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Abstract: In order to evaluate the hybrid, plant density and natural weeds population effects on grain 
yield and yield components of Corn, an experiment was carried out in factorial strip black base on 
completely randomized block design at 4 replications in farm research station of Safi-abad in summer 
2010 in Khuzestan state of Iran. The hybrids were v1 and v2. These tow hybrids of Safi-abad farm 
research station will be released in future. Plant density in three levels (6, 7.5 and 9 plant / m2) and 
weeds removal in three levels (0, 50 and 100 %) were considered. At 0% weed removal, the weeds 
population maintained until end of growth period. At 50 % of weeds removal, 50 % of weeds 
population in each plat removed. In other hand, the weeds population in distance between borrows 
removed and maintained one by one. Grain yield, biological yield and harvest index were influenced 
by hybrids. Plant density affects grain yield and biological yield. Grain yield and yield components 
affected significantly by weeds removal. Grain yield, biological yield and harvest index affected by 
interaction of plant density and weeds removal. Generally v2 hybrid was better than v1 hybrid. The 
most grain yield obtained from 9 plant m-2. It seems that, optimum plant density of these hybrids must 
be 9 or more in plant m-2. Finally, however the Corn plant has big canopy, damaged by weeds 
intensely, and must be defended against that.  
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INTRODUCTION 

 
 One of the problems of Corn production is decreasing Corn yield by weeds competition. The competition on 
limited resources, is beginning when, plants density increased or plant size were different (Donald and Hamblin, 
1983). The competition between crop and weeds in farming systems is a very complex process, which is made 
by a lot of parameters. Consist of: Water, nutrition and light. The light is the most important factor. Canopy 
Characteristics such as: leaf area duration, leaf area distribution and, etc are factors that determine competition 
power between crop and weeds (Daugovish et al., 1999). Crop competitive ability can be divided into two 
practical perspectives. 1- Crop tolerance is defined as the ability of the crop to endure competitive stress from the 
presence of weeds without substantial reduction in growth or yield. 2- Weed suppressive ability is the ability of 
the crop to reduce weed growth and fecundity (Yim et al., 2009).   
 Competition between weeds and crops is the subject of extensive research in agronomy (Norsworthy and 
Oliveira, 2004; Otto et al., 2009). Although Corn plant is high and strong, but it is sensitive to weeds 
competition, and yield reduction was reported above 30% (James et al., 2000). Hence, weed management is one 
of the key parameters in most farming systems. Before wide usage of selective herbicides, the farmers were 
depending on integrated weeds management consist of crop influence, mutagenesis, selective plough, hand 
thinning and prophylaxes methods (Burnside et al., 1996). However herbicides and plough developed as 
effective methods in weeds management, but concerns as high cost and negative biologically effects force the 
researchers to develop the alternative methods of weeds management (Swanton and Veise, 1991). 
 Rapid developing of weeds and weed resistance to herbicides and environmental conservation is considered 
to another none chemical control methods by using of crop powerful competition in weeds management. In 
general, all factors (weed density, time of seedling, light, plant species, plant density, weed species and etc) that 
can cause competition between crop and weeds, affects weeds control among external parameters of competition 
(Aryannia et al., 2011). Plant density and weeds population are parameters that affect absorption by increasing of 
species density ratio in competition and decreasing shoot weight of another species (Cudney et al., 1989). 
Optimum density has important effect on yield and weeds control (Aryan nia et al., 2011). One of the 
management parameters to reach high yielding in crop, is optimum density. Weidong and Tollenrar (2009) after 
evaluating the response of Corn genotypes to plant density, reported that increasing plant density to reach to the 
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optimum plant density, cause yield increasing and this plant optimum density for different cultivar of bean at 
their optimum density is various and have different effects on weeds control. Kristensen et al. (2008) also 
believed that increasing of plant density decrease weeds biomass and increase grain yield. Among other 
parameters that effect weeds control can mention to difference in plant morphology and type of crop growing in 
competition with weeds and their critical period of weeds control (Isik et al., 2006). 
 Height of cereal is one of the characteristics that relate to competition ability (Lemerel et al., 1996; Seefeldt 
et al., 1999; Garrity et al., 1992). Vertical leaves pattern in weeds cause that the light interferences to the canopy, 
while the taller cultivar is not above the weeds. At least, this equal pattern cause absorption a lot of light by crop 
below leaves, and also becomes more shading on weeds. In another experiment, the competitor Rice planting 
lines were introduced with characteristics such as: high leaf area index and high height in physiological maturity 
(Haefele et al., 2004). One of the management parameters on weeds control is the use of proper crop cultivars. 
Here, accomplished evaluation indicates that competitor of different wheat cultivar against the weeds due to 
more rapid and earliest growth (Carlson and Nill, 1985). Also, it has been reported that genetically improvement 
of Maize yield in new hybrids depends on heterocyst and increasing resistance to higher plant density (Weidong 
and Tollenrar, 2009; Hashemi, et al., 2005). Also different Corn genotypes show various competitions with 
weeds (Chikoye et al., 2008). Another investigation indicated that ability of competition in present cultivars of 
crop demonstrator was provided management due to plant breeding (Lanning et al., 1997).  
 Fateh et al. (2006) in order to evaluate competition ability of Corn and Chenopodium album L. performed 
an experiment. They showed that grain yield, total dry matter and seed row number of ear affects by 
Chenopodium album L. population. Feizabadi et al. (2009) in order to evaluate the effects of plant density (7.5 
and 9 plant/m2) and planting pattern on grain yield of Corn competition with Amaranthus retrofelexus L. Carried 
out an experiment in karaj. Results showed that the grain yield decrease by Amaranthus retrofelexus L. While 
increasing of Corn plant density, increase grain yield, and decrease effective competition of weeds. High ability 
of crop competition with weeds only must into account as one of the weeds management methods. Here any 
weeds management methods are considered as perfect and general methods. Therefore different methods of 
weeds management must combined obviously in a general management system for reaching to effective and 
economical weeds control.  
 In general, it is necessary that the cost of increasing crop competition against weeds has been prepared. 
These costs include increasing of input costs (seed, fertilizer and machinery) and costs of crop efficiency and 
low yield potential. Generally, it has been concluded that achieving to maximum yield in crop affects by 
different environmental conditions and interactions of them. Conversely, existing of weeds is integrant of plant 
population and it must manage the weeds. How, there are different treatments like use of optimum plant density 
for weeds control. Therefore, in this study effects of two hybrids (v1 and v2), different plant density and three 
levels of weeds natural population on grain yield and yield components of Maize in Safi-abad climate conditions 
in Khuzestan state of Iran was considered.  
 

