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ABSTRACT 
 

This study was conducted to determine the effects of drought stress,  planting density and geometry on rice, 
in form of randomized complete block design an as a split-split plots experiment with 4 replications (2010 and 
2011). Factors were  drought stress, as main factor with 3 levels (normal irrigation and retain the height of 20-30 
cm for water, and 2 levels of water stress with 7 days interval between two successive irrigation in vegetative 
and reproductive stages), planting geometry as sub factor with 2 levels (square and rectangular planting), and 
planting density as sub-sub factor with 3 levels (160000,250000 and 444000 pl/ha). Results showed that by 
drought stress, characteristics such as; the number of fertile tillers per hill, the number of head per hill, the 
number of fertile heads per square meter, the number of grains per head, the thousand grains weight, the yield of 
each hill and grain yield were significantly decreased. With change square planting to non-square, some 
characteristics such as; the number of fertile tillers per hill, the number of head per hill, the number of fertile 
heads per square meter, the yield of each hill and grain yield were significantly increased. Results showed that 
by increasing the planting density, some characteristics such as; the number of fertile tillers per hill, the number 
of head per hill, the number of grains per head and yield of each hill were significantly decreased, while some 
characteristics such as; the number of fertile heads per square meter and grain yield were significantly increased. 
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Introduction 

 
More than 90 percent of rice production in the 

world is produced in Asia. This product covers one-
third of the world’s cereals and provides 25 to 60 
percent calories of 2.7 million persons in the world 
[3,8,27]. About 75 percent of the world’s rice is 
produced from low plains which typically are 
irrigated by running water. This method increases the 
real consuming water rate. Water consuming in these 
plains for rice is 4 times bigger than for other grains 
[4,27].  

The rate of water consuming depends on the 
method of irrigation, the size of each land tract, crop 
density, the soil’s kind, climatic conditions, cultivar, 
and the frequency of planting in each year [21]. 
Because of the reason that space, like time, is one of 
the sources in agro-ecosystems, therefore, the 

excellence of product can be due to its adequate crop 
density [16].  

Drought stress causes the reduction of tiller and 
spikelet and also had an influence on full grains 
[18,15]. Due to the fact that nutritional materials are 
absorbed to plant in form of liquid, therefore, the loss 
of water leads to the loss of all nutritional materials. 
The plant decreases its vegetative growth and 
finishes and therefore commence of reproductive 
stage will be faster [16]. In drought stress 
environment, some of plant uses drought escape 
mechanism and therefore, reduces vegetative and 
reproductive stages [19,25]. This results in leaf area 
index and leaf area duration reduction and therefore, 
a shortage in assimilation which in addition to the 
increased competition within the plant, there is a 
reduction in the number of fertile tillers and then 
number of grains [26). The number of tillers per 
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square meter is reduces by the increasing of 
irrigations intervals [20]. In the heading and 
flowering stages, if there would be any water 
shortage, anthesis is not done properly; this is 
because of the reason that in the low rate of humidity 
the pollens cannot get into ovaries and therefore the 
damages from the drought stress are very severe in 
reproductive stage [33]. Drought stress reduces the 
thousand grains weight its effect is bigger if stress 
take place in reproductive stage. This is because of 
the reason that drought stress reduces the 
assimilation rate but also lowers the length of grain 
filling period and reduces the translocation of 
assimilates to the growing grains [11,28]. By 
increasing the irrigation intervals the number of 
heads and the economical yield are reduced [12]. By 
drought stress increasing, there is a significant 
reduction in grain yield of each hill [10,6]. The 
periodical stresses in some rice physiological levels 
cause an increasing comparing no-stress level of 
irrigation; however by drought stress increasing, the 
grain yield is reduced [29,13].  

In rectangular planting, the size and the volume 
of the plant are increased which have the greatest 
influence on grain yield; it means that maybe the 
plant in this planting geometry because of light, air, 
nutritional materials and humidity increasing, has a 
higher assimilation activity due to rectangular 
planting. Therefore, the storage of plant is supported 
adequately and the weight, volume and then grain 
yield are increased [1, 9,17].  

