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Abstract: In order to study the effects of Irrigation-off at different growth stages, planting patterns and plant
population on grain and biological yields and water use efficiency of grain corn (hybrid SC.704) this research
was conducted in 2007 and 2008 cropping seasons in the experimental field of Shahid Salemi, Ahvaz, south west
of Iran. In each year, the study was consisted of a split split-plot experiment, using Randomized Complete Block
Design (RCBD) with three replications.Four irrigation levels consisting of irrigation-off at the 8 leaf, the 12 leaf_ _

and the tasseling stages and optimum irrigation were considered as the main plots,subplots consisted of two
planting patterns (one-andtwo-rows planting) and plant population as the 3  treatment with three levels (75,000,th

85,000 and 95,000 plants ha ) were placed in the sub-subplots. Results of combined analysis showed that1

irrigation, planting patterns and plant population had significant effect on the grain yield. The effect of different
levels of irrigation on grain yield was significant. The maximum grain yield of about 885.8gm  was obtained2

from the optimum irrigation treatment. Irrigation-off at the tasseling stage reduced the grain yield by 35%
compared to the optimum irrigation conditions. This reduction was mainly due to a reduction in grain number
per ear. Although differences between planting patterns for grain yield were not significant, increasing plant
population improved the grain yield. The highest grain and biological yields were obtained through the
optimum irrigation and 95000 plantha , this was due to the increase in the availability of water in soil,1

production of maximum leaf area index and more light absorption. The maximum harvest index of about 46.43%
was obtained from the optimum irrigation treatment. The highest economical and biological water use
efficiencies (2.6 and 1.2 kgm ) were obtained by the optimum irrigation treatment. The optimum irrigation3

treatment, through increasing grain and biological yields, led to a significant increase in the studied efficiencies.
No significant difference between planting patterns was detected for economical and biological water use
efficiencies. The response of these efficiencies to plant population was positive. The highest rates of
economical water use efficiency (1.04 kgm ) and biological water use efficiency (2.4kgm ) were obtained from3 3

the highest plant population treatment. Results of this study indicated that plant population should be adjusted
in accordance with the availability of water in soil to obtain the highest water use efficiency and, therefore,
minimize production costs. 
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INTRODUCTION Water deficiency is one of the most important

Corn   is   one   of   the   most   important   grain  crops development and production of plants.  The  grain  yield
in  the      world.     After     wheat     and     rice,   corn in corn decreases substantially due to water deficiency.
(Zea mays    L.)    plays   an   important   role   in  the The corn crop requires adequate water  at  all  stages  of
world  economy.  Although  corn  grain  yield  has its physiological development to attain optimum
increased  significantly,  there  is  still   a   big  gap productivity. However, like other cereal crops, there are
between the potential yield and the actual yield of critical points in its growth stages where lack of soil
different cultivars. moisture greatly affects grain production and yield.

environmental factors that influencesthe growth,
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Iran country is considered an arid country; water because of the absorption of more light and less
deficiency stress is the most important environmental competition in the two-rows planting pattern and
stress  that   restricts   agricultural   production. appropriate nutritional environment [8]. Zeidan et al.,
Ghooshchi  et al., (2008) reported the silk emergence as (2006) reported that plant population had significant effect
the  most  sensitive  stage  of  corn  growth   stage to on silking date, plant height, ear weight and grain per ear,
water stress  [1].  Mansouri-Far  (2010)  studied  the 1000-grain weight, grain yield and the amount of grain
effects of drought stress at the vegetative and protein [9]. Seyed Sharifi et al., (2007) and Zhang et al.,
reproductive stages and both phases (vegetative and (2006) revealed that increasing plant population improved
reproductive) on the physiological and agronomic traits corn yield significantly [10, 11]. The purpose of this study
of corn hybrids and found that the highest water use was to explore the impact of water deficiency at the
efficiency  was  obtained  when water  stress  was various stages of growth, different plant population and
imposed at the vegetative stage [2]. Moser et al., (2006) planting patterns on grain and biological yields,
examined the drought stress effects beforepollination on economical and biological water use efficiencies in a
the yield, yield components and harvest index of corn and hybrid corn (SC. 704) and finding solutions for enhancing
concluded that drought at the vegetative stage reduced the efficiencies in the aforementioned irrigation
the number of rows and grain number per ear and the conditions.
1000-grain weight significantly[3]. Eck (1984) claimed that
water deficiency in the vegetative phase of corn reduced MATERIALS AND METHODS
grain number and reduced grain weight at the grain filling
stage [4]. This  research  was  conducted  to  study  the effects

