Journal of Plant Physiology and Breeding

Plant
Physiology and Breeding

2018, 8(1): 57-73 ISSN: 2008-5168

Effects of drought stress on some physiological variables and grain yield of different

wheat varieties

Mahdiye Askary®”, Aliakbar Maghsoudi Moud?, Vahid Reza Saffari? and Afsoun Askari?

Received: February 15, 2016 Accepted: June 14, 2017

!PhD student of Agronomy and Plant Breeding, University of Birjand, Birjand, Iran and former MSc student,
Shahid Bahounar University, Kerman, Iran

2Associate Professor of Agronomy and Plant Breeding, Shahid Bahounar University of Kerman, Kerman, Iran
3Former MSc student of Agronomy and Plant Breeding, University of Birjand, Birjand, Iran

*Corresponding author; Email: Mahdiye.askary@yahoo.com

Abstract

This study was conducted to determine the effect of drought stress on yield and some physiological characteristics of
wheat cultivars. Six cultivars were grown under normal and drought stress in greenhouses and field conditions. Leaf
samples were taken for physiological measurement including relative water content, transpiration rate, membrane
stability, chlorophyll content and chlorophyll fluorescence parameters and stomatal frequency and length. Grain yield
was determined for plants grown under field condition. Results showed that treatments have a significant impact on plant
traits. Drought stress decreased leaf chlorophyll content and photochemical efficiency of PSII due to increasing FO and
decreasing Fm and increased ion leakage. Drought stress also decreased grain yield and the highest yield was obtained in
plots with normal condition. Cultivars Alvand and Chamran showed the highest level of photochemical efficiency of
PSII, membrane stability and grain yield under drought stress and were considered as the more tolerant cultivars to drought
stress than other cultivars under conditions of this investigation.
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Introduction
The global human population is expected to grow
from a current 6 to 9 billion people by the year
2050 (United Nations Population Division 2000).
Presently, more than 10% of the population of the
world is undernourished while global production of
cereal crops is regarded as the most important food
crops (FAO 2012). Universally, wheat, rice and
maize account for 58% of the global area of annual
crops and provide about 50% of food calories
(Fischer et al. 2009).

Wheat is the most important cereal in the
human diet worldwide (Richards 2000). However,
concerns have increased over the past decade

regarding that wheat production was almost
stopped rising in farmers’ fields (Lin and Huybers
2012). Many factors have been cited as
explanations for the slowdown in cereals yield.
Among these factors, soil and atmospheric water
deficit restrict growth through photosynthesis
decline. In particular, the arid and semi-arid areas
are subjected to variability in soil moisture
dynamics, especially during the summer period,
characterized by low air humidity, high solar
radiation and a high rate of evapotranspiration
(Galmés et al. 2007).

The occurrence of morphological and
physiological responses, which may lead to some
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adaptation to drought stress, may vary considerably
among species. In general, strategies of drought
avoidance or drought tolerance can be recognized,
both involving diverse mechanisms that provide
the plants ability to respond and survive in drought
condition (Levitt 1980). The photosynthetic
apparatus, especially photosystem 11 (PSII), may
be temporarily affected by environmental stresses
before an irreversible morphological damage is
observed (Flexas and Medrano 2002). This early
detection of stress could identify the physiological
condition of plants at larger spatial and temporal
scales before visible effects are apparent (Zarco-
Tejada et al. 2002). Non-invasive remote sensing
techniques, such as chlorophyll fluorescence and
plant reflection, are being developed to monitor
plant stress and photosynthetic status and also to
detect and predict changes in the natural
environment (Baker and Rosengvist 2004).
Stressed plants use less radiant energy for
photosynthesis and have evolved numerous
mechanisms that safely dissipate excess light to
avoid photo inhibition (Flexas and Medrano 2002).
On the whole, the excited chlorophyll molecule is
subjected to wvarious competing de-excitation
reactions including photosynthesis, heat loss and
chlorophyll ~ fluorescence which has been
successfully used as a non-invasive method to
detect plant stress (Baker and Rosenqvist 2004).
Stomatal closure may lead to increased
susceptibility to photo-damage (Powles 1984).
Since the chlorophyll fluorescence can give
insights into the ability of a plant to tolerate
environmental stresses and the extent to which
those stresses have damaged the photosynthetic
apparatus (Maxwell and Johnson 2000), it can be
an excellent tool to study stress-induced changes in
PSII (Naumann et al. 2008), which is believed to
play a key role in the response of leaf

