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Salinity stress is one of the most serious problem in arid and semi
limits the growth and productivity of crop plants. Its harmful effects can be minimized by application 
of various chemicals mainly phytohormones i.e.
Gibberellic acids are plant growth regulators that are also known
responses in plants. Gibberellic acid interacts with other hormones to regulate various metabolic 
processes in the plant.  Application of these hormones increases the nutrient uptake, dry weight, plant 
height, leaf area and
has been shown to be through increasing the water status of the seedling and partially by sustaining 
protein and RNA level. In this review article, the
seedling growth, leaf area, photosy
under salt stress were reviewed.
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INTRODUCTION 
 
Cereals is the most important source of food in human life that 
is including 65-70% carbohydrates, proteins and too much B 
vitamins and trace mineral (Afrigan et al., 2013
cereals food are supplied by grain and dairy product. There are 
six cereals-rice, wheat, maize, barley, oats and rye are belong 
to the family Gramineae (Poaceace). Yield components and 
growth parameter also show differential responses to salinity 
stress. Shannon et al. (1994) had reported that the salinity often 
affects the timing of development. In wheat, sorghum and oat, 
ear emergence, anthesis and rye maturity is unaffected by 
salinity. Wheat is the most important stable crop in the world 
and its productivity in saline soils is considerably reduced due 
to improper nutrition of plants as well as osmotic and drought 
stress (Shannon, 1998). Rice is one of the main staple food in 
India and mostly for Asians people is susceptible to salt stress 
(Munns and Tester, 2008; Anbumalarmathi and Mehta, 2013
particularly during the early seedling stage (Li and Xu, 2007
 
Plants are sessile organisms and are directly exposed to 
environmental stress such as salinity, drought, low temperature 
(Munns and Termatt, 1986; Dadkhah, 2011
induces over production of reactive oxygen species (ROS) 
(Khan et al., 2012). Salinity is one of the most brutal 
environmental factors limiting the productivity of crop plants 
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ABSTRACT 

Salinity stress is one of the most serious problem in arid and semi
the growth and productivity of crop plants. Its harmful effects can be minimized by application 

of various chemicals mainly phytohormones i.e.-auxins, cytokinins, brassinosteroids, GA3 etc. 
Gibberellic acids are plant growth regulators that are also known
responses in plants. Gibberellic acid interacts with other hormones to regulate various metabolic 
processes in the plant.  Application of these hormones increases the nutrient uptake, dry weight, plant 
height, leaf area and yield of wheat under saline condition. The alleviating effect of gibberellic acid 
has been shown to be through increasing the water status of the seedling and partially by sustaining 
protein and RNA level. In this review article, the alleviating effects o
seedling growth, leaf area, photosynthesis, chlorophyll contents, mineral nutrition, proline content 
under salt stress were reviewed. 

This is an open access article distributed under the Creative Commons Att
use, distribution, and reproduction in any medium, provided the original work is properly cited. 
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70% carbohydrates, proteins and too much B 
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induces over production of reactive oxygen species (ROS) 
Salinity is one of the most brutal 
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because most of the crops plants are sensitive to salinity caused 
by high concentration of salt in the soil (
2008). Inhibition of plant growth is considered to be due to 
toxic effect of the NaCl, to the ability of the root system to 
control entry of ions to the shoot and to slowing down water 
uptake of plant (Lamber, 2003
stress are caused by the presence of ions in rhizosphere 
limiting extraction of water by roots and reduced plant growth, 
while the secondary effects are caused by ionic disequilibrium 
resulting in inactivation of enzyme, nutri
toxicity in tissue (Nazar et al., 2011
 
Salinity adversely affects plant growth and development 
hindering seed germination (Dash and Panda, 2001
growth (Ashraf et al., 2002), enzyme activity (
2009), DNA, RNA, protein synthesis (
2001) and mitosis (Tabur and Demir, 2010
species differ in their sensitivity or tolerance to salt stress 
(Ashraf and Harris, 2004). They have been numerous studies 
of the effect of salt tolerance in plant (
Duan et al., 2008). Recently, investigations have focused more 
on the mechanisms of salt tolerance in plants (
Recently, the researchers try to improve plant tolerence to 
salinity injury through either chemical treatment as plant 
hormones (Shaddad et al., 2013
shown to alleviate the effects of salt stress on pigment content, 
hill activity and water use efficiency (
Gibberellic acid (GA3), a safe 
alleviates salinity-induced inhibition of seed germination of 
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glycoiphytic plants (Basalah and Mohammad, 1999). Minimize 
the harmful effects of NaCl on seed germination (Tipirdamaz 
et al., 1995) and seedling growth (Kaur et al., 1998) due to 
exogenous gibberellic acid are attributed to the stimulation of 
A-amylase activity. So attention is now focused on uses of 
gibberellic acid in regulating plant response to the external 
environmental condition and controles a number of stress-
induced genes (Naqvi, 1999).  Gibberellins (GA3) are generally 
involved in growth and development. They control seed 
germination, leaf expansion, stem elongation and flowering 
(Magome et al., 2004). 
 
