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Barley is a cool-weather cereal grain primarily produced on dryland farms in Sistan region. In order to
study the effect of different proportions of manure and chemical fertilizer and water stress on grain
yield and grain nutrient content in barley an experiment was conducted as split plot randomized
complete block design with three replications in research field of Zabol University, 2009. Water stress
treatments consisted of: water stress in grain filling stage (S;) and control (S;) as the main factor and
different proportions of manure and chemical fertilizer treatment consisted of: 100% manure (N;), 100%
chemical fertilizer (N,), 50% manure + 50% chemical fertilizer (N3), 75% manure + 25% chemical fertilizer
(N4) and control (Ns) as sub factor in this experiment. Results illustrated that the effect of drought stress
in grain filling stage treatment on all grain yield and yield components with the exception of ear weight,
were significant. Drought stress in grain filling stage strongly decreased grain yield but its effect was
not very strong on another traits. With the exception of grain number/ear and ear weight, fertilizer
treatments had significant effect on grain yields and yield components. Grain nutrient content not
affected by water stress but among different proportions of fertilizer treatments, 100% manure (N,)
caused to increase of these elements in grain.
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INTRIDUCTION

Drought is perhaps the major factor limiting crop water requirement for the crop is the most important

production world-wide (Shangguan et al.,, 2000) and
crops with high drought resistance are crucial for
maintaining yield in areas where dry seasons are
common. In the Sistan region basin zone, drought is
considered the main environmental constraint for plant
growth and survival. In this zone, plants grown are often
exposed to drought stress, caused mainly by a high
evaporative demand and a low water availability.
Agricultural productivity is solely dependent upon water
and it is essential at every stage of plant growth, from
seed germination to plant maturation (Turner, 1991).
Among various factors responsible for the low yield, the
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because water has a direct relationship with the yield of
crop as reported by Karam (1978) that increase in the
irrigation interval reduced seed vyield, plant height, head
diameter, seed index, and seed oil content and also
increased the percentage of unfilled seeds. Water stress
reduces plant growth by reducing cell division and root
enlargement and leads to a decline in ion transport to the
root surface. Water stress during growth cycles of plants
adversely affects many physiological growth process
(photosynthesis, translocation of carbohydrates and
growth regulators, ion uptake transport and assimilation,
N, fixation, turgidity, respiration) and shoot and root
morphology and growth (Fageria et al., 2006). In dry soil
nutrients are less mobile mainly because pores are filled
with air and pathways for nutrient flux from soil to root
surface are less direct. Such conditions in soil limit ion
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Table 1. Chemical analysis of soil of experiment.

Mn(mgL") Zn(mgL") Fe(mgL?) Ca(meqlL™)

P(meq L™Y)

KmeqL™) N(meqL') EC(Dsm™) pH

0.32 1.615 0.03 12.1

1.56 317 0.027 1.8 7.2

flux to root surface by diffusion and mass flow (Barber,
1995; Pugnaire and Pardos , 1999). Abiotic and biotic
stresses have tremendous effects on plant growth and
development and ability to take up and utilize nutrients
more efficiently (Pessarakli, 1999; Alam, 1999; Baligar et
al., 2001). Anwar (1995) stated that all the yield
components were affected by the number of irrigations.
Soriano et al. (1994) concluded that sunflower seed yield
was the most sensitive to water stress after anthesis. He
also emphasized the need of irrigation management
under limited water supply especially during the
reproductive period. The yields of many crops are greatly
influenced by organic and inorganic fertilizers. Improved
soil fertility is a pre-requisite for increasing crop
productivity. The practice of chemical fertilizer with
manure is important for sustainability of soil fertility in
each region. Organic manure not only supply nutrients
into the soil but also enriches the physical properties of
soil. On the other hand, chemical fertilizers only supply
nutrients into the soil. The poor productivity of crops
grown in acid and salt affected soils is mainly due to
combinations of elemental toxicities and deficiencies or
unavailability of essential nutrients (Grattan and Grieve,
1999ab). Loneragan (1997) states that knowledge
generated in the field of mineral nutrition has impacted on
current food production and provided information needed
for further advances for the 21st century. Borlaug and
Dowswell (1994) concluded that 50% of the increase in
crop yields worldwide was due to application of chemical
fertilizers. They stated that during the 21st century, the
essential plant nutrients would be the single most
important factor limiting crop vyields, especially in
developing countries. Baligar et al. (2001) reported that
as much as half of the rise in crop yields during the 20th
century resulted largely from increased use of fertilizers.
Fageria and Baligar (2001) and Fageria et al. (1997)
reported significant increase in grain yields of lowland
rice in Brazilian Inceptisols with the application of N and
P. The higher nutrient use efficiency in plants must be
fully explored to increase food production to feed the
growing human population, and this has to be achieved
without accelerating environmental degradation from
excessive fertilizer use (Evans, 1998; Epstein and Bloom,
2005). The effort to measure yield response to an applied
nutrient is further confounded by other factors, such as
variable soil fertility levels, climatic conditions, crop
rotations, and changes in production practices that affect
nutrient use efficiency (Stewart et al., 2005).