photosynthesis to environmental stresses (Baker
2004). However, in this strategy, wheat by
involving stomatal closure may lead to decrease in
CO; assimilation and hence in growth and vyield
(Chaves  1991).  Stomatal
photosynthesis during drought stress has been well
documented (Chaves 1991). At least under mild
drought conditions, it has been shown that stomata

regulation  of

play the dominant role in controlling the decline of
net CO, uptake, by leading to decrease in leaf
internal CO; concentration (Cornic  2000).
Nonetheless, the limitations to CO, assimilation
imposed by stomatal closure may promote an
imbalance between photochemical activity at PSII
and electron requirement for photosynthesis,
leading to an over excitation and subsequent photo-
inhibitory damage of PSII reaction centers (Krause
1991). Currently, chlorophyll fluorescence is
widely employed as a rapid, efficient and non-
invasive tool for detecting functional changes of
photosynthetic apparatus under abiotic or biotic
stresses, such as temperature stress in maize
(Sowinski 2005) and salinity in barley (Belkhodja
1994). The ratio of Fv/Fm (variable
fluorescence/maximum fluorescence) gives an
estimate of the maximum quantum efficiency of
PSII photochemistry (Dai 2007), which has been
widely used to detect stress-induced perturbation in
the photosynthetic apparatus (Rizza 2001).

The negative effect of drought on
photosynthesis is  well-documented  which
decreases carbon assimilation progressively due to
increasing water deficit as a result of stomatal
closure (Cornic 2000; Flexas and Medrano 2002).
Under drought stress conditions, the possibility of
over-excitation of PSII increases, which reduces
the photosynthetic rate leading to an increase in the
dissipation of absorbed energy through non-
radiative processes (Baker 2008). Since the
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capacity for photo-protection is limited, certain
conditions can lead to damage and loss of active
PSII reaction centers. This means that any small
change in the values of fluorescence will provide
information about a reduction in controlled
emission of energy and concomitantly about an
unfavorable situation for the plant (Demmig-
Adams et al. 1992). Therefore, non-invasive
measurement of photosynthesis by chlorophyll a
fluorometry may potentially provide a means to
determine plant viability and performance in
response to drought (Woo et al. 2008).

The plant plasma membrane plays an
important role in the growth and development of
plants and controls many cellular processes in
plants, such as secondary active transport, cell PH
and turgor (Chen et al. 2012). Recent studies have
shown that membrane stability is very sensitive to
abiotic stress, such as drought stress (Chen et al.
2012). Therefore, environmental stress can cause
damage to plant cells; the membrane system is
particularly sensitive to such environmental
factors.

The aim of this study was to investigate the
physiological behavior of wheat under drought
stress conditions. For this purpose, we measured
chlorophyll fluorescence, chlorophyll content,
relative water content, stomatal conductance,
membrane stability, ion leakage, transpiration rate
and economic yield. To this end, the choice of a
measurable parameter as an indicator of the entire
wheat yield under drought stress is important to
provide a technique for selection of cultivars with
different drought tolerances.

Materials and Methods
Two separate experiments were conducted under
controlled and field conditions in the Faculty of

Agriculture of Shahid Bahounar University of
Kerman, Kerman, Iran.

Experiment A

This experiment was conducted in the greenhouse.
Mean daily maximum temperature, mean daily
minimum temperature and relative humidity of the
air were 30£2 °C, 18+2 °C and 40%, respectively.
The experiment was carried out as factorial based
on completely randomized design with three
replications in 2011. Experimental factors were:
water at two levels (100% of field capacity as the
control and 60% of field capacity) and six cultivars
including Alvand, Chamran, Omid, Roshan,
Pishtaz and Gaspard. Seeds were surface sterilized
and germinated on wet tissue papers at 27 “C for
two days. Seedlings were then transferred to 3-L
pots filled with 1800 g washed sand. Soil surface
of the pots was covered with a layer of perlite in
order to prevent evaporation. During the growth
period pots were weighted every day to the nearest
gram and irrigated up to their initial weight to
maintain the constant growing condition. Seedlings
were subsequently thinned to one per pot. In order
to avoid nutrient deficiency, each pot was fertilized
with Hoagland nutrient solution. Two weeks after
the plant establishment, portions of similar size
from each plant were sampled and following
variables were measured.