MATERIALS AND METHODS 
 
Site Description: 
 In order to study of hybrids, plant density and weeds effects on Corn grain yield and yield components, an 
experiment was performed in 4 replications in Safi-abad research station of Khuzestan state of Iran in summer 
2010. To determine physical and chemical soil characteristics, after choosing the place of test operation, before 
any land preparing, sampling was randomly performed by Ogre from 0–30 cm depth from 10 point. Soil 
depositions in laboratory are expressed in table 1.  
 
Table 1: Physicochemical characteristics of field soil. 

Soil texture OC 
(%) 

K 
(mg/kg) 

P 
(mg/kg) 

Total N 
(mg/kg) 

pH EC 
(m mho/cm) 

Clay Loam 0.82 120 10.6 3.32 7.6 1.2 

 
Experimental Treatments and Design: 
 An experiment was carried out in factorial strip block based on completely randomized design in 4 
replications. The treatments were two levels of hybrids (v1 and v2), three levels of plant density (6, 7.5 and 9 
plant m-2) and three levels of weeds removal (0, 50 and 100 %). At 0 % weed removal, the weed existed until 
end of growth period. At 50 % of weeds removal, 50 % of weeds removed. In other hand, the weeds population 
in distance between borrows removed and maintained one by one. 
 
Statistical Analysis: 
 SAS statistical software package version 9.1 (SAS, 2003) was used for analysis of variance. Means were 
showed according to Duncan's test and Excel software was used for drawing graphs.  
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Results: 
Yield Components: 
Number of Seed Rows Per Ear: 
 Hybrids and weeds removal significantly influenced number of seed rows per ear, while the effects of plant 
density, double and triple interactions were not significant (Table 2). Maximum number of seed rows per ear 
(12.59) obtained from the v2 that was significantly different with Hybrid v1 (Table 3).  
 
