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Abstract

Two field studies were conducted simultaneously at two locations in Atebubu
(Bono East region) and Adomase (Bono region) of Ghana during the 2022 ma-
jor crop growing seasons to determine the effect of NPK (Granule and Bri-
quette) + Urea fertilizers on selected soil properties, growth and yield of maize.
The experimental design used was Randomized Complete Block Design (RCBD)
with four replications. The treatment evaluated were; I Control with no amend-
ment, IT Granule NPK + Urea at 200 kg/ha, III Granule NPK + Zn + Urea at
133.2 kg/ha, IV Granule NPK + Zn + Urea at 120.2 kg/ha, V Granule NPK +
Urea at 152 kg/ha, VI Briquette NPK + Urea at 115.2 kg/ha, VII Briquette NPK
+ Urea at 57.6 kg/ha, and VIII Briquette NPK + Urea at 100 kg/ha. The basal
amendments (NPK granule and briquette) were applied three weeks after sow-
ing (3 WAS) and the top dressing (Urea granule and briquette) at seven weeks
after sowing (7 WAS). The results of the study demonstrated no significant
differences among treatments for the soil chemical properties such as pH, total
nutrients (N, P, K, B, Zn, Fe, Cu, CEC, C/N ratio), and extractable nutrients
(P, K, Ca, B, Mn) and soil organic carbon content. There were significant dif-
ferences (p < 0.05) among treatments with leaf chlorophyll content, in which
(Granule NPK + Urea at 200 kg/ha) recorded the highest values of 51.4 SPAD.
Again, Granule NPK + Urea at 200 kg/ha recorded the highest significant value
in maize leaf area. The influence of the treatments significantly increased 100
seed weight, in treatments with fertilizer amendment. The Grain yield recorded
no significant differences (p = 0.05) among treatments. Briquette NPK + Urea
at 115.2 kg/ha, as well as Briquette NPK + Urea at 100 kg/ha have performed
in equal measures with Granule NPK + Urea fertilizers in the following param-
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eters: biomass at harvest, 100 seed weight, leaf area, and cob weight. In conclu-
sion, the Briquette NPK + Urea fertilizers exerted as many similar effects on
soil properties and on growth and yield of maize as the commonly used granule
fertilizers, even though the briquette fertilizers were applied at lower rates than
the granule fertilizers. Briquette fertilizers are promising and could be an alter-
nate N source to granule fertilizers.
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1. Introduction

Continuous cultivation of available arable lands has become vital due to an in-
crease in human population [1]. This has resulted in a decline of soil fertility which
is recognized as a severe problem affecting agricultural output and environmental
well-being in Sub-Saharan Africa. Meanwhile, food production is expected to tri-
ple by 2050 to meet the demands of the world’s rising population [1] [2].

Inorganic fertilizers have been used to boost food production [1]. Mineraliza-
tion of the granule fertilizer is known to be very fast due to increase in surface area
[3] [4]. However, their efficiency is known to be low, with approximately 40% -
70% N, 80% - 90% P and 50% - 70% K applied being lost through leaching, volat-
ilization, and erosion contributing to the degradation of soil properties, environ-
mental damage, biodiversity loss, groundwater contamination, and thus posing a
health risk to humanity [5]. Also, the successive reduction of nitrate to nitrite and
then to nitrogen gas contributes to global warming [6].