In corn farming, due to no tillering of the plant, one of of irrigation-off at different growth stages, planting
the goals of proper agronomic strategies is increasing patterns and  plant  population  on the grain and
plant population through the application of new planting biological yields and water use efficiency of grain corn
patterns. Planting patterns and plant population are two (hybrid  SC.704)  in 2007  and   2008   cropping   seasons
of several cultural management practices that can affect in  the  experimental  field  of  Shahid  Salemi,  Ahvaz,
yield potential. The results of previous studies have south  west  of  Iran (latitude 31 20N, longitude 48  41E
shown that planting patterns and plant population and  altitude  22.5m)  with  moderate winter and hot
differently affected yield and morphological traits of corn summer  conditions.  In  each  year,  the  study  consisted
[5, 6]. Planting pattern of corn may offer producers a of a split split-plot experiment, using Randomized
strategy for minimizing the risk of drought. Saif et al., Complete Block Design (RCBD) with three replications.
(2003) examined two planting patterns and two different Four   irrigation   levels   consisting   of   irrigation-off   at
levels of irrigation and claimed that one-and two-rows the 8-leaf (I ), the 12-leaf (I ), the tasseling stages (I ) and
planting patterns did not affect corn growth and grain optimum irrigation (I ) were considered as the main plots
yield [7]. However, the number of irrigation had a and the subplots consisted of two planting patterns, one-
significant effect on grain per ear, grain weight, biological and two-rows planting pattern respectively and plant
and grain yields and harvest index. These traits declined population as the 3  treatment with three levels of 75000
by decreasing the irrigation frequency. Based on this, (D ), 85000 (D ) and 95000 (D ) plant ha  were placed in
tow-rows planting and optimum irrigation were superior to the sub-subplots. Each sub-subplot consisted of seven
other treatments concerning grain yield. Danial and rows (75cm inter-row spacing), each of them was about 7
Paszkiewicz (2003) stated that increased grain yield m in length. The soil texture was silty clay. The soil
through the two-rows planting pattern can be attributed physical  and  chemical  characteristics  are  shown in
to  high  grain  number  and  grain  weight   and   this  was table 1.

o o

1 2 3
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Table 1: Soil physical and chemical characteristics

Soil texture

Soil Organic Phosphorous Potassium Soil electrical Field --------------------------------------

depth (cm) matter (%) (mg kg ) (mg kg ) Nitrogen (%) pH conductivity (ds m ) capacity (%) Sand (%) Clay (%) Silt (%)1 1 1

0-30 0.91 16.7 337.9 0.059 7.9 2.6 24.4 49 42 9
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The third and fourth rows of each seven-row sub- After conducting the Bartlett's test, a split split-plot
subplot were considered as the plant sampling areas (3 m
in length). The rate of irrigation water was calculated
according to Alizadeh (2002):

(1)

AW = available water (cm); D  = depth of the root zonerz

(cm) (The normal effective rooting depth of the plant and
the depth of the soil, i.e., the depth to a soil layer that
restricts water movement/root penetration); FC = field
capacity in percent by volume; P.W.P = permanent wilting
point in percent by volume.