Table 2: Mean squares analysis variance of yield components. 

S. O. V. df mean squares 
Seed row per ear seed per ear row One-seed weight 

block 3 * 3.38 *45.4436 ns 1036.8870 
hybrid 1 ** 14.9319 23.1572 ns *  6176.0303 

block × hybrid 3 * 3.4663 * 44.5061 ns 201.0436 
density 2 0.1091 ns 20.5785 ns ns 99.5685 

weed removal 2 **7.8885 23.6057 ns ns 378.9577 
density ×  weed removal 4 0.9730 ns **63.7368 ns 1030.9894 

hybrid ×  density 2 0.8697 ns 4.4710 ns ns 22.8887 
hybrid ×  weed removal 2 1.2226 ns ns 13.5810 ns 1917.7401 

hybrid × density ×  weed removal 4 0.6513 ns 17.7068 ns ns 2754.5711 
error 48 1.1312 13.2329 1394.0826 
total 71 - - - 

CV (%)  8.78 14.89 17.27 
ns: non significant,  *  ,  ** : respectively significant (p≤0.05) and highly significant  (p≤0.01) 

 
Table 3: Mean comparison of yield components. 

treatments Seed row per ear seed per ear row One-seed weight (mg) 
Hybrid 

V1 11.63 b 23.84 a 207 b 
V2 12.59 a 25.03 a 225 a 

)2Density (plant/m 
6 12.08 a 24.78 a 217 a 

7.5 12.08 a 23.34 a 213 a 
9 12.16 a 25.12 a 218 a 

oval (%)Weed rem 
0 11.63 b 23.65 a 219 a 
50 11.98 b 24.15 a 212 a 
100 12.71 a 25.51 a 218 a 

Total mean 12.11 24.44 216 
The same letters in each column has not significantly different by using Duncan multiple rang test at %5. 

 
Seed Number Per Ear Rows: 
 Kind of hybrid, plant density and weeds removal had no significant effects on the number of seed per ear 
rows (Table 2). This trait was not significantly increased with increasing of weed removal. Among interaction 
effects, only interaction of plant density and weeds removal significantly was affected by number of seed per ear 
rows (table 2). According to figure 1, at high level of plant density (9 plant m-2) number of seed per ear rows was 
more increased with decreasing of weed competition.  
 
Seed Weight: 
 Seed weight only affected by hybrids (table 2). Maximum seed weight (225 mg) under hybrids effects 
obtained from v2 hybrid (table 3).  
 
Grain Yield: 
 Grain yield high significantly was affected by hybrids, plant density, weeds removal and interaction of plant 
density and weeds removal (table4), while this trait was not affected by dual and triple interactions. Maximum 
grain yield (461 g m-2) was obtained from v2 hybrid (table 5). Grain yield was increased high significantly from 
305 to 501 g m-2 with increasing of plant density from 6 to 9 plant m-2 (table 5). According to figure 2 by 
increasing of plant density from 6 up to 9 plant m-2, weed removal at higher levels of plant density increased 
grain yield more than lower plant density, which maximum grain yield was obtained by 9 plant m-2 and complete 
weed removal. Also it observed that at lowest level of plant density, weed removal (50 or 100%) doesn’t effect 
increasing of grain yield. At second level of plant density (7.5 plant m-2) only perfect weeds removal could 
increase grain yield.  
 
Biological Yield: 
 Biological yield similar to grain yield was affected high significantly by hybrid, plant density, weed removal 
and interaction of plant density and weeds removal (table 4). The highest biological yield (1485 g m-2) was 
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obtained from v2 hybrid, which was higher than v1 hybrid (table 5). Increasing of plant density from 6 up to 9 
plant m-2 increased biological yield from 1050 to 1604 g m-2 (table 5). Biological yield significantly increased 
from 1145 to 1508 g m-2 by increasing weeds removal from 0 to 100% (table 5). According to figure 4 biological 
yield also had a trend similar to grain yield, so that at higher levels of plant density (7.5 & 9 p m-2) weeds 
removal decreasing, increase biological yield. In such a manner that was mentioned before changes trend of 
biological yield is by increasing plant density hyperbolic (figure 3). The figure also showed that under weeds 
presence biological yield reaches faster to top of the trend, while under weed absence at these plant densities 
inclination point can occurred at higher plant density.  
 
