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Abstarct
Thirty-two selected groundnut (Arachis hypogaea L.)
genotypes were evaluated for temperature tolerance
employing a new technique called Temperature Induction
Response (TIR) technique, where two days old seedlings
were exposed to gradual increase of temperature from
35° to 55°C for a specific time and finally subjected to
the lethal temperature. The genotypes showing maximum
survivability at 55°C and growth were considered to be
temperature tolerant and those, which showed less or no
survivability and recovery growth were considered to be
temperature susceptible. The results of this study revealed
a significant genetic variability among the genotypes for
temperature tolerance. By using this technique, genotypes
like K-134, K-1240, TNAU-325, JL-24 were identified as
temperature tolerant and AK-159, VG-9711, TNAU-284.,and
JSSP-15 as temperature susceptible genotypes.

Key words: Groundnut, Temperature Induction Response,
lethal temperature

Introduction

Prevalence of high temperature is the major limitation
for the cultivation of crops in tropical conditions. The
effect of high temperature can be seen at cellular level
and at whole plant level affecting growth, reproduction
and productivity of crop plants. Moisture stress coupled
with high temperature is known to adversely affect the
growth and development in groundnut, ultimately
resulting in low pod yield. To increase the productivity
and to stabilize production in the ever-changing
environment, development of genotypes that are capable
to survive better under abiotic stresses is essential.

Screening of groundnut genotypes for high
temperature stresses in natural conditions, which are
highly variable is very difficult. The best alternative
therefore is to develop suitable laboratory procedures
for screening. The earlier workers [1-6] have developed
optimum protocols on Temperature Induction Response
(TIR) techniques wherein the genetic variability for
temperature/stress response can be examined in crop
plants by assessing the survival and recovery growth

rates after exposing the germinated seedlings to lethal
temperature stress. In the present study an attempt
was made to evaluate selected groundnut lines for
attributes related to temperature tolerance based on
Temperature Induction Response (TIR) technique.

Materials and methods

Thirty-three groundnut genotypes were evaluated for
temperature tolerance based on Temperature Induction
Response (TIR) technique. The principle assumption
behind this technique is that a genotype will withstand
lethal temperature stress by maximum expression of
stress-induced genes. Some of the studies conducted
at the Department of Crop Physiology, GKVK campus,
University of Agricultural Sciences, Bangalore [1, 3-6)
and elsewhere have shown that the genetic variability
and difference in the expression of stress responsive
genes for stress tolerance is seen only upon prior
induction at sub-lethal stress. The genotype in which
there is enhanced expression of stress responsive
genes (quantitative) or unique stress responsive gene
(qualitative) will survive better under severe stress
conditions. Therefore, selection for stress tolerance
should be done upon optimum induction.

Temperature Induction Response (TIR) technique:
A screening protocol was developed wherein groundnut
seedlings were exposed to gradual induction
temperatures (sub lethal stress) and later they were
exposed to lethal temperature. About 5-10 per cent of
seedlings that survive at this level of stress are
considered as highly tolerant because they recover after
being exposed to a very severe lethal stress. During
the gradual induction of stress several stress responsive
proteins are expressed which in turn trigger several
physiological and biochemical parameters, which confers
stress tolerance.

Induction protocol, induced and non-induced
seedlings: Induction protocol is the sequence of
temperature treatments during which the seedlings are
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GOR of control - GOR of induced x 100
GOR of control

GOR of induced seedlings 100
GDR of non-induced seedlings x

Quantification of total soluble protein: Total soluble
proteins were estimated using a simple dye binding
method suggested by Bradford, using bovine serum
albumin as the standard (7).

Percent increase in growth of induced over non-induced
seedlings:

Recording of observations: Observations were
recorded on shoot length and root length in all the
three sets at the end of recovery period. Optimum
induction response was assessed at the end of the
induction period (based on maximum recovery growth
after the seedlings were subjected to induction stress
followed by lethal stress. As the rate of germination is
genotype specific, the seedling radical length would
vary among the genotypes. Therefore, to arrive at
induction response, the difference in growth before
subjecting to induction and after the recovery growth
period was determined in this system. In addition, the
following parameters were computed to assess the
induction response.

