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Abstract: Variations in yield and yield component characters of barley are major problems for both producers
and processors. In arid and semi-arid climatic variation is partially responsible for this. However, management
agriculture practices viz., water schedules, fertilization, sowing date and seeding rates may enable the variation
to be reduced. Field experiments in split plot design were carried out in Agriculture Research Station, Faculty
of  Food  and Agriculture Sciences, King Saud University, near Riyadh, during the two successive seasons.
The main objective was to estimate yield potentional of barley under three irrigation  schedules  (50,100  and
150 mm) of cumulative pan evaporation, (CPE) and three seeding rates viz., (80,120, 160 kg/ha). As expected
results obtained revealed that irrigation at 50 mm CPE had more days to heading and maturity stages as
compared to either 100 or 150 mm CPE. In addition, plant height, biological yield, number of spikes/m  and2

number and weight of grains per spike were in line with irrigation at 50 of CPE. Moreover, the differences
between irrigation at 50 and 100 CPE were insignificantly in most of studied characters under investigation.
Increasing cumulative pan evaporation increased water used efficiency. Seed rate was also influenced in most
of studied parameters, seed rate of (120 kg/ha) recorded the highest value of seed index, grain filling, filling rate
and grain yield, whereas, increasing seed rate up to 160 kg/ha., only increased number of spike/m .In respect2

to interaction, data obtained revealed that significant effect of the interaction in most of growth, yield and yield
component parameters under investigation. Finally; it could be recommended that sowing barley by seed rate
of 120 kg/ha and application water irrigation at 100 (CPE) achieved highest grain yield.
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INTRODUCTION critical stages of growth of the crop. If only one irrigation

Barley (Hordeum vulgare L.) is an important cereal proved very profitable. When two irrigations are available,
crop of Saudi Arabia, ranking the third position after one should be applied at the active tillering stage and the
wheat and sorghum both in acreage and in the production other at the flowering stage. On highly alkali-saline soils,
of grain. It is widely used as food and feed. Straw is also frequent light irrigations give better results than a fewer
used  for  cattle feed. The total cultivated area is about heavy irrigations [2, 3]. In addition to, results of Shone
25.5 thousand hectares, producing 118.5 thousand tones and Flood [4], Teulat et al. [5] and Janieson et al. [6]
of grain. The average grain yield per hectares was about indicated that, moisture stress at strew prior, or just after,
4.6 ton/ha [1]. Barley is grown under wide range of the onset of flowering, reduces yields the most. The yield
environmental conditions, either on conserved moisture reducing effect of stress can be affect somewhat if the
or under restricted irrigation. It responds to irrigation in stress is relieved later in the season, but the yield
the drier areas and on soils with low moisture-retention recovery from stress near flowering stage is lower than
capacities. Usually, it needs two or three irrigations. One recovery from stress in the vegetative stage of earlier
or two extra irrigations will be required on sandy soils. If growth. Moisture stress can also result in shortening of
the supply of water is inadequate, its efficiency can be the grain filling period, leading to earlier maturity.
increased by a proper timing of its application at the According  to  the  experiment  of  Rahman  and  Islam [7],

is available, its application near the tillering stage has
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they found that the amount of water applied at each MATERIALS AND METHODS
irrigation and how often a soil should be irrigated depend,
however, on several factors such as the degree of soil
water deficit before irrigation, soil types, crops and
climatic conditions. Ghahrome and Sepaskhah [8],
reported  that,  although  the   seasonal   water
requirement  for  barley,  depended  on  variety, target
yield and crop management, some water reduction is
possible. Barley requires  390-430  mm (15  -17  in.)  for
optimum  yield.  This addition water is required to
maintain the protein content of the grain and meet the
standards set by maltstero [4, 6]. Seed rate plays a key
role in the grain yield and quality of Barley. High-yielding
winter barley is a high grain number in each square meter,
seed rate governs the inter and intra plant competition,
the numbers of tillers per plant, spikelet number per spike,
grain size, grain shape etc. There is a strong relationship
between high grain numbers per acre and high yields.
Although sufficient information is available on the effect
of time of sowing and fertilizers on yield attributes but the
information on the effect of seed rate on biochemical
parameters is meager.

