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Abstract – Barley (Hordeum vulgare) grown in Mediterranean regions undergoes drought stress during the grain-filling period. A greenhouse
experiment was conducted to study the effect of drought stress on grain growth and yield of barley. Plants were exposed to three drought
treatments at the beginning of grain filling: (1) well-watered at 100% field capacity, (2) mild drought stress at 60% field capacity, and (3) severe
drought stress at 20% field capacity until grain maturity. Grain moisture content and dry weight were determined for grains harvested at 3, 10,
17, 23 and 31 days after the beginning of grain filling. Grain dry weight for severe drought stress plants reached a maximum value earlier than
grains from mild drought stress and well-watered plants, indicating that grains from severe drought stress plants had a higher growth rate than
those of mild drought stress and well-watered plants. Drought-stressed plants had shorter duration of grain filling than well-watered plants.
Drought stress treatments reduced grain yield by reducing the number of tillers, spikes and grains per plant and individual grain weight. In
conclusion, postanthesis drought stress was detrimental to grain yield regardless of the stress severity.
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1. INTRODUCTION

Prolonged periods of drought stress resulted in major losses
in grain yield of rainfed crops in Jordan, which is characterized
by a semi-arid Mediterranean climate where rain is scarce,
irregularly distributed, and variable from one year to another
[9]. Barley is a main crop grown in these regions because it is
adapted to a severe water regime compared with other cereals
[10, 19, 24]. However, its productivity is limited by terminal
drought stress during grain filling [19]. Barley response to
drought stress at this critical stage of development needs to be
studied to understand adaptation of barley plants to postanthe-
sis drought stress. Whether severity of postanthesis drought
stress is a determinant factor for grain yield needs to be studied.
Such information is important for plant breeders to select traits
for drought tolerance and for farmers for better crop manage-
ment, to avoid the occurrence of a drought period at the critical
stages of development.

The effects of late drought stress on grain growth and yield
have been studied in cereal crops [10, 13, 14]. Drought stress
during the grain-filling period decreased the net photosynthetic
rate of the flag leaf of barley, but had no significant effect on
the grain-filling rate under high vapor pressure deficit [19]. The
flag leaf and ear are the main photosynthetic organs to provide
assimilates for grain filling, particularly in environments where
drought is encountered at the end of the plants’ life cycle [5, 6,

19]. The capacity to remobilize vegetative reserves seems to be
responsible for maintaining the grain growth rate under drought
stress [18]. Middle to late drought stress advanced leaf senes-
cence, shortened the grain-filling period, and decreased grain
yield and individual grain weight of barley [10, 14, 19, 24]. 

Effects of drought stress at different growth stages of barley
have been studied [2, 3, 25]. These studies indicated that
drought stress was more sensitive during and just before spike
emergence. Another peak of barley sensitivity to drought was
during anthesis and the initial stages of grain development. The
severity of drought stress from the beginning of grain filling to
maturity may be detrimental to grain development (grain abor-
tion) and yield. Postanthesis drought stress may decrease the
fertility of late-formed tillers and whether these late-formed
tillers contribute to grain number and yield of barley needs to
be studied. The objective of this experiment was to study the
effect of the severity of drought stress during the seed-filling
period on grain growth, duration of grain filling, and grain yield
and yield components of barley.

2. MATERIALS AND METHODS

A greenhouse experiment was initiated at Jordan University
of Science and Technology, Irbid, Jordan on November 18,
2001. Twelve seeds of the barley (Hordeum vulgare) cultivar
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“Rum” were planted in 6-L pots containing a mixture of soil:
sand: peat in a volume ratio of 2:1:1. Rum originated from Har-
bin-Arivat X Attik in CIMMYT (Mixico) and was certified in
the National Center for Agriculture Research and Technology
Transfer (NCARTT), Jordan in 1986. It is six-row barley,
medium in height, with high tillering capacity, early to medium
in heading and ripening, and produces a large seed size. Before
planting, the field capacity of the pots was determined by sat-
urating the soil with water. The pots were covered with plastic
sheets and left to drain for 3 d.  Pot weights were recorded after
3 d of drainage. The weight of soil moisture at field capacity
was calculated as the difference between the soil weight after
drainage and soil weight after oven drying for 105 °C for 24 h.
Three weeks after planting, the seedlings were thinned to six
seedlings per pot. The plants were well watered (maintained at
field capacity) until they reached the beginning of the linear
seed-filling period (spikes on main stem with grains of 3 mm
length). At the beginning of the grain-filling period (on March
10), three drought stress treatments were imposed on the plants:
100% field capacity (well-watered), 60% field capacity (mild
stress), and 20% field capacity (severe stress). Drought treat-
ments were imposed from the beginning of grain filling to grain
maturity by weighing pots daily and maintaining them at the
desired soil moisture content. Two pots were used for each
experimental unit.  

