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ABSTRACT

Aims: Maize is annual plant of the Poaceae, which, with a relatively short growth period and high
yield, is ranked second in the world in terms of production after wheat. Choosing the most suitable
different planting densities and weeding methods can have a favorable effect on increasing the
yield of corn plants.

Study Design: To investigate the traits and choose the most appropriate planting density and
weeding method in maize (Zea mays L.) using graphic methods, a factorial experiment based on
randomized complete block design was conducted in three replications.

Place and Duration of Study: This study was conducted in Shahre-Rey region in 2020-2021.
Methodology: The hybrid cultivated in the SC647 experiment was selected. Each test plot
included four cultivation lines with a width of 75 cm and a length of 4 meters. The experimental land
was fallow the year before maize cultivation, which was prepared by spring plowing and disk
operations.
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into two main groups.

Results: Based on the analysis of variance, the effect of planting density in all traits except the
thousand seed weight trait and the effect of weeding stages in all traits except the trait number of
rows in the cob showed a significant difference at the probability level of 0.01. Based on the means
comparison of D3W3, D1W3 and D3W2 were selected as suitable treatments. Based on the
correlation intensity map between the traits, the highest correlation intensity was estimated for the
ear length trait with the plant height and the grain yield trait with the harvest index. The grouping
diagram of the treatments formed four groups based on the first and second main components that
justified 50.45% of the total variance of the data. Based on the polygon graph, treatments D2W3,
D1W3, D3W2, D3W3, D1W1 and D1W2 were identified as the best treatments. Based on the
cluster analysis diagram and heat map drawn on the experiment data, the treatments were divided

Conclusion: In general, by reviewing all the analyzes performed on the experiment data, D3W3
(density of 85,000 plants per hectare and no weeding) and D3W?2 (density of 85,000 plants and two
stages of weeding 4 to 8 weeks after planting) can be used for maize cultivation.

Keywords: Maize; correlation; main components; weeding methods; planting density.

1. INTRODUCTION

Maize is an annual plant of the Poaceae, which,
with a relatively short growth period and high
yield, is ranked second in the world in terms of
production after wheat, and third in terms of
cultivated area after wheat and rice [1]. The first
consequence of the presence of weeds next to
crops is the increase in the density of the plant
population, which causes the limitation of water,
food and light, which ultimately causes a
decrease in yield. The amount of yield loss
caused by weed interference is completely
different depending on the crop, weed and
growing conditions. The main goal of humans to
control weeds is to maintain crop productivity in
different years. According to estimates, about 10
to 15 percent of the total commercial value of
farm products is lost due to weeds [2]. Severe
weed infestation during the entire growing
season may lead to complete crop losses of
some crops [3]. Increasing the density of
agricultural plants is considered an effective
factor in increasing the share of agricultural
plants from the total resources. With the increase
in corn density, the ability to grow and produce
weed seeds from planting systems decreases[4].
Many researchers reported the increase in crop
density in reducing the competitive effects
caused by weeds [5]. In research conducted on
investigating different weed management in corn
fields, corn density was considered at three
levels of 70,000, 80,000 and 90,000 plants per
hectare and it was concluded that the density of
70,000 to 90,000 per plant can reduce the growth
rate of grasses. Weeds are effective in the field
[6]. In a research conducted on the reduction in
weeds competitiveness  effects due to
enhancement in plant density of corn varieties, it
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was concluded that increasing the density has an
effective role in increasing the ability of maize to
compete with weeds [7]. The results of the
research that was conducted on the interference
of weeds on the yield and morphological
characteristics of corn indicated that the use of a
density of 80,000 corn plants per hectare had the
greatest effect in controling weeds and
increased the yield of corn plants [8]. In the study
conducted on the effects of plant density, number
and stages of weed control in corn, it was
reported that increasing the density of planting
improves the ability of corn to compete with
weeds and increases the yield of corn seeds [9].
Integrated management solutions for weeds in
maize fields and the possibility of reducing
herbicide consumption by increasing density can
be very effective in the sustainable control of
weeds in this product [6]. In another research, it
was reported that increasing the density of corn
up to 1.5 times the density significantly increases
the yield of corn seeds [10]. The aims of this
research include 1. Choosing the most
appropriate weeding method and planting density
in maize, 2. Examining the degree of correlation
between the traits evaluated in the experiment, 3.
Investigating the interaction effects of weeding
methods and planting density, 4. The grouping of
the studied treatments in the experiment is
evaluated in terms of traits.

