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Abstract

Intra-row spacing is a key factor affecting maize production and productivity,
since it affects plant growth, resource utilization, and yield. The study was con-
ducted during the 2023 and 2024 cropping seasons at the Manga station of the
Council for Scientific and Industrial Research-Savanna Agricultural Research
Institute (CSIR-SARI) in the Upper East Region of Ghana to assess the effect
of N rate and intra-row spacing on maize growth, development, and yield. The
treatments consisted of four nitrogen rates (0 kg N/ha, 60 kg N/ha, 90 kg N/ha,
and 120 kg N/ha) and three intra-row spacings (20, 30, and 40 cm) in a split-
plot design with three replications. The recommended inter-row spacing of 75
cm for maize in the study area was maintained. The Wang dataa maize variety
was used for the experiment. In both cropping seasons, the various treatments
had a significant impact on the yield and yield components of maize. Plots that
received 90 and 120 kg N/ha recorded relatively higher grain yield and yield
components than the control (0 kg N/ha). The highest yield and yield compo-
nents were recorded under 90 kg N/ha and 120 kg N/ha, with grain yields at
these rates being statistically similar. An intra-row spacing of 40 cm recorded
the highest grain yields, statistically higher than those recorded under other
intra-row spacing. The trend in partial budget analysis was consistent across
both seasons, with the highest-yielding treatments (90 kg N/ha and 40 cm) re-
cording the highest net benefit, while the control (0 kg N/ha) ranked last. The
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nitrogen application rate of 90 kg N/ha and intra-row spacing of 40 cm are thus
recommended for optimum maize production and productivity in the study

area.

Subject Areas

Agronomy

Keywords

Intra-Row Spacing, Wang Dataa, Net Returns, Maize Production

1. Introduction

Background to the Study

Maize (Zea maysL.) is one of the most widely cultivated cereals in the Sudan Sa-
vannah agroecological zone of Ghana, accounting for a significant proportion of
the country’s total cereal production [1]. The crop is a staple food for many house-
holds in the region and serves as a substantial source of income for smallholder
farmers [2]. Maize grains are rich in carbohydrates, protein, and other essential
nutrients and thus serve as a crucial feed ingredient for livestock, including poul-
try, cattle, and pigs. Its high energy content and digestibility make it a preferred
feed source for livestock production. Research indicates that maize accounts for
70% - 80% of the total feed composition in Ghana’s poultry sector [3]. Thus, maize
is primarily used as animal feed globally and is a vital food crop in sub-Saharan
Africa and Latin America [4]. Its cultivation supports the livelihoods of millions
of smallholder farmers and agricultural workers. Maize cultivation generates em-
ployment opportunities across the entire value chain, encompassing farming, har-
vesting, processing, transportation, and marketing. Thus, maize cultivation is a
significant source of income for families, helping alleviate poverty and improve
standards of living [3].

Maize is traded globally as both a raw agricultural product and processed de-
rivatives such as maize flour, cornmeal, and corn oil. Countries with surplus maize
production often export to regions with high demand, contributing to global food
security and economic stability [5]. In Ghana, maize is a significant source of cal-
ories and nutrients [6] and has gained popularity due to its adaptation to the local
climate and its reliability as a food source [5]. It is consumed in various forms
across the country, such as boiled or roasted, and as an ingredient in many tradi-
tional dishes, including banku, kenkey, tuozaafi, and porridge. Maize represents
more than one-quarter of total calorie consumption which is about double of cas-
sava, the second crop [7]. It is used as a raw material in various industrial pro-
cesses in Ghana, including the production of animal feed, starch, and ethanol.

Despite its importance, maize production in the Sudan Savannah agroecologi-

cal zone of Ghana faces several challenges, including low yields, water scarcity,
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and inadequate nutrient management [8] [9]. The region’s semi-arid climate,
characterized by high temperatures and low rainfall, compounds issues of water
scarcity and inadequate nutrient management. This situation makes it essential to
develop and implement sustainable production practices that optimize maize
yields while conserving water and nutrients [9] [10]. Most critically, Ghana’s fer-
tilizer application rate of only 35.75 kg/ha falls well below the global average of
107 kg/ha, with smallholder farmers often applying little to no fertilizer due to
high input costs and limited resources [10]-[14]. This situation, coupled with the
high cost of farm mechanization services, compels farmers to reduce their farm
sizes, resulting in poor yields and a negative impact on maize output [15] [16].