Drought intensity was quantified by measuring plant water
consumption during the treatment period, leaf quantum yield
of light reaction, photosynthetic rate and osmotic potential.
Plant water consumption was measured from the beginning of
grain filling to grain maturity by weighing pots daily before and
after irrigation and recording the difference in weight. Photo-
synthetic active radiation (PAR) and quantum yield of the light
reaction (Φp) were measured at 15 days after imposing treat-
ments (on March 25) using a Plant Photosynthesis Meter
(EARS, Netherlands). The photosynthetic rate (P) can be
expressed as the amount of radiation used for photosynthesis
per second by:

P =  Φp * PAR.

Leaf osmotic potential was measured at 15 days after treat-
ments for two leaves sampled from the upper part of the plant
canopy, packed into a 1-ml syringe, and frozen at –80 for
24 hours, then thawed for 30 minutes. Leaf sap was extracted

from the leaf sample by depressing the syringe plunger [23].
Osmotic potential was measured on 10 µl leaf sap using a Wes-
cor-5500 Vapor Pressure. 

A random sample of spikes from plants exposed to the three
drought stress treatments were harvested at 3, 10, 20, 17, 24 and
31 days after beginning the treatments to measure grain dry
weight and moisture content. Grain dry weight and moisture
content were measured for five random de-hulled grains taken
from the middle of harvested spikes. 

Grain-filling duration was defined as the period from the
beginning of the grain-filling period (main stem spikes with
3-mm grains) to grain physiological maturity (yellow spikes).

At harvest maturity (grain moisture content less than
150 g kg–1 fresh weight), 12 plants in each experimental unit
were hand-harvested to measure yield and yield components.
Number of total spikes, fertile spikes (spikes with grains), ster-
ile spikes (spikes with sterile grains), tillers (including main
stem), grains, and total grain weight were recorded for the har-
vested plants. Data were expressed as a number per plant.

The experimental design was a randomized complete block
design with four replications. Data were analyzed using the SAS
Program [20]. Means were separated according to the Least
Significant Difference (LSD) test at probability level 0.05.  

3. RESULTS AND DICUSSION

3.1. Quantification of drought stress

Drought intensity was quantified by measuring plant water
consumption during the treatment period, leaf photosynthetic
active radiation (PAR), quantum yield of light reaction, photo-
synthetic rate, and osmotic potential (Tab. I). Water consump-
tion of well-watered plants during the treatment period was
significantly higher (5.63 liters plant–1) than the water consump-
tion of mildly- and severely-stressed plants (2.27 and 0.94 liters
plant–1, respectively). As drought stress intensity increased,
water consumption by the plants significantly decreased. Pho-
tosynthetic active radiation (PAR) measurements were not sig-
nificantly different between treatments, indicating that plants
were exposed to similar light intensity. Quantum yield, photo-
synthetic rate and leaf osmotic potential decreased as drought

Table I. Plant water consumption during treatment period, photosynthetic active radiation (PAR), leaf quantum yield of light reaction (Φp), leaf
photosynthetic rate (P) and leaf osmotic potential at 15 days after beginning of treatment for barley plants exposed to three drought stress treat-
ments imposed from the beginning of grain filling to grain maturity.

Treatments Plant water consumption PAR Φp P Osmotic potential 

Liter/plant µmol m–2 s–1 % µmol PAR m–2 s–1 MPa

Well-watered  5.63 a† 605 a 44 a  264 a –1.23 a

Mild stress 2.27 b 751 a 30 b    229 ab –1.45 b

Severe stress 0.94 c 688 a 25 b  172 b –1.58 b

† Treatment means followed by the same letter indicate no significant difference according to the Least Significant Difference (LSD) test at probability
level 0.05.
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stress increased. Drought stress reduced the net leaf photosyn-
thetic rate, leaf transpiration rate and leaf water potential [19].
Wild barley genotypes that came from areas with low water
availability had greater osmotic adjustment capacity and
greater response to drought stress [11]. In our study, severely-
stressed plants did not differ in photosynthetic rate and leaf
osmotic potential from mildly-stressed plants, indicating that
both treatments were detrimental to plant physiological proc-
esses. Our data suggest that the quantum yield of light reaction
was a useful tool to quantify occurrence and intensity of
drought stress in barley. The use of chlorophyll fluorescence
from intact, attached leaves proved to be a reliable, nondestruc-
tive method in physiological studies [21] and has been exten-
sively used for assessing barley response to heat stress [16], salt
stress [4], chilling tolerance [12] and water stress [15]. 