Seeding   rate   varies   from   one   location   to  other.
In  rainfed,  arid  and  saline  areas,  it  should   be  higher
to ensure a uniform and better stand. In addition
recommended seed rate will do, if only undamaged seed,
possessing a very high germination percentage is used,
a slightly higher seed-rate will be needed for bold-seeded.
Doyle and Kingston [9],studied the effect of sowing rates
(10-110 kg/ha) on the grain yield of  barley varieties.They
reported that grain yield increased with higher sowing
rates in most experiments.They concluded that sowing
rates for barley should be increased to about 60 kg/ha.
Ejas Hameed et al. [10], in field trials studied the
influences of seed rates on wheat, they found that among
seeding densities higher seed rate (100 or 125 kg/ha) had
more days to emergency, tillers/m , days to heading and-2

plant height. Conry, [11], Korres and Williams [12] and
Madan  and  Munjal  [13] reported that the lowest seed
rate (120 kg/ha) gave the lowest yield in all seven
comparisons and gave significantly reduced yield in three
of the seven comparisons. In addition seed rate had little
effect on grain screenings or 1000-grain weight. They also
concluded  that  grain  yield was significantly higher at
125  kg/ha  and  112.5  kg/ha as compared to 100 kg/ha
seed rate.

Therefore, the present study was focused on
evaluation of the effect of irrigation schedules as well as
seeding rates and their interaction on grain yield, yield
component characters and grain quality of barley.

The present investigation was carried out at
Agricultural  and  Research  Station, Collage of  Food and
Agriculture Sciences, Derab, near Riyadh, King Saud
University, Saudi Arabia (24°42N latitude and 46 ° 44 E
Longitudes, Altitude 600 m) during winter seasons of
2004/2005 and 2005/2006. The main objective of this study
was to evaluate the response of barely c.v (Gusto) to
water irrigation schedules viz., (50,100 and 150 mm) of
cumulative pan evaporation, (CPE) and seeding rates viz.,
(80,120, 160 kg/ha.) as well as their interactions. Before
commencement the field experiment, sample from 0-30 of
soil layer of the experimental soil site was taken for
chemical and physical analysis according to the methods
described by Cottenie et al.[14] and But [15], results
worthy clear that soil texture was  sandy  clay  loam soil
(50 % sand,26 % silt and 24 % clay), pH in 1:25 soil water
(8.15), EC (2.1 dS/m) in extracted soil paste (2:1) and
CaCO  (29.9 %).Soil macronutrients N,P and K were3

120.6,270.0 and 124.0 mg/kg soil, respectively. While soil
micronutrients in mg/kg soil were 2.4, 15.1, 13.1 and 0.3 for
Fe, Zn, Mn and Cu, respectively. Water used in irrigation
was also analysis; results registered that, values of cation
in  irrigation water content in meq/liter were 6.0,3.2,13.0
and 0.7 for Ca, Mg, Na, K and for anions Co ,HCO3 3

- -

,Cl,SO were 0.0,5.8,8.61 and 8.5, respectively.Irrigation4
-

water has EC (2.3 dS/m),pH (7.2) and (6.06) sodium
adsorption ratio (SAR),. Seed bed was prepared before
sowing as recommended according to the conventional
production practices followed at the central region of
Saudi  Arabia.  Phosphorus fertilizer was applied at the
rate of 70 (kg P O / ha.) as the form of super phosphate2 5

(16 % P O ) broadcasting during soil preparation, where2 5

as recommended dose of N (100 kg N/ha.) was applied in
three split equal doses in the form of ammonium nitrate
(33.3 %N), at sowing, during tillering and at anthesis.
Potassium fertilizer, as the form of potassium sulphate
(42%K O), by the rate of (100 kg K O) were applied.2 2

Experimental  soil  sites  were  divided  into  plots,  each
plot  consisted  of  6  lines,  3m  in  length  and  20  cm
apart.  Plot  area  was  3.60  m  Split-  plot  design  with2

.

four replications was laid out. Irrigation was randomly
assigned in main plots.Whereas; seeding rates (80,120
and 160 kg/ha.), occupied the sub plots. Number of
irrigation for each treatment and amount of water supplied
over the growing season in both seasons were recorded
and presented in Table 1.