Two key production factors remain poorly understood and inadequately man-
aged in this region: plant spacing and nitrogen application rates. Plant density
directly affects competition for water and nutrients. In contrast, nitrogen, one of
the most limiting nutrients in sub-Saharan Africa, is essential for optimal yields
[17]. Traditional bush-fallowing practices, which historically replenished soil ni-
trogen, are no longer viable due to land pressure from population growth and
urbanization. Research has shown that optimal intra-row spacing can increase
maize yields by promoting better resource use efficiency and reducing plant com-
petition [18]. A study in Nigeria found that an intra-row spacing of 25 cm resulted
in higher maize yields compared to wider or narrower spacings [19]. Optimal in-
tra-row spacing can enhance light interception, resulting in increased photosyn-
thesis and productivity [20]. Intra-row spacing can also influence soil moisture
retention and utilization, with optimal spacings potentially reducing soil evapo-
ration [21]. Intra-row spacing interacts with row spacing to affect maize produc-
tivity. A study in China found that a row spacing of 60 cm and an intra-row spac-
ing of 20 cm yielded optimal results [22]. Maize genotype can also influence the
optimal intra-row spacing. Some genotypes may perform better in narrower or
wider intra-row spacings [23]. There is limited information on the optimal com-
bination of plant density and nitrogen application rates specifically for maize pro-
duction in Ghana’s Sudan Savannah agroecological zone. Farmers currently rely
on traditional practices that may not be optimal for the region’s specific condi-
tions, resulting in suboptimal yields and resource use efficiency [24].

Recent research has demonstrated the critical importance of optimizing both
nitrogen rates and plant spacing for maize productivity. Studies show that eco-
nomic optimum nitrogen rates for maize have increased by 2.7 kg N ha/yr from
1991 to 2021, while research indicates that nitrogen recovery and yield are highest
when nitrogen is applied 4 - 8 weeks after planting, with yield increasing with appli-
cation frequency. Plant spacing research reveals that narrower inter-row spacing
(0.375 m) coupled with wider intra-row spacing (0.33 m) significantly enhances
grain yield compared to wider inter-row spacing (0.75 m) with narrow intra-row
spacing (0.16 m). A high planting density of 10.5 plants m2, combined with nar-
row inter-row spacing, can lead to significant yield increases, particularly in soils
of high fertility. However, maize yield sensitivity to both nitrogen fertilizer rates

and plant spacing varies depending on crop architecture and available resources,
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highlighting the need for location-specific optimization [25]. Recent research
highlights the importance of considering these interactions to optimize maize
yields and resource use efficiency. Therefore, the present study aimed to deter-
mine the appropriate nitrogen application rate and intra-row spacing for in-
creased maize productivity in the Sudan Savannah agroecological zone of Ghana.
Specifically, the research evaluated the impact of nitrogen rate and intra-row spac-

ing on maize growth, development, and yield under local conditions.

2. Materials and Methods
2.1. Experimental Site

The study was conducted during the 2023 and 2024 cropping seasons at the
Manga station of the Council for Scientific and Industrial Research-Savanna Ag-
ricultural Research Institute (CSIR-SARI) in the Upper East Region of Ghana. The
CSIR-SARI, Manga is an outstation of the CSIR-SARI in the Binduri District. Bin-
duri District is located approximately between latitudes 11°1'S and 10°40'N and
longitudes 0°18'W and 0°6'E in the North-Eastern part of the Upper East Region.
It borders Burkina Faso to the north, Garu District to the south, Bawku Munici-
pality to the East, and Bawku West District to the West. It is located within the
Sudan Savannah Ecological Zone, characterized by prolonged dry spells and short
wet seasons. Binduri is an agrarian community; the soil types are red and brown
sandy loam and clays, and moderately deep pale brown coarse sandy loam with
biotic granites, sandy loam, and clay in the valleys [26]. The prevailing climate of
the district is characterized by two main seasons: the wet and dry seasons, which
are influenced by the North-East Trade Winds and the South-West Monsoon
Winds, respectively. The dry season usually occurs from late November to May
and is influenced by the cold, dry, and dusty harmattan air mass from the Sahara
Desert. It is characterised by little rainfall due to low relative humidity, which
rarely exceeds 20 percent, and a low vapour pressure of less than 10 mb. Daytime
temperatures can reach as high as 42°C during February and March, while night
temperatures can record 18°C low. The period from June to October is the wet
season. During this period, the whole district comes under the influence of the
Tropical Maritime Air Mass. This air mass, together with rising convectional cur-
rents, ensures that the district gets rain. The average amount of rainfall recorded
in the area is 800 mm per annum [26].

The vegetation of the district is primarily characterized by the Sudan Savannah
ecology, featuring scattered shrubs, short grasses, and trees. Pockets of the Savan-
nah woodland vegetation can also be found in the district. The most common tree
species include shea, dawadawa, baobab, mango, and neem. The forested areas in
the district can only be found along the White Volta River, where the trees are
protected [26]. The Manga soils have been classified into the Varempare Series,
which are mainly sandy loams associated with hornblende and granites. Farmers
in the district are primarily engaged in agriculture, accounting for about 83.9% of

the economically active population. The main food crops cultivated include millet,
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sorghum, maize, rice, sweet potato, cowpea, groundnuts, leafy vegetables, pepper,
watermelon, melon, and onion. Animals such as cattle, sheep, goats, and donkeys
are also raised. Food crops that serve as cash crops in the district include onions,

tomatoes, and watermelon. These are primarily cultivated in the dry season [26].

