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ABSTRACT 

The increasing temperature is going to be more vulnerable for cool season crops like potato 

which requires an optimum productivity temperature of 18 to 20 °C. Thus, breeding for heat 

tolerance has become very important. Therefore, some previously used indices for abiotic stress 

tolerance have been used in our study for screening of high temperature stress tolerance in potato. 

Three high yielding (Kufri jyoti, Kufri megha and Kufri pokraj) and two local (Rangpuria and 

Badami) commonly grown potato cultivars were selected for our experiment. Potato cultivars were 

sown under normal condition and two high temperature conditions (polyhouse and early season) 

and indices such as HSI (heat susceptibility index), HTI (heat tolerance index), GM (geometric 

mean) and HII (heat intensity index) were used to evaluate the performance of the cultivars under 

all the three temperature conditions. The positive and significant correlation between HTI (heat 

tolerance index), and GM (geometric mean)  as well as with tuber yield under all the conditions 

revealed that these indices were efficient in selecting the high temperature tolerant potato cultivars. 

We recorded the equal applicability of these two indices for both high yielding and local group of 

potato cultivars. Our study revealed that cultivar Kufri megha and Rangpuria showed higher heat 

tolerance between high yielding and local cultivars respectively. 

1. INTRODUCTION 

In the global climate change scenario, temperature is predicted to rise by 1.5–5.8 °C by 2100 

which is going to cause severe heat stress leading to threats in agricultural production [1]. Tropical 

countries that already suffer from crop failures due to heat stress are predicted to be especially 

susceptible to climate change [2]. To combat irregular changes in the temperature, breeders are 

facing the challenge of developing high-yielding heat-tolerant cultivars to ensure adequate food 

availability for the growing global population. Similar to other abiotic stresses, heat stress 

negatively affects the vegetative and reproductive phases of plant and even may perturb the cellular 

homeostasis [3].Deleterious effect of heat stress on the physiology and biochemistry of potato crop 

has also been reported [4]. Potato (Solanum tuberosum L.) is the third most consumed staple food, 

after rice and maize [5], and is recognized as a good source of carbohydrates. It needs a temperature 

optimum of 15
o
C-25

o
C for maximum productivity [6]. It has been estimated that potato production 

in India may decline by 3.16 and 13.72% by the year 2020 and 2050 respectively. Adoption of 

mitigation measures like growing the heat tolerant cultivar can arrest the proposed decline [7]. 

Though studies have begun to explicate the genetics and physiology of the reaction to high 

temperature stress in crops, but yield-based indices are required for the assessment of high 

temperature tolerance for applied plant breeding programs. The geometric mean (GM) and the 

stress tolerance index (STI) [8] have been used for evaluating genotypic performance across years 

or environments. STI was developed to spot genotypes that perform better under both stress and 

non-stress conditions. The stress susceptibility index (SSI) [9] has been found to be correlated with 
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yield and canopy temperature in wheat [10].These indices has been used in the evaluation of 

drought resistance in common bean [11]. Thus, in our study we have aimed to find out the 

applicability of these indices in screening heat tolerant potato cultivars. 

 

2. MATERIALS AND METHODS 

Experimental design and growth condition 

The seeds of three high yielding cultivars (HYC) of potato Kufri megha, Kufri jyoti and Kufri 

pokraj were collected from Central Potato Research Station (CPRS), Shillong, India. Two locally 

available varieties known as ‘Rangpuria’ and ‘Badami’ were collected from Gingia, district of 

Sonitpur, Assam, India. Field experiment was conducted in the experimental field of Tezpur 

University campus in a factorial randomized block design with three replications. Potato tubers 

were grown under three conditions, n= grown in normal growing season (October 2013- February 

2014), p=grown in a polyhouse chamber (October 2013- February 2014) and e= early sowing of 

potato seeds (August 2013–November 2013). The polyhouse was wooden structure of size 3×2×2 m 

built and covered with PVC (polyvinyl chloride) film (of about 0.15 mm thickness and 85 % of 

transmittance) with proper aeration to avoid upsurge of CO2.The dimensions of the plots were (2.6 

× 2) m with four rows (65 and 25 cm from row to row and plant to plant). Meteorological data for 

‘n’ and ‘e’ were obtained from meteorological tower of Krishi Vigyan Kendra, Napaam, Tezpur 

(situated near the experimental field).Three irrigations have been provided during the crop growing 

season. For ‘p’ thermohygrometers were placed inside the polyhouse for continuous monitoring of 

air temperature and relative humidity. Soil thermometers were placed in all the treatments to record 

the soil temperature. Soil water monitoring was done with the help of tensiometers and maintained 

above - 30 kPa (at 20 cm below the soil surface) to ensure that the plant did not suffer water stress. 