Growth During Recovery (GDR):

GOR = Growth at the end of the recovery 
Growth at the end of the induction.

Percent reduction over absolute control in recovery
growth:

Results and discussion

Assessment for thermo tolerance in groundnut
genotypes: The diffe'rential response of genotypes to
induction stress is considered as the basis for the
observed genetic variability at lethal stress. The results
on the genetic variability for temperature tolerance of
32 groundnut genotypes of the study are given in Table
1. The data revealed a significant difference among
the groundnut genotypes for seedling length two days
after germination. Further, subjecting the same set of
genotypes to temperature induction treatment followed
by recovery for three days has again resulted in a
significant difference among the genotypes for seedling
growth. Based on this analysis the groundnut genotypes
were classified into three categories viz., resistant,
moderately resistant and susceptible genotypes (Table
2).

Based on the percent reduction in recovery growth
(after exposing to induction temperature) over absolute
control, a few genotypes like K·134 (8%), K-1240 (10%),
JL-24 (22.25%) and TNAU-325 (20.7%) were identified
as highly tolerant types for temperature stress. The

~Recovery..
30°C..
72hrs

Induction temperature: The induction temperature
could be a non-lethal low temperature for a specific
duration or a gradual increase in temperature of known
duration. In the present study, based on the earlier
work done in this area, induction temperature was
optimized by exposing the groundnut seedlings to
variable temperatures like 35°e for 1 hr, 400 e for 1
hr and 450 e for 2 hrs. After this treatment the seedlings
were exposed to the lethal temperature. Uniform freshly
dehydrated seeds were soaked for 2 hrs and later
spread in a petri dish with 15 ml of distilled water and
were allowed to germinate for 40 hrs in an incubator
at 300 e and 50% relative humidity. Later the germinated
seedlings were used for different experiments as shown
below.

An example of one induction treatment is as
given below:

exposed to an optimum sub lethal stress (induction) to
severe stress (lethal) and then the seedlings are kept
for three days (recovery) at room temperature before
recording observations. Such seedlings are referred to
as induced seedlings. The seedlings that are directly
exposed to lethal temperature (55°C) are referred as
non-induced seedlings.

Lethal temperature: The temperature, which
causes more than 80 per cent reduction in growth in
the non-induced seedlings, is the lethal temperature.
To determine the lethal temperature for groundnut
seedlings were subjected to lethal temperature. The
lethal temperature for groundnut was optimized at 550 e
for three hours.

The phenotypically uniform seedlings from each
genotypes were transferred to three differ~nt sets of
petri plates for further studies on (i) induction temperature
(ii) direct exposure to lethal temperature and (iii) control.
Initial root and shoot length were recorded before
subjecting the seedlings to different treatments. The
induced and non-induced seedlings were then
transferred to a lethal temperature (550e for 3 hrs).
After exposure to the lethal temperature the seedlings
were maintained/allowed for recovery at 300e for 72
hrs. One set of control seedling set was maintained
at 300 e all through the experiment to serve as the
control.

Genninated seedlings ~ Induction ~ Lethal

I 3SoC!ooc 4SoC sroc.. ...... ..
40hrs 1 hr I hr 2hr 3 hrs

I ....+ Induced Non-induced
-------.... t
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Table 1. Genetic variability for temperature tolerance among
32 genotypes of groundnut

genotypes AK-159 (90%), JSSP-15 (84.2%) and
VG-9711 (70.2%) were identified as highly susceptible
ones. The genotypes, which showed tolerance to
temperature stress in lab, also performed well in water
stress condition in the field in terms of production of
more number of pods per plant (Table 3).

