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Abstract
Influence of water stress on four potato cultivars (i.e. Kufri Chipsona-1, Kufri Pukhraj, Kufri Lauvkar and Desiree) was
investigated with respect to three growth stages (i.e tuber initiation stage (T2), tuber enlargement stage (T3) and tuber
maturation stage (T4). In present study proline accumulation was found to be increased in potato leaves due to water stress
at different growth stages. Much increase in proline content was found when water stress was imposed at tuber initiation
stage (>75%) and at tuber enlargement stage (>85%) in comparison with well irrigated control T1. Accumulation of proline
may be ascribed as due to three metabolic causes i.e. de novo synthesis from glutamate, lower rate of proline catabolism
because of inhibition activities of proline dehydrogenase and proline oxidase by water stress and slow incorporation of
proline into protein. The cultivar Kufri Lauvkar recorded accumulation of maximum proline content due to water stress
treatments T2, T3 and T4 in comparison with well watered control T1. Among growth stages, Kufri Lauvkar showed highest
proline elevation (> two folds) when stress was given at tuber maturation stage. Kufri Chipsona-1 recorded minimum proline
content as a result of all water stress treatments except T3 where this cultivar was found second to lowest in proline
accumulation during both the years during this study.
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Introduction
In the era of global climate change, sustainability of

crop production is a serious challenging issue due to
increasing incidences of both biotic and abiotic stresses
in farmer’s field (Muhammad Nadeem et al., 2019).
Enhancing water stress tolerance in plants through
conventional breeding is a useful approach and a principal
strategy for crop improvement (Farooq et al., 2014). In
mesophytic plants, proline accumulation has been reported
as one of the marked responses to water stress by several
authors (Keshav Dahal et al., 2019, Paleg and Aspinall,
1981; Hanson and Hitz, 1982; Rhodes and Handa, 1989;
Losch, 1991; Galiba, 1994). During water stress, proline
plays an important role and act as a signaling compound
to regulate mitochondria function and affect cell
proliferation by means of activating particular genes,
which are essential for stress recovery (Solanki et al.,

2015). Proline accumulation aids in retaining membrane
integrity by decreasing oxidation of lipids through guarding
cellular redox potential and scavenging free radicals
(Shinde et al., 2016). Proline accumulation is favoured
by high leaf carbohydrate status and also by illumination
(Hanson and Hitz, 1982). Naidu et al., (1990) showed
that a progressive water stress rather than a rapid water
stress resulted in proline being the dominant accumulated
compound. Accumulation of proline may be ascribed as
due to three metabolic causes of which de novo synthesis
from glutamate is considered to be the major factor
(Hanson and Hitz, 1982; Venekamp et al., 1989), other
factors are lowered rate of proline catabolism because
of inhibition of activities of proline dehydrogenase and
proline oxidase by water stress (Venekamp et al., 1989)
and slower incorporation of proline into protein (Hanson
and Hitz, 1982). Physiological significance of proline
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accumulation has long been a matter of dispute. However
most of the workers are of view that such change is
associated with drought tolerance. Proline can serve as
a nitrogen and carbon source during recovery (Purvis
and Yelenosky, 1982), as enzyme regulator (Stewart and
Boggess, 1977), as osmoregulator and osmoprotectants
(Shevyakava, 1984; Delauney and Verma, 1993). Free
proline accumulation has been observed in leaf tissue of
potato in response to water stress by several workers
(Chen et al., 1964; Singh et al., 1972; Levy 1983, Keshav
Dahal et al., 2019,). Bansal and Nagarajan (1986) also
noticed accumulation of free proline in potato leaves due
to stress in all the genotypes. They found that proline
accumulation in leaves showed a significant negative
correlation with tuber weight (r = -0.729) and tuber
number (r = -0.902) in stressed plants. In non stressed
plants proline accumulation in leaves correlated negatively
(r = -0.752) with tuber number. Accumulation was found
least in Phulwa and G-2524. The low proline content as
a result of water stress in a resistant cultivar, therefore
suggest a negative correlation between the proline
contents in leaves and the relative tolerance to stress.
Levy (1983) pointed out the possible association of proline
accumulation in tuber tissue with relative drought
susceptibility. Similar proline accumulation in leaves in
response to stress and drought susceptibility was obtained
by Bansal and Nagaragen (1986). Singh et al., (1972)
showed a highly significant positive correlation between
proline accumulation and drought injury in barley.
Adaptation to water deficit stress may involve several
different morphological and physiological characters of
the plant. Balco (2002) studied some indirect selection
characteristics for drought viz. water use efficiency, leaf
water loss, chlorophyll fluorescence and proline
accumulation in leaves of potato cultivars. Keeping above
in view four potato cultivars were evaluated for leaf
proline status when grown under water stress imposed
at different stages of crop growth.