The duration of the HYCs and local varieties were 90 and 100 days respectively. Under treatment 

‘n’, the HYCs showed symptoms of maturity (yellowing of leaves) at 90 days after sowing (DAS) 

and were harvested at 100 DAS whereas the local varieties were matured at 95 DAS and were 

harvested at 100 DAS. Under treatment ‘p’ both HYCs and local varieties were matured and 

harvested at 75 and 80 DAS respectively whereas under ‘e’ both the varieties matured at 60 DAS 

and were harvested at 70 DAS. 

 

The air temperature (average, minimum and maximum) and relative humidity of the entire crop 

growing season for each field trial was recorded, the mean of which has been presented in table1. 

 

Table1: Temperature and humidity during the field experiments 

 

Studied parameters 

The relative growth rate (RGR)  

The relative growth rate (RGR) was measured using the formulae given by [12]: 

RGR = (ln W2) – (ln W1) / (t2-t1)   

Where, W1=Weight of above ground plant biomass at time t1; W2=Weight of above ground 

plant biomass at time t2; t1 and t2 are the initial and final DAS at which measurements were taken. 

The tuber bulking rate (TBR) 

The tuber bulking rate (TBR) was determined by using the formula as given by [4]: 

TBR= (Weight of tubers at t2- Weight of tubers at t1) / (t2-t1)  

 Temperature( ̊C) Relative humidity (%) 

Average Maximum Minimum Average Maximum Minimum 

On Season 22.23 27.8 16.8 65.94 69.3 62 

Polyhouse 25.03 29.43 19.43 75.43 80.1 72.45 

Early season 32.73 35.24 29.2 70.86 75.4 68.2 
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Where; t1 and t2 are the initial and final DAS at which measurements were taken. 

On dying of the vines the potato tubers were dug from 1m
2
 area, cleaned and weight was taken with 

the help of a balance. Crop yield expressed in qha
-1

was further used to calculate various indices. 

 Studied Indices 

The following heat indices were studied for each cultivar grown in both ‘e’ and ‘p’ using the 

equations for SSI [Fisher and Maurer, 1978]  

Heat susceptibility index, HSI= [(1) (Ys/Yn)]/ [(1) (Xs/Xn)], 

Heat tolerance index, HTI= (Yn × Ys)/Xs
2
,  

Heat intensity index HII= 1 - (Xs/Xn)  

Geometric mean, GM= (Ys × Yn)
 ½

 (Fernandez, 1993) 

The high temperature yield data (polyhouse:Yp and early season:Ye) and normal  temperature yield 

data(on season:Yn) in this study were used in place of the cultivar mean values for yield under 

stress (Ys) and potential yield under non-stress (Yn) variables, respectively, in the equations for the 

above indices. Xs and Xn are the mean yield of all cultivars per trial under stress and non-stress 

conditions. 

3. RESULTS AND DISCUSSION 

The recorded temperature within the polyhouse was higher by 2-3 ̊C compared to the normal 

condition whereas in the early season 8-10 ̊C increased temperature was noted. Relative humidity 

was highest inside the polyhouse compared to the normal season, followed by early season sowing 

(Table1). 

 Irrespective of cultivars, RGR was highest inside the polyhouse followed by early season 

and normal condition. Among the high yielding cultivars highest RGR was recorded by cultivar 

Kufri jyoti followed by Kufri pokraj and Kufri megha. However Badami recorded better RGR 

compared to Rangpuria (Fig1a).The recorded TBR value was highest in the normal season followed 

by polyhouse and then early season. Here the trend of cultivars was reverse as that of RGR (Fig1b). 