Over-application and under application of inorganic fertilizers in Sub-Saharan
Africa according to Bijay-Sing and Craswell [7], is one of the major problems as-
sociated with granular fertilizer application, in which farmers use their own dis-
cretion and apply any fertilizer quantity. Inadequate fertilizer application has the
tendency to cause a decline in the yield of the crop and consequently results in
food shortage and hunger, whilst application of fertilizer more than crop require-
ment will increase the cost of production but would not necessarily increase yield
[8]. Selecting fertilizer formulas that allow for minimal nutrient losses is crucial
for soil fertility, agronomic and environmental sustainability [9]. Briquette NPK
fertilizer is designed to minimize nutrient losses and it is efficient because it re-
leases nutrients slowly [10]. Maize plants cultivated in Ghana’s savanna agro-eco-
logical zones retrieved about 77 percent of the briquette fertilizer applied, improv-
ing maize output by 30 percent when compared to split application of granular
fertilizer sources, according to Adu-Gyamfi et al [11]. Agyin-Birikorang et al. [12]
reported that NPK briquettes increased maize yield by 16% compared with am-
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monium sulphate and by 23% to 34% relative to urea under normal weather con-
ditions. NPK briquette also resulted in higher N, P, and K use efficiencies; Rice
yields were increased by 25% to 50% with the application of the fertilizer briquette
compared with commercial granular fertilizer in Vietnam and Cambodia [10] [13]
[14]. Research in Bangladesh revealed that rice yield was enhanced by 25% - 35%,
while expenditure on commercial fertilizer was decreased by 24% - 32% when the
fertilizer briquette was used [15]. The increased N-use efficiency with the fertilizer
briquette implies lower N losses to water bodies and the atmosphere through leach-

ing and volatilization [3] [15].

2. Materials and Methods
2.1. Experimental Site and Location

The experiment was conducted at two locations concurrently with two-week in-
tervals at Atebubu in Atebubu-Amantin District of the Bono East Region and Ad-
omase in the Dormaa Central District of the Bono Region of Ghana in the major
season from April to August, 2022. The district is located in the transitional zone
(between the two major climatic regions in Ghana). The mean monthly tempera-
ture ranges from 30°C in March to 24°C in August [16]. The total annual rainfall
is between 1,400 mm and 1,800 mm and occurs in two seasons. The first rainy sea-
son begins in May or June whilst the second rainy season begins in September or
October [16]. The soil textural class was clay loam classified as Eutric Nitosol. Ado-
mase is located in the Dormaa Central District of Bono Region of Ghana. The soil

textural class was sandy loam classified as Rhodic Ferralsol.

2.2. Experimental Design and Treatment

The experimental design used for both Experiments (Atebubu and Adomase) was
a Randomized Complete Block Design (RCBD) with eight (8) treatments and each
treatment was replicated four (4) times. The treatments used for the study were:

T1 Control (No fertilizer)

T2 Granule NPK + Urea at 200 kg/ha

T3 Granule NPK + Zn and Urea at 133.2 kg/ha

T4 Granule NPK + Zn and Urea at 120.2 kg/ha

T5 Granule NPK + Urea at 152 kg/ha

T6 Briquette NPK + Urea at 115.2 kg/ha

T7 Briquette NPK + Urea at 57.6 kg/ha

T8 Briquette NPK + Urea at 100 kg/ha

2.3. Land Preparation and Field Layout

Land was prepared at both locations by removal of stumps followed by ploughing
and harrowing. Lining and pegging were carried out using ropes and pegs. The
experimental site was divided into four (4) blocks with 2 m alley between them.
Each block was then divided into eight (8) plots. Each plot measures 5 m x 5 m
with a 1m distance between plots making a total of 32 plots. The total field size
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was 47 m X 26 m (1, 222 m?).

2.4. Planting Material and Planting

The planting material used for the study was the Sanzal sima maize which was
obtained from the International Fertilizer Development Center (IFDC). Seed
planting was carried out at Atebubu on the 13th of April 2022 and subsequently
on 27th April at Adomase. Three (3) seeds were sown per hole and later thinned
to two (2) seedlings per hole. The planting distance was 75 cm X 40 cm. The num-
ber of rows per plot was 6 and the number of hills per row was 12. Seedling emer-
gence started 4 days after sowing and then after 7 days, vacant holes were refilled

with new seeds.

