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Abstract

Introduction: Corn (Zea mays L.) is one of the oldest agricultural plants, which has a special place
among agricultural products due to its favorable characteristics, such as high adaptation to climatic
conditions, high production of dry matter, and high water use efficiency. The high production potential
of corn and its importance in feeding livestock and poultry, as well as the variety of products obtained
from corn, have caused this plant to attract the attention of many countries in the world. Management
practices can affect the growth and yield of maize. One practice used to increase yield has been to
adjust the proper planting orientation and spacing between maize rows. Proper distribution and
orientation of the corn plant during planting allows the canopy to absorb more light and thus increases
vegetative growth and grain yield.

Materials and Methods: To investigate the effect of row orientation, crop density, and row distance
on corn (Zea mays L.) growth and yield, a study was conducted at the experimental field of Birjand
University during 2021. Treatments included row orientation (north-south and east-west), corn density
(7.5, 10, and 12.5 plants per square meter), and row distance (35 and 70 cm). In order to evaluate the
effect of row orientation, this effect was considered as the effect of location in two adjacent fields, and
the two factors of density and row distance in each field were done as a factorial layout based on a
randomized complete block design in three replications. Sampling of plants was done in 5 stages of
21 days after emergence. In each of these stages, 3 plants were randomly harvested from one-third of
each plot, observing the margin effect, and characteristics such as leaf surface index and dry weight
of aerial organs were measured. To measure the morphological traits, including plant height, 5 plants
from each plot were randomly selected and marked after the plants were fully established, and their
stem length was measured every 21 days using a ruler in centimeters. It was taken; Then their average
was calculated in each plot. To determine the percentage of light interception (L1%), the amount of
photosynthetically active radiation (PAR) was measured using a radiometer between 11 a.m. and 1
p.m. In each case, 10 measurements were taken from below the canopy and in different directions (to
calculate the light transmitted through the canopy), and two measurements were taken from above the
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canopy (to measure the total radiation reaching the canopy surface). After physiological processing,
biomass and grain yield were measured.

Results and Discussion: The results showed that north-south planting orientation significantly
increased plant height and leaf area index. The increase in leaf area index in this row direction led to
an increase in the light interception (L1%). The row spacing of 35 cm led to an increase in leaf area
index, biological yield, and grain yield; in fact, this increase in yield was the result of greater L1% in
this row spacing. The effect of density was also significant on plant height, fresh forage yield, ear
length, number of grain rows, number of grains per row, total grain number, and 1000 grain weight,
and at the highest level it led to a decrease in all traits except height and fresh forage yield.
Conclusion: The north-south planting row direction in the Birjand region led to the superiority of
plant height, L1%, and leaf area index compared to the east-west planting row direction. Narrow row
spacing increased leaf area index, biological yield, grain yield, and L1% compared to conventional
row spacing. Low density significantly increased yield components, including ear length, number of
grain rows, number of grains per row, total grain number, and 1,000-grain weight. With increasing
plant density, L1% also increased; this is due to the increase in the number of leaves and leaf area per
unit area, which allows plants to utilize more light radiation. Overall, according to the results of this
study, better light conditions in the north-south planting direction led to better growth of corn plants
and increased biomass and grain yield; also, the planting system in 35 cm row spacing can be
recommended to farmers as an agricultural solution to increase corn yield.

Keywords: Growth parameters, Leaf area index, Light interception (%), Plant arrangement, Plant
height
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Figure 1- Windrose pattern over summer and autumn in the area of research implementation
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Table 2- The coefficients of the logistic model fitted to the data of plant height and dry matter in square meters versus time (days

after emergence) in two planting row directions (north-south and east-west), two row distances (35 and 70 cm) and three densities
(7.5, 10 and 12.5 plants per square meter)

. L ol . .
axdllas 9,90 Wlio Jolse T O i
i Parameters
Study traits Factors Levels R?
a+SE T50+SE b+SE
s cp NS 190.59 + 6.42 35.61+1.60 -3.44 +0.44 0.99
Row direction EW 180.70 £ 7.85 37.09+2.01 -3.44+£0.55 0.99
oL il 39 oy abold 35 190.02 + 8.43 36.73+£2.06 -3.36 £ 0.54 0.99
i Row distance 70 181.34 £5.95 35.92 +1.55 -3.51+0.44 0.99
Plant height (cm)
LS o155 75 182.09 £ 7.07 36.95+1.80 -3.63+0.53 0.99
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Figure 2- Changes in corn plant height during the growing season in two planting row directions (north-south and east-west), two
row distance (35 and 70 cm) and three densities (7.5, 10 and 12.5 plants per square meter)
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Table 3- Coefficients related to the fitting of modified Gossin's four-parameter model to estimate the leaf area index against time
(day after emergence) in two planting row directions (north-south and east-west), two row distances (35 and 70 cm) and three
densities (7.5, 10 and 12.5 plants per square meter)
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PS5 o5y
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Figure 3- Changes in corn Leaf area index during the growing season in two planting row directions (north-south and east-west),
two row distance (35 and 70 cm) and three densities (7.5, 10 and 12.5 plants per square meter)
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Figure 4- Changes in corn dry matter during the growing season in two planting row directions (north-south and east-west), two row
distance (35 and 70 cm) and three densities (7.5, 10 and 12.5 plants per square meter)
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Table 4- Analysis of variance of the effects of planting row direction, row distance and crop density onbiomass, grain yield, forage
yield and harvest indexof corn