Seeds were sown on 10 and 3 November, in the first
and second seasons, respectively. Water irrigation
applied  when CPE  reach to 50,100 and 150 mm. by using
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Table 1: Number of irrigation and amount of water used for each treatment over the growing season (2004 /2005 and 2005 /2006 ) 

Number of Irrigations Relative soil moisture
Mean water apply (m /ha.) over rowing season Soil moisture content (%) content to field capacity, (%)3

Water --------------------------------------- ------------------------------------- --------------------------------------- -------------------------------------
Regime treatments 1  Season 2  season 1  Season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd

Irrigation at 50 CPE 6830.8 8000 12.0 16.00 9.12 8.34 63.67 63.58
Irrigation at 100 CPE 5330.8 6000 9.0 12.00 6.78 6.20 46.82 47.01
Irrigation at 150 CPE 4330.8 4000 7.0 8.00 4.22 3.97 29.98 29.68

Table 2: Monthly temperature (maximum, minimum and mean), relative humidity and total amount of rainfall, mm. in the period from November to May
during 2004/2005and 2005/2006 seasons

Temperature (°C) 
------------------------------------------------------------------------------------------------------------ Total amount
Maximum Minimum Mean Relative humidity, % of Rainfall, mm
------------------------------- -------------------------------- ---------------------------------- ----------------------------------- ----------------------------

Month 1  season 2  season 1  season 2  season 1  season 2  season 1 st season 2  season 1  season 2  seasonst nd st nd st nd nd st nd

November 27.5 23.6 5.3 6.0 16.4 14.8 26.66 20.41 0.00 0.00
December 26.2 21.9 5.7 6.6 15.9 14.3 26.76 19.11 3.27 0.00
January 25.0 23.8 5.9 4.3 15.5 14.1 24.81 22.90 2.02 25.90
February 25.3 25.0 6.0 9.3 15.7 17.2 16.56 15.68 0.00 5.58
March 28.4 27.1 11.7 12.1 20.1 19.6 18.77 21.54 78.48 62.50
April 35.2 33.0 17.4 16.5 26.3 24.8 11.28 12.81 0.00 24.63
May 40.1 40.5 21.9 19.8 31.0 30.2 12.18 12.96 0.00 0.00

flowed irrigation system, through line pipe provide with WUE  = Economical yield by Kg divided by seasonal
meter gages for measuring water applied as a sum of daily- water used in ET.
recorded evaporation from USWB class A open pan. ET  = Is an Equivalent dry land or rain –fed plot.

During growth period at maximum growth stages at
flowering, some growth parameters viz., plant height, cm., Statistical Analysis: The obtained data were subjected to
number of days to grain filling, rate of grain filling, number the proper statistical analysis of variance according to the
of days to 50 % of flowering and number of days to procedures outlined by Gomez and Gomez [18]. Means of
maturity. the treatments were compared by the new least significant

At  harvest  time, plants in the two inner rows for difference (LSD).
each sub plots were cut with a sickle in the early morning
in order to prevent the loss of grain through shattering, RESULTS AND DISCUSSION
for   determined    seed   yield   and   biological  yield
(Grain yield + straw yield) per plot and then per hectare Effect of Soil Moisture Stress and Seeding Rate on
were calculated. Sub samples were taken for determining Growth Parameters: The effect of soil moisture stress on
yield component characters viz., harvested spikes were some growth parameters of barley grown under arid
thrashed and grain was separated by winnowing. Then environment viz., plant height, number of days to grain
grain yield per plot and per hectare as well as thousand filling,rate of grain filling and number of days to 50% of
grain weight were measured. flowering and number of days to maturity. Fig. 1 obvious

