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ABSTRACT 

Water stress is a multidimensional stress which affects the growth and physiology of plants. Many 

bio-regulators are known to alleviate the harmful effects of water stress in plants.  Pot experiment was 

conducted to evaluate the potential of foliar application of sodium benzoate in improving tolerance capacity of 

Stevia rebaudiana plants under water stress conditions. The Stevia plants were grown in earthenware pots 

containing sterilized sand and were subjected to different water regimes viz., 100 ml, 200ml and 300 ml water. 

The control plants were watered with 400 ml water daily. The different sets of Stevia plants under variable 

water regimes were foliar sprayed with sodium benzoate solution on weekly basis. The periodic collection of 

plant samples were made and analysed for various growth parameters viz. growth rate index, membrane 

stability index, biomass, proline and protein content. Foliar spray with sodium benzoate at the concentration 

of 500ppm mitigated the harmful effects of water stress through the enhancement of various physiological 

parameters and consequently improved growth. 

Keywords: Stevia, Sodium benzoate, water stress, biomass & proline. 

INTRODUCTION 

Plants are exposed to a variety of biotic 

or abiotic stresses, such as drought, salt loading 

and freezing that influence their development, 

growth, and productivity. The abiotic stresses 

like temperature (heat, cold chilling/frost), 

water (drought, flooding), radiation (UV, 

ionizing radiation), chemicals (mineral 

deficiency/excess, pollutants heavy 

metals/pesticides, gaseous toxins), mechanical 

(wind, soil movement, submergence) are 

responsible for great reduction in agricultural 

production. Water deficit is defined as an 

imbalance between soil water availability and 

evaporative demand (Tardieu et al., 2011). 

Water deficit is considered as a major 

environmental factor affecting many aspects of 

plant physiology and biochemistry (Charles et 

al., 1994). It is one of the major environmental 
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stresses that reduces plant growth and 

productivity (Zlatevet al., 2012). 

Heat and drought stress in field crops 

can be managed by applying bio-regulators like 

sodium benzoate, salicylic acid, calcium 

chloride and potassium nitrate, which are able 

to induce long term thermo-tolerance in plants 

and can be helpful in mitigating the yield 

reduction threats as well as are helpful in 

producing good quality grains (Wahid etal., 

2007; Kumar et al., 2013). Sodium benzoate is 

efficient hydroxyl radical scavenger which 

protects the plant against oxidative damage 

under stress condition by inhibiting the ethylene 

synthesis and is reported to increase the seed 

yield of crops (Beltranoet al., 1999; Kumar et 

al., 2013). 

Stevia rebaudiana(Asteraceae) is one of 

the 154 members of genus Stevia and is 

cultivated for its sweetening compounds.S. 

rebaudianais native to South America (Alhady, 

2011), but now it is grown all over the world. It 

is a perennial semi-shrub upto 30 cm in height. 

The plant thrives well in a warm humid sunny 

climate, but is susceptible to drought. 

An attempt has been made in the present 

investigation to study the morphological and 

physiological changes in Stevia due to water 

deficit stress and to overcome the changes by 

application of sodium benzoate as a bio-

regulator. 

 

MATERIALS AND METHODS 

Cuttings of Steviarebaudianaplants 

were collected from the University campus and 

were used as test plant. Vegetatively 

propagated Stevia plants (20 days old) were 

transferred to earthenware pots containing 

sterilized sand, supplied with Hoagland’s 

nutrient solution at 7 days interval and were 

subjected to different water regimes viz., 100 

ml (severe water stress), 200 ml (moderate 

water stress) and 300 ml (mild water stress) and 

the control plants were watered with 400 ml 

water daily. The plants were also foliar sprayed 

with Soium benzoate solution (500ppm) on 

weekly basis. The potted Stevia plants were 

allowed to grow for a period of 50 days. The 

periodic collection of plant samples were made 

and analysed for various growth parameters viz. 

growth rate index, biomass, proline content and 

total protein content at every 10 days interval 

from day 30 upto day 70. 

 

Growth Rate Index was measured by the 

amount of plant growth in terms of biomass in a 

specified time period and was calculated by the 

following formula: 

Growth Rate Index (GRI) = difference of initial 

and final biomass 

 Membrane stability index was 

determined by recording the electrical 

conductivity of leaf leachates in double distilled 

water at 40
0
 C and 100

o
C (Deshmukh et al., 

1991). 



