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Abstract

Maize (Zea mays L.) is one of the greatest signifi cant grain crops in Ethiopia which ranked second only next tef in local production. However, its production is limited 
due to incorrect line spaces between crops. Therefore, fi eld research was conducted at Dambi Dollo University during the 2020/2021 growing season under irrigated 
conditions for the production and yield of hybrid maize (BH546) with the help of optimizing spaces between rows. The test is performed using a three-dimensional Random 
Block Design with three replication in a single-factor test having three different line spaces (20 cm, 30 cm and 40 cm). The highest values   of total ears in each crop, length 
of the ears, total seed rows in each cob, seed in each cob, the weight of a thousand grains, seed yield, and the harvest index are recorded in wide spaces (40 cm). The 
performance of hybrid maize (BH546) and part of the crop, a wide range of 40 cm rows between crops can be recommended in the study area. 
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Introduction

Maize (Zea mays L.) belongs to the Poaceae family 
(Gramineae) which is native to Mexico and Central America and 
has 20 chromosomes [1]. Maize is one of the most important 
cereal crops in the world ranked third in the total area coverage 
after wheat and rice [2]. In Africa, Ethiopia is the fourth major 
maize manufacturer and the fi rst in the East African region 
in terms of production [3]. Due to its great request for cereals 
and great yields in each region [3]. Maize has grown rapidly 
and transformed production systems in Africa as a popular and 
widely grown food crop since it was introduced to the continent 
around 1500 A.D. and arrived in Ethiopia later, in the late 17th 
century [4]. In the country, maize is the largest grain crop 
in terms of product value and yield and secondly in terms of 
an acre near tef. In Ethiopia, the national average is 4.179 t 
ha-1 [5]. The major maize-producing regions in Ethiopia are 
Oromia, Amhara, and the Southern Nations Nationalities and 
Peoples ’Regional State (SNNPRS) [5].

A post-harvest crop production study for the 2019/20 
season March revealed that at a national level, 17.68 hectares 
(approximately 2,274,305.93 hectares), were covered with 
maize and grain production was approximately 28.75 or 96, 357, 
34.5 tons with an average yield of 4,237 tha-1 [6]. Even though 
the production potential of Ethiopia is favorable, the average 
national yield (4.179 t ha-1) overall and regional yield (4.292 t 
ha-1) are low [5] compared with the average yield of developed 
countries at about 6.2 t ha-1 [7]. Poor maize production is caused 
by a number of factors such as poor agricultural practices such 
as poor seed quality, poor crop rotation, poor soil fertility, 
drought, pests, diseases, and weeds, farmers’ inability to get 
fertilizer, low seed availability, Improved maize varieties [8]. 

Crop density is one of the factors that affect yields by 
infl uencing the yield components such as the number of 
ears, the number of grains in each ear, and the weight of the 
grain [9]. The use of incorrect line spaces by farmers results 
in lower yields compared to the research fi eld of the country. 
This may be due to the use of narrow internal space leading 
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40 cm, 30 cm, and 20 cm. The experiment is laid out in a 
randomized complete block design (RCBD) as a single factor 
test. The total rows in each plot were 6 and the data was taken 
from four plants in the middle of the net. The total area of plot 
size was 4.5 m × 2.4 m (10.8 m2) and length of the line was 2.4 m 
and the width was 4.5 m. The area from which data were taken 
is 3 m × 1.6 m (4.8 m2). Treatment was randomly assigned to 
a test unit independently for the three blocks (repetition). The 
total area of   the test site was 15.5 × 8.2 = 127.1 m2. The blocks 
and plots are spaced 1m and 0.5 m wide respectively. The 
number of plants per plot in 20 cm, 30 cm, and 40 cm between 
the rows of spaces was 12, 10 and 8 respectively.

Trial procedures 

The fi eld was tilled three times by oxen in early September 
2020. Planting is done by the end of September 2020. The 
total NPS (100 kg ha-1) at a national rate recommended were 
drilled equally to total plots during sowing. 50kg ha-1 of urea 
was applied during planting and the left dose of N fertilizer 
(50 kg ha-1) was drilled after 35 days of planting. All agronomic 
practices were applied. Finally, crops in the middle region were 
collected at harvest time for analysis.

Data collected

Data were collected at the site’s total location. In this case, 
the test records were taken from ten randomly selected sample 
plants at the remaining site, and then an average of ten plants 
per site was taken.