2.2. Soil Sampling and Analysis

The soil characteristics were determined to assess the nutrient status of the exper-
imental site before the application of fertilizers. At the beginning of the experi-
ment (in 2023), 15 samples were randomly collected by using an auger and com-
posited. Soil samples were also taken from each treatment at harvesting (in 2024).
The samples were air-dried, crushed with a mortar, and sieved to pass through a
2 mm mesh. The characteristics analyzed included: Soil pH, Organic matter, Total
Nitrogen, Exchangeable Calcium, Magnesium, Potassium, Sodium, and Effective
Cation Exchange Capacity, and Bray NO.2 Extractable Phosphorus and Potas-
sium. The air-dried soil samples were ground at the laboratory and sieved through
a 2 mm sieve. Soil pH was determined using a glass electrode (pH meter) in a soil
ratio of 1:2.5 as reported by [27] and [28]. Soil organic matter was determined by
the wet combustion method [29]. The total percentage of nitrogen was deter-
mined using the micro Kjeldahl technique [27]. The available phosphorus was ex-
tracted by the Bray method and determined colorimetrically [30]. Potassium was
determined by flame emission photometry [27]. The exchangeable cations cal-
cium, magnesium, potassium, and sodium were determined as recommended by
[27] using EDTA Titration after extraction with 0.1 N Ammonium Acetate at pH
7. Effective Cation Exchange Capacity (ECEC) was calculated as the sum of the
exchangeable bases and exchangeable acidity [27].

2.3. Experimental Treatments and Design

The experiment involved four nitrogen rates (No Nitrogen rate, 60 kg N/ha, 90 kg
N/ha, and 120 kg N/ha) and three intra-row spacings (20, 30, and 40 cm) in a split-
plot design with three replications. The nitrogen rate treatments were assigned to
the main plot, whereas the intra-row treatments were assigned to the sub-plots. The
control plants (0 kg N/ha) did not receive nitrogen fertilizer. The control rate (0 kg
N/ha) is an essential baseline to measure fertilizer response and calculate nitrogen
use efficiency metrics. The low rate (60 kg N/ha) represents a conservative applica-
tion that might align with resource-limited farming conditions or organic matter
contributions from soil. The medium rate (90 kg N/ha), often falls within the range
of standard recommendations for maize in many regions, particularly where soil
fertility is moderate. The high rate (120 kg N/ha) tests for potential yield maximiza-
tion while exploring the upper threshold before diminishing returns occur.

The recommended inter-row spacing of 75 cm for maize in the study area was
maintained. The Wang dataa maize variety was used for the experiment. This va-
riety matures in 90 days, has excellent seed quality, and is drought tolerant. It has

a yield potential of 4.0 tons per hectare. Planting was done on July 15, 2023, and
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July 19, 2024. Three seeds per hill were planted and later thinned out to two per
hill after germination. The trial was monitored for FAW larvae infestation, and
insecticide treatments commenced when a 20% field infestation was detected.
This was two weeks after their emergence. The space between plot and block was
0.5 m and 1 m, respectively. The gross plot consists of 4 rows, each 3m long. The
net plots were located in the middle two rows; the two outer rows of each plot
were used as border rows. Thus, the size of the gross and net plot was 9 m* (3 m x
3 m) and 4.5 m? (3 x 1.5 m). Thus, the plant population corresponding to the 20
cm x 75 cm, 30 cm x 75 cm, and 40 cm x 75 cm intra-inter row spacing was
66,666, 53,333, and 33,333 plants per hectare.

2.4. Management Practices

The nitrogen fertilizer was applied two weeks after planting and by side placement
using Urea (46% N) as a mineral source. Half of the N and the whole P fertilizer
rate were applied 2 weeks after planting, and the remaining half of the N dose was
used during the first earthing up as side dressing. Triple Super Phosphate (45%
P,05), Lime (CaO: 0.5 t/ha), Muriate of Potash (60% K,O), and 20 kg/ha MgSO,
were broadcast and worked into the soil two weeks before planting. This was nec-
essary for the timely mineralization of nutrients, allowing for adequate uptake by
the plants. Weeds were managed by hoeing and hand-picking. Weeding was done
manually at 2 & 6 weeks after sowing (WAS) using a hand hoe. The trial was mon-
itored for FAW larvae infestation, and insecticide treatments commenced when a
20% field infestation was detected. This was two weeks after their emergence. All

other recommended cultural practices were followed.

2.5. Data Collection

Three kinds of data were collected: vegetative, yield, and economic data.
Vegetative date: Five plants were randomly selected and tagged from the two
middle rows of each plot for data measurement. Vegetative data measured in-
cluded plant height, Days to 50% tassel, Days to 50% silking, Leaf Area Index
(LAI) and Stover weight. Plant height was measured at SW AP when all plants had
reached their full height. Plant height measurements were taken on the five pre-
viously tagged plants, summed, and an average height was calculated. The average
was obtained as the height of plants for each plot. The inner rows from each plot
were observed till the date when the flag leaf appeared and recorded. Plants were
observed for anthesis on each plot, and the number of days to 50% anthesis was
recorded. Plants were critically observed, and the number of days to 50% silking

was calculated from the date of sowing.

Yield Data

These were the number of fertile cobs per plant, cob weight, 100-seed weight, grain
yield, and harvest index. Grain yields were harvested from the 2 inner rows per plot,
enveloped, weighed, and readings used to determine grain yield (kg/ha). From each

plot, 100 grains were randomly selected and weighed to obtain the 100-grain weight.
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2.6. Data Analysis

Data collected were analyzed statistically using GenStat 12th Edition. Mean sepa-
ration for significant effects was performed using the least significant difference

at a 5% probability level.