2.5. Cultural/Management Practices

Weeds were controlled for both experiments I and II (Atebubu and Adomase) at
2 - 3 weeks after planting manually using a hoe. Fall Armyworm was controlled by
spraying with “Gro-safe” organic pesticide containing Azacdiractin as the active
ingredient, with the recommended rate of 200 ml of neem oil + 50 ml of emulsifier
in a 15-litre Knapsack sprayer tank for both locations (Atebubu and Adomase).
This was done at six (4) weeks after planting for both locations. The different rates
of briquette and granular NPK fertilizers were applied 3 weeks after planting by
side deep placement method at 3 weeks after planting.

2.6. Data Collection and Statistical Analysis

Determination of Soil Physical Properties before Planting

Soil infiltration

Soil infiltration was measured using a single-ring infiltrometer as described by
Blake and Hartge [17]. The unit was in mm/hour.

Bulk density

The bulk density was measured as described by Klute.
Oven dried weight (kg)

Bulk density =
Volume (cm3 )

(1

Gravimetric water content
Gravimetric water content was measured as follows;

. . Wet weight — Dry weight
Gravimetric water content = g Yy &

: x100% (2)
Dry weight

Porosity

The porosity was measured as described by Blake and Hartge:

Fresh weight of soil — Oven dry weight

Porosity = x100% (3)

Volume of soil
Particle Density
The particle density was measured using Klute.
1—(Bulk density)
(Particle densty)

The total Porosity (Pt), Pt= x100%
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—(Bulk density)

(PT)—I x100% 4)

Particle density =
Soil Particle Size Determination
Particle size distribution was determined by the Bouyoucos Hydrometer
method [18].

2.7. Phenological Data

The vegetative growth parameters were taken for both experiments at Atebubu
and Adomase on five plants from each treatment plot which were randomly sam-
pled from the four middle rows (3 m x 3 m plot). Data on vegetative growth pa-
rameters were taken at 2-week intervals beginning from 5 weeks after planting (5
WAP) to 7 WAP.

Days to 50% Tasseling and Silking

The number of days to 50% tasseling and silking was determined by counting the
number of days from sowing to when 50% of plants within the 3 m x 3 m per plot
had tasseled or silked.

2.8. Vegetative Growth Data

The vegetative growth data taken were plant height, number of leaves per plant
and leaf chlorophyll content.

2.8.1. Plant Height

Plant heights were measured at 5 and 7 weeks after planting at both locations.

2.8.2. Leaf Chlorophyll Content
The leaf chlorophyll content was determined using the SPAD meter.

2.9.Yield and Yield Components

Yield and yield components data were taken from the (3 m x 3 m) area per plot
for determination of number of plants harvested, Grain Yield (t/ha), 100-seed

weight, number of grains per cob and Biomass weight (t/ha).

2.10. Grain Yield (t/ha)

The yield within the harvestable area of each plot was calculated and computed in

t/ha by using the formula.

Yield (kg) o, 000m’

Yield =
Harvestable area (rn2 ) 1000

©)

100-seed weight was also recorded for each plot and means were estimated for

each treatment.

2.11. Statistical Analysis

Data collected were subjected to the Analysis of Variance (ANOVA) model using
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GenStat Release Version 18.1 and treatment means compared using Tukey’s High-

est Significance Difference (HSD) at 5% probability level.

3. Results

3.1. Initial Soil Physical Properties

The soil’s initial physical properties are presented in Table 1.

Table 1. Initial soil physical properties at Atebubu and Adomase during the 2022 growing

season.
Parameters Units Location
Atebubu Adomase
Bulk density g/cm’ 1.26 1.42
Porosity % 44.1 46.3
Particle density g/cm? 2.62 2.66
Infiltration mm/h 15.5 40.7
Gravimetric water content % 24 11

Sand % 27.3 48.8
Silt % 34.4 43.6
Clay % 383 7.6

Textural Class Clay loam Sandy Loam

3.2. Initial Soil Chemical Properties

Table 2 presents the initial soil chemical properties (0 - 20 cm depth) recorded at

the experimental sites.

Table 2. Initial soil chemical properties within 20 cm depth at both experimental sites.

