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Abstract 

Salicylic acid (SA) is an endogenous plant growth regulator of phenolic nature, which participates in the 

regulation of physiological processes in plants and also plays an important role in provoking plant resistance to 

various abiotic stresses. An experiment was therefore, conducted to evaluation the effect of exogenous application 

of SA on the changes of phytohormones and biomass of common bean under water stress conditions during 2011 

in Iran. Seeds were soaked at various concentrations of SA (0, 0.25, 0.5, 0.75 and 1 mM) for 6 h. Then plants were 

subjected to normal and drought conditions. Drought decreased significantly endogenous auxin (IAA), gibberellic 

acid (GA3) and cytokinin (CK) levels while increased abscisic acid (ABA) content. Water stress also reduced 

biomass production. SA-pretreatment (especially 0.5 mM) enhanced IAA, GA3 and CK levels whereas decreased 

ABA content under both conditions and so improved biomass production. Results suggest that SA can alleviate 

the adverse effects of drought in common bean via changes in levels of endogenous plant hormones.                                                                                                                                                 
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Introduction 

In the face of a global scarcity of water resources, 

water stress has already become a primary factor in 

limiting crop production worldwide. It has become 

urgent to elucidate the responses and adaptation of 

crops to water stress and take action to improve the 

drought tolerance of crops. Plants respond to water 

deficit and adapt to drought stress through various 

physiological and biochemical changes including 

changes of the endogenous phytohormone levels, 

especially that of ABA (Wang et al., 2008). 

Generally, ABA increases markedly under drought 

(Xie et al., 2003; Pospisilova et al., 2005; Wang et 

al., 2008). However, the variation of IAA content 

under water stress is very contradictory. It was 

reported that drought resulted in a decrease of IAA 

content in the leaves of wheat (Xie et al., 2003). 

Wang et al., (2008) reported that there was a 

transient increase in the IAA content during the 

initial stage of adaptation to water stress in maize 

leaves, but it dropped sharply thereafter in response 

to water stress. However, other evidence has shown 

that the adaptation to drought was accompanied 

with an increase in the IAA content (Sakurai et al., 

1985; Pustovoitova et al., 2004). Under osmotic 

stress, GA3 and CK are able to increase germination 

percentage and seedling growth in chickpea (Kaur et 

al., 1998). Yet, knowledge about the variation of CK 

and GA3 contents in plants under water stress is 

scarce (Pospisilova et al., 2005; Yang et al., 2001; 

Xie et al., 2003). Hormonal regulation of plant 

growth and metabolism is complex and interactions 

among phytohormones are widespread. The 

interactions include both positive and negative 

reciprocal effects on the phytohormone synthesis 

and different relations between signaling pathways. 

Water stress affects many metabolic pathways, 

mineral uptake, membrane structure, etc. Therefore 

it is not surprising that hormone contents can be also 

changed by water stress. This is very important 

because plant hormones are considered as main 

signals in root-to-shoot communication and vice 

versa (Pospisilova et al., 2005).  

 

Understanding of methods to induce stress tolerance 

in plants against adverse environmental conditions 

such as drought is vital and necessary. A possible 

approach to minimize drought damages that induces 

crop losses is the exogenous application of 

chemicals. SA is a common plant-produced signal 

molecule of phenolic nature which participates in the 

regulation of numerous physiological processes 

(Shakirova et al., 2003). The exogenous application 

of SA was reported to have an effect on a wide range 

of physiological processes including increasing 

plants tolerance to different abiotic stresses such as 

drought, salinity, cold, heat, heavy metals and UV 

(Reviewed by Hayat et al., 2010).  

