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Grain yield and yield components of spring barley genotypes
as the indicators of their tolerance to temporal drought stress
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Abstract. In 2011, a research project on breeding spring barley
genotypes tolerant to temporary drought stresses was started. The
authors’ responsibility was to test the productivity of genotypes
derived from different parental forms obtained as part of the
project on drought resistance studied in a pot experiment. In the
years 2011-2013, three consecutive series of experiments with
approximately seventy genotypes each year were carried on. Two
reference Polish varieties were included in each set. In the control
treatment, plants were grown at the optimal soil moisture level of
13-15% weight by weight for the whole growing period. Drought
stresses were introduced at the tillering stage (BBCH 23) for the
period of 11 days or at full flag leaf stage (BBCH 45-47) for the
period of 14 days. At both stress treatments, the moisture was
maintained at the level of 5-6% weight by weight. Plants were
harvested at full maturity stage. The grain and straw yields, yield
components i.e. number of productive tillers, number of grains
per spike and weight of 1000 grains were determined. Spring
barley showed a higher tolerance to the drought stress at tiller-
ing stage than it did at flag leaf stage. Barley genotypes differed
in their response to temporary drought stresses due to diverse
ability for regenerating after the stress removal. The tolerance of
the spring barley genotypes to drought stress imposed at tiller-
ing stage resulted from their ability to produce additional fertile
tillers. The tolerance of the spring barley genotypes to temporal
drought stress at flag leaf stage can be explained by compensa-
tion of the reduced grain number per spike through increasing the
weight of 1000 grains.
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INTRODUCTION

Drought in Poland is the climatic phenomenon of in-
creasing significance for agricultural production (Gorski
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et al., 2008). Increasing temperature, and a number of
sun-hours, even without significant changes in precipita-
tion, cause the deepening of the already negative water
balance, which is calculated as the difference of rainfall
and potential evapotranspiration (Kozyra et al., 2009). Ac-
cording to European weather forecast for 2071-2100, the
mean air temperature in Poland will probably increase by
3.5°C compared to 1961-1990 period. The simple model
of the effect of climate warming on crop development
showed that temperature increase by 1°C per 100 years fas-
tens cereal crop maturity in Poland by 1 week (Gorski et
al., 2008). According to climate change models, a higher
air temperature causes weather anomalies, which in turn
bring about yield losses (Liszewska, Osuch, 1997). More-
over, more heterogenous distributions of rainfall during the
whole year, and particularly during the vegetation period
cause the plants to be exposed to frequent drought stresses
(Gorski et al., 2008; Kozyra et al., 2009).

Barley is an important cereal crop in Poland. It covers
about 1 mln ha and takes about 12% of Poland’s cropland.
The spring form of this crop dominates strongly over the
winter one. Due to short vegetation period extending for
about 100 days and poorly developed root system, spring
barley is very sensitive to drought stresses, even if they are
temporary.

The phenomenon of decreasing spring barley yields un-
der conditions of poor water supply is well known in the
literature (Albrizio et al., 2010; Bresti¢, 1996; Cossani et
al., 2009; Ferrante et al., 2008; Haddadin, 2015; Hossain
et al., 2012, Jamieson et al., 1995; Savin, Nicolas, 1996;
Zare et al., 2011). Drought stress reduces grain yield of
barley through negatively affecting the yield components
i.e. number of plants per unit area, number of spikes and
grains per plant or unit area and single grain weight, which
are determined at different stages of plant development
(Ajalli, Salehi, 2012; Beigzadeh et al., 2013; Farooq et al.,
2009; Francia et al., 2013; Haddadin, 2015; Hossain et al.,
2012; Jamieson et al., 1995; Khaiti, 2012; Khokhar et al.,
2012; Méndez et al., 2011; Samarah, 2005; Samarah et al.,



20 Polish Journal of Agronomy, No. 21, 2015

2009). The values of yield components are genetically-
based, but they can be strongly modified by the pattern of
moisture conditions in the growing period (Ajalli, Salehi,
2012; Albrizio et al., 2010; Cossani et al., 2009, Francia
et al., 2013; Hossain et al., 2012). Tillers and primordia
of generative organs (spikes, spikelets and florets), which
determine the number of grains per spike and unit area are
initiated at tillering stage, and developed at the stage of
stem elongation (Garcia del Moral et al., 1991; Kfen et al.,
2014; Svobodova, Misa, 2004). Insufficient water and nu-
trients supply or poor effectiveness of photosynthesis dur-
ing tillering or stem elongation can decrease the number of
fertile florets and the number of grains per spike (Conry,
Keane, 1994; Ferrante et al., 2008). Bresti¢ (1996) noticed
that the development of the florets into grains was de-
creased most considerably by the reduction of initiated flo-
rets under stress at the stem elongation stage as compared
to stresses in the period of anthesis or grain filling only. In
the meantime, according to Savin and Slafer (1991), en-
vironmental conditions around 20 days pre- and 10 days
post-anthesis are considered as critical for grain yield de-
termination. At heading stage, when in the case of barley
anthesis takes place, sufficient moisture supply supports
pollination and fertilization processes, and therefore initia-
tion of grain primordia (Briggs et al., 1999). During pre-
anthesis, the potential grain number per unit area (Fisher,
1985), and potential grain weight (Calderini et al., 2001)
are defined. The final number of grains per unit area is set
immediately after anthesis, while grain filling and accumu-
lation of biomass of grains take place during the remain-
ing post-anthesis period (Ugarte et al., 2007). At that time,
good moisture and light conditions increase the effective-
ness of photosynthesis, which is related to the plant assimi-
lation area which developed at the previous stages. Finally,
weight of 1000 grains depends on the physiological func-
tionality of genotype and length of photosynthesis period
(Bertholdsson, 1999; Przulj, Momcilovic, 2001). The num-
ber of spikes per unit area, i.e. number of fertile stems is
determined by weather conditions during the whole grow-
ing period from the emergence through tillering and stem
elongation up to the stages of spike development. Hence,
although late-emerged tillers contribute less to grain yield
than do tillers that emerged earlier (Lauer, 1991), there still
exists a possibility for plant to re-growth after temporary
stress abating and it is considered as one of the implica-
tions of adaptation responses to the varying water supply
(Acevedo et al., 2002; Garcia del Moral, 1991; Garcia del
Moral, 2003; Samarah, 2005; Svobodova, Misa, 2004).
Barley cultivars differ considerably in their response
and adaptation to the drought stresses (Ajalli, Salehi, 2012;
Beigzadeh et al., 2013; Hossain et al., 2012; Khaiti, 2012;
Khokhar et al., 2012; Kfen et al., 2014; Przulj, Mom-
cilovic, 2001; Zare et al., 2011). These differences are part-
ly attributed to different re-growth ability of plants after
the stress removal. The regenerating ability is manifested