Parameters Units Location
Atebubu Adomase
pH 1:2.5 H,O 6.5 5.5
Organic C % 0.87 0.87
Total N % 0.07 0.06
OM % 1.8 1.6
Ca? Cmol(+)/kg 16 6.9
Mg?* Cmol(+)/kg 2.3 1.4
Ex. K+ Cmol(+)/kg 0.3 0.1
Boron Cmol(+)/kg 0.008 0.008
Available P Cmol(+)/kg 0.03 0.03
Manganese Cmol(+)/kg 2.6 2.36
Zinc Cmol(+)/kg 0.015 0.017
CEC Meq/100g 6.3 3.9
Iron Cmol(+)/kg 2.52 1.92
Copper % 2 1.8
C/N ratio N/A 15 15
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3.3. Soil Chemical Properties after Harvest of Maize

Table 3 and Table 4 show the soil chemical properties after the harvest of maize.

The results revealed no significant difference among treatments in both locations
(Table 3 and Table 4).

3.3.1. Exchangeable Bases (CaZ*, K+ and Mg2+)

The Ca** content differed significantly between the locations. Higher values were
recorded in Atebubu than in Adomase. Whilst the values ranged from 15.6 to 16.0
cmol(+)/kg in Atebubu, they ranged from 5.7 to 6.9 cmol(+)/kg in Adomase (Ta-
ble 3 and Table 4). No significant differences were recorded among treatments at
both locations.

Similarly, the result revealed a significant difference between the locations in
Mg**. The value recorded for the Mg?** was higher at Atebubu than at Adomase.
At Atebubu, the value was 2.6 cmol(+)/kg but at Adomase it was 1.4 cmol(+)/kg
(Table 3). However, no significant differences were observed among treatments.

In a similar trend, 1.3 cmol(+)/kg was recorded for K* at Atebubu but the value
for K* at Adomase was 1 cmol(+)/kg indicating a significant difference between
the two locations (Table 3 and Table 4). The treatments however did not differ

significantly at each location.

3.3.2. Available Phosphorus

A similar trend was recorded with respect to soil available phosphorus showing
no significant difference among treatments as well as between the two locations
(Table 3 and Table 4). The values recorded at both locations were 0.3 cmol(+)/kg
(Table 3 and Table 4).

3.3.3. Zinc

Results in Table 3 show the values recorded for Zn which were similar (p > 0.05)
among treatments and between locations. At Atebubu, for instance, the Granule
NPK + Zn and Urea 133.2 kg/ha as well as Granule NPK + Zn and Urea 120.2
kg/ha recorded 0.03 cmol(+)/kg each while the rest recorded 0.02 cmol(+)/kg each
(Table 3 and Table 4).

3.3.4. Cation Exchange Capacity (CEC)

All the treatments recorded a CEC of 6.3 meq/100g at Atebubu (Table 4). Mean-
while, at Adomase, the result ranged from 3.2 meq/100g to 4.1 meq/100g. The
highest value of 4.1 meq/100g was recorded by Granule NPK + Urea 152 kg/ha
while Briquette NPK + Urea 115.2 kg/ha recorded the least value of 3.2 meq/100g
(Table 3). There was no significant difference (p > 0.05) among the treatments in
both locations. However, there was a significant difference in CEC between the

locations.

3.3.5.C/N Ratio
No significant difference was observed in C/N ratio both among treatments and

between locations (Table 4). Generally, a C/N ratio of 15 was observed among all
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treatment at Atebubu whereas at Adomase, the C/N ratio ranged from 15 to 16
(Table 3 and Table 4)

Table 3. Final soil chemical properties after harvest of maize at Adomase.