Harvest index (HI) and crop index (CI) were also that plants under high rate of cumulative pan evaporation
calculated using the formula suggested by Donald and i.e., at 150 (CPE) had less growth vigor and recorded lower
Humblin [16]. Seed decreasing percentage was calculated value of all growth parameters under investigation. Such
by dividing the differences between seed yield at control results are expected, due to plants under water stress
and each of water treatments by seed yield at control conditions faced by less soil moisture content in the root
treatment and all multiplying by 100. zone and therefore, less water absorption and nutrients

Water use efficiency (WUE ) kg/m according to Bos mobility, less translocation and accumulation, decreasedb
3,

[17], based on above ground biomass using the following cell division and leaf expansion, less leaf area and finally
equation. all  of  these reflected in less photosynthesis activity and

b



0

20

40

60

80

100

120

140

160

Plant
height,cm.

No.of days to
grain filling

rate of grain
filling

No.of days to
flowering

No.of days to
maturity

Grow th Parameters

50 100 150      CPE

0
20

40

60

80

100

120

140

160

180

Plant

height,cm.

No.of days

to grain filling

Rate of grain

filling

No.of days

to flowering

No.of days

to maturity

Growth Parameters

80 120 160Seed rates

Am-Euras. J. Agron., 2 (3): 185-191, 2009

188

Fig. 1: Effect of irrigation water supplies at different CPE,on some growth parameters of barley grown on arid
environment (Means of two seasons)

Fig. 2: Effect of seeding rates on some growth parameters of barley grown under arid environment (Means of two
seasons)

productivity.According to such effect barley plants in plant height, number of days to grain filling, rate of
showed decreasing significantly in most of vegetative grain filling and number of days to 50% of flowering and
growth parameters. Such conditions, is unfavorable to number of days to maturity compared to the highest seed
plant growth, thus plants tries to escape by ending their rates (120 and 160 kg/ha.) (Fig. 2). Such effect may be due
lives and reach to maturity few days early at 100 and 150 to the decrease in number of plant per unit area, which
(CPE) than those under 50 of cumulative pan evaporation, consequently decreases the competition between plants.
(CPE). These findings agree with the data reported by In addition, under such condition of low number of
Reginato [2], Reginato and Carrot [3], they found that plants/m , plants supplies with adequate water and
barley and wheat are similar in response to drought and nutrients requirements for proper growth metabolic
critical  potential  soil  moisture deficit was much smaller process. The present results are in line with those
for  barley  than  wheat.  Shone  and Flood [4] and reported by Ejas Hameed et al.[10].
Janieson et al. [6], added to that low water  potential  in In  the  respect  of  the  interaction  effect, data
the root zoon decreed ion up take and translocation to obtained revealed  a  significant   effect   of  the
shoots, thus number of days to flowering, filling and interaction  of  the  two factors under investigation, in
maturity decreased. both  seasons.  More or less values of plant height,

Concerning the influence of seed rate, the lowest number of days to grain filling, rate of grain filling and
seed rate (80 kg/ha.) recorded the highest value of all five number of days to 50% of flowering and number of days
comparisons parameters and gave significantly increase to maturity.

2
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Fig. 3: Effect  of  irrigation  water  supplies  at  different  ,CPE  on  yield  component  characters of barely (Means of two
seasons)

Fig. 4: Effect of seed rates on yield component characters of barley (Means of two seasons)

Effect  of  Soil  Moisture  Stress  and  Seeding  Rate  on absorption   and   translocation   to   different  plant
Some Yield Component Characters: Yield component organs  and   supply   adequate   water   requirements.
characters are responsible to the increasing in final yield. This is turning favorably for increased the rate of
Data obtained in the present investigation, clearly show photosynthesis activity and thereby influenced the yield
that, gradual significant reduction in line with increasing component characters.
cumulative pan evaporation. Water irrigation at 50 mm. Influence of seed rate on yield component characters
cumulative pan evaporation, recorded the highest value are shown in Fig. 4, which illustrated that highest seed
of number of spike/m  (598.9), number of grains/spike rate (160 kg/ha) caused significant increase in number of2