Chlorophyll fluorescence

Chlorophyll fluorescence was measured between
9:30 a.m. and 11:00 a.m. using a pulse amplitude
modulation fluorimeter (Junior PAM, Walz,
Germany). Leaves selected previously for
measurement of stomatal length were used for
fluorescence measurements. In general, minimal
fluorescence, FO, was measured on 30-min dark-
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adapted leaves using weak modulated light
(approximately 6 mol m? s? at 660 nm), and
maximal fluorescence, Fm, was measured after 0.8
s saturating white light pulse (10000 mol m=2 s™)
on the same leaves. Maximal variable fluorescence
(Fv= Fm-FO0) and the photochemical efficiency of
PSIl (Fv/Fm= (Fm—F0)/Fm)) for dark adapted
leaves were calculated. Effective quantum yield of
photochemical energy conversion in PSII, PSll=
(Fm—Fs)/Fv was also calculated, where Fs
represents fluorescence yield (Genty et al. 1989).

Leaf pigments (Chl a, Chl b)

0.25g of each sample was extracted by 80%
acetone and put in the freezer at —5 °C for 24 h. For
each replicate (plant), chlorophyll content was the
average of five measurements on the same leaf.
Pigments were determined according to
Lichthenthaler (1987).

Relative water content (RWC)

0.1 g from each plant’s leaves (FW) was measured
using a digital scale. Then, each sample was placed
inside a Petri dish and after adding 10 ml of
distilled water, was placed in the dark for 24 hours
to be completely saturated. In following, the
saturated weight (SW) of the samples was
measured after removing from the distilled water.
Next, samples were dried in an oven at 75 °C for 24
hours and were weighed (DW). Leaf relative water
content was calculated from the following equation
(Gonzalez 2003):

__ (FW-DW)

RWC = (SW-DW)

x 100

Stomatal length
A thin layer of transparent nail polish that was
diluted with acetone was drawn on the surface of

the leaf. After drying the nail polish, a thin layer of
the leaf which was covered by the transparent nail
polish was taken with banderole and was put on the
slides for observing with microscope. This process
led to the leaf epidermis image to be seen under the
microscope. The prepared slides were observed
with an optical microscope, magnification x10 x
x40. To measure the length of the stomata a
micrometer eyepiece was used and the size of
stomata in the 0.234 mm? of the leaf area was
measured.

Transpiration rate

Leaf samples were selected from the same plants
and immediately placed into a digital scale to the
nearest gram and a camera recorded the consequent
reduction of leaf weight for three minutes while a
time recorder was active on it. It was assumed that
the weight loss of leaves was due to transpiration
during this time. The data obtained were arranged
in a file in Microsoft Excel and then linear charts
were drawn between time and weight loss of the
leaves for all three replications and hybrids.
Finally, the data obtained from the diagrams were
analyzed according to the factorial experiment
used in this study.

Percentage of ionic leakage

The method of Hu et al. (2009) was used for
measuring ion leakage. For this purpose, 0.2 gr of
healthy and fresh aerial parts of the plants, after
washing the potential ions from their surface, was
put into a test tube with lid and 10 ml of distilled
water was added. The test tubes were placed in a
hot water bath at a temperature of 32 °C for 2 hours
and then, the electrical conductivity of the sample
(EC4) was measured using an EC meter. Then, test
tubes were autoclaved for 20 minutes and after
cooling the pipes to the temperature of 25 °C, the
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maximum electrical conductivity of samples (Ec>)
was measured and the percentage of ionic leakage
was obtained from the following formula:

Ecl 100
— X
Ec2

Stability of the membrane

From each experimental unit a leaf in the same
position was separated and washed thoroughly
with distilled water and dried by drying paper.
Then, circular pieces were cut by punch and
immediately were kept in a lidded tube containing
5 ml of distilled water. Electrical conductivity
meter was adjusted for two hours to record and
the
conductivity of the solution. The gained data were

store every three minutes electrical
then regressed on the relevant time period. Finally,
all data which were obtained from the graphs were
analyzed according to the experimental design
utilized in this investigation. It is assumed that an
increase in the electrical conductivity of the
solution was due to the continuous ion leakage

from the leaf samples and the amount of leakage

reflected the membrane stability against ion
leakage (Maghsoudi Mud, 2008).