by the strength of compensation of one yield component
by another/other ones (Garcia del Moral, 1991; Garcia del
Moral, 2003; Méndez et al., 2011). Therefore, understand-
ing of relationships between yield components in yield
compensation after temporal drought stress may help target
the key traits that limit yield. Selecting different genotypes
under environmental stress conditions is one of the main
tasks of plant breeders for exploiting the genetic variations
to improve the stress tolerant cultivars (Haddadin, 2015).
Agronomic traits such as grain yield and its components
are the major selection criteria for evaluating drought tol-
erance of barley (Hossain et al., 2012; Niazi-Fard et al.,
2012). Available reports show that drought-tolerant species
perform well under both drought and well-watered condi-
tions (Ajalli, Salehi, 2012; Eivazi et al., 2013; Haddadin,
2015; Janfrozzadh, Niazi Fard, 2014; Samarah et al., 2009;
Sharafi et al., 2011) and can be recommended to be used
as parents for improvement of drought tolerance in other
cultivars (Aghaei et al., 2010; Haddadin, 2015; Khokhar et
al., 2012; Méndez et al., 2011). Therefore the comparative
analysis of the yield components under stressed and un-
stressed conditions can be helpful in predicting stress toler-
ance of genotypes, and then in selection of more tolerant
entries (Perlikowski et al., 2013; Plaut, 2003).

Based on the previous literature findings the hypoth-
esis was defined as follows: the tolerance of spring barley
genotypes to temporary drought stress results from their
ability to regrow after the stress removal, which is related
to phenomena of late tillering and compensation of yield
losses by yield components.

The purpose of the study was to segregate the barley
genotypes into tolerant and sensitive to temporary drought
stress groups on the base of individual plant yield and the
following yield components: productive tillering (number
of fertile tillers per plant), grain yield per spike, number of
grains per spike, weight of 1000 grains (WTG) and harvest
index (HI). Due to the constant number of plants per pot
the grain yield per plant was considered as a measure of
genotype productivity.

MATERIALS AND METHODS

The pot experiment with spring barley was carried out
in 2011-2013 years at the glasshouse of Grabow Experi-
mental Station of the Institute of Soil Science and Plant
Cultivation — State Research Institute in Pulawy, Poland
(E 21°39’, N 51°21°). The total number of 206 genotypes,
including 142 lines, their parental forms Maresi (Germany),
CAM/B1/CI08887//CI05761 and Harmal (Syria), Georgia
(Great Britain) and 60 cultivars registered and cultivated
in Poland was tested against short-term drought stresses
introduced at the tillering stage (BBCH 23, 31 days after
sowings) for 11 days (S1) or at full flag leaf stage (BBCH
45-47, 50 days after sowings) for 14 days (S2). At the con-
trol treatment (C), soil moisture was maintained at the op-
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timal level of 13—15% weight by weight for the whole veg-
etation period, and in the treatments S1 and S2, at the level
of 5-6% weight by weight. The levels of moisture treat-
ments were defined based on the soil water retention curve
developed in the Institute of Agrophysics PAS in Lublin,
Poland. The drought stress was maintained in the range
of limited water availability and always above permanent
wilting point. It allowed barley plants to show visual symp-
toms of turgidity loss after the drought stress applications,
but they were able to recover after re-watering.

The two-factor experiment was set up each year at the sec-
ond decade of April i.e. at optimal sowing time of spring bar-
ley in Eastern Poland, in three replicates (pots) with 10 plants
per pot. Each pot was filled with 9 kg of mixture of loamy
soil with sand in the 7:2 proportion, sufficiently supplied
with all necessary nutrients according to fertilization recom-
mendations of the Institute of Soil Science and Plant Cultiva-
tion State Research Institute. Drip irrigation of each pot was
steered by a computer system (Adviser company, www.phu-
adviser.pl), and corrected using an electronic balance.

The glasshouse provided with mobile glass roof and
walls enabled plants to grow under conditions close to nat-
ural in the field, and protected them against rainfall. The
mean air temperature inside the glasshouse at S1 stress
equaled to 15.2°C and at S2 stress to 19.9°C. Air moisture
varied on average between 71% and 75%, respectively.
The air temperature and humidity inside the glasshouse
were measured each second by the AR 236 recorder (www.
sitaniectech.pl). After harvest, grain and straw yield, and
number of fertile spikes per pot were determined. Then,
based on selected randomly 10 main stems and 20 tillers
number of grains per each spike, and 10 and 20 spike grain
weight means were estimated. The other yield components
were calculated according to the following formulas:
Grain yield per plant = grain yield per pot / number of

plants per pot;

Grain yield per spike = grain yield per pot / number of
spikes per pot;

Productive tillering (number of fertile tillers per plant) =
number of spikes per pot / number of plants per pot;
Weight of 1000 grains (WTGQG) = (grain yield / number of

grains) - 1000;

Number of grains per spike = (grain yield per spike / WTG)

- 1000;

Harvest index (HI) = grain yield / (grain yield + straw yield).