 

Common bean (Phaseolus vlugaris L.) generally, is 

known to be drought-sensitive crop (Beebe et al., 

2008). In spite this fact, most dry bean production in 

the world takes place under rainfed conditions and 

drought due to insufficient or unpredictable rainfall 

limits yield. Nearly 60% of bean production occurs in 

agricultural land prone to water deficit, where the 

costs of irrigation or the lack of precipitation are 

major difficulties for producers (Graham and 

Ranalli, 1997). That is why the mechanisms involved 

in the formation of drought tolerance are of great 

importance with regard further improvement of 

common bean agronomic performances and 

obtaining of more resistant cultivars (Subbaro et al., 

1995).   

 

There are little evidences about impact of exogenous 

SA application on changes of plant hormone levels in 

common bean under water stress conditions; 

therefore the present study was performed to 

evaluation of the effect of SA application on 

phytohormonal changes and common bean tolerance 

to water stress. 

 

Materials and methods  

The experiment was conducted during summer 2011 

in research farm of the Shahre-Rey Branch, Islamic 

Azad University, Tehran, Iran. The experimental 

area lies between longitude 51° 28´ E, latitude 35° 

35´ N and 1000 m altitude. The mean annual rainfall 
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and temperature are 201.7 mm and 20.4° C 

respectively. Soil texture was sandy clay loam 

containing nitrogen 0.091%, phosphorous 9.1 ppm, 

potassium 350 ppm, EC 2.8 dS m-1 and pH 7.8. The 

experiment was laid out in a split plot on the basis of 

randomized complete block design with four 

replications. Each replication had two main plots as 

irrigation levels viz, I0: Irrigation after 50 mm 

evaporation from class A pan and I1: Irrigation after 

100 mm evaporation from class A pan, as control 

and water stress conditions, respectively. Each main 

plot consisted of five sub plots as common bean (cv. 

Derakhshan) seeds were soaked for 6 h in SA 

solutions (0, 0.25, 0.5, 0.75 and 1 mM). Seeds before 

treatment were sterilized with sodium hypochlorite 

solution (1%) for 5 min and then washed thoroughly 

with distilled water. Seeds were treated with Bavistin 

and then were sown by hand on 12 June 2011 in 4 cm 

depth of soil. At the same time plots were fertilized 

with 100 kg ha-1 ammonium phosphate. Each sub 

plot had 4 planting rows with length of 5 m thus; size 

of each plot was 10 m2. Distances on and between 

rows were 10 and 50 cm respectively. All plots were 

irrigated immediately after sowing, but subsequent 

irrigations were carried out according to the 

treatments. Crop management practices such as 

hand weeding and thinning were done as required. 

At the flowering stage, plant hormone levels were 

measured. For estimation of growth regulators, 3-5 g 

fresh samples of the youngest fully expanded leaf 

were frozen in liquid nitrogen and stored at -20° C 

until analysis. The method of extraction in ethanol 

and the fraction of the ethanol extract were carried 

out according to the method described by Shindy and 

Smith (1975). The acidic fraction contain the acidic 

hormones (IAA, GA3 & ABA) while the aqueous 

fraction comprised the CK. The growth promoters 

(IAA, GA3 & CK) and the growth inhibitors (ABA) 

were estimated using high performance liquid 

chromatography (HPLC). Finally at physiological 

maturity, plants in 2 m2 of each plot were harvested 

and above ground dry matter was recorded after 

drying in oven at 75° C for 48 h. Collected data were 

analyzed by MSTAT-C statistical software and the 

means were compared by Duncan′s Multiple Range 

Test (DMRT) at the 5% probability level (Steel and 

Torrie, 1980). 

 

Results and discussion  

Our study showed that water stress significantly 

decreased growth promoting hormones (IAA, GA3 

and CK) level in common bean plants about 11%, 8% 

and 14% respectively; as compared with control, 

while reversibly increased ABA content about 7% 

(Fig. 1-4). These results were similar to those of 

Abass and Mohamed (2011); Abdalla (2011); Abdalla 

and El-Khoshiban (2007); Zhang et al., (2011) and 

Shi et al., (1994) who found that drought decreased 

growth promoting hormone levels but increased ABA 

content. Drought stress appeared to inhibit the 

biosynthesis of IAA and GA3 and/or increase their 

degradation (Poljakoff-Mayber and Lerner, 1994). 

