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Water stress induced proline accumulation in contrasting wheat genotypes
as affected by calcium and abscisic acid
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Abstract

Proline accumulation and mobilization in roots of 7-d-old seedlings of wheat genotypes varying in sensitivity towards
water stress were compared. Water stress was induced by polyethylene glycol (PEG-6000; osmotic potential -1.5 MPa)
in the presence of 0.1 mM abscisic acid (ABA), 1 mM calcium chloride, 0.5 mM verapamil (Ca®* channel blocker),
0.5 mM fluridone (inhibitor of ABA biosynthesis). While both the genotypes did not differ in total proline accumulation,
rate of proline accumulation and utilization was higher in tolerant genotype C 306 as compared to susceptible genotype
HD 2380. The treatment with ABA and CaCl, caused further increase in proline accumulation during stress and reduced
its mobilization during recovery. The membrane stability and elongation rate of roots was observed to be higher at ABA
and calcium treatment in both the genotypes under stress. As was evident from inhibitor studies, the tolerant genotype
was more responsive to ABA and the susceptible one to calcium.

Additional key words: apparent proline mobilization rate, fluridone, membrane stability index, root clongation rate, Triticum
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Introduction

Proline is a compatible osmolyte and is known to
accumulate in response to various kinds of abiotic stresses
(Delauney and Verma 1993). Primarily, proline is
accumulated in cytosol and contributes to osmotic
adjustment in response to dehydration stress (Larher ef al.
1993). Accumulation of proline in cytoplasm is
accompanied by a reduction in the concentration of less
compatible solutes and an increase in cytoplasmic water
volume (Cayley et al. 1991). Proline might sustain protein
synthesis (Steward er al. 1977) and could also be
involved in the energetic metabolism (Lawlor 1995) by
means of oxidative processes that take place via the
activity of mitochondrial proline dehydrogenase and
A'-pyrroline-5-carboxylic acid dehydrogenase. It protects
the membranes and proteins against the adverse effects of
stresses (Santoro et al. 1992).

Water stress injury at various levels of plant
organization has been reported to be alleviated by
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exogenous application of growth regulators (Kumar et al.
2001, Singh et al. 2001). ABA has been observed to
increase with abiotic stresses and acts as a stress sensor
and transducer (Cowan et al. 1997). Considerable
evidence also indicate the existence of ABA-independent
dehydration (Gosti et al. 1995) and cold (Nordin et al.
1991) induced signalling pathways and dissecting the
interaction between ABA-dependent and ABA-
independent signalling cascade is currently the focus of
investigation (Shinozaki and Yamaguchi-Shinozaki
1997). ABA functioning during response to stress may
involve calcium as a second messenger (Leung and
Giraudat 1998). Proline content has been reported to
increase along with ABA and calcium levels during stress
(Knight et al. 1997, Trotel-Aziz et al. 2000, Yang et al.
2000). The regulation of proline accumulation under
stress conditions is not sufficiently understood (Guerrier
et al. 1997, Hare and Cress 1999). The contrasting
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genotypes of various crops show variations in proline
accumulation (Guerrier 1997, Ramanjulu and Sudhakar
2000). In the present study, we hypothesized that
differences between the contrasting genotypes might be
due to different regulation of proline accumulation during

Materials and methods

The wheat (Triticum aestivum L.) seeds of genotypes
C 306 (drought tolerant) and HD 2380 (drought
susceptible) were surface sterilized with 0.1 % mercuric
chloride for 2 min and thoroughly washed with sterilized
distilled water. The seeds were germinated in autoclaved
10 cm Petri dishes lined with two layers of germination
paper moistened with 3.5 cm’ of sterilized distilled water
in dark for 24 h at 23 °C in growth chamber (SEW, New
Delhi, India). Thereafter, seedlings were grown at
16-h photoperiod (irradiance at the surface of the plants
in growth chamber 200 pmol m™ s at temperature of
23/20 °C for 7 d. 7-d-old seedlings were transferred to
half strength Hoagland solution supplemented with
0.1 mM abscisic acid (ABA), 1 mM CaCl,, 0.5 mM
fluridone, 0.5 mM verapamil under the same experimental
conditions for 24 h. The water stress was applied by
keeping these pre-treated seedlings in the nutrient
medium having polyethyleneglycol-6000 of -1.5 MPa
osmotic potential for 72 h. Thereafter the seedlings were
transferred to nutrient solution (without chemicals used

Results

The proline content increased progressively with time of
stress application in both the “genotypes and reached
maximum at 24 and 36 h in C 306 and HD 2380,
respectively (Fig. 1). Faster rate of proline accumulation
was observed in tolerant genotype than in susceptible one.
No significant difference existed between the two
genotypes for total proline accumulation after 36 h till the
onset of recovery at 72 h. The decline in proline content
during recovery was rapid in C 306 indicating higher
apparent mean rate of proline mobilization (ProM) than in
HD 2380 (Fig. 2). In calcium treated seedlings, an
6-fold and 4.5-fold increased proline content was
observed in HD 2380 and C 306, respectively, at 72 h
from the onset of stress (Fig. 1). Calcium caused decline
in ProM relative to control (Fig. 2). The delay in ProM
was significantly higher in HD 2380 than C 306. The
membrane stability index (MSI) and root elongation rate
(RER) were also significantly higher at CaCl-pretreated
HD 2380 seedlings than in control ones (Fig. 2).
Verapamil (VP, a calcium channel blocker) significantly
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stress and recovery by calcium and ABA. Therefore, a
study was planned to investigate the interaction of ABA
and calcium in relation to proline accumulation during
PEG-induced water stress and recovery in tolerant and
susceptible wheat genotypes.