Keeping in view the aforementioned facts, this project
was designed to determine the effect of water stress and

different proportion of manure and chemical fertilizer on
some properties of barley and nutrient availability,
uptake, transport, and accumulation, interactions
between nutrient supply and drought stress response in
barley in Sistan region.

MATERIALS AND METHODS

This experiment was conducted in 2009 cropping at Agriculture
Research Center of Zabol University. The site lies at longitude
61°29, and latitude 31°2 and the altitude of the area is 487 m above
sea level. It has a warm dry climate with the mean minimum, mean
maximum, and average air temperatures of 16, 30, and 29°C,
respectively. The soil characteristics of Agriculture Research Center
is sandy-loam in texture, pH = 7.4 and EC = 1.8 ds.m™ (The soil
properties prior to the experiment is shown in Table 1). The
experimental design was split plot, using randomized complete
block design with tree replication. The treatment comprised of two
levels of irrigation, W1= do not irrigation in grain filling stage, W=
control) in main plot and five levels of different proportion of
chemical fertilizer and manure N;= 100% of manure (60 ton/ha) N,=
100 % chemical fertilizer (urea 250 kg/ha, super phosphate triple
200 kg/ha and oxide potassium 100 kg/ha), N3= 50% of manure +
50% of chemical fertilizer, Na= 75% of manure + 25% of chemical
fertilizer and Ns= control in sub plot. All treatments were exerted
before sowing. Experiment plots were seeded with Sistan cultivar
with 25 cm row to row distance and 2 cm between plants. Barley
was planted manually in October 2008. Seeds were sown 4 cm
deep. Weeds were removed by hand. After planting, irrigation was
applied as required during the growing season. The barley was
harvested in April 2009. For measurement of plant characteristics
two edge rows eliminated as margin effects and one square meter
of each plot was used for sampling. Data collected (Obtained by
combining the four center rows at each experiment unit) included:
grain yield, 1000-grain weight, weight of ear, number of grain per
ear and grain Fe, Zn and Mn content. For measuring grain nutrient
content (Fe, Mn and Zn) barley grain samples were collected after
harvesting time then washed, oven dried, ground and extracted with
wet acid digestion method and analyzed for elemental content of
Fe, Mn and Zn by Atomic Absorption Spectrophotometer, model-
2380 (Jones and Case, 1990).

The data were analyzed using MSTATC software; mean
comparison was done using Duncan Multiple Comparison at 5%
probability level.