(2)

RAW=readily available water; c =a critical soil water
content, soil water between FC and c is called readily
available water, (RAW), c is water content in percent by
volume ( c = FC – RAW); P = area wetted as a percent of
the total area.

d = RAW ×  × D (3)rz

d= height  of irrigation water (cm);  = soil bulk density
(g. cm ) and  for most soils is about 1.4 g. cm3 3

V= d×s (4)

V = Total volume of irrigation water (cm ); s = area of each3

plot (cm ) [12].2

Economical (WUE ) and biological (WUE ) water usee b

efficiencies were calculated through the following formula
(Sismek et al., 2011):

(5)

(6)

Every year, grain ripeness was determined by black
layer formation at the bottom layer of grains. The final
harvest area was equal to 2m  that was provided by two2

central rows of plots, the length of every one was about
1.4m. The total production of every plot was first
weighted and labeled and then carried over to laboratory
for specific measurements. In laboratory, ears were
separated for determining the grain yield and yield
components.

experiment in year was used based on Randomized
Complete Block Design (RCBD) for the analysis of
variance of combined data. Statistical analysis of data was
done by MSTATC and MINITAB soft-wares and mean
comparisons were done by the Duncan's test in 0.05 level.

RESULTS AND DISCUSSION

Yield and Yield Components: The effects of experimental
treatments and interaction effects of them on the number
of rows per ear were not significant (Table 2). The lack of
competition for photosynthetic materials at the
determined time of the number of rows per ear and lower
vulnerability to environmental changes by researchers are
the main reasons of this phenomenon [7, 14, 15].

Irrigation treatment had significant effect on grain
number per row (Table 2). Irrigation-off at the tasseling
stage and optimum irrigation treatments with 22.75 and
44.72 had the average minimum and maximum numbers of
grain per ear respectively (Table 3). Irrigation-off at the
tasseling stage reduces fertile pollen, dries stigma and
non-fertilization of floret and, therefore, the number of
grains per ear reduced. These findings were in accordance
with Ghooshchi et al., (2008). The effect of planting
patterns on grain number in the row was  significant
(Table 2). The two-rows planting with 37.36 grain number
per row was superior to the one-row planting with 30.86
(Table 3). Better distribution of plants per area unit in the
two- rows planting pattern and the possibility of better
and easier pollination were among the reasons the
increase in the number of grains per row. The change of
plant population per area unit had significant effect on the
number of grains per row (Table 2). Increasing plant
population reduced grains per row (Table 3). The
reduction in light penetration, increase of competition and
non- synchronization of pollen production and silk
emergence are reduced by the rise in the number of plants
per area unit and to the reduction of grain number per row
[10, 11]. The highest and the lowest grain numbers per ear
belonged to the two-rows planting in optimum irrigation
and the one-row planting in irrigation-off at the tasseling
stage treatment respectively (Table 4). In all irrigation
treatments with the increase in plant population, grain
number per row reduced and this reduction in irrigation-
off at the 8-leaf stage treatment was more remarkable
(Table 5).The rise in competition along with high
sensitivity of the tasseling stage lead to the reduction of
row numbers per ear in high plant population (95,000
plants ha ) at irrigation-off at the tasseling stage1

treatment. These results were compatible with the findings
of Zhang et al (2006).
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Table 2: Summary of analysis of variance for yield components, grain and biological yields and economical and biological water use efficiency
Mean square
----------------------------------------------------------------------------------------------------------------------------------------------------------------------
NO. Row NO. Grain 1000 grain Grain Biological Harvest Economical water Biological water

S.O.V df per ear per ear weight yield yield index use efficiency use efficiency
Y 1 ns03.0 ns11.7 *9.9000 **184470 683177 ns 71.22 **41.0 **5195.1**

R(Y) 4 ns94.0 ns28.9 ns8.154 ns647 1374 ns92.0 ns001.0 ns0029.0ns

S 3 ns69.0 **76.2941 **36727 **731986 **2037970 **12.178 **8822.0 **945.1
Y×S 3 ns1.0 ns28.0 ns150 ns 532  3062 ns15.0 ns001.0 ns0082.0ns