for treatment) for recovery. The main roots were excised
periodically for estimation of proline content according to
Bates et al. (1972). The membrane stability index was
measured with conductivity meter (Elico, Hyderabad,
India) following the method of Premachandra et al.
(1990). The apparent mean rate of proline mobilization
(ProM) was calculated according to Trotel-Aziz (2000)
as: ProM = ([ProS] - [ProR])/T, where [ProS] was the
proline concentration at the end of stress treatment,
[ProR] was the proline concentration at the end of
recovery period and T is the duration of recovery period
(h). The specific root elongation rate (RER) was
calculated by following the equation: RER = In (L, - L) x
100/d, where L, and L, are root lengths on day of
recovery and 2 d after that, respectively, and d is the
number of days beginning from day of recovery till final
observation (2 in the present case). The experiment was
set in 3 replications and data was statistically analyzed for
standard error and analysis of variance using Microsta
software.

reduced the proline accumulation in the two genotypes
but HD 2380 showed more decrease (Fig. 1). In
VP-pretreated seedlings, ProM was relatively higher in
HD 2380 than C 306 (Fig. 2). ABA treatment caused
56.7 and 17.5 % increase in proline content over control
in C 306 and HD2380, respectively (Fig. 1). ProM at
ABA treatment was significantly lower in C 306 than
HD 2380 (Fig. 2). ABA resulted in more increase in the
MSI and RER in C 306 than HD 2380 (Fig. 2). In the
presence of fluridone (FL), inhibitor of ABA
biosynthesis, proline content declined in both the
genotypes with C 306 having more pronounced effect
than HD 2380 (Fig. 1). Fluridone increased ProM more in
C 306 relative to HD 2380. MSI and RER declined with
FL and C 306 was more influenced. In C 306, application
of ABA along with VP partially mitigated the inhibitory
effect of the later on proline accumulation and caused a
significant increase in its content, while in HD 2380 the
repressive effect of fluridone on proline accumulation was
negated by simultaneous application of calcium (Fig. 1).
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Fig. 1. Effect of calcium, abscisic acid and their inhibitors on proline accumulation during water stress and recovery in C 306
(tolerant) and HD 2380 (susceptible) genotypes of wheat. The 7-d old seedlings growing in half strength Hoagland solution were
treated for 24 h with 1 mM CaCl,, 0.5 mM verapamil (VP), 1 mM ABA, 0.5 mM fluridone (FL), and VP + ABA, FL + CaCl,. The
treated seedlings were water stressed using PEG-6000 of -1.5 MPa osmotic potential for 72 h and put to recovery (indicated by
arrow) thereafter. Means + SE, n=3.
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Fig. 2. Effect of calcium, abscisic acid and their inhibitors on apparent mean rate of proline mobilization (ProM), membrane stability
index (MSI) and root elongation rate (RER) at 72 h of water stress in C 306 (tolerant) and HD 2380 (susceptible) genotypes of
wheat. The 7-d old seedlings growing in half strength Hoagland solution were treated for 24 h with 1 mM CaCl,, 0.5 mM verapamil
(VP), 1 mM ABA, 0.5 mM fluridone (FL), VP + ABA, and FL + CaCl,. The treated seedlings were water stressed using PEG-6000
of -1.5 MPa osmotic potential for 72 h and analysed. Means + SE, n=3.
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‘Discussion

As the total proline content did not differ in two
genotypes, the proline synthesis and its utilization rather
than proline content per se may be of primary importance
in adaptation to stresses (Hare and Cress 1997). ProM
might be related to the capacity to repair some of the
damage incurred during water stress when growth
conditions are restored (Trotel-Aziz 2000) and in this
context C 306 (tolerant genotype) appeared to be better
adapted. Proline is involved in membrane protection and
pressure potential stabilization (Santarius 1992) which
seem to be more effective in tolerant genotype under
stress as indicated by its higher MSI. ABA and calcium
resulted in elevation of proline content and also delayed
its mobilization in both the genotypes but a distinctive
variation could be seen between the response of two
genotypes to ABA and calcium indicating differential
regulation of endogenous proline control. A reduction in
ProM with ABA at the time of recovery from water stress
has been observed in canola leaf discs by Trotel-Aziz
(2000) and our observations also indicate a delay in
proline utilization by ABA as well as by calcium. The
biosynthesis of proline is influenced both by cellular
calcium (Knight et al. 1997) and ABA (Dallmier and
Stewart 1992). The regulation of proline biosynthesis may
be dependent or independent of ABA as observed by
Savoure et al. (1997) during their study on cold and
osmotic stresses in Arabidopsis thaliana. Stress induced
ABA may function with calcium as a signal transducer or
acts independently of calcium (Leung and Giraudat
1998). In the present study, the participation of ABA and
calcium in proline accumulation was evident from use of
their respective inhibitors, fluridone and verapamil which
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