Materials and Methods
The field experiments were conducted at Research

Farm of ICAR-CPRI Campus, Modipuram, Meerut
(29_40N, 77_460E, 237 masl) during rabi season. Forty
eight plots were used in a split plot design for
accommodating 4 treatments. Field trials were conducted
in split plots with three replicates employing the 4 varieties
namely Kufri Chipsona-1, Kufri Pukhraj, Kufri Lauvkar
and Desiree having treatments, T1 : Control (well watered
plants), T2:Water stress at tuber initiation stage, T3:Water
stress at tuber enlargement stage, T4:Water stress at tuber
maturation stage. T1 control (well watered) plots were

irrigated at 6 DAP (days after planting), 27 DAP, 42 DAP,
63 DAP and 80 DAP during the year 1st year and at 8
DAP, 25 DAP, 44 DAP, 67 DAP and 83 DAP during the
2nd year. The water stress was imposed by withholding
water in T2, T3 and T4 treatments at different growth
stages. The growth stage was identified and confirmed
by uprooting the plants and by examining the stage of
tuber development. All the curtivars were screened for
proline by taking composite samples on 4th leaf from top
in 3–4 plants on peak stress day in all the treatments.
Proline content of the leaf was estimated according to
the method of Bates et. al. (1973). Experimental plots
were dehaulmed at 90 DAP and harvesting was done
10-15 days after of dehaulming so that tuber skin is
matured.

Results and Discussion
Mean values of treatments in table 1 showed that

proline content increased significantly due to water stress
treatments at different growth stages in comparison with
well watered control (T1). Maximum proline content (439
and 454 µg/g fw during 1styear and 2nd year, respectively)
was recorded due to water stress treatment at tuber
initiation stage (T2) whereas minimum increase in proline
content (133 and 135 µg/g fw during 1styear and 2nd year,
respectively ) was recorded when water stress was
imposed at tuber maturation stage (T4). Maximum
percent increase (92% and 86% in respective years) in
proline content due to water stress was found at tuber
enlargement stage (T3) whereas minimum percent
increase (42% and 43% in respective years) was found
at tuber maturation stage (T4). It is clear from Table 1
that Kufri Lauvkar recorded accumulation of maximum
proline content due to water stress treatments T2 (685
and 703 µg/g fw during 1styear and 2nd year, respectively),
T3 (343 and 344 µg/g fw during Ist year and IInd year
respectively) and T4 (154 and 158 µg/g fw during Ist
year and IInd year respectively) in comparison with well
watered control T1. Kufri Chipsona-1 recorded minimum
proline content as a result of all water stress treatments
except T3 where this cultivar was found second to lowest
in proline accumulation during both the years.

The cultivar Kufri Pukhraj recorded maximum
percent increase (120% and 126% in respective years)
in proline content whereas cultivar Kufri Chipsona-1
recorded minimum percent increase (62% in both the
years) in proline content when water stress was imposed
at tuber initiation stage (T2). As a result of water stress
at tuber enlargement stage (T3), the cultivar Desiree
recorded maximum percent increase in proline content
(142% and 161% in respective years) whereas cultivar
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Kufri Chipsona-1 recorded minimum percent increase
(27% and 29% in respective years) in proline content in
comparison with respective well irrigated control. When
water stress was imposed at tuber maturation stage (T4)
the cultivar Kufri Lauvkar recorded maximum percent
increase in proline content (103% and 105% in respective
years) whereas cultivar Kufri Pukhraj recorded minimum
percent increase (10% and 11% in respective years) in
proline content. The interaction between cultivar and

Table 1: Effect of water stress on leaf proline content (µg/g fresh weight) at various growth stages of potato cultivars.