Experiment B
The same genotypes were sown in a field (latitude

30°N, longitude 57 °E and altitude 1754 m above
sea level) using a split plot design based on
randomized complete block design with three
replications. Water levels (60 and 100% of the field
capacity) were arranged in the main plots and six
wheat cultivars in the subplots. There were four
rows in each subplot and inter- and intra-row
spacing was 75 and 25 cm, respectively. Before
preparing the seed bed, soil samples of the test
location were taken from the 0-120 cm depth and
several physical and chemical properties were
measured (Table 1).

Grain yield

After removing the corn kernels from the cobs,
they were placed in envelopes and dried at 75 °C in
in the oven. Then, the grain weight was measured

and converted to kilograms per hectare.

Table 1. Physical and Chemical properties of the field soil (0-120 cm depth).

Depth (cm) Clay (%) Silt (%) Sand (%) Texture pH EC (ds.m™)
0-30 18 33.6 48.4 Loam 9.1 4.64
30-60 18 45.6 36.4 Loam 8.7 8.75
60-90 19 18.6 62.4 Sandy loam 8.1 5.27
90-120 18 29.6 53.4 Sandy loam 8.43 4.83
Statistical analysis Results

After analysis of variance, means were compared
using LSD test at 5% probability level. The SAS
(V9.1) and Excel software were used to analyze the

data and draw the figures.

Leaf chlorophyll fluorescence
The effects of drought stress and cultivar were
significant for FO, Fm and Fv/Fm at both stem and

spike stages. At the spike stage, the interaction of
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water level x cultivar was significant for FO but
was not significant for Fm and Fv /Fm. However,
at the stem stage the water level X cultivar
interaction was significant for FO, Fm and Fv/Fm
(Table 2). The amount of FO was higher under
drought stress than the normal irrigation condition
at both stages (Figure 1). The highest FO belonged
to Roshan cultivar at both stages (Figure 2). Fm
was significantly lower under drought stress
condition at the spike stage but not at the stem stage
(Figure 1). At the stem stage, the highest Fm was
obtained from the Omid cultivar along with
Alvand, Roshan and Chamran cultivars (Figure 2).
Omid had also the highest Fm at the spike stage but
was not significantly different from Roshan,
Chamran and Pishtaz cultivars (Figure 2). Fv/Fm
decreased significantly under drought stress at both
stages (Figure 1). Alvand showed the highest
Fv/Fm at the spike stage. Alvand had also the
highest Fv/Fm at the stem stage but was not
significantly different from Roshan and Chamran
cultivars (Figure 2). At both stem and spike stages,
the highest and lowest PSII were obtained from the
normal and drought stress conditions, respectively
(Figure 1). Furthermore, Alvand showed the
highest PSII at both the stem and spike stages, but
its value was not significantly different from Omid
and Roshan cultivars at the stem stage (Figure 2).
PSII estimates directly the efficiency of light use
for electron transport. Fv/Fn and Fn showed very
high and significant positive correlation (0.92" and

0.90™, respectively) with grain yield (Table 6).

Leaf pigments
Analysis of variance for Chl a and Chl b showed

that the main effects of water level and cultivar and

also water level x cultivar interaction were
significant (Table 2). There was a significant
difference between the normal and drought stress
conditions for Chl a and Chl b and their value
decreased by reducing the moisture at the drought
stress condition (Figure 3, left). The highest Chl a
was obtained from Chamran cultivar but it was not
significantly different from Roshan (Figure 3,
right). Chamran had also the highest Chl b, but it
was not significantly different from the cultivars of
Roshan and Omid (Figure 3, right). Table 6 shows
the correlation coefficients among the traits under
study. There was a significant positive correlation
(0.54") between chlorophyll b and grain yield but
the correlation coefficient of chlorophyll a with
grain yield (0.48) was not significant.

Carotenoid content increased significantly
under drought stress condition (Figure 3, left).
Among cultivars, Pishtaz and Gaspard showed the
highest and the lowest carotenoid content,
respectively. However, the value for Pishtaz was
not significantly different from those of Roshan
and Chamran (Figure 3, right).