Ea 12 31.0 13.3 4.112 106 693 37.0 0002.0 00149.0
P 1 ns36.0 **1521 **7.30510 ns 2193 1888 **25.18 ns0048.0 ns0047.0ns

Y×P 1 ns69.0 ns01.0 ns2 ns 20 39 ns01.0 ns0001.0 ns0001.0ns

S×P 3 ns99.0 *06.39 ns4.575 ns 833 4134 **19.8 ns0019.0 ns0094.0ns

Y×S×P 3 ns18.0 ns06.0 ns3.19 ns 123 485 ns01.0 ns0003.0 ns001.0ns

Eb 16 53.0 54.5 6.153 235 1927 38.0 0005.0 0041.0
D 2 ns78.0 **72.635 **3.3599 ** 74748  236219 **14.19 **154.0 **4854.0**

Y×D 2 ns11.0 ns55.0 ns2.29 ns 26 ns 73 ns01.0 ns0001.0 ns0001.0
S×D 6 ns67.0 **22.36 **8.1787 ** 22282  88260 **27.10 **0414.0 **17.0**

Y×S×D 6 ns3.0 ns58.1 ns6.26 ns64 449 ns01.0 ns0001.0 ns001.0ns

P×D 2 ns11.0 ns52.3 ns2.793 ns 257 357 ns85.0 ns0006.0 ns0008.0ns

Y×P×D 2 ns11.0 ns44.0 ns8.49 ns 35 166 ns01.0 ns0001.0 ns0004.0ns

S×P×D 6 ns74.0 ns88.4 ns3.196 ns 184 989 ns86.1 ns0004.0 ns0022.0ns

Y×S×P×D 6 ns15.0 ns69.1 ns7.98 ns105 567 ns01.0 ns0002.0 ns0013.0ns

Ec 64 58.0 79.2 5.199 137 865 69.0 0003.0 0019.0
Cv(%) 4.5 9.4 18.8 74.1 9.1 93.1 74.1 9.1
ns, * and **: Non Significant, significant at the 0.05 and 0.01 probability level, respectively
Y=Year, R=Replication, S=Irrigation, P=Planting pattern, D=Plant population

Table 3: Mean comparison for LAI at silking, yield components, grain and biological yields, harvest index and economical and biological water use efficiency
No. Rows No. grain 1000-grain Grain Biological Harvest Water use economical Water use biological

Treatment per ear per ear weight (g) yield (g. m ) yield (g. m ) index (%) efficiency (Kg. m ) efficiency (Kg. m )2 2 3 3

Irrigation
I a*06.14 c22.33 b48.158 b5.616 b04.1458 b27.42 0.94b 2.22b1

I a94.13 b75.35 c36.146 bc5.606 b6.1449 b82.41 0.92bc 2.21b2

I a11.14 d75.22 a87.218 c94.582 c02.1392 b9.41 0.88c 2.12c3

I a28.14 a72.44 b167 a78.885 a45.1905 a46 1.22a 2.64a4

Planting pattern
P a19.14 b86.30 a23.187 a669 a9.1554 b75.42 0.99a 2.30a1

P a14 a36.37 b12.158 a8.676 a7.1547 a46.43 1.00a 2.29a2

Plant population
D a21.14 a08.38 b24.160 b67.630 b76.1481 b39.42 0..93b 2.20b1

D a96.13 b31.33 ab69.172 ab31.679 ab02.1550 a58.43 1.00a 2.29b2

D a13.14 b94.30 a85.184 a81.708 a04.1622 a34.43 1.04a 2.40a3

* I , I  and I4are Irrigation-off at the 8-leaf, 12-leaf and tasseling stages and optimum irrigation, respectively 1 2, I3

P  and P  are one and two-row planting, respectively and D1, D2 and D3 are plant population 75000, 85000 and 95000 plant/ha, respectively1 2

* Means followed by similar letters have not significantly different (p<0.05) – Using Duncan Test. 