Any morphological or physiological adaptation of
genotypes is a consequence of gene expression; and
the gene product brings about the required metabolic
changes for adaptation. In the present study, despite
the exposure of different genotypes to optimum induction
temperatures, the recovery growth differed amongst the
genotypes. Variation in the stress adaptive mechanisms

Table 2. Grouping of 32 groundnut genotypes into different
categories based on their recovery growth of root
and shoot (percent reduction in growth over control)

DH-991

TG-37 F

K-134

K-1240

TNAU-325

TNAU-326

CO-3

JL-24

Tolerant
8-30%

Moderately tolerant
30-50%

DH-992

TG-36 B

K-1238

TNAU-269

JNAU-406

TMV-10

GPBD-4

ICGS-76

Somnath

Tirupathi local

SI. Susceptible
No. 50-90%

1 TVG-9563

2 ICGV-86590

3 JSSP-15

4 JSSP-16

5 JSSP-16

6 J-54

7 AK-159

8 VG-9711

9 RG-369

10 K-1257

11 TNAU-281

12 VRIGN-5

13 TNAU-359

14 COGN-5

among the genotypes could be the reason for observed
differences for thermo tolerance. However, it is well
known that, the stress responsive genes are many and
diverse.

Quantitative assessment of the protein content
To understand the biochemical basis of genetic variability
in stress responses, the amount of total protein content
among two temperature tolerant (TNAU~325 and K-134)
and one susceptible groundnut genotype (AK-159) were
quantified and is presented in Table-4. The data revealed
that, the total protein content between the induced ones
and its corresponding controls ranged from 3.39 to 3.90
mglg. Further, there was not much difference among
the tolerant and susceptible genotypes for total protein
content. However, it is assumed to be differing
qualitatively as reported by earlier workers [8-9). At the
molecular level, one of the most extensively
characterized stress responses in higher plants is the
synthesis of stress shock proteins (SSP's). These
proteins are synthesized under a variety of stresses
such as high temperature [10, 11]; desiccation [12, 13]
and salinity [14-16]. Many of these proteins are known
to protect the cell against the adverse effect of stress.
The relevance of these stress proteins has been well
characterized in several studies [17, 18]. These proteins
are synthesized when the genotype is exposed to a
mild-lethal level of stress often, referred to as an
induction stress. The ability of induced systems to
tolerate several levels of stress signifies the importance
of stress proteins [17-19].

Is it possible to use TlR technique to identify
tolerant genotypes in groundnut?: This approach has
practical significance because the major lacuna for
breeding for stress tolerance has been lack of suitable
field environmental condition and screening techniques

2.41
34.65

5.67 3.54 5.05 29.90
5.74 3.71 6.85 45.80
4.70 2.70 9.40 71.20
4.20 2.09 3.40 38.50
5.06 2.64 3.70 28.60
4.15 2.02 4.24 5230
5.17 2.23 5.96 62.50
3.85 0.85 5.40 84.20
3.31 1.75 4.14 5750
4.60 2.15 6.20 65.30
3.56 2.42 4.45 8.00
5.18 2.38 3.86 38.40
5.16 1.99 1.56 10.00
5.57 4.82 3.70 20.70
5.50 1.60 2.35 28.50
3.70 2.33 3.85 37.80
4.30 2.00 3.71 38.00
2.48 0.80 2.54 68.50
3.60 1.80 2.92 30.00
3.30 1.80 1.12 35.00
4.05 2.26 5.41 58.14
4.41 2.41 3.51 22.25
1.56 0.50 5.22 90.00
2.76 1.10 3.70 70.20
4.45 2.05 4.85 67.20
3.36 1.90 4.99 65.00
4.10 1.57 6.53 75.90
4.00 1.80 1.34 45.00
4.10 2.50 3.50 37.00
3.70 1.20 2.80 35.00
4.10 2.00 2.66 50.00
3.90 2.06 1.34 37.50

Length of Growth Growth Per
seedling during of cent

(em) reco- control reduc-
3 days very during tion
after (B-A) reco- over

treatment very control
(recovery) period

(B)

2.13
2.03
2.00
2.11
2.42
2.13
2.94
3.00
1.56
2.45
1.14
2.80
3.17
2.75
2.90
1.37
2.11
1.68
1.80
1.50
1.79
2.00
2.75
1.66
2.40
1.46
2.53
1.80
2.65
2.53
2.13
2.12

1.82
46.38

Length
of

seedling
(em)

during
treat
ment

(2 days
old) (A)

SI. Genotypes
No.

