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ABSTRACT 	
The castor bean (Ricinus communis L.) is an oilseed that produces excellent oil, it qualifies as important crop for 

energetic security. Salinity is one of the most environmental factors that affects different development stages of plants, especially germination 
stage. The objective of the research was to characterize the deleterious effects of salinity on seed germination and seedling growth of castor 
bean. The present study shows the effects of NaCl stress on seed germination and seedling growth of four castor bean cultivars (DSP-222, DSP- 
555, GCH-4 and GCH-7) at different levels. For this purpose, seeds of castor were grown in sand culture and treated with aqueous solutions 
of different salinities which were prepared by dissolving the salt of NaCl. (25, 50 and 75mM) and distilled water was used as a control. Traits 
such as germination percentage, length of shoot and root, fresh and dry weight of seedling and seedling vigour index (SVI) were evaluated. 
The analysis of variance (ANOVA) showed that NaCl stress had significant effects on germination percentage, shoot length, root length, fresh 
and dry weight of seedling at different salinity levels. It is evident from the experiment that cv. DSP 555 showed higher germination % and 
seedling growth at all salinity levels as compared to control.

INTRODUCTION
Castor is a cross-pollinated diploid (2n = 2x = 20) plant belong-
ing to the family Euphorbiaceae and genus Ricinus. Castor grows 
as an indeterminate annual or perennial depending on climate 
and soil types in tropical, sub-tropical and warm temperate re-
gions in the world (Damodaram and Hegde, 2010). The world 
castor area and product are 1.26 million hectares and 1.14 mil-
lion tonnes respectively, with a productivity level of 9.2 t/ha. 
In India it is grown in kharif season in about 7.9 lakh hectares  
with a production of 10.5 lakh tonnes and productivity of 1,339 
kg/ha (FAO 2008). Many phytochemicals found in the plant tis-
sue and seeds of castor have potential medicinal uses (Morris, 
2004). Castor oil has been primarily used as purgative or laxative 
in traditional medicine to counter constipation, but the com-
mercial interest in castor bean is mainly increasing because its 
seeds contain high amounts of a unique oil consisting of up to 
94% of the fatty acid ricinoleic acid (12-hydroxy-cis-9-octadece-
noic acid) (Scarpa and Guerci, 1982; Gong et al., 2005).  

Salinity is a source of environmental stress on the seeds of vari-
ous species, including castor bean (Severino et al., 2012). Castor 
bean is grown in most part of semiarid regions where salinity 
stress may affect germination and plant growth intensively (Pin-
heiro et al., 2008). High salinity in irrigation water or soil is a 
common environmental problem affecting seed germination and 
plant growth. Salinity in fact causes both hyper-osmotic stress 
and hyper-ionic toxic impacts and the consequence can be 
plant demise (Hasegawa, 2000). Salinity stress involves changes 
in various physiological and metabolic processes, depending on 
severity and duration of the stress, and ultimately inhibits crop 
production. Salt stress induces reactive oxygen species (ROS) 
production and leads to oxidative damages. These toxic oxygen 
species may react with macromolecules and lipid components of 
membranes causing damage through lipid peroxidation result-
ing in increased permeability of the membrane and shows ad-
verse effect on plants (Singh, 2004). 

 Germination is the first stage and one of the important and 
sensitive stages of the plant life cycle. It is important process 
in seedling growth (De Villiers et al., 1994). Seed germination is 
also severely affected by salinity (Sholi, 2012). Increased salinity 
caused a significant reduction in germination percentage, ger-
mination rate, root and shoots length and fresh root and shoots 
weights (Jamil et al., 2006). 

Under salt stress, the plant increases the external osmotic pres-
sure and as soon it increases, the shoot growth rate and new 
buds emergence significantly declines as well as the shoot dry 
shoot weight is reduced (Munns and Termaat, 1986; Dadkhah, 
2011). Salinity is responsible for delayed seed germination and 
establishment of seedlings (Bybordi and Tabatabaei, 2009) 
Growth and production of castor were also inhibited by high sa-
linity (Na) in the either the irrigation water or in the soil (Silva 
et al., 2008). 