Datta et al. (1998); Sastry and Shekhawa, (2001) and Afzal             
et al. (2005) reported that pre-socking wheat seed with plant 
growth regulators like, IAA, gibberellins alleviated the growth 
inhibiting effect of salt stress. Khan and Weber, (1986) and 
Gul et al. (2000) also observed that the plant growth 
stimulating compounds such gibberellic acid, zeatin, and 
ethephon can alleviate the effect of salinity on germination  
and growth of Ceratoides lanata, Salicamia pacifica, 
Allenrolfea accidentalis (Khan et al., 2001, 2004). Recently, 
the GA-promoted desstabilization of DELLA proteins is 
modulated by environmental signals (such as salt and light) 
and other plant hormone signaling (such as auxin and 
ethylene), which reveals the mechanisms of this cross-talking 
at molecular level (Archard et al., 2006). Gibberellic acid  
accumulates rapidly when plants are exposed to both biotic 
(McConn et al., 1997 and abiotic stresses (Lehmann et al., 
1995). 
 
Gibberellic acid is one of the most important growth regulators 
that reduce the harmful effect of salt stress (Basalah and 
Mohammad, 1999; Hisamatsu et al., 2000). For instance, 
gibberellic acid (GA3) has been reported to be helpful in 
enhancing wheat and rice growth under saline condition 
(Parashar and Varma, 1988; Prakash and Prathapasenan, 
1990).  These results show that GA3 application could improve 
salinity tolerance in crop plants grown under saline condition.  
Gibberellic acid interacts with other hormones to regulate 
various metabolic processes in the plant. However, many 
conflicting theories have been put forward concerning 
(Vanhuizen et al., 1997; Javid et al., 2011; Misratia et al., 
2013 and Iqbal et al., 2014).The present review focuses on the 
involvement of  gibberellic acid in alleviating salt stress in 
cereals. 
 
Germination and seedling growth 
 
Seed germination and early seedling growth under saline 
condition are considered as major factor limiting the 
establishment of crops (Kitajima and Fenner, 2000). 
Germination of seeds is one of the most crucial and decisive 
phases in the growth cycle of plant species since it determinate 
plant establishment and final yield of the crops. Poor 
germination and seedling establishment are the results of soil 
salinity. It is an enormous problem adversely affected growth 
and development of crop plants and results in to low 
agricultural production. Salinity, in general, has inhibitory 
effect on germination of seeds (Zhang et al., 2010; Abari et al., 
2011; Kaymakanova, 2009; Akbarimoghaddam et al. 2011 and 
Kaveh et al., 2011).  

Earlier, it was also reported that salinity decreased germination 
of seeds of barley, wheat and rice (Kumar et al., 1988; Begum 
et al., 1992; Queiroz and Nakagawa, 1992). Exogenous 
application of plant hormones through foliar or presoaking 
seed is good option to alleviate the adverse effect of salinity 
stress on crops (Ashraf et al., 2008). Seed primimg a counter 
act the salinity effects in many crops because of its simplicity, 
low cost and effectiveness (Wahid et al., 2007 and Afzal et al., 
2011). 
 
The favorable effect of gibberellic acid   has been shown to be 
through increasing the water status of the seedling and partially 
by sustaining protein and RNA level (Banyal and Rai, 1983). 
Gibberellic acid is reported to alleviate the inhibitory effect of 
salinity on germination. GA3 at 6 uM concentration induces 
increased germination and seedling growth under salt 
stress.The delay in germination is mainly due to higher Na+  
accumulation in the seeds of wheat (Begum et al., 1992 and 
Akbarimoghaddam et al., 2011). GA3 application increased the 
nutrient uptake, dry weight, plant height, leaf area and yield of 
wheat under saline condition. There is also evidence that 
gibberellic acid can significantly relieve NaCl-induced growth 
inhibition in rice.  
 
Rice is sensitive to salinity at the seedling stage and becomes 
tolerant at the seedling stage and very susceptible at the 
reproductive phase in terms of grain yield. Several chemical 
have been used for seed priming (Afzal et al., 2012). Of 
various priming agent for seed priming, plant growth 
regulators have gained much attention from researchers all 
over the world because of their consistent effects on seed 
germination as well as growth of a variety of plant species 
(Farooq et al., 2007; Iqbal and Ashraf, 2013). Plants differ 
greatly in their tolerance of salinity, as reflected in their 
different growth responses. Of the cereals, rice (Oryza sativa), 
is the most sensitive and barley (Hordeum vulgare) is the most 
tolerant. Bread wheat (Triticum aestivum) is moderately 
tolerant and durum wheat (Triticum turgidum ssp.durum) is 
less (Munns and Tester, 2008). Some scientist (Bahrani and 
Pourreza, 2012 and Afrigan et al., 2013) also reported that the 
effect of GA3 on seed germination and seedling growth in crop 
plant under salt stress. 
 