NATIONAL CONFERENCE ON 

CHANGING ENVIRONMENT, PLANTS, DISEASES AND HUMAN HEALTH- VULNERABILITY AND IMPACT ASSESMENT FOR 
ADAPTATION TO CLIMATE CHANGE: THE ROAD TO FUTURE  

Organised by: Department of Botany, St. Andrew’s College (PG), Gorakhpur 
 

ALLEVIATION OF ADVERSE EFFECTS OF WATER STRESS ON STEVIA PLANTS BY EXOGENOUS APPLICATION OF SODIUM BENZOATE - Shilpi Srivastava 
and Malvika Srivastava                                                                                                                                                                                         Vol. 4 (Issue 3) Page 33 

Plants were oven dried at 60±20
o
C for 

48 hours and the dry weight was recorded for 

biomass of the plant. Proline was estimated by 

the method of Bates et al., (1973). Total protein 

was calculated by Doneen’s (1932) micro-

kjeldahl’s method. 

RESULT AND DISCUSSION 

 Water stress leads to a series of 

morphological, physiological, and biochemical 

changes in plants that adversely affect growth 

and productivity. Usually, under water stress 

conditions, increasing stress level is harmful for 

plant growth and results in alteration in its 

morphological features such as reduction in 

shoot and root length, leaf area and total 

biomass (Aldesuquyet al., 2012).Growth rate 

index was measured for all the treatments from 

day 30 upto day 70 at ten day interval. The 

growth rate index increased from day 30 upto 

day 70.  

The growth rate index decreased with 

the decrease in water level having the minimum 

value in plants treated with 100 ml water. 

However the growth rate index increased on 

treatment with sodium benzoate (Fig. 1).Our 

results of treatment interaction were similar to 

the results of Royo and Blanco (1999) and 

Ashraf et al., (2003). The increased plant 

growth might be attributed to increased cell 

division and cell elongation induced by sodium 

benzoate and potassium nitrate at optimum 

concentration. Crop growth rate decreases in 

drought stress condition because of increasing 

respiration intensity and decrease of 

photosynthesis (Goldani and Rezvani, 2007; 

Prasad et al., 1978). 

 Membranes are the main loci affected 

under water stress condition. Membrane 

Stability Index was measured for all the 

treatments from day 30 upto day 70 at ten day 

interval. The MSI was less in stress plants as 

compared to control (Fig. 2).  

A steep reduction in MSI was observed 

in Stevia plants treated with 100 ml water 

(severe stress) followed by a considerable 

reduction in MSI of plants under moderate 

stress and a minor reduction in plants treated 

with 300 ml water (mild stress) whereas the 

well watered control plants maintained higher 

MSI. However the application of sodium 

benzoate increased the MSI at all water levels. 

These results are similar to the findings of 

Surender et al (2013) in banana cultivars under 

water stress. Cell membrane stability 

significantly declined under drought stress 

(Wang and Huang 2004). 

 Biomass of Stevia plants were measured 

for all the treatments from day 30 upto day 70 

at ten day interval. The biomass of Stevia plants 

increased from day 30 upto day 70. The 

biomass was more in control plants than in 

stress plants with its lowest value in plants 

treated with 100 ml water (Fig. 3).  
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The biomass of Stevia plants increased 

on treatment with sodium benzoate. Thus, a 

common adverse effect of water stress on crop 

plants is the reduction in fresh and dry biomass 

production (Lisar et al., 2012). Many authors 

have observed that when wheat plants were 

exposed to water stress, many growth 

parameters, including plant height, fresh and 

dry weights of shoot and root, the relative 

growth rate as well as leaf area tended to 

decrease (Shao et al., 2008; Aldesuquy, 2014). 

 Plants can partly protect themselves 

against milddrought stress by accumulating 

osmolytes. Proline accumulation in plant 

tissues is a clear marker forenvironmental 

stresses. Proline is one of themost common 

compatible osmolytes in water stressed plants.A 

significant variation in proline content in leaves 

of Steviaplants treated with different water 

levels was observed.  

Proline content in the leaves of water 

stressed Stevia plants increased from day 30 

upto day 60 followed by gradual decrease upto 

day 70 whereas in untreated control plants, it 

increased from day 30 upto day 50 and then 

decreased upto day 70. Highest proline content 

was found in plants treated with 100 ml water 

(severe stress) followed by moderate and mild 

stress plants at 60 DAS.Proline content was less 

in sodium benzoate treated plants. This result 

coincides with reports of Selahvarziet al., 

(2008) in ornamental turf grasses and 

Shooshtarian (2010) in ten species of ground 

cover plants. Proline accumulation is believed 

to play adaptive role in plant stress tolerance 

(Mafakheriet al., 2010). 

 Total protein in the leaves increased 

from day 30 upto day 60 followed by gradual 

decrease upto day 70. The plants treated with 

100 ml water had minimum protein content as 

compared to other treatments. The decrease in 

protein under low soil moisture level may be 

due to water stress that causes a reduction in 

hydrostatic pressure and can cause an increase 

in accumulation of abscissic acid in plant 

tissues which resulted in the inhibition of 

protein synthesis (Chandler and Robertson, 

1994).  

