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Abstract

Aim : The present study was carried out to examine the impact of foliar application of cytokinins [Kinetin
(Kn) and Benzyl adenine (BA)] on membrane stability and cell viability of wheat seedlings, and their ability
to sustain vigour and growth rate under physiological drought stress.

Methodolqu : Twenty seeds were surfacg
sterilized with 0.1% HgCl, and sown in each Petri-

plate using distilled water. On 3 day, seedlings l

were shifted to Pertri-plates supplemented with

PEG-6000 (-0.4Mpa) solution to induce drought
stress. On 5" day, foliar application of different Kn
and BA concentration were given and data was
recorded on 7 days after sowing for calculating the
membrane thermal stability (MTS), to determine
cell viability by Tetrazolium chloride test (TTC),
relative growth rate (RGR). For vigour index (VI),
seeds were directly sown in PEG supplemented NEiClulAENREICEEEIE
Petri-plates. Germination per cent and epicotyl FuEiENEECldIACE]
length were calculated following Kn and BA RLELILANERSIERTC
treatments on same day, except control. Index was estimated

Foliar application of Kn
(10, 20, and 40 ppm) and
BA (25 and 50 ppm) on 5" day
old seedings under stress

From 7 day old seedings
membrane stability, cell
viability, RGR and Vigour
Index was estimated

Results : Polyethylene glycol (PEG) induced water
deficit had significant (p< 0.05) negative effect on
both MTS and cell viability of wheat seedlings.
There was 27.04% more reduction of MTS in
PBW®660 over control. In the experiment, both Kn
and BAincreased MTS significantly in all the wheat
genotypes. Application of Kn @ 40 ppm showed
maximum MTS in HD2967 (94.6). With that
application per centincrease was recorded more in
PBW660 (25.47%). PEG induced drought reduced
cell viability in all genotypes. In contrast, Kn and BA
increased the viability of cells significantly (p<
0.05). Among the treatments, Kn @ 40 ppm promoted more physiological effect on all genotypes. PEG
induced drought stress reduced maximum RGR in PBW658 by 35.29%, and VI in PBW660 by 28.62% as
compared to control. Although higher the concentration of cytokinins, more was the positive effect, but Kn
@ 40 ppm promoted more effect as compared to other concentrations of Kn and BAon seedling growth.

Maintains cell viability,
membrane integrity and
sustains VI and RGR

Significantly decreased
cell viability, membrane
integrity and growth

Kn@ 40 ppm or BA@50 pp!
+m was more effective

Interpretation : Kn and BA may be used in foliar mode to ameliorate the negative effects of water deficit
stress on growth by sustaining membrane integrity and viability of cells of wheat seedlings.
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Introduction

Wheat is the most widely cultivated crops in the world. It
occupies more than 220 million hectares of crop land producing
715 million tonnes of food grains with an efficiency of 3.2 t ha”
(FAO, 2015). It is estimated that 65 million ha of wheat growing
area is affected by drought (FAO, 2013). Crop water deficit
emerges from both inadequate rainfall and depletion of soil water
potential during the growing season which is a limiting factor for
sustaining high crop yield (Vadez et al., 2011; 2012). Projections
show an increase in intense rain events, and diminution in the
number of rain days that leads to increased risk of drought (Vadez
et al, 2011). Kulkarni and Deshpande (2007) showed that
Polyethylene glycol (PEG) molecules are non-reactive, no-ionic
and virtually impermeable to cell membranes. It can persuade
invariable water stress without causing direct interference to
physiological processes.

