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Abstract

Laboratory experiments were conducted at the Department of Crop Physiology, Tamil Nadu Agricultural University, Coimbatore during
2019-2020 by using Temperature Induction Response (TIR) technique. The popular cotton (Gossypium hirsutum L.) varieties of Tamil
Nadu like KC 3, SVPR 2 and MCU 7 were taken for the screening of high temperature tolerance. The identical sized five days and seven
days old cotton seedlings were selected and exposed to inductive temperature (gradual temperature raised from 28 to 40°C) for 4 h and
non-inductive temperature (46°C for 3 h, 47°C for 3 h, 48°C for 3 h and 48°C for 4 h) for specific time duration. Among the genotypes,
KC 3 had recorded the highest thermotolerance in terms of seedling survival, cell viability, total soluble protein and lipid peroxidation

(MDA content) as compared to other two varieties under both inductive and non-inductive temperature.
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Introduction

Cotton (Gossypium hirsutum L.) is the world’s most important
fiber cash crop essential for textile industry and also useful for
oils and livestock feed. Eighty percent of world production in
cotton comes from seven countries where India is placed in third
position (Zahid et al., 2016) [*31. Though cotton is a hardy crop
can come up in all types of climatic conditions, global warming
is a serious emerging thread causing environmental fluctuations
in most of the agricultural zones of world including cotton
(Solomon, 2007) [, Cotton crop responds to various abiotic
stresses, especially, high temperature is one which causing severe
damages to cotton crop at cellular level in all growth and
developmental stages limits the cotton yield (Oosterhuis et al.,
2002; Sarwar et al., 2019) P&, The current study explains the
screening of cotton seedlings against thermo tolerance through
the Temperature Induction Response (TIR) technique. This
technique was widely used for rapid screening of cotton
genotypes for high temperature tolerance (Kheir et al., 2012) [©,
The current screening study is based on the principle of “acquired
thermotolerance” of cotton seedlings of three popular cotton
varieties of Tamil Nadu. The accounting data of morphological
and biochemical characters of cotton seedlings were considered
for the confirmation of high temperature tolerance of varieties.

Materials and methods

The laboratory screening studies through the Temperature
Induction Response (TIR) technique was conducted in the
Department of Crop Physiology, TNAU, Coimbatore during
2019-2020. Three popular cotton varieties of Tamil Nadu
namely, KC 3, SVPR 2 and MCU 7 were obtained from the
Department of cotton, TNAU, Coimbatore. The uniform size of
five days and seven days old seedlings were grown in paper cup
(2:1 ratio of coir pith: vermicompost) where exposed to a gradual

temperature from 28 to 40°C (Ti1-Control, T»-46°C for 3 h, Ts-
47°C for 3 h, T4-48°C for 3 h and Ts-48°C for 4 h). Also, five days
seedlings were exposed directly to the challenging temperature of
46°C (Te) for 3 h and 47°C (T7) for 3 h.

The exposed seedlings were kept for recovery under room
temperature for 48 h and analyzed for seedling survival, cell
viability (Gaff and Okong’o — Ogola. 1971) Bl total soluble
protein (Lowry et al., 1950) I and lipid peroxidation (MDA
content) (Heath and Pacber, 1968) . All the treatments were
maintained with three replications and the data were analyzed
under factorial completely randomized design (FCRD) by using
SPSS.

Results and Discussion

Seedlings survival

The present study showed that the highest seedlings survival
percentage was observed in T, - 46°C for 3 h in both 5" and 7™
day seedlings as compared to other treatments and the survival
percentage was gradually decreased when the seedlings were
exposed to induction temperature. The least survival percentage
was observed in Ts - 48°C for 4 h (Fig.1A, B). The five-day old
seedlings alone exposed to challenging temperature (without
induction temperature) had recorded lower survival percentage
(Fig.1A). Among the three cotton varieties, KC 3 had maximum
survival rate compared to other varieties of SVPR 2 and MCU 7.
When the temperature raised the rate of seedlings survival was
decreased. Similar trend of was observed in various crops like
cotton (Kheir et al., 2012) 1, rice (D. Vijayalakshmi et al., 2015)
(23] ‘maize (Dar et al., 2016) [l and chickpea (T. Raghavendra et
al., 2017) 101,
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Fig 1: Percentage of seedlings survival rate after exposure of high temperature at the end of recovery period on cotton seedlings (A. 5 days old
seedling and B. 7 days old seedling)

