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Abstract: High temperature stress profoundly influences the growth and development as well as plant metabolic
processes of potato in tropic and sub-tropic regions. A field study was conducted with two potato cultivars
viz. Kufri Chipsona-3 (temperature sensitive) and Kufri Surya (temperature tolerant) to investigate the effect
of high temperature on their rate of photosynthesis, photosynthetic pigments and stomatal conductance at
tuber initiation and bulking stages. The experiment was performed using a randomized complete design under
factorial arrangement with three replications and the plants were grown under five temperature environments
i.e. 1. Control (E1) 2. Mid early planting (E2) 3. Early planting (E3) 4. Late planting (E4) and 5 by planting inside
polyhouse tunnel (E5). The results revealed that rate of photosynthesis decreased in both the cultivars under
high temperature and magnitude of reduction was similar under all the treatments. Similarly, stomatal
conductance decreased due to high temperature in both the cultivars and maximum reduction was observed
under E4 and E5 environments. Total chlorophyll and carotenoids also decreased but Chlorophyll a: b ratio
increased under higher temperature. The study concludes that rising temperature in changing climate will affect
the rate of photosynthesis and photosynthetic pigments in potato cultivars grown under northern parts of
India, but the magnitude of reduction will vary among different cultivars.
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INTRODUCTION indicators of thermotolerance in plants as they show good

It is evident that the global average temperature of metabolism due to high temperature or any other abiotic
the air of the earth’s surface could rise by 1.6 to 3.8°C by stress can limit plant growth. Photochemical reactions in
2100 [11]. Potato is very sensitive to high temperature and thylakoid lamellae and carbon metabolism in the stroma of
such increases in temperature during future climate chloroplast have been suggested as the primary sites of
change scenario may decrease potato productivity in injury under high temperatures [24].
many regions, especially in tropical regions. In potato, the The highest stomatal conductance associated higher
process of photosynthesis is very sensitive to high transpiration would reduce leaf temperature and may thus
temperature. Optimum temperature for photosynthesis in result in high temperature stress avoidance. Plants with
potato is about 20°C and an increment of 5°C above the access to adequate water keep their stomata open at high
optimum may decrease photosynthetic rate by 25% [2]. temperature using evaporative cooling to maintain their
The optimum canopy net photosynthetic rates in potato leaf temperature in optimum range. Increased temperatures
have been reported at 24°C, while the maximum biomass curtail photosynthesis and increase CO  transfer
accumulation has been observed at 20°C temperature [22]. conductance between intercellular spaces and
Hammes and De Jager [8] have reported large decline in carboxylation sites. Stomatal conductance (gs) and net
photosynthesis in heat sensitive clones of potato photosynthesis (Pn) are inhibited by moderate heat stress
compared with tolerant ones. Such reductions in in many plant species due to decreases in the activation
photosynthesis have been attributed as a result of state of Rubisco [4, 17]. Chlorophyll and carotenoid
structural  and   functional  disruptions  of  chloroplast pigments are closely associated with photosystem
and reduction of chlorophyll accumulation under high proteins and any damage to photosystem will be evident
temperature stress [5, 26]. Alterations in various in chlorophyll as well carotenoids. Heat stress has been
photosynthetic attributes under  heat  stress  are  good reported to reduce chlorophyll content, chlorophyll a/b

correlation with growth. Any constraint in photosynthetic
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ratio and chlorophyll:carotenoid ratio in various plant and was monitored on real time basis using data loggers
tree species like Fescue (Festuca arundinacea) [15] and (TC800, Ambetronics Engg. Pvt. Ltd. India) through micro
Solanum species [20]. This study was planned to analyze processor based Program Logic Control (PLC) and
photosynthetic characteristics of a high temperature Supervisory Control and Data Acquisition (SCADA)
tolerant (Kufri Surya) and sensitive (Kufri Chipsona-3) winlog software (Make SELCO Italy). Average (day
potato cultivar under different high temperature temperature) and maximum/ minimum temperature
environments. recorded during growth period of potato cultivars at

