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Abstract 
In order to examine the effects of different plant densities, plant patterns and irrigation regimes on yield, yield components 

and harvest index of grain maize, a field experiment was conducted at Miyandoab Agricultural Research Station, Iran. A strip 
split plot experiment was conducted based on randomized complete block design with three replications. The results showed 
that the effect of plant density was significant on kernel yield, harvest index, 1,000 kernel weight. The highest kernel yield was 
obtained from 90,000 plants ha-1 density. Maximum grain yield (18.530 t ha-1) was obtained from furrow irrigation. However, 
there was no significant difference between moisture levels of 100% and 120% of field capacity. The lowest kernel yield was 
obtained at 80% field capacity. This study also showed that mean kernel weight and the number of kernels per row were the 
most determinant factors in grain yield formation. The highest and the lowest harvest indices were obtained at 120% and 80% 
treatments of field capacity treatment, respectively.  
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Introduction 

Water is an important resource for human society and 
protection of this natural resource efficiently has become 
one of the main challenges of the century. According to 
Iran’s geographic information, the country is located in a 
semi-arid region on the Earth. Therefore, it can easily be 
claimed that the limitation of water resources is one of the 
major factors in the agricultural development of Iran 
(Samian et al., 2015). Water availability is one of the most 
important factors in governing crop production around the 
world. More than 90% of the extracted water has been 
allocated to agricultural section (Baghani and Alizadeh, 
2000).  

One of the main under-development factors for maize 
cultivation in Iran is the low efficiency of the crop with 
conventional irrigation methods (Afshar et al., 2007). Drip 
irrigation is defined as an irrigation practice where water is 
dispensed one drop at a time at the desired location. This 
technology was available for many years and has been 
recently promoted for applications in different areas 
(Darusman et al., 1997). Tape drip irrigation system offers 
steady water drops over time instead of the traditional 
stream produced by a hose or sprinkler. Drip irrigation 
offers many benefits and the result of these advantages is 

creating rapid growth and earlier harvest, crops with high 
quality at higher yields, as well as cost saving associated with 
greatly reduced water usage . Surface irrigation is among the 
widest spread irrigation method. It is normally used when 
conditions are favourable: existing mild and regular slopes, 
soil type with medium to low infiltration value and 
sufficient supply of surface or groundwater. In the case of 
steep or irregular slopes, soils with a very high infiltration 
value or scarcity of water, drip irrigation may be more 
appropriate (Kohi et al., 2005). 

Maize (Zea mays L.) management of row spacing and 
crowed has been used to increase maize yield (Seidehvand, 
2000). Widdicombe and Thelen (2002) reported that yield 
will increases up to 10% with decreasing row spacing. 
Murphy et al. (1996) showed that maize planted at rows 
with 50 cm intervals will intercept about 8% more PAR 
with emergence of silk than crops cultivated at normal rows, 
decreasing biomass of late emergence. In an experiment, 
Dahmardeh (2001) showed that maize growth at high 
density of 100,000 plants per hectare could result in 
maximum grain yield of maize; therefore, productivity of 
maize crop will increase. Plant height and yield increases up 
to the planting density of 71,900 over per hectare in maize, 
but further increase in plant density has no significant effect 
on the plant height and biomass yield (Turgut, 2000).  

Received: 11 Oct 2016. Received in revised form: 08 Jun 2017. Accepted: 16 Nov 2017. Published online: 20 Dec 2017. 

mailto:g.heidari@uok.ac.ir
http://www.notulaebiologicae.ro/index.php/nsb


Samadvand S et al / Not Sci Biol, 2017, 9(4):544-548 

 
 
 
 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

Results and Discussion 

Kernel performance 
Effect of different irrigation systems was significant on 

harvest index, ear height, length of ear, number of kernel in 
row, 1,000 kernel weight and grain yield. Also, effect of 
plant density was significant on  harvest index, ear height, 
plant height, length of ear, number of kernel in row, 1,000 
kernel weight and grain yield. Plant pattern had no 
significant effect on the above mentioned traits. None of the 
interactions between the experimental factors were 
statistically significant for studied variables (Table 2). 

By a comparison of the related yield affected by different 
irrigation systems, it was observed that the highest yield 
value was related to furrow irrigation, with 18.530 tons over 
per hectare, which was arranged in a statistical group with 
100%, and 120% treatment of water requirements. The 
lowest value for kernel yield was observed in 80% treatment 
of water requirements (14.948 tons per hectare) (Table 3). 
The analysis of mean comparisons indicated that ear maize 
yield tended to decrease with decreasing the irrigation level. 
The results agree with the findings of Howell and colleagues 
(Howell et al., 1984), too. They suggested that this effect 
may be because of creating disruption in physiological 
activities of the plant. Lamm et al. (1994) found similar 
results. They also found that lower irrigation can lead to a 
decrease of the ear yield.  