Table 4: Mean squares analysis variance of biological yield, grain yield and harvest index. 

S. O. V d f mean squares 
biological yield grain yield harvest index 

block 3 176397.898* ns 2994.9028 ns 47.9156 
hybrid 1 1996314.627** 334722.8175** 173.3945* 

block×hybrid 3 8364.306 ns ns 1385.3393 ns 9.8597 
density 2 ** 1866554.567 241632.7264** ns 36.5379 

weed removal 2 ** 728579.858 113422.0740** 66.0189* 
density× weed removal 4 ** 264438.221 62316.5100** 64.4586* 

hybrid×density 2 ns 106011.736 517.0911 ns ns 36.1135 
hybrid× weed removal 2 ns 14145.405 ns 2985.0428 ns 19.7567 

hybrid×density× weed removal 4 ns 27880.122 ns 3802.9572 ns 29.1471 
error 48 55941.98 5585.351 25.3279 
total 71 - - - 

CV (%) - 17.89 18.99 17.05 
ns: non significant,  *  ,  ** : respectively significant (p≤0.05) and highly significant  (p≤0.01) 

 
Table 5: Mean comparison of biological yield, grain yield and harvest index. 

treatment biological yield 
(g/m2) 

grain yield 
(g/m2) 

harvest index 
(%) 

Hybrid 
V1 1159 b 326 b 27.94 b 
V2 1485 a 461 a 31.09 a 

)2Density (plant/m 
6 1050 c 305 c 29.21 a 

7.5 1324 b 377 b 28.40 a 
9 1604 a 501 a 30.90 a 

Weed removal (%) 
0 1145 c 326 c 28.22 b 
50 1314 b 387 b 28.95 ab 
100 1508 a 467 a 31.36 a 

Total mean 1322 394 29.51 
The same letters in each column has not significantly different by using Duncan multiple rang test at %5 

 

 
Fig. 1: Interaction effects of Corn plant density  and weed removal value (%) on seed number per ear row. 
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Fig. 2: Interaction effects of Corn plant density  and weed removal value (%) on grain yield. 
 
Harvest Index: 
 Harvest index significantly affected by hybrid, weeds removal and interaction of plant density and weeds 
removal. Plant density and another interaction had no effect on harvest index (table 4). V2 Harvest index 
(31.09%) was more than v1 (table 5). Maximum harvest index (31.36) was obtained under weed absence (table 
5). According to figure 4 at highest level of plant density (9 plant m-2) harvest index had more deference under 
weed removal increasing.       

 
Fig. 3: Interaction effects of Corn plant density  and weed removal value (%) on biological yield. 

 
Fig. 4: Interaction effects of Corn plant density  and weed removal value (%) on harvest index. 
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Discussion: 
Yield Components: 
 Maximum number of seed rows per ear obtained from the v2 that was significantly different with Hybrid v1. 
Basically, number of seed rows per ear is a genetic characteristic. Maximum number of seed rows per ear (12.71) 
was obtained without weed removal treatment. Chaab et al. (2009) reported that; weeds significantly decreased 
number of seed rows per ear. The number of seed per ear rows was not significantly increased with increasing of 
weed removal. Chaab et al. (2009) believed that number of seed per ear rows increase with decreasing of weed 
competition. Maximum seed weight obtained from v2 hybrid.  Seed weight is one of traits that controlled by 
genetic intensely (Hashemi, et al., 2005)   
 