The data was statistically analysed by k-Means method
of cluster analysis and one-way ANOVA, separately for
data referring to the stress at tillering stage and at flag leaf
stage. Cluster analysis based on plant productive tillering,
grain yield per pot, plant and spike, number of grains per
spike and WTG allowed to segregate the tested genotypes
into clusters of tolerant and sensitive to each stress. Then,
by one-way ANOVA, the clusters of tolerant and sensitive
genotypes were compared under control and stressed con-

ditions and stressed treatments were tested against controls
for the effects on yield and yield components. The means
were compared by Tukey’s HSD procedure at the o = 0.05
significance level. The statistical analysis was performed
using Statgraphics Centurion X VI statistical package.

RESULTS

The main purpose of the study was to segregate spring
barley genotypes with respect of their tolerance to drought
stress. Therefore, as the first step of statistical analysis
cluster method was considered. Based on grain yield and
yield components, the clusters grouping genotypes tolerant
and sensitive to the stresses were recognized. The cluster
analysis was performed separately for the results obtained
under early and the late drought stress. The analysis of bar-
ley response to the stress at the tillering stage (S1) showed
that 69% of tested genotypes decreased grain yield signifi-
cantly, and they were recognized as sensitive ones (Fig. 1).
The other 31% significantly increased grain yield, therefore
they were recognized as tolerant. The barley genotypes ex-
posed to later stress (S2) mostly (86%) responded to the
stress by the significant reduction of grain yield. Only 14%
of tested genotypes tolerated drought stress at the later de-
velopment stage (Fig. 1).

The analysis of the response of barley genotypes grain
yield to the drought stress at tillering and flag leaf stages
was performed in the response type groups. The means of
the analyzed yield components are presented in tables 1-4
below.

Stress at tillering stage (S1)

On the whole plant level, two yield components decid-
ed upon the response type of studied genotypes to drought
stress (Table 1). The number of fertile tillers was the “posi-
tive” component, since it improved drought tolerance. On
the other hand, the weight of 1000 grains, which always
decreased under the stress conditions, was the “negative”
component, since it lessened drought stress tolerance. In
the group of tolerant genotypes, positive effect of drought
of increasing tiller number prevailed over the negative ef-
fect of decreasing WTG.

The tolerant genotypes responded to the drought stress
at tillering stage by increased productivity as a result of
higher number of productive tillers per single plant (Table
1). They also showed a tendency to reduced productivity
of a single spike due to decreased weight of 1000 grains.
However, in the control treatment under optimal moisture
conditions, they showed a smaller productivity and harvest
index than did sensitive ones, due to a smaller number of
fertile tillers and smaller grain yield of a singular spike and
weight of 1000 grains. Genotypes which were sensitive to
the drought stress decreased productivity of both single
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Fig. 1. Grain yield of spring barley genotypes in groups of tolerance to drought stresses at tillering and flag leaf stages.

Table 1. Effect of drought stress at tillering stage (S1) on grain yield per plant and its components of barley genotypes.

Grain yield Number of fertile  Grain yield per Number
Treatment per plant tillers spike of grains WIG Harvest index
[g] per plant [g] per spike [e]
Genotypes tolerant to S1 stress
Control 4.50b B 490 B 093a B 202a A 464a B 048D B
SIstress 480a A 55a A 08a B 20.la A 443a A 05la B
LSD (a=0.05) 0.277 0.28 0.074 1.35 2.65 0.013
Genotypes sensitive to S1 stress
Control 5.80a A 57a A 1.02a A 204a A 50.1a A 0.53a A
S1 stress 426b B 55a A 079b A 172b B 462b A 054a A
LSD (a=0.05) 0.240 0.23 0.042 0.79 2.08 0.014
LSD (a = 0.05) for the difference between genotypes tolerant and sensitive to S1 stress
Control 0.326 0.268 0.058 0.954 2.39 0.013
S1 stress 0.243 0.288 0.055 1.14 2.68 0.020

Control — control treatment (no drought stress); S1 — stress at tillering stage; WTG — weight of 1000 grains; LSD — Least Significant Difference; smaller
letters for comparisons of the treatments inside the genotype groups; uppercase for comparisons of the genotype groups inside the treatments

Table 2. Effect of drought stress at tillering stage (S1) on a spike yield components of barley genotypes.

Grain yield per spike [g] No. of grains per spike WTG [g]
Treatment - - - - - - -
main stem a tiller total tillers main stem a tiller main stem a tiller
Genotypes tolerant to S1 stress
Control 1.19a B 085a A 33la B 239a A 198a B 500a A 429a A
S1 stress 1.12a A 082D A 3.68a A 232a A 188a A 48.1a A 435a A
LSD (o.=0.05) 0.084 0.068 0.372 1.29 1.13 2.58 2.72
Genotypes sensitive to S1 stress
Control 1.25a A 080a A 455a A 239a A 207a A 521a A 386a B
S1 stress 0.96 b B 0.60b A 3300 B 20.1b B 17.6b B 4820 A 341b B
LSD (a=0.05) 0.051 0.047 0.307 0.81 0.55 1.77 2.18
LSD (a = 0.05) for the difference between genotypes tolerant and sensitive to S1 stress
Control 0.067 0.060 0.398 0.94 0.76 2.17 2.45
S1 stress 0.068 0.228 0.313 1.15 0.82 231 2.83

Control — control treatment (no drought stress); S1 — stress at tillering stage; WTG — weight of 1000 grains; LSD — Least Significant Difference; smaller
letters for comparisons of the treatments inside the genotype groups; uppercase for comparisons of the genotype groups inside the treatments
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plant and single spike due to decreased WTG and number
of grains per spike.

