
leaves / 
plant (cm)2 

Fresh 
weight of 
shoot (g) 

Dry weight 
of root (g) 

Relative 
water 
content 
(%) Salinity (mg/l) Material (mg/l) 

C
on

tro
l (

0.
00

) 0.00 43.00 14.00 149.36 10.38 2.18 78.96 

Arginine  2.50 47.30 16.30 220.93 14.34 2.63 81.66 
5.00 49.00 19.80 375.99 19.28 3.26 83.09 

Putrescine 2.50 58.70 20.00 383.26 23.09 3.59 84.45 
5.00 52.00 18.30 237.07 17.38 3.24 81.36 

30
00

 

0.00 46.50 16.80 190.16 12.08 2.55 78.90 

Arginine  2.50 42.00 17.50 238.51 14.91 2.80 81.22 
5.00 47.00 17.10 264.88 15.84 2.93 81.50 

Putrescine 2.50 50.80 21.50 284.00 12.29 3.95 67.86 
5.00 44.40 17.50 231.65 15.83 2.83 82.12 

60
00

 

0.00 36.75 11.30 118.06 8.09 1.78 77.98 

Arginine  2.50 39.50 15.80 149.10 12.45 2.32 81.37 
5.00 50.00 18.00 226.69 12.79 2.31 81.94 

Putrescine 2.50 48.20 17.60 178.04 13.17 2.78 78.89 
5.00 42.30 17.80 193.43 13.53 2.45 81.89 

LSD at 5% 1.94 0.72 23.32 0.26 0.41 2.12 
 
Data in Fig (1) clearly show that, irrigation of sunflower plants with saline water (3000 and 6000 mg/l) 

caused gradual significant decreases in chlorophyll a, chlorophyll b and consequently total pigments contents as 
compared with control plants except chlorophylll b at 6000 mg/l increased insiginficantly . In the meantime 
3000 mg/l caused significant increases in carotenoid contents while 6000 mg/l caused significant reduction as 
compared with control plants. The results in the same Fig. also show that, soaking sunflower seeds with arginine 
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or putrescine (2.5 and 5.0 mg/l) caused significant increases in chlorophyll a, chlorophyll b and consequently 
total pigments as compared with control plants and the corresponding salinity levels, except putrescine at 5.0 
mg/l and arginine at 2.5 mg/l in chlorophyll b at 0.0 and 6000 mg/l salinity levels respectively, these treatments 
caused significant decreases.  

With regard to carotenoid contents data in Fig (1) show that different concentrations of arginine or 
putrescine (2.5 and 5.0 mg/l) caused variable effects on carotenoids contents. At 3000 mg/l different 
concentrations caused gradual significant increases in carotenoid contents as compared with control plant, while 
at 6000 mg/l different treatment caused significant decreases except arginine at 2.5 mg/l caused increases in 
carotenoid contents as compared with control plant. 

 

 
 
Fig. 1: Effect of arginine and putrescine on photosynthetic pigments (mg/100g fresh weight) of sunflower plants 

grown under salinity stress. Each value represents the mean ± standard error (n =3). 
 

Fig (2) shows the effect of different concentrations of arginine or putrescine on sunflower plant under 
salinity stress on TSS, polysaccharides and total carbohydrate contents. Data clearly show that, increasing 
salinity level from 3000 to 6000 mg/l caused gradual significant increases in total soluble sugars as compared 
with control plants. In the meantime, decrease polysaccharides and total carbohydrates significantly except total 
carbohydrates of 3000 mg/l increased significantly then decreased at 6000 mg/l as compared with the control 
plant.  

Pretreatment of seeds of sunflower with arginine or putrescine with different concentrations increased 
significantly total soluble sugars, polysaccharides and total carbohydrates contents as compared with control 
plants and the corresponding salinity levels. Meanwhile, at 6000 mg/l the treatment with different 
concentrations of arginine or putrescine caused significant reduction of total soluble sugars except 2.5 mg/l 
putrescine caused significant increase as compared with the corresponding salinity levels. 