2.7. Economic Analysis

An economic analysis was conducted to assess the financial feasibility of the treat-
ments. The price of maize that farmers received from the sale was calculated based
on the current market price of maize at Bawku near the experimental site. The
total variable costs, including the costs of fertilizers, improved seed, and labor,
were also calculated based on the current prices. Costs and benefits were calcu-
lated for each treatment. The net return was calculated by subtracting total varia-
ble cost from the gross benefit. The Gross benefit was calculated with the grain
yield (kg/ha) and stalk yield multiplied by the field price, that is, the money gained
from the sale of the grain and stalk. Finally, to assess the costs and benefits asso-
ciated with different treatments, the partial budget analysis technique proposed

by [31] was applied.
3. Results and Discussion

3.1. Soil Properties

The results of the soil analysis at the study site revealed that the soil was predom-
inantly sandy and acidic. All other plant growth requirements in the soil are below

average except the levels of potassium, which are moderate (Table 1).

Table 1. Physical and chemical properties of the soil surface (0 - 30) of the experimental
plot (2023).

Soil properties Value
FAO-UNESCO soil classification Plinthic Lixisol
Sand (%) 84.56
Silt (%) 12
Clay (%) 3.44
Soil texture Loamy sand
Soil pH (CaCl) 4.26
Organic carbon (%) 0.35
Total nitrogen (%) 0.06
Available P (mg-kg™) 7.77
Exchangeable cations cmol (+) kg™
Ca 0.80
Mg 0.30
K 33.20
CEC [cmol (+) kg™'] 2.93
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3.2. Treatment Effect on Growth Parameters

3.2.1. Plant Height

Nitrogen rate and intra-row spacing significantly (P < 0.05) affected plant height in
both cropping seasons. There was no significant (P > 0.05) N rate by intra-row in-
teraction effect on plant height (Table 2). In both cropping seasons, plant height
increased significantly from the lowest in plots that received 0 kg N/ha application
to the highest in plots that received 90 kg N/ha, beyond which there was no signifi-
cant increase. Thus, plant height increased with an increase in N rate, attaining its
potential height at 90 kg N/ha application. An increase in plant height due to high
nitrogen (N) levels may be attributed to improved vegetative development, resulting
in increased mutual shading and internodal extension. With the higher dose of N
application, the cell division, cell elongation, nucleus formation, green foliage, and
chlorophyll content could have increased, leading to an increased rate of photosyn-
thesis and extension of the stem, resulting in increased plant height. The decline in
plant height after 90 kg N/ha suggests that 90 kg N/ha was the adequate application
rate for plant height. This finding is consistent with studies that have reported a
positive response in maize plant height to N fertilization [22]. This observation is
inconsistent with those of [32] who reported that increased nitrogen levels from 120
kg N/ha to 200 kg N/ha increased the plant height of hybrid maize varieties.

Table 2. Effect of nitrogen rate and intra-row spacing and their interaction on plant height
in the 2023 and 2024 cropping seasons.

Treatment 2023 2024
N rate (kg/ha) Plant height (cm) Plant height (cm)

0 180.20 190.20

60 220.30 215.15

90 240.10 250.20

120 245.15 260.25

LSD (0.05) 6.50 12.20

Intra-row spacing (cm)

20 256.12 248.25
30 255.52 246.05
40 215.20 210.10
Mean 242.28 234.80
LSD (0.05) 0.20 0.50
CV (%)
Interaction
N rate x Intra-row spacing ns ns

ns = non-significant at 5% level of significance.

In both seasons, plant height increased with increasing intra-row spacing from
20 cm to 30 cm, beyond which there was a decline in plant height. Thus, plots with
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narrower intra-row spacing produced taller plants, while those with wider intra-
row spacing produced shorter plants. This could be due to nutrient competition,
which was expected to be higher under narrower intra-row spacing and vice versa.
Wider intra-row spacing (40 cm) resulted in slightly shorter plants, while the nar-
rowest spacing (20 cm) resulted in the shortest plants, possibly due to increased
competition for resources. The tallest plants were recorded at 30 cm intra-row
spacing, which may be due to optimal plant density and reduced competition for
resources [33]. The non-significant interaction between N rate and intra-row
spacing for plant height suggests that the effects of N rate and intra-row spacing
on plant height are additive [34]. Thus, optimizing N rates and intra-row spacing
can improve maize plant height, which can contribute to increased biomass pro-
duction and potentially improve grain yield

3.2.2. Leaf Area Index

Leaf Area Index (LAI) was significantly (P < 0.05) affected by the main effect of
Nitrogen rate and intra-row spacing, but not significantly (P > 0.05) affected by
their interaction effect (Table 3). In both cropping seasons, N application signifi-
cantly increased LAI compared to the control (0 kg N/ha). LAI increased signifi-
cantly with increasing N rate up to 90 kg/ha, beyond which there was no further
significant increase. This is consistent with studies by [22], who reported optimal
N rates for maximizing LAI in maize. The increase in LAI with N application can
be attributed to improved leaf growth and development, which is essential for

photosynthesis and biomass production.