Yield and yield-related traits

Total plant ears: Were counted from ten plants randomly 
identifi ed at harvest time and an average of ten plants was 
taken as a representative of total plant ears.

Ear lengths: Measured by cm from the base to the tip of 
the ear from the ears taken randomly from the net during 
harvesting. Ear lengths are measured after removing the husk 
cover and average values   are calculated per plot.

Total seed row per cob: Row numbers are counted in ten 
randomly selected ears and average values   are calculated per 
plot.

Total seed in each row: It was recorded by counting the 
number of seeds in each row of ten ears taken randomly during 
crop harvesting and averaging.

One hundred grains weight: Determined from 100 randomly 
drawn (by hand) calculations per piece and measured using a 
digital balance.

Grain yield: The total number of plants collected. After 
that, the grain was removed from the ears of each crop. 
Thereafter, the yield weight of the grain and moisture was 
quickly measured using an electronic balance and a moisture 
detector, respectively in each section.

Yield index: It is the ratio between average seed yield to 
biological yield expressed as a percentage.

to high competition leading to a decrease in nutrients and soil 
moisture prior to crop ripening and ultimately reducing yields. 
And the use of wide space between the maize crops may result 
in a greater number of ears per plant, more kernels per ear, 
cobs, and more grain per hectare but in most cases reduces 
the yield per hectare due to the small number of crops in each 
location.

Higher crop yields for higher grain yields in each region may 
differ from hybrid maize to other hybrids due to the important 
interaction between hybrids and congestion [10]. However, 
in Ethiopia, 44,444 (75 cm × 30 cm) maize plant population 
ha-1 have been widely used over a long period of time without 
considering the many morphological differences between 
maize varieties and the presence of soil and climate change 
[11]. In addition, there is a lack of information on the number 
of plants and the separation of spaces between rows according 
to different conditions such as height and time of ripening 
variety, soil fertility status, etc. Most farmers in the study area 
use not recommended space between plants. This variation of 
spaces needs to be compared with the recommended 75 cm × 30 
cm space with that of farmers.

Therefore, it is essential to identify the ideal space in 
the hybrid maize crop based on ecological conditions and 
agricultural management processes for increasing maize 
production in the study area. Thus, the experiment was done 
for the following purposes.

• To investigate the infl uence of variable spacing among 
plants on improved maize at Dambi Dollo University.

• Determining the optimum space between maize plants 
in the Dambi Dollo area.

Materials and methods

Description of the test area

A fi eld trial was done at the Dambi Dollo research fi eld at 
Efa Galano in Sayo District, Kellem Wollega Zone of the Oromia 
region, Ethiopia; between October-February under the growing 
conditions of 2020/21 under irrigation. The area is situated in 
the Kellem Wollega zone of the west part of Oromia, Ethiopia 
located at 652 km from Addis Ababa at altitudes of 1500 - 1740 
meters above sea level. The area receives an annual rainfall of 
850 to 1200 mm. The minimum and maximum temperatures of 
the area are 15 to 28 0c respectively. The soil of the study area 
was characterized as a sandy loam (Degefa, et al. 2021).

Description of the experimental materials

BH-546 hybrid maize was used for the test. BH-546 is a 
medium-sized mature variety released by the Bako Agricultural 
Research Centre in 2013. This hybrid has the shape of small and 
set leaves that make it different from other hybrids. Urea (46% 
N) and NPS (19% N, 38% P2O5, and 7 % S,) were used as the 
source for N, P and S, respectively.

Treatment and trial design

The fi eld trial included three treatment combinations with 
75 cm between rows, and three spacing lines between plants 
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 Harvest index (HI) = (Economic yield) / (Biological yield) 
* 100.

Data analysis

All data taken were analyzed by analysis of variance 
(ANOVA) using the SAS software system [12]. Signifi cant 
differences between treatments mean were compared with the 
LSD test at a 5% signifi cance level [13].