Fig (3) shows the effect of different concentrations of arginine or putrescine on sunflower plants under 
salinity stress on total free amino acids and protein contents. The obtained results show that total amino acid 
contents (mg/100g dry weight) increased significantly as compared to control plants (plants irrigated with non 
saline water) in response to irrigation with different salinity levels. These increases were gradually with 
increasing salinity levels from 3000 mg/l to 6000 mg/l. The percentages of increase were 41% and 168% as 
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compared with control plant at 3000 and 6000 mg/l salinity levels, respectively. Meanwhile, data in the same 
Fig. show that, protein content of sunflower shoots was increased significantly with increasing salinity levels as 
compared with control plants. The magnitude of increase was reduced by increasing salinity level. The 
percentage of increases reached 36.84% at 3000 mg/l and 15.79% at 6000 mg salinity level. 

 
Total soluble sugars 

 
LSD at 5%: 8.3 

 
Polysaccharides 

 
 

LSD at5%: 15.0 
 

Total carbohydrates 
 

 
LSD at5%: 15.7 

 
Fig. 2: Effect of arginine and putrescine on total soluble sugar, polyaccharides and total carbohydrate contents 

(mg/100g dry weight) of sunflower plants under salinity stress. Each value represents the mean ± 
standard error (n = 3). 
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Soaking sunflower seeds in different concentrations of arginine or putrescine (2.5 and 5.0 mg/l) caused 

significant increases in total free amino acids and protein contents as compared with control plants and the 
corresponding salinity levels. 

                                        
Total amino acids                                                                 Protein 

 

  
 

LSD at 5%: 5.44                                                       LSD at 5%:  244 
 

Fig. 3: Effect of arginine and putrescine on total amino acid and protien contents (mg/100g dry wt) of sunflower 
plants under salinity stress. Each value represents the mean ± standard error (n = 3). 

 
Polyamines contents (Put, Spd, Spm, Cad and total polyamine as µg/g fresh wt) in sunflower shoots in 

response to different concentrations of arginine or putrescine (0.0, 2.5 and 5.0 mg/l) under different salinity 
levels (0.0, 3000 and 6000) were illustrated in Fig (4). Data show that, salt stress decreased Put and Spd levels 
in sunflower plant (except put at 3000 increased non significantly) while, the value of Spm, Cad were increased 
in sunflower by salinity. The magnitude of decrease and increase were increased gradually with increasing 
salinity levels from 3000 to 6000 mg/l., regarding to total polyamine contents, data show that 3000 mg/l salinity 
level increased total polyamine contents meanwhile, 6000 mg/l salinity level decreased total polyamine 
contents.  

Data also show that, soaking sunflower seeds with either arginine or putrescine with different 
concentrations before the exposure to salinity stress; induced significant increases in endogenous Put., Spd, Spm 
and Cad and in turn total polyamines contents over those of the corresponding plants exposed to salinity stress 
only in most cases over the untreated plants the maximum increase was observed at 5.0 mg/l arginine and Put 
(Fig 4).  

Fig (5) shows the response of sunflower plant to arginine or put under salinity stress. Contents of K, Na, Ca 
and Mg of sunflower plants reveal that, salinity level 3000 mg/l caused significant increase in K content; 
meanwhile, 6000 mg/l caused significant decrease in K content as compared with untreated control. Data also 
show that, Na and Ca contents of sunflower shoots were significantly increased over control plants the 
maximum increase was recorded at salinity level 6000 mg/l. As regard to Mg content the results indicated that, 
Mg content increased significantly under different salinity levels as compared with control plants. The 
magnitude of increase was reduced by increasing salinity level. Pretreatment of sunflower seeds with different 
concentrations of arginine or putrescine resulted generally in obvious increases in potassium, calcium and 
magnesium, while leading to a marked decrease in sodium contents under different salinity levels when 
compared to the corresponding level of salinity. 
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Spermine      Cadavrine 
 

 
Total polyamine 

 
 

Fig. 4: Effect of arginine and putrescine on endogenous polyamine contents (µg/g fresh wt) of sunflower plants 
grown under salinity stress. Each value represents the mean ± standard error (n = 3). 
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Fig. 5: Effect of arginine and putrescine on macroelement contents (mg/100g dry wt) of sunflower plants grown 

under salinity stress. Each value represents the mean ± standard error (n = 3). 
 

