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Among all abiotic stresses, drought is undoubtedly the major factor, which, individually or combined
with heat stress, limits crop productivity worldwide. Considering these facts, four spring barley and two
spring wheat genotypes were evaluated under two stress (early and late) conditions in a southern arid
region of Russia in order to identify suitable spring wheat and barley genotypes for that region and to
assess the optimum sowing time for specific genotypes. High temperature followed by deficit soil
moisture affected all stages from germination through to reproduction of crop when sown late, finally
drastically reducing yield. On the other hand, due to low temperature, germination and stand
establishment of crop sown early were highly affected, resulting in lower grain yield. Thus, high
temperature (air and soil) followed by drought (deficit soil moisture) in the late-sown crop (from
germination to reproductive stages) and low temperature in germination through vegetative stages of
the early-sown crop are the most important constraints for crop production in this arid region. From the
overall performance (yield, relative performance and stress susceptibility index), genotype
‘Zernograd.770’ is recommended for both early and late drought stressed areas and ‘Ratnik’ were
sensitive to stress both at low temperatures when sown early and high temperatures followed by

drought when sown late.

Key words: High temperature, drought, spring wheat, barley, Russia.

INTRODUCTION

Accounting for a fifth of humanity’s food, wheat is second
only to rice as a source of calories in the diets of
developing country consumers, and it are first as a
source of protein (Braun et al., 2010). The International
Food Policy Research Institute (IFPRI) projections
indicate that the world demand for wheat will rise from
552 million tons in 1993 to 775 million tons by 2020
(Rosegrant et al., 1997). At the same time, increases in
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climate change-induced temperature are likely to reduce
wheat production in developing countries (where around
66% of all wheat is produced) by 20 TO 30% ( Easterling
et al., 2007; Lobell et al., 2008). The Intergovernmental
Panel on Climate Change (IPCC, 2007) noticed that
global climate change will have a major impact on crop
production, while CIMMYT-ICARDA (2011) estimated
that wheat yield losses amounting to 20 to 30% will occur
between by 2050 in developing countries with an
assumed temperature increase of 2 to 3°C. On a global
scale, these yield losses will not be fully compensated by
yield grains in high latitude regions (Canada, Russia,



Kazakhstan, and Northern USA), estimated at 10 to 15%
(OECD-FAO, 2009) since major wheat producers like
France already reported vyield reductions due to
increasing temperatures (Charmet, 2009).

Wheat is mostly grown under rainfed conditions. In
2000, 70% of the world’s wheat harvested area was
under rainfed condition (Portmann et al., 2010). This
rainfed crop frequently suffers from drought resulting in
significant yield loss and decreased revenue with periodic
drought affecting 50 and 70% of wheat-growing areas in
developing and developed countries, respectively
(Trethowan and Pfeiffer, 1999). In Russia, spring wheat
and barley are normally cultivated in rainfed condition. In
the Volga region such as the south eastern part of
Russia, climate is Mediterranean type and spring is very
short and, wheat and barley are typically planted in mid-
April under rainfed conditions and harvested in late June.
During the grain-filling period in late-sown crops, limited
rainfall and high temperatures occur frequently;
consequently, water stress in this period is one of the
major production constraints in these environments due
to low relative humidity (USDA, 2011). Martell (2011)
reported that in 2010, Russian grains ripened
prematurely under heat and moisture stress in southern
European Russia, a key production area for wheat and
barley (accounting for 26% of all wheat production in
Russia); as a result, estimated yields were sharply down
(30% from 2009).

Drought is a major environmental stress reducing crop
yield around the world (Bruce et al., 2002). The combined
effects of drought and high temperature on the
physiology, growth, water relations, and vyield are
significantly higher than the individual effects (Sharma
and Kaur, 2009; Grigorova et al., 2011). Research
findings related to high temperature, drought and low
temperature stress in barley and wheat around the world
are presented in Table 1.