CD at 5%
CV(%)

1 DH-991
2 DH-992
3 TG-37 D
4 TG-36 B
5 TG-37 F

6 TVG-9363
7 ICGV-86590
8 JSSP-15
9 JSSP-16
10 JSSP-17
11 K-134
12 K-1238
13 K-1240
14 TNAU-325
15 TNAU-326
16 TNAU-269
17 TNAU-406
18 TNAU-359
19 CO-3
20 TMV-l0
21 J-54
22 JL-24
23 AK-159
24 VG-9711
25 RG-369
26 K-1257
27 TNAU-281
28 VRIGN-5
29 GPBD-4
30 ICGS-76
31 Somanath
32 Tirupathi

local
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Table 3. Mean of different characters in groundnut genotypes stress response proteins. M.Sc. thesis submitted to dept of
under water stress condition crop physiology, UAS, Bangalore, pp. 145.

Genotypes Plant Root Shoot- No. of No. of No Bio- 3. Ganesh Kumar, Krishnaprasad B. T., Savitha M.,

height length root primary secon- of mass
Gopalkrishna A., Mukopadhyay K., Aamamohan G. and

(cm) (cm) ratio branch! dary pods! per
Udayakumar M. 1999. Enhanced expression of heat shock
proteins in thermo-tolerant lines of sunflower and their

plant branch! plant plant progenies selected on the basis of temperature induction
plant (g) response (TIR). Theo. Appl. Genet., 99: 359-367.

CO-3 43.6 11.8 3.69 8.2 0.0 13.0 120 4. Gopalakrishna A., Ganesh Kumar, Krishna Prasad B.
TMV-10 44.6 12.6 3.53 9.0 3.6 16.0 130 T., Mathew M. K. and Udayakumar M. 2001. A stress
VRGN-5 36.2 14.8 2.44 11.0 5.4 14.0 100 response gene from groundnut, Gdi-15 is homologous to
COGN-4 36.5 14.0 2.6 6.0 2.0 9.0 130 Flavenol 3-0-Glycosyltraneseferase involved in
TNAU-359 27.5 11.5 2.69 5.0 0.0 12.0 75 Anthocyanin biosynthesis. Biochem. Biophy. Res. Comm.,
TNAU-406 47.5 13.5 3.4 6.5 3.0 13.0 110 284: 574-579.
TNAU-269 38.1 14.5 2.62 5.0 2.0 11.0 90 5. Srikanth Babu, Ganesh Kumar V., Krishnaprasad B. T.,
TNAU-325 42.0 14.5 2.89 6.0 2.0 17.0 80 Gopalakrishna A., Savitha M. and Udayakumar M. 2002.
TNAU-326 47.0 15.5 3.03 6.0 3.0 15.0 115 Identification of pea genotypes with enhanced thermo
TNAU-281 50.5 14.0 3.6 6.0 2.0 10.0 105 tolerance using Temperature Induction Response
K-134 46.0 13.8 3.33 6.0 4.0 23.0 130 Technique (TIR). J. Plant Physio., 159: 535-545.
K-1238 54.5 15.6 3.49 6.0 2.0 18.0 140
K-1240 48.5 14.5 3.34 5.5 1.5 18.0 105 6. Senthil Kumar M., Srikanth Babu V., Mohan Aaju B.,

K-1257 30.0 13.8 2.17 5.0 0.0 15.0 95 Ganesh Kumar V., Shiva Prakash and Udayakumar M.

JSSP-15 35.0 13.5 2.59 6.0 3.0 9.0 80 2003, Screening of inbred lines to develop thermotolerant

JSSP-16 28.0 13.5 2.07 6.0 2.0 7.0 80 sunflower hybrids through Temperature Induction

JSSP-17 40.8 15.6 2.61 6.0 2.0 11.0 95 response (TIR) Technique. A novel approach by exploiting

TG-37-D 32.0 12.0 2.66 6.0 0.0 13.0 95 residential variability. J. Exper. Bot., 54: 1-10.