MATERIALS AND METHODS Figure 1 and details of temperature data during tuber

Experimental Details: The present investigation was
carried out at Division of Plant Physiology, Indian Observations: Observations were recorded during tuber
Agricultural Research Institute,  New  Delhi,  India  during initiation (S1) and bulking stages (S2) of potato. The rate
2008-2009   and   2009-2010   with   two   cultivars of of photosynthesis was measured using LI-COR portable
potato  namely   Kufri   Surya   and   Kufri  Chipsona-3. photosynthesis system (IRGA LI-6400 model, LI-COR,
The later one is considered relatively sensitive to high Nebaraska, USA) operated in the closed mode. The
temperature  than  the  former.  The  seed   material of observations were recorded during bright sun shine hours
both the cultivars was collected from Central Potato between 11.00 AM to 13.30 PM, when photosynthetically
Research Station, Modipuram, Meerut, India. Tubers were active radiation (PAR) ranged between 1000 and 1500
sown in plots of dimension 2.6 x 2 m with four rows and µmol m s . The upper most fully developed leaf was
row to row and plant to plant spacing was maintained 65 enclosed in the chamber and the net exchange of CO
and 25 cm, respectively. The experiment was planned in a between the leaf and the atmosphere was measured. The
randomized complete block design under factorial rate of photosynthesis was then calculated using this rate
arrangement with three replicates for each treatment and of CO  change and other factors such as the leaf area
control. enclosed the volume of enclosure and temperature by the

For high temperature exposure, plant were grown by inbuilt microcomputer of the IRGA and expressed as µmol
delayed and early planting in the field and inside the CO2 m s . Simultaneously stomatal conductance was
temperature tunnels during both years and there were five measured in the same leaf using photosynthesis system
temperature environments i.e. E1 = control; E2 = mid-early and expressed as cm s .
planting; E3 = early planting; E4 = late planting and E5 = Chlorophylls and carotenoids were extracted  from
by planting in polyhouse tunnel (Table 1). Ambient the fully expanded leaves of plants at above sampling
temperature data including daily maximum and minimum stages following the non-maceration DMSO (Dimethyl
temperatures, for the experimental period in all E1, E2, E3 sulphoxide) method of Hiscox and Israelstam [10].
and E4 treatments were collected from the IARI agro Absorbance of the extract was recorded at 645, 663 and
meteorological  station.  In the polyhouse tunnel (E5) 480 nm and chlorophyll and carotenoids were calculated
daily temperatures were recorded during experiment. following Arnon [1] and Price and Hendry [19],
Temperature and humidity sensors (TRH-511, respectively.
Ambetronics Engg. Pvt. Ltd. India) were fixed at three The data obtained were analyzed using MSTAT-C
places inside the polyhouse tunnel and outside to monitor statistical programme and mean values were compared
the level of temperature and humidity during the using Duncan’s multiple Range Test at 5% probability
experimental period. The temperature  and  humidity  data level.

different temperature environments has been shown in

initiation and bulking stages are given in Table 1.
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Table 1: Daily maximum, minimum and mean temperature (°C) at tuber initiation and bulking growth stages of potato
Tuber initiation stage (S1) Bulking stage (S2)
----------------------------------------------------- -------------------------------------------------

Environment treatments Date of sowing Maximum Minimum Mean Maximum Minimum Mean
E1 (Control) 02.10.2008 25.3±0.62 10.5±0.54 17.9±0.4 20.7±0.42 6.7±0.15 13.7±0.25
E2 (Mid early planting) 13.10.2008 28.7±0.75 12.5±0.27 20.6±0.57 22.3±0.37 7.6±0.21 14.8±0.44
E3 (Early planting) 23.09.2008 31.9±0.84 14.1±0.39 23.0±0.78 24.8±0.78 9.2±0.22 17.0±0.39
E4 (Late planting) 15.01.2009 24.0±0.77 9.3±0.21 16.7±0.61 31.9±0.67 15.9±0.34 23.9±0.51
E5 (Planting in polyhouse tunnel) 23.09.2008 39.4±1.12 18.2±0.46 28.8±0.89 38.1±1.02 11.2±0.19 24.5±0.47
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Fig. 1: Daily Maximum (A) and minimum (B) temperature during growth period of potato cultivers grown under different
environment. E  = Control; E  = Mid early planting; E  = Early planting; E  = Late planting; E  = Poly house tunnel1 2 3 4 5