2. MATERIALS AND METHODS

To investigate the traits and choose the most
appropriate planting density and weeding method
in maize (Zea mays L.) using graphic methods, a
factorial experiment based on randomized
complete block design was conducted in three
replications. The experiment is located in the
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research farm in Share-Rey region with
geographical coordinates of 36°35 North and
26°51 East. The maximum temperature in
summer is 42°C and the minimum temperature in
winter is -9 °C. The average annual rainfall in
Share-Ray city was 250 mm. The climate of the
project implementation area is moderate based
on the climate classification, where the summer
was hot and the rainfall was low and the winter
was mild. Plant density was cultivated as the
main factor in three levels: D1 (65,000 plants per
hectare), D2 (75,000 plants per hectare) and D3
(85,000 plants per hectare). Weeding stages W1
(complete weeding), W2 (two stages of weeding
4 to 8 weeks after planting) and W3 (no weeding)
were selected as secondary factors and in three
repetitions and for one crop year. The hybrid
cultivated in the SC647 experiment was selected.
Each test plot included four lines with a width of
75 cm and a length of 4 meters. The
experimental land was fallow the year before
maize cultivation, which was prepared by spring
plowing and disk operations. In order to meet the
nutrition needs of maize based on the soil of the
cultivation area, 300 kg of nitrogen fertilizer
(urea) and 100 kg of phosphorus fertilizer (triple
superphosphate) per hectare were added to the
soil, one-third of the nitrogen fertilizer was added
to the phosphorus fertilizer before cultivation and
the rest In the stages of six to eight leaves was
used. The evaluated traits were grain vyield
(GYLD), harvest index (HI), Ear length (EL), Ear
diameter (ED), number of rows in ear (NRE),
number of seeds in ear row (NSER), weight of
1000 seeds (W1000 seeds), leaf length (LL), leaf
width (LW) and Plant height (PLH). In order to
measure traits, 5 plants were randomly selected.
and to remove the marginal effects, sampling
was done from the middle two rows. In order to
perform variance analysis and mean comparison,
SasV.9 software was used, as well as graphical
analysis including correlation map, treatment
selection diagram based on the first and second
principal components, polygon diagram, and
cluster analysis and heat-map were used using
Genstat V12.1 and Excel-stat 2020 software.

3. RESULTS AND DISCUSSION

3.1 Analysis of Variance and Mean

Comparison

Based on factorial variance analysis in the form
of a randomized complete block design with two
factors and three levels each, it showed that the
block effect in terms of grain yield traits, number
of rows in the ear, number of seeds in the ear
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row, harvest index and Leaf width had a
significant difference. The effect of planting
density showed a significant difference in all
traits except the 1000- seed weight trait and the
effect of weeding stages in all traits except the
trait number of rows in the ear at the probability
level of 0.01. The interaction effect of planting
density and weeding stages (DxW) was
significant in all traits. The highest coefficient of
variation was related to the traits number of rows
in the ear (29.1) and number of rows in the ear
(29.1) and the lowest coefficient of variation was
related to the trait leaf length (8.6) (Table 1).
Based on the means comparison done by
Duncan's method on the data obtained from the
experiment at the probability level of 0.01 and
0.05 in terms of grain yield trait, planting density
of 85000 plants per hectare and complete
weeding, in terms of ear length trait, Planting
density of 85,000 plants per hectare and no
weeding, in terms of ear diameter trait, planting
density of 85,000 plants per hectare and
complete weeding and 4 to 8 weeks after
planting the crop, in terms of the number of rows
of seeds in the ear, planting density of 85,000
plants and Weeding 4 to 8 weeks after planting
the crop, in terms of the number of seeds in the
ear row, planting 85,000 plants and weeding 4 to
8 weeks after planting the crop, in terms of the
weight of a thousand seeds, planting 85,000
plants and no weeding. In terms of harvest index
trait, planting density of 85,000 plants and
complete weeding, in terms of leaf width trait,
planting density of 65,000 plants and complete
weeding, in terms of leaf length trait, planting
density of 85,000 plants per hectare and
complete weeding And in terms of plant height
trait, planting density of 85,000 plants and
complete weeding were selected as the most
favorable maize crop planting density and
weeding stages. According to the separate
examination of the evaluated traits, in general, in
terms of this analysis, in all traits, plant density of
85,000 and weeding 4 to 8 weeks after planting
can be selected as the most favorable methods
(Table 2). Considering that the grain yield trait is
one of the most important and widely used traits
in experiments, the means comparison chart was
used to investigate the interaction effect of
planting density and weeding methods (Fig. 1).
Based on the means comparison made on the
interaction effect of planting density and weeding
method in terms of grain yield trait, treatments
D3W3, D1IW3 and D3W2 have the highest
amount of use and desirability and treatments
D3W1, D2W2 and D2W3 were selected as the
least desirable treatments.
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Table 1. Compound analysis of investigated traits in terms of planting density and weeding methods in the experiment