(58.73), 1000- seed weight (34.60 g), grain weight /spike spikes/m  (570.8)  compared  to  the  lowest  seed  rated
(2.02 g) and spike length (6.58 cm.), compared to water (80 kg/ha), which recorded the lowest number of
irrigation at 150 mm cumulative pan evaporation, which spikes/m , (535.5), the highest number of grains/spike
gave (524.2, 54.09, 32.91 g, 1.77 g. and 6.01 cm.) for number (57.94), grain weight /spike (1.98 g), 1000 - seed weight
of spikes/m , number of grains/spike,1000-seed weight, (34.91) and spike length (6.42 cm.). In addition, the data2

grain weight  /spike  and  spike  length,  respectively. obtained also revealed that the differences between the
Such effect was expected since the same picture was two seed rates 80 and 120 kg/ha were insignificant.
detected early in growth parameters. This could be The interaction also seems significant effect in most
assigned  to  positive  influences  of  soil  moisture of yield component characters of barley under the present
content in mobiling nutrients in root zone, enhancing investigation.

2

2
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Table 3: Effect of irrigation water supplies at different cumulative pan evaporation, (CPE) on some yield parameters of barley grown under arid environment in

2004/2005 and 2005/2006 seasons

First season Second season
-------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------

Irrigation treatment Biological Grain yield, Harvest index, Crop index, Water use efficiency, Biological Grain yield, Harvest index, Crop index, Water use efficiency,
at CPE,mm yield, ton/ha. ton/ha. % (HI) % (CI) WUE Kg/m /ha. yield, ton/ha. ton/ha. % (HI) % (CI) WUE  Kg/m /ha.b b

3 3

50 14.20 4.70 0.33 49.47 0.69 17.86 5.33 0.30 42.53 0.69
100 12.83 4.33 0.34 50.94 0.82 15.76 5.52 0.35 53.91 0.97
150 11.21 3.62 0.32 47.69 0.84 16.04 4.67 0.30 41.07 0.99
LSD (0.05) 1.12 0.52 n.s ----- 0.10 0.65 0.66 0.05 ----- 0.11

Table 4: Effect of sowing rates on some yield parameters of barley grown under arid environment in 2004 /2005 and 2005 /2006 seasons.

First season Second season
------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------

Sowing Biological. Grain yield, Harvest index, Crop index, Water use efficiency, Biological Grain yield, Harvest index, Crop index, Water use efficiency,
rates kg/ha yield, ton/ha ton/ha. % (HI) % (CI) WUE Kg/m /ha. yield, ton/ha. ton/ha. % (HI) % (CI) WUE  Kg/m /ha.b b

3 3

80 12.07 4.13 0.34 51.02 0.76 16.80 4.98 0.32 42.13 0.92
120 12.76 4.39 0.35 52.45 0.81 16.10 5.37 0.31 50.05 0.87
160 13.37 4.13 0.31 44.70 0.76 16.80 5.20 0.31 44.83 0.87
LSD (0.05) 1.10 n.s n.s --- n.s n.s n.s n.s --- n.s

Table 5:  Effect of interaction between sowing rates and irrigation water supplies at different cumulative pan evaporation (CPE) on some yield parameters of
barley grown under arid environment in 2004 /2005 and 2005 /2006 seasons

plant height, cm. No. of spikes/m No of days to maturity No. of grains/spike2

------------------------------------ --------------------------------------- -------------------------------------- -----------------------------
Irrigation water treatment at CPE,mm
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sowing rates kg/ha 50 100 150 50 100 150 50 100 150 50 100 150

80 75.92 64.85 56.32 590.25 624.75 527.00 122.50 116.00 115.80 61.52 56.57 45.25
120 77.55 62.65 58.55 609.50 582.00 562.00 120.75 118.00 114.25 54.25 54.35 48.55
160 72.55 63.63 58.18 627.75 578.25 599.50 120.50 117.25 112.30 57.80 53.42 50.15

LSD (0.05) 2.42 34.52 2.35 4.83

Table 6: Effect of interaction between sowing rates and irrigation water supplies at different cumulative pan evaporation (CPE) on some yield parameters of
barley grown under arid environment in 2004 /2005 and 2005 /2006 seasons