RESULTS significantly influenced stomatal conductance at both the

Rate  of   Photosynthesis    and    Stomatal  Conductance: observed under temperature environments at both the
Effect of high temperature environments on stages, but reduction in stomatal conductance was more
photosynthetic rate was highly significant at both S1 and or less similar in both tolerant and sensitive potato
S2 stages (Table 2). At S1, photosynthetic rate (Pn) cultivars (Table 3).
declined under high temperature as compared to control
while difference between the temperature levels was not Chlorophyll and Carotenoid Pigments: Effect of high
significant. Rate of photosynthesis in Kufri Surya grown temperature environments on chlorophyll ‘a’ was not
under temperature treatments was greater than Kufri significant at S1, while it was highly significant at S2. The
Chipsona-3 under all temperature treatments and interactive effects of temperature and cultivar were not
decreased under high temperature (Table 3). Reduction in significant at both harvesting stages (Table 4). At S2,
rate of photosynthesis under high temperature was similar chlorophyll ‘a’ content declined with raising temperature
at S1 stage in both the cultivars but at S2, Kufri Chipsona- while  reduction  in  plants  grown  under  polyhouse
3 exhibited large reductions in rate of photosynthesis. tunnel (E5) was lower, particularly in Kufri Surya.
Maximum reduction in Pn was observed under E3 and E5 Reduction in Kufri Chipsona-3 was higher than Kufri
temperature treatments. At bulking stage there was no Surya,  on  the  other  hand  chlorophyll   ‘a’  retained
significant difference between E3 and E5 while percentage more  in  Kufri  Surya. Lowest chlorophyll ‘a’ content was
reduction was greater in E3. The interaction between observed in Kufri Chipsona-3 grown under early planting
temperature treatments and cultivars revealed that rate of (E3 treatment) (Table 5). Chlorophyll ‘b’ significantly
photosynthesis was higher in Kufri Surya grown under decreased by temperature environments at S1 but at S2
high temperature (Table 3). Temperature environments effect  of   temperature   was   not   significant   (Table  4).

stages (Table 2). A decrease in stomatal conductance was
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Table 2: Summary  of analysis  of  variance  (ANOVA)  for  rate of photosynthesis and stomatal conductance at tuber initiation and bulking stages in potato
cultivars

Mean sum of square (MS) values
---------------------------------------------------------------------------------------------------------------
Tuber initiation (S1) Bulking (S2)
--------------------------------------------------------- ---------------------------------------------------

Source of variance d.f. Photosynthesis Stomatal conductance Photosynthesis Stomatal conductance 
Cultivar (C) 1 31.21** 0.014NS 12.49** 0.008**
Temperature environment (E) 4 27.78** 0.113** 52.07** 0.01**
C x E 14 0.74NS 0.002NS 1.78NS 0.003 NS
Error 18 3.22 0.004 1.23 0.002
CV (%) 8.48 25.76 10.2 15.97
NS: non-significant, *: significant at P  0.05 level of probability, **: significant at P  0.01 level of probability 

Table 3: Effect of high temperature environments on rate of photosynthesis and stomatal conductance at tuber initiation and bulking stages in two potato
cultivars

Tuber initiation (S1) Bulking (S2)
---------------------------------------------------------------------------------- ---------------------------------------------------------------------------
Photosynthesis Stomatal Photosynthesis Stomatal

Treatments (µ mol CO  m  s ) % change conductance (cm s ) % change (µ mol CO  m  s ) % change conductance (cm s ) % change2 2
2 1 1 2 1 1

V1 (E1-E5) 20.1 0.215 10.21 0.226
V2 (E1-E5) 22.2 0.258 11.5 0.26
E1 (V1-V2) 24.8 - 0.412 - 15.6 - 0.282 -a a a a

