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ABSTRACT
Drought, one of the environmental stresses, is the most significant factors restricting plant production on majority of
agricultural fields of the world. Groundnut is usually grown on arid agricultural fields and drought often causes serious
problems in groundnut production on these fields. In the current study drought stress was assessed in terms of Relative Water
Content (RWC), Membrane Stability Index (MSI), Harvest Index (HI) and Drought Tolerance Index (DTI) for pod yield.
Physiological responses were studied under water stress by keeping soil moisture level under four regimes of water (100%,
80%, 60% and 40%). Pot experiments were conducted to evaluate four groundnut varieties (TAG-24, TG-26, WEST-20 and
WEST-44). A 4×4 factorial experiment in complete randomized block design with 3 replications was conducted in Botanical
garden of Fergusson College, Pune 411 004. Concomitant reductions were observed in RWC, MSI, HI and DTI in these
varieties with increasing water stress levels. Among the four varieties var. TG-26 and var. WEST-20 were found to be more
sensitive to drought stress, as compared to var.TAG-24 and var.WEST-44.
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INTRODUCTION
Groundnut (Arachis hypogaea L.) is popularly known as peanut. It is one of the world`s most popular and universal
crops, cultivated in more than 100 countries of six continents. China and India are the largest producers of groundnut.
Groundnut is the largest source of edible oils in India and constitutes roughly about 50% of the total oilseeds
production. Among the major groundnut growing states there has been consistent increase in area under cultivation in
Andhra Pradesh, Tamilnadu, and Karnataka. However, in Gujarat and Maharashtra, the area under groundnut
cultivation has shown continuous decreasing trend. The decrease in groundnut cultivation in Gujarat and Maharashtra
is ascribed by bad weather conditions, drought, and high temperature and salinity stresses [7, 11].
Among the environmental stresses the drought stress is the most important factors, which limits production of
groundnut. The water stress affects the crop at different growth stages during growing season. In groundnut drought
stress during flowering and pod filling stage is critical for yield and agronomic characters. This would result in drastic
reduction in crop yield, and magnitude of reduction would depend on groundnut varieties. Not only the yield of
groundnut but also the quality of products decreases under drought stress [9]. The environmental stresses such as
drought, temperature, salinity, and soil pH are major limiting factors in crop production, because, they affect almost
all plant functions [4]. Under drought stress conditions, drought-tolerant varieties produce more than susceptible
ones.
Therefore, in present study the response of four groundnut varieties to drought stress was investigated to evaluate their
sensitivity to drought stress during vegetative and reproductive growth stage under pot experiment.
MATERIALSAND METHODS
This study was carried out in Botanical garden at the Department of Botany, Fergusson College, Pune-411004.
Certified seeds of four groundnut varieties viz. TAG-24, TG-26, Western-20, and Western-44 were procured from
Mahatma PhuleAgriculture College, Pune and tested for drought stress tolerance.
A 4×4 factorial experiment in complete randomized block design with 3 replications was conducted in earthen pots.
Pot having a diameter of 35 cm and height of 30 cm. were used for pot experiments. Pots were filled with pot mixture
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containing garden soil and farmyard manure (3:1). The crop water requirements for 4 water regimes (100%, 80%,
60% and 40%) were calculated on the basis of water holding capacity of soil.
Seeds pretreated with fungicide were used for sowing. Uniform and undamaged 10 seeds were used per pot. On day 15
after emergence, seedlings were thinned to obtain 5 uniform seedlings per pot. After this, soil moisture status for each
treatment was maintained until the plants were harvested. Normal cultural practices were followed during the
growing season. Samples were collected from control and stressed plants. The response of drought stress was assessed
in terms of MSI, RWC, DTI (PY) and HI according to the methods given below.
Leaf Membrane Stability Index (MSI) was determined according to the method of Premachandra et al. [8] modified
by Sairam [10]. Leaf discs (0.5g) of uniform diameter were taken in test tubes containing 10ml of double distilled
0
water in two sets. Test tubes in one set were kept at 40 C in a water bath for 30 min and electrical conductivity of the
sample was measured (C1) using a conductivity meter. Test tubes in the other set were incubated at 1000 C in the boiling
water bath for 15 min and their electrical conductivity was measured(C2). MSI was calculated using the formula given
below:
MSI = [1-C1/C2] x100
Relative Water Content (RWC) was recorded from four leaflets of the second fully expanded leaf form the top of the
main stem for each pot. Once leaves were harvested and transported to the laboratory, leaf fresh weight was recorded.
The leaf samples were then soaked in distilled water for 8 hrs and blotted for surface drying and water saturated leaf
weight was determined. The samples were oven-dried at 800 C until reaching constant weight and leaf dry weight
could be determined. RWC was calculated based on the formula suggested by Gonzalez and Gonzanlez-Vilar [2] as
follows.
RWC (%) = (FW-DW) / (TW-DW) ×100
Where, FW is the sample fresh weight, TW is the sample turgid weight and DW is the sample dry weight. Drought
Tolerance Index (DTI) was calculated for pod yield as suggested by Nautiyal et al. [5] Using the relationship as
follows;
DTI (PY) = Pod yield under stressed conditions / Pod yield under non-stressed conditions
Harvest index was calculated using the following relationship:
HI = Pod yield / Pod yield + Shoot and root dry weight.
RESULTSAND DISCUSSION
Membrane Stability Index (MSI)
The plasma membrane is generally protected from desiccation-induced damage by the presence of membrane compatible solutes, such as sugars and amino acids. Therefore, a link may exist between the capacity for osmotic
adjustment and the degree of membrane protection from the effect of dehydration [3]. Maintenance of membrane
integrity and function under given level of dehydration stress has been used as a measure of drought tolerance by
various workers Premchandra et al [8] and Deshmukh et al [1]. There was a significant effect of soil moisture regimes
on Membrane Stability Index (MSI) in groundnut crop (Table 1). MSI of plant was higher at unstressed conditions
93.51, 96.71, 95.86 and 96.81 in TAG-24, WEST-44, WEST-20 and TG-26 respectively which were linearly
decreased with increase water stress level. At higher water stress level (40%) the groundnut varieties TAG-24, WEST44, WEST-20 and TG-26 showed 4.88%, 4.99%, 5.98, and 8.22% decrease in MSI over control
(Table1).