Data in (Table 3) reveal that, all salinity levels resulted in a gradual reduction in head diameter, seeds 
weight / head and 100 seeds weight as compared with control plant. Meanwhile, oil % was increased 
significantly by increasing salinity levels. For instance, the reduction in head diameter, seeds weight / head and 
100 seed reached 5.1% and 17.7% for head diameter, 6.5% and 42.8% for seeds weight and 7.0 % and 16.8% 
for 100 seeds weight at 3000 and 6000 mg/l salinity levels respectively. In the meantime the percentage of 
increases in oil% reached 12% and 17% at 3000 and 6000 mg/l salinity levels.  

Exogenous application of arginine or putrescine under normal conditions and different salinity levels (3000 
and 6000 mg/l) caused significant increases in all parameters of yield components as compared to the 
corresponding salinity level.  

 
Table 3: Effect of arginine and putrescine on yield components of sunflower plants grown under salinity stress. 

Treatment  
Head diameter 
(cm) 

Seeds weight / 
head (g) 

100 - seeds 
weight (g) Oil %  Salinity mg/l Material mg/l 

C
on

tro
l (

0.
00

) 0.00 7.90 13.80 4.30 20.25 

Arginine  2.50 8.60 15.00 4.90 21.50 
5.00 8.70 16.30 5.30 22.60 

Putrescine 2.50 9.50 18.10 5.60 24.40 
5.00 8.90 18.30 5.10 23.84 

30
00

 

0.00 7.50 12.90 4.00 22.65 

Arginine  2.50 8.20 14.80 5.10 23.59 
5.00 10.00 19.30 5.40 24.84 

Putrescine 2.50 9.00 19.10 5.70 23.86 
5.00 8.80 18.10 4.90 23.26 

60
00

 

0.00 6.50 7.90 3.40 23.65 

Arginine  2.50 7.00 11.30 3.60 25.23 
5.00 7.10 11.80 3.60 26.84 

Putrescine 2.50 7.20 12.10 3.80 27.23 
5.00 8.00 12.40 3.90 28.24 

LSD at 5% 0.23 0.3 0.19 0.16 
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Discussion: 

 
Table (2) show the effect of arginine or putrescine with different concentrations (0.0, 2.5 and 5.0 mg/l) on 

growth parameters of sunflower plant grown under different salinity levels (0.0, 3000 and 6000 mg/l). Data 
show that, growth response of sunflower plant (plant height, number and area of leaves/plant, fresh and dry 
weights of shoot /plant and relative water contents of shoot RWC) varied according to salinity level used. 
Irrigation of sunflower with low salinity water (3000 g/l) caused marked increases in all growth parameters as 
compared with control plant. While 6000 mg/l salinity level reduced significantly in all growth parameters in 
sunflower as compared with unsalinized plant. These reductions in vegetative growth due to high salinity effect 
is in harmony with previous investigators, Taffouo et al., (2004) on some legumes plants Mohamedin et al. 
(2006) on sunflower, Taffouo et al. (2009) on cowpea plants and Abdul Qados (2010) on mung bean. The 
inhibition effects of salinity on growth parameters of sunflower plants might be due to salinity which inhibits 
growth through reduced water absorption, reduced metabolic activities due t o Na+ and Cl- toxicity and nutrient 
deficiency caused by ionic interference (De Lacerda et al., 2003).  

The results in the same table also show that, soaking sunflower seeds in arginine or putrescine (2.5 and 5.0 
mg/l) resulted in obvious increases in all the above mentioned growth parameters in normal conditions or under 
different salinity levels. These results are in good harmony with those obtained by El-Bassiouny et al., (2008) 
on wheat plants and Mahgoub et al., (2011) on Dahlia pinnata L. plant. PAs. (i.e. putrescine, spermine and 
spermidine) are low molecular weight polycations, which are involved in the regulation of growth and stress, 
probably by binding to negatively charged macromolecules (Messiaen et al., 1997). The increase in fresh and 
dry weight of sunflower plant treated with arginine or putrescine is a reflection to the increase in growth rate cell 
division and / or cell enlargement and differentiation (Lixiong et al., 2002). Also, these effects of arginine or 
putrescine may be due to that polyamine having been implicated in a wide range of biological processes 
including growth development and abiotic stress responses and cell division and differentiation (kuchenbuch 
and Phillips, 2005).  