According to high efficiency of linear  and drip irrigation  
systems in consuming less water,  the results show that the 
drip irrigation can supply all plants’ requirements, while it 
can cause some stress in 80% treatment of water 
requirement due to lack of supplying enough water for 
plants. Ahmad and Khalili (2009) stated that plant yield 
value tended to increase with increasing irrigation levels 
through drip-linear irrigation. 

 Based on an analysis of comparing density effect means 
of kernel yield using Duncan multiple range tests at 1% 
probability level, it was observed that the highest yield value 
(17/925 tons per hectare) was related to 90,000 plants per 
hectare that was lonely arranged in a group, while the lowest 
yield value (17/245 tons per hectare) was related to 75,000 
plants per hectare and was placed in a group with 105,000 
plants also (Tables 2 and 3). According to the obtained 
results from some researches, increasing the number of 
infertile plants can lead to a decrease of yield after reaching 
to a maximum density value (Emam and Tadaion, 1999).   

1,000 kernel weight 
Effect of different irrigation systems on 1,000 kernel 

weight was significant at 1% statistical level (Table 2). An 
investigation of performed comparisons on 1,000 kernel 
weight in different irrigation systems showed that furrow 
system had the highest value of 1,000 kernel weight 
(291/833 g) which classified in a statistical group with 
100% and 120% of water requirement and the lowest value 
of 1,000 kernel weight (179/998 g) belonged to 80% 
irrigation level (Table 3). Nesmith and Ritchie (1992) 
believe that decreasing irrigation volume through a shorter 
period of grain filling stages can lead to a decrease in 1,000 
kernel weight.  The effect of crucible density on 1,000 
kernel weight was significant (Table 2). It should be noted 

Plant density in maize affects plant structure, changing 
growth and developmental patterns, assimilate production 
and partition (Casal et al., 1985).  

The aim of the present study was to investigate the 
effects of different maize density on yield, yield components 
and harvest index of maize under different moisture 
regimes. 

Materials and Methods 

In order to examine the effect of different irrigation 
regimes, plant density and plant pattern  on yield, yield 
components and harvest index of maize, an experiment was 
conducted at the Miandoab Agricultural Research Station 
south west of Iran. Soil type was silty-loam (Table 1). 
Longitude was 46 and 90 degree and latitude was 36 and 58 
degree. A Strip Split Plot experiment was conducted based 
on randomized complete block design with three 
replications. Irrigation treatments were placed in vertical 
plots and planting array of different densities was placed in 
horizontal plots in the form of split plots. The vertical plots 
comprised four irrigation treatments, including: three levels 
(80%, 100% and 120%) of water requirement by use of drip 
tape irrigation and 100% of water requirement in furrow 
irrigation; the horizontal factor was planting array in the 
form of single-row and two-rows planting, while the 
(secondary) sub-factor was comprised of three different 
densities: 75, 90 and 105 thousand plants per hectare. Each 
experimental plot had 12 × 6 m.  

 Urea was applied at 250 kg/ha and phosphorus was 
added with 200 kg/ha as phosphates triple. To impose the 
irrigation levels, both evapotranspiration pan and crop 
coefficients methods were used. Then, the water 
requirement value for each field capacity was calculated by 
considering 90% efficiency application. Irrigation levels 
composed of 80, 100 and 120% field capacity applied by a 
meter to each plot.  

 In the final harvest, ear length, number of kernel per 
row and 1,000 kernal weights were measured.  

Collected data were subjected to analysis of variance 
using MSTATC software. Means were compared by using 
Duncan multiple range tests at 5% level. 

545 

Table 1. Site characteristics and soil chemical and physical properties 

Chemical and physical  
properties 

Depth 
 (cm) 

EC (mmoh/cm) 0.91 
pH 7.6 

Clay (%) 25 
Silt (%) 51 

Sand (%) 24 
Soil texture Loam - silt 

Organic carbon (%) 1.44 
P (ppm) 37.26 
K(ppm) 891 

Fe (ppm) 9.26 
Mn (ppm) 7.58 
Zn (ppm) 0/86 
Cu (ppm) 1.64 
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that with increasing the crucible density, 1,000 kernel 
weight tended to decrease, while there was not significant 
differences between 75,000 and 90,000 density levels of 
crucibles per hectare, respectively (Table 4). The main 
reasons related to kernel weight in lower density levels result 
from an increased photosynthetic capability of plants, due 
to less shading characteristic and increased light absorption 
(Shakarami,  2009). The results agree with the findings of  
some researchers (Damavandi and Latifi, 1999; Emam and 
Tadaion, 1999). 