Relative water content

The results showed that drought stress had a
significant effect on RWC of the wheat plant
(Table 2). Drought stress reduced RWC about 13%
as compared to the normal condition (Table 3).
Although no statistically significant difference was
observed between cultivars, but the highest RWC
was obtained for Chamran (Table 3). RWC of the
leaf is one of the indicators to measure the
tolerance of plants to drought stress. The
correlation coefficient of RWC and grain yield was
positive and significant (0.81™) (Table 7).
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Figure 1. Mean values of FO (minimal fluorescence of dark-adapted leaves), Fm (maximum fluorescence of dark-adapted
leaves), Fv/Fm (maximum quantum efficiency of photosystem I1) and PSII at different water levels. Means that have the
same letters within each stage are not significantly different at 5% level of probability based on LSD test.
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Stomatal length

The results indicated the significant effect of
drought stress and cultivar on stomatal length
(Table 2). However, the interaction of water level
x cultivar was not significant for this characteristic
(Table 2). Stomatal length decreased under drought
stress at both abaxial and adaxial surfaces. Among
cultivars, Gaspard acquired the lowest stomatal

length at both surfaces. The highest stomatal length
on the adaxial surface belonged to Chamran and
Alvand, however, on the abaxial surface, the
highest stomatal length was observed for Alvand
and Omid cultivars (Table 3). The correlation of
stomatal length with grain yield was significant at
5% probability level (0.58* and 0.51* for adaxial
and abaxial surfaces, respectively).

Table 2. Analysis of variance of the effect of drought stress and cultivar on wheat traits under study.

SOV df Chla Chlb Carotenoid Transpiration ~ Stomata  Stomata lon Membrane RWC

x10° length length leakage stability

(adaxial) (abaxial) (60 min)
Water level (W) 1 47.9** 37.2%* 5.28** 0.008ns 70.1** 31.7** 93.9* 102.4* 1656.0**
Cultivar (C) 5  43.3* 49.4%* 2.88** 140** 23.5**  5237**  600.8** 592.0** 101.1ns
WxC 5 59.1** 20.3** 0.09 ns 0.013* 1.1ns 0.9ns 1.9ns 2.15ns 33.3*
Error 36 21.2 16.6 0.27 0.053 5.86 3.2 17.0 17.7 69.1
CV (%) 12.9 13.1 9.3 1.02 18.9 12.8 6.0 13.6 10.0
Spike stage Stem stage

Sov df FO Fm Fv/Fm FO Fm Fv/Fm
Water level (W) 1 813.0** 190386.0** 0.002* 7828.5** 2883.0** 0.001*
Cultivar (C) 5 3287.5** 290616.0** 0.005** 9305.1** 72833.2** 0.001**
WxC 5 1905.0** 16577.0ns 0.0004ns 7351.7** 170625.4* 0.006**
Error 36 256.0 24150.7 0.0007 3097.5 6008.3 0.0006
CV (%) 2.4 6.5 3.4 8.4 8.4 3.2

*and**: significant at 5% and 1% probability levels, respectively, ns: not Significant; RWC: relative water content; FO.
minimal fluorescence of dark-adapted leaves; Fm: maximum fluorescence of dark-adapted leaves; Fv/Fm: maximum
quantum efficiency of photosystem II; For membrane stability, data were not shown for other time points because the

results were similar.
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Table 3. Means of stomatal length and relative water content (RWC) for
normal and drought stress conditions and wheat cultivars.

Water levels Stomata length  Stomata length RWC
adaxial abaxial

Normal 14.04a 1491a 89.22a
Drought Stress 11.62b 13.29b 77.47b
Cultivars

Alvand 14.00a 17.78a 85.63a
Omid 13.00ab 16.25a 79.29a
Roshan 13.37ab 13.87b 84.21a
Chamran 15.00a 13.62b 88.34a
Pishtaz 11.25bc 11.62c 83.23a
Gaspard 10.50c 11.37c 79.37a

In each column and for each factor, means that have the same letters are not significantly different
at 5% level of probability based on LSD test.

Transpiration rate

Analysis of variance showed the significant effect
of cultivar and the interaction of water level x
cultivar (Table 2). The main effect of drought stress
was not significant on transpiration rate. Although
the interaction term was significant, but Chamran
and Roshan showed the highest and the lowest
transpiration rates at both conditions (0.093 and
0.056 mm3 s, respectively) (Figure 4). There was
a highly significant positive correlation (0.89**)
between grain yield and transpiration rate (Table
7).
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Effect of drought stress and cultivar on ion leakage
was significant, however, the interaction of water
level x cultivar was not significant (Table 2). The
reduction of moisture level from normal (100% of
field capacity) to drought stress (60% of field
capacity) increased ion leakage significantly. The
ion leakage of Gaspard was significantly higher
than other cultivars. The lowest amounts of ion
leakage were obtained for Alvand, Omid and