Bano and Yasmeen (2010) also reported that drought 

significantly decreased IAA and GA3 concentration in 

wheat leaves than that of control. It may be due to 

decrease IAA and GA3 synthesis (Xie et al., 2004) or 

increase in the destruction of these by increasing the 

activity of oxidase (Davenport et al., 1980). It can be 

supposed that the decrease of growth promoting 

hormones under drought is related to reduce growth 

performance. Decline of IAA content under water 

stress is a well known phenomenon (Wang et al., 

2008; Yang et al., 2001), this being in accordance 

with our results.  

 

Fig. 1. Effect of exogenous salicylic acid application 

on endogenous  auxin content under control and 

water stress conditions. 

 

Under drought conditions an increase in the ABA 

content seems to be related to rapid defense 
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responses. It is usually believed that such responses 

include stabilization of membranes, closing of 

stomata, which decreases water loss by leaves, and 

an increased water uptake by roots (Pustovoitova et 

al., 2004).  

 

Fig. 2. Effect of exogenous salicylic acid application 

on endogenous gibberellic acid content under control 

and water stress conditions. 

 

Fig. 3. Effect of exogenous salicylic acid application 

on endogenous cytokinin content under control and 

water stress conditions. 

 

Fig. 4. Effect of exogenous salicylic acid application 

on endogenous abscisic acid content under control 

and water stress conditions. 

 

The biosynthesis of ABA have previously been 

thought to occur only in the roots, but more recent 

studies show that ABA is also synthesized in 

mesophyll cells, vascular tissue and stomata. As 

stated above increased levels of ABA in leaves 

induces and regulates stomatal closure, while the 

increased levels of ABA in roots increase the 

hydraulic conductivity increasing the water uptake 

and transportation (Parent et al., 2009). It has been 

proposed that ABA and CK have opposite roles in 

drought stress. Increase in ABA and decline in CK 

levels favor stomatal closure and limit water loss 

through transpiration under water stress (Morgan, 

1990). Above results show that drought is able to 

changes the hormonal balance in plants towards 

increasing the level of growth inhibitor (ABA) while 

decreasing the growth promoting hormone (IAA, 

GA3 and CK) levels which resulting to change their 

mechanism to overcome drought by stomata closure 

so as to reduce water loss, which in turn, reduces gas 

exchange thus causing low CO2 content, low 

photosynthetic and growth rate and finally low dry 

matter production. In our study, water stress 

increased ABA content while reduced growth 

promoting hormones (IAA, GA3 and CK) content and 

finally decreased biomass production (Fig. 5).  

 

Fig. 5. Effect of exogenous salicylic acid application 

on biomass production under control and water 

stress conditions. 

 

Our research also revealed that the exogenous 

application of SA (especially 0.5 mM) under both 

normal and water stress conditions caused 

significant increase in IAA, GA3 and CK contents; in 

contrast, decreased ABA level. These changes in 

plant hormone levels caused to improved biomass 

production (Fig. 5). These results are in line with 

those of Saruhan et al., (2011); Farooq et al., (2009) 

and Haji et al., (2009) who observed that water 

stress decreased biomass production but SA 
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application improved this trait. We observed that 

seeds soaking in 0.5 mM SA as compared to 

untreated seeds; increased IAA content by 10% and 

18% under water stress and control conditions, 

respectively (Fig. 1). Exogenous application of 0.5 

mM SA than that of no application, raised GA3 level 

by 25% and 21% under drought and normal 

conditions, respectively (Fig. 2). Pretreatment of 

seeds with 0.5 mM SA as compared to untreated, 

increased CK content by 30% and 17% under water 

stress and no stress conditions, respectively (Fig. 3). 