Water deficit (drought) and high temperature (air and
soil) are important environmental factors restricting plant
growth in many regions of the world, and while the two
stresses often occur simultaneously (Shah and Paulsen,
2003), still relatively little is known about how their
combination impacts plants (Rizhsky et al., 2004). Of
additional concern is global climate change, which will
presumably increase global temperature, change the
distribution of precipitation, and intensify drought in arid
and semi-arid areas (Wigley and Raper, 2001; Chaves et
al., 2003), leading to a reduction in the productivity of
grass (like wheat) (Bai et al., 2004).

Considering this fact, an experiment was conducted in the
south-eastern part of Russia (where high temperature in
combination with drought affect spring wheat and barley),
in order to identify suitable genotypes of both cereals
from existing varieties for that region, to know their
relative performance, stress tolerance and susceptibility
for future breeding programmes, and to be able to
provide guidance on the suitable sowing time for specific
genotypes.
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MATERIALS AND METHODS
Plant material and location of the experimental site

Four barley and two wheat genotypes were evaluated in a research
field of the Caspian Scientific Research Institute of Arid Agriculture
(CSRIAA), Salt Zaymische, Chernoyarsky District, Astrakhan
Region, Russia, during the period of April to July, 2011.

Astrakhan is situated in the southern part of Russia, in the south-
east of the East European Plain in the middle latitudes in the
northern zone of a semi-desert and covers an area of 57,600 km?2,
The extreme northern point of the region lies on the border with the
Volgograd region at 48° 52’ N (lat.). The western most point is
located in Chernoyarsky district on the border with the Volgograd
region at 44° 58', where this experiment was conducted. The
CSRIAA is situated in Salt Zaymische, Chernoyarsky District,
Astrakhan Region, Russia.

Treatments and experimental design

The experiment was laid out in a randomized complete block
design (RCBD) with 3 replications. Treatments were three sowing
dates viz., early sowing (ES) (sown on 8 April), optimum sowing
(OS) (sown on 15 April) and late sowing (LS) (sown on 22 April)
using four spring barley cultivars (‘Zernograd.770’, ‘Sokol’, ‘Nutans’,
‘Ratnik’) and two spring wheat cultivars (‘Saratov.70’ and ‘Line 4’).
These sowing dates were determined for ES, OS and LS by the
CSRIAA (http://www.pniiaz.ru/) since optimum sowing time for
spring wheat and barley is a very narrow window in mid-April for
this region. Unit plot size was 4 x 1 m wide with 6 rows and a 20-cm
inter-row distance. The experiment was conducted under rainfed
condition without irrigation or fertilizers.

Harvesting and data collection

Sample plants were harvested separately. The harvested crop of
each plot was bundled separately, tagged and taken to a threshing
floor where bundles were thoroughly dried in bright sunshine,
weighed and threshed. Yield and yield component data, namely
number of spikes m? (NS), spike length (cm) (SL?, number of
spikelets spike™ (no) (NSS), number of grains spike™ (no) (NGS),
1000-grain weight (g) (1000-GW), harvest index (%) (HI), straw
yield (g m®) (SY) and grain yield (g m?) (GY), as well as heat
tolerance evaluation data on relative performance and heat
susceptibility index, were calculated from grain yield.

Soil moisture (%) and total moisture content (mm) were recorded,
which were presented in previously published paper (Hossain et al.,
2012d). Maximum, minimum and mean air temperature and relative
humidity (RH) were recorded daily during the experimental period
from the information division of the CSRIAA website
(http://rp5.ru/archive.php?wmo_id=34578&lang) (Figure 1). Data
was analyzed using MSTAT-C (Russell, 1994). Treatment means
were compared for significance by using the Least Significance
Difference (LSD) test at P = 0.05.

Grain yield and 1000-grain weight was adjusted at 12% moisture
by following equation (Hellevang, 1995):

Y (Mp) =100 - M, <Y (M,)
100 — M, '
where, Y (M2) = weight of grain at expected moisture percentage
(generally 12% for wheat), Y (M;) = weight of grain at present
moisture percentage, M; = present moisture percentage, M, =
expected moisture percentage

Harvest index was calculated according to the following formula
(Donald, 1962):


http://rp5.ru/archive.php?wmo_id=34578&lang
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Table 1. Effect of heat stress, drought and low temperature stress on wheat and barley in different countries around the world.