 

 

Fig1: Effect of two high temperature environments on (a) relative growth rate (RGR) and (b) tuber 

bulking rate (TBR) 

 

Cultivars Kufri megha and Rangpuria exhibited relatively high HTI and GM and relatively 

low HSI values (Table 2).These cultivars showed fairly high temperature tolerance both in early 

season and polyhouse conditions. Based on GM and HSI, Kufri pokraj was also a good performer, 

however it showed limited yield potential under early sowing condition. Lower yield potential of 

the cultivars Kufri jyoti (high yielding cultivar) and Badami (local cultivar) under high temperature 

environment might be due to their genotypic variability which is also evident from their lower HTI 

and GM with high HSI value (Table2). These cultivars exhibited higher relative growth rate and 

lower tuber bulking rate (Fig 1 a,b) compared to the others .This is due to the impact of high 

temperature on these cultivars which triggers higher growth of the haulm [13]. The recorded more 

RGR from both the high temperature treatment also support this statement. High temperature also 

disturb the assimilate translocation process leading to reduced sink strength of the tubers and finally 
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lower yield potential of the cultivars. Irrespective of cultivars the recorded reduced TBR in both the 

high temperature environment compared to normal condition also support this. 

 

Table 2: Analysis of the geometric mean (GM), heat susceptibility index (HSI) and heat tolerance 

index (HTI) on tuber yield for two trials under high temperature stress conditions 
 

Cultivars Inside Polyhouse Early Sown condition 

GM HSI HTI *Rank GM HSI HTI *Rank 

Kufri  jyoti 52.47 1.05 0.86 3 48.65 1.35 0.73 3 

Kufri megha 68.87 0.81 1.48 1 66.08 1.03 1.36 1 

Kufri pokraj 60.53 0.94 1.14 2 53.71 1.32 0.90 2 

Rangpuria 11.09 1.03 0.03 4 10.87 1.22 0.03 4 

Badami 9.55 1.09 0.02 5 9.30 1.30 0.02 5 

HII 0.49 0.55 

   

*Genotypes are ranked on the basis of HTI 

 

Both the high temperature conditions varied in terms of their HII (Table 2). Polyhouse trial 

was found to be less severe (HII=0.49) compared to the field trial (early sowing; HII=0.55) and 

resulted in higher reduction of crop yield from early sowing. The recorded moderate HII value for 

both the trials could be more efficiently used to differentiate the better one as too high or low HII 

value are less informative [14] and hence could not be used as a proficient index.   

 

Table 3: Correlation analysis between yield and stress indices 

 

 

 

 

 

  Inside Polyhouse Early sown condition 

GM×Ye 0.985** 0.991** 

GM×Yp 0.999** 0.976** 

HSI×Ye -0.524 -0.465 

HSI×Yp -0.615 -0.044 

HTI×Ye 0.994** 0.999** 

HTI×Yp 0.999** 0.985** 

GM×HSI -0.762 -0.348 

GM×HTI 0.986** 0.986** 

HSI×HTI -0.836 -0.487 
** = Significant at p 0.01 GM = (Ys × Yn)1/2;  HSI =[1 - (Ys/Yn)]/ [1 - (Xs/Xp)]; HTI =(Yn × Ys)/Xp2, where Ys and 

Yn indicate yield under stress and non-stress conditions (respectively), Ye &Yp are the yields under early season and 

polyhouse respectively. Heat intensity index (HII) = 1 - (Xs/Xn). Xs and Xn are the mean yield of all cultivars per trial 

under stress and non-stress conditions respectively. 

 

Though field trial is the most appropriate measure to study the heat tolerance of any crop but 

we have taken two high temperature environments (in the field and polyhouse) in the present 

experiment. The recorded moderately steady results between both the high temperature 

environments of all the studied cultivars based on HTI (Table 2) indicate the higher degree of 

similarity among them.  

The calculated higher correlation value (r=0.986**) of HTI and GM (Table 3) rank them as 

the most useful indices for determination of heat tolerance in potato. We obtained higher correlation 

between HTI and GM with yield in both the high temperature environment compared to HSI 

(Table3). It makes these indices (GM & HTI) more efficient for use in breeding of heat tolerant 

cultivars which has also been reported in the previous works of [15]) in mung bean under drought 

stress. Negative correlation was obtained between HTI and HSI both in polyhouse (r= -0.836) as 
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well as in the early season(r=0.487). HSI also showed negative correlation with GM as well as yield 

in both the conditions (Table3).Thus, HSI proves its inapplicability for evaluation of heat tolerance 

among cultivars. 