» Exchangeable
Fertilizer pH Total OM Bases B AvailP Mn Zn CEC Fe Cu C/N
Treatments 125H OOrgamcC(%)N (%) (%) (Cmol( +)/kg) (Cmol (Cmol (Cmol (Cmol (Meq (Cmol (Cmol ratio
:2.5 Ha
(kg/ha) Ca Mg ( +)/kg) (+)/kg) (+)/kg) (+)/kg) /100g) (+)/kg) (+)/kg)
Adomase
Control 5.5 0.87 0.06 1.5 69 14 0.1 0.005 0.03 2.3 0.003 3.9 19 0.02 15
Granule NPK
5.2 0.82 008 14 69 14 0.1 0.005 0.03 2.3 0.003 3.3 1.9 0.02 15
+ Urea at 200
Granule NPK +
53 0.88 0.07 1.5 576 1.5 0.1 0.005 0.03 2.3 0.003 4.1 1.9 0.02 15
Znand Urea at 133.2
Granule NPK +
53 0.81 0.05 1.3 641 1.3 0.1 0.005 0.03 2.3 0.003 34 1.9 0.02 16
Zn and Urea 120.2
Granule NPK
5.1 0.88 0.06 14 6.79 1.3 0.1 0.005 0.03 23  0.003 4.2 1.9 0.02 16
+ Urea at 152
Briquette NPK
53 0.87 0.07 1.6 641 1.3 0.1 0.005 0.03 2.3 0.003 3.2 1.9 0.02 15
+ Urea at 115.2
Briquette NPK
5.2 0.86 0.07 1.5 576 1.5 0.1 0.005 0.03 2.3 0.003 3.3 19 0.02 16
+ Urea at 57.6
Briquette NPK
5.1 0.83 0.07 1.3 641 1.3 0.1 0.005 0.03 2.3 0.003 34 1.9 0.02 16
+ Urea at 100
Fpr 3.12 0.75 1.63 0.87 3.22 4.11 3.24 2.73 0.09 0.63 0.06 0.79 041 0.53 043
HSD (5%) 0.48 0.12 0.07 0.42 64.1 6.3415.0 0.73 2.24 2.1 0.06 246 6.12 1.01 1.07
Fpr (Locati
pr (Location 1.00 0.82 006 0312.19056003 004 001 076 0.01 0.01* 0.03** 022 0.03**
X Treatment)
HSD (5%) 0.00 0.23 0.19 0.00 0.00 0.00 0.01 0.52 0.17 0.41 026 0.02 000 0.06 0.06
CV (%) 0.42 2.05 7.72 7.141.883.994.70 6.23 323 4.13 2.78 6.27 1.16 1.11 5.16
Table 4. Final soil chemical properties after harvest of maize at Atebubu.
Fertili H Exchangeable B AvalP M Z CEC F C
ze
erizer P Organic Total OM Bases 5 " ¢ Yo
Treatments 1:2.5 C (%) N (%) (%) (Cmol( +)/kg) (Cmol (Cmol (Cmol (Cmol (Meq (Cmol (Cmol ratio
0
(kg/ha) H,0 Ca Mg (+)/kg) (+)/kg) (+)/kg) (+)/kg) /100g) (+)/kg) (+)/kg)
Adomase
Control 6.3 0.87 0.07 1.8 16.0 2.6 0.3 0.005 0.03 2.6 0.002 6.3 2.5 0.03 15
Granule NPK
6.1 0.82 0.08 1.8 16.0 2.6 0.3 0.005 0.03 2.6 0.002 6.3 2.5 0.03 15
+ Urea at 200
Granule NPK
6.3 0.88 0.07 1.7 16.0 2.6 0.3 0.005 0.03 2.6 0.002 6.3 2.5 0.03 15
+ Znand Urea at 133.2
Granule NPK
6.3 0.81 0.07 1.8 159 2.6 0.3 0.005 0.03 2.6 0.002 6.3 2.5 0.03 15
+ Zn and Urea 120.2
Granule NPK