Water stress causes water loss from plant tissues which
seriously impair both membrane structure and function
(Buchanan et al., 2000). Cell membrane is one of the first targets
of plant stress, and it determines the ability of plants to maintain
membrane integrity or stability under drought. Germination of
seeds and growth of seedlings characters are extremely
important factors in determining yield (Rauf et al., 2007). Seed
vigour index and shoot length are the most sensitive to drought
stress, followed by root length and coleoptiles length. The rate of
seed germination and the final germination percentage as well as
the amount of water absorbed by the seeds are lowered
considerably with the rise of osmotic stress level. Yang et al.
(2002) physiological damage caused by water stress and stress
signaling are closely associated with the endogenous level and
balance of hormones. Cytokinin synthesis and transport are
typically prohibited whereas degradation is promoted under water
stress, which have been associated with growth in hibition and
reduction instress tolerance of plant. The role of cytokinins in
delaying leaf senescence has been shown by the exogenous
application of cytokinins (Okamoto et al., 2010) and by promoting
endogenous production of cytokinin through transgenic
modification of cytokinin biosynthesis genes or genes regulating
cytokinin degradation pathways. Therefore, the present study
was carried out to evaluate the role of foliar application of
cytokinins on membrane thermal stability, cell viability, relative
growth rate and vigour index in four wheat genotypes under PEG
induced drought stress at seedling stage.

Materials and Methods

Four wheat genotypes (WH1105, HD2967, PBW658 and
PBW660) were obtained from the Department of Plant Breeding
and Genetics and laboratory investigations were conducted in the
Department of Botany, Punjab Agricultural University, Ludhiana.
Prior to experiment, the seeds were surface sterilised using
mercury chloride (0.1%) for 2-3 min to protect healthy seeds from
any fungal growth during the period of germination. The Petri
plates were also sterilised by putting them into oven at 100°C for
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about 1 hr. Petri plates were lined with pre- autoclaved ordinary
blotting paper in circular form in accordance with the size of Petri-
plate. Twenty seeds were then sown in each Petri-plate using
distilled water, and incubated at room temperature of 25+2°C,
relative humidity 60 and light 12 hrs/day in an incubator. On 3"
day, the seedlings were shifted to Petri plates supplemented with
PEG (-0.4 Mpa) solution against control. On 5" day, these
seedlings were treated with the following treatments :

T1 - Distil water as control T2 - Stress (PEG-6000); T3-
Stress + Kn @ 10 ppm; T4 - Stress + Kn @ 20 ppm, T5 - Stress +
Kn @ 40 ppm, T6 - Stress + BA@ 25 ppmand T7 — Stress + BA@
50 ppm

Membrane thermal stability was calculated by the method
given by Shanahan et al. (1990). Plant tissue was immersed in
test tubes containing 20 ml of de-ionized water stirred
continuously at 28°C. After 5 hrs, the electrolyte leakage was
estimated by conductivity meter. The sample was then boiled for
30 min and conductivity was measured again.

Triphenyltetrazolium chloride reduction assay : This test was
performed by the method of Towill and Mazur (1974). Two sets of
two leaves (3.5 cm each) per cultivar were excised and placed ina
testtube with 0.1 ml de-ionized water. One setwas left at 25°C for
90 min, and the other set was placed in a water bath at49°C for 90
min. After that 10 ml of TTC solution (0.8% TTC in 0.05 M NaPO,
buffer, pH 7.4, and 0.5 mI I TWEEN 20) was added per tube and
vacuum infiltrated for 10 min. The tissue was incubated in TTC
solution for 24 hrs at 25°C in dark and placed individually in
separate spectro-photometric tubes containing 2 ml of 95%
ethanol, and submerged for 24 hrs at 25°C in the dark. Cell
viability was determined by measuring the percentage reduction
of TTC to formazan.

Relative Growth Rate (RGR) was calculated as
suggested by Gardener et al. (1985) and Vigour Index (V1) by
Abdul Baki and Anderson (1973).

Statistical analysis : The experimental data wasanalyzed by two
way factor (genotype, treatment) under a completely randomised
block design and analysis of variance (ANOVA) using software
CPCS1by Cochranand Cox (1967).