RESULTS
Yield components

Water stress and proportions of manure and chemical
fertilizer had significant effect on 1000-grain weight as
shown in Table 2. Exertion of water stress in compare
with control (not exertion of water stress) reduced 1000-
grain weight of barley as amount of 9/75 % (Table 3).
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Table 2. Analysis of variance for yield and yield components, grain nutrient concentration.
S.0VvV d.f Grainyield (g/mz) 1000-grain weight (g/mz) Ear weight (g) Grains per ear Fe (ppm) Zn (ppm) Mn (ppm)
Mean square
Replication 2 700.90™ 2.65™ 0.194™ 34.31™ 0.002™ 0.308™ 0.028™
Water stress 1 304480.60" 72.54" 0.091™ 39.65" 0.008™ 0.18"™ 0.003™
Error a 2 142.27 0.0002 0.036 12.31 0.004 0.065 0.007
proportions of manure and chemical 27151.01 " 275" 0.056™ 4.64" 0.004 0.19' 0.0118"
Interaction 4 6647.55" 4.34"™ 0.045™ 11.77™ 0.008™ 0.121™ 0.184™
Error b 16 2120.64 2.27 0.034 5.01 0.006 0.06 0.0036
Ccv - 15.88 4.23 11.62 6.67 12.93 11.15 21.23
* ** significantly at the 5% and 1% levels of probability respectively and n.s (non significant).
Table 3. Mean comparison of interaction effects yield and yield components grain nutrient concentration.
Treatment Grain yield (g/mz) 1000-grain weight (g/mz) Ear weight (g) Grains per ear Fe (ppm) Zn (ppm)  Mn (ppm)
Water stress
Grain filing stage 189.12° 34.12° 1.54% 32.39° 0.623% 2.276% 0.282°
Control 390.61° 37.23° 1.65° 34.69% 0.634% 2.121% 0.289%
Proportions of manure and chemical fertilizer
100% of manure 260.6" 33.52° 1.47° 32.46% 0.668% 2.387% 0.338%
100% chemical fertilizer 248.04° 36.75° 1.69° 34.70° 0.606° 2.119% 0.245"
50% of manure + 50% of chemical fertilizer 386.66° 37.85% 1.65% 33.18° 0.624" 2.228% 0.295™
75% of manure + 25% of chemical fertilizer 330.87° 37.02° 1.65 34.14a 0.640% 2.323% 0.315%
Control 106.18° 240.9% 26.63%" 49.91™ 0.604° 1.937° 0.235°

Mean fallowed by similar letters in each column, are not significantly at the 5% level of probability.

Grain yield was reduced when water stress was
applied at any stage of development (grain
formation) due to lower 1000-grain weight. Soll
moisture stress at pre-heading stage resulted in
loss of grain yield that was mainly attributable to

decreased grain weight (Ashraf and O'Leary,
1998). Franca Neto et al. (1993) in soybean and
Perez et al. (1999) in dry bean reported a similar
effect of drought stress applied during seed filling.
The highest 1000-grain weight was obtained in

the N3 (50% of manure + 50% of chemical
fertilizer) treatment and minimum of 1000-grain
weight was recorded in N; (100% manure) and Ns
(control) treatment as shown in Table 3. This
result corroborated the earlier findings of Mentler
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et al.,, (2002) in corn. Water stress and fertilizer
proportions and interaction of them did not have any
significant effect on ear weight of barely (Sistan cultivar).
The grains per ear were affected by water stress exertion
in filling stage, while fertilizer proportions and interaction
of them did not have any effect on grains number per ear
(Table 2). Exertion of water stress in compare with
control treatment decreased the grains number about
6.63% (Table 3). Igbal et al. (1999) stated that the
maximum reduction in number of grains per ear due to
moisture stress has been recorded at flowering stage.
Ashraf and O'Leary (1998), reported that water deficit
reduced the yield and yield component in wheat but the
maximum reduction in all parameter occurred under
terminal drought. In another researches Nielsen and
elson (1998) and Nuez et al. (2005) also identified the
number of pods per plant as the principal cause of yield
losses of bean subjected to drought stress, followed by
the number of seeds per pod and seed weight.