Leaf Growth 
 
In cereals, the major effect of salinity on total leaf area is a 
reduction in the number of tillers; in dicotyledonous species, 
the major effect is the dramatic curtailing of the size of 
individual leaves or the number of branches. The decreased 
rate of leaf growth after an increase in soil salinity is primly 
due to the osmotic effect of the salt around the roots. A sudden 
increase in soil salinity causes leaf cells to lose water, but this 
loss of cells volume and turgor is transient (Munns and Tester, 
2008) have suggested that the effect of NaCl on leaf expansion 
and gibberellic acid on leaf elongation. The harmful influences 
of salinity on leaf number, also increase with the increase in 
concentration, according to the studies by (Raul et al., 2003; 
Jamil et al., 2005 and Gama, et al., 2007). Spraying these 
salinized plants with any of the phytohormones (GA3 or 
kinetin) mostly resulted in a marked increase in leaf area and 
the inhibitory effect of salinity stress was completely 
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ameliorated especially at the relatively low and moderate 
salinity level. It is worthy to mention that the values of leaf 
area was higher than control untreated plants in wheat plant 
treated with either gibberellic acid  or kinetin at 0.9 MPa (Abd 
El-Samad and Shaddad, 2013).  
 
Photosynthesis and chlorophyll content 
 
The rate of photosynthesis per unit leaf area in salt-treated 
plants is often unchanged, even though stomatal conductance 
is reduced. This antilogy is explained by the change in cell 
anatomy describe above that give rise to smaller, thicker leaves 
and result in a higher chloroplast per unit leaf area. The most 
dramatic and easily measurable whole plant response to 
salinity is a decreased in stomatal aperture. Salinity affects 
stomatal conductance immediately. In any case, the reduction 
in leaf area due to salinity means that photosynthesis per plant 
is always reduced (Munns and Tester, 2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The reasons of decreased photosynthetic rate might be 
attributed to the fall on chlorophyll contents, stomatal closure, 
transpiration and CO2 assimilation by leaf tissue and finally 
plant growth (Misra et al., 2002 and Tardieu, 2005). Iqbal          
et al. (2011) reported that the GA3 are found to enhance 
photosynthetic rate and invertase activity under salt stress. The 
photosynthetic rate significantly differed in the interaction of 
variety x salinity x gibberellic acid. 

 

 
In present review, the chlorophyll contents significantly 
decreased under elevated salt stress, as the chlorophyll 
contents are sensitive to salt exposure and a reduction in 
chlorophyll levels due to salt stress has been reported in 
several plants, Such as wheat (Ashraf et al., 2002), rice 
(Anuradha and Rao, 2003). El-Tayeb, (2005) fount that 
chlorophyll a, b and carotenoids decreased significantly in 
NaCl treated plants in comparison to control of barley plant. 
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Fig. Diagram showing the processes of inhibition of growth under salt stress condition 

 



Schutz and Fangmeir, (2001) have suggested that the reduction 
of chlorophyll due to stress is related to the increase of 
production of free oxygen radical in the cell. Chlorophyll a 
content positively responded to gibberellin foliar application 
and increased. Iqbal et al. (2006) had reported that the maize, 
wheat and cotton plant there was asignificant decrease in 
pigment content at all salinity level. It is adopted the view that 
osmotically increased water stress enhances the decay of 
chlorophyll. The inhibitory effect of gibberellin on chlorophyll 
catabolism might be partly due to the down regulation of the 
activities of enzymes involved in chlorophyll catabolism and 
the alleviation of oxidation chlorophyll bleaching (Li et al., 
2010). Radi et al. (1989) argued that in maize, chlorophylls 
(a+b) and carotenoidsgo up due to salinity stress but 
gibberellic acid caused a further rise in those pigments. Zeid, 
(2011) reported an alleviation of adverse effect of salinity on 
chlorophyll in barley with gibberellic acid treatment. 
 
Alleviating effect of Ga3 on proline accumulation under salt 
stress 
 
Salinity stress has a significant effect on proline content. 
Proline can protect plants from stress through different 
mechanisms, including osmotic adjustment, protection of 
membrane integrity and stabilization of proteins (Ozden et al., 
2009). For alleviation of harmful effect of salinity stress, 
several strategies have been adopted and efforts are made to 
explore mechanisms for salinity tolerance. The accumulation 
of compatible compound (osmolytes), proline is related to the 
improvement of plant tolerance to salt because of its ability to 
overcome osmotiv and water stress and maintain nutrients 
homeostasis (Nazar et al., 2011 and Khan et al., 2012). Proline 
plays a protective function against salinity in plants. Proline 
synthesis in plants occurs mainly from glutamate. 
Alternatively, proline can also be synthesized from ornithine, 
which is transaminated first by ornithine-delta-aminotransferse 
(OAT) producing GSA and pyrroline-5-carboxylate (P5C) and 
then converted to proline (Kishor et al., 2005; Verbruggen and 
Hermans, 2008).The accumulation of free proline under 
salinity stress as reported in Triticum aestivum (Ashfaque               
et al., 2014). Goudarzi and Pakniyat, (2009) had reported that 
proline content in Triticum aestivum palnts in the response of 
salinity could be used to select tolerante and susceptible 
genotypes.  
 