Great effort has been devoted to overcome the deleterious ef-
fects of salinity on plant. The objective of this research was to 
determine the effects of salinity on seed germination, seedling 
growth by seeds of castor bean cultivars during seed germina-
tion at various concentrations of NaCl, and selection of saline 
tolerant cultivars for breeding programs.

Materials and methods
The pure line seeds of four cultivars of castor bean (Ricinus com-
munis L.) were collected from the Dantiwada Seeds PVT. LTD. 
Ahmedabad (Gujarat) and Navbharat Seeds PVT. LTD. Near 
Gujarat Vidyapith, Ashram Road, Ahmedabad (Gujarat), for the 
experimentation to test their salt tolerance at germination and 
early seedling growth stage. The following varieties were collect-
ed for present investigation:

Table-1

S. No. Varities Seeds Company

1 DSP-222 Dantiwada Seeds PVT. LTD. Ahmedabad 
(Gujarat) 

2 DSP-555 Dantiwada Seeds PVT. LTD. Ahmedabad 
(Gujarat)

3 GCH-4 Navbharat Seeds PVT. LTD. Ahmedabad 
(Gujarat)

4 GCH-7 Navbharat Seeds PVT. LTD. Ahmedabad 
(Gujarat)

Sand culture experiment was conducted to test the salinity tol-
erance of 4 genotype of castor bean. Plastic pots, which were 
used in the present experiment, were thoroughly cleaned with 
detergent and then washed repeatedly with deionized water. The 
sand was sterilized in hot air oven 70 0C for 18- 36 hours. Five 
seeds were kept at equidistance in each plastic pots filled with 
sand and moistened with 300 ml of aqueous solution of differ-



IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 105 

Volume : 4 | Issue : 11 | November 2015 • ISSN No 2277 - 8179
Research Paper

ent salinity level. The distilled water was used as control. Saline 
solutions of different concentration viz. 0, 25, 50 and 75mM were 
prepared by dissolving NaCl salt in distilled water.

The seeds were allowed to germinate at room temperature in 
day and night (35± 50C). This experiment was set up in a rand-
omized design with three replicates to eliminate the experimen-
tal errors. Water evaporated from the plastic pots was compen-
sated by suitable quantity of distilled water.

The observations on length, fresh and dry weight of root ad 
shoot were recorded at 10 days after germination (DAG). The dry 
weight of root and shoot was measured after keeping plant sam-
ples in hot air oven at (50-60)0C and 36 hours. For this purpose, 
the sample were collected following completely randomized de-
sign considering three replicates and the data were subjected to 
statistical analysis for the variance (ANOVA) by Microsoft Excel 
Software. A critical difference (CD) was constructed when F-Test 
indicated statistically significant differences between genotypes 
using the method described by Bruning and Kintz (1977) at 
P=0.05. Percent reduction (PR) due to salinity stress in relation 
to the non stressed environment was also determined for length, 
fresh and dry weight of root and shoot. Seedling vigor index 
(SVI) was determined by the formula given by Abdul-Baki & An-
derson (1973):

Seedling vigor index = Germination percent x (Shoot length + 
Root length).

Results and discussion
Effect of salinity on seed germination
The analysis of variance (ANOVA) showed that the percentage 
germination in all cultivars was significantly decreased with 
increasing salinity levels (25 to 75mM). The cultivar DSP-555 
showed minimum reduction (12-50%) in germination percent-
age. Present study shows that germination percentage of castor 
bean cultivars was inhibited strongly particularly at highest level 
(75mM) of salt concentration (Fig. a). The results are similar to 
those reported by other researchers (Jeannette et al., 2002; Sab-
oora and Kiarostami, 2006; Al-Taisan and Wafa, 2010; Dkhil and 
Denden, 2010; Sedghi et al., 2010; Sozharajan and Natarajan, 
2014; Wahid et al., 2014 and Mohammadizad et al., 2014). This 
decrease in growth due to a reason of too much accumulation of 
Na+ (McConnel et al., 2008).