The more detailed analysis at a single plant level con-
sidered the main shoot and the tillers. Water shortage at
tillering stage reduced productivity of both main stems
and the tillers of all tested barley genotypes exposed to
the stress (Table 2). In the case of tolerant genotypes, the
productivity of a singular tiller significantly decreased, but
simultaneously the total grain yield produced by the till-
ers showed a tendency to increase. It confirms the increase
of their number. Simultaneously, tolerant genotypes which
were well-watered in the control treatment showed a high-
er productivity of a single tiller than the sensitive ones. It
resulted from higher weight of 1000 grains. However, ob-
taining a smaller total grain yield from the tillers indicated
that their number was lower. In response to the stress, sen-
sitive genotypes decreased the grain yield of both the main
stem and the tillers due to the reduced number of grains per
spike and the weight of 1000 grains.

23

Stress at flag leaf stage (S2)

Among yield components, weight of 1000 grains seems
to be the one that decides upon the tolerance of spring bar-
ley genotypes to drought stress at flag leaf stage.

In the response to the stress at flag leaf stage, toler-
ant genotypes increased their grain yield per plant and per
spike, and harvest index following the increase of weight
of 1000 grains (Table 3). However, under optimal mois-
ture conditions of the control treatment, these genotypes
showed smaller grain yield and harvest index than the sen-
sitive ones. They produced also a smaller number of fertile
tillers per plant. Smaller productivity of singular spike re-
sulted from smaller weight of 1000 grains, despite a higher
number of grains.

The sensitive genotypes responded to the stress with
reducing the productivity per plant due to the diminished
number of fertile tillers and the diminished productivity of
a singular spike. This decrease in the grain yield of a spike

Table 3. Effect of drought stress at flag leaf stage (S2) on grain yield per plant and its components of barley genotypes.

Grain yield Number of fertile

Grain yield

Treatment per plant tillers per spike Number ofkgrams WIG Harvest index
[g] per plant [g] Perspie Le]
Genotypes tolerant to S2 stress
Control 4.11b S5.1a B 0.82b A 208a A 3950 0.47b B
S2 stress 4.68 a 50a A 0.95a A 19.6 a A 48.5a 0.50a A
LSD (0.=0.05) 0.479 0.534 0.090 1.67 3.56 0.020
Genotypes sensitive to S2 stress
Control 5.56a 57a A 0.99 a A 193 a B 513a A 0.52a A
S2 stress 3.80b B 51b A 076D B 15.6b B 4890 A 045b A
LSD (a=0.05) 0.187 0.21 0.046 0.78 1.03 0.012
LSD (a = 0.05) for the difference between genotypes tolerant and sensitive to S2 stress
Control 0.447 0.23 0.043 0.83 1.37 0.010
S2 stress 0.213 0.29 0.064 1.02 1.97 0.16

Control — control treatment (no drought stress); S2 — stress at flag leaf stage; WTG — weight of 1000 grains; LSD — Least Significant Difference; smaller
letters for comparisons of the treatments inside the genotype groups; uppercase for comparisons of the genotype groups inside the treatments

Table 4. Effect of drought stress at flag leaf stage on spike yield components of barley genotypes.

Grain yield per spike [g] No. of grains per spike WTG [g]
Treatment - - ; - - - :
main stem a tiller total tillers main stem a tiller main stem a tiller
Genotypes tolerant to S2 stress
Control 1.06 b B 0.74b B 3.04a B 245a A 20.1a A 434D B 369D B
S2 stress 131a A 085a A 339a A 250a A 18.7b A 524a B 453a A
LSD (a=0.05) 0.113 0.084 0.598 1.67 1.27 3.40 3.61
Genotypes sensitive to S2 stress
Control 1.23 a A 093a A 437a A 232a B 198a A 534a A 470a A
S2 stress 1.15b B 0.65b B 265D B 214b B 163D B 537a A 39.7b B
LSD (¢=0.05) 0.048 0.041 0.269 0.76 0.61 0.86 1.22
LSD (o = 0.05) for the difference between genotypes tolerant and sensitive to S2 stress
Control 0.050 0.042 0.324 0.82 0.69 1.27 1.41
S2 stress 0.066 0.054 0.323 0.99 0.77 1.02 1.63

Control — control treatment (no drought stress); S2 — stress at flag leaf stage; WTG — weight of 1000 grains; LSD — Least Significant Difference; smaller
letters for comparisons of the treatments inside the genotype groups; uppercase for comparisons of the genotype groups inside the treatments
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resulted from the reduction of both the weight of 1000
grains, and the number of grains per spike. The sensitive
genotypes reduced also harvest index.

The performance of barley genotypes depended on
both main stems, and the tillers (Table 4). Stress at flag
leaf stage of tolerant genotypes increased grain yield, and
the weight of 1000 grains of both main stems, and the till-
ers. Despite the reduced number of fertile tillers per plant,
the stress increased total grain yield produced by tillers.
However, the increase was not statistically proven. Un-
der conditions of control treatment, genotypes tolerant to
drought stress at flag leaf stage showed smaller grain yield
and weight of 1000 grains of both main stem and a tiller
than did the sensitive ones.

The response of sensitive genotypes to the stress at flag
leaf stage depended on the decrease of productivity of both
types of shoots: the main stem because of the reduced num-
ber of grains per spike and a tiller also due to diminished
weight of 1000 grains. In combination with decreased pro-
ductive tillering, it caused a significant reduction of grain
yield per whole plant.

DISCUSSION

In the present study, the population of 206 spring bar-
ley genotypes, including 142 breeding lines, their parental
forms characterized by different climatic habits, and 60
cultivars registered and cultivated in Poland showed dif-
ferentiated behaviors in terms of their response with grain
yield and yield components to temporary drought stresses
under climate conditions of Poland. The stresses were ap-
plied for 11 days at tillering stage or for 14 days at flag leaf
stage.