This enhanced accumulation of proline may representa major 
biochemical adaptation in plants osmotic adjustment (Siddiqii 
et al., 2008) and Alia and Gahiza, (2007) have found that GA 
treatments reduced the proline accumulation in salinity 
stressed Zea mays and Anabaena plants, respectively. 
Osmotica like proline, betaine and nitrate has some alleviating 
effect at highest salinity treatmebt.Thiourea, however 
significantly alleviated seed germination in all salinity 
treatment. The rate of germination was significantly increased 
by the treatment of gibberellic acid  (Gul and Khan, 2003).It 
has been reported that elevated N levels increase endogenous 
proline content (Jang et al., 2008). Tuna et al. (2008) reported 
that foliar application of GA3 increased proline content which 
counteracted some of the adverse effects of salinity by 
maintaining membrane permeability and increasing macro and 
micronutrient levels.  

Proline and gibberellic acid plays important role in alleviating 
salt stress in crops plants (Iqbal et al., 2014). 
 
Alleviating effect of ga3 on mineral nutrition in cereal crops 
under salt stress 
 
Mineral nutrients have shown promising potential in 
alleviation of salt stress. Sulfur (S) is the fourth major essential 
nutrient element sfter nitrogen (N), phosphorus (P) and 
potassium (K) that plays an important role in stress tolerance in 
plants. It also plays an important role in improving K+ /Na+ 

selectivity to increase the capability of calcium ions (Ca+2) and 
to decrease the induced injurious effects of Na+ ions (Fatma             
et al., 2013). Gibberellic acid treatment enhanced the 
accumulation of Na+ and Cl- in both shoots and roots of wheat 
plants under salt stress. It also caused a significant increase in 
photosynthetic capacity in both line at the vegetative stage 
under both saline and non-saline media. Interactive effect of  
gibberellic acid  and salt stress on growth, ions accumulation 
and photosynthetic capacity of two spring wheat (Triticum 
aestivum L.) cultivars differing in salt tolerance (Ashraf et al., 
2002). Salt stress only slightly influenced accumulations of 
Na+,K+, Na+/K+ ratio, Cl- and ammonia cal nitrogen in young 
leaves, but strongly stimulated their accumulation in old  
leaves. Salt stress reduced NO3

- contents in both old and young 
leave, with reduction in young leaves greater than old leaves of 
rice (Wang et al., 2012). 
 
Hamdia (1994) show that salinity stress affected growth, the 
chlorophylls contents, saccharides nitrogen content and some 
minerals (Na+,K+,Ca+,Mg++, and P) in cucumber plants 
(cucumissativus). Shaddad et al. (2006) show that cv. Giza 168 
was more salt tolerant and cv. Sohag was salt sensitive even at 
low salinity levels. There is a difference in growth criteria of 
the two wheat cultivars were mirrored by evident variations in 
absorption and distribution of Na+ and K+ among the different 
organs of the two wheat cultivars. Studies indicate that GA 
increases the use efficiency of nutrients. Eid and Abou-Leila 
(2006) reported that GA3 treatment increased the N, P, K, Mg, 
Fe, Zn, Mn and Cu content, there increasing the mineral 
nutrient status of the plant. Gibberellic treatment increased the 
minerals nutrient levels of Vigna unguiculata roots and shoots 
46.  
 
Acknowledgement 
 
Authors wish to express their sincere thanks to Dr. Nikhil 
Rastogi, Director, School of science IFTM, University. It is 
also genuine pleasure to express our deep sense of thank and 
gratitude to Dr. J.S. Verma, Senior Scientist of Plant Breeding 
from G.B. Pant University of Agriculture and Technology. His 
timely advice, meticulous scrutiny and scholarly advice have 
helped us to a very great extent to accomplish this article. 
 

REFERENCES 
 
Abari, A.K., Nasr, M.H., Hojjati, M. and Bayat, D. 2011. Salt 

effects on seed germination and seedling emergence of two 
Acacia species. African J. Plant Sci., 5: 52-56. 

Abd El-Samad, H.M. and Shaddad, M.A.K. 2013. The 
exogenous amelioration roles of growth regulatorson crop 

22281                                         Anju Chauhan and Ashok Kumar. The role of gibberellic acid in alleviating salt stress in cereal crops 
 



plants grow under different osmotic potential. J of Stress 
Physiology and Biochemistry, Vol. 10(1):203-213. 

Afrigan, A., Javdani, Z., Jahantab, E., Jahanbin, R. and Bahari, 
A.A. 2013. The effect of plant hormones gibberellic acid 
on germination indices Secale montanum in vitro and pot 
experiment under drought condition. Annals of Biology 
Research, 4(6):1-9. 

Afzal, I., Basra, S. and Iqbal, A. 2005. The effect of seed 
soaking withplant growth regulators on seedling vigor of 
wheat under salinity stress. J Stress Physiology 
Biochemistry, 1(1):6-14. 

Afzal, I., Basra, S.M.A. and Ahmad, N. 2011. Hormonal 
priming induces salt tolerance in wheat through enhanced 
antioxidant defence system. Cereal Res Comm., 39:334-
342. 

Afzal, I., Butt, A., Rehman, H.U., Basra, S.M.A. and Afza, 
I.A. 2012. Alleviation of salt stress in fine aromatic rice by 
seed priming. Aust. J. Crop Sci., 6(10): 1401-1407. 

Akbarimoghaddam, H., Galavi, M., Ghanbari, N. and 
Panjehkeh, N. 2011. Salinity effects on seed germination 
and seedling growth of bread wheat cultivars. Trakia J. 
Sci., 9: 43- 50. 