S.0V df YLD EL ED NRE NGRE TWG HI LW LF PLH
Block 2 18077857 9.4ns 0.17ns  340.2* 268.4* 2929.1ns  900.9* 8.9*  54.1ns 455.2ns
Cultivation (D) 2 5197279.6* 4.7  0.61* 134.6* 54.6* 429.2ns 501 5.01*  102.8* 1249.9*
Weedeing Stages (W) 2  3608112* 3.7  0.09* 58.9ns 1.96ns 7764.1* 235.8%  0.9%*  13.2* 14.22*
D x W 4  3089168* 2.4%  0.21* 45.07* 24.4* 2174.4* 236.4*  0.5%  122.2* 197.5*
Error 43 3409515 39 042 82.3 55.4 4395.6 173.1 3.01 746 11.4
CV% 27.6 14.05 16.7 29.1 29.1 22.9 24.8 239 86 18.1

* ** and ns: Significant at 5%, 1% and not-significant.
(GYLD: grain yield, EL: ear length, ED: ear diameter, NRE: number of seed rows in ear, NSER: number of seeds in ear row, W1000seed: thousand seed weight, HI: harvest
index, LW: leaf width, LL: Leaf length, PLH: plant height)
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Table2. Comparison of mean by Duncan's method on studied traits in terms of planting density
and weeding methods in the experiment

Traits YLD EL ED NRE NGRE TWG HI LW LF PLH
Cultivation
D1 606b 135b 3.7b 20.1b 16.6c 46.7b 6.6b 293a 64b 183b
D2 6924a 14.1a 3.7b 238a 192b 55.3ab 7.4a 283b 69a 187ab
D3 7046a 145a 4.07a 255a 19.9a 56.3a 7.6a 288b 68a 199a
Weeding
Stages
w1 7097a 13.5b 39a 21.1b 18.2ab 246.6c 56.7a 7.4a 68.2a 191.5a
w2 6727ab 14.1a 39a 24.4a 18.8a 297.3b 52.1b 6.9b 67.3b 190.l1a
W3 6206a 14.4a 3.7ab 23.9ab 18.7a 303.2a 49.6c 7.2a 66.5c 189.8a
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Fig. 1. Means comparison chart of the interaction effect of planting density and weeding
methods based on grain yield trait in maize
(D1W1: density of 65,000 plants per hectare and complete weeding, D1W?2: density of 65,000 plants per hectare
and two stages of weeding 4 to 8 weeks after planting, D1W3: density of 65,000 plants per hectare and no
weeding, D2W1: density of 75,000 plants per hectare and complete weeding Weeds, D2W?2: density of 75,000
plants per hectare and two stages of weeding 4 to 8 weeks after planting, D2W3: density of 75,000 plants per
hectare and no weeding, D3W1: density of 85,000 plants per hectare and complete weeding, D3W2: density of
85,000 plants per hectare and two stages of weeding 4 to 8 weeks after planting, D3W3: density of 85,000 plants
per hectare and no weeding)