Table 1 Effect of different water regimes on Membrane Stability Index (MSI)

100% (Control)

TAG-24
93.51 (0.00)

Varieties of groundnut
WEST-44
WEST-20
96.71 (0.00)
95.86 (0.00)

TG-26
96.81 (0.00)

80%

93.02 (0.52)

94.47 (2.32)

94.49 (1.43)

94.64 (2.24)

60%

91.26 (2.41)

93.25 (3.57)

92.60 (3.40)

92.36 (4.60)

40%

88.94 (4.88)

91.89 (4.98)

90.32 (5.78)

88.85 (8.22)

Soil water

*Values given in parenthesis indicate percent decrease over control
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Relative Water Content (RWC)
The drought stress considerably reduced RWC and considerable differences among groundnut varieties were
observed (Table 2).
Table 2 Effect of different water regimes on Relative Water Content in percent (RWC %)
Soil water

TAG-24

Varieties of groundnut
WEST-44
WEST-20

TG-26

100% (Control)

82.51 (0.00)

80.48 (0.00)

86.86 (0.00)

83.74 (0.00)

80%

80.87 (1.99)

77.88 (3.23)

82.06 (5.53)

78.82 (5.88)

60%

78.32 (5.08)

75.40 (6.31)

78.22 (9.95)

72.42 (13.52)

40%

74.49 (9.72)

70.23 (12.74)

74.17 (14.61)

67.74 (19.11)

At control conditions all varieties showed maximum RWC % where as at higher water stress level the variety TG26 showed maximum reduction in RWC % (19.11%) over control, while variety TAG-24 showed minimum
reduction (9.72 %). In general, the RWC was decreased remarkably in response to declining soil water availability
(Table 2). The results obtained are in tune with Painawadee et al [6], who found significant difference in RWC %
between drought treatment and control treatment in 4 peanut varieties.
Harvest Index (HI)
There was a significant interaction between soil water regimes and groundnut varieties for HI (Table 4). At control
condition there was significant difference in HI. But the Harvest Index decreased with water deficit. Among all
varieties the variety TAG-24 showed less reduction (20.58 %) in HI at higher water stress level while variety TG-26
showed maximum reduction (55.99 %) over control, remaining varieties showed moderate reduction in HI.
Table 4 Effect of different water regimes on Harvest Index (HI)
Varieties of groundnut

Soil water
100% (Control)

TAG-24
5.22 (0.00)

WEST-44
6.18 (0.00)

WEST-20
8.84 (0.00)

TG-26
7.68 (0.00)

80%

4.70 (10.00)

5.50 (11.00)

7.62 (13.80)

6.08 (20.83)

60%

4.45 (14.81)

4.96 (19.74)

5.76 (34.84)

5.35 (30.34)

40%

4.15 (20.58)

4.00 (35.28)

4.56 (48.42)

3.38 (55.99)

Drought Tolerance Index (DTI) for pod yield
Under water–limited conditions DTI for PY per plant showed decreasing trend with respect to drought stress level
(Table 3). At control conditions all varieties showed maximum DTI per plant where as at higher water stress level the
variety TG-26 showed maximum reduction in DTI per plant 73.50 %, while variety TAG-24 showed minimum
reduction 46.20 % over control as compare to other varieties.
Table 3 Effect of different water regimes on Drought Tolerance Index (DTI) for PY

Soil water

Varieties of groundnut

100% (Control)
80%

TAG-24
1.00 (0.00)
0.81 (18.60)

WEST-44
1.00 (0.00)
0.74 (25.80)

WEST-20
1.00 (0.00)
0.81 (19.10)