NaCl is the predominant salt causing salinization and it is ex-
pected that plants have involved mechanisms to regulate its 
accumulation (Munns and Tester, 2008). Nacl affected seed ger-
mination by creating external osmotic potential which causes 
difficulties in absorption of the necessary water quantities for 
the germination process (Abdelly, 1992 and Xiao-Fang et al., 
2000). The salt treated seeds might developed osmotically en-
forced inhibition by salinity stress. It has been claimed that de-
crease in the water potential gradient between seeds and their 
surrounding media may be adversely affect the germination and 
subsequent metabolic events of seedling growth and develop-
ment (Afzali et al., 2006). Silva et al., 2005 also suggested that 
increasing salinity delayed germination and reduced total emer-
gence of castor seed. Lopes (2014) reported that the castor bean 
seeds had a reduction in germination percentage due to the de-
crease of Ψs, by the addition of NaCl in the solution of germina-
tion. 

Effect of salinity on castor bean shoot and root length (cm) 
In the present investigation there is regular decline in the root 
and shoot length, with increase in salinity levels. According to 
the Fig. b and c, the cultivars DSP-555 showed minimum re-
duction in shoot and root length (11-25% and 9-24%) at all lev-
els of salinity. The effects of salt applications on the shoot and 
root length of DSP-555, DSP-222, GCH-4 and GCH-7 cultivars 

were determined to be statistically significant. Present findings 
demonstrated that the root length is less affected than shoot. 
Our results are in agreement with (Gupta and srivastava, 1989 
and Neumann, 1995). Werner and Finkelstein (1995) reported 
that salt stress inhibits root and shoot elongation due to slow-
ing down water uptake by the plant. Djanaguiraman et al., 2003 
were also suggested that most of the seedling parameter viz., 
germination, root length, shoot length, vigour index and dry 
matter accumulation were reduced by NaCl solution. 

Effect of salt on fresh and dry weight of shoot and root  
Salt concentrations have differential effects on fresh and dry 
weight of shoot and root of all castor bean cultivars. It is cleared 
from graphs (Fig. d-g) that fresh and dry weights of shoot and 
root in all the cultivars were adversely affected by salinity. The 
cultivars DSP-555 showed minimum reduction in fresh weight 
of shoot and root (17-36% and 22-36%) at all levels of salinity. 
Similar pattern was also observed for dry weight of shoot and 
root. Minimum reduction (4-24% and 11-51%) was observed in 
cv. DSP-555. The cultivar DSP-555 was lesser affected than oth-
ers. The effects of salt applications on the fresh and dry shoot 
and root weights of DSP-555, DSP-222 and GCH-4 cultivars were 
determined to be (statistically) significant at 75mM NaCl level. 
The results are similar to those reported by researchers (Shan-
non and Grieve, 1999; Essa and AlAni, 2001; Akbarimoghaddam 
et al., 2011; Zani et al., 2012 and Agarwal et al., 2015). Giaveno et 
al., (2007) reported that salt treatments affected root and shoot 
fresh weight. Janmohammadi (2012) were also suggested that 
the salt sensitivity of castor bean plant under salt stress condi-
tions. This inhibition due to a lack of efficient activity of CAT 
and GPX probably lead to imperfect H2O2 scavenging.

 El-Bassiouny and Bekheta (2005) have shown that accumulation 
of ions in wheat plants grown in the presence of salt (14dS/cm) 
environment causes osmotic and pseudo-drought stresses lead-
ing to decrease of water absorption. The decrease of tissue water 
content resulted in reduction of cellular growth and develop-
ment. Therefore, restriction of water absorption was one of the 
most important causes of stem and root growth decrease