Treat- 1st year 2nd  year
ments* Growth stage** Growth stage

T I T E T M T I T E T M
Kufri Chipsona-1

T1 164 149 101 167 151 103
T2 265 (+62%)*** 96 92 270 (+62%) 100 93
T3 163 189 (+27%) 88 165 195 (+29%) 89
T4 160 150 122 (+21%) 162 152 123 (+19%)

Mean 188 146 101 191 150 102
Kufri Pukhraj

T1 214 82 120 221 86 121
T2 471 (+120%) 143 110 500 (+126%) 146 111
T3 218 176 (+115%) 107 220 180 (+109%) 108
T4 215 180 132 (+10%) 218 181 134 (+11%)

Mean 280 145 117 290 148 119
Kufri Lauvkar

T1 409 207 76 414 211 77
T2 685 (+68%) 277 144 703 (+70%) 276 145
T3 411 343 (+66%) 84 415 344 (+63%) 85
T4 414 200 154 (+103%) 411 210 158 (+105%)

Mean 480 257 114 486 260 116
Desiree

T1 199 114 91 201 124 92
T2 337 (+69%) 178 122 341 (+70%) 181 123
T3 200 298 (+161%) 122 205 300(+142%) 122
T4 197 115 123 (+35%) 202 117 125 (+36%)

Mean 233 176 114 237 181 115
Mean values of treatments

T1 246 138 97 251 143 98
T2 439 (+78%) 174 117 454 (+81%) 176 118
T3 248 252 (+92%) 100 251 255 (+86%) 101
T4 247 162 133 (+42%) 248 165 135 (+43%)

CD at 5%
Cultivar(C) 15 8 6 14 8 5

Treatment (T) 12 7 4 11 7 4
C × T 23 15 8 22 14 8

**Growth stages: TI = Tuber initiation, TE =Tuber enlargement and TM = Tuber maturation
*Treatments: T1 = ­Control (well watered), T2 = water stress at tuber initiation,T3 =  water stress at tuber enlargement and T4 =
water stress at tuber maturation stage
***Figures in parenthesis are percent (%) change in proline content of leaf due to water stress treatment T2, T3 and T4 as
compared with respective control.

treatments was also found significant.
Proline is a basic amino acid present in high

percentage in basic proteins. It is accumulated as
compatible solutes in plants under water stress
(Muhammad Abid et al., 2018). Water deficit increases
plant antioxidant enzyme activity, ion leakage and proline
content, but reduces total antioxidant capacity (Xin Lia
et al., 2019). Elevated levels of proline have been reported
as one of the marked responses to water stress by several
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authors (Paleg and Aspinall, 1981; Losch, 1991, Kumar
and Minhas, 2013). In present study proline accumulation
was found to be increased in potato leaves due to water
stress at different growth stages table 1. Mean proline
content indicated much increase in proline content was
found when water stress was imposed at tuber initiation
stage (>75%), at tuber enlargement stage (>85%) and >
40 % at tuber maturation stage in comparison with well
irrigated control. Accumulation of proline may be ascribed
as due to three metabolic cases i.e. de novo synthesis
from glutamate, lower rate of proline catabolism because
of inhibition activities of proline dehydrogenase and proline
oxidase by water stress (Venekamp et al., 1989) and
slow incorporation of proline into protein (Hanson and
Hitz, 1982). The cultivar Kufri Pukhraj recorded
maximum increase in proline content whereas the cultivar
Kufri Chipsona-1 recorded minimum increase in proline
content due to water stress. On perusal of varietal
behavior at different growth stages for proline content, it
was observed that Kufri Lauvkar had highest proline
enhancement under stress at tuber maturation stage as
compared to other three cultivars. Physiological
significance of proline accumulation is associated with
drought tolerance, as it is known to protect the tissue
system either as osmoprotectant (Hanson, 1993) and
prevention of denaturation of proteins and enzymes or
both (Schwab and Gaff, 1990). These results indicated
the stage specific response for proline enhancements in
response to drought event in different potato cultivars.
Findings may have larger implications in varietal selection
needed for growing in drought affected situations.
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