Results and discussion

Yield and yield-related traits

Total plant ears: Variance analysis showed that the spacing 
between plants (p < 0.01) had an infl uence on total plant ears. 
The maximum ears in each plant (1.50) were obtained from    
(40 cm) spacing between plants and the minimum ears in 
each plant (1.08) were documented in the narrow row (20 cm) 
(Table 1). Increased plant space has resulted in a signifi cant 
rise in total plant ears. Reducing ears in each plant due to crop 
diversity can lead to more arguments for available resources 
such as minerals, rainwater, sunlight, and air. Consistent with 
this result, Karasu [14] and Golla, et al. [15], reported that 
maximum ears in each plant’s ears per crop were noted from 
the widest and lowest total crop ears were registered from 
closer space of the inner row.

Ear length

Variation analysis showed that the signifi cant effect of the 
spaces between the rows indicated a signifi cant difference (P 
<0.05) for the length of ears of the corn crop. The maximum 
length of the ear (20.59 cm) was recorded in the widest 30 cm 
lines, and the minimum ear lengths (15.67 cm) were achieved 
in the closer lines (20 cm) (Table 1). The reduction in ear length 
in a thin crop space may be a result of intense competition 
between crops and between diverse parts of the crops due to 
available resources (moisture, minerals, O2, and sunlight). 
Inconsistent with the present outcome, Azam, et al. [16] and 
Golla, et al. [15], reported that the minimum length of the ear 
was achieved from a 20 cm line between crops.

Total seed lines per ear

Total seed lines per ear were signifi cantly infl uenced by the 
space between the inner lines. The maximum number of rows 
of the single ear (16.38) was recorded at a distance of 40 cm 
between plants, but statistically, it was 15.13 found with fewer 

than 30 cm between spaces between rows. The lowest number 
of kernel lines in each ear (15.80) was recorded from the space 
within the narrow row (20 cm) (Table 1). This can be due to 
the high demand among crops for available resources within 
a small space. Similar to these fi ndings, Azam, et al. [16] and 
Golla, et al. [15] revealed that total seed lines per ear decrease 
as plant population density increases.

Number of seeds in each ear

The results of the variance analysis indicated that the total 
seed in each ear was signifi cantly infl uenced by the space 
between the lines. The highest number of seeds in each ear 
(593.2) was registered at 40 cm followed by 30 cm (583.8). The 
minimum kernel number in each ear (563.5) was harvested in 
the smallest space of the middle row (20 cm) (Table 1). The 
decline in the number of seeds in each ear in a small area 
between rows may be due to the competition of plants in dense 
vegetation houses leading to less nutrient uptake and grain 
growth. The result was consistent with the results of Azam, 
et al. [16], who stated that the seed yield of the maize crop 
declined by its nearness to its neighbors.

100 Seed weight

Hundred seed weight was highly infl uenced by the distance 
between crops. The highest one thousand grains weight (346.1g) 
was harvested when maize seeds were sown in a 40 cm seedbed, 
but statistically, the amount was 333.30 g found 30 cm between 
rows. The lowest grain weight (305.7 g) is produced in a very 
small plant area (20 cm) (Table 1). The decrease in grain weight 
by thousands of internal gaps may be due to strong demand for 
minerals while the separation of spaces between rows provides 
better crop use and integration of available resources with less 
competition; because of the production of a thousand grains 
of grain under a very wide vegetation space. This outcome is 
similar to the results of Khan, et al. [17].

Grain yield

Variation analysis showed that the greater effect of the 
gaps between the rows had an infl uence on the seed yield of 
the hybrid maize variety. The main aim of crop cultivation is 
to increase the yield of the economy. The maximum seed yield 
(10224 kg ha-1) was achieved from the (40 cm) distance between 
crops and a small yield of grain (8213 kg ha-1) was obtained at 
a distance of 20 cm between rows. The decline in maize yields 
under limited space may be due to greater competition between 
maize crops through the use of available resources (nutrients 
and light) leading to reduced yields.

Harvest index

The spacing between plants had a signifi cant difference in 
yield index. The yield indexes were improved by increasing the 
spacing between the plants and the higher yield index (38.63%) 
was recorded at the widest spacing between the plants (40 cm) 
which was statistically similar to the space between the 30 cm 
lines with HI (36.88%). The lowest HI (33.51%) was obtained at 
a distance of 20 cm lines (Table 1). This reduction in the yield 
index is due to the small space between the crop densities that 

Table 1: Infl uence of different plant spacing among crops on yield and yield 
components of maize during 2020/2021 growing season.
Treatment

TPE LoE (cm) SRPE SPC HSW (g) GY(kg ha-1) HI (%)
SBP (cm)