Effect of different salinity levels on seedling dry weight  
Seedling dry weight in all castor bean cultivars was decreased 
significantly with increasing salinity levels. The highest seed-
ling dry weight was found in the DSP-555 and lowest in GCH-
4 at all salinity levels (Fig. h). The rate of reduction in seedling 
dry weight at these levels of salinity (25 to 75mM) in compari-
son with the control ranges 7.21-35.91%, 9.27-37.47% and 12.29-
40.64% in DSP-555, DSP-222 and GCH-4 respectively. It is evident 
that cv. GCH-7 proved most sensitive and cv. DSP-555 proved 
tolerant to salinity in the terms of total seedling dry matter. Our 
results are also similar to the findings reported by Ashraf and 
Wahid, (2000) in corn, Rastegar and Kandi, (2011) in soybean 
and Hoque et al., (2014) in maize. Ashraf (2002) mentioned that 
the reduction in seedling fresh and dry weight is due to decreas-
ing water uptake by seedlings in salt stress presence. Moham-
edin et al., (2006) have also been reported that salinity induced 
water deficit hence the reduced the plant growth.

Effect of different salinity levels on seedling vigor index
Increasing salinity caused significant reduction in seedling vig-
or index as compared to control. The maximum seedling vigor 
index was observed in DSP-222 at control treatment and mini-
mum vigor index in GCH-7 at this level. In all four castor bean 
genotypes, seedling vigour index decreased with increasing sa-
linity levels (Fig. i). The cultivars DSP-555, DSP-222 and GCH-4 
showed gradual reduction in all salinity levels (25, 50 and 75mM) 
while in cultivar GCH-7, seedling vigor index drastically reduced 
at 25 and 50mM when it compared with control. Our results are 
in agreement with (Mensah et al., 2006; Ozturk, 2008; Belaqziz et 
al., 2009; Ghanavati and Sengul, 2010; Cokkizgin, 2012; Kandil et 
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al., 2012 and Yogita et al., 2014). Seedling vigour index is related 
to special impact of ions and reduction of environmental water 
potential in presence of salinity (Keshavarzi et al., 2011)  

CONCLUSION
It is concluded from the present findings that based on seedling 
dry weight and seedling vigor index, the DSP-555 variety is more 
tolerant rather than the other varieties.
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Fig.a. Effect of NaCl on Germination Percentage 

Fig.b. Effect of NaCl on Shoot Length

Fig. c. Effect of NaCl on Shoot Length 			 

Fig. d. Effect of NaCl on Fresh Weight ofShoot

Fig. e. Effect of NaCl on Fresh Weight of Root

Fig. f. Effect of NaCl on Dry Weight of Shoot

Fig. g. Effect of NaCl on Dry Weight of Root 

Fig. h. Effect of NaCl on Seedling Dry weight



IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 107 

Volume : 4 | Issue : 11 | November 2015 • ISSN No 2277 - 8179
Research Paper

REFERENCE
Abdelly, C. (1992). Réactions aux contraintes nutritionnelles des principales herbacées du tapis végétal aux bordures de sebkha. Thèse en Physiolo-
gie Végétale, Université Tunis II, Tunisie. | | Abdul-Baki, A.A. and Anderson, J.D. (1973). Vigor determination in soybean by multiple criteria. Crop 