Country Tested cultivars Key research findings Reference
Barley
Four barley genotypes (‘Tadmor’, The results reflected that all of these traits were
‘Arta’, ‘Morocco9-75’ and ‘WI12291’) affected negatively in the four genotypes at different
China were used to investigate the levels of post-anthesis drought stress, but the Li et al. (2006)
correlation between these traits and  decrease in drought tolerant genotypes was much
drought tolerance less than that of drought sensitive genotypes.
. L . It was concluded that the higher canopy temperature
(SIX-ba”?y varieties ‘Karoonx Kavir, (25-35°C) under well irrigated conditions and higher
Reihani’ (drought-tolerant), ey . ! .
‘ b iy . grain yield, 1000-grain weight under water stress Mamnouie et al.
Iran Torkman’, ‘C-74-9’ (intermediate), .2 . o
o . , \ conditions could possibly be the proper criteria for (2006)
Kavir x Badia’ and ‘Gorgan-4’ (2- ing the d ht tol barl
rowed type, drought-sensitive) screening the drought tolerant barley genotypes
' under field or laboratory conditions.
As drought stress severity increased, gross
Four barley cultivars (‘Rum’, photosynthetic rate, water potential, plant height, Samarah et al
Jordan ‘ACSAD176’, ‘Athroh’ and grain filling duration, spike number per plant, grain (2009) '
‘Yarmouk’) number per spike, 1000-grain weight, straw yield,
grain yield and harvest index decreased.
: ‘ , It was found that ‘Gustav’ performed better in both .
Lithuania Lh&:j(i,sg:ggé)fgtg,g Aura DS', dry and wet condition in Central Lithuania's weather \(lggﬂs)auskalte etal.
conditions.
Wheat
: Considering drought sensitivity indices over 2 years,
Turkey igtngnaggilt?\y:r? (fiﬁrbéE?SmWheat’ the bread wheat cultivars ‘Yayla-305’, ‘Gerek-79’, Bagci et al. (2007)
" ’ : ‘Dagdas-94’ and ‘Bolal-2973’ were found to be more )
wheat, Triticum durum cultivars) .
drought-tolerant than the other cultivars.
Evaluated drought tolerant It was found that heat tolerant ‘Plainsman V’ also
‘Plainsman V’ and sensitive affected under combined effect of heat stress .
Hungary ‘Cappelle Desprez’ wheat (34/24°C) and drought and decreased percent Fabian et al. (2008)
genotypes. germination and number of seminal roots.
. ) The obtained results showed that the drought
Bulgaria ‘E\/I\;c;i?z ;O’;ngc-it?vl\?c)r?j?:)ﬁKr?tt}/saenas?t(ijve tolerant varieties ‘Katya’ and ‘Zlatitza’ had higher Demirevska et al.
9 enotypes (‘Sadovo’ ar?d ‘Miziya') levels of these proteins, especially RBP and Clp (2008)
9 yp y proteases.
It was noticed that cool air temperature (65°F)
USA Spring wheat variety ‘Sinton’ lengthened the life span and high temperature (79°F)  Frank et al. (2009)
shortened the life span.
It was found that drought tolerant genotypes
Two bread wheat (‘Giymatli-2/17’, ‘Azamatli-95’ and ‘Barakatli-95’ this decrease was Bavramov et al
Azerbaijan ‘Azamatli-95’) and two durum wheat less pronounced compared to genotypes (20y10) '
(‘Garagylchyg-2’, ‘Barakatli-95’) ‘Garagylchyg-2’ and ‘Giymatli-2/17’, which are
sensitive to drought.
The genotypes ‘LU-26s’ was found to have best
. Four wheat genotypes viz., ‘LU-26s’, performance under drought condition, with minimum -
Pakistan ‘Bhittai’, ‘Roshan’, ‘Taifu’ decrease in the growth parameters i.e., plant height, Shirazi et al. (2010)
number of tillers and shoot dry weight.
Three landrace ['‘B5-5B’, ‘S-17B,
and_ WA_73 13 commerma,l Water deficit significantly affected gas exchange and
cultivars [‘Asassa, Bekelcha’, hl hil i duced th
o ‘Boohai, Egersa’, ‘Foka, Gerardo’ chlorophyll fluorescence parameters. It reduced the
Ethiopia Nt T Lottt N ’ net photosynthesis rate, transpiration rate and Boglae et al. (2011)
llani, T Kilinto’, ‘Obsa, Oda’, .
. ) , . , stomatal conductance measured both at anthesis
Quamy’, ‘Tob-66’ and ‘Yeror’] and and arain-filling staces
two advanced lines [[CDSS93Y107’ 9 g stages.
and ‘CD94523’]
HI (%) = Grain yield 100 To compare the yield performance of a genotype, relative