20 1.08b 15.67b 15.80c 563.5c 305.7c 8213c 33.51b

30 1.37a 20.59a 16.12b 583.8b 333.3b 9545b 36.88a

40 1.50a 17.44b 16.38a 593.2a 346.1a 10224a 38.63a

LSD (0.05) 0.14 0.26 0.20 4.73 7.74 33.2 2.4
CV (%) 4.7 2.26 6.1 2.4 1.5 5.27 2.9

Where, SBP: Space Between Plants; TPE: Total Plant Ears; LOF: length of the Ear; 
SRPE: Seed Rows Per Ear; SPC: Seed Per Cob; HSW: Hundred Seed Weight; SY: Seed 
Yield; HI: Harvest Index; SBP: Spacing Between Plants
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enhance the demand for sunlight so that the crop can grow 
faster in length and partition the stored food for stem parts of 
the crop which has led to a decrease in grain rate completely 
stored food. This outcome agrees with Arif, et al. [18].

Conclusion and recommendation

From the current investigation, it is possible to conclude 
that the distance among plants infl uenced yields and the 
parameters associated with the hybrid maize yield. Total ear in 
each crop, length of ear, cob lines, cob seed, the weight of 100 
grains, seed yield, and yield index of hybrid maize yields were 
signifi cantly affected by the spacing between plants. Among 
the three different spaced spaces between hybrid maize, the 
wide intra-spacing (40 cm) recorded the maximum number 
of ears per crop, the length of the ear, cob lines, cob seed the 
number of the grain per ear, thousand weight of the grain, the 
grain yield. and yield index. A small ear per crop, ear lengths, 
cob seed, grain row per cob, 1,000 grains mass, seed yield, and 
crop index were found in small spacing (20 cm). Depending 
on the outcomes gained from this test, hybrid maize BH-546 
provides high productivity when the hybrid was planted with 
40 cm between rows. Therefore spacing between plants (40 
cm) is recommended for the maximum yield of BH-546 hybrid 
maize in the study area.

References

1. Schnable PS, Ware D, Fulton RS, Stein JC, Wei F, Pasternak S, Liang C, Zhang 
J, Fulton L, Graves TA, Minx P, Reily AD, Courtney L, Kruchowski SS, Tomlinson 
C, Strong C, Delehaunty K, Fronick C, Courtney B, Rock SM, Belter E, Du F, Kim 
K, Abbott RM, Cotton M, Levy A, Marchetto P, Ochoa K, Jackson SM, Gillam 
B, Chen W, Yan L, Higginbotham J, Cardenas M, Waligorski J, Applebaum E, 
Phelps L, Falcone J, Kanchi K, Thane T, Scimone A, Thane N, Henke J, Wang 
T, Ruppert J, Shah N, Rotter K, Hodges J, Ingenthron E, Cordes M, Kohlberg S, 
Sgro J, Delgado B, Mead K, Chinwalla A, Leonard S, Crouse K, Collura K, Kudrna 
D, Currie J, He R, Angelova A, Rajasekar S, Mueller T, Lomeli R, Scara G, Ko A, 
Delaney K, Wissotski M, Lopez G, Campos D, Braidotti M, Ashley E, Golser W, 
Kim H, Lee S, Lin J, Dujmic Z, Kim W, Talag J, Zuccolo A, Fan C, Sebastian A, 
Kramer M, Spiegel L, Nascimento L, Zutavern T, Miller B, Ambroise C, Muller S, 
Spooner W, Narechania A, Ren L, Wei S, Kumari S, Faga B, Levy MJ, McMahan 
L, Van Buren P, Vaughn MW, Ying K, Yeh CT, Emrich SJ, Jia Y, Kalyanaraman A, 
Hsia AP, Barbazuk WB, Baucom RS, Brutnell TP, Carpita NC, Chaparro C, Chia 
JM, Deragon JM, Estill JC, Fu Y, Jeddeloh JA, Han Y, Lee H, Li P, Lisch DR, Liu 
S, Liu Z, Nagel DH, McCann MC, SanMiguel P, Myers AM, Nettleton D, Nguyen 
J, Penning BW, Ponnala L, Schneider KL, Schwartz DC, Sharma A, Soderlund 
C, Springer NM, Sun Q, Wang H, Waterman M, Westerman R, Wolfgruber TK, 
Yang L, Yu Y, Zhang L, Zhou S, Zhu Q, Bennetzen JL, Dawe RK, Jiang J, Jiang 
N, Presting GG, Wessler SR, Aluru S, Martienssen RA, Clifton SW, McCombie 
WR, Wing RA, Wilson RK. The B73 maize genome: complexity, diversity, 
and dynamics. Science. 2009 Nov 20;326(5956):1112-5. doi: 10.1126/
science.1178534. Erratum in: Science. 2012 Aug 31;337(6098):1040. PMID: 
19965430.