Sci. 13: 630-633. | | Afzali, S.F., Hajabbasi, M.H., Shariatmadari, H., Razmjoo, K. and Khoshgoftarmanesh, A.H. (2006). Comparative adverse effects of PEG- or NaCl- induced osmotic 
stress on germination and early seedling growth of a potential medicinal plant Matricaria chamomilla. Pak. J. Bot. 38: 1709-1714. | | Agarwal, N., Kumar, A., Agarwal, S. and Singh, A. 
(2015). Evaluation of soybean (Glycine max L.) cultivars under salinity stress during early vegetative growth. Int. J. Curr. Microbiol. App. Sci. 4(2): 123-134. | | Akbarimoghaddam, H., 
Galavi, M., Ghanbari, A. and Panjehkeh, N. (2011). Salinity effects on seed germination and seedling growth of bread wheat cultivars. Trakia Journal of Sciences. 9(1): 43-50. | | Al-Tai-
san and Wafa, A. (2010). Comparative effects of drought and salt stress on germination and seedling growth of Pennisetum divisum. Journal of Applied Science. 7: 640-646. | | Ashraf, 
M. and Wahid, S. (2000). Time course changing in organic metabolites and mineral nutrients in germination maize seeds under salt (NaCl). Seed Sci. and Techn. 28: 641-656. | | 
Ashraf, M. (2002). Evaluation of genetic variation for improvement of salt tolerance in spring wheat. In: Ahmed, R. and Malik, K.A. (Eds.). Prospects for Saline Agriculture, Nether-
lands, Kluwer Academic Publisher. 131-137. | | Belaqziz, R., Romane, A. and Abbad, A. (2009). Salt stress effects on germination, growth and essential oil content of an endemic thyme 
species in Morocco (Thymus maroccanus Ball.). J. Applied Sci. Res. 5: 858-863. | | Bruning, J.L., Kintz, B.L. (1977). Computational handbook of statistics. Scott Foresman and Company, 
Oakland, N.J. | | Bybordi, A. and Tabatabaei, J. (2009). Effect of salinity stress on germination and seedling properties in canola cultivars (Brassica napus L.) Notulae Botanica Horti 
Agrobotanici Cluj-Napoca. 37: 71-76. | | Cokkizgin, A. (2012). Salinity stress in common bean (Phaseolus vulgaris L.) seed germination. Not Bot Horti Agrobo. 40(1): 177-182. | | Dad-
khah, A. (2011). Effect of salinity on growth and leaf photosynthesis of two sugar beet cultivars. Journal of Agricultural Science and Technology. 13: 1001-1012. | | Damodaram, T. and 
Hegde, D.M. (2010). Oilseeds situation: A statistical compendium. Directorate of Oilseeds Research, Hyderabad. | | De Villiers, A.J., Van Rooyrn, M.W., Theron, G.K. and Van Deventer, 
H.A. (1994). Germination of three namaqualand and pioneer species, as influenced by salinity, temperature and light. Seed Science and Technology. 22: 427-433. | | Djanaguiraman, M., 
Ramadass, R and Durga, D. (2003). Effect of salt stress on germination and seedling growth in rice genotypes. Madras Agricultural Journal. 90 (1-3): 50-53. | | Dkhil, B.B. and Denden, 
M. (2010). Salt stress induced changes in germination, sugars, starch and enzyme of carbohydrate metabolism in Abelmoschus esculentus L. moench seeds. African Journal of Agri-
culture and Research. 5: 408-415. | El-Bassiouny, H.M.S. and Bekheta, M.A. (2005). Effect of salt stress on relative water content, lipid peroxidation, polyamines, amino acids and ethyl-
ene of two wheat cultivars. International Journal of Agriculture and Biology. 7(3): 363-368. | | Essa, T.A. and AlAni, D.H. (2001). “Pakistan Journal of Biologicla Science”, 4, pp 175177. | | 
FAO (2008). FAO Land and plant nutrition Management Service. | | Ghanavati, M. and Sengul, S. (2010). Salinity effect on the germination and some chemical components of Matri-
caria spp. Asian J. Chem. 22: 859-866. |   | Giaveno, C.D., Ribeiro, R.V., Souza, G.M. and De Oliveira, R.F. (2007). Screening of tropical maize for salt stress tolerance. Crop Breeding and 
Applied Biotechnology. 7: 304-313. | | Gong, Q., Li, P., Ma, S., Indu Rupassara, S. and Bohnert, H.J. (2005). Salinity stress adaptation competence in the extremophile thellungiella hal-