Effect of different irrigation systems on the number of 
kernel per maize raw was significant at 1% level (Table 2). 
An investigation of mean comparisons showed that with 
increasing the irrigation water volume in different irrigation 
levels, the number of kernels per raw will also increase. 
Maximum number of kernel per raw was related to 120% 
trickle irrigation and there was not a meaningful statistical 
difference among furrow system and drip irrigation. 
Minimum number of kernel resulted from the 80% 
irrigation level, which was lonely arranged in a statistical 
group (Table 3). Westgate experiment results (Westgate, 
1995) show that there is a relationship between the 
decreasing number of kernel per raw and the irrigation level. 
He states that decreasing the irrigation level, can lead to a 
decrease of the fertility chance, with a lack of plants forming 

zygote. Number of kernel per raw through different density 
levels was significant at 1% level. It seems that the 
mentioned part was very sensitive to the environmental 
conditions and it is strongly affected by competition and 
environmental factors (Shakarami and Rafiee, 2009). 
Shakermi and Rafiee (2009), as well as Hashemi Dezfuli 
and Herbert (1992), reported that the increasing maize 
plant density would lead to a decrease in the number of 
kernel per raw due to the late appearance of silk and finally, 
leading to a lack of correspondence between the pollen 
production times with the silk appearance. 

Ear maize length 
According to an analysis of means comparisons  for ear 

maize length in different irrigation systems, it was observed 
that moderate value of moisture stress lead to a decrease for 
the above mentioned trait, whereas the lowest value was 
observed  at 80%  drip irrigation (Tables 2 and 3). Imam 
and Ranjbar (2000) have generally concluded that extreme 
moisture stress (with 50% water requirement) lead to a 
decrease in ear maize length, but they did not study its effect 
on various stages of plant growth. Effect of plant density on 
ear maize length was significant at 1% statistical level 
(Tables 2 and 4).  Therefore, it can be stated that assimilated 
material share, distributed into each ear maize, become less 

Table 2. An analysis of irrigation variance effect and plant density in one and two row on ‘Single Cross Maize (704)’ traits 
Mean-square 

df Sources of 
variation Yield 

1,000 kernel 
weight 

Number of 
kernel in row 

Length of 
ear 

Plant height Ear height Harvest index 

0.255ns 1983.3ns 1.722ns 0.615ns 1644.6ns 58.056ns 2.885ns 2 Replication 
52.720** 51819.143** 31.315** 4.951** 1464.8ns 250.928** 12.808** 3 I 

1.028 1191.808 1.648 0.748 688.801 186.893 0.890 6 Error (a) 
0.354ns 0.065ns 0.056ns 0.204ns 0.759ns 3.059ns 3.096ns 1 PP 

0.472 761.616 1.722 0.104 100.990 28.361 0.314 2 Error (b) 

0.034ns 31.784ns 1.241ns 0.113ns 245.967ns 5.327ns 0.314ns 3 
Interaction of 

I × P 
0.439 665.023 4.019 0.993 254.783 110.517 1.699 6 Error(ab) 

2.904** 7734.041** 42.722** 3.122** 2675.978** 843.200** 7.963* 2 D 

0.050ns 1071.091ns 0.426ns 0.111ns 204.849ns 49.663ns 0.662ns 6 
Interaction of 

I   × D 

0.253ns 234.900ns 1.722ns 0.055ns 64.588ns 4.895ns 2.210ns 2 
Interaction of 

PP   × D 

0.053ns 177.745ns 0.907ns 0.055ns 175.590ns 11.749ns 1.006ns 6 
Interaction of 

I ×P P   × D 
0.535 726.355 5.056 0.245 317.335 144.149 1.817 32 Error (d) 
4.3 13.5 5.74 2.63 6.51 6.31 4.31  %CV 

**, * and ns: Significant at P<0.01, significant at P<0.05 and not significant regularly. df = Degree of freedom 
D: density, PP : Planting  pattern, I : irrigation 

Table 3. The mean comparisons of irrigation system on ‘Single Cross Maize’ (704) traits 
Yield (t/ha) 1000 kernel weight (g) Number of kernels in row Ear height (cm) Harvest index Irrigation treatments 

14.984 b 179.998 b 37.222 b 18.057 b 30.004 b Water demand 80% 
18.210 a 286.697 a 39.778 a 19.043 a 31.636 a Water demand 100% 
18.448 a 282.592 a 40 a 19.146 a 31.739 a Water demand 120% 
18.530 a 291.833 a 39.778 a 19.119 a 31.693 a Furrow irrigation 