Grain yield + Straw yield )

performance (RP%) for yield was calculated as described by Asana

and Williams (1965) and was expressed as a percentage:



Stress performance
Optimum performance

RP (%) = %100

The stress susceptibility index (SSI) was used as a measure of
stress tolerance in terms of minimization of the reduction in yield
caused by unfavorable versus favorable environments. SSI was
calculated for each genotype according to the formula of Fisher and
Maurer (1978):

Y

_1-—
SSI = Y,
X

P
Xp
Where: Y = mean grain yield of a genotype under a stress
environment; Y, = mean yield of the same genotype under a stress-
free environment; X = mean Y of all genotypes; X, = mean Y/, of all
genotypes

In this experiment, stress means high temperature combined with
drought. If SSI < 0.5, the crop is highly stress tolerant, if SSI > 0.5 <
1.0, it is moderately stress tolerant, and if SSI > 1.0, it is susceptible
to stress.

RESULTS AND DISCUSSION

There are several definitions of drought which include
precipitation, evapotranspiration, potential
evapotranspiration, temperature, humidity and other
factors individually or in combination (Renu and Suresh,
1998). High temperature combined with drought affects
the phenology and growth (data not presented), and
finally yield and other parameters of rainfed spring wheat
and barley in southern Russia, which were studied in the
field. In this paper, we demonstrated the effect of high
temperature (soil, air) and drought (deficit soil moisture)
conditions under different sowing regimes on yield and
yield-related components of wheat and barley. On the
other hand, to evaluate the sensitivity or tolerance of
genotypes to stress, we also studied relative performance
and assessed SSI.

Soil moisture (%) and total moisture content (mm) in
experimental soil

Soil moisture is the most important parameter for the
growth and development of plants, especially in dry land
farming where rainfall is very low, irrigation is limited and
evapotranspiration and temperature are high. When
temperatures increases, relative humidity in the air
decreases and the demand of water and other growth
resources for the plant increases from the soil. This is
due to higher rates of metabolism, development and
evapotranspiration (Rawson, 1988). However, if soil
moisture is not available, plants cannot take up essential
nutrients and water and they try to survive without
production. In our present research, soil moisture (%) and
total moisture content (mm) in the soil were recorded
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before sowing and also at different sowing stages, which
were presented in our another published paper from the
same experiment (Hossain et al., 2012d). Pre-sowing soil
moisture was higher than all other sowing stages. There
was also a relationship between increasing temperature
and relative humidity: when temperature increased, soil
moisture and relative humidity decreased, which would
ultimately affect the plants (Hossain et al., 2012d; Figure
1), especially the late sowing crop. Xu and Zhou (2006)
conducted a field experiment and stated that severe
water stress (23 to 32% of field capacity) exacerbated the
adverse effects of high temperature (32°C), and that their
combination reduced the plant productivity and
distribution range of Leymus chinensis (perennial grass)
in the future. Hassan (2006) noticed that water deficit
affected leaf expansion and photosynthesis of wheat,
with ultimately an effect on final yield.