By increasing the density, the number of tillers 
and the number of fertile tillers in hill are reduced, 
but the number of heads per square meter and the 
grain yield are increased [24,30,7]. By increasing the 
distance or by the reduction of planting density in 
rice, yield of each hill and the number of grain in 
head is increased [24,2]. By increasing the number of 

plant in square meter, the number of heads in square 
meter is increased but the number of spikelet per head 
is reduced, and there is a positive correlation between 
grain yield and the number of head per square meter 
[14]. By increasing density, the number of grain per 
head is reduced but the weight of each grain is 
increased [5]. Lowering of crop density increases the 
potential of tiller producing that result in increased 
number of panicle per square meter but the number of 
grain per panicle is decreased  [24,14]. The reduction 
of density results in each plant to receive more light 
because of having more space and therefore has a 
better assimilation; they grow better than those plants 
near each other [2]. Generally, agronomists believe 
that the higher densities can increase grain yield, but it 
should be noted that in over-density, the grain loss 
weighting neuters the increasing of the number of 
plant [24,23]. The density of head has a direct and 
positive influence on grain yield and the grain per 
head and the number of grain  are in the second and 
third levels of importance [22].  

 
Materials and Methods 

 
This research has been done during two years 

(2010 – 2011) in Khoram Abad (west of Iran) with 
the geographical latitude of 480 and 10 min of North 
latitude and 330 and 29 min of East longitude and in 
a height of 1091 meters above the sea level. 
According to 10 years average, the annual raining is 
448.2 mm, the average of temperature is 17.2 degrees 
of centigrade, the annual rate of evaporation is 
1747.2 mm, and the highest wind speed is 19 m/s. 
According to official weather reports, this region in 
base on Domarten index could be considered as a 
semi cold-dry area. It's results has bean shown in 
table 1. 

 
Table 1: the physical and chemical characteristics of soil of the field 

- ds/m % PPM PPM PPM PPM PPM PPM PPM % % Texture CM Unit 
7.93 0.73 12.90 1.50 5.60 0.36 22.40 60 260 19.40 1.77 0.16 clay 0-30  

        
This study was done as randomized complete 

block design with 4 replications in form of split-split 
plots (2010 and 2011). The study factors were 
drought stress, planting density and geometry which 
were studied as the followings: drought stress, as 
main factor with 3 levels (normal irrigation and 
retaining the height of 20-30 cm for water, and levels 
of water stress with 7 days interval between two 
successive irrigation in vegetative and reproductive 
stages), planting geometry as sub factor with 2 levels 
(square and rectangular planting), and planting 
density as sub-sub factor with levels(160000, 
250000, 444000 pl/ha). The combinations of the two 

latest factors as distance between hills(cm) were 
shown in table 2. The field land was ploughed at the 
beginning of autumn for the first time, and after 
winter it was ploughed for the second time, and the 
last time before planting. The distances between 
main and sub plots were determined by borders of 
150 and 30 centimeters. Then streams were drawn in 
an exact distance from each other. The cultivar 
Domsyah was used and seeded in 22, April 2010 and 
21, April 2011. All of  harvesting  yield  for example: 
weeds control, fertilizing, irrigation and fighting with 
pests and diseases at growing season were performed

. 
Table 2: Combinations of levels of  plantig geometry and density (cm) 

10*20 15*15 444000 
10*40 20*20 250000 
10*62 25*25 160000 
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Results: 
 
The Number of Fertile Tillers per Hill: 

 
The results from the variance analysis showed 

that (Table 3) drought stress (in 2010), planting 
geometry (in 2011), planting density (in 2010 and 
2011), and the interaction effect of drought stress 
with planting density (in 2011) are significant.  

The comparison between simple effects (table 4) 
showed that water stress in the stage of vegetative 
and reproductive stage comparing the control, cause 
5.94 and 5.94 percent reduction in the number of 
fertile tillers per hill in 2010. The non-square 
planting comparing the square one causes 16.97 
percent increasing in the number of fertile tillers in 
2011. The density of 250000 and 444000 hills per 
hectare comparing the density of 160000 hills per 
hectare cause 7.23 and 12.99 percent reduction in the 
number of fertile tillers per hill in 2010 and 12.30 
and 25.03 percent reduction in 2011. The comparison 
between interaction effects (table 5) in 2011 showed 
that no-stress level of irrigation with the density of 
160000 hills per hectare causes 42.05 percent 
increasing in the number of fertile tillers per hill.  
 