Table 4: Mean comparison of interaction effects of irrigation and planting pattern on yield components, grain and biological yields and economical and
biological water use efficiency

Treatment No. Rows per ear No. Grain per ear 1000-grain weight (g) Grain yield (g.m ) Biological yield (g.m ) Harvest index (%)2 2

I P 14a 30.7 171.6a 617.3a 1472.1a 41.92c1 1

I P 14.1a 35.8c 145.4a 615.7a 1444a 42.61b1 2

I P 14a 32.5d 156.2a 596.6a 1461.2a 40.80d2 1

I P 13.9a 39b 136.5a 616.4a 1437.9a 42.84b2 2

I P 14.3a 20.3g 238.1a 581.9a 1386.5a 41.99c3 1

I P 13.9a 25.2f 199.6a 583.9a 1397.6a 41.81c3 2

I P 14.3a 40b 182.9a 880.2a 1899.8a 46.27a4 1

I P 14.2a 49.4a 151a 891.3a 1911.1a 46.58a4 2

I , I  and I are Irrigation-off at the 8-leaf, 12-leaf and tasseling stage and optimum irrigation, respectively1 2, I3 4

P  and P  are one and two-rows planting pattern, 1 2

* Means followed by similar letters have not significantly different (p<0.05) – Using Duncan Test.
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Table 5: Mean comparison of interaction effects of irrigation and plant population on yield components, grain and biological yields, harvest index and
economical and biological  water use efficiency

No. Rows No. Grain 1000-grain Grain Biological Harvest Economical water use Biologicalwater use
Treatment per ear per ear weight (g) yield (g.m ) yield (g.m ) index (%) efficiency (Kg m ) efficiency (Kg m )2 2 3 3

I D 14a 38.25d 151.29fg 602.83f 1446.3ef 41.66de 0.91g 2.21e1 1

I D 14a 32.66f 158.29ef 613.33e 1465.1d 41.85d 0.93e 2.23d1 2

I D 14.17a 28.75g 165.85de 633.33d 1462.7d 43.28c 0.96d 2.23d1 3

I D 14a 38.92cd 134.57h 591.58g 1434.9f 41.21ef 0.90h 2.19e2 1

I D 14a 33.5ef 143.71g 612.5e 1454.7e 42.08d 0.93ef 2.22e2 2

I D 13.83a 34.83e 159.8e 615.42e 1459.2de 42.17d 0.94e 2.23de2 3

I D 14a 25.17h 211.65b 551.58h 1336.2g 41.26e 0.84i 2.04f3 1

I D 14.17a 23.17i 216.54b 592.08g 1357g 43.63c 0.90h 2.07f3 2

I D 14.17a 19.92j 228.43a 605.17f 1482.9d 40.81f 0.92fg 2.26d3 3

I D 14.33a 50a 143.43gh 776.67c 1709.6c 45.42b 1.07c 2.37c4 1

I D 14.5a 43.92b 172.21d 899.33b 1923.3b 46.75a 1.24b 2.67b4 2

I D 14a 40.25c 185.34c 981.33a 2083.4a 47.1a 1.39a 2.89a4 3

I , I  and I4are Irrigation-off at the 8-leaf, 12-leaf and tasseling stage and optimum irrigation,1 2, I3

D , D and D  are plant population(75000, 85000 and 95000 plant/ha, respectively) 1 2 3

* Means followed by similar letters have not significantly different (p<0.05) – Using Duncan Test. 

Table 6: Simple coefficient correlation between Traits
No. Rows per ear No. Grain per ear 1000-Grain weight Grain yield Biological yield Harvest index EconomicalWUE

No. Grain per ear 0.098ns
1000-Grain weight 0.27ns -0.73**
Grain yield 0.34ns 0.59** 0.88**
Biological yield 0.32ns 0.57** 0.99** 0.96**
Harvest index 0.84 0.61 0.61** 0.59 0.39** ** ** ns