In support of these results Paschalidis & Roubelakis–Angelakis (2005) reported that, polyamines, their 
precursors (arginine) and their biosynthetic enzymes correlated with cell division, expansion, differentiation and 
development in tobacco plant. Couee et al. (2004) indicated that, the stimulation of polyamines to root growth 
and development may be related to the high flexibility of polyamine metabolism and the metabolic link between 
polyamine and ethylene synthesis which strongly suggest that, polyamines may play a role in environmentally 
induced plasticity of root development. 

Increasing salinity levels from 3000 to 6000 mg/l resulted in gradual significant reductions of chlorophyll a, 
chlorophyll b, and consequently total pigment contents compared with control plants (Fig 1). Meanwhile in 
carotenoids contents salinity level 3000 mg/l caused significant increase while 6000 mg/l caused significant 
reduction as compared with control plants (Fig 1). Similar results were obtained on common bean (Dolatabadian 
& Saleh Jouneghani, 2009), maize (El-Khallal et al., 2009) and Sunflower (Sadak et al., 2010). Dolatabadian & 
Saleh Jouneghani (2009) found that, salinity stress leads to an increase in free radicals in chloroplasts and 
destruction of chlorophyll molecules by ROS, which results in reduction of photosynthesis and growth. 

Data presented in Fig (1) clearly show that arginine or putrescine treatments with different concentrations 
(2.5 and 5.0 mg/l) of sunflower plants generally, caused significant increases in chlorophyll a, chlorophyll b and 
consequently total pigments as compared with control plants and the corresponding salinity levels. Similar 
promoting effects of PAs on photosynthetic pigments had been observed by Nassar et al. (2003), El-Bassiouny 
et al., (2008) and Abdel –Aziz, et al., (2009). A possible explanation for the promoting effect of arginine and 
putrescine on photosynthetic pigment of sunflower plant in the present work is that PAs might retard 
chlorophylls destruction and / or increase their biosynthesis or stabilize the thylakoid membrane (Gonzalez et 
al.,1997) .They also, demonstrated that, PAs may retard senescence via altering the stability and permeability of 
such membranes and protecting membranes and prevent chloroplast from senescing and therefore retarding 
chlorophyll loss.. The role of polyamines in chlorophyll synthesis is supported by Askar–Treptow (1986) who 
suggested that; diamine aminotransferase specially transfers the amino group of Put to a - oxoglutaric acid 
which is the precursor of chlorophyll. Moreover, HuiGuo et al. (2006) found that exogenous application of 
polyamines protects PSII against water stress at both transcriptional and translational levels and allow PSII to 
retain a higher activity level during stress, in wheat seedlings resulting in the increase in chlorophyll contents. 
The increases in chlorophyll contents as a result of arginine and Put treatments concomitantly with increase in 
Mg levels (Fig 5) in differently treated sunflower plants these increases could be attributed to the role of Mg as a 
structural component of chlorophyll and reinforced the role of arginine or putrescine in chlorophyll biosynthesis 
(Krishnamurthy, 1991). The results of the present work also indicated a substantial increase of carotenoid levels 
in the arginine or putrescine treated plants which would be a further support to explain their higher content of 
chlorophylls. The protective role of carotenoids, as a photodynamic effect, is of a vital importance; it may be the 
primary function of the pigments (Krinsky, 1978). In addition, carotenoids act as photoreceptor pigment 
(Lawlor, 1989). It has been found in the present work that there is a positive correlation between the increase in 
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growth rate, assimilating area and photosynthetic pigment contents in response to arginine or putrescine 
treatments in sunflower plants.  

The obtained results in Fig (2) showed that increasing salinity level from 3000 to 6000 mg/l caused gradual 
significant increases in total soluble sugars as compared with control plants. In the meantime, decrease 
polysaccharides and total carbohydrates significantly except total carbohydrates of plants at 3000 mg/l increased 
significantly. These results are in harmony with those obtained by Khattab and Sakr (2009) on canola and 
Hassanein et al. (2009) on zea maize. The reduction in total carbohydrates of salt stressed sunflower plant 
concomitantly with arrested shoot growth of (Table 2) and reduction in the leaf photosynthetic pigments (Fig 1) 
led to the conclusion that salinity may inhibit photosynthetic activity and/or increased partial utilization of 
carbohydrates into other metabolic pathways (Hassanein, 2000). Moreover, Bartels & Sunkar (2005) reported 
that the increase in total soluble sugars under salinity stress was considered protective and adaptive functions of 
soluble carbohydrates under salinity stress. 