The results of the study allowed to segregate tested
genotypes into clusters of tolerant and sensitive ones sepa-
rately to each stress. Genotypes were recognized as sensi-
tive when they reduced their grain yield, while the toler-
ant ones showed a similar or increased productivity under
stress conditions. The congenial approach for selection of
barley drought tolerant and sensitive genotypes by clus-
ter analysis was successfully used before by Ajalli et al.
(2012), Eivazi et al. (2013) and Kiflu Tarekegn (2009).

In our study most of the tested genotypes were identi-
fied as sensitive to both drought stresses, however more
genotypes tolerated an early stress than they did the late
ones. It is in agreement with other studies on the effects of
drought stresses at different growth stages of barley. Ac-
cording to Samarah (2005), barley was the most sensitive
to later drought stress just before and during spike emer-
gence, as well as during and post-anthesis stages of grain
filling.

The phenomenon is well explained in the literature
(Ajalli, Salehi, 2012; Beigzadeh et al., 2013; Bertholdsson,
1999; Francia et al., 2013; Garcia del Moral et al., 1991;
Khaiti, 2012; Khokhar et al., 2012; Przulj, Momcilovic,

2001, Samarah, 2005; Samarah et al., 2009). Soil water
regime and the pattern of precipitation during the vegeta-
tion period affect grain yield through modifications in pro-
cesses of yield components forming (Farooq et al., 2009).
Water deficit at tillering stage usually causes yield losses
due to reductions in number of fertile tillers and spikes.
If the plants develop under unfavorable conditions for
a longer time, the maintenance of higher yield potential
at earlier growth stages can result in its higher reduction
at later stages. However, under propitious moisture condi-
tions, and after the stress removal, plants get the possibility
to create new tillers and continue their growth and devel-
opment (Dhanagond et al., 2014; Kfen et al., 2014; Svobo-
dova, Misa, 2004). According to Self and Pederson (1978)
grain yield is positively correlated with rainfall during
stem elongation, which is the most active growing period
of the crops. This creates good possibility of re-growth af-
ter the stress, which occurred at earlier development stag-
es. Bresti¢ (1996) explained that water deficits affecting
plants at earlier stages of ontogenesis can be compensated
for by an activity of the root system and adaptation and
rehydratation support functions of self-regulating systems.
If the stress is present at early growth stages only, its im-
plications are smaller than those at later growth stages be-
cause re-growth processes at later stages are more difficult
(Jamieson et al., 1995).

Drought stress at the growth period from double ridge
to anthesis, and around anthesis, reduces potential grain
number per unit area (Cossani et al., 2009; Fisher, 1985;
Savin, Slafer, 1991;) due to lower fertilization caused by
pollen sterility and/or ovule abortion (Hossain et al., 2012)
and the sink strength soon after anthesis, which might have
been a major factor affecting post-anthesis growth, as re-
ported by other authors (Calderini et al., 1997; Acreche,
Slafer, 2009). The stress, which is usually accompanied
by high temperatures during grain filling period decreases
mean grain weight (Acevedo et al., 2002; Wardlaw et al.,
1980). It results from the reductions in the time of trans-
location of carbohydrate reserves to the grain (Przulj,
Momcilovic, 2001), in the duration and rate of grain filling
(Haddadin, 2015; Hossain et al., 2012; Samarah, 2005),
and in activities of sucrose- and starch-synthesizing en-
zymes (Farooq et al., 2009). Water shortage at grain filling
stage, which reduces photosynthesis rate, forces the plant
to utilize the reserves of storage materials from vegetative
organs (Méndez et al., 2011). However, higher contribu-
tion in final grain yield of dry matter stored before anthesis
usually decreases barley grain yield (Bidinger et al., 1977).

Plant behaviors to cope with drought normally in-
volve a mixture of stress avoidance and tolerance strate-
gies, which are specific for each genotype (Chaves et al.,
2002; Farooq et al., 2009; Zare et al., 2011). According
to Méndez et al. (2011) tolerant genotypes accumulate in
the stem higher contents of fructants than more sensitive
ones, which affects not only grain size but also grain num-
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ber. Different types of the response to drought stress were
partly explained by ability to re-grow under conditions of
subsequent watering (Acevedo et al, 2002; Bresti¢, 1996;
Cabezza et al. 1993; Dhanagond et al., 2014; Svobodova,
Misa, 2004). Perlikowski et al. (2013) showed ability of
Festuca arundinacea genotype to repair damaged cell
membranes following watering after short drought treat-
ment. The trait, completed by reduced transpiration dur-
ing the stress, could be crucial to survival during longer
drought periods.

In our study barley genotypes tolerant to the stresses
showed good ability to re-grow. Those tolerant to the
stress at tillering stage did not reduce or even increased
their grain yield due to the increased number of fertile till-
ers per plant and despite the reduced productivity of both
main stem and a tiller. It indicates that tolerant genotypes
showed ability to re-grow after subsequent watering by
production of additional tillers and explains the reason
for their tolerance to drought stress at early development
stage. Tillering has great agronomic importance in cereals
since it may partially or totally compensate the differences
in plant number after crop establishment and may allow
crop recovery from early stress (Acevedo et al., 2002). Ac-
cording to Baker and Gallagher (1983) bud differentiation
into tillers and tiller appearance generally ends just before
stem elongation starts. However, Longnecker et al. (1993)
suggests, that tillering does not end at specific wheat de-
velopment stage, but rather it is controlled by a number of
genetic and environmental factors. In the study of Svobo-
dova and Misa (2004), spring barley plants compensated
for stress implications by productive tillers that developed
after the stress at the beginning of stem elongation stage.