3.2 Graphical Analysis

Based on the correlation intensity map between
the traits, which was drawn based on the colors
red (highest correlation), blue (moderate
correlation) and white (no correlation), the
highest correlation intensity is related to the trait
of ear length with plant height trait and grain yield
trait with harvest index trait (Fig. 2). Semeskandi
et al used the correlation map to check the
intensity of the correlation on the studied traits
[11]. Based on the treatment grouping diagram,
four groups were formed based on the first and
second main components that accounted for
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50.45% of the total data variance. The first group
included D2W2 and D1W?2 treatments that had
positive PC1 and PC2 coefficients. The second
group included treatments D3W1, D2W3 and
D1W3, which had positive coefficients of PC1
and negative coefficients of PC2. The third group
included treatments D1W1 and D2W1, which had
negative coefficients of PC1 and positive
coefficients of PC2, and the fourth group
included D3W3 and D3W2, which had negative
coefficients of PC1 and PC2 (Fig. 3). Based on
the polygon diagram, which is obtained by
connecting the treatments that have the greatest
distance from the origin, and the traits are
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divided by perpendicular lines on this polygon.
Based on the polygon graph drawn on the data
from the experiment, the first component
accounted for 29.65% and the second
component for 20.8%, and in total, the two
components accounted for more than 50% of the
variance of the total data. Based on this diagram,
D2wW3, D1W3, D3W2, D3W3, D1W1, and D1W2
were chosen as the planting density and
appropriate weeding methods, considering the
greatest distance from the origin of the diagram
and placement at the vertex of the polygon. In
each section, the leaf width trait with D2W3, the
number of seeds in the ear row with D1W3, the
harvest index and seed yield traits with D3W2,
and the 1000 seed weight and ear diameter traits
with DIW1 showed the highest yield (Fig. 4).
Okoye et al. (2007) on rapeseed cultivars [12]
and Dolatabad et al. (2010) and Shojaei et al.
(2022) on maize cultivars [13,14] used this type
of graph for their studies. Based on the cluster
analysis diagram drawn on the experimental

data, the treatments were grouped and divided
into two main groups. The first group included
two subgroups, the first subgroup included D3W1
and D1W?2 treatments and the second subgroup
included D1W1, D2W1 and D2W3 treatments.
The second group was also divided into two
subgroups. The first subgroup included the
D3W3 treatment and the second subgroup
included the D2W2, D1W3 and D3W2 treatments
(Fig. 5). Based on the drawn heat map, the
treatments were grouped into two main groups.
D3W3 and D3W?2 treatments were divided into
the first group and other treatments were divided
into the second group. In the heat map analysis,
in terms of traits, the traits were grouped into two
groups. The first group included the traits of the
number of seeds in the ear row and leaf width,
and the second group included other traits
evaluated in the experiment (Fig. 6).
Different researchers used cluster analysis and
heat-map in order to group the treatments
[15,16,17].

Correlation maps

GYLD EL ED NRE NSER

W1t00seeds HI Lw LL FLH

Fig. 2. The map of the intensity of correlation between the studied traits in the experiment (Red
color: high correlation intensity, green color: medium correlation intensity, blue color: low
correlation intensity, white color: absence of correlation)

(GYLD: grain yield, EL: ear length, ED: ear diameter, NRE: number of seed rows in ear, NSER: number of seeds
in ear row, W1000seed: thousand seed weight, HI: harvest index, LW: leaf width, LL: Leaf length, PLH: plant
height)
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Fig. 3. The grouping diagram of experimental treatments based on the first and second
components
(D1W1: density of 65,000 plants per hectare and complete weeding, D1W?2: density of 65,000 plants per hectare
and two stages of weeding 4 to 8 weeks after planting, D1W3: density of 65,000 plants per hectare and no
weeding, D2W1: density of 75,000 plants per hectare and complete weeding Weeds, D2W2: density of 75,000
plants per hectare and two stages of weeding 4 to 8 weeks after planting, D2W3: density of 75,000 plants per
hectare and no weeding, D3W1: density of 85,000 plants per hectare and complete weeding, D3W2: density of
85,000 plants per hectare and two stages of weeding 4 to 8 weeks after planting, D3W3: density of 85,000 plants
per hectare and no weeding)