However, sodium benzoate application 

increased the protein content of stress as well as 

control plants. Foliar spray of sodium benzoate 

inhibited the ethylene synthesis and resulted in 

longer grain filling period, increased grain 

weight and protein content in wheat crop 

(Beltranoet al., 1999). 
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Figure 1: Stevia rebaudiana: Growth Rate Index at Different Days of Growth under Different 

Water Regimes Alone and in Combination with Sodium benzoate (LSD =0.032). 

 

 

Figure 2: Stevia rebaudiana: Membrane Stability Index at Different Days of Growth under 

Different Water Regimes Alone and in Combination with Sodium Benzoate (LSD =1.48). 
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Figure 3: Stevia rebaudiana: Biomass at Different Days of Growth under Different Water 

Regimes Alone and in Combination with Sodium benzoate (LSD = 0.009). 

 

 

Figure 4: Stevia rebaudiana: Proline at Different Days of Growth under Different Water 

Regimes Alone and in Combination with Sodium benzoate (LSD = 1.21). 
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Figure 5: Stevia rebaudiana: Total protein at Different Days of Growth under Different Water 

Regimes Alone and in Combination with Sodium benzoate (LSD = 0.007). 

 

CONCLUSION 

 Steviarebaudiana plants cultivated 

under water stress conditions resulted in severe 

cell damages and growth reduction. Foliar 

application of sodium benzoate alleviated the 

adversities caused by water stress. It enhances 

the growth of Stevia plants and can be used for 

cultivation of stress tolerant Stevia plants.  

 

REFERENCES 

Aldesuquy, H.S., (2014): Glycine betaine and 

salicylic acid induced modification in 

water relations and productivity of 

drought wheat plants. Journal ofStress 

Physiology & Biochemistry 10(1) 

Aldesuquy, H.S., S.A. Abo-Hamed, M.A. 

Abbas, A.H. and Elhakem, (2012). Role 

of glycine betaine and salicylic acid in 

improving growth vigour and 

physiological aspects of droughted 

wheat cultivars. Journal ofStress 

Physiology & Biochemistry. 8: 150-

171. 

Alhady, M.R.A.A., (2011). Micropropagation 

of Stevia rebaudianaBertoni. A new 

Sweetening Crop in Egypt. Global 

J.Biotechnol. Biochem., 6(4): 178-182. 

Ashraf, M., M. Arfan and A. Ahmad, (2003). 

Evaluation of the usefulness of 

senescing agent potassium iodide for 

assessing inter-cultivar variation for 

drought tolerance in pearl millet 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

30 40 50 60 70

T
o

ta
l 

p
ro

te
in

 (
m

g
/g

 d
ry

 w
t.

)

Plant age (days)

Control

100 ml water

200 ml water

300 ml water

Control + S.B.

100 ml water + S.B.

200 ml water + S.B.

300 ml water + S.B.



NATIONAL CONFERENCE ON 

CHANGING ENVIRONMENT, PLANTS, DISEASES AND HUMAN HEALTH- VULNERABILITY AND IMPACT ASSESMENT FOR 
ADAPTATION TO CLIMATE CHANGE: THE ROAD TO FUTURE  

Organised by: Department of Botany, St. Andrew’s College (PG), Gorakhpur 
 

ALLEVIATION OF ADVERSE EFFECTS OF WATER STRESS ON STEVIA PLANTS BY EXOGENOUS APPLICATION OF SODIUM BENZOATE - Shilpi Srivastava 
and Malvika Srivastava                                                                                                                                                                                         Vol. 4 (Issue 3) Page 38 

(Pennisetumglaucum(L.). Aust. J.Exp. 

Agric., 43(11) : 1337-1343. 

Bates, L.S., R.P. Waldren and I.D. Teare, 

(1973). Rapid determination of free 

proline for water stress. Plantand Soil, 

39: 205-207. 

Beltrano, J., M.G. Ronco and E.R. Montaldi, 

(1999). Drought stress syndrome in 

wheat is provoked by ethylene evolution 

imbalance and reversed by rewatering, 

aminoethoxyvinylglycine, or sodium 

benzoate. Journal of Plant Growth 

Regulation, 18(2) : 59–64. 

Chandler, P.M. and M. Robertson, (1994). 

Gene expression regulated by abscisic 

acid and its relation to stress tolerance. 

Annu. Rev. Plant Physiol. Plant Mol. 

Biol. 45:113-141. 

Charles, O., R. Joly and J.E. Simon, (1994). 