In the case of the response to drought stress at flag leaf
stage, the tolerant genotypes mitigated the stress results
due to increased productivity of both main stems and till-
ers as a result of a higher weight of 1000 grains. Simulta-
neously, they reduced the number of grains per spike of
a tiller. Therefore, the re-grow ability of genotypes toler-
ant to drought stress at flag leaf stage resulted from the
possibility to increase singular grain weight on both types
of shoots, which was related to compensation between the
yield components.

The phenomena of mutual compensation, competition,
and other complicated relations between yield compo-
nents, and plants in the canopy were described by many
authors (Albrizio et al., 2010; Cossani et al., 2009; Jan-
frozzadh, Niazi Fard, 2014; Kfen et al., 2014; Svobodova,
Misa, 2004). Reduced number of grains per spike was usu-
ally compensated by higher weight of 1000 grains and ad-
versely, bigger grains were possible to obtain only under
conditions of place availability from diminished grain set
and kernel growth.

In our study, genotypes sensitive to drought S1 and S2
stresses showed poor ability to re-grow after the stresses
removal. Those sensitive to the drought stress at tillering
stage reduced grain yield by decreasing productivity per
single spike. It could be concluded, that water deficit re-
stricted initiation of generative organ primordia. Addition-
ally, the genotypes did not show ability to produce new
tillers after the stress removal. Both main stems and tillers
reduced number of grains per spike and the tillers reduced
weight of a singular grain. Similar results were presented
earlier by Jamieson et al. (1995) and Svobodova, Misa
(2004).

Genotypes sensitive to the stress at flag leaf stage de-

creased plant productivity by reduction of the number of
fertile tillers, and the productivity of singular spike of the
main stem due to a decreased number of grains per spike
and a tiller also as a result of decreased weight of 1000
grains. Eivazi et al., (2013) observed similar effects for
drought stress at grain filling stage. However, in studies
of Samarah (2005) the late stress was detrimental to grain
yield mainly due to reduction in the number of tillers bear-
ing fertile spikes and grains. Simultaneously, late formed
tillers significantly contributed to a higher number of fer-
tile spikes and total grain yield under optimal water con-
ditions compared with terminal drought stress treatment.
Under Mediterranean conditions of the study by Cossani
et al. (2009), the differences between the tested genotypes
generated by water shortage in post-flowering growth
stages were explained mainly by differences in grain num-
ber per unit area, which could be the result of both grain
number per spike or number of fertile tillers per area unit.
According to Kfen et al. (2014) and Garcia del Moral et al.
(2003) a cultivar with high plasticity, in years unfourable
for achieving a high spike number, should provide suffi-
cient compensation by increasing the spike productivity
associated with high number of grains per spike ensuring
the achievement of high number of grains per unit area.
In this paper, the general morphological constrains in pro-
ductivity of spring barley genotypes as a result of drought
stress imposed separately at early and late growth stage
were highlighted. It made possible to cathegorize the
206 genotypes into groups of tolerant and sensitive to the
drought stresses. It was found that genotypes tolerant to
temporary drought stress are suitable for the cultivation in
poor moisture conditions rather than in optimal ones. The
conditions enable the compensation of yield losses by late
tillering in the case of the stress at tillering stage or by the
increased WTG in the case of the stress at flag leaf stage.
A more detailed analysis of individual genotypes should
include the physiological characteristics. That is the sub-
ject of a separate investigation within the same research
project.
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CONCLUSIONS

1. Spring barley shows higher tolerance to drought
stress at tillering stage than at flag leaf stage.

2. Spring barley genotypes differ in their response to
temporary drought stress due to differentiated ability to re-
grow under conditions of subsequent watering.

3. The tolerance of barley genotypes to drought stress
at tillering stage results from the ability to create additional
fertile tillers after the stress removal.

4. The tolerance of barley genotypes to drought stress
at flag leaf stage results from ability to compensate for re-
duced grain number per spike by increasing the weight of
1000 grains.

REFERENCES

Acevedo E., Silva P., Silva H., 2002. Wheat growth and physiol-
ogy. In: Curtis, B.C., Rajaram, S., Gémez, Macpherson H.
(Eds.). Bread Wheat, Improvement and Production, FAO
Plant Production and Protection Series, No. 30, Food and
Agriculture Organization of the United Nations, Rome.,
1.03.2015.

Acreche M.M., Slafer G.A., 2009. Grain weight, radiation in-
terception and use efficiency as affected by sink-strength in
Mediterranean wheat released from 1940 to 2005. Field Crop
Research, 110: 98-105.

Aghaei S.M., Rajabi R., Ansari Y., 2010. Evaluation of grain
yield stability and two-steps screening for drought stress tol-
erance in barley genotypes. Iranian Journal of Crop Sciences,
v.12,3(47): 305-317.

Ajalli J., Salehi M., 2012. Evaluation of drought stress indices in
barley (Hordeum vulgare L.). Annals of Biological Research,
3(12): 5515-5520.

Albrizio R., Todorovic M., Matic T., Stellacci A.M., 2010.
Comparing the interactive effects of water and nitrogen on
durum wheat and barley grown in a Mediterranean environ-
ment. Field Crop Research, 115: 179-190.

Baker K., Gallagher N., 1983. The development of winter wheat
in the field. The control of primordium initiation rate by tem-
perature and photoperiod. Journal of Agricultural Sciences,
101: 337-344.

Beigzadeh S., Fatahi K., Sayedi A., Fatahi F., 2013. Study of
the effects of late-season drought stress on yield and yield
components of irrigated barley lines within Kermanshah
province temperate regions. World Applied Programming,
3(6): 226-231.

Bertholdsson N.O., 1999. Characterization of malting barley
cultivars with more or less stable protein content under vary-
ing environment conditions. European Journal of Agronomy,
10: 1-8.