ophila in comparison with its relative Arabidopsis thaliana. Plant J. 44(5): 826-839. | | Gupta, S.C. and Srivastava, C.P. (1989). Effect of salt stress on morphophysiologiocal parameters 
in wheat (Triticum aestivum L.). Indian J. Plant Physiol. 2: 169-171. | | Hasegawa, P.M., Bressan, R.A., Zhu, J.K. and Bohnert, H.J. (2000). Plant cellular and molecular | responses to high 
salinity. Annual Review of Plant Physiolgy and Plant Molecular Biology 51: 463-499. | | Hoque, M.M.I., Jun, Z. and Guoying, W. (2014). Impact of salinity stress on seed germination in-
dices of maiz (Zea mays L.) genotypes. Kragujevac J. Sci. 36: 155-166. | | Janmohammadi, M., Abbasi, A. and Sabaghnia, N. (2012). Influence of NaCl treatments on growth and bio-
chemical parameters of castor bean (Ricinus communis L.). Acta agriculturae Slovenica. pp. 31-40. | Jamil, M., Lee, D.B., Jung, K.Y., Ashraf, M., Lee, S.C. and Rha, E.S. (2006). Effect of 
salt stress on germination and early seedling growth of four vegetables species. Journal of Central European Agriculture. 7: 273-282. | | Jeannette, S., Craig, R. and Lynch, J.P. (2002). Sa-
linity tolerance of phaseolus species during germination and early seedling growth. Crop Sci. 42: 1584-1594 | | Kandil, A.A., Arafa, A.A., Sharief, A.E. and Ramadan, A.N. (2012). Geno-
typic differences between two mungbean varieties in response to salt stress at seedling stage. International Journal of Agriculture Sciences. 4(7): 278-283. | | Keshavarzi, M.H.B., Mehr-
naz, S., Ohadi, R.S., Mohsen, M. and Amir, L. (2011). Effect of salt (NaCl) stress on germination and early seedling growth of Spinach (Spinacia oleracea L.). Annals of Biological 
Research. 2(4): 490-497. | | Lopes, L.S., Ruppenthal, V. and Filho, E.G. (2014). Grmination and seedling establishment of castor cv. BRS-energy in saline environment. INOVAGRI Inter-
national Meeting. pp. 4146-4155. | | McConnell, J., Francis, S.P.B., Stark, C.R. and Glover, R.E. (2008). Plant responses of ultra narrow row cotton to nitrogen fertilization. J. Plant Nutri-
tion. 31: 1005-1017. | | Mensah, J.K., Akomeah, P.A., Ikhajiagbe, B. and Ekpekurede, E.O. (2006). Effects of salinity on germination, growth and yield of five ground nut genotypes. Afr. J. 
Biotechnol. 5 (20): 1973-1979. | | Mohamedin, A.A.M., Abd El-Kader, A.A. and Badran, N.M. (2006). Response of sunflower (Helianthus annuus L.) to plants salt stress under different 
water table. Depths Journal of Apllied Sciences Research, 2(12): 1175-1184. | | Mohammadizad, H.A., Mirzakhani, G., Ghafari, M., Samavatipour, P., Araghi, S.M. and Fatehi, M.F. (2014). 
Effect of NaCl stress on seed germination indices and early seedling growth of cumin (Cuminum cyminum L. an important medicinal plant). Agriculture Science Developments. 3(2): 
161-166. | | Morris, B. (2004). Phytochemical traits in the genetic resources of castor bean. Current Topics in Plant Biology, Volume 5: 63-67. | | Munns, R. and Termaat, A. (1986). 
Whole plant responses to salinity. Functional Plant Biology 13: 143-160. | | Munns, R. and Tester, M. (2008). Mechanisms of salinity tolerance, Annual Review of Plant Biology. 59: 651-
681. doi: 10.1146/annurev.arplant.59.032607.092911. | | Neumann, P.M. (1995). Inhibition of root growth by salinity stress: Toxicity or an adaptive biophysical response. In: Baluska, F., 
Ciamporova, M., Gasparikova, O., Barlow, P.W. (eds.), Structure and Function of Roots, Kluwer Academic Publishers. 299-304. | | Ozturk, M., Gucel, S., Sakcali, S., Dogan, Y. and Baslar, 
S. (2008). Effects of temperature and salinity on germination and seedling growth of Daucus carota cv. nantes and Capsicum annuum cv. sivri and flooding on Capsicum annuum cv. 