Table 3. Effect of nitrogen rate and intra-row spacing and their interaction on LAI in the
2023 and 2024 cropping seasons.

Treatment 2023 2024
N rate (kg/ha) LAI (cm?) LAI (cm?)

0 2.168 2.068

60 3.143 3.143

90 3.681 3.591

120 3.113 3.193

LSD (0.05) 0.41 0.31

Intra-row spacing (cm)

20 3.411 3.501

30 3.093 3.293

40 2.218 2.998

Mean 2.907 3.264

LSD (0.05) 0.27 0.19

CV (%) 12.1 10.5
Interaction

N rate x Intra-row spacing ns ns

ns = non-significant at 5% level of significance.
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The largest LAI was recorded under 20 cm intra-row spacing, and the lowest
was observed under 40 cm intra-row spacing. Thus, LAl increased with decreasing
intra-row spacing and decreased with increasing intra-row spacing. The increase
in LAI with reduced intra-row spacing might be due to the occupation of more
unit area by the green canopy of the plants. This study agrees with that of [35],
who indicated that in high maize density, LAI increases more than at lower den-
sity throughout the crop growing season. [36] reported maximum LAI from the
lowest plant density and minimum LAI from the highest plant density. In this
case, increasing the number of plants per unit area beyond the optimum level
could probably reduce the amount of light availability to the individual plant, es-
pecially to lower leaves, due to shading.

The non-significant interaction between N rate and intra-row spacing for LAI
in both cropping seasons suggests that the effects of N rate and intra-row spacing
on LAI are additive [34]. Thus, the results indicate that optimizing N rates and
intra-row spacing can enhance maize leaf area index (LAI), which may contribute

to increased photosynthetic activity and potentially improve grain yield.

3.3. Treatment Effect on Phenological Parameters

3.3.1. Days to 50% Anthesis

The main effect of N rate significantly (P < 0.05) affected days of 50% anthesis,
while intra-row spacing and the interactions did not significantly (P > 0.05) affect
days of 50% anthesis (Table 4). The longest days to 50% anthesis were recorded

Table 4. Effect of nitrogen rate and intra-row spacing and their interaction on Days to 50%
anthesis in the 2023 and 2024 cropping seasons.

Treatment 2023 2024
N rate (kg/ha) Days to 50% anthesis Days to 50% anthesis
0 82.00 81.90
60 81.22 80.93
90 79.83 81.20
120 79.10 80.10
LSD (0.05) 1.03 0.1

Intra-row spacing (cm)

20 81.00 81.50
30 80.83 80.03
40 79.90 79.10
Mean 80.58 80.21
LSD (0.05) ns ns
CV (%) 15.50 17.10
Interaction
N rate x Intra-row spacing ns ns

ns = non-significant at 5% level of significance.
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from the control plots, which were significantly longer than the other treatments.
Thus, days to 50% anthesis decreased with an increase in N rate application, sug-
gesting that higher application of Nitrogen dose induced early anthesis in maize.
The shortest duration to 50% anthesis was recorded at 90 kg N/ha, suggesting that
optimal N rates can promote earliness in maize [37]. A further increase in N rate
(120 kg/ha) resulted in statistically similar days to 50% anthesis compared to the
90 kg N/ha rate. This could be due to excessive vegetative growth at the 120 kg
N/ha rate [38]. This result agreed with [33], who reported that the increasing ni-
trogen level from 120 kg-ha™! to 200 kg-ha™ decreased the days to 50% anthesis.
The earliness associated with higher nitrogen application may be due to the rapid
growth of the maize plant resulting from the availability of adequate nitrogen in
the soil. The non-significant effect of intra-row spacing on days to 50% anthesis
in both cropping seasons could be due to reduced competition for resources [39].
In comparison, the non-significant interaction between N rate and intra-row
spacing for days to 50% anthesis suggests that the effects of N rate and intra-row
spacing on days to 50% anthesis are additive [40]. Thus, optimizing N rates and
intra-row spacing can influence maize phenology, which can contribute to im-

proved crop management and potentially increase grain yield.

3.3.2. Days to 50% Silking

The main effect of N rate significantly (P < 0.05) affected days to 50% silking,
while intra-row spacing and the interactions did not significantly (P > 0.05) affect
days to 50% silking (Table 5). In both seasons, the control plots recorded the

Table 5. Effect of nitrogen rate and intra-row spacing and their interaction on Days to 50%
Silking in the 2023 and 2024 cropping seasons.