The Number of Heads per Hill: 

 
The results from the variance analysis showed 

that (Table 3) drought stress (in 2010 and in 2011), 
planting geometry (in 2011), planting density (in 
2010 and 2011), and the interaction effect of drought 
stress with planting density (in 2011) are significant.  

The comparison between simple effects (table 4) 
showed that water stress in the stage of vegetative 
and reproductive stages comparing the control, cause 
15.18 and 5.82 percent reduction in the number of 
head per hill in 2010 and 16.90 and 5.50 percent 
reduction in 2011. The non-square planting 
comparing the square one causes 19.80 percent 
increasing in the number of head per hill in 2011. 
The density of 250000 and 444000 hills per hectare 
comparing the density of 160000 hills per hectare 
cause 9.07 and 17.11 percent reduction in the number 
of head per hill in 2011. The comparison between 
interaction effects (table 5) in 2011 showed that no-
stress level of irrigation with the density of 160000 
hills per hectare causes 26.42 percent increasing in 
the number of head per hill.  
 
The Number of Fertile Heads per Square Meter: 

 
The results from the variance analysis showed 

that (Table 3) drought stress (in 2010 and in 2011 in 
the level of 5 percent), planting geometry (in 2011), 
planting density (in 2010 and 2011), and the 
interaction effect of drought stress with planting 
density (in 2011) and planting geometry with 
planting density(in 2011) are significant.  

The comparison between simple effects (table 4) 
showed that water stress in the stage of vegetative 

and reproductive stages comparing the control, cause 
22.98 and 21.33 percent reduction in the number of 
fertile heads per square meter in 2010 and 16.65 and 
18.66 percent reduction in the number of fertile 
heads per square meter in 2011. The non-square 
planting comparing the square one causes 10.97 
percent increasing in the number of fertile heads per 
square meter in 2011. The density of 250000 and 
444000 heads per hectare comparing the density of 
160000 heads per hectare cause 47.06 and 117.91 
percent increasing in the number of fertile tillers per 
square meter in 2010 and 31.19 and 88.81 percent 
increasing in the number of fertile tillers per square 
meter in 2011. The comparison between interaction 
effects (table 5) in 2011 showed that no-stress level 
of irrigation with the density of 444000 heads per 
hectare and non-square planting with the density of 
444000 cause respectively 50.69 and 59.19 percent 
increasing in the number of fertile tillers per square 
meter.   
 
The Number of Grains per Head: 

 
The results from the variance analysis showed 

that (Table 3) drought stress (in 2010 and 2011), 
planting density (in 2011), and the interaction effect 
of planting geometry with planting density (in 2011) 
are significant.  

The comparison between simple effects (table 4) 
showed that water stress in the stage of vegetative 
and reproductive stages comparing the control, cause 
5.78 and 11.51 percent reduction in the number of 
grains per head in 2010 and 11.40 and 20.22 percent 
in 2011. The density of 250000 and 444000 hills per 
hectare comparing the density of 160000 hills per 
hectare cause 12.97 and 12.34 percent reduction in 
the number grains per hill in 2011. The comparison 
between interaction effects (table 5) in 2011 showed 
that non square planting with the density of 160000 
heads per hectare causes 24.74 percent increasing in 
the number of grains per head.   
 
The Thousand Grains Weight: 

 
The results from the variance analysis showed 

that (Table 3) drought stress (in 2010),  interaction 
effect of drought stress in planting geometry (in 
2011), geometry in planting density (in 2010 are 
significant.  

The comparison between simple effects (table 4) 
showed that water stress in the stage of growth and 
reproduction comparing the control, cause 3.52 and 
6.72 percent reduction in the weight of each grain in 
2010. The comparison between interaction effects 
(table 5) in 2010 showed that square planting with 
the density of 250000 heads per hectare causes 18.53 
percent increasing in the thousand grains weight. The 
comparison between interaction effects (table 5) in 
2010 showed that water stress in vegetative stage 
comparing square planting cause the 4.93 increasing 
in the thousand grains weight.      
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The Yield of Each Hill: 
 
The results from the variance analysis showed 

that (Table 3) drought stress (in 2010 and 2011), 
planting geometry (in 2011), planting density (in 
2010 and in 2011 in the level of 1 percent) and the 
interaction effect of drought stress in geometry 
planting (in 2011) are significant.  