Sivri. In: Salinity and water stress: Improving crop efficiency. Springer Verlag-Vt Series, 2008, Springer, Dortrecht-The Netherlands. 44: 51-64. | | Pinheiro, H.A., Silva, J.V., Endres, L., Fer-
reira, V.M., Camara, C.A., Cabral, F.F., Oliveira, J.F., Carvalho, L.W.T., Santos, J.M. and Santos, B.G. (2008). Leaf gas exchange, chloroplastic pigments and dry matter accumulation in 
castor bean (Ricinus communis L.) seedlings subjected to salt stress conditions. Ind Crops Prod. 27: 385-392. doi:10.1016/j.indcrop.2007.10.003. | | Rastegar, Z. and Kandi, M.A.S. 
(2011). The effect of salinity and seed size on seed reserve utilization and seedling growth of soybean (Glycin max). Intl. J. Agrn. Plant Prod. 2(1): 1-4. | | Saboora, A. and Kiarostami, K. 
(2006). Salinity tolerance of wheat genotype at germination and early seedling growth. Pakistan Journal of biological Sciences. 9(11): 2009-2021. | | Sadeghi, H. (2009). Effect of differ-
ent levels of sodium chloride on yield and chemical composition in two barley cultivars. American-Eurasian Journal of Sustainable Agriculture. 3(3): 314-320. | | Scarpa, A. and Guerci, 
A. (1982). Various uses of the castor-oil plant (Ricinus communis L.) - a review. J Ethnopharmacol. 5(2): 117-137. | | Severino, L.S., Cordoba-Gaona, O.J., Zanotto, M.D. and Auld, D.L. 
(2012). The influence of the caruncle on the germination of castor seed under high salinity or low soil water content. Seed Sci. Technol. 40: 140-144. | | Shannon, M.C. and Grieve, C.M. 
(1999). Tolerance of vegetable crops to salinity. Scientia Horticulturae. 78: 5-38. | | Sholi, N.J.Y. (2012). Effect of salt stress on seed germination, plant growth, photosynthesis and ion 
accumulation of four tomato cultivars. Am J Plant Physiol. 7(6): 269-275. | | Singh, A.K. (2004). The physiology of salt tolerance in four genotypes of chickpea during germination. Jour-
nal of Agricultural Science and Technology. 6: 87-93. | | Silva, S.M.S., Alves, A.N., Ghey, H.R., Beltrão, N.E.M., Severino, L.S. and Soares, F.A.L. (2005). Germination and initial growth of 
two cultivars of castor bean under saline stress. (in Portuguese, with English abstract). Revista Brasileira de Engenharia Agrícola e Ambiental Supplement: 347-352. | | Silva, S.M.S., 
Alves, A.N., Ghey, H.R., Beltrão, N.E.M., Severino, L.S. and Soares, F.A.L. (2008). Growth and production of two cultivars of castor bean under saline stress. (in Portuguese, with English 
abstract). Revista Brasileira de Engenharia Agrícola e Ambiental. 12: 335-342. | | Sozharajan, R. and Natarajan, S. (2014). Germination and seedling growth of Zea mays L. under differ-
ent levels of sodium chloride stress. International Letters of Natural Sciences. 7: 5-15. | | Wahid, A., Hadi, F. and Jan, A.U. (2014). In vitro assessment of tomato (Lycopersicon esculen-
tum) and cauliflower (Brassica oleracea) seedlings growth and proline production under salt stress. International Journal of Biosciences. 4(9): 109-115. | | Werner, J.E. and Finkelstein, 
R.R. (1995). Arabidopsis mutants with reduced response to NaCl and osmotic stress. Physiology of Plant. 93: 659-666. | | Xiao- Fang, S., Qingsong, Z. and YouLinag L. (2000). Regulation 
of salt tolerance of cotton plants at seedling emergence stage by soaking seeds in pix (DPC) and CaCl2 solutions. Jaingsu J. Agric. Sci. 16: 204-207. | | Yogita, R., Nikam, T.D. and Dhu-
mal, K.N. (2014). Seed germination and seedling physiology of ajowan (Trachyspermum ammi L.) under chloride salinity. Journal of Spices and Aromatic Crops. 23(1): 102-105. | | Zha-
ni, K., Elouer, M.A., Aloui, H. and Hannachi, C. (2012). Selection of a salt tolerant tunisian cultivar of chili pepper (Capsicum frutescens). Eurasia J Biosci. 6: 47-59. | | 

Fig. i. Effect of NaCl on Seedling Vigour Index