Grain yield

Water stress and proportions of manures and chemical
fertilizer was significant on barely grain yield (P < 5%)
(Table 2). Mean comparison showed that applied water
stress in filling stage in comparison with control
treatment, result in the increase of grain yield about
51/58% as shown in Table 3. Similarly, Ashraf et al.
(1998) attributed this observation in wheat. This result
corroborated the earlier findings of Castaeda et al. (2006)
they reported higher sensitivity of dry bean to drought
stress at the pod formation stage. Leinhos and Bergmann
(1995) cultivated barley in pots and exposed to drought
stress, which caused a significant decrease in grain yield.
The maximum grain yield was recorded by the application
of N3 (50% manure + 50% chemical fertilizer) and N4
(75% manure + 25% chemical fertilizer) treatment
respectively with 386/66 and 330/87 g/m? and minimum
amount of grain yield was obtained at Ns (control)
treatment with average 223 /15 g/m? but there was no
significant different between N; (100% manure), N,
(100% chemical fertilizer) and Ns (control) as shown in
Table 3. Son and Buresh (1994) reported that use of
manure in combination with urea increase seed yield at
rice. An earlier study by Eghball and Power (1999) on the
effect of placement of composted and non-composted
manure on corn yield and N uptake showed significant
treatment effects on biomass yield, grain yield and N
uptake. Similarly, Mentler et al. (2002) stated that use of
chemical fertilizer in combine with manure increase grain
yield of corn. Singh et al. (1997) Stated that the proper
combination of organic and chemical fertilizers enhances
the growth and development of the crop.

Fertilizer management can strongly affect crop
productivity under conditions of drought. Thus, the
addition of nutrients can either enhance or decrease

plants’ resistance to drought, which have no effect at all,
depending on the level of water availability. Drought
reduces both nutrient uptake by the roots and transport
from the roots to the shoots, because of restricted
transpiration rates and impaired active transport and
membrane permeability.

Grain nutrient content

Fertilizer proportions application had significant effect on
barley grain elements concentration (P < 0.05), but the
water stress and interaction of them had no significant
effect on grain elements concentration as shown in Table
2. Among of fertilizer proportions treatments, maximum
amount of iron, zinc and manganese of grain was
recorded in N; (100% manure) and after that more
concentration of this elements was observed in N4 (75%
manure + 25% chemical fertilizer), N3 (50% manure +
50% chemical fertilizer) and N, (100% chemical fertilizer)
respectively (Table 3). These results are in agreement
with the findings Mentler et al. (2002). Similary Rao and
Sitaramayya (1997) reported that nutrient uptake by rice
was increased with integrated nutrient management of
rice through conjunctive use of fertilizer urea with FYM,
bio-gas slurry and poultry manure. Buckman and Brady
(1980) stated that organic matter acts as a reservoir of
plant nutrients especially N, P, K, S and micronutrients
and also prevents leaching of nutrients. Sengar et al.
(2000) also reported that N, P, K uptake by rice was
significantly increased by the application of N fertilizer
and manure. It also improves cation exchange capacity
of soil. The results showed decrease amount of manure
proportion in treatments reduced concentration of these
elements in barely grains.

DISCUSSION

The results of this research showed that the water stress
exertion in seed filing stage decreased yield and yield
components of barley. Obtained result indicated that the
seed filling stage is more sensitive in barely growth
stages. Water stress in seed filing stage decreased
amount of photosynthesis material transfer to barley
grains, thereby decreased yield and yield components.
Also the result showed that 50% manure + 50% chemical
fertilizer in compare with other treats had maximum
positive effect on yield and yield components of barely
grain.

Use of inorganic chemical fertilizers is hazardous to the
soil environment. These materials cause problems not
only to the soil health but also to the human health and
physical environment. Also chemical fertilizers consume
a large amount of energy and money. However, organic
farming with or without chemical fertilizers seems to be
possible solutions for these situations (Prabu et al.,



2003). The integration of organic sources and synthetic
sources of nutrients not only supply essential nutrients
but also have some positive interaction with chemical
fertilizers to increase their efficiency and thereby reduce
environmental hazards. Organic farming is a production
system which avoids the use of synthetic inorganic
fertilizer, pesticides, and growth regulators (Reddy et al.,
2005). Organic farming systems often include recycles
farmyard manure for fertilization, and bio control
measures for plant protection.
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