Bidinger F., Musgrave R.B., Fisher R.A., 1977. Contribution
of stored preanthesis assimilate to grain yield in wheat and
barley. Nature, 270: 731-733.

Bresti¢ M., 1996. Vodny rezim, rastové a akumula¢né procesy
jarného jacmena. Rostlinna Vyroba, 42: 481-487.

Briggs K.G., Kiplagat O.K., Johnsonflanagan A.M., 1999.
Floret sterility and outcrossing in two spring wheat cultivars.
Canadian Journal of Plant Science, 79: 321-328.

Cabezza C., Kin A., Ledent J.F., 1993. Effect of water shortage
on main shoot development and tillering of and spelt wheat.
Journal of Agronomy and Plant Science, 170: 243-250.

Calderini D.F., Dreccer ML.F., Slafer G.A., 1997. Consequences
of breeding on biomass, radiation interception and radiation-
use efficiency in wheat. Field Crop Research, 52: 271-281.

Calderini D.F., Savin R., Abeledo L.G., Reynolds M.P., Slafer
G.A., 2001. The importance of the period immediately pre-
ceding anthesis for grain weight determination in wheat. Eu-
phytica, 119: 199-204.

Chaves M.M., Pereira J.S., Maroco J., Rodrigues M.L., Ri-
cardo C.P.P., Osorio M.L., Carvalho L., Faria T., Pinheiro
C.,2002. How plants cope with water stress in the field? Pho-
tosynthesis and growth. Annals of Botany, 89(7): 907-916.

Conry M.J., Keane T., 1994. Effect of adverse climatic factors
on grain yield and protein content of malting barley sown in
early spring in 1993. pp. 592-593, Proc. of the Third Con-
gress of the European Society of Agronomy, Abano-Padowa,
18-22 September.

Cossani C.M., Slafer G.A., Savin R., 2009. Yield and biomass
in wheat and barley under a range of conditions in a Mediter-
ranean site. Field Crop Research, 112: 205-213.

Dhanagond S., Neumann K., Klukas C., Chen D., Graner
A. Kilian B., 2014. Influence of seasonal drought on yield
in spring barley (Hordeum vulgare L.). Poster presented at
— Cereals for Food, Feed and Fuel = Challenge for Global
improvement. Joint EUCARPIA Cereal section & ITMI Con-
ference, June 29-July 4, 2014, Wernigerode, Germany. http://
www.eposters.net/pdfs/influence-of-seasonal-drought-on-
yield-in-spring-barley-hordeum-vulgare-l.pdf. /271.08.2015]

Eivazi A.R., Mohammadi S., Rezaei M., Ashori S., Hossien F.,
2013. Effective selection criteria for assessing drought toler-
ance indices in barley (Hordeum vulgare L.) accessions. In-
ternational Journal of Agronomy and Plant Production, 4(4):
813-821.

Farooq M., Wahid A., Kobayashi N., Fujita D., Basra S.M.A.,
2009. Plant drought stress: effects, mechanisms and manage-
ment. Agronomy for Sustainable Development, 29: 185-212.

Ferrante A., Savin A., Slafer G.A., 2008. Wheat and barley
floret development in response to nitrogen and water avail-
ability. Italian Journal of Agronomy/Rivista di Agronomia,
3 suppl.: 205-206.

Fisher R.A., 1985. Number of kernels in wheat crops and the
influence of solar radiation and temperature. Journal of Agri-
cultural Science, 105: 447-461.

Francia E., Tondelli A., Rizza F., Badeck F.W., Thomas W.T.B.,
van Eeuwijk, Romagosa 1., Stanca A.M., Pecchioni N.,
2013. Determinants of barley grain yield in drought-prone
Mediterranean environments. Italian Journal of Agronomy,
8(1). http://dx.doi.org/10.4081/ija.2013.el. pp.8. [21.08.2015]

Garcia del Moral L.F., Ramos J.M., Garcia del Moral M.B.,
Jiménez-TejadaM.O. 1991. Ontogenetic approach to grain
production in spring barley based on path-coefficient analy-
sis. Crop Science, 31(5): 1179-1185.

Garcia del Moral L.F., Garcia del Moral M.B., Molina-Cano
J.L., Slafer G.A., 2003. Yield stability and development in
two- and six-rowed winter barleys under Mediterranean con-
ditions. Field Crops Research, 81: 109-119.

Gorski T., Kozyra J., Doroszewski A., 2008. Field crop losses
in Poland due to extreme weather conditions - case studies.
pp. 35-49. In: Liszewski (ed.); The influence of extreme phe-



A. Pecio, D. Wach — Grain yield and yield components of spring barley as the indicators of tolerance to drought stress 27

nomena on the natural environment and human living condi-
tions. Lodzkie Towarzystwo Naukowe, £.6dz.

Haddadin ML.F., 2015. Assessment of drought tolerant barley va-
rieties under water stress. International Journal of Agriculture
and Forestry, 5(2): 131-137.

Hossain A., Teixeira da Silva J.A., Lozovskaya M.V., Zvolin-
sky V.P., Mukhortov V.1., 2012. High temperature combined
with drought affect rainfed spring wheat and barley in south-
eastern Russia: Yield, relative performance and heat suscep-
tibility index. Journal of Plant Breeding and Crop Science,
4(11): 184-196.

Jamieson P.D., Martin M.J., Francis G.S., 1995. Drought influ-
ences on grain yield of barley, wheat, and maize. New Zea-
land Journal of Crop and Horticultural Science, 23: 55-66.

Janfrozzadh N., Niazi Fard A., 2014. Investigation of late-sea-
zon drought stress effects on ecophysiological traits and grain
yield in barley lines using different statistical methods. Inter-
national Journal of Biosciences, 5(1): 339-344.