The comparison between simple effects (table 4) 
showed that water stress in the stage of vegetative 
and reproductive stages comparing the control, cause 
42.37 and 39.55 percent yield of each hill in 2010 
and 29.25 and 24.81 percent in 2011.The non-square 
planting comparing the square one causes 16.46 
percent increasing in yield of each hill in 2011. The 
density of 250000 and 444000 hills per hectare 
comparing the density of 160000 hills per hectare 
cause 4.95 and 13.71 percent reduction yield of each 
hill in 2010 and also 1.05 and 31.15 percent 
reduction in 2011, respectively. While the 
comparison between interaction effects (table 5) in 
2010 showed that continues no-stress level of 
irrigation with non-square planting increases the 
yield of each hill to 38.43 percent.  
 
The Grain yield: 

 
The results from the variance analysis showed 

that (Table 3) drought stress (in 2010 and 2011), 
planting geometry (in 2011), planting density (in 
2010 and 2011), the interaction effect of drought 
stress in geometry planting (in 2011), and the 
drought stress in planting density (in 2011) are 
significant.  

The comparison between simple effects (table 4) 
showed that water stress in the stage of vegetative 
and reproductive stages comparing the control, cause 
33.67 and 33.67 percent  reduction in grain yield in 
2010 and 29.09 and 30.14 percent reduction in 2011. 
The non-square planting comparing the square 
causes 12.78 percent increasing in grain yield in 
2011. The density of 250000 and 444000 hills per 
hectare comparing the density of 160000 hills per 
hectare cause 42.66 and 90.68 percent increase in 
grain yield in 2010 and 49.39 and 79.32 percent 
increase in 2011. While the comparison between 
interaction effects (table 5) in 2010 showed that 
continues no-stress level of irrigation with non-
square planting and continues no-stress level of 
irrigation with the density of 444000 hills per hectare 
increases the grain yield to 37.71 and 64.69 percent.

  
Table 3: Variance analysis of  the experiment characteristics 

Number of  fertile heads 
per square meter 

 

Number of  heads 
per hill 

Number of  fertile 
tillers per hill   

2011 2010 2011 2010 2011 2010 df Source 
1087/59 10270/45* 3.87 33.66** 4/69 32/84** 3 replication 
118445/18* 79894/19** 127.60* 43.20** 84/98 7/11** 2 Drought 
17335/49 1374/67 22.16 0.77 28/50 0/24 6 Error 
71258/79** 1312/94 357.78** 27.39 224/12** 12/51 1 geometry 
983/70 433/33 6.39 1.13 4/12 0/02 2 Drought×geometry 
5090/41 1363/20 4.73 5.41 11/03 4/76 9 Error 
910008/32** 517846/88** 129.29** 8.86 249/93** 27/60** 2 Density 
96536/19** 5588/47 73.42** 1.54 94/39** 0/81 4 Drought×Density 
22693/58* 3432/37 21.38 7.47 30/65 9/40 2 geometry×Density 
5650/79 1450/03 17.98 0.32 7/17 0/02 4 Drought×geometry×Density 
7862/06 3563/26 10.51 3.44 12/34 4/53 36 Error 
14/65 15/56 13.10 11.38 15/57 13/85  CV% 

 
The continuation of  table 3 

Grain yield 
Yield of  
each hill 

1000  grains 
 weight  

Number of 
 grains per hill   

2011 2010 2011 2010 2011 2010 2011 2010 df Source 

14/53 8/82** 125/49 146/20*
* 1/19 91/45** 167/28 1506/13** 3 replication 

184/40*
* 58/28** 2095/20** 1059/78

** 1/74 16/16** 3167/17*
* 1193/85** 2 Drought 

12/08 0/23 100/84 8/61 1/65 0/19 300/14 0/55 6 Error 
43/74** 10/16 984/27** 127/71 0/90 35/80 749/94 229/19 1 geometry 

48/45** 0/91 467/81* 7/27 2/06*
* 0/13 68/29 1/43 2 Drought×geometry 

4/14 2/56 90/06 32/60 0/27 12/14 148/78 211/22 9 Error 
318/08*
* 90/81** 2227/06** 98/91* 1/37 2/85 1572/74*