Climatic condition during the growing season

Weather parameters such as maximum and minimum air
and soil temperature, rainfall and relative humidity are the
most important climatic factors for the growth and
development of plants, especially in dryland cultivation. In
this research, as observed in Figure 1, ES had very low
temperatures (occasionally minus °C) at germination and
seedling stages which can delay germination, stand
establishment, tillering, ultimately effect biomass and
grain yield. Zabihi-e-Mahmoodabad et al. (2011) in Iran
tested three spring wheat cultivars under three low
temperature conditions (2, 3 and 5°C) and observed that
the lowest temperature (2°C) affected germination and
root growth, and finally growth and development. On the
other hand, all genotypes showed better performance in
the high temperature treatment (5°C). In our present
research, in LS, high temperatures (soil, air) combined
with deficit soil moisture (drought) from germination
through to reproductive stages highly affected
germination, biomass and yield due to a shortened life
span (Hossain et al., 2012d; Figure 1). Hossain et al.
(2011) and Hossain et al. (2012a, b, c) noticed the same
results in different wheat genotypes. They stated, due to
high air temperature (25 to 30°C) in LS at the
reproduction stage, the tested wheat genotypes matured
20 to 23 days earlier in LS than in OS.

Yield and yield components

Cereals are mainly grown for grain yield. In wheat and
barley, GY is the function of the number of plants ha™,
the number of fertile tillers plant™, NGS, and individual
grain weight. Factors that affect one of these components
directly or indirectly will affect GY. Stress, like high
temperature, singly or in combination with drought
adversely affects all these components resulting in a
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Figure 1. Maximum, minimum and mean air temperature and relative humidity during
the experimental period from the information division of the CSRIAA.
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Figure 2. Number of spikes m? of different genotypes under early (ES), optimum (OS) and
late sown (LS) conditions. Mean (xSD) was calculated from three replicates for each
treatment. Bars with different letters are significantly different at P < 0.05 (LSD test). The
percentage decrease or increase was calculated relative to OS. Negative percentage values

indicate an increase.

marked decline in GY. Tawfelis (2006) found significant
variation in yield and vyield-related components among
wheat genotypes under OS and LS. Reproductive
processes are markedly affected by high temperatures in
most plants, which ultimately affect fertilization and post-
fertilization processes leading to reduced crop vyield
(Wahid et al., 2007).

Number of spikes m™

NS is one of the major components for wheat GY. In our

experiment, we found that the NS in wheat genotypes
was higher than in barley genotypes both in ES and OS.
Among these, ‘Saratov.70’ in ES and OS produced the
highest NS, closely followed by ‘line4’ in OS. Genotype
‘Gernograd.770’ and ‘Ratnik’ produced the highest NS in
all sowing conditions (Figure 2), reflecting possible
genotype effects. In LS, all genotypes produced
statistically similar and fewer NS (Figure 2). In ES, NS of
‘Zernograd.770’ (29%), ‘Sokol (36%)" and ‘Nutans’ (16%)
was higher than in OS, implying that these genotypes
were not affected by low temperature. On the other hand,
due to high temperature (air and soil) and deficit soil
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Figure 3. Spike length (cm) of different genotypes under early (ES), optimum (OS) and
late sown (LS) conditions. Mean (+SD) was calculated from three replicates for each
treatment. Bars with different letters are significantly different at P < 0.05 (LSD test).

moisture (drought) in LS, NS of all genotypes decreased
(39 to 78%). Among them, ‘Saratov.70’ (78% decrease)
was more affected than ‘Sokol’ (39% decrease) (Hossain
et al., 2012d; Figures 1 and 2). Saleem (2003) reported
that during the stem elongation stage, moisture stress
reduced GY due to fewer NS per unit area and fewer
NGS. Sattar et al. (2010) noticed that the pattern of
tillering was affected by the sowing date due to a change
in temperature and contribution of tillers to GY; it was
maximum during the optimum planted crop and
decreased with delayed planting due to stress.

Spike length

Ali et al. (2008) reported that GY plant™ showed a highly
significant positive correlation with number of productive
tillers plant™, NSS, NGS and SL. They also stated that SL
depends on the inherent character (genetic makeup) of
the genotype, which changes in different environmental
conditions. The assumption is also similar to our present
research: ‘Sokol’ produced the longest spikes in OS, but
in ES and LS it was ‘Nutans’. In stress conditions (ES
and LS), all genotypes had shorter spikes (decreased by
2 to 25% in ES and by 18 to 40% in LS), which ultimately
reduced the final yield (Figure 3). It was due to low air
and soil temperature from germination to vegetative
stages of the ES crop and high temperature (air, soil) and
drought from germination to reproductive stages of the
LS crop affected SL (Hossain et al., 2012d; Figures 1 and
3). Hossain et al. (2011, 2012a, b, c¢) found the same
result, but in different wheat genotypes (‘Sourav’,
‘Gourab’, ‘Shatabdi’, ‘Sufi’, ‘Bijoy’, ‘Prodip’, ‘BARI Gom-