E2 (V1-V2) 20.7 -16.5 0.345 -16.3 11.6 -25.6 0.283 0.3b a b a

E3 (V1-V2) 19.4 -21.8 0.095 -70.0 8.1 -48.1 0.24 -14.9b c d ab

E4 (V1-V2) 19.9 -19.7 0.200 -51.4 9.8 -37.2 0.225 -20.2b b c ab

E5 (V1-V2) 20.9 -15.7 0.131 -68.2 9.0 -42.3 0.185 -34.4b bc cd b

C  at 5% 2.18 0.077 1.35 0.054d

V1 x E1 23.8 - 0.365 - 15.8 - 0.251 -ab ab a abcd

V1 x E2 19.1 -19.7 0.309 -15.3 10.5 -33.5 0.299 19.1c bc cd ab

V1 x E3 18.8 -21.0 0.098 -73.1 7.4 -53.2 0.199 -20.7c d e cd

V1 x E4 18.9 -20.6 0.189 -48.2 8.8 -44.3 0.215 -14.3c d de bcd

V1 x E5 20.0 -16.0 0.115 -68.5 8.5 -46.2 0.167 -33.5c d de d

V2 x E1 25.9 - 0.459 - 15.4 - 0.314 -a a a a

V2 x E2 22.2 -14.3 0.380 -17.2 12.7 -17.5 0.266 -15.3bc ab b abc

V2 x E3 20.0 -22.8 0.092 -80.0 8.9 -42.2 0.280 -10.8c d cde abc

V2 x E4 20.1 -22.4 0.211 -54.0 10.9 -29.2 0.235 -25.2b cd bc abcd

V2 x E5 21.8 -15.8 0.146 -68.2 9.6 -38.0 0.204 -35bc d cd cd

CD at 5% 3.08 0.108 1.9 0.077
*Data with the same letters are not significantly different. These letters are based on Duncan’s Multiple Range Test (P 0.05). V = Kufri Chipsona-3; V =1 2

Kufri Surya; E = Control; E = Mid early planting; E = Early planting; E = Late planting; E = Poly house tunnel.1 2 3 4 5

Table 4: Summary of analysis of variance (ANOVA) for photosynthetic pigments
Mean sum of square (MS) values
----------------------------------------------------------------------------------------------------------------------------------------------------
Tuber initiation (S1) Bulking (S2) 
-------------------------------------------------------------------------- ---------------------------------------------------------------------

Source of Total Carot- Chl. a:b Chl:Car. Total Carot- Chl. a:b Chl.:Car.
variance d.f. Chl. a Chl. b Chl. enoids ratio ratio Chl. a Chl. b Chl. enoids ratio ratio
Cultivar (C) 1 0.015 0.005* 0.044 197.6 1.36* 1.59 0.007 0.002 0.022 92.04 0.26 4.33NS NS NS NS NS NS NS NS NS NS

Temperature 4 0.031 0.009* 0.069* 435.7* 2.46** 8.52** 0.088** 0.001 0.114** 972.6** 0.17 34.32**NS NS NS

environment (E)
C x E 4 0.0001 0.001 0.003 52.0 0.53 1.17 0.007 0.0001 0.007 77.04 0.136 4.00NS NS NS NS NS NS NS NS NS NS NS NS

Error 18 0.012 0.001 0.018 112.7 0.31 1.63 0.012 0.001 0.019 111.64 0.11 4.19
CV (%) 6.95 10.0 6.79 10.94 10.45 6.31 8.05 10.88 8.24 14.47 6.81 8.69
NS: non-significant, *: significant at P  0.05 level of probability, **: significant at P  0.01 level of probability
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Table 5: Effect of temperature environment on photosynthetic pigments in two potato cultivars
Tuber initiation (S1) Bulking (S2)
------------------------------------------------------------------------------------------ -----------------------------------------------------------------------------------------
Chl. a Chl. b Total Chl. Carote-noids Chl. a:b Chl.:Car. Chl. a Chl. b Total Chl. Carote-noids Chl. a:b Chl.:Car.