Economical WUE 0.24ns 0.54** 0.85** 0.98** 0.98** 0.58*
Biological WUE 0.17ns 0.50** 0.91** 0.96** 0.96** 0.71** 0.84**
ns, * and **: Non Significant, significant at the 0.05 and 0.01 probability levels, respectively

The highest and the lowest of the 1000-grain weight grain number. Irrigation-off at the 12-leaf stage influenced
were related to irrigation-off at the tasseling and the 12- endosperm cells division and this lead to the reduction of
leaf stages respectively (Table 3). With the decrease of grain potential for photosynthetic materials absorption; as
grain per ear, the possibility of grain weight increase was a result, higher grain number was produced with less
supplied.The effect of planting pattern on the 1000-grain weight. In high plant population under irrigation-off at the
weight was significant (Tables 2 and 3). Despite the 12-leaf stage, due to the reduced grain number in row and
nonsignificant difference between planting patterns in ear length, grain weight increased. The results of this
terms of grain yield, the significant reduction in the study conform with Moser et al., (2006). The correlation
number of grain per row and grain number per ear, between 1000-grain weight and the number of grain per
possible to increase the 1000-grain weight by using the ear was significantly negative (Table 6).
photosynthetic materials provided, so that the amount of The effect of irrigation-off on the grain yield was
photosynthetic materials were distributed between the significant. The reduction of grain number per ear led to
fewer number of grains and thus, the 1000-grain weight a significant decrease in grain yield in irrigation-off at the
increased. Danial and Paszkiewicz (2003) found an tasseling stage treatment. The incident of water deficiency
increase in 1000-grain weight by the two-rows planting through decreasing relative water content of leaf, closure
pattern [8]. The effects of plant population, interaction stomata and leaf rolling with negative influence on
effects of irrigation and plant population on the 1000-grain photosynthesis cause changes in the yield components
weight were significant (Table 2). As a result of increased and decreasing in grain yield. Plating pattern did not have
plant population, the 1000-grain weight rose (Table 3). any significant effect on grain yield (Table 2). Plant
The increase in plant population due to a climb in population had significant effects on grain yield at the
competition and the reduction of grain number per ear led 0.01probability level. Grain yield was increased with the
to the increase in the 1000-grain weight. This was caused increase in plant population. The greater grain yield in the
by the allocation of more photosynthetic materials to less highest  plant population (95000 plant ha ) was related to1
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the high rate of the 1000-grain weight and the number of index (Table 2). The reduction in competition in the two-
ear in comparison to other plant population treatments. rows planting pattern and the greater allocation of
Lack et al., (2008) and Hashemi-Dezfouli et al., (2008) photosynthetic materials for storage in the grain resulted
demonstrated that an increase in the grain yield with the in the increase in the two-rows harvest index. The
rise in plant population [16, 17]. The interaction effect of interaction effect of irrigation and planting pattern on the
irrigation and plant population on the grain yield was harvest index at the 0.01probability level was significant
significant (Table 2). The S D  treatment in comparison to (Table 2). The further reduction of the grain yield in the3 1

optimum irrigation with the maximum plant population irrigation-off treatments at different growth stages than
(S D ) produced less grain yield of almost 44%. Because the biological yield were the main reasons for the4 3

of adequate moisture and maximum use of sunlight, the reduction in the harvest index of these treatments in
S D  treatment produced maximum grain yield. comparison to optimum irrigation in planting patterns [7,4 3

Considering the results of this study, it seems thathigh 19]. The effects of plant population and the interaction
plant population up to 95000 plant ha  can increase the effect of irrigation and plant population on the harvest1

grain yield in all the irrigation treatments. index were significant (Table 2). The less relative grain