Grain Yield: 
 In many reports, different effects of hybrids (These differences depend on morphological and physiological 
characteristics including plant height, leaf area index, crop growth rate and relative growth rate) on grain yield 
were expressed (Fisher and Crayl, 1990; De lucas and Gill and Qulmal, 2000; Lemeral et al., 2000; Hashemi, et 
al., 2005). In this study grain yield of v2 hybrid was higher than v1 hybrid, because of more height, high crop 
growth rate, high leaf area index (data were not shown) and more yield components. Grain yield was increased 
with increasing of plant density. Regarding of plant density increasing, effects on grain yield, are linear, 
hyperbolic or quadratic trend. In other hand, to reach to maximum grain yield existence of optimum plant density 
is necessary (weidong and Toleenar, 2009). In this study linear trend for grain yield was observed. If plant 
density was more than 9 plant m-2 may be grain yield has been decreased. Weeds removal at higher levels of 
plant density increased grain yield more than lower plant density. Also it observed that at lowest level of plant 
density, weed removal doesn’t effect increasing of grain yield. In other words because of low Corn plant number, 
obtained resources by declined weeds were not used properly. At second level of plant density (7.5 plant m-2) 
only perfect weed removal could increase grain yield; because there were more plant in square unit. But at 
highest level of plant density (9 plant m-2) because of highest inter species competition in Corn, weeds removal 
could increase grain yield. Cudeny et al. (1989) reported that among effective factors in order to compete for 
limit resources, crop and weed densities are factors that affect absorption and allocation of resources. Kristensen 
et al. (2008) also reported that increasing of plant density increase grain yield, But this increase was more under 
weed absence. Fatah et al. (2006) also reported that increasing of annual mercury density decrease Maize grain 
yield.  
 
Biological Yield: 
 The highest biological yield was obtained from v2 hybrid. Lindquist and Mortenson, (1999) reported that 
some of Maize hybrids rather than another hybrids allocate much dry weight to leaves at earlier grows period, 
which will increase biological yield in future. Changes in biological yield trend by increasing of plant density is 
hyperbolic (Hashemi et al., 2005) which also were seen in this study.  Biological yield increased by increasing 
weed removal. Chikoye et al. (2008) reported that compared with the results in the weed-free treatment, high 
weed pressure reduced grain yield in all genotypes. biological yields also had a trend similar to grain yield, In 
such a manner that was mentioned before changes trend of biological yield is by increasing plant density 
hyperbolic. At high levels of plant density, Maize inter species competition increase strongly. These phenomena, 
decrease grain yield, but even at higher plant density biological yield remains constant. Because decreasing of 
whole plant biological yield was compensating by plant number increasing. Under weed presence, biological 
yield reaches faster to top of the trend, while under weed absence at these plant densities inclination point can 
occurred at higher plant density. In other hand, under weed presence, inter species competition for Maize rather 
than weed absence condition occurred very soon. About this matter, Baghestani et al. (2003) reported that at 
high Wheat plant density (650 plant m-2) wheat dry weight decrease hardly by Oat presence; because at high 
plant density of Wheat, inter species competition of Wheat is increase by Oat. 
 
Harvest Index: 
 Plant density had no effect on harvest index. While Hashemi et al (2005) reported that for harvest index 
there is a quadratic relationship with increasing plant density and increasing density up to 9 plant m-2 in Shush 
area of Iran improved harvest index for S. C. 704 hybrid. V2 Harvest index was more than v1. it has been reported 
that a lower harvest index at tropical conditions may be vary due to high temperatures (about 45 ºC) and it is 
normally occur during the time of pollination (Hashemi et al., 2005). Harvest index is assimilation allocation 
coefficient to grain production. This trait is affecting intensely by genetics parameter; because physiological and 
morphological characteristics of hybrids is different (Lemeral et al., 2000; Chikoye et al., 2008). Maximum 
harvest index was obtained under weed absence. Because by improve condition of light interference, and 
availability recourses, Maize could allocate more assimilation improving grain Yield (Zareafeizabadi et al., 
2009).  
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Conclusion: 
 According to obtained results in this study it is conclude that there are two types of competition in a canopy. 
One, inter species competition and second intra species competition. Both competitions intensely affected by 
crop, weeds, plant density and weeds population. In this study v2 hybrid in comparison with v1 hybrid showed 
that it has more yield potential and more competition against weeds. At high levels of plant density, maize inter 
species competition increase strongly. This event, decrease grain yield, but even at higher plant density 
biological yield remains constant. However varying in plant density in most of characteristics was not 
significant, but the existence trends explained to that there is optimum density or enjoyment of maximum 
conditions. Furthermore increasing of growth indices of Corn due to decreasing of weeds competition indicated 
that, the Corn plant in spite of big body, damaged by weeds intensely and it must be supported against weeds. 
Finally in future studies we will be able to use more hybrids with different characteristics and also using 
widespread plant density to evaluate inter and intra competition of corn and weeds in Khuzestan state in Iran 
exactly. 
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