Chamran cultivars (Figure 5).
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Figure 4. Mean transpiration rate (mm?3s*) of wheat cultivars at different levels of water. Means that have the same letters
are not significantly different at 5% level of probability based on LSD test.
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Membrane stability
Although the main effects of drought stress and
cultivar on membrane stability at the 60 min time
point were significant at 5% and 1% probability
levels, respectively, the interaction of water level x
cultivar was not significant (Table 2; data were not
shown for other time points due to similarity of the
results). Comparison of the means between drought
stress and normal conditions showed a significant
difference between these two water levels at all
three times (15 min, 60 min, 120 min). By reducing
the amount of soil moisture from 100% of field
capacity to 60% of field capacity, the membrane
stability decreased at all three times (Figure 6, left).
On the whole, the highest and lowest membrane
stability were obtained from the time points of 15
minutes and 120 minutes, respectively (Figure 6,
left). Therefore, with the passage of time which
increased the effect of drought stress, membrane
stability decreased.

A statistically significant difference was
observed among cultivars at all three times (Figure

6, right). At 15 min, the highest membrane stability

was obtained from Alvand and its value was
significantly different from other cultivars, except
Chamran. After 60 minutes, Alvand, Omid and
Chamran had the highest membrane stability but
their values were not significantly different from
Roshan. At the 120th minute, the membrane
stability of Alvand was significantly higher than
other cultivars. On the other hand, Gaspard and
Roshan showed the lowest amount of membrane
stability (Figure 6, right). Furthermore, as seen
from Table 6, although the correlation coefficient
of membrane stability with grain yield was positive
at all three times (0.19 for 15 min; 0.41 for 60 min;
0.63** for 120 min), this correlation was only
significant for the longest time point (120 min).
Therefore, the results showed that as the time gets
longer, the effect of drought stress on cell
membrane stability increased, and have resulted in
a significant correlation coefficient between

membrane stability and grain yield.
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have the same letters at each time point are not significantly different at 5% level of probability based on LSD test.

Table 4. Analysis of variance of grain yield for water levels and wheat cultivars.

SOV df Mean squares
Replication 2 13214.9ns
Drought stress 1 213195.5™
Ea 2 335.1
Cultivar 5 294534.9™
Drought stress x Cultivar 5 3221.5ns
Eb 20 4473.6
CV (%) 10.2

"Significant at 1% probability level; ns: not significant

Table 5. Grain yield for normal and drought stress conditions and wheat cultivars.

Water levels Grain yield (Kg.ha't)
Normal 734.28a
Stress 580.37b
Alvand 1025.78a
Omid 753.96b
Roshan 674.22b
Chamran 571.81c
Pishtaz 543.21c
Gaspard 374.97d

For each factor, means with different letters are significantly different at 5% probability level based on LSD test.
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Grain yield

The results indicated the significant effect of
drought stress and cultivar at 1% probability level
on grain yield (Table 4), but the interaction of water
level x cultivar was not significant. Comparison of
the means showed that the decrease of moisture
level has led to the reduction of grain yield (Table
5). Reduction of grain yield from normal to water
stress condition was about 21% (Table 5). Among
cultivars, the highest grain yield was obtained for
Alvand which was significantly different from

other cultivars (Table 5).

Discussion

In this investigation drought stress increased FO
and decreased fluorescence chlorophyll, Fm and
Fv/IFm ratio. The reduction in chlorophyll a, b
content indicates possible changes in PSII as the
consequence of an adaptive mechanism in
chloroplasts due to exposure to stress. The increase
in FO and the decrease in Fv/Fm values may be the
result of damage to the PSII reaction center which
reduces the ability to transfer energy from the
LHCII antenna complex to the reaction center
(Ouzounidou 1993). The decrease in Fm and also
fluorescence chlorophyll under stress may be due
to two reasons. First, by inhibition of electron
transport at the donor side of the PSII which results
in the accumulation of P680 (Govindjee 1995).
Second, due to the decrease in the pool size of
guinone A (QA). Area over the fluorescence
induction curve between FO and Fm is proportional
to the pool size of the electron acceptor QA on the
reducing side of PSIl. Fv/Fm has been used
extensively as a method of early stress detection
(Baker and Rosenqvist 2004).

Drought stress decreased stomatal length in
our study. These results agree with the previous
studies indicating that stomata play central role in
plant physiology, because they can adapt to
environmental changes (Cornic 2000). Everad et
al. (1994) reported that under drought stress there
was a significant correlation between grain yield
and stomata size.