Grain yield, ton/ha. Water use efficiency,WUE kg/m /ha. No. of spikes/m Spike length, cm.b
3 2

-------------------------------- ------------------------------------- ----------------------------------------- ---------------------------------
Irrigation water Irrigation water Irrigation water Irrigation water
treatment at CPE,mm treatment at CPE,mm treatment at CPE,mm treatment at CPE, mm

Sowing --------------------------------- -------------------------------------- ------------------------------------------ --------------------------------
rates kg/ha 50 100 150 50 100 150 50 100 150 50 100 150

80 5.43 5.85 4.81 0.70 1.01 1.02 573.25 530.60 502.75 6.65 6.73 5.87
120 4.53 5.67 4.74 0.59 0.99 1.01 593.12 518.00 523.75 6.57 6.38 6.01
160 6.01 5.03 4.45 0.78 0.88 0.95 630.50 525.62 546.37 6.51 6.10 6.17

LSD (0.05) 0.743 0.115 28.39 0.34

Effect  of  Soil  Moisture Stress and Seeding Rate on evaporation up to highest level (150) CPE, decreased
Grain Yield and Yield Parameters: Grain yield is a significantly biological yield and grain yield in both
complex  characters   depending   upon   a   large  number seasons.On the other hand harvest index, crop index and
of environmental, morphological and physiological water use efficiency were insignificantly decreased in
characters. In the present study, grain yield was both seasons. 
significantly affected by both factors under investigation, Concerning seeding rates, data obtained manifested
water irrigation at different cumulative pan evaporation in Table 4, clearly indicated that sowing barley at the rate
and seeding rates as well as their interaction. Data in of 120 kg/ha registered the highest values of biological
Table 3, worthy indicated that increasing cumulative pan yield,  grain  yield,  Hi, CI and water use efficiency in both
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seasons. Plant height is an important morphological 8. Ghahrome, B. and A.R. Sepaskhah, 1998. Use of a
characters directly linked with the productive potential of water deficit sensitivity index for partial irrigation
plant in terms of grain yield. In the present investigation, scheduling of wheat and barley. (C.F.springerLink-
significant reduction in plant height was noticed due to www.springlink.com).
water  supplies  treatments  and  therefore  grain  yield 9. Doyle, A.D. and R.W. Kingston, 1992. Effect of
was  decreased. Similar  results  were  also  reported  by sowing rate on grain yield, kernel weight and grain
EL-Siddig et al.[19] and Alderfasi [20]. Number of spike protein percentage of barley (Hordeum vulgare L.) in
/m  is also another important character, which ensures northern New South Wales. Australian J.2

higher yield. Under our investigation increasing sowing Experimental Agric., 32(4): 465-471.
rates increased number of spikes/m  as well as number of 10. Ejas,  H.,   A.S.   Wajid,   A.A.  Shed,  B.  Jehan  and2

grains per spike in the present. These results are in M.  Tilah,  2003. Effect of different planting dates,
agreement with that obtained by Teulat et al. [5], Janieson seed rates and nitrogen levels on wheat. Asian J.
et al.[6] and Alderfasi [20], they indicated that, moisture Plant Sci., 2(6): 467-474.
stress at strew prior, or just after, the onset of flowering, 11. Conry, M.J., 1995. Influence of seed rate and sowing
reduces yields the most. date on the yield and grain quality of Blenheim

The interaction  effect  registered in Tables 5 and 6 spring malting barley in the south-east of Ireland. J.
indicated  that sowing barley by seed rate of 120 kg/ha Agric. Sci., 130(3): 307-315.
and application  water  irrigation at 100 (CPE) achieved 12. Korres, N.E. and R.J. Williams-Froud, 2002. Effect of
the highest grain yield and recorded the  highest  values winter wheat cultivars and seed rate on the biological
of most yield and yield component characters under characteristics of maturity occurring weed flora.
investigation. Weed Res., 42(6): 417-425.
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