Treatments (mg g-1 fw) (mg g-1 fw) (mg g-1 fw) (mg g-1 fw) ratio ratio (mg g-1 fw) (mg g-1 fw) (mg g-1 fw) (mg g-1 fw) ratio ratio
V1 (E1-E5) 1.55 0.29 1.91 94.5 5.50 20.50 1.32 0.27 1.65 71.1 4.98 23.97
V2 (E1-E5) 1.59 0.32 1.99 99.6 5.07 20.04 1.35 0.29 1.71 75.0 4.77 23.12
E1 (V1-V2) 1.66a 0.33a 2.07a 104.0a 5.07b 20.13b 1.48a 0.29a 1.85a 87.8a 5.1a 21.22c
E2 (V1-V2) 1.61ab 0.31ab 2.01ab 105.0a 5.10b 19.17b 1.31bc 0.28a 1.66bc 69.8bc 4.7a 24.3ab
E3 (V1-V2) 1.47b 0.29b 1.83c 95.0ab 5.28b 19.33b 1.20c 0.26a 1.51c 57.5c 4.82a 26.57a
E4 (V1-V2) 1.53ab 0.24c 1.84bc 83.8b 6.35a 22.13a - - - - - -
E5 (V1-V2) 1.58ab 0.34a 2.00abc 97.3a 4.63b 20.58b 1.35b 0.28a 1.69ab 77.0ab 4.9a 22.12bc
CD at 5% 0.133 0.038 0.163 12.88 0.67 1.55 0.136 0.039 0.171 13.08 0.411 2.53
V1 x E1 1.64ab 0.32abc 2.04ab 101.7a 5.17bcd 20.43bc 1.51a 0.29a 1.87a 90.7a 5.3a 20.73c
V1 x E2 1.60ab 0.32ab 2.01ab 107.0a 4.93bcd 18.77c 1.29bc 0.27a 1.63abc 67.7bcd 4.9ab 24.7abc
V1 x E3 1.45b 0.26cd 1.78b 92.0ab 5.80bc 19.47bc 1.15c 0.26a 1.45c 51.7d 4.7ab 28.07a
V1 x E4 1.49ab 0.22d 1.78b 77.7b 6.87a 22.97a - - - - - -
V1 x E5 1.55ab 0.33ab 1.96ab 94.0ab 4.73cd 20.87abc 1.33abc 0.26a 1.65abc 74.3abc 5.03ab 22.4bc
V2 x E1 1.68a 0.34a 2.11a 106.3a 4.97bcd 19. 83bc 1.46ab 0.30a 1.83ab 85.0ab 4.9ab 21.7bc
V2 x E2 1.62ab 0.31abc 2.01ab 103.0a 5.27bcd 19.57bc 1.33abc 0.30a 1.70abc 72.0abc 4.5b 23.9bc
V2 x E3 1.49ab 0.31abc 1.88ab 98.0a 4.77bcd 19.20bc 1.26bc 0.26a 1.58bc 63.3cd 4.93ab 25.07ab
V2 x E4 1.56ab 0.27bcd 1.91ab 90.0ab 5.83b 21.30ab - - - - - -
V2 x E5 1.60ab 0.35a 2.04ab 100.7a 4.53d 20.30bc 1.37ab 0.29a 1.73ab 79.7abc 4.77ab 21.83bc
CD at 5% 0.188 0.054 0.23 18.21 0.947 0.738 0.192 0.055 0.241 18.5 0.581 3.58
*Data with the same letters are not significantly different. These letters are based on Duncan’s Multiple Range Test (P 0.05). V = Kufri Chipsona-3; V = Kufri Surya; E = Control; E = Mid early1 2 1 2

planting; E = Early planting; E = Late planting; E = Poly house tunnel3 4 5

At S1, chlorophyll ‘b’ content decreased under high and E3 while significantly increased in E5. At S2, the
temperature environments except under polyhouse tunnel. chlorophyll: carotenoid ratio increased with increasing the
Reduction rate was higher in Kufri Chipsona-3 compared temperature except in poly house tunnel (E5).
to Kufri Surya. Effect of temperature environments on Enhancement was greater in Kufri Chipsona-3, particularly
total chlorophyll was significant at both harvesting in early planting.
stages. The temperature and cultivar interactive effect was
not significant (Table 4). At S1, total chlorophyll slightly DISCUSSION
decreased with increasing the temperature. The reduction
was higher in Kufri Chipsona-3 in comparison to Kufri Photosynthesis, being one of the most heat sensitive
Surya. Although the total chlorophyll in Kufri Surya processes, can be inhibited by high temperature before
decreased in temperature treatment but there was no any other symptoms of stress are detected in the plants
significant difference between the temperature [3]. In our experiment, photosynthetic rate under high
environments. temperature environments at S1 decreased slightly, while