Drought stress decreased membrane stability
but increased ion leakage. These results indicate
that drought stress has an adverse effect on the
stability of the membrane and the cells have
consequently higher ion leakage due to damage to
their membranes.

Drought stress reduced RWC in the wheat
cultivars under study. RWC is considered as an
alternative measurement of plant water status and
drought resistance of the plant is related to its
ability to maintain high RWC in the leaves under
stress condition (Nautiyal et al. 2002; Faraloni et
al. 2011). A reasonable assumption might be that
the PSII efficiency is related to the leaf water
status. The cultivars that maintain high RWC under
stress, sustain a high Fv/Fm ratio, and experience a
lower injury to PSII performance. In most species,
photosynthesis becomes irreversibly depressed
when leaf RWC falls to around 60-70% (Lawlor
and Cornic 2002). The ability to maintain high leaf
water status under drought stress conditions is
considered as a parameter to evaluate the
dehydration tolerance level (Hoekstra et al. 2001).
Quisenberry and Ritz (1987) have reported a
correlation between leaf water content of wheat
and grain yield and stated that cultivars which
retain water in their tissues have higher tolerance

to stress, and consequently have higher grain yield.
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The useful utilization of chlorophyll
fluorescence in testing the tolerance to dehydration
by means of measurements carried out on detached
leaves, was reported for woody perennials
(Percival and Sheriffs 2002). Measurement of
fluorescence parameters under drought stress was
focused on the survival characteristics of the plants
in this investigation, thus it provides an effective
method to study the effect of environmental stress

on plants’ performance.

Conclusion

The main goal of this investigation was to find out
whether the use of chlorophyll fluorescence
measurements carried out on dehydrated detached
leaves in the greenhouse could be used as a valid
tool for the rapid screening of wheat plants tolerant
to drought stress. Drought stress showed reduction
of Fv/Fm at central leaf areas surrounding vascular
bundles, especially of young leaves. In this study,
RWC and stomatal size decreased under drought
stress which consequently reduced the grain yield
because there was a significant and positive
correlation of these traits with grain yield. Gaspard
had the lowest RWC, stomatal length and grain
yield in this study. On the other hand, Alvand and
Chamran cultivars showed the highest RWC,
photochemical efficiency of photosystem Il (Fv/
Fm) as well as the lowest ion leakage, the most
stable membrane and the highest grain yield among

the cultivars under study which can be regarded as

tolerant cultivars to drought stress under

environmental conditions of this investigation.
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Table 6. Correlation coefficients among membrane stability index (MSI) at three time points, chlorophyll a (Chl a),
chlorophyll b (Chl b), carotenoid, Fo, Fm, Fv/Fm and grain yield (GY) of wheat cultivars.

Traits MSI15 min MSI60 min ~ MSI120 min Chl a Chlb Carotenoid FO Fm Fv/IFm GY
MSI15min -

MSI60 min 0.36ns -

MSI120 min 0.44ns 0.55* -

Chla 0.15ns -0.42ns 0.46ns -

Chlb -0.41ns -0.41ns -0.65** 0.44ns -

Carotenoid 0.36ns 0.56* 0.61** -0.56* 0.49ns -

FO -0.41ns -0.41ns -0.43ns -0.64** -0.76** -0.63** -

Fm 0.19ns 0.15 0.68** 0.41ns 0.56* 0.62** -0.24ns -

Fv/Fm 0.46ns 0.51* 0.67** 0.55* 0.78** 0.92** 0.38ns 0.54* -
GY 0.29ns 0.41ns 0.63** 0.48ns 0.54* 31/0-ns -0.41ns 0.90** 0.92**

*and**: significant at 5% and 1% probability levels, respectively and ns: not significant.

Table 7. Correlation coefficients among relative water content (RWC), stomata length on adaxial surface of the leaves
(SLadaxial), stomata length on the abaxial surface (SLabaxial), transpiration rate (TR) and grain yield (GY) of wheat
cultivars.

Trait RWC SLadaxial SlLabaxial TR

RwWC -

SLadaxial 0.66** -

SLabaxial 0.54* 0.72** -

TR 0.64** 0.26ns 0.56* i}

GY 0.81** 0.58* 0.51* 0.89** -

*and **: significant at the 5% and 1% probability levels, respectively and ns: not significant.
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