Effect of osmotic stress on the essential 

oil content and composition of 

peppermint. Phytochemistry, 29: 2837-

2840. 

Deshmukh, P.S., R.K. Sairam and D.S. Shukla, 

(1991). Measurement of ion leakage as 

a screening technique of drought 

resistance in wheat genotypes. Ind. J. 

ofPlant Physiol. 35:89-91. 

Doneen, L.D., (1932). A micromethod for 

nitrogen estimation in plant materials. 

Plant Physiol. 7:717-720. 

Goldani, M. and P. Rezvani, (2007). The effects 

of different irrigation regimes and 

planting dates on phenology and growth 

indices of three chickpea (Cicer 

arietinum L.) cultivars in mashhad. J. 

Agric. Sci. 

Kumar, B., Yadvinder-Singh, H. Ram and R.S. 

Sarlach, (2013). Enhancing seed yield 

and quality of Egyptian clover 

(TrifloiumalexandrinumL.) with foliar 

application of bio-regulators. Field 

Crops Res., 146: 25-30. 

Lisar, S. Y. S., R. Motafakkerazad, M.M. 

Hossain and I.M.M. Rahman, (2012). 

Water Stress in Plants: Causes, Effects 

and Responses. In:Rahman, I.M.M. and 

Hasegawa, H. Water Stress, In Tech, 

Croatia, p. 01- 14. 

Mafakheri, A., A. Siosemardeh, B. 

Bahramnejad, P.C. Straik and E. 

Sohrabi, (2010). Effect of drought stress 

on yield, proline and chlorophyll 

contents in three chickpea cultivars, 

AJCS, 4(8), 580-585. 

Prasad, V.V., S.R.K. Pandey and M.C. Saxena 

(1978). Physiological analysis of yield 

variation in gram (Cicer arietinum) 

genotypes. Indian J. PlantPhysiol., 21: 

228-234. 

Royo, C. and R. Blanco, (1999). Growth 

analysis of five spring and five winter 

triticale genotypes. Agron. J., 91: 305- 

311. 

Selahvarzi, Y., A. Tehranifar and A. 

Gezanchian, (2008). 

Phyisomorphological changes under 

drought stress and rewatering in 

endemic and exotic turf grasses. Iranian 

Journal of Horticultural Science 

andTechnology, 9(3) : 193-204. 

Shao, H.B., L.Y. Chu, M.A. Shao, C.A. Jaleel 

and M. Hongmei, (2008) : Higher plant 

antioxidants and redox signaling under 

environmental stresses. C. R. Biologies, 

331: 433-441. 

Shooshtarian, S., (2010). Physiological and 

ecological investigation of some 



NATIONAL CONFERENCE ON 

CHANGING ENVIRONMENT, PLANTS, DISEASES AND HUMAN HEALTH- VULNERABILITY AND IMPACT ASSESMENT FOR 
ADAPTATION TO CLIMATE CHANGE: THE ROAD TO FUTURE  

Organised by: Department of Botany, St. Andrew’s College (PG), Gorakhpur 
 

ALLEVIATION OF ADVERSE EFFECTS OF WATER STRESS ON STEVIA PLANTS BY EXOGENOUS APPLICATION OF SODIUM BENZOATE - Shilpi Srivastava 
and Malvika Srivastava                                                                                                                                                                                         Vol. 4 (Issue 3) Page 39 

groundcover plants in green space of 

Kish Island. A Thesis of Master Science 

Degree in Horticulture Engineering. 

Agriculture faculty. Shiraz University. 

168p 

Surendar, K., D. Krishna, Durga Devi, I. Ravi, 

P. Jeyakumar and K. Velayudham. 

(2013). Effect of Water Deficit on 

Relationship between Yield and 

Physiological Attributes of Banana 

Cultivars and Hybrids, International 

Journal of Horticulture, 3 (12) : 61- 69. 

Tardieu, F.O., C. Granier and B. Muller, 

(2011). Water deficit and growth. Co-

ordinating processes without an 

orchestrator? Curr. Opin. Plant Biol., 

14: 283–289. 

Wahid, A., S. Gelani, M. Ashraf and M.R. 

Foolad, (2007). Heat tolerance in plants: 

An overview. Environmental 

andExperimental Botany ,61: 199-223. 

Wang, Z.L. and B.R. Huang, (2004). 

Physiological recovery of kentucky 

bluegrass from simultaneous drought 

and heat stress. Crop Sci., 44: 1729-

1736. 

Zlatev, Z. and F.CebolaLidon, (2012). An 

overview on drought induced changes in 

plant growth, water relations and 

photosynthesis. Emir. J. Food Agric., 

24: 57–72. 

 