6.1 088 0.06 1.8 156 2.6 0.3 0.005 0.03 26 0002 63 2.5 0.03 15
+ Urea at 152
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Continued
Briquette NPK
6.3 087 0.07 1.6 16.0 2.6 0.3 0.005 0.03 26 0002 63 2.5 0.03 15
+ Urea at 115.2
Briquette NPK
6.3 0.87 0.07 1.7 16.0 2.6 0.3 0.005 0.03 2.6 0.002 6.3 2.5 0.03 15
+ Urea at 57.6
Briquette NPK
6.3 0.87 0.07 1.7 16.0 2.6 0.3 0.005 0.03 2.6 0.002 6.3 2.5 0.03 15
+ Urea at 100
Fpr 4.3 0.15 145 3.92 2.33 1.82 0.86 1.77 0.02 0.01 034 0.11 0.02 0.01 0.55
HSD (5%) 0.50 0.33 0.26 0.70 14.1 0.08 0.76 0.08 132 17.01 146 047 0.18 1.53 0.22
Fpr (Location
pr ( 1.00 0.82 0.06 0.31 2.19 0.56 0.03 0.04 0.01 0.76 0.01 0.01** 0.03** 0.22 0.03**
X Treatment)
HSD (5%) 0.00 0.23 0.19 0.00 0.00 0.00 0.01 0.52 0.17 0.41 026 0.02 0.00 0.06 0.06
CV (%) 0.42 205 7.72 7.14 1.88 399 470 6.23 323 413 278 627 1.16 1.11 5.16

3.4. Phenology of Maize

3.4.1. Days to 50% Tasseling

The results on days to 50% tasselling as influenced by the different rates of ferti-
lizer were not significantly different among the treatments at Atebubu and Ado-
mase. Again, there were no significant differences observed between locations
(Table 5). The results revealed that plant treated with Granule NPK + Urea at 152
kg/ha had the earliest tasselling at 49.5 DAS (days after sowing) and 51 DAS at
Adomase and Atebubu, respectively.

3.4.2. Days to 50% Silking

Table 5 revealed no significant difference in days to 50% silking among treatments
atboth locations (Table 5). Similarly, no significant difference was realised in days
to 50% silking between the two locations. Days to 50% silking ranged from 54.5
to 57.75 at Atebubu and from 53.55 at Adomase.

Table 5. Effect of NPK + Urea fertilizer granules and briquettes on tasseling and silking at
Atebubu and Adomase.

Days to 50% Tasselling Days to 50% silking

Treatment (kg/ha)
Atebubu Adomase Atebubu Adomase

T1 Control (No fertilizer) 51.25a 52.20a 55.00a 56.75a
T2 Granule NPK + Urea at 200 52.50a 50.50a 55.25a 55.25a
T3 Granule NPK + Zn and Urea at 133.2  52.00a 51.00a 54.50a 56.55a
T4 Granule NPK + Zn and Urea at 120.2  51.50a 51.50a 54.50a 57.54a
T5 Granule NPK + Urea at 152 51.00a 49.50a 54.50a 53.55a
T6 Briquette NPK + Urea at 115.2 51.75a 52.50a 55.35a 57.25a
T7 Briquette NPK + Urea at 57.6 53.50a 50.75a 57.75a 54.75a
T8 Briquette NPK + Urea at 100 52.41a 51.67a 56.67a 56.74a

HSD (P <£0.05) 4.16 4.31 5.66 4.4

P-Value (0.07) (0.86) (0.48) (0.75)

CV (%) 3.44 1.45 3.80 1.34
Location = 0.72** (p = 0.003) 0.68** (p = 0.004)

Location x Treatment = 4.47 (p = 0.646) 3.66 (p = 0.875)
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3.5. Vegetative Growth

3.5.1. Plant Height

Table 6 shows the results for plant height of maize at 5 and 7 weeks after sowing
(5 WAS). There was no significant difference among treatments at Atebubu and
Adomase at 5 WAS. Also, no significant differences were observed between the
two locations. Similarly, the results recorded in the 7 WAS were not significantly
different among treatments at Atebubu and Adomase as well as between the loca-

tions.

Table 6. Initial soil physical properties at Atebubu and Adomase during the 2022 growing
season.