TG-37-F 25.0 10.5 2.38 5.0 0.0 8.0 80 7. Bradford M. M. 1976. A rapid and sensitive method for
TG-3613 32.5 10.0 3.25 5.0 0.0 18.0 120 quantitation of microgram quantities of protein utilizing the
TVG-9363 43.0 12.5 3.44 6.0 0.0 13.0 115 principle of protein-dye-building. Anal Biochem, 72:
RG-369 34.5 14.0 2.46 6.5 2.0 22.0 100 248-254.
ICGV-86590 37.0 14.0 2.64 5.0 0.0 13.0 150
DH-991 38.5 14.0 2.75 5.0 0.0 18.5 160 8. Aistic Z., Gifford J. D. and Cass D. D. 1991. Heat shock

DH-992 33.5 14.5 2.31 5.0 1.0 23.0 130 proteins in two lines of Zea mays L. that differ in drought

AK-159 40.0 16.8 2.3 6.0 3.0 14.0 110 and heat resistance. Plant Physiol., 97: 1430-1434.

GPBD-4 41.0 13.5 3.03 6.0 0.0 12.0 100 9. Lindquist S. and Craig E. A. 1988. The heat shock
KADIRI-1 37.5 16.5 2.27 6.5 0.0 9.0 125 proteins. Annu. Rev, Genet., 22: 631-677.
Somnath 38.5 13.0 2.96 4.0 1.0 18.0 100 10. Sachs M. M. and Ho T. H. D. 1986. Alteration of gene
JL-24 32.5 12.2 2.68 4.5 1.0 15.0 115 expression during environmental stress in plants. Rev.
J·54 46.75 16.5 2.83 5.0 1.0 13.0 110 Plant Physiol., 37: 363-376.
Jirupathi 40.5 15.8 2.6 7.0 3.0 11.0 125 11. Key J. L., Lin C. Y. and Chen Y. M. 1981, Heat shock
local proteins of higher plants. Proc. Natl. Acad. Sci. USA., 78:
ICGS-76 29.0 13.0 2.23 6.5 3.5 10.0 110
VG-9711 41.5 13.0 3.19 6.0 0.0 19.0 135

3526-3530.

12. Chandler P. M., Walker-Simmons M., King A.W., Crunch

Table 4. Quantitative assessment of total protein content in
M., Close T. J. 1988. Expression of ABA inducible genes
in water stressed cereal seedlings. J. Cell Biochemistry, 12:

selected groundnut genotypes 143 (Abstract).
Genotype Total protein content Img!g) 13. Bray E. A. 1988. Drought and ABA induced changes in
TNAU-325 (control) 3.39 polypeptide and m RNA accumulation in tomato leaves.
TNAU-325 (Induced) 3.51 Plant Physiol., 88: 1210-1214
K-134 (control) 3.90 14. Singh N. K., Handa A. K., Hasegava P. M. and Bressan
K-134 (induced) 3.45 A. A. 1985. Proteins associated with adaptation of cultured.
AK-159 (control) 3.63 Plant Physiol., 79: 126-137.
AK-159 (induced) 3.57

15. Aamagopal S. 1987. Salinity stress induced tissue specific
to evaluate germplasm lines, populations, segregating proteins in barley. Plant Physiol., 84: 324-331.

population etc. Hence, we propose that this· approach 16. Esaka M., Hayakawa H., Hashimoto M. and Matsubara

can be adopted for identifying tolerant lines for N. 1992. Specific and abundant secretion of a novel
hydroxyproline rich lipoprotein from salt adapted wing bean

segregating populations. cells. Plant Physiol., 100: 1339-1345.

17. Lin C. Y., Aoberts J. K. and Key J. L. 1984. Acquisition
References of thermo tolerance in soybean seedlings: Synthesis and

1. Uma S., Prasad T. G. and Udayakumar M. 1995. accumulation of heat shock proteins and their cellular
Genotypic variation in recovery growth and synthesis of localization. Plant Physiol., 74: 152-160.
stress shock proteins in response to PEG and salt stress in 18. Krishnan M., Neguyen H. T. and Burke J. J. 1989. Heat
finger millet. Ann. Bot., 76: 43-49. shock protein synthesis and thermal tolerance in wheat.

2. Sreekanth Attaluri. 1998. Thermo tolerant groundnut
Plant Physiol., 90: 140-145.

(Arachis hypogaea) genotypes identified based on TIR 19. Vierling E. 1991. The roles of heat shock proteins in plants.

technique also exhibited enhanced expression of a few Ann. Rev. Plant Physiol. Plant Mol. BioI., 42: 579·620.