Results and Discussion

Measurement of solute leakage from the plant tissue was
used to estimate the damage to the cell membrane caused by
drought (Tardieu et al, 2012; Wang, 2016). The stability of
membrane was observed more in control as compared with
polyethylene gylcol treatment in all genotypes (Table 1).
Polyethylene glycol induced stress significantly affected the
stability of cell membranes of all genotypes. Genotype PBW660
followed by PBW658 had more adverse effects of polyethylene
glycol caused water deficit on the stability of membrane. As
membrane stability is recorded in terms of electrolyte leakage, the
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Table 1: Effect of different concentrations of kinetin (10, 20 and 40 ppm) and benzyl adenine (25 and 50 ppm) on membrane thermal stability (MTS) at 7

DAS in wheatunder PEG induced drought stress

Treatments Membrane thermal stability (%)

Genotypes HD2967 PBW660 WH1105 PBW658 Mean

™ 92.2 85.4 82.9 773 84.45

T2 739 62.3 745 62.7 68.35
(19.841) (27.041) (10.134) (18.881)

T3 81.9 68.9 80.9 69.3 75.25
(9.76 1) (9.571) (7.911) (9.521)

T4 87.8 738 84.6 716 79.45
(15.831) (15.581) (11.931) (12.431)

T5 94.6 83.6 89.7 773 86.30
(21.881) (25.471) (16.941) (18.881)

T6 79.9 70.2 79.8 69.4 74.82
(7.501) (11.251) (6.641) (9.651)

17 89.9 81.2 87.2 76.9 83.80
(17.791) (23.271) (14.56 1) (18.461)

Mean 85.74 75.05 82.80 72.07

SE* 2.80 3.24 1.90 2.07

CD at 5% V=0.807 T=1.068 VxT=2.136

CV% 1.65

Percentage decrease over control is represented by | and percentage increase over drought is represented by *

maximum electrolyte evasion was recorded in PBW660 and
PBW658 under water deficit stress induced by polyethylene
glycol. Maximum percentage decrease in membrane stability was
27.04% in PBW660 and least in WH1105 (10.13%). Similar
significant reduction (p<0.05) was recorded in membrane stability

index in response to water stress (Aldesuquy and Ghanem,
2015). Sapre and Vakharia (2017) also recorded that PEG-6000
induced water deficit significantly decreased the membrane
stability index. Exogenously applied kinetin provided stability to
cell membranes and significantly reduced the leakage of

Table 2 : Effect of different concentrations of kinetin (10, 20 and 40 ppm) and benzyl adenine (25 and 50 ppm) on Triphenyltetrazolium chloride test at 7

DASinwheat under PEGinduced drought stress

Treatments Cell viability (%)

Genotypes HD2967 PBW660 WH1105 PBW658 Mean

™ 84.0 79 84 79 81.50

T2 62.0 59 66 56 60.75
(26.194) (25.314) (21.421) (29.114)

T3 70 66 72 63 67.75
(11.421) (10.601) (8.331) (11.111)

T4 76 75 81 69 75.25
(18.421) (21.331) (18.511) (18.841)

T5 88 81 88 77 83.5
(29.54 1) (27.161) (25.001) (27.271)

T6 73 73 77 70 73.25
(15.061) (19.171) (14.281) (20.001)

T7 86 80 85 74 81.25
(27.901) (26.251) (22.351) (24.321)

Mean 77.00 73.28 79.00 69.71

S.E 3.59 3.07 2.96 3.05

CDat5% V=1.611 T=2.132 VxT= NS

CV% 3.48

Percentage decrease over control is represented by | and percentage increase over drought is represented by *

% Journal of Environmental Biology, November 2018 %



1044

0.2
0.17 —

Relative growth rate (%)

0.16 _|
0.14 _|
012
0.01
0.08
0.06 |
0.04 7
0.02 =
0

A. Kaur and S.K. Thind

W HD2967
% PBW660
WH1105

PBW658

Control Stress (PEG) PEG+Kn (10) PEG+Kn (20)