Alia, E.A. and Gahiza, I.A. 2007. Accumulation of amino 
acids in Anabaena oryzae in response to sodium chloride 
salinity. Journal of Applied Sciences Research, 3:263–266. 

Anbumalarmathi, J. and Mehta, P. 2013. Effect of salt stress on 
germination of indica rice varieties. EJBS, 1(2). 

Anuradha, S. and Rao, S.S.R. 2001. Effect of brassinosteroids 
on salinity stress induced inhibition of seed germination 
and seedling growth of rice (Oryza sativa L.). Plant 
Growth Regul, 33: 151-153. 

Anuradha, S. and Rao, S.S.R. 2003. Application of 
brassinosteroids to rice seeds (Oryza sativa L.) reduced the 
impact of salt stress on growth, prevented photosynthetic 
pigment loss and increased nitrate reductase activity. Plant 
Growth Regulation, 40(1);29-32. 

Archard, P., Cheng, H., Grauwe, L.D., Decat, J., Schoutteten, 
H., Moritz, T., Dominique, V.D.S., Peng, J. and Harberd, 
N.P. 2006. Integration of plant responses to 
environmentally activated phytohormonal signals. Science, 
311: 91-94. 

Ashfaque, F., Khan, M.I.R. and Khan, N.A. 2014. 
Exogenously applied H2O2 promotes  proline 
accumulation, water relations, photosynthetic fficiency and 
growth of wheat (Triticum aestivum L.) under salt stress. 
Annual Research and Review in Biology, 4:105–120. 

Ashraf, M. and Harris, P.J.C. 2004. Potential biochemical 
indicators of salinity tolerance in plant. Plant Sci., 166: 3-
16. 

Ashraf, M., Athar, H.R., Harris, P.J.C. and Kwon, T.R. 2008. 
Some prospective strategies for improving crop salt 
tolerance. Adv. Agron., 97:45-110. 

Ashraf, M., Karim, F. and Rasul, E. 2002. Interactive effects of 
gibberellic acid (GA3) and salt stress on growth, ion 
accumulation and photosynthetic capacity of two spring 
wheat (Triticum aestivum L.)cultivars differing in salt 
tolerance.  Plant Growth Regulation, 36(1):49-59. 

Ashraf, M.Y., Sarwar, G., Ashraf, M., Afaf, R. and Sattar, A. 
2002. Salinity induced changes in α-amylase activity 
during germination and early cotton seedling growth. Biol, 
Plantarum., 45: 589-591. 

Bahrani, A. and Pourreza, J. 2012. Gibberellic acid and 
Salicylic acid effects on seed germination and  seedling 
growth growth of wheat (Triticum aestivum L.) under salt 
stress. World applied Sciences J., 18(5):633-641. 

Banyal, S. and Rai, V.K. 1983. Reversal of osmotic stress 
effects by gibberellic acid in Brassica campestris. Recovery 
of hypocotyl growth, protein and RNA levels in the 
presence of GA. Physiologia Plantarum., 59, 111–114. 

Basalah, M.O. and Mohammad, S. 1999. Effect of salinity and 
plant growth regulators on seed germination of Medicago 
sativa L. Pakistan J. Biol. Sci., 2: 651-653. 

Begum, F., Karmoker, J.L. Fattah, Q.A. and Moniruzzaman, 
A.F.M. 1992. The effect of salinity on germination and its 
correlation with K+ , Na+ , Cl- accumulation in germinating 
seeds of Triticum aestivum L. cv. Akbar. Plant Cell 
Physiol., 33: 1009-1014. 

Dadkhah, A. 2011. Effect of salinity on growth and leaf 
photosynthesis of two sugar wheat cultivars. J. of 
Agricultural Science and Technology, 13: 1001-1012. 

Dajic, Z. 2006. Salt stress. In: Madhava Rao KV, Raghavendra 
AS, Janardhan Reddy K (ed) Physiology and molecular 
biology of salt tolerance in plant. Springer, Netherlands, pp 
41–99. 

Dash, M. and Panda, S.K. 2001. Salt stress induced changes in 
growth and enzyme activities in germinating Phaseolus 
muingo seeds. Biol. Plantarum., 44:587-589. 

Datta, K.S., Varma, S.K., Angrish, R., Kumar, B. and Kumari, 
P. 1998. Alleviation ofsalt stress by plant growth regulators 
in Triticum aestivum L. Biol Plant 40:269-275. 

Duan, J., Li, J., Guo, S. and Kang, Y. 2008. Exogenous 
spermidine affects polyamine metabolism in salinity-
stressed Cucumis sativus roots and enhances short-term 
salinity tolerance. J. Plant Physiol., 165:1620-1635. 

Eid, R. A. and Abou-Leila, B.H. 2006. Response of croton 
plants to gibberellic acid, benzyl adenine and ascorbic acid 
application. World J. Agric. Sci., 2:174–179. 

El-Tayeb, M.A. 2005. Response of barley grains to the 
interactive effect of salinity and salicylic acid. Plant 
Growth Regulation, 45(3):215-224. 