* 159/28 2 Density 

29/66** 0/30 187/52 10/04 0/46 0/28 137/09 2/85 4 Drought×Density 

12/59 1/84 211/38 52/79 1/18 52/11* 1221/17*
* 155/96 2 geometry×Density 

37/13** 0/78 336/64** 8/02 2/69*
* 0/60 75/54 0/38 4 Drought×geometry×Densit

y 
6/19 4/22 91/52 26/29 0/75 11/44 181/10 77/47 36 Error 
19/14 33/14 19/68 25/15 3/99 14/35 13/28 7/62  CV% 
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Table 4:  Means comparisons of simple effects 
Number of  fertile heads 

per square meter 

 

Number of 

heads per hill 

Number of  fertile 

tillers per hill 
 

2011 2010 2011 2010 2011 2010 Lavels of factors 
      Drought sterss 
685/80 A 450/07 A 26.75 A 17.52 A 24/68 A 15/99 A No-stress 
571/60 B 346/64 B 22.23 B 14.86 C 21/08 A 15/04 B Vegetative stress 
557/82 B 354/05 B 25.28 AB 16.50 B 21/92 A 15/04 B Reproductive stress 
605/07 383/59 24.75 16.29 22/56 15/36 Duncan 
      Planting geometry 
573/62 B 379/31 A 22.52 B 16.91 A 20/80 B 15/78 A Square 
636/54 A 387/86 A 26.98 A 15.67 A 24/33 A 14/94 A Rectangular 
605/08 383/59 24.75 16.29 22/57 15/36 Duncan  
      Planting density 
816/02 A 539/30 A 22.48 C 15.88 A 19/32 C 14/33 B 444000 hills per hectare 
567/01 B 363/96 B 24.66 B 16.00 A 22/60 B 15/28 AB 250000 hills per hectare 
432/19 C 247/49 C 27.12 A 16.99 A 25/77 A 16/47 A 160000 hills per hectare 
605/07 383/58 24.75 16.29 22/56 15/36 Duncan 

The continuation of  table 4 

Grain yield 
Yield of 

each hill 

1000  grains 

weight 

Number of 

grains per hill 
 

2011 2010 2011 2010 2011 2010 2011 2010 
Lavels of factors 

        Drought stress 

16/19 A 7/99 A 59/29 A 28/04 A 21/40 A 24/40 A 113/30 A 122/55 A No-stress 

11/48 B 5/30 B 41/95 B 16/16 B 21/91 A 23/54 B 100/38 B 115/47 B Vegetative stress 

11/31 B 5/30 B 44/58 B 16/95 B 21/81 A 22/76 C 90/39 B 108/44 C Reproductive stress 

12/99 6.20 48/61 20/38 21/71 23/57 101/36 115/49 Duncan 

        Planting geometry 

12/21 B 5/82 A 44/91 B 19/05 A 21/60 A 24/27 A 98/13 A 117/27 A Square 

13/77 A 6/57 A 52/30 A 21/71 A 21/82 A 22/86 A 104/59 A 113/70 A Rectangular 

12/99 6.20 48/61 20/38 21/71 23/57 101/36 115/49 Duncan 

        Planting density 

16/30 A 8/18 A 37/49 B 18/12 B 21/87 A 23/23 A 97/04 B 113/19 A 444000 hills per hectare 

13/58 B 6/12 B 53/88 A 22/04 A 21/83 A 23/55 A 96/34 B 114/99 A 250000 hills per hectare 

9/09 C 4/29 C 54/45 A 21/00 A 21/43 A 23/92 A 110/70 A 118/27 A 160000 hills per hectare 

12/99 6.20 48/61 20/39 21/71 23/57 101/36 115/48 Duncan 
Means in each column and for each treatment followed by at least on similar letter are not significantly different at 5% probability level 
using Duncan Multiple Range Test 

 
Table 5:  Means comparisons of interaction effects 

Grain yield Yield of each hill 1000 grains weight   

2011 2011 2011 Levels of factors 
   Planting geometry Drought stress 

17.02 a 60.69 a 21.02 b Square No-stress 
15.38 ab 57.89 ab 21.79 ab Rectangular No-stress 
10.06 cd 35.64 d 22.11 a Square Vegetative stress 
12.57 bc 48.26 bc 21.72 ab Rectangular Vegetative stress 
9.58 d 38.40 cd 21.67 ab Square Reproductive stress 

13.39 b 50.76 ab 21.96 ab Rectangular Reproductive stress 
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The continuation of  table 5 