PEG+Kn (40)  PEG+BA(25)  PEG+BA(50)

Treatments

Fig. 1 : Effect of different concentrations of Kn (10, 20 and 40 ppm) and BA (25 and 50 ppm) on relative growth rate (RGR) in wheat (a) HD2967, (b)
PBW660, (c) WH1105 and (d) PBW658 under PEG induced drought stress.Varieties (V) = 0.002, Treatments (T) =0.003, and VxT =0.006, CV=3.16%.

electrolytes in all studied genotypes. With kinetin @ 10 ppm
HD2967 followed by WH1105 had higher stability of cell
membranes, and PBW660 had minimum cell membrane stability.
The maximum membrane stability over drought was recorded in
HD2967 (9.76%) followed by PBW660 (9.57%) and slightest was
recorded in WH1105 (7.91%). At higher kinetin (20 ppm), all
genotypes had significantly more membrane stability in contrast
to low kinetin concentration, genotype HD2967 and WH1105 had
more membrane stability. While HD2967 and WH1105 had high
membrane stability and percentage increase was recorded more
in PBW660 (25.47%) and less in WH1105 (16.94%). With Kinetin
treatment @ 40 ppm. Exogenous benzyl adenine application
significantly improved the stability of cell membranes. HD2967
and WH1105 had identical and higher membrane stability at
benzyl adenine @ 25 ppm when compared with other studied
genotypes. Benzyl adenine @ 50 ppm had more noteworthy
impact membrane stability maintenance in all genotypes, higher

percentage increase was recorded in PBW660 (23.27%), while
minimum was in observed WH1105 (14.56%). Drought stress
damages the selective permeability of plasma membrane and the
cell cannot maintain its internal composition Barnabas et al.
(2007). The damage caused by drought affects plant growth and
development (Bajji, 2002). Duncan and Widholm (2004) reported
that damaged cells loses their viability as revealed by TTC test. In
this study, TTC test of all selected genotypes revealed high cell
viability under controlled conditions and it decreased in
polyethylene glycol treated seedlings (Table 2). HD2967 and
WH1105 had comparable and more cell viability as compared to
other genotypes under controlled conditions.

Polyethylene glycol reduced the viability significantly with
more pronounced effect on PBW658. WH1105 maintained high
cellular viability as compared to other genotypes even under
drought stress. Maximum percentage decrease over control was

350 =
300 —
250 —
£ 200 — W HD2967
>
)
2 150 I PBW660
2 100 WH1105
50 — PBW658
0 —
Control Stress (PEG) PEG+Kn (10) PEG+Kn (20) PEG+Kn (40) PEG+BA 25) PEG+BA 50)
Treatments

Fig. 2 : Effect of different concentrations of Kn (10, 20 and 40 ppm) and BA (25 and 50 ppm) on vigour index (V1) in wheat (a) HD2967, (b) PBW660, (c)
WH1105 and (d) PBW658 under PEG induced drought stress. Varieties (V) = 1.309, Treatments (T) =1.732,and VxT = 3.464, CV=0.91%.
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recorded in PBW658 (29.11%) followed by HD2967 (26.19%).
Merewitz et al. (2010) observed that drought stress led to
decrease in viability of roots. Foliar kinetin application increased
the cell viability of all genotypes significantly. WH1105 attained
the maximum cell viability and PBW658 had least at lower
concentration (10 ppm) of kinetin. Percentage increase was
recorded more in HD2967 (11.42%) followed by PBW658
(11.11%) and lesser was recorded in WH1105 (8.33%). Higher
concentration of kinetin (40 ppm) further protected the cells from
polyethylene glycol induced damage and increased the cellular
viability significantly, though HD2967 and WH1105 had higher cell
viability when compared with other genotypes. Foliar application
of benzyl adenine increased the cell viability of all genotypes
significantly. WH1105 followed by HD2967 and PBW660
maintained high cellular viability while PBW658 least. At 50 ppm
of benzyl adnine maximum percentage increase was recorded in
HD2967 (27.90%) while lesser was observed in WH1105
(22.35%). Earlier, it was observed that the increase in exogenous
cytokinin concentration increased the cell viability under drought
stress (Xu et al., 2016) probably by cytokinin-enhanced ROS
scavenging through antioxidant accumulation and activation of
antioxidantenzymes.