Effect of different levels of temperature on carotenoid at S2 the reductions were higher. Amongst the cultivars,
content was significant at both harvesting stages but the the magnitude of reduction in photosynthetic rate was
interactive effect of temperature and cultivar was not similar with Kufri Chipsona-3 and Kufri Surya cultivar
significant (Table 4). At S1, carotenoid content decreased (Table 3). Similarly Ku et al. [13], Dwelle et al. [6], Leach
in all the temperature environments except under mid early et al. [16] and Sarquis et al. [21], they reported similar
planting (E2). Lowest carotenoid content was observed in reductions in photosynthetic rate in potato cultivars
late planting in both cultivars. Reduction in cartoenoids under higher temperature. Different optimum temperatures
was greater in Kufri Chipsona-3, while Kufri Surya for photosynthesis among potato clones and differences
retained greater carotenoids under high temperature. in rate of assimilation are reported by Dwelle [7]. Prange
Lowest carotenoid content was observed in Kufri et al. [18] have reported similar reductions in net
Chipsona-3 and Kufri Surya grown under early planting photosynthesis at 30/25°C temperatures due to reduced
(Table 5). Effect of temperature environments on activity of photosystem II. Havaux [9] showed that
chlorophyll a:b ratio at S1 was significant but it was not threshold level of temperature at which rapid and
significant at S2 (Table 4). Chlorophyll a:b ratio increased irreversible loss of photosystem II in potato occurs at
in all temperature environments except under poly house about 38°C. However, the plants acclimated at 30 to 35°C
tunnel (E5). Enhancement rate was higher in Kufri showed no changes in the activity of photosystem II even
Chipsona-3 compared to Kufri Surya. The chlorophyll: at 40°C. The higher stomatal conductance associated
carotenoid ratio was significantly affected by temperature higher transpiration may reduce leaf temperature and
environments at both harvesting stages (Table 4). At S1, result in high temperature stress avoidance. Plants with
the chlorophyll: carotenoid ratio slightly decreased in E2 access  to adequate water keep their stomata open at high
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temperature using evaporative cooling to reduce their leaf 3. Camejo, D., P. Rodriguez, M. Angeles, J.M. Dell’
temperature. In our study high temperature treatment
significantly decreased the stomatal conductance in both
cultivars and highest reduction was observed under early
planting and poly house tunnel (Table 3). Our findings are
in agreement with the results reported by Wolf et al.  [25]
and Reynolds et al., [20]. It was observed relatively
greater stomatal conductance in Kufri Surya under high
temperature compared to Kufri Chipsona-3. Similar results
were reported by Kumar et al. [14] indicating that higher
stomatal conductance in Kufri Surya led to faster
evaporative cooling, which is beneficial to the plant
during the period of heat stress, resulting in higher rate of
photosynthesis and better plant growth.

Chlorophyll pigments are closely associated with
photosystem proteins and any damage to photosystem
will be evident on chlorophyll as well. Carotenoids are
widely known to protect cellular structures in various
plant species irrespective of the stress type [23]. Knox
and Dodge [12] have suggested that carotenoids are
involved in quenching of singlet oxygen. The present
investigation revealed that chlorophyll ‘a’, chlorophyll
‘b’, chlorophyll a+b and carotenoid decreased
significantly under high temperature treatments in both
the potato cultivars. Kufri Surya retained higher above
pigments and lower chlorophyll a:b ratio under all
temperature environments in comparison with Kufri
Chipsona-3 (Table 5). Camejo et al., [3] indicated that
increase in chlorophyll a:b ratio and decrease chlorophyll:
carotenoid ratio and lower chlorophyll a:b ratio could be
used as indicators of heat tolerance and the physiological
status of tall fescue cultivar under  high temperature
stress condition. We observed similar response in high
temperature tolerant and sensitive potato cultivar which
is in agreement with Camejo et al. [3], Langjun et al. [15]
and Reynolds et al. [20]. Finally the study concludes that
the photosynthetic process in potato is sensitive to high
temperature and the rate  of  carbon  assimilation as well
as concentration of pigments may be affected by rising
temperature under future climate changing scenario,
particularly in northern parts of India.
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