Grain yield 
Number of  fertile heads  

per square meter 

Number of  fertile tillers per 

hill 
 

2011 2011 2011 Levels of factors 
   Planting density Drought stress 

21.38 a 1012.10 a 24.44 abc 444000 hills per 
hectare 

No-stress 

17.01 b 614.06 c 24.56 abc 250000 hills per 
hectare 

No-stress 

10.21 de 431.25 e 25.04 ab 160000 hills per 
hectare 

No-stress 

14.48 bc 798.99 b 19.00 cd 444000 hills per 
hectare Vegetative stress 

11.91 cd 507.81 cde 20.06 bcd 250000 hills per 
hectare Vegetative stress 

7.55 e 408.00 e 24.19 abc 160000 hills per 
hectare Vegetative stress 

13.07 cd 636.97 c 14.51 d 444000 hills per 
hectare Reproductive stress 

11.85 cd 579.17 cd 23.17 abc 250000 hills per 
hectare Reproductive stress 

9.54 de 457.33 de 28.08 a 160000 hills per 
hectare Reproductive stress 

 
The continuation of  table 5 

1000 grains wight 
Number of 

grains per hill 

Number of  fertile heads  

per square meter 
 

2010 2011 2011 Levels of factors 
   Planting density Planting geometry 

22.97 ab 101.99 ab 810.02 a 444000 hills per hectare Square 
25.96 a 88.21 b 501.39 c 250000 hills per hectare Square 

23.89 ab 104.19 ab 409.44 c 160000 hills per hectare Square 
23.49 ab 92.08 b 822.02 a 444000 hills per hectare Rectangular 
21.15 b 104.48 ab 632.64 b 250000 hills per hectare Rectangular 
23.94 ab 117.20 a 454.94 c 160000 hills per hectare Rectangular 

Means in each column and for each treatment followed by at least on similar letter are not significantly different at 5% probability level 
using Duncan Multiple Range Test 

 
Discussion: 
 
The Number of Fertile Tillers per Hill: 

 
Drought stress causes the reduction in the 

number of fertile tillers per hill because in drought 
stress in the period of  vegetative growth the 
assimilation is reduced. Therefore, less excess 
assimilates will be for export to new tillers that need 
to this assimilates for their growth so that the number 
of fertile tillers is reduced. Treatment with drought 
stress in reproductive stage has no water shortage in 
vegetative stage( same as control), therefore, tillers 
produce without any limitation but drought was 
applied by commence of reproduction stage and 
production of assimilates negatively was effected and 
hence lowered partition of  photosynthetic materials 
can be sent for completion of growth of non-adult 
tillers. According the results of  Safaee Chaee Kar et 
al [26], Mohamed et al [15] and Munns et al [18] 
drought stress causes the reduction in the number of 
fertile tillers per hill. 

The non-square planting causes the increasing in 
the number of fertile tillers per hill and this is 
because of the reason that in this method the good 
conditions of environment and weather are preferable 
rather than those in the square planting. Furthermore, 
plant receives more light. All these factors, finally, 

result in better assimilation activities .These results 
are corresponding with results of Hossain et al [9] 
and Morshed Alam et al [17]. Therefore, the number 
of fertile tillers per hill is increased, but in this 
experiment, Relative water content(RWC) in non-
square planting is increased which confirms the 
increasing in the light received than square meter.  

By increasing the density, the number of fertile 
tillers per hill is decreased and this is because of the 
reason that in high range of density, to reach the 
nutritional materials, light, and space, the 
competition between plants is increased and 
therefore, there is a low number of fertile tillers per 
hill. These results are corresponding with results of 
Sabeti and Jafarzadeh kenarsari [24] and  
Hamidulsalam and Altaf hossain [7]. 
 
The Number of Heads per Hill: 

 
In no stress level of irrigation, because lower 

limitation for vegetative growth that the level with 
stress in vegetative stress, therefore, the plant 
produces more tillers and the number of heads per 
hill is increased. In level of drought stress in 
reproductive stage, because of its similarity to 
control level (both are without stress in vegetative 
stage), tillers produce without any limitation and 
hence the level is higher than stress exertion in 
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vegetative stage. According the results of  Safaee 
Chaee Kar et al [26], Katoozi et al [12], Mohamed et 
al [15] and Munns et al [18] drought stress causes 
the reduction in the number of heads per hill. 