TG-26
1.00 (0.00)
0.63 (37.30)

60%

0.66 (34.40)

0.54 (45.80)

0.47 (53.30)

0.43 (57.50)

40%

0.54 (46.20)

0.43 (56.80)

0.27 (73.50)

0.27 (72.60)
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The results obtained in present investigation are in tune with the Vorasoot et al [14]. They observed significant
decrease in dry matter production, pod yield; number seed per plant in four peanut cultivars under two water stress
regimes. Similarly, Seghatoleslami et al. [12] concluded that drought stress reduces seed yield and its component in
five Proso millet. Tas Sibel and Tas Birol[13], also found significant reductions in MSI, RWC and chlorophyll content
in different wheat genotypes under water stress. Aforesaid results indicate that the groundnut varieties TAG-24 and
West-44 are drought stress tolerant; conversely TG-26 and West-20 are highly sensitive to water stress.
ACKNOWLEDGMENT
First author is thankful to the authorities of UGC New Delhi, for sanctioning fellowship under FIP. Authors are
thankful to Prof. (Mrs.) S. S. Kate, Head, Dept. of Botany and Dr. R.G. Pardeshi, Principal, Fergusson College, Pune,
for providing all necessary field, laboratory and library facilities required for this research work.
REFERENCES
[1].
[2].
[3].
[4].
[5].
[6].
[7].
[8].
[9].
[10].
[11].
[12].
[13].
[14].

Deshmukh, P.S., Sairam, R.K. & Shukla, D.S. (1991). Measurement of ion leakage as a screening technique for droughtresistance
in wheat genotypes. Ind. J. Plant. Physiol. 35: 89-91
Gonzalez, L. & Gonzalez-Vilar, M. (2001). Determination of Relative Water Content In: Handbook of Plant Ecophysoilogy
Techniques, Reigosa Roger, M.J. (Ed).Springer, Netherlands, ISBN; 978-0-7923-6: 207-212.
Liley, J.M. & Ludlow, M.M. (1996). Expression of osmotic adjustment and dehydration in disease rice lines. Field crop Res. 48: 185197.
Lawlor, D.W. (2002). Limitation to photosynthesis in water stressed leaves: stomata vs. metabolism and role of ATP. Ann. Bot. 89:
871-885.
Nautiyal, P.C., R.C. Nageswara Rao & Joshi, Y.C. (2002). Moisture-deficit-induced changes in leaf-water content, leaf carbon
exchange rate and biomass production in groundnut cultivers differing in specific leaf area. Field Crops Res. 74: 67-79.
Painawadee, M., Jogloy, S., Kesmala, T., Akkasaeng, C. & Patenothai, A. (2009). Identifications of traits related to drought resistance
in peanut (Arachis hypogaea L.). Asian J Plant Sci. pp.1-9.
Patil, B.N., Bhonde, S.R. & Kandikar, D.N. (2009). Trends in area, production and productivity of groundnut in Maharashtra:
Financing agriculture - A national journal of agriculture and rural development: 35-38.
Premchandra, G.S., Saneoka, H. & Ogata, S. (1990). Cell membrane stability an indicator of drought tolerance as affected by applied
nitrogen in soybean. J. Agric. Sci. (Camb), 115: 1332-1343.
Rucker, K.S., Kvien, C.K, Holbrook, C.C. & Hook, J.E. (1995). Identification of peanut genotypes with improved drought
advoidance traits. Peanut Sci. 22: 14-18.
Sairam, R.K. (1994). Effect of moisture stress on physiological activities of two contrasting wheat genotypes. Ind. J. Exp. Biol. 32:
593-594.
Singh, R., Isaar, D., Zala, P. V. & Nautiyal, P. C. (2007). Variation in sensitivity to salinity in groundnut cultivars during seed
germination and early seedling growth. SAT ejournal. ejournal. icrisat. org 5 (1): 1-7.
Seghatoleslami, M. J., Kaf, M. & Majidi, E. (2008).Effect of drought stress at different growth stages on yield and water use efficiency
of five Proso millet (Pannicum miliaceum L.) genotypes. Pak. J. Bot., 40 (4): 1427-1432.
Tas Sibel & Tas Birol (2007). Some Physiological Responses of Drought Stress in Wheat Genotypes with different Ploidy in Turkiye.
World Journal of Agricultural Sciences 3 (2): 178-183.
Vorasoot, N., Songsri, P., Akkasaeng, C., Jogloy, S. & Patanothai, A. (2003). Effect of water stress on yield and agronomic characters
of peanut (Arachis hypogaea L.). Songklanakarin J. Sci. Techol. 25 (3):283-288.

Correspondence to Author : Mr. B.M. Shinde, Post Graduate Department of Botany,Fergusson College, Pune (M.S.)
India-411 004 . e-mail: bajiraomarutishinde@gmail.com Contact No.: +91-9822-324-501

ASIAN J.EXP.BIOL.SCI.SPL.2010

68