Mean of squares i wo u&ileo

Ol s’ 29bo &o15T az o S 5elgw o ySlos 4o o Sloc il sl y adgle o Sloc
S.0vV df Biomass Grain yield Harvest index Forage yield
Cils cger
. . 1 17622504.3™ 18062500™ 126.10™ 59649877.7™
Row direction (a)
(Cails gy Uas
o 4 28114040.8 19586805.55 197.65 16107069.4
Error (Row direction)
Gy o alold
. 1 72782226.6™ 32585069.44™ 12.15™ 2330711.1™
Row distance (b)
3 51y
] 2 12569770.0™ 7880642.36™ 30.99™ 176978352.8™
Crop density (c)
oSl xe 0, Ry alold
oxb 2 1656575.5™ 2482204.86" 117.80" 26059586.1™
X
G0y o abolixcdls cus
bxa 1 8567816.8™ 390625.78™ 81.57™ 17556100™
ST ix S g
cxa 2 821723.1™ 1485677.08™ 11.46™ 8142886.1™
X
o abobx oS T ixculls cys
9, 2 8630316.8™ 321614.58™ 112.22" 1493880.3"™
cx b xa
s
20 6095941.8 2564930.6 41.96 9690349.4
Error
Ol gt g
- 16.41 18.87 11.68 8.58
CV%

Sosire pf gV Jleizl mhaw 10 (5l cire sdipolid i 5 4 NS §*F
** and ns: Significant at 1% probability levels respectively and not significant

@3 (o g )90 Wlao g pST g s ) abold cudlS g Ol P Gl (pSleo dunzlio =B Jgur
Table 5- Mean comparison of the effects of planting direction, row distance and density on the studied traits of corn

Lo ol b Jole ol S5l o Shos ails 5 Ko F agle 5 Slos

Treatments Levels of experiment factor Biomass (Kg.ha™) Grain yield (Kg.ha™) Forage yield (Kg.ha™)
Al cuer NS 15740* 91942 380352
Row direction EW 14340° 77777 354612
LSD (0.05) 4907.2 4095.9 3714.3
sy alolé 35cm 164622 9437° 37002°
Row distance 70 cm 13618° 7534° 364932
LSD (0.05) 1716.7 1113.6 2164.5
. 7.5 138592 7604° 32608°

IS1Y

) 10 156772 9198° 37443°
Density 125 15583° 8656% 40193
LSD (0.05) 2102.6 1363.9 2650.9

A (5,0 gire gl (51y)s PLSD (5031 /) alams 10 «iio 12 10 S e By > (gl )l (slo o Silo
Means that have common alphabetic in each trait do not significant difference at level%5 base on PLSD test.
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Table 6- Analysis of variance of the effects of planting row direction, row distance and crop density on yield components of corn

Sl po (Silee
Mean of squares
Ol yunds @aloo o3l amys M dgb  ailo cagoy dlass Gydy 4o 4ils dlasy &l S ooy &1, 39
S.0vV df Ear length Kernel rows Kernels per Total number of 1000- kernel
row Kernels weight
cils cus
o 1 0.75™ 0.53™ gne 2844.44™ 1823.29™
Row direction (a)
(Cils cq) s
4 1.93 0.37 4.13 959.59 604.11
Error (Row direction)
Gy o abold
. 1 0.11" 0.004 "™ on 2246.76 ™ 66.15"
Row distance (b)
gt Sl . - - . "
] 2 3.66 0.77 49.87 9097.61 3051.13
Crop density (c)
o1 x 0y (p alold
2 0.27™ 0.16™ 3.29™ 707.77™ 115.44"
cxb
Gudy o abolixedls cus
1 0.69™ 0.36" 9.40" 961" 331.24™
bxa
oS yix el cygs
2 0.81™ 0.27" 3.64"™ 1718.67™ 36.40™
Cxa
Gy oy aolx oS | ix el
2 5.06" 0.12™ 4.72™ 914.01™ 123.27™
cx b xa
s
20 0.93 0.06 8.73 2270.84 424.76
Error
- 6.91 1.83 11.64 13.91 7.81
CV%

G sre e g ao,0 B o) Jloiol mhau )5 (gl s onimsylis o 3 4 NSy FF X
*, ** and ns: Significant at 5 and 1% probability levels respectively and not significant

35 (guiy 1 8390 Slhuo 32 o515 9 iy Abold (CublS ger S b creilin dmglia-¥ Jga

Table 7-Mean comparison of the effects of planting direction, row distance and density on the studied traits of corn

- ails 5 olasy
i losbl fole MY : 518 oy HOR\ S
oo bbb ole obuw MW Job w5 s, olasd G35 50 dils Slusd ol als 15 (459
Levels of experiment  Ear length Kernels per 1000- kernelweight
Treatments Kernel rows numberof
factor (cm) row (gr)
Kernels
s ey NS 14.12¢ 13.80* 24.88? 333.64° 270.97°
Row direction EW 13.83° 13.55% 25.882 351.42° 256.73°
LSD (0.05) 1.28 0.56 1.88 28.66 22.74
oy alols 35cm 14.032 13.66% 25.382 350.432 265.21°
Row distance 70 cm 13.92° 13.68% 25.38? 334.63° 262.49°
LSD (0.05) 0.67 0.17 2.05 33.13 14.33
oSl 75 14.36° 13.90* 27.10? 364.67° 279.26 °
] 10 14.232 13.73% 25.93? 351.23% 264.88%
Density 125 13.35 13.40° 23.13 311.70° 247.420
LSD (0.05) 0.82 0.21 2.51 40.58 17.55

A (5,0 gire gl 51yl PLSD (5031 /) alams 10 o 12 10 S e B > (gl (slo o Silo
Means that have common alphabetic in each trait do not significant difference at level%5 base on PLSD test.
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corn
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