Seeds soaking in 0.5 mM SA than that of untreated 

seeds; decreased ABA level by 29% and 27% under 

drought and control conditions, respectively (Fig. 4). 

Similar to our results the positive effect of exogenous 

SA on growth promoting hormone levels has been 

reported by other researchers. For example; Gharib 

and Hegazi (2010) found that the content of IAA and 

GA3 was increased in the different bean varieties, in 

response to seed soaking in 10-4 M SA at 15°C. 

Shakirova et al., (2003) also observed that SA-

treatment diminished changes in phytohormone 

levels in wheat seedlings under salinity. It prevented 

any decrease in IAA and CK contents and thus 

reduced stress-induced inhibition of plant growth. 

Sakhabutdinova et al., (2003) reported that the SA 

treatment caused accumulation of IAA in wheat 

seedlings. However, did not influence CK content. SA 

is a phenolic compound naturally occurring in plants 

in very low amounts. Phenolics participate in some 

way on IAA metabolism by regulating IAA 

degradation or by controlling the formation of IAA 

conjugate (El-Mergawi and Abdel-Wahed, 2007). 

The sustained level of SA may be a prerequisite for 

the synthesis of IAA and/or CK (Metwally et al., 

2003). There is evidence that GA regulates dry 

matter partitioning between source and sink. 

Noushina et al., (2011) recently reported that GA 

signaling is involved in adjustment of plants under 

limiting environmental conditions and maintained 

source-sink relation. This adjustment could be 

mediated through the GA and SA interaction.  

Many studies about the effect of SA application on 

endogenous ABA and stomatal movements produced 

contradictory findings. However there are many 

reports that show exogenous SA application increase 

ABA content and thus induce the reduction of 

stomatal aperture and conductance (Hao et al., 2011; 

Bandurska and Stroinski, 2005; Shakirova et al., 

2003) on the other hand in conformity with our 

findings; some researchers demonstrated that 

exogenous application of SA has negative effect on 

endogenous ABA level and so induce the increasing 

stomatal conductance. For example; Rai et al., 

(1986) observed that SA application can reverse the 

stomatal closure induced by ABA. Waseem et al., 

(2006) also reported that exogenous SA application 

caused an increase in stomatal conductance in wheat 

cultivars under drought stress as compared to 

control. Khan et al., (2003); Idrees et al., (2011) and 

Saruhan et al., (2011) also obtained alike results. 

With respect to conflicting impacts of exogenous SA 

on endogenous ABA level and stomatal conductance 

it seems that depending on the exogenous SA 

concentration, kind of stress, stress intensity and 

duration, plant species and application method it can 

induces stoma closing or opening. The results of 

present study showed that pretreatment with SA 

reduced ABA content and thus raised stomatal 

conductance. This supports the conclusion that the 

effect of exogenous SA on diminish drought injury 

not only was not connected with increasing of ABA 

but also was related to increasing IAA, GA3 and CK 

contents. SA also participates in the induction of 

different anti-stress programs. There are data 

supporting that SA increase the activity of 

antioxidant enzymes, synthesis of substances such as 

proline, maintenance chlorophyll content, stomatal 

conductance, net photosynthetic rate and relative 

water content under water stress conditions 

(Sadeghipour and Aghaei, 2012 a, b).  

 

Conclusion 

Drought decreased IAA, GA3 and CK levels while 

increased ABA content in common bean. 

Nonetheless; SA application increased IAA, GA3 and 

CK against decreased ABA levels and therefore raised 

biomass production. The exogenous application of 
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0.5 mM SA improved growth in common bean under 

water stress conditions. The role of SA in alleviating 

drought damages may be attributed to its ability to 

changes in plant hormone levels. This study showed 

an interesting effect of SA in drought stress response 

that should be important not only for a basic 

understanding of the role of the hormone but also for 

potential use of the chemical in agriculture. 
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