Farooq, M., Basra, S.M.A., Hussain, M., Rehman, H. and 
Saleem, B.A. 2007. Incorporation of polyamines in the 
priming  media  enhances  the  germination and  early 
seedling growth in hybrid  sunflower (Helianthus annuus 
L.). Int. J. Agr. Biol., 9:868-872. 

Fatma, M., Khan, M.I.R., Masood, A. and Khan, N.A. 2013. 
Coordinate Changes in Assimilatory Sulfate Reduction are 
Correlated to Salt Tolerance: Involvement of 
Phytohormones. Annual Review and Research in Biology, 
3(3): 267-295. 

Gama, P.B.S., Inanaga, S., Tanaka, K. and Nakazawa, R. 2007. 
Physiological response of commom bean (Phaseolus 
vulgaris L.) seedling to salinity stress. Afr. J. Biotechnol., 
6(2):79-88. 

Goudarzi, M. and Pakniyat, H. 2009. Salinity causes increase 
in proline and protein contents and peroxidase activity in 
wheat cultivars. J. of Applied Science, 9:348-353. 

Gul, B. and Khan, M.A. 2003. Effect of growth regulators and 
Osmotica in alleviating salinity effect on the germination of 
Salicornla uthahensis. Pak. J. Bot., 35(5):877-886. 

Gul, B., Khan, M.A. and Weber, D.J. 2000. Alleviation salinity 
and darkenforced dormancy in Allenrolfea occidentalis 

22282                                       International Journal of Current Research, Vol. 7, Issue, 11, pp.22278-22284, November, 2015 
 



seed under various thermoperiods. Aust. J. Bot., 48:745-
752. 

Hamdia, M.A. 1994. The effect of NaCl salinity and  sodium 
pyruvate on growth of cucumber plant cells of Commelina 
communis L. Nature, 271:652-654. 

Hisamatsu, T., Koshioka, M., Kubota, S., Fujime, Y., King, 
R.W. and Mander, L.N.. 2000. The role of gibberellin in 
the control of growth and flowering in Matthiola incana. 
Physiol. Plantarum,109: 97-105. 

Iqbal, M. and Ashraf, M. 2013. Gibberellic acid mediated 
induction of salt tolerance in wheat plants: Growth, ionic 
partitioning,photosynthesis, yield and hormonal 
homeostasis. Environ. Exp. Bot., 86:76-85. 

Iqbal, M., Ashraf, M.  and  Jamil, A. 2006. Seed enhancement 
with cytokinins: changes in growth and grain yield in salt 
stressed wheat plants. Plant Growth Regul 50:29-39. 

Iqbal, N., Nazar, R., Khan, M.K.R., Masood, A. and Khan, 
N.A. 2011. Role of gibberellins in regulation of source–
sink relations under optimal and limiting environmental 
conditions. Current Science, Vol.100:7-10.  

Iqbal, N., Umar, S., Khan, N.A. and Khan, M.Q.R. 2014. A 
new perspective of phytohormones in salinity 
tolerance:Regulation of proline metabolism. Environmental 
and Experimental Botany, 100:34-42. 

Jamil M., Lee, K.B., Jung, K.Y., Lee, D.B., Han, M.S. and 
Rha, E.S. 2007. Salt stress inhibits germination and early 
seedling growth in cabbage (Brassica oleracea capitata 
L.). Pakistan J. Biol. Sci., 10: 910-914. 

Jamil, M., Lee, C.C., Rehman, S.U., Lee, D.B., Ashraf, M.  
and Rha, E.S. 2005. Salinity (NaCl) tolerance of Brassica 
species at germination and early seedling growth. 
Electronic J. Environ.Agric. Food Chem., ISSN 1579-437. 

Jang, S.W., Hamayun, M., Sohn, E.Y., Shin, D.H., Kim, K.U., 
Lee, B.H. and Lee, I.J. 2008. Effect of elevated nitrogen 
levels on endogenous gibberellin and jasmonic acid 
contentsof three rice (Oryza satava L.) cultivars. J of Soil 
Science and Plant Nutrition, 171:181-186. 

Javid, M.G., Sorooshzadeh, A., Moradi, F., Sanavy, S. and 
Allahdadi, I. 2011. The role of phytohormones in 
alleviating salt stress in crop plants. Aust. J. of Crop Sci., 
5(6);726-734. 

Kaur, S., Gupta, A.K. and Kaur, N. 1998. Gibberellin GA3 

reverses the effect of salt stress in chickpea (Cicer 
arietinum L.) seedling by enhancing amylase activity and 
mobilization of starch in cotyledons. Plant Growth Regul., 
26:85-90. 

Kaveh, H., Nemati, H., Farsi, M. and Jartoodeh, S.V. 2011. 
How salinity affect germination and emergence of tomato 
lines. J. Biol. Environ. Sci, 5: 159-163. 

kaymakanova, M. 2009. Effect of salinity on germination and 
seed physiology in bean (Phaseolus vulgaris L.). 
Biotechnol. and Biotechnol, 23:1310-2818. 

Khan, M.A. and Weber, D.J. 1986.  Factors influencing seed 
germination in Salicomia pavifica var utahensis. Am. J. 
Bot., 73:1163-1167. 