PC2 - 20.80%

PC1 - 29.65%

Fig. 4. Polygon diagram of reaction of different traits based on planting density and weeding
methods and choosing the most suitable method
(D1W1: density of 65,000 plants per hectare and complete weeding, D1W?2: density of 65,000 plants per hectare
and two stages of weeding 4 to 8 weeks after planting, D1W3: density of 65,000 plants per hectare and no

weeding, D2W1: density of 75,000 plants per hectare and complete weeding Weeds, D2W?2: density of 75,000
plants per hectare and two stages of weeding 4 to 8 weeks after planting, D2W3: density of 75,000 plants per
hectare and no weeding, D3W1: density of 85,000 plants per hectare and complete weeding, D3W?2: density of

85,000 plants per hectare and two stages of weeding 4 to 8 weeks after planting, D3W3: density of 85,000 plants

per hectare and no weeding)

(GYLD: grain yield, EL: ear length, ED: ear diameter, NRE: number of seed rows in ear, NSER: number of seeds

in ear row, W1000seed: thousand seed weight, HI: harvest index, LW: leaf width, LL: Leaf length, PLH: plant
height)
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Fig. 5. Cluster analysis diagram and grouping of treatments based on the traits evaluated in
the experiment
(D1W1: density of 65,000 plants per hectare and complete weeding, D1W?2: density of 65,000 plants per hectare
and two stages of weeding 4 to 8 weeks after planting, D1W3: density of 65,000 plants per hectare and no
weeding, D2W1: density of 75,000 plants per hectare and complete weeding Weeds, D2W2: density of 75,000
plants per hectare and two stages of weeding 4 to 8 weeks after planting, D2W3: density of 75,000 plants per
hectare and no weeding, D3W1: density of 85,000 plants per hectare and complete weeding, D3W2: density of
85,000 plants per hectare and two stages of weeding 4 to 8 weeks after planting, D3W3: density of 85,000 plants
per hectare and no weeding)
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Fig. 6. Heat map grouping treatments and traits based on the data obtained in the experiment
(D1W1: density of 65,000 plants per hectare and complete weeding, D1W?2: density of 65,000 plants per hectare
and two stages of weeding 4 to 8 weeks after planting, D1W3: density of 65,000 plants per hectare and no
weeding, D2W1: density of 75,000 plants per hectare and complete weeding Weeds, D2W?2: density of 75,000
plants per hectare and two stages of weeding 4 to 8 weeks after planting, D2W3: density of 75,000 plants per
hectare and no weeding, D3W1: density of 85,000 plants per hectare and complete weeding, D3W?2: density of
85,000 plants per hectare and two stages of weeding 4 to 8 weeks after planting, D3W3: density of 85,000 plants
per hectare and no weeding)

(GYLD: grain yield, EL: ear length, ED: ear diameter, NRE: number of seed rows in ear, NSER: number of seeds
in ear row, W1000seed: thousand seed weight, HI: harvest index, LW: leaf width, LL: Leaf length, PLH: plant
height)
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4. CONCLUSION

According to the obtained results, it can be
concluded that with the aim of organic
agriculture, due to the ban on the use of
chemicals in the agricultural system, the weeds
of corn fields can be well controlled by increasing
the density of maize up to 85,000 plants per
hectare. Also, in order to apply sustainable
agriculture, which aims to stabilize the system
and reduce the consumption of herbicides, the
amount of herbicide consumption can be
reduced by increasing the density up to 85,000
plants per hectare.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Nour Mohamadi G, Siadat A, Kashani A.
Agronomy cereal crops. Shahid Chamran
Ahwaz; Publications. Persian with English
summary. 2007;446.

2. Dalley CD, Bernards ML, Kells JJ. Effect of
weed removal timing and row spacing on
soil moisture in corn (Zea mays L.). Weed
Technology. 2006;20(2):399-409.