The non-square planting causes the increasing in 
the number of heads per hill and this is because of 
the reason that in this method the good conditions of 
environment and weather are preferable rather than 
those in the square planting. This condition causes a 
better situation and thus increasing in the number or 
the volume of the plant. The increasing number of 
unfertile tillers per hill in non-square planting also 
confirms what is mentioned ( published results of 
this study)  

By reduction of density, the number of heads per 
hill is increased because the low density has more 
influence on each of plants and each plant has more 
space around it and receives more light and has better 
assimilation activity. Therefore, plants having less 
density grow better and have more heads. These 
results are corresponding with results of Baloch et al 
[2] and Hamidulsalam and Altaf hossain [7] 
 
The Number of Fertile Heads per Square Meter: 

 
Drought stress causes the reduction in the 

number of heads per square meter because in drought 
stress in the period of vegetative growth the 
assimilation is reduced. Therefore, these assimilates 
use by the stem and it causes plant to produce fewer 
fertile heads per square meter. In level of drought 
stress in reproductive stage, because of its similarity 
to control level (both are without stress in vegetative 
stage), tillers produce without any limitation and 
hence the level is higher than stress exertion in 
vegetative stage. According the results of  Nahvi et 
al [20], Mohamed [15] and Munns et al [18] drought 
stress causes the reduction in the number of heads 
per square meter. 

The non-square planting causes the increasing in 
the number of fertile heads per square meter and this 
is because of the reason that in this method the good 
conditions of environment and light are preferable 
rather than those in the square planting. This 
condition causes increasing the number fertile heads 
per square meter. 

By increasing the density, the number of fertile 
heads per square meter is increased because the 
density increasing increases the number of plants. 
This is according to the previous results, in which the 
density increasing results in the reduction in the 
number of heads per hill. Therefore, the increasing in 
the number of heads per square meter with increasing 
in density show that the reduction is not in a level to 
neuter the increasing in the number of heads from the 
increasing number of plant per surface unit. In other 
words, the density increasing, considering the 
reduction of the number of heads per hill, because of 
increasing in the number of hills per surface unit 
causes the increasing in the number of heads per 

surface unit. These results are corresponding with 
results of Sabeti and Jafarzadeh kenarsari [24], 
Mohadesi et al [14], Zeng and Shanon [30] and
Hamidulsalam and Altaf hossain [7].  
 
The Number of Grains per Head: 

 
Drought stress causes the reduction in the 

number of grains per head because in drought stress 
in the period of  vegetative growth the assimilation is 
reduced. This assimilation reduction happens at the 
time of florets formation and growth, which can 
cause a competition between florets and then limits 
the growth of some of them and they might be 
aborted’ thus there would be the reduction in the 
number of florets. Drought stress in the reproductive 
stage can limit assimilation. If this happens in 
formation stage of head and grain  growth , it can 
cause the competition between florets and limit the 
growth of some of them. This limitation of 
assimilates caused by drought stress can negatively 
affects on formation and completion (florets and then 
even on penetration pollen tube to ovary and 
fertilization). Moreover , after fertilization and grain 
formation  increasing the strength of this strong sink 
can enhances the competition between growing new 
grains and aborts some of them. According the 
results of Safaee Chaee Kar [26], Mohamed et al 
[15], Munns et al [18] and Zhou et al [31] drought 
stress causes the reduction in the number of grains 
per head. 

By the reduction of the density, the number of 
grains per head is increased, because in low density 
due to good environmental condition and less 
competition between adjacent plants, there would be 
better condition for formation and completion of 
floret grain filling and therefore, number of grains 
per head increases. These results are corresponding 
with results of Gilani et al [5], Sabeti and Jafarzadeh 
kenarsari [24] and Baloch et al [2]. 
 