Khaiti M., 2012. Correlation between grain yield and its com-
ponents in some Syrian barley. Journal of Applied Sciences
Research, 8(1): 247-250.

Khokhar M.L., da Silva J.A.T., Spiertz H., 2012. Evaluation of
barley genotypes for yielding ability and drought tolerance
under irrigated and water-stressed conditions. American-
Eurasian Journal of Agricultural & Environmental Sciences,
12(3): 287-292.

Kiflu Tarekegn A., 2009. Agronomic evaluation of Ethiopian
barley (Hordeum vulgare L.) landrace populations under
drought stress conditions in low-rainfall areas of Ethiopia.
International Master Programme at the Swedish Biodiversity
Centre. Masters’s thesis No. 61, Uppsala 2009, pp. 43.

Kozyra J., Doroszewski A., Nierébca A., 2009. Climate change
and its expected impact on agriculture in Poland. 2009. Studia
i Raporty [IUNG-PIB, 14: 243-257.

Kien J., Klem K., Svobova I., MiSa P., Neudert L., 2014. Yield
and Grain quality of spring barley as affected by biomass for-
mation at early growth stages. Plant Soil Environment, 60(5):
221-227.

Lauer J.G., 1991. Barley tiller response to plant density and Eth-
ephon. Agronomy Journal, 83: 968-973.

Liszewska M., Osuch M., 1997. Assessment of impact of global
climate change simulated by the ECHAM/LSG general circu-
lation model onto hydrological regime of three Polish catch-
ments. Acta Geophysica Polonica, 45(4): 363-386.

Longnecker N., Kirby E.J.M., Robson A., 1993. Leaf emer-
gence, tiller growth, and apical development of nitrogen-defi-
cient spring wheat. Crop Science, 33: 154-160.

Méndez A.M., Castillo D., del Pozo A., Matus 1., Morcuende
R., 2011. Differences in stem soluble carbohydrate contents
among recombinant chromosome substitution lines (RCSLs)
of barley under drought in Mediterranean-type environment.
Agronomy Research, 9: 433-438.

Niazi-Fard A., Nouri F., Nouri A., Yoosefi B, Moradi A., Za-
reei A., 2012. Investigation of the relationship between
grain yield and yield components under normal and terminal

drought stress conditions in advanced barley lines (Hordeum
vulgar) using path analysis in Kermanshah province. Inter-
national Journal of Agriculture and Crop Sciences, 4(24):
1885-1887.

Perlikowski D., Kosmala A., Rapacz M., KoScielniak J.,
Pawlowicz 1., Zwierzykowski Z., 2013. Influence of short-
term drought conditions and subsequent re-watering on the
physiology and proteome of Lolium multiflorum/Festuca arun-
dinacea introgression forms, with contrasting levels of toler-
ance to long-term drought. Plant Biology, 16(2): 385-394.

Plaut Z., 2003. Plant exposure to water stress during specific
growth stages. Encyclopedia of Water Science, Taylor &
Francis, pp. 673-675.

Przulj N., Momcilovic V., 2001. Genetic variation for dry mat-
ter and nitrogen accumulation and translocation in two-rowed
spring barley. I. Dry matter translocation. European Journal
of Agronomy, 15: 241-254.

Samarah N.H., 2005. Effects of drought stress on growth and
yield of barley. Agronomy for Sustainable Development, 25:
145-149.

Samarah N.H., Alqudah A.M., Amayreh J.A., McAndrews
G.M., 2009. The effect of late-terminal drought stress on
yield components of four barley cultivars. Journal of Agrono-
my and Crop Science, 195(6): 427-441.

Savin R.S., Slafer G.A., 1991. Shading effects on the yield of an
Argentinian wheat cultivar. Journal of Agricultural Science,
116: 1-7.

Savin R.S., Nicolas ML.E., 1996. Effects of short periods of
drought and high temperature on grain growth and starch ac-
cumulation of two malting barley cultivars. Australian Jour-
nal of Plant Physiology, 23: 201-210.

Self E., Pederson D.G., 1978. Effect of rainfall on the grain
yield of spring wheat, with an application of the analysis of
adaptation. Australian Journal of Agricultural Research, 29:
1107-1115.

Sharafi S., Ghassemi-Golezani K., Mohammadi S., Lak S.,
Sorkhy B., 2011. Evaluation of drought tolerance and yield
potential in winter barley (Hordeum vulgare) genotypes.
Journal of Food, Agriculture & Environment, 9: 419-422.

Svobodova 1., Misa P., 2004. Effect of drought stress on the for-
mation of yield elements in spring barley and the potential of
stress expression reduction by foliar application of fertilizers
and growth stimulator. Plant Soil Environment, 10: 439-446.

Ugarte C., Calderini D.F., Slafer G.A., 2007. Grain weight
and grain number responsiveness to pre-anthesis tempera-
ture in wheat, barley and triticale. Field Crop Research, 100:
240-248.

Wardlaw L.F., Sofield I., Cartwright P.M., 1980. Factors limit-
ing the rate of dry matter accumulation in the grain of wheat
grown at high temperature. Australian Journal of Plant Physi-
ology, 7: 387-400.

Zare M., Azizi M.H., Bazrafshan F., 2011. Effect of drought
stress on some agronomic traits in ten barley (Hordeum vul-
gar) cultivars. Technical Journal of Engineering and Applied
Sciences, 1(3): 57-62.

This work was supported by the European Regional Development Fund through the Innovative Economy Program for Poland
2007-2013. Project WND-POIG.01.03.01-00-101/08 POLAPGEN-BD ,,Biotechnological tools for breeding cereals with increased re-
sistance to drought”. The project was realized by POLAPGEN Consortium coordinated by Institute of Plant Genetics, Polish Academy
of Sciences in Poznan. Further information about the project can be found at www.polapgen.pl.