4. CONCLUSION 

One of the approaches of improving yield performance in crops under stress is breeding of 

stress tolerant cultivars [16] which necessitate the screening of the cultivars for stress tolerance. In 

this regard the use of indices is a proficient tool for screening tolerant cultivars. In our experiment 

GM and HTI has been identified as important heat tolerance indices for potato. Based on these 

indices, under high temperature environment (polyhouse & early sowing), Kufri megha and 

Rangpuria is considered as the heat tolerant potato cultivars among the high yielding and local 

cultivars respectively.  

References 

[1] C.A .Rosenzweig, X.B. Iglesias, P.R. Yang, E. Epstein, E, Chivian. Climate change and 

extreme weather events. Implications for food production, plant diseases and pest, Global 

Change and Human Health. 2 (2001) 90-104. 

[2] G. Fischer, M. Shah, F.N. Tubiello ,  H. van Velhuizen , Socio-economic and climate change 

impacts on agriculture: an integrated assessment, 1990–2080, Philosophical Transactions of 

the Royal Society B-Biological Sciences .360(2005) 2067-2083. 

[3] R. Khanna-Chopra, V.K. Semwal Superoxide dismutase and ascorbate peroxidase are 

constitutively more thermotolerant than other antioxidant enzymes in Chenopodium album, 

Physiol Mol Biol Plants. 17(4) (2011)339–346 

[4] S. Paul, N. Gogoi, B. Sarma, B. Baroowa, Biochemical changes in potato under elevated 

temperature, Indian. J. Plant. Physiol.19 (1) (2014)36-42. 

[5] FAO (2013) http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor. 

Accessed 12 June 2013. 

[6] A. Ahmed, N.B. Rajeev, K. Sangeeta, P.S. Madan, Higher gylcine betaine and antioxidant 

enzymes activity are associated with high temperature tolerance in potato, Indian J. Plant 

Physiol. 16(2011) 285-293. 

[7] J.P. Singh, P.M. Govindakrishnan, S.S. Lal , P.K.Aggarwal, Increasing the efficiency of 

agronomy experiments in potato using INFOCROP-POTATO model, Potato Research. 

48(2005) 131-152. 

[8] C. G. J. Fernandez, Effective selection criteria for assessing plant stress tolerance,in: C. G. 

Kuo, (Eds.), Adaptation of Food Crops to Temperature and Water Stress, AVRDC, Shanhua, 

Taiwan, 1993, pp. 257—270. 

[9] R. A. Fisher, R. Maurer, Drought resistance in spring wheat cultivars. I. Grain yield 

responses, Aust. J. Agric. Res. 29(1978) 897—912. 

[10] A. Rashid, J. C. Stark, A. Tanveer, T. Mustafa, Use of canopy temperature measurements as a 

screening tool for drought tolerance in spring wheat, J. Agron. Crop Sci. 182 (1999) 213—

237. 

[11] P. Ramirez-Vallejo, J. D. Kelly,Traits related to drought resistance in common bean, 

Euphytica. 99(1998)127—136.  

[12] R. Hunt, Plant growth analysis: The rationale behind the use of the fitted mathematical 

function, Ann. Bot. 43(1979) 245-249. 

International Letters of Natural Sciences Vol. 43 67



[13] Lafta AM, Lorenzen JH. 1995. Effect of high temperature on plant growth and carbohydrate 

metabolism in potato. Plant Physiol. 109: 637—643. 

[14] T. G. Porch, Application of Stress Indices for Heat Tolerance Screening of Common Bean, J. 

Agronomy & Crop Science. 192 (2006) 390—394.  

[15] J. W. White, S. P. Singh, Breeding for adaptation to drought. in: A. van Schoonhoven, O. 

Voysest (Eds.), Common Beans, Research for Crop Improvement, CAB Int CIAT., Colombia, 

1991, pp. 501—560. 

[16] M. Tollenaar, J. Wu, Yield improvement in temperate maize is attributable to greater stress 

tolerance, Crop Sci. 39 (1999)1597—1604. 

 

 

 
( Received 20 July 2015; accepted 22 July 2015 ) 

68 Volume 43



Volume 43 
10.18052/www.scipress.com/ILNS.43 
 
 
Indices and their Applicability under High Temperature in Potato (Solanum tuberosum L.) Cultivars 
10.18052/www.scipress.com/ILNS.43.63 

http://dx.doi.org/www.scipress.com/ILNS.43
http://dx.doi.org/www.scipress.com/ILNS.43.63