Khan, M.A., Gul, B. and Weber, D.J. 2001. Seed germination 
characteristics of Halogeton glomratus. Can. J. Bot., 
79:1189-1194. 

Khan, M.A., Gul, B. and Weber, D.J. 2004. Action of plant 
growth regulators and salinity on seed germination of 
Ceratoides lanata. Can. J. Bot., 82:37-42. 

Khan, M.I.R., Iqbal, N., Masood, A. and Khan, N.A. 
2012.Variation in salt tolerance of wheat cultivars: role of 
glycinebetaine and ethylene. Pedosphere, 22, 746–754. 

Kishor, P.B.K., Sangam, S., Amrutha, R.N., Laxmi, P.S., 
Naidu, K.R., Rao, K.R.S.S., Rao, S., Reddy, K.J., 
Theriappan, P. and Sreenivasulu, N. 2005. Regulation of 
proline biosynthesis, degradation, uptake and transport in 
higher plants: its implications in plant growth and abiotic 
stress tolerance. Current Science, 88: 424–438. 

Kitajima, K. and Fenner, M. 2000. Ecology of seedling 
regeneration. J. Plant Cell Environ., 25:239-250. 

Kumar, A., Bahadur, B. and Sharma, B.K. 1988. Influence of 
salts on the germination and seedling growth of Hordeum 
valgare L. Ann. Arid zone, 27: 65-66. 

Lambers, H. 2003. Dryland salinity: a key environmental issue 
in southem Australia. Plant Soil, 218:5-7. 

Lehmann, J., Atzorn, R., Bruckner, C., Reinbothe, S., Leopold, 
J., Wasternack, C. and   Parthier, B. 1995. Accumulation of 
jasmonate, abscisic acid, specific transcripts and proteins in 
osmotically stressed barley leaf segments. Planta, 197: 
156-162. 

Li, J.R., Yu, K., Wei, J.R., Ma, Q., Wang, B.Q. and Yu, D. 
2010. Gibberellin retards chlorophyll degradation during 
senescence of pairs polyphylla. Biologia Plantarum 
54(2):395-399. 

Li, Z.K. and Xu, J.L. 2007. Breeding for drought and salt 
tolerant rice (Oryza sativa L.) progress and perspectives. In 
advance in molecular breeding towards drought and salt 
tolerant crops (Jenks MA, Hasegawa PM, Jain SM eds). 
Dordrecht, The Netherlands: Springer pp. 531-564. 

Magome, H., Yamaguchi, S., Hanada, A., Kamiya, Y. and 
Odadoi, K. 2004. Dwarf and delayed-flowering 1, a novel 
Arabidopsis mutant deficient in gibberellins biosynthesis 
because of over expression of a putative AP2 transcription 
factor. Plant J., 37: 720-729. 

McConn, M., Creelman, R.A., Bell, F., Mullet, J.E. and 
Browse, J. 1997. Jasmonate is essential for insect defense 
in Arabidopsis. Proc. Natl. Acad. Sci., USA 94: 5473-5477. 

Misra, A.N, Biswal, A.K. and Misra, M. 2002. Physiology , 
biochemical and molecular aspects of water stress response 
in plants and the biotechnological application. Proc. Natl. 
Acad. Sci., 72:115-134. 

Misratia, K.M., Ismail, M.R., Hakim, M.A., Musa, M.H. and 
Adam, P. 2013. Effect of salinity and alleviating of 
gibberelliv acid (GA3) for improving the morphological, 
physiological and yield traits of rice varieties. Aust. J. of 
Crop Sci., 7(11);1682-1692. 

Munns, R and Termaat, A. 1986. Whole the plant response to 
the salinity. Australian J. of Plant Physiology, 13(1): 143-
160. 

Munns, R. and Tester, M. 2008. Mechanisms of salinity 
tolerance. Annu. Rev. Plant Biol., 59: 651-681. 

Naqvi, S.S. 1999. Plant hormones and stress phenomena. In: 
Handbook of Plant and Crop Stress. Ed.M. Pessarakli, 
Marcel Dakker, New York. Pp 709-730. 

Nazar, R., Iqbal, N. Syeed, S. and Khan, N.A. 2011. Salicylic 
acid alleviates decreases in photosynthesis under salt stress 
by enhancing nitrogen and sulfur assimilation and 
antioxidant metabolism differentially in two mungbean 
cultivars. J. of Plant Physiology, 168:807–815. 

22283                                         Anju Chauhan and Ashok Kumar. The role of gibberellic acid in alleviating salt stress in cereal crops 
 



Ozden, M., Niaz, M. Rahman, S.U. and Asif, M. 2009. Effect 
of proline on antioxidant system in leaves of grapevine 
(Vitis vinifera L.) exposedto oxidative stress by H2O2 . 
Scientia Horticulture, 119:163-16. 

Parasher, A. and Varma, S.K. 1988. Effect of pre-sowing seed 
soaking in gibberellic acid on growth of wheat (Triticum 
aestivum L.) under different saline conditions. Indian J. 
Biol. Sci., 26:473-475. 

Prakash, L. and Prathapasenan, G. 1990. NaCl and gibberellic 
acid induced changes in the content of auxin, the activity of 
cellulose and pectin lyase during leaf growth in rice (Oryza 
sativa). Ann Bot., 365: 251-257. 