2. FAOSTAT (Food and Agriculture Organization of the United Nations) Food and 
Agriculture Data. 2016. https://www.fao.org/faostat/en# home. 

3. Tolessa B, Gobezayehu T, Worku M, Desalegne Y, Mulatu K, Bogale G. Genetic 
Improvement of Maize in Ethiopia: A Review. In: Tolessa B, Ransom JK, Eds, 
Proc eedings of the First National Maize Workshop of Ethiopia. Addis Ababa. 
Ethiopia. 1993;13-22. 

4. McCann, JC. Maize and grace: Africa’s encounter with a new world crop. 2005; 
1500–2000.Cambridge:HarvardUniversityPress.304.

5. CSA. Report on Area and Production of major crops (Private Peasant 
Holdings, Meher Season). The Federal Democratic Republic of Ethiopia 

Central Statistical Agency Agricultural Sample Survey. 2021; 2020/21 Volume 
I. Addis Ababa, Ethiopia

6. CSA. Report on Area and Production of major crops (Private Peasant 
Holdings, Meher Season). The Federal Democratic Republic of Ethiopia 
Central Statistical Agency Agricultural Sample Survey. 2020; 2019/20 Volume 
I. Addis Ababa, Ethiopia.

7. ATA (Agricultural Transformation Agency) Annual Report. ATA. Addis Ababa. 
Ethiopia. 2014. 

8. Shiferaw B, Prasanna B, Hellin J, Banziger M. Feeding a Hungry World: Past 
Successes and Future Challenges to Global Food Security in Maize. J. Food 
Security. 2011; 3:307-327.

9. Ahmadi M, Wiebold WJ, Beverlein JE, Eckert DJ, Schoper J. Agronomic 
Practices that Affect Corn Kernel Characteristics. Agronomy Journal. 1993; 
49:989-998. 

10. Tokatlidis IS, Koutsika-Sotiriou M, Tamoutsidis E. Benefi ts from Using Maize 
Density Independent Hybrids. Maydica. 2005; 50:9-17.

11. EARO (Ethiopian Agricultural Research Organization) Released Crop Varieties 
and Their Recommended Cultural Practices. Addis Ababa, Ethiopia. 2004.

12. SAS S. User’s Guide, Version 9.0 SAS Institute Inc. Cary. NY. 2004

13. Gomez KA, Gomez AA. Statistical procedures for agricultural research. John 
Wiley & Sons. 1984; 120-155.

14. Karasu A. Effect of nitrogen levels on grain yield and some attributes of some 
hybrid maize cultivars (Zea mays indentata Sturt.) grown for silage as second 
crop. Bulgarian Journal of Agricultural Science. 2012; 18(1):42-48.

15. Begizew G, Adugnaw M, Merkeb G. Effect of nitrogen rate and intra-row 
spacing on yield and yield components of maize at Bako, Western Ethiopia, 
African Journal of Agricultural Research. 2020; 16(10):464-1471

16. Azam M, Akbar N, Akhter MJ, Sajjad A. Production potential of various maize 
(Zea mays L.) hybrids under different intra-row plant spacing. Pakistan Journal 
of Agricultural Science. 2017; 54(1):117-121.

17. Khan ZH, Khalil SK, Iqbal A, Ullah I, Ali M, Shah T, Wu W, Shah F. Nitrogen 
doses and plant density affect phenology and yield of sweet corn. Fresenius 
Environmental Bulletin. 2017; 26(6):3809-3815.

18. Arif M, Amin I, Jan MT, Munir I, Nawab K, Khan NU, Marwat KB. Effect of plant 
population and nitrogen levels and methods of application on ear characters 
and yield of maize. Pakistan Journal of Botany. 2010; 42(3):1959-1967.

 

 
 

 