Days to 50% Days to 50%
Tasselling silking
Treatment (kg/ha) 5WAS 7 WAS
Atebubu Adomase Atebubu Adomase
T1 Control (No fertilizer) 45.75a 56.00a 145.58a 173.50a
T2 Granule NPK + Urea at 200 6485a 5850a 175.10a 200.30a

T3 Granule NPK + Zn and Urea at 133.2 55.87a 59.00a 152.50a 174.45a

T4 Granule NPK + Zn and Urea at 120.2 53.77a 58.50a 146.70a 165.55a

T5 Granule NPK + Urea at 152 60.65a 59.50a 145.80a 174.45a
T6 Briquette NPK + Urea at 115.2 64.45a 5850a 158.15a 186.50a
T7 Briquette NPK + Urea at 57.6 53.12a  58.75a 157.97a 17845a
T8 Briquette NPK + Urea at 100 55.57a 57.67a 152.63a 178.65a
HSD (P < 0.05) 24.49 5.46 45.68 47.12
P-Value (0.246) (0.166)  (0.435)  (0.257)
CV (%) 18.19 14.74 12.48 10.93
Location = 8.62** (p =0.001) 11.12** (p = 0.014)
Location x Treatment = 20.21 (p = 0.885) 56.60 (p = 0.754)

3.5.2. Leaf Chlorophyll Content

The chlorophyll content of the leaves of the maize plants was observed 5 weeks
after sowing (5 WAS) and 7 weeks after sowing (7 WAS). The Granule NPK +
Urea (200 kg/ha) recorded the highest chlorophyll content at Atebubu, at 5 and 7
WAS. There were significant pairwise differences (p > 0.05) among treatment
means at Atebubu in the 5 weeks after sowing and the 7 weeks after sowing. The
Granule NPK + Urea 200 kg/ha recorded the highest chlorophyll content in the 5
and 7 WAS at both locations (Table 7). Meanwhile, no significant differences were
observed among fertilizer treatments at Adomase. The control recorded the least
leaf chlorophyll content at both locations. Significant differences were observed

between locations.
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Table 7. Effect of NPK + Urea fertilizer granules and briquettes on Chlorophyll content at
Atebubu and Adomase.

Chlorophyll content Chlorophyll content

Treatment (kg/ha) 5 WAS 7 WAS
Atebubu Adomase Atebubu Adomase
T1 Control (No fertilizer) 37.6f 31.00 a 41.5 bc 39.8a
T2 Granule NPK + Urea at 200 489a 38.50 a 5l4a 47.7 a

T3 Granule NPK + Zn and Urea at 133.2 40.1def 29.90a 40.3 ¢ 458 a
T4 Granule NPK + Zn and Urea at 120.2  38.4 ef 38.50 a 41.0 ¢ 432 a

T5 Granule NPK + Urea at 152 47.0 ab 30.60 a 48.2 ab 44.5a
T6 Briquette NPK + Urea at 115.2 446bc  2850a 453abc  439a
T7 Briquette NPK + Urea at 57.6 41.8cde 33.75a  44.2bc 424a
T8 Briquette NPK + Urea at 100 424cd 3270a  44.1bc 442a
HSD (P <0.05) 3.86 10.67 6.93 8.17
P-Value (0.001) (0.245) (0.003) (0.475)
CV (%) 3.84 8.39 6.57 7.93
Location = 2.8%* (p=0.006) 1.61** (p=0.006)
Location x Treatment = 10.21 (p = 0.003) 8.19 (p =0.183)

3.5.3. Leaf Area

Table 8 revealed that at 5 weeks after sowing (5 WAS), Granule NPK + Urea 200
kg/ha produced the largest leaf area (395.38 cm?) followed by Briquette NPK +
Urea at 115.2 kg/ha (382.90 cm?) at Atebubu. There was no significant difference
among treatments in the 5 WAS at Atebubu. The least value (322.0 cm?) was rec-
orded under the control (Table 8). Results in the 7 weeks after sowing revealed
that Granule NPK + Urea 200 kg/ha again recorded the highest (493.5 cm?) and
the least was recorded under the control showing significant differences among

treatments.