3. Rashed Mohasel MH, Mosavi K. Principle
of weed management. (translated in

Persian). Mashhad Ferdosi University
Publication. 2006:535.
4, Bayat ML, Nasiri MM, Rezvani MP,

Rashed MM. Effect of crop density and
reduced doses of 2, 4-D+ MCPA on
control of redroot pigweed (Amaranthus
retroflexus L.) in corn (Zea mays L.); 2009.

5. Makarian H, Banaian M, Rahimian H, Izadi
DE. Planting date and population density
influence on competitiveness of corn (Zea
mays L.) with redroot pigweed
(Amaranthus retroflexus L.); 2004.

6. Teymoori M, Baghestani MA, Zand E,
Madani H, BankeSaz A. Investigating the
impact of corn density and different
methods of weed management in fields.
Weed Science of Iran. 2012;7(2):37-47.

7. Nezhad MS, Saffari M, Abdoshahi R.
Reduction in weeds competitiveness
effects due to enhancement in plant
density of corn varieties. The 6th Iran
Weed Science Conference. Birjand. 2015:
706-709.

27

10.

11.

12.

13.

14.

15.

16.

Didehbaz Moghanlo G, Joudi M, Tobeh A,
Sharifi Ziveh P, Shiri MR. Interference
Effect of redroot pigweed (Amaranthus
retroflexus L.) on maize (Zea mays L.)
yield and its morphological characteristics.
Journal of Crop Ecophysiology. 2019;49
(2):139-152.

Saeidinezhad M, Saffari M. The effects of
plant density, number and stages of weed
control in corn (Zea mays L.) Varieties on
seed yield and weeds dry matter in
Kerman. Applied Field Crops Research.
2015;28(107):74-81.

Yadavi AR, Ghalavand A, Aghaalikhani M,
Zand Eskandar, Fallah S. Effect of corn
density and spatial arrangement on redroot
pigweed (Amaranthus retroflexus L.)
growth indices. Pajouhesh and Sazandegi;
2007.

Semeskandi MN, Mazloom P, Arabzadeh
B, Moghadam MN, Ahmadi T. Application
of correlation coefficients and principal
components analysis in stability of
quantitative and qualitative traits on rice
improvement cultivation. Brazilian Journal
of Biology. 2023;84:€268981.

Okoye M, Okwuagwu C, Uguru M, Ataga C
and Okolo E. Genotype by trait relations of
oil yield in oil palm (Elaeis guineensis
Jacq.) based on GT biplot. In African Crop
Science Conference Proceedings. 2007;8:
723-728.

Dolatabad SS, Choukan R, Hervan EM,
Dehghani H. Multienvironment analysis of
traits relation and hybrids comparison of
maize based on the genotype by trait
biplot. American Journal of Agricultural and
Biological Sciences. 2010;5(1):107-113.
Shojaei SH, Mostafavi K, Bihamta M,
Omrani A, Bojtor C, llles A, Mousavi SMN.
Selection of maize hybrids based on
genotypex yieldx trait (GYT) in different
environments. Brazilian Journal of Biology.
2023;84:€272093.

Shojaei SH, Mostafavi K, Khosroshahli M,
Reza  Bihamta M, Ramshini  H.
Assessment of genotype-trait interaction in
maize (Zea mays L.) hybrids using GGT
biplot analysis. Food Science & Nutrition.
2020;8(10):5340-5351.

Shojaei SH, Mostafavi K, Bihamta MR,
Omrani A, Mousavi SMN, llliés A, Nagy J.
Stability on maize hybrids based on GGE
biplot graphical technique. Agronomy.
2022;12(2):394.



Ahmady and Mazloom; Asian J. Res. Agric. Forestry, vol. 9, no. 4, pp. 19-28, 2023; Article n0.AJRAF.104428

17. Mousavi SMN, lllés A, Szabd A, Shojaei corn hybrids based on AMMI analysis.
SH, Demeter C, Bakos Z, Bojtor C. Brazilian Journal of Biology. 2023;84:
Stability yield indices on different sweet e270680.

© 2023 Ahmady and Mazloom; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/104428

28


http://creativecommons.org/licenses/by/4.0