Table 4. The mean comparisons of different plant density on ‘Single Cross Maize 704’ traits 

Yield (t/ha) 
1,000 kernel  

weight (g) 
Number of 

kernels in row 
Length of ear 

(cm) 
Plant height 

(cm) 
Ear height 

(cm) Harvest index Density 

17.245 b 277.25 a 40.500 a 19.228 a 262.153 b 149.988 b 31.221 a 75,000 plants 
17.925 a 262.09 a 39.250 a 18.781b 275.072 a 154.095 b 31.866 a 90,000 plants 
17.459 b 241.49 b 37.833 b 18.515 b 283.081 a 161.672 a 30.717 b 105,000 plants 

In each column, different letters indicate significant differences at the 5% level 
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in high density because of increasing competition between 
crucibles and resource constraints (Duncan, 1984). 

Morphological traits 
The results showed that different irrigation systems had 

no effect on both crucible height and ear maize height traits 
from ground (Table 2). The effect of density on crucible 
height and ear maize was significant at the 1% level (Table 
2). According to a comparison of means for crucible height, 
it was clear that 105,000 and 75,000 plant densities per 
hectare, with 283/081 and 262/153 cm averages, included 
the highest and the lowest plant height values respectively, 
and it was observed that there is not a significant difference 
between levels of 90,000 and 105,000 plants per hectare 
(Table 4). Increasing plant height with density can be due to 
the competition among plants for light absorption and 
nutrients. If there is a high density, more competition 
among plants will be created to absorb the other nutrient 
sources and environmental factors, whereas with extreme 
density, the plant height will decrease (Muchow, 1990). It 
should be noted that 105,000 plant densities per hectare 
included the highest plant height, which was lonely placed 
in a group. At the same time, 75,000 crucible densities per 
hectare included the lowest plant height that was placed in 
another group with 90,000 densities also (Table 4). Esechie 
(1992) reported that when density increases from 24 to 74 
thousand crucibles per hectare, plant and ear maize height 
increases too. 

Harvest index 
Effect of different irrigation systems on harvest index 

was significant at 1% level (Table 2).The highest harvest 
index was related to 120% treatment of water requirement 
(31/739) that statistically was not significantly different 
between furrow system with 100% water requirement. The 
lowest harvest index was related to 80% water requirement 
with 30/0004 value as harvest index (Table 3). Effect of 
plant density on harvest index was significant at 5% level 
(Table 2). The highest harvest index (31/866) was related 
to 90,000 plant density per hectare and there was no 
significant difference between it and 75,000 plant density 
per hectare, while there was a significant difference between 
90,000 plant density per hectare and 105,000 plant per 
hectare, which included the lowest harvest index (30/717) 
(Table 4). 

The lowest harvest index was obtained from 105,000 
plants per hectare. This can be caused by competitions 
resulted from high density and finally, increasing ear maize 
infertility percent with pollination disruption. As a final 
conclusion based on present study, it can be stated that 
harvest index is under effect of decreasing irritation level at 
the 1% probability level. 

Denmead and Shaw (1960) stated that water shortage is 
one of the factors which limit the plant growth. Water 
shortage can also lead to a decrease of draught material 
production values, inappropriate distribution of 
carbohydrates and decreasing the harvest index. Leaf surface 
index and draught material value will increase in high 
density; however, kernel ratio, more than material weight, 
tends to decrease, due to high competition among plants. 
The results agree with the findings of Shakermi and Rafiee 
(2009) research. It should be noted that trimming factor 
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through planting process was not significant on all studied 
traits. The interaction among plant pattern and plant 
density was not significant on all studied traits. 

Conclusions 

Results showed that the highest yield value was related 
to furrow irrigation, which was arranged in a statistical 
group with 100% and 120% treatment of water 
requirements. The lowest value for kernel yield was 
observed in 80% treatment of water requirements. Furrow 
system had the highest value of 1,000 kernel weight 
(291/833 g) which classified in a statistical group with 
100% and 120% of water requirement. The highest yield 
value (17/925 tons per hectare) was related to 90,000 plants 
per hectare that was lonely arranged in a group, while the 
lowest yield value (17/245 tons per hectare) was related to 
75,000 plants per hectare and was placed in a group with 
105,000 plants, too. As a result, applying a density of 90,000 
plants per hectare can provide better light penetration into 
plant canopy, which can provide the best performance value 
for ‘Single Cross Maize 704’ crop based on Miandoab 
weather condition. 
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