Pretreatment of seeds of sunflower with arginine or putrescine with different concentrations increased 
significantly total soluble sugars, polysaccharides and total carbohydrates contents as compared with control 
plants and the corresponding salinity levels. These results are in agreement with those obtained by El-Bassiouny 
et al., (2008) and Abdul Qados (2009) on wheat plant. El-Bassiouny et al., (2008) concluded that, there is a 
close relationship between the effect of polyamines (arginine or putrescine) and the stimulated photosynthetic 
output of plant (total soluble sugars, polysaccharides and total carbohydrates). These results might increase the 
efficiency of solar energy conversion which maximized the growth ability of sunflower plant. 

The obtained results in Fig (3) show that irrigation of sunflower with different salinity levels increased 
significantly total free amino acid and protein contents (mg/100g dry weight) compared to plants irrigated with 
non saline water (control). These results are in agreement with those observed by Khattab, (2007), Sadak et al. 
(2010) and Rady et al., (2011). Free amino acids acts as a putative osmoprotective solute leading to lowering 
osmotic potential in several tissues exposed to stress.  

Soaking sunflower seeds in the different concentrations of arginine or putrescine (2.5 and 5.0 mg/l) caused 
significant increases in total free amino acids and protein contents as compared with control plants and the 
corresponding salinity levels. Our obtained results are confirmed with those obtained by El-Bassiouny et al., 
(2008) and Abdul Qados (2009) on wheat plant. Hanafy-Ahmed et al., (2002) deduced that PAs with special 
regard to Put enhanced the uptake and accumulation of N element to be involved in different biological 
processes leading to the formation of protective compounds such as amino acids, against salt stress condition. 

Polyamines contents (µg/g fresh wt) were illustrated in Fig (4). Salt stress decreased Put and Spd levels in 
sunflower plant while, the value of Spm, Cad were increased in sunflower by salinity. The magnitude of 
decrease and increase were increased gradually with increasing salinity levels from 3000 to 6000 mg/l. Even if 
polyamines accumulate, this does not mean that they are involved in stress protection, especially as the role of 
polyamines may depend on their cellular localization and whether they are free, bound to proteins or conjugated 
to phenolic acids (Bouchereau et al., 1999). However, there are many reports indicate that stress tolerance of 
plants is correlated with their capacity to enhance the synthesis of PAs under stress (Kasukabe et al., 2004). Of 
the different polyamines, spermidine (Spd) is more closely associated with stress tolerance of plants than are 
putrescine (Put) and spermine (Spm) (He et al., 2002; Martı´nez-Téllez et al., 2002). Working with some wheat 
cultivars, El-Shintinawy (2000) found that salt stress enhanced the accumulation of Spd and Spm concentration 
associated with a decrease in Put in the wheat cultivars. In contrast, in other wheat cultivars, it was found that 
salt stress increased the concentration of Put and decreased that of Spm (Simon-Sarkadi et al., 2002).  However, 
in rice, Lin and Kao (1995) found that increasing NaCl concentration caused a decrease in free Put 
concentration, but an increase in Spd concentration in a salt intolerant rice cultivar, cv. Taichung Native 1. 

Data also show that, soaking sunflower seeds with either arginine or putrescine before the exposure to 
salinity stress; induced significant increases in endogenous Put, Spd, Spm and Cad and in turn total polyamines 
contents over those of the corresponding plants exposed to salinity stress only in most cases over the untreated 
plants (Fig 4). Regarding the effect of arginine on endogenous PA contents Yue et al. (1998) reported that, the 
endogenous PA contents of maize and wheat were increased by treatment with arginine, Also, Kakkar et al. 
(2000) demonstrated that, total PA content was increased in rice cultivar in response to arginine application in 
plants under stress. These results may be attributed to the role of PAs application in alleviating the adverse 
effect of salt stress by increasing the endogenous PAs contents in sunflower plants.  