25 and ‘BARI Gom-26’), and stated that low temperature
in the vegetative stage of LS wheat, reduced stand
establishment and tillering ability, which ultimately affects
yield and yield-related components. On the other hand,
high temperature in the reproductive stage forced life
span to decrease which also ultimately affected yield and
yield-related components.

Number of spikelets spike™

The reproductive stage is considered to be the most
temperature sensitive period in wheat and barley. The
main sensitive trait to drought stress at this stage is NSS
(Sangtarash, 2010). Deficit soil moisture (drought) in the
reproductive stage, forced premature death in more distal
and basal florets; as a result, grain number decreased
drastically (Oosterhuis and Cartwright, 1983). In our
present study, all genotypes showed more NSS in OS
due to a more favourable environment than ES and LS
(Hossain et al.,, 2012d; Figure 1). Among these,
‘Zernograd.770’, ‘Sokol’ and ‘Nutans’ produced the
maximum and statistically similar NSS. In LS, all
genotypes were highly affected and produced fewer NSS
(decreased 32 to 70%). Among them, ‘Sokol’ (70%
decrease) was more affected than ‘Saratov.70’ (32%). In
LS, high temperature followed by deficit soil moisture
(drought) affected all stages, which ultimately reflected
NSS (Hossain et al., 2012d; Figures 1 and 4).
Wollenweber et al. (2003) also reported that the GS2
stage (double ridge to anthesis) was the most susceptible
to high temperature since this is the period when NSS
are determined.
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Number of grains spike™

High temperature and drought (water deficit) during the
flowering stage decreases grain set in almost all field
crops due to lower fertilization caused by pollen sterility
and/or ovule abortion. Similarly, a higher decline in grain
number is observed when drought occurs at or imme-
diately after anthesis in wheat (Sangtarash, 2010). In our
research, all genotypes produced fewer but statistically

similar NGS (42 to 67% decrease) in LS (Hossain et al.,
2012d; Figures 1 and 5). Among these, ‘Sokol’ (67%
decrease) was more affected than ‘Ratnik’ (42%) (Figure
5). Guittieri et al. (2001) and Gupta et al. (2001) stated
that water stress at stages before anthesis can reduce
number of ear heads ear” and number of kernels ear™
while water stress imposed during later stages might
additionally cause a reduction in number of kernels/ears
and kernel weight. Blum (2007) noted that water deficit
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Figure 6. Harvest index of different genotypes under early (ES), optimum (OS) and late
sown (LS) conditions. Mean (+SD) was calculated from three replicates for each
treatment. Bars with different letters are significantly different at P < 0.05 (LSD test).

at the flowering stage can lead to male sterility, finally
reducing NGS. On the other hand, in ES, ‘Ratnik’ (1%
increase) and ‘Line4’ (4% increase) were not affected by
low temperature stress (Figure 5).

Harvest index

HI is defined as the grain as a percentage of total plant
biomass. Genetic improvement of GY in wheat is closely
associated with increases in HI, but not with increases in
total biomass (Slafer and Andrade, 1991). In our present
research, highest HI was found in ‘Zernograd.770’ (8%
increase in ES and 51% increase in LS) in all sowing
conditions, which was statistically similar to ‘Nutans’ in
LS. If sowing time is considered, a higher HI was
observed in OS and LS (Figure 6). A two-year field
experiment showed that the combined effects of high air
temperature (day/night 34/22°C) and drought (withholding
water) were greater than additive effects of high air
temperature or drought alone for leaf chlorophyll content,
NGS and HI of two spring wheat cultivars (‘Pavon-76’ and
‘Seri-82’) (Prasad et al., 2011).