Queiroz, S.P. and Nakagawa, J. 1992. Salinity effects on the 
germination of rice seeds. Cientifica Jaboticabal., 20: 43-
50. 

Radi, A.F., Shaddad, M.A., Abdel-Rahman, A.M. and Azooz, 
M.M. 1989. Physiological effect of ascorbic acid and 
pyridoxine on Lupinus termis and Vicia faba  plants growth 
in salinized soils. Changes in carbohydrates and nitrogen 
metabolism. Sohag Pure Appl. Sci. Bull Fac. Sci., 5:161-
181. 

Raul, L., Andres, O., Armada, L., Bernardo, M. and Enrique, 
T. 2003. Response to salinity of three grain legumes for 
potential cultivation in arid area (Plant nutrition). Soil Sci. 
Plant Nutr., 49(3):329-336. 

Sastry, E.V.D. and Shekhawa, K.S. 2001. Alleviatory effect of 
GA3 on the effect of salt at seedling stage in wheat 
(Triticum aestivum). Indian J. Agric. Res., 35;226-231. 

Schutz, M. and Fangmeir, E. 2001. Growth and yield response 
of spring wheat (Triticum aestivum L. cv. Minaret) to 
elevated CO2 and water limition. Environmental Pollition, 
114(2):187-194. 

Seckin, B., Sekmen, A.H. and Turkan, I. 2009. An enhancing 
effect of exogenous mannitol on the antioxidant enzyme 
activities in roots of wheat under salt stress. J. Plant 
Growth Regul., 28:12-20. 

Shaddad, M.A., Hamdia, M.A. and Doaa, M.M. 2006. 
Interaction effect of salinity and GA3 on growth K+/Na+ 

ratio, antioxidant enzyme and salt stress. Environmental 
and Experimental Botany, 59:173-178. 

Shaddad, M.A.K., Abd El-Samad, H.M. and Mostafa, D. 2013. 
Role of Gibberellic acid (GA3) in improving salt stress 
tolerance of twowheat cultivars. International J. of Plant 
Physiology and Biochemistry, 5(4):50-57. 

Shannon, M.C. 1998. Adaptation of plant to salinity. Adv 
Agron., 60:76-120.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Shannon, M.C., Grieve, C.M. and Francois, L.E. 1994. Whole 
plant responseto salinity. In “ Plant- Environmental 
interaction”(R.E. Wilkinson, Ed.), pp. 199-244. Dekker, 
New York. 

Siddiqui, M.H., Mohammad, F., Khan, M.N. and Khan, 
M.M.A. 2008. Role of nitrogen and gibberellic acid (GA3) 
in the regulation of enzyme activities and in 
osmoprotectant accumulation in Brassica juncea L. under 
salt stress. J. of Agronomy and Crop Science, 194(3): 214–
224. 

Tabur, S. and Demir, K. 2010. Role of some growth regulators 
on cytogenetic activity of barley under salt stress. Plant 
Growth Regul., 60: 99-104. 

Tardieu, F. 2005. Plant tolerance to water deficit physical 
limits and possibilitiesfor progress. Geo Sci., 337:57-67. 

Tipirdamaz, R., Durusoy, M. and Bozcuk, S. 1995. Effect of 
exogenous polyamines on a-amylase activity during seed 
germination under salt stress. Turk. J. Bot., 19:411-416. 

Tuna, A.L., Kaya, C., Dikilitas, M. and Higgs, D.E.B. 2008.  
The combined effects of gibberellic acid and salinity on 
some antioxidant enzyme activity, plant growth parameter 
and nutritional status in maize plant. Environment and 
Experimental Botany, 62:1-9. 

Van, H.R., Ozga, J.A. and Reinecke, D.M. 1997. Seed and 
hormonal regulation of gibberellins 20-oxidase in pea 
pericarp. Plant Physiol., 115: 123-128. 

Verbruggen, N. and Hermans, C. 2008. Proline accumulation 
in plants: a review. Amino Acids, 35: 753–759. 

Wahid, A., Perveen, M., Gelani, S. and Basra, S.M.A. 2007. 
Pretreatment of seed with H2O2 improves salt tolerance of 
wheat seedlings by alleviation of oxidative damage and 
expression of stress proteins. J Plant Physiol., 164:283-
294. 

Wang, H., Zhang, M., Guo, R., Shi, D., Liu, B., Lin, X. and 
Yang, C. 2012. Effect of salt stress on ion balance and 
nitrogen metabolism of old and young leaves in rice (Oryza 
sativa L.). BMC Plant Biol., 12:194. 

Zeid, I.M. 2011. Alleviation of sea water stress during 
germination and early growth of barley. International J.  of 
Agriculture, 1(2):59-67. 

Zhang, H., Irving, L.J., McGill, C., Matthew, C., Zhou, D. and 
Kemp, P. 2010. The effects of salinity and osmotic stress 
on barley germination rate: sodium as an osmotic regulator. 
Ann. Bot., 106: 1027-1035. 

 
 
 

******* 

22284                                       International Journal of Current Research, Vol. 7, Issue, 11, pp.22278-22284, November, 2015 
 