Cell viability

Cell viability was found to be higher in T, - 46°C exposed for 3 h
showed the least cell viability in 5" and 7" day seedlings.
Seedlings of five-day old exposed to the challenging temperature
of 46°C for 3 h recorded maximum cell viability when compared
to challenging temperature 47°C for 3 h (Fig.2A). Among the
treatments, KC 3 had maximum cell viability followed by SVPR

2 and MCU 7. It is observed that the cell viability and temperature
were indirectly correlated. The increase in temperature was
decreasing the viable cell counts. Kheir et al, (2012) [ reported
similar observations cotton showed that the cell viability
percentage estimated by Evan’s blue method which had higher
viable cell count (87.01%) in heat tolerant genotype as that of
heat susceptible (34.41%).
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Fig 2: Percent of cell viability on cotton seedlings at different temperatures (A. 5 Days old seedling and B.7 Days old seedling)

Total soluble protein

Total soluble protein accumulation was increased with increased
temperature compared to control (T1). The highest protein content
was observed in T4 (48°C for 3 h) compared to Tgand T7 in 5 days
old seedling (Table.1). In 7 days old seedling, T, (48°C for 3
hours) treatment had higher content of soluble protein followed
by Ts- 48°C for 4 h, T3- 47°C for 3 h and T, - 46°C for 3 h

(Table.2). Total soluble protein content recorded in KC 3 was
higher when compared to SVPR 2 and MCU 7. Increase in
protein content with the occurrence of high temperature might be
reason of restructuring and accumulation of protein fractions.
Similar results were showed in sorghum and barley where the
majority of heat shock proteins were associated with the soluble
fraction (Ashraf et al., 1994) (21,

Table 1: Effect of temperature induction response on total soluble protein A. 5 Days old cotton seedling and B. 7 Days old seedling

A
Treatments MCU 7 (mgg?!) |[SVPR2(mgg?')| KC3(mgg?') | Mean
1 - Control 9.50 11.88 12.05 11.14
2-46°Cfor3h 5.44 8.30 8.76 7.50
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3-47°Cfor3h 10.68 12.44 12.78 11.96
-48°Cfor3h 12.08 13.42 14.45 13.31
Ts - 48°C for 4 h 9.19 12.24 12.37 11.26
Ts - Challenging temperature (46°C for 3 h) 9.95 10.85 11.34 10.71
T7 - Challenging temperature (47°C for 3 h) 10.07 12.89 13.24 12.06
Mean 9.559 11.717 12.141
T \ T*V
SED 0.004 0.002 0.007
CD (P=0.05) 0.008 0.005 0.015
B
Treatments MCU 7 (mg g %) SVPR 2 (mg g} KC3(mgg?l) Mean
T1 - Control 8.50 9.02 9.40 8.97
T2-46°C for3h 8.44 9.05 9.90 9.13
T3-47°Cfor3h 8.60 9.43 10.42 9.48
T4 -48°Cfor3h 11.17 11.41 12.08 11.55
T5-48°Cfor4 h 9.28 9.57 10.35 9.73
Mean 9.19 9.70 10.43
T \Y ™V
SED 0.003 0.002 0.006
CD (P=0.05) 0.007 0.005 0.012

Lipid peroxidation (MDA content)

MDA content accumulation was higher in both 5 days and 7 days
old seedling in Ts- 48°C for 4 h and the least MDA content was
observed in T, - 46°C for 3 h (Fig.3A and Fig.3B). High
temperature stress that impairs mitochondrial functions thereby

(Larkindale and Knight 2002; Vacca et al., 2004) 5 12, Heat
stress causes increased membrane damage due to lipid
peroxidation (Amirjani, 2012) [, D. Vijayalakshmi et al. (2015)
(131 opserved that lipid peroxidation (MDA content) was lower in
inductive temperature when compared to non-inductive

resulting in the induction of oxidative damage that manifests in temperature.
lipid peroxidation, detected by malondialdehyde (MDA) content
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Fig 3: Effect of temperature induction response on lipid peroxidation (MDA content) of cotton seedlings A. 5 days old seedling B. 7 days old
seedling

Conclusion

The present study concluded the screening of 5 days and 7 days
old cotton seedling through the temperature induction response
(TIR) expressed that the seedling survival, cell viability, total
soluble protein and lipid peroxidation (MDA content) was higher
in KC 3 as that of SVPR 2 and MCU 7. Further it was inferred
that KC 3 variety had shown high thermo tolerance capacity when
compared to SVPR 2 and MCU 7.