The relative growth rate of wheat genotypes decreased
under PEG induced drought stress as compared to control
conditions (Fig. 1). The maximum decrease was observed in
genotype PBW658; on the other hand genotype PBW660
followed by HD2967 possessed maximum RGR even under
PEG induced drought stress. Datta et al. (2011) reported that
relative growth rate in wheat genotypes declined progressively
under stress conditions. Foliar application of kinetin increased
the relative growth rate of genotypes significantly and reduced
the unfriendly impact of PEG initiated drought stress. With the
use of Kinetin @ 10 ppm, the genotype PBW660 had more
relative growth rate. Kinetin @ 20 ppm further increased the
relative growth rate of genotypes. The genotype PBW660
followed by HD2967 had more percentage increase in relative
growth rate with application of kinetin @ 20 ppm. The higher
kinetin application (Kn @ 40 ppm) indicated higher estimation
of relative growth rate in all genotypes. The most extreme RGR
was recorded in PBW660 followed by HD2967 with the use of
kinetin @ 40 ppm.

In this manner, higher concentration of kinetin (40 ppm)
had more noteworthy impact on relative growth rate of genotypes
as compared to lower kinetin concentrations tested. Earlier,
priming with kinetin was found effective in increasing germination
rate and early seedling growth in both salt tolerant and intolerant
wheat plants (Igbal et al., 2006). Both kinetin and benzyl adenine
treatments reduced the unfavorable impact of PEG induced
drought stress significantly. Foliar application of benzyl adenine
increased the relative growth rate of all genotypes significantly.
With benzyl adenine @ 25 ppm, genotype PBW660 followed by
HD2967 had more relative growth rate while PBW658 had the
least relative growth rate as compared to other genotypes.
Application of benzyl adenine @ 50 ppm further increased the
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relative growth rate of all genotypes. With this application, the
genotype PBW660 acquired the highest relative growth rate as
compared to other genotypes, followed by HD2967.

As the vigour of the crop depends on the percentage
germination and length of epicotyl, polyethylene glycol stimulated
water deficit diminished the vigour of all genotypes studied in
present study (Fig. 2). The most significant reduction over the
control was seen in PBW660, followed by HD2967. Almaghrabi
(2012) reported that PEG concentrations diminished the daily
mean germination, index of germination and mean germination
time in wheat genotypes. Kinetin application increased the vigour
index of all the genotypes significantly under water deficit
conditions. Kinetin application @10 ppm significantly ameliorated
the negative effect of drought caused by polylethylene glycol and
maximum vigour index was recorded in PBW658 followed by
PBW®660. On the other hand, maximum percentage increase was
found in HD2967 followed by WH1105. Kinetin @ 20 ppm,
showed significant increase in vigour index in all genotypes.
Benzyl adenine additionally improved the negative impact of
water deficit in the present study. With benzyl adenine @ 25 ppm,
The most significant vigour index was recorded in genotype
PBW658 followed by PBW660. Benzyl adenine @ 50 ppm, there
was further increase in vigour of all genotypes. Prior, benzyl
adenine pre-treatment could beat the negative impact of salt
stress on rate germination, radical stretching and fresh weight in
barley (Cavusoglu etal., 2008).

Thus, the present findings demonstrated that exogenous
application of cytokinins to wheat genotypes viz. PBW660,
HD2967, WH1105 and PBW658 has considerable potential for
maintenance of membrane stability in order to maintain the cell
viability, vigour index and relative growth of wheat seedlings
growing under drought stress conditions.
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