3.2. Grain development and filling duration

Grain moisture content decreased steadily from 608 g kg–1

fresh weight at day 10 to 338 g kg–1 fresh weight at day 31
(Fig. 1). Drought stress treatments had no effect on grain mois-
ture content except for severely-stressed plants harvested at day
17, which had significantly lower grain moisture content than
mildly-stressed and well-watered plants. Grain dry weight
increased as the grain matured. Grain dry weight of severely-
stressed plants attained a maximum value earlier (at day 17)
than mildly-stressed and well-watered plants. Higher grain dry
weight of the severely-stressed plants at day 17 suggests that
the reduction in grain moisture content of the severely-stressed
plants on this sampling date was most likely due to fastening the
grain maturity under drought rather than the loss in grain mois-
ture content. At day 31, individual grain weight of well-watered
plants was higher than individual grain weight of mildly- and
severely-stressed plants. The duration of the grain-filling
period supported the grain dry weight data and indicated that
as drought stress intensity increased, grain-filling duration
decreased (crop matured earlier) (Tab. II). Our data were con-
sistent with other reports on soybean [22], pea [17] and corn
[26], which showed that drought stress during seed filling had
no effect on seed growth rate but decreased seed-filling dura-
tion and individual seed weight. Earliness in barley is an advan-
tageous trait in conditions of terminal drought stress in
Mediterranean environments [1, 7, 8, 10]. High potential yield
and osmotic adjustment may also contribute to increased stress
tolerance under such conditions [10].  

3.3. Grain yield and yield components

Drought stress treatments during grain filling significantly
decreased grain yield and yield components (Tab. II). Well-
watered plants had a significantly higher grain yield than
mildly-stressed and severely-stressed plants. Mildly-stressed
plants were not significantly different in grain yield from
severely-stressed plants. Well-watered plants had a higher
number of fertile spikes and grains per plant than mildly-
stressed and severely-stressed plants. Mildly-stressed plants
were not different in the number of fertile spikes and grains per
plant from severely-stressed plants. Mildly-stressed plants had
a higher number of sterile spikes than well-watered and
severely-stressed plants. Number of grains per spike was not

significantly different between treatments. Number of tillers per
plant was significantly higher for well-watered and mildly-
stressed plants than severely-stressed plants.

The results of grain yield and yield components indicated
that drought stress treatments during the grain-filling period
reduced grain yield by decreasing the number of fertile spikes
and grains per plant. Late drought stress decreased grain yield
by decreasing the number of grains per ear and grain weight
[10]. In our experiment, well-watered plants produced more
tillers and consequently more fertile spikes and grains com-
pared with severely-stressed plants. Mildly-stressed plants

Figure 1. (a) Grain moisture content, (b) grain dry weight, and (c)
grain-filling duration for barley plants exposed to three drought treat-
ments from the beginning of grain filling to grain maturity. WW: well-
watered treatment; MS: mild drought stress; SS: severe drought stress.
Bars indicate the standard error of the mean. *: missing data at day 3.
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were significantly different in the number of tillers from well-
watered plants, but these tillers produced sterile spikes. Mildly-
stressed plants were not significantly different in the total grain
yield from severely-stressed plants. These results indicated that
prolonged drought stress during grain filling was detrimental
to grain yield regardless of stress severity (mild or severe) and
this reduction was mainly due to a reduction in the number of
tiller-bearing fertile spikes and grains. Aborted ears greatly
attributed to the reduction of grain yield in barley [19]. In our
experiment, late-formed tillers significantly contributed to more
fertile spikes and total grain yield under well-watered condi-
tions compared with terminal drought stress treatment.   

4. CONCLUSION

Drought stress during the grain-filling period did not lower
grain moisture content, but shortened the grain-filling period
and reduced yield. Grains from severely-stressed plants
reached maximum weight earlier than well-watered plants and
had lower individual grain weight. Severely-stressed plants had
shorter duration of grain filling than well-watered plants. These
results indicate that the high rate and shorter duration of grain
filling under severe drought stress conditions may be important
adaptive responses to drought stress. Prolonged mild or severe
drought stress from the beginning of grain filling to grain matu-
rity reduced grain yield.  Cultural practices that avoid plant
exposure to postanthesis drought may decrease the losses in
grain yield. Screening barley cultivars for grain-filling rate and
duration under terminal drought stress is needed to evaluate
drought escape in barley grown under such conditions.
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