References
1. Amirjani M. Estimation of wheat responses to “high” heat
stress. Amer-Euro J. sustainable Agri. 2012; 6(4):222-233.

2. Ashraf M, Saeed M, Qureshi M.J. Tolerance to High
Temperature in Cotton (Gossypium hirsutum L.) at initial
growth stages. J. Exp. Bot. 1994; 34(3):275-283.

3. Gaff, D.F. and O. Okong’ o — Ogola. The use of non —
permeating pigments for testing the survival of cells. J. Exp.
Bot. 1971; 22(72):756-758.

4. Heath RL, Packer L. Photoperoxidation in isolated
chloroplasts. I. Kinetics and stoichiometry of fatty acid
peroxidation. Arch Biochem Biophys. 1968; 125:189-198.

5. Jane Larkindale, Marc R. Knight. Protection against heat
stress-induced oxidative damage in Arabidopsis involves
calcium, abscisic acid, ethylene and salicylic acid. Plant
Physiology. 2002; 128:682-695.

339



International Journal of Ecology and Environmental Sciences

6.

10.

11.

12.

13.

14.

15.

Kheir EA, Sheshshayee MS, Prasad TG, Udayakumar M.
Temperature induction response as a screening technique for
selecting high temperature — tolerant cotton lines. The
Journal of Cotton Science. 2012; 16:190-199.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. J. Biol.
Chem. 1951; 193:265.

Muhammad Sarwar, Muhammad F arrukh Saleem, Najeeb
Ullah, Shafagat Ali, Muhammad Rizwan, Muhammad
Rizwan Shahid et al. Role of mineral nutrition in alleviation
of heat stress in cotton plants grown in glasshouse and field
conditions. Scientific Reports, 2019. https://doi.org/10.1038
/541598-019-49404-6.

Oosterhuis DM. Day or night high temperature: A major
cause of yield variability. Cotton Grower. 2002; 46(9):8-9.
Raghavendra T, Jayalakshmi V, Venkatesh Babu D.
Temperature Induction Response (TIR) - A novel
physiological approach for thermotolerant genotypes in
chickpea (Cicer arietinum L.). Indian Journal of Agricultural
Research, 2017.

Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt
KB. Miller (eds.), Climate Change 2007: The Physical
Science Basis. Contribution of Working Group | to the
Fourth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press, 2007.

Vacca RA, de Pinto MC, Valenti D, Passarella S, Marra E,
De Gara L et al. Production of reactive oxygen species,
alteration of cytosolic ascorbate peroxidase, and impairment
of mitochondrial metabolism are early events in heat shock-
induced programmed cell death in tobacco BrightYellow 2
cells. Plant Physiol. 2004; 134:1100-1112.

Vijayalakshmi D, Srividhya S, Vivitha P, Raveendran M.
Temperature induction response (TIR) as a rapid screening
protocol to dissect the genetic variability in acquired
thermotolerance in rice and to identify novel donors for high
temperature stress tolerance. Indian Journal of Plant
Physiology. 2015; 20(4):368-374.

Zahoor Ahmed Dar, Madavalam Sreeman Sheshsayee, Ajaz
Ahmad Lone, Pratibha Machagondanalli Dharmappa,
Jameel Ahmad Khan, Jyoti Biradar2 et al. Thermal induction
response (TIR) in temperate maize Inbred lines. Eco.Env. &
Cons. 2016; 224:387-393.

Zahid KR, Ali F, Shah F, Younas M, Shah T, Shahwar D et
al. Response and Tolerance Mechanism of Cotton
Gossypium hirsutum L. to Elevated Temperature Stress: A
Review. Front. Plant Sci. 2016; 7:937. Doi: 10.3389/fpls.
2016.00937.

www.ecologyjournal.in

340