Treatment 2023 2024
N rate (kg/ha) Days to 50% silking Days to 50% silking
0 88.23 87.13
60 85.11 86.13
90 86.58 85.10
120 85.50 85.00
LSD (0.05) 1.10 0.90
Intra-row spacing (cm)
20 85.00 84.90
30 84.83 83.73
40 83.40 82.90
Mean 84.41 83.84
LSD (0.05) Ns ns
CV (%) 14.90 13.00
Interaction
N rate x Intra-row spacing ns ns

ns = non-significant at 5% level of significance.
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longest days, while the 120 kg N/ha rate recorded the shortest days to 50% silking,
which was not significantly different from days recorded at the 90 kg N/ha rate.
Thus, the number of days to 50% silking decreased with an increase in N rate ap-
plication, suggesting that a higher nitrogen dose induced early silking in maize.
The shorter silking duration could be attributed to adequate soil nitrogen, which
promoted better phenological development of the maize plant. The period of silk-
ing is a critical time for kernel formation after pollination. Any factor that affects
silking and the duration of silking can have a direct impact on grain production.
Regarding the intra-row spacing, although the LSD values for intra-row spacing
were non-significant (ns), the mean values suggest that wider intra-row spacing
(40 cm) resulted in shorter days to 50% silking compared to narrower spacings.
This could be due to reduced competition for resources such as light, water, and
nutrients at wider spacings [41]. The non-significant interaction between N rate
and intra-row spacing for days to 50% silking suggests that the effects of N rate
and intra-row spacing on days to 50% silking are additive [42]. As with the days
to 50% anthesis, optimizing N rates can influence days to 50% silking, which
can contribute to improved crop management and potentially increase grain

yield.

3.4. Treatment Effects on Maize Grain Yield and Yield Components

3.4.1. Percent Stand Count

The maize percent stand count was significantly (P < 0.05) affected by the main
effect of N rate and intra-row spacing but not significantly (P > 0.05) affected by
their interaction effect (Table 6). In both cropping seasons, the highest percent
stand count was recorded at the 90 kg N rate and the lowest at the 0 kg N/ha rate.
Stand count (%) increased significantly with increasing N rate up to 90 kg/ha,
beyond which there was no further significant increase. This suggests that a higher
nitrogen dose application promoted the stand count (%) of maize, achieving a
potential stand count (%) at 90 kg N/ha.

The highest percent stand count was recorded from 40 cm intra-row spacing,
while the lowest was recorded from 20 cm intra-row spacing. The percent stand
count increased at wider intra-row spacing and decreased at narrow intra-row
spacing. The percent plant stand decreased as plant population increased, and this
might be due to the crowding effect. The other reason could be that at lower pop-
ulation densities, the availability of more space might have resulted in less com-
petition for resources (nutrients, moisture, and light), whereas at high densities,
competition resulted in weaker plants and mortalities by the time the crop ap-
proached maturity. This result agrees with [43] who reported a higher percent
plant stand count due to a wider spacing combination of 75 cm x 30 cm than a
narrow spacing of 55 cm x 20 cm. Similarly, [44] reported that wider inter and
intra-row spacing of 75 cm X 26.6 cm had a greater percent stand count of maize
compared to the initial count than that of narrow inter and intra-spacing of 5 cm

x 17.7 cm.
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Table 6. Effect of nitrogen rate and intra-row spacing and their interaction on stand count
(%) in the 2023 and 2024 cropping seasons.

Treatment 2023 2024
N rate (kg/ha) Stand count (%) Stand count (%)

0 76.60 72.60

60 81.56 88.16

90 93.20 90.90

120 83.20 88.50

LSD (0.05) 2.16 1.26

Intra-row spacing (cm)

20 86.60 80.10

30 90.16 88.56

40 93.20 91.90

Mean 93.20 93.20

LSD (0.05) 1.60 2.20

CV (%) 18.10 17.50
Interaction

N rate x Intra-row spacing ns ns

ns = non-significant at 5% level of significance.

3.4.2. Stover Weight

Stover weight was significantly (P < 0.05) affected by the main effect of N rate and
intra-row spacing, but not significantly (P > 0.05) affected by their interaction ef-
fect (Table 7). Increasing N rate significantly increased stover weight in both
cropping seasons (2023 and 2024). This is consistent with studies that have re-
ported positive responses of maize stover yield to N fertilization [45]. The highest
stover weight was recorded at the highest N rate (120 kg/ha) in 2023. In 2024, the
highest stover weight was recorded at both 90 kg/ha and 120 kg/ha, which were
statistically similar. This suggests that N rates above 90 kg/ha may not always re-
sult in significant increases in stover weight. Thus, stover yield increased with an
increase in nitrogen level. Similarly, [46] reported that increasing the nitrogen
level from 60 kg/ha to 240 kg/ha effectively improved stover yield.

The highest stover weight was recorded at the widest intra-row spacing (40 cm)
in both cropping seasons compared with narrower spacings (20 cm and 30 cm).
Thus, stover weight increased with increasing intra-row spacing, which could be
attributed to reduced competition for resources such as light, water, and nutrients
at wider spacings [46]. The interaction between N rate and intra-row spacing was
not significant for stover weight in both cropping seasons. This suggests that the
effects of N rate and intra-row spacing on stover weight are additive, and there is
no synergistic or antagonistic interaction between the two factors [47]. The results

suggest that optimizing N rates and intra-row spacing can enhance maize stover
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weight, thereby contributing to increased overall biomass production and poten-

tially improving soil health through enhanced crop residue retention.

Table 7. Effect of nitrogen rate and intra-row spacing and their interaction on stover weight
in the 2023 and 2024 cropping seasons.