1000-grain weight

This is the most important parameter for final yield.
However, under stress, 1000-GW decreased due to a
decrease in individual grain weight. In OS, all genotypes
produced higher individual grain weight due to favourable
environmental conditions at that time (Hossain et al.,

2012d; Figure 1). Compared to OS, lower grain weight
was observed in LS (11 to 43% decrease) and ES (3 to
36% decreases). High temperature (soil, air) and deficit
soil moisture (drought) stress in LS and low temperature
stress in ES reduced individual grain weight, which
ultimately affected 1000-GW (Hossain et al., 2012d;
Figures 1 and 7). Among the genotypes, ‘Line4’ (3 to
11% decrease) was less affected while ‘Zernograd.770’
(36 to 43%) was highly affected by both low temperature
in ES and by high temperature (air and soil) and drought
stress in LS (Figure 7). Plaut et al. (2004) also reported
that the 1000-GW and weight of kernels per spike were
more severely decreased by water deficit than by heat in
two wheat varieties but less in ‘Batavia’ than in ‘Suneca’.
Significant differences in genotype and irrigation and also
their interaction were observed for GY under post-
anthesis drought stress (Shafazadeh et al., 2004).

Straw yield

In our experiment, all genotypes produced statistically
higher SY in OS but less in LS (44 to 72% decrease)
followed by ES (11 to 29% decrease) (Figure 8).
Compared with all genotypes, ‘Line4’ was less affected (0
to 32% decrease) than ‘Sokol’ (37 to 70% decrease) both
in ES and in LS (Hossain et al., 2012d; Figures 1and 8).
Nicolas et al. (1984) also found a greater decrease in
biomass under high temperature and drought stress in
early and late stages of grain development. In spring
wheat (‘cv. Len’), the interactive effect of high tempe-
rature and drought on grain dry weight was not additive



192 J. Plant Breed. Crop Sci.
50 v OEs oos aoLs B Mean @ % decrease in ES A% decreaseinLS T 47
43%
4 42
P T
A 38%
a =+ 37
4 36% J_l - a %)
40 4—| 3P% o
3 ab <+ T {32 @2
= 7% lb S
= k=
2 35 4+ T C + 27 W
= cd £
£ )
S 3047 del ef T22 8
Iy ef S
§ ig ef] 1 3
25 A RS
[¢]
20 -
15 T T T
o e} (%] < o <
S 2 5 £ 3 E
E 2 ¢ g
=) <
g %]
N Genotypes

Figure 7. 1000-grain weight (g) of different genotypes under early (ES), optimum
(OS) and late sown (LS) conditions. Mean (+SD) was calculated from three
replicates for each treatment. Bars with different letters are significantly different at P

<0.05 (LSD test).

600 -

OES @ os mLS O Mean

550

% decrease in ES

- 80
A% decrease in LS

A72%
500

450 T

62%
r 60

AS57%

A57% A 58%)|

-

A4T%

350 -

300

Straw yield (g m?)

250

200

150

100 + To5 T

Sokol
Nutans

Zernograd.770

Ratnik

+ 50

L 40

% decrease in ES and LS

r 30

r 20

10

Line 4
Mean

Saratov.70

Genotypes

Figure 8. Straw yield (g m? of different genotypes under early (ES), optimum
(OS) and late sown (LS) conditions. Mean (£SD) was calculated from three
replicates for each treatment. Bars with different letters are significantly different at

P <0.05 (LSD test).

under chronic heat stress (27/22°C) when drought was
applied simultaneously during flowering (Wardlaw, 2002).

Grain yield

In field conditions, most of the time, high temperatures
follow drought, that is, drought and high temperature
occur simultaneously causing significant yield loss (Lott
et al., 2011). In our present study, all genotypes
produced significantly higher GY in OS and less in LS (43

to 82% decreases) followed by ES (26 to 73% decrease).
Among the genotypes, ‘Ratnik’ and ‘Zernograd.770’
produced the highest GY in OS. ‘Saratov.70’ produced
the lowest GY in all sowing conditions (73 to 82%
decrease), followed by ‘Ratnik’ (71 to 73% decrease) and
‘Line4’ (32 to 67% decrease) in LS and ES (Figure 9). In
LS, climate and soil moisture were unfavourable (high
temperature, low relative humidity in the air and low soil
moisture) for crop production, which ultimately affected
crop growth and yield (Hossain et al., 2012d and Figure
1). This assumption is also supported by Grigorova et al.
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treatment. Bars with different letters are significantly different at P < 0.05 (LSD test).