The obtained results in Fig (5) showed that salinity level 3000 mg/l caused significant increase in K 
content; meanwhile, 6000 mg/l caused significant decrease in K content as compared with untreated control. 
Data also show that, Na, Ca and Mg contents of sunflower shoots were significantly increased over control 
plants the maximum increase was recorded at salinity level 6000 mg/l. As regard to Mg content the results 
indicated that, Mg content increased significantly under different salinity levels as compared with control plants. 
The magnitude of increase was reduced by increasing salinity level.  The same results were obtained by Ragab 
et al., (2008), Abdul Qados (2009) on wheat plant and Rubio et al., (2009) on Lotus japonicus. Tester and 
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Davenport (2003) reported that, metabolic toxicity of Na is largely a result of its ability to compete with K in 
binding sites essential for cellular functions. 

Pretreatment of sunflower seeds with different concentrations of arginine or putrescine resulted in obvious 
increases in potassium, calcium and magnesium, while leading to a marked decrease in sodium contents under 
different salinity levels when compared to the corresponding level of salinity. These results are in good harmony 
with Sharma et al. (1997) they reported that foliar application of putrescine enhance the uptake of K, Ca and Mg 
but decreased Na and Cl uptake in chick pea plant. El-Bassiouny and Bekheta (2001) suggested that the main 
role of all arginine products (putrescine, spermidine and spermine) in salt treated plants in the long term is to 
maintain a cation-anion balance in plant tissues by stabilizing membrane at high external salinity. A direct 
relationship between total PAs and K and inverse relationship between PAs and Na as well as between K and Na 
were reported by Hanafy-Ahmed et al., (2002). Salama (1999) recorded that PAs application increased some 
nutrient elements particularly K, which was found to serve a vital role in photosynthesis by directly increase 
growth and photosynthetic pigments, and hence CO2 assimilation. Shawky (2003) reported that the increments 
in minerals uptake (P and K) by PAs treatment, the promotive effect of PAs treatment on plant growth 
productivity as well as on plant chemical composition may due to their effect on many metabolic and 
physiological processes. Youssef (2007) noticed that PAs have possibly increased activities of metabolic 
processes in plant. Accordingly, physiological performance of such plants was improved, as manifested by 
increased efficiency of roots in absorbing macronutrients from the soil. 

Data in (Table 3) showed yield and yield components (head diameter, seeds weight / head and 100 seed 
weight) effect by salinity irrigation and soaking seeds with arginine or putrescine different concentrations (2.5 
and 5.0 mg/l). Increasing salinity levels induced gradual reduction in all above yield components compared with 
untreated plant. Meanwhile, oil % was increased significantly by increasing salinity levels. These results agree 
with those obtained by Abd El-Wahed et al., (2006) on maize, Zadeh and Naeini (2007) on canola and Abdul 
Qados (2010) on mung bean. The depressive effect of salinity on yield may be attributed to the inhibitory effect 
of salinity on vegetative growth (Table 1). In this connection Abd El-Haleem et al. (1995) concluded that, the 
reduction of wheat grain yield per plant due to salinization might be due to the harmful effect of salt stress on 
growth, the disturbance in mineral uptake and/or enhancement of plant respiration. Moreover, Taffouo et al. 
(2009) reported that, the significant decrease of yield components observed under salt stress in cowpea would be 
partly related to a significant reduction of foliar chlorophyll contents (more than 50%) and K+ concentration in 
saline medium. 

Exogenous application of arginine or putrescine under normal conditions and different salinity levels (3000 
and 6000 mg/l) caused significant increases in all parameters of yield components as compared to the 
corresponding salinity level. This increment could be due to antisenescence effect of putrescine. El-Bassiouny 
and Bekheta (2001) proved that, putrescine is intimately involved in salt treated wheat plant thereby regulating 
growth, development and grain yield. Nassar et al. (2003) concluded that, arginine induce early flowering and 
fruiting of bean plants respectively. The promotive effect of arginine or putrescine treatments may be due to 
their stimulation of physiological processes that were reflected on improving vegetative growth that followed by 
active translocation of photosynthetic products from source to source to sink in sunflower plant (El-Bassiouny et 
al.,2008). Moreover, Kuhen et al.(1990) stated that, the stimulative effect of PAs on yield component may be 
due to the effect of PAs which serves as specific protective agents in plants exposed to extreme environment.  
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