Treatment 2023 2024
N rate (kg/ha) Stover weight (kg) Stover weight (kg)

0 14.61 12.21

60 15.22 14.92

90 16.92 16.32

120 17.22 16.22

LSD (0.05) 0.91 0.82

Intra-row spacing (cm)

20 1391 13.61

30 15.02 15.52

40 17.92 16.92

Mean 15.61 15.35

LSD (0.05) 0.32 0.22

CV (%) 15.92 14.12
Interaction

N rate x Intra-row spacing ns ns

ns = non-significant at 5% level of significance.

3.4.3. Ear Diameter

The main effect of N rate significantly (P < 0.05) affected maize diameter, while
that of intra-row spacing and their interaction did not significantly (P > 0.05) af-
fect ear diameter (Table 8). In both seasons, the highest ear diameters were rec-
orded from plots that received a 90 kg N/ha application rate, while the control
plots produced the lowest. The ear diameters were not significantly (P > 0.05) dif-
ferent among plots that received 90 and 120 kg N/ha. Generally, ear diameter in-
creased with increased N rates in both cropping seasons, indicating that either the
crop was efficient in its capture and use of fertilizer N or the soils were low in plant
available nutrients, or both. The fact that there was no further significant increase
in ear diameter beyond 90 kg/ha suggests that maize plants attained potential ear
diameter at the rate of 90 kg/ha. In the environments where these studies were
carried out, the soil was low in plant-available nutrients, with an average pH of
5.50. [44] reported low maize yields for soils that received no fertilizer and at-
tributed it to reduced plant growth as a consequence of low levels of nutrients,
particularly N supply and uptake. The non-significance of the intra-row effect on
ear diameter might be due to low competition for resources like moisture, nutri-

ents, and light under this intra-row spacing.
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Table 8. Effect of nitrogen rate and intra-row spacing and their interaction on ear diameter
in the 2023 and 2024 cropping seasons.

Treatment 2023 2024
N rate (kg/ha) Ear diameter (cm) Ear diameter (cm)

0 2.29 2.50

60 3.20 4.10

90 4.19 4.50

120 3.50 3.89

LSD (0.05) 0.80 0.18

Intra-row spacing (cm)

20 3.35 3.50
30 3.50 3.90
40 3.20 3.60
Mean 3.35 3.67
LSD (0.05) Ns ns
CV (%) 15.50 16.40
Interaction
N rate x Intra-row spacing ns ns

ns = non-significant at 5% level of significance.

3.4.4. Ear Length

The analysis of variance showed that ear length was significantly (P < 0.05) af-
fected by the main effect of N rate, intra-row spacing, and their interaction. The
longest ear (37.90 cm) was recorded from a 90 kg N/ha rate under 40 cm intra-
row spacing, while the shortest ear length (21.20 cm) was obtained from a 0 kg
N/ha rate at an intra-row spacing of 20 cm (Table 9). In general, ear length

decreased with decreased intra-row spacing (increased plant density). The longer

Table 9. Interaction of N rate and intra-row spacing on ear length at harvest of green cob
maize during the 2023 and 2024 cropping seasons.

Nitrogen rate (kg Intra-row spacing (cm)
N/ha) 20 30 40

0 21.20 27.2 28.30

60 23.32 30.1 32.50

90 32.50 322 37.90

120 33.01 33.30 35.10
LSD (0.05) 2.20
CV (%) 4.6

LSD = least significant difference, NS = non significance, CV = coefficient of variation in
percent. Means columns within a parameter followed by the same letter(s) are not signifi-
cantly different at the 5% level of significance.
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ear at lower plant population (increased intra-row spacing) may be due to less
competition for resources at lower plant population density. [44] Also observed
was decreased maize ear length under increased population densities, and it was
attributed to the fact that plant populations above and below the critical density
hurt yield per plant due to inter-plant competition for light, water, nutrients, and
other potential yield-limiting environmental factors. Reduction of ear length and
diameter with narrower row spacing is attributed to limitation of assimilates as a
result of low photosynthetic processes of leaves at narrow row spacing due to less
availability of growth-influencing factors, which resulted in low ear length and

diameter.