(2011), who stated that the combined effects of drought
and high temperature on physiology, growth, water
relations, and yield are significantly higher than the
individual effects. Drought decreased GY spike™ by about
70% when stress was applied during early seed deve-
lopment in spring wheat cultivars ‘Cappelle Desperez’
and ‘Plainsman V' (Fabian et al., 2011). There was an
approximately 40% decline in average GY ha™ when
drought stress was imposed on 30 wheat cultivars and 21
landraces from tillering to maturity by installing mobile
roofs (Dencic et al., 2000).

Relative yield performance

Performance of different genotypes in stress condition
may be observed by calculating relative performance
(RP%) reported by Asana and Williams (1965), who also
reported that higher value of RP% of a variety indicate
that the variety is highly stress tolerant and lower value of
RP% indicate that is susceptible to heat stress. Rahaman
et al. (2009) also reported genotypic variation in RP% of
sensitive and tolerance genotypes, and that a higher
RP% indicated that the genotype was tolerant to stress.
There is a similarity between the above findings and this
present study. Compared with RP%, in LS (high
temperature and drought) RP% range of all genotype
were 18 to 57%. Among these ‘Nutans’ (57%) performed
better than ‘Saratov.70 (18%) (Figure 10). On the other
hand, in early low temperature stress condition (ES),
‘Zernograd.770’ (74%) was highly tolerant to Ilow
temperature stress and ‘Saratov.70’ (27%) was found as
heat sensitive (Figure 10). It was found that ‘Saratov.70’
was highly susceptible to stress (low temperature, high
temperature and drought) than others.

Stress susceptibility index

SSI provides a measure of stress tolerance based on
minimization of yield loss under stress compared to
optimum conditions, rather than on yield level under
stress per se, which has been used to characterize
relative drought tolerance of wheat genotypes (Fischer
and Maurer, 1978; Clarke et al., 1984). In our present
study, the SSI of ‘Sokol’, ‘Ratnik’, ‘Saratov.70’ and ‘Line4’
were higher than 1.0 in LS, indicating that these
genotypes had no tolerance to high temperature (air, soil)
and drought (deficit soil moisture). The SSI of the other
two genotypes (‘Zernograd.770’ and ‘Nutans’) indicated
their various levels of tolerance to LS (high temperature
in combined with drought) (Figure 11). On the other hand,
in ES (low temperature stress condition), the SSI of
‘Nutans’, ‘Ratnik’, and ‘Saratov.70’ was higher than 1.0,
indicating that these genotypes had no tolerance to low
temperature stress. The other three genotypes,
‘Zernograd.770’, ‘Sokol’ and wheat ‘Line4’ showed
moderately low temperature stress tolerance in ES. Only
‘Zernograd.770’ showed moderate stress tolerance both
in ES and LS (Figure 11). Hossain et al. (2011) also
found the variation of tolerance in different spring wheat
genotypes (‘Sourav’, ‘Gourab’, ‘Shatabdi’, ‘Sufi’, ‘Bijoy’,
‘Prodip’, ‘BARI Gom-25’ and ‘BARI Gom-26’) in ES and
LS.

Conclusion

Results obtained from this study indicated that high
temperature (air and soil) followed by drought (deficit soil
moisture) in LS (from germination to reproductive) and
low temperatures in the germination to vegetative stages
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of ES are the most important constraints to crop
production in arid regions. From overall performance,
recommended for stress
(both in ES and LS) conditions. Considering relative yield
performance and stress tolerance capacity, genotype
‘Nutans’ is recommended only in LS, and ‘Sokol’ and
‘Line4’ are recommended only in ES low temperature
stress condition in South-East of East European Russia.

genotype'Zernograd.770’ is

These genotypes may be of use in a future breeding
program to develop stress-tolerant genotypes.
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