The Thousand Grains Weight: 

 
Drought stress causes the reduction in the 

thousand grains weight. Drought stress in the  
vegetative stage, causes the reduction in the surface 
of leaf, therefore, the assimilation apparatus is less 
developing comparing the other levels. Thus, by 
removing drought stress, there should not be the 
reduction in the number of grains and only the weak 
assimilation apparatus causes the weak filling of 
those grains which will result in the smaller size and 
lower weight of grains. In the level of drought stress 
in reproductive stage, the plants that has no drought 
stress, were stressed as the commence of critical and 
sensitive stage of flowering. Therefore, assimilates 
production dramatically was lowerd and portion of 
each grain decreased even more serve than level of 
stress in vegetative period. The reduction of weight 
in drought stress in reproductive stage comparing 
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vegetative stage is because of the reason that drought 
stress not only influence on the collection of 
assimilates directly, but also the loss of water in this 
stage reduces the grain filling duration. Furthermore, 
if the stress happens in the reproductive stage, 
because of the appearance of new and strong sinks 
and their negative effects on assimilates portion of 
roots, the plant is more sensitive to drought stress 
and this causes the increasing of negative effects of 
drought stress in this period. But in  vegetative 
growth stress, because it starts from the first stages of 
plant’s growth, the plant can acclimate itself with 
such a situation. According the results of Kalamiyan 
et al [11] and Yadav et al [28] drought stress causes 
the reduction in the thousand grains weight. 
 
The Yield of Each Hill: 

 
Drought stress cause the reduction yield of each 

hill and this is because of the reason that in drought 
stress the lengths of vegetative and reproductive stages 
are changed and the time for both of them, especially 
reproductive one, is reduced. These results are 
corresponding with results of Nabi Pour et al [19], 
Mohammadi et al [16], Safaee Chaee Kar et al [26] 
and Sabeti [25]. The drought stress  in vegetative 
growth decreases yield of each hill because it can 
reduce the number of fertile tillers per hill, the number 
of grains per head, and the thousand grains weight in 
this experiment; and therefore, these factors are to 
decrease the yield of each hill. The drought stress in  
reproductive stage, because of the reduction of the 
factors mentioned, also causes the reduction in yield of 
each hill. According the results of Human et al [10] 
and Gomes-Sanchez et al [6] drought stress causes the 
reduction in yield of each hill. 

The non-square planting increases the yield of 
each hill, because in this method, there are good 
condition for better growing and this leads to better 
yield of each hill. On the other hand, the increasing 
number of fertile tillers per hill causes the better 
yield of each hill.  

By increasing the planting density, the yield of 
each hill is reduced, because in high density the 
distance between hills is reduced and hence, the 
needed sources (such as light, water, nutritional 
materials, and space) are reduced for each hill and 
therefore reduces its grain yield. These results are 
corresponding with results of Sabeti and Jafarzadeh 
kenarsari [24], Rao et al [23] and Baloch et al [2]. 
 
The Grain yield: 

 
The drought stress decreases the grain yield 

because it can reduce the length of  vegetative stage 
and production of assimilates. Therefore, the 
assimilation is reduced and the reduction some of 
yield components such as the number of fertile tillers 
per hill, the number of  fertile heads per square 
meter, the number of grains per head and the 

thousand grains weight reduce grain yield. Moreover, 
drought stress in reproductive stage reduces the 
period’s length. These results are corresponding with 
results of  Safaee Chaee Kar et al [26] and Sabeti 
[25].Because the drought stress has negative effect 
on assimilation, therefore, it seems that the reduction 
in reproductive growth length and the assimilation 
decreases the  yiled components. According the 
results of Katoozi et al [12], Yang et al [29] and
Kumar et al [13] drought stress causes the reduction 
in grain yield . 

The non-square planting increases the grain 
yield, because in this method, there are good 
condition for better growing and this leads to better  
grain yield. On the other hand, the increasing number 
of fertile tillers per hill, the number of  fertile heads 
per square meter, and  grain yield of each hill cause 
the better grain yield. According the results of Alam 
et al [1], Hossain et al [9] and Morshed Alam et al 
[17] non-square planting cause increase in the grain 
yield. 

By increasing the planting density, the grain 
yield is increased. According to the previous results 
(the number of hills and the yield of  each hills), it 
can be deduced that the positive effect of the high 
density on the number of hills and then the yield, is 
more than its negative effect on the reduction of 
hill’s  grain yield; therefore, by high density, the 
grain yield is increased. These results are 
corresponding with results of Sabeti and Jafarzadeh 
kenarsari [24], Mohadesi et al [14], Rao   et al [23] 
and Hamidulsalam and Altaf hossain [7]. 

It is obvious that the high number of some yield 
components such as the number of fertile heads per 
square meter cause the grain yield increasing. This 
result is corresponding with result of   Rahim Sorush 
et al [22].  
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