Biological Yield: The effect of the irrigation treatments on in   comparison   to   higher   plant   populations   were
biological yield was significant; irrigation-off at the the main reasons of the reduction in the harvest index.
tasseling stage had the biggest influence on the reduction These results were in agreement with those by Seyed
of biological yield (Tables 2 and 3). The reduction of Sharifi et al., (2007).
vegetative growth in such conditions was because of Based on these results, it can be stated that high
sensitivity to the processes of cell division and growth in plant population in optimum irrigation can allocate more
drought stress. These results were in agreement with the photosynthetic materials to grains; however, because of
findings of Cakir (2004) and Ghooshchi et al., (2008). more competition in vegetative organs, high plant
Planting pattern effects on the biological yield were not population with irrigation-off at the tasseling stage lead to
significant (Table 3).The differences between various the reduction of the harvest index.
plant population and the interaction effects of irrigation
and plant population on the biological yield were Economical and Biological Water Use Efficiencies: The
significant (Tables 2 and 3). The dry matter reduction of effects of irrigation treatments on economical and
individual plant along with increasing plant population biological water use efficiencies were significant at the
were compensated by the abundant number of plants.The 0.01probability level (Table 2). Optimum irrigation and
results of a research conducted by Gozubenli (2010) prove irrigation-off at the tasseling stage had the highest and
the results of this study [18]. The significant reduction in the lowest economical and biological water use
the grain yield due to irrigation-off at the tasseling stage efficiencies respectively (Table 3). Sensitivity at the
reduced biological yield at all plant populations (Table 5). tasseling stage to inadequate water in many reports has
The positive significant correlation between biological been emphasized [20, 15]. Irrigation-off at the tasseling
yield and grain yield with the number of grain per row stage caused disruption in the gas exchange stomata and
indicated the reduction in the effects of the number of relative water content of leaves and because of the
irrigation-off at the tasseling stage on biological yield accelerated senescence of leaves, the production rate of
(Table 6). photosynthetic materials declined. On the other hand, the

Harvest Index: The data given in the Table 2 illustrate that sterility, stigma and style drying and non-fertilization of
the harvest index was significantly affected by irrigation the grains and a reduction in grain yield. Therefore, the
treatments. Optimum irrigation and irrigation-off at the 12- reduction of grain and biological yields reduces water use
leaf stage had the highest and the lowest harvest index efficiency. The results of a research conductedby El-
respectively (Table 3).The further increase of the grain Hendawy et al., (2008) prove the results of this study [21].
yield in comparison to biological yield in the optimum The positive and significant correlation between
irrigation treatment resulted in the increase of the harvest economical and biological water use efficiencies with the
index in this treatment. The results were in harmony with grain and biological yields indicate the increased role of
the results of Moser et al., (2006). One-and two-rows optimum irrigation in increased grain yield (Table 6). In
planting patterns had a significant effect on the harvest spite of the planting patterns, increased plant population

yield  than  biological  yield  of  75000  plant  population

reduction of the water leads to the increase of pollen grain
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had significant effect on economical and biological water level to the number of plants, increased corn yield.
use efficiencies (Table 2). Increased plant population in  However, under water deficiency stress, the high number
addition to higher dry matter production by increasing of plants per area unit may not have the desired results. In
leaf area index and shading caused a relative decreasein these conditions, plant population is required to be set in
evapotranspiration and improved water use efficiency. such a way that achieving acceptable yield improves
The results showed that the interaction of irrigation and water use efficiency.
plant population on economical and biological water use
efficiencies was significant at the 0.01probability level REFERENCES
(Table 2).Optimum irrigation and 95,000 plant ha  (S D )1

4 3

and irrigation-off treatment at the tasseling stage and 1. Ghooshchi, F., M. Seilsepour and P. Yafari, 2008.
75,000 plants ha  (S D ) had the highest and the lowest Effects of water stress on yield and some agronomic1

3 1

water use efficiencies respectively (Table 5). Irrigation-off traits of Maiz [SC. 301], World Journal of Agricultural
at the tasseling stage and plant population of 75000 plants Sciences, 4(6): 684-687.
ha  (S D ) by reducing the relative water content of 2. Mansouri-Far, C.,  S.A.M.  Modarres  Sanavy  and1

3 1

leaves, reduction in photosynthesis process that takes S.F. Saberali, 2010. Maize yield response to deficit
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