3.4.5. Grain Yield

Nitrogen rate and intra-row spacing significantly (P < 0.05) affected grain yield in
both cropping seasons (Table 10). The highest grain yields were achieved in plots
that received 90 kg N/ha, beyond which there was no further significant increase
in grain yield. Minimum grain yields were obtained under 0 kg N/ha, which were
statistically lower than grain yields obtained under other application rates. In con-
trast, maximum grain yields were obtained at 120 kg N/ha, which were statistically
similar to those obtained at 90 kg N/ha. Higher grain yields at higher nitrogen
levels might be due to the lower competition for nutrients and the positive effect
of N on plant growth, leaf area expansion, and thus increase solar radiation use
efficiency that ultimately increases in grain yield. These results are in line with
those of [44], who reported that increasing the N rates significantly increased
grain yield in maize. An increase in grain yield at higher N levels might be due to
the lower competition for nutrients, which leads to a larger canopy of the plant
contributing higher photosynthetic activity to accumulate more biomass with the
bold grain. Nitrogen is a vital plant nutrient and a major yield-determining factor
required for maize production [45]. The fact that grain yield started declining after
90 kg N/ha, suggests that 90 kg N/ha was the adequate application rate for grain
yield. [46] reported that the nitrogen fertilizer levels are significant for grain yield,
plant height, dry stover weight, cob length, and grain depth at nitrogen levels of
0, 45, and 90 kg N/ha. The observed trend in grain yield confirms the results of
[47], who observed significant differences in the cob weight at different N rates.
The results support the findings of [48], who reported that winter maize grain
yield increased with increasing levels of NPK fertilizers. [46] also reported that
with the increasing Nitrogen dose, the maize grain yield also increased. An in-
crease in grain yield at higher N levels might be due to the lower competition for
nutrients, which leads to more canopy of the plant contributing to higher photo-
synthetic activity to accumulate more biomass and bold grain.

An intra-row spacing of 40 cm recorded the highest grain yields, statistically
higher than those recorded under other intra-row spacing. There was an increase
in maize grain yield under increased spacing, possibly due to less competition for
available resources (nutrients, water, and light). Wider intra-row spacing provides

available nutrient elements, while narrow row spacing creates more competition
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for nutrients and light [46]. Higher grain yield production with wider intra-row
spacing might be due to less competition for plant resources and availability of
maximum solar radiation [49]. This finding agrees with [50] who reported that
intra-row spacing of 25 cm resulted in the highest (23.11) cob per plot than 30 cm,
followed by (21.56); while 20 cm resulted in the least (17.78) cob per plot. In that
study, the reason assigned for the 25 cm intra-row spacing recording higher cob
yield per ha was the higher plant population under the 25 cm than those of 30 and
35 cm intra-row spacing; In comparison, while 20 cm intra-row spacing might be
affected by a limitation factor than the others [43].

Table 10. Effect of nitrogen rate and intra-row spacing and their interaction on grain yield
in the 2023 and 2024 cropping seasons.

Treatment 2023 2024
N rate (kg/ha) Grain yield (kg) Grain yield (kg)

0 1310 1510

60 2510 3110

90 3520 4120

120 3600 4150

LSD (0.05) 200 150

Intra-row spacing (cm)

20 1750 1640
30 3210 3310
40 3900 3850
Mean 2953 2933
LSD (0.05) 130 270
CV (%)
Interaction
N rate x Intra-row spacing ns ns

ns = non-significant at 5% level of significance.

3.5. Treatment Effects on Economic Data

Partial Budget Analysis

The economic analysis of the treatments was carried out using the benefit-cost
ratio (BCR) method. This involved determining variable costs, gross returns, and
net benefits for all treatments. In both seasons, the net benefits (NBs) were gener-
ally higher in plots that received Nitrogen fertilizer application than in the control
plots (Table 11). This could be a result of the higher grain yield of maize in the
treated. Thus, differences in NBs and BCRs among treatments were basically due
to differences in maize grain yield obtained from the different treatments. This is
supported by the fact that treated plots with the highest grain yields consistently
also accounted for the highest NBs and BCRs. Thus, the trend is consistent, with
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the highest yielding treatment recording the highest NB and BCR. The trend on
partial budget analysis was consistent in both seasons, with the highest yielding
treatments (90 kg N/ha and 40 cm) recording the highest net benefit, while the
control (0 kg/ha) ranked last. The application rate of 90 kg N/ha and intra-row
spacing of 40 cm are thus recommended for optimum maize production and

productivity.

Table 11. Net benefit and benefit-cost ratio of various treatments during the 2023 and 2024
cropping season.

Net benefit (NB) Benefit-cost ratio
Treatment GHC (BCR)
2023 2024 2023 2024
N rates (kg N/ha)

0 80.00 78.00 0.90 0.86

60 225.10 252.50 1.30 1.20

90 390.10 385.50 1.72 1.88

120 382.10 375.50 1.02 1.10

Intra-row spacing (cm)

20 210.20 215.40 0.80 0.80

30 262.18 251.10 0.96 0.90

40 279.10 260.30 1.91 1.80

4. Conclusion

The study was conducted to assess the effect of N rate and intra-row spacing on
maize growth, development, and yield. Generally, the various treatments signifi-
cantly affected yield and yield components of maize. Plots that received 120 and
90 kg N/ha recorded relatively higher grain yield and growth parameters than 0
kg N/ha. The highest yield and yield components were recorded under 120 kg
N/ha and 90 kg N/ha with grain yields at these rates being statistically similar in
both cropping seasons. An intra-row spacing of 40 cm recorded the highest grain
yields, statistically higher than those recorded under other intra-row spacing. The
increase in maize grain yield under increased spacing, which might be due to less
competition for available resources (nutrients, water, and light). The trend on par-
tial budget analysis was consistent in both seasons, with the highest yielding treat-
ments (90 kg N/ha and 40 cm) recording the highest net benefit, while the control
(0 kg/ha) ranked last. The application rate of 90 kg N/ha and intra-row spacing of

40 cm are thus recommended for optimum maize production and productivity.
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