Table 8. Initial soil physical properties at Atebubu and Adomase during the 2022 growing
season.

Chlorophyll content Chlorophyll content

Treatment (kg/ha) 5 WAS 7 WAS
Atebubu Adomase Atebubu Adomase
T1 Control (No fertilizer) 322.0a 331.0a 396.4b 399.8a
T2 Granule NPK + Urea at 200 3954a 3385a 4935a 442.7 a

T3 Granule NPK + Zn and Urea at 133.2  335.2a 3299 a 402.1b 4448 a
T4 Granule NPK + Zn and Urea at 120.2  320.7 a 3385a 411.1ab  443.2a

T5 Granule NPK + Urea at 152 378.2a 330.6a 473.0ab  433.5a
T6 Briquette NPK + Urea at 115.2 382.9a 3285a 477.2ab  4139a
T7 Briquette NPK + Urea at 57.6 361.5a 333.7a  405.1ab  4454a
T8 Briquette NPK + Urea at 100 3329a  342.70a 4323ab  414.2a
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Continued
HSD (P <0.05) 116.78 111.34 108.13 121.41
P-Value (0.059) (0.096) (0.027) (0.164)
CV (%) 14.12 8.39 8.82 7.93
Location = 40.70** (p = 0.001) 35.16%* (p = 0.022)
Location x Treatment = 79.45 (p = 0.835) 179.01 (p = 0.255)

A similar trend was observed at Adomase in 5 weeks after sowing where Bri-
quette NPK + Urea 100 kg/ha recorded the highest value (342.7 cm?) and the least
value (331 cm?) was recorded under the control (Table 8). In the 7 weeks after
sowing, Briquette NPK + Urea 57.5 kg/ha recorded the highest (445.4 cm?) and
the least (399 cm?) was recorded under the control (Table 8). No significant dif-
ferences were observed among treatments in the 5 WAS and 7 WAS at Adomase.
There was, however, a significant difference between locations in the 7 weeks after

sowing.

3.6.Yield and Yield Components

3.6.1. Grain Yield

Table 9 shows that the application of different granule and briquette fertilizers
had no significant (p > 0.05) effect on the grain yield (t/ha) between treatments at
Atebubu and at Adomase. However, the highest Grain yield value of 4.31 t/ha was
recorded by both Granule NPK + Urea 200 kg/ha and Granule NPK + Zn + Urea
120.2 kg/ha. The second highest value 3.94 t/ha was recorded by Granule NPK +
Urea 152 kg/ha. The least 2.87 t/ha was recorded by the control. There was a sig-

nificant interaction effect between locations.

3.6.2.100 Seed Weight

The weight of 100 seeds showed a significant (p < 0.5) difference among treat-
ments at Atebubu where treatment with fertilizer application weighed far more than
the control (Table 9). No significant difference was recorded at Adomase. How-

ever, there was significant interaction effect between locations.

Table 9. Effect of NPK + Urea fertilizer granules and briquettes on grain yield (t/ha) and
weight of 100 seed at Atebubu and Adomase.

Grain Yield (t/ha) Weight of 100 Seed(g)

Treatment (kg/ha) 5 WAS 7 WAS
Atebubu Adomase Atebubu Adomase
T1 Control (No fertilizer) 2.87 a 322a 31.7b 34.0a
T2 Granule NPK + Urea at 200 431 a 3.09a 345a 375a
T3 Granule NPK + Zn and Urea at 133.2 298 a 292a 35.0a 335a
T4 Granule NPK + Zn and Urea at 120.2 431 a 32la 342a 325a
T5 Granule NPK + Urea at 152 3.94a 324 a 347 a 35.0a
T6 Briquette NPK + Urea at 115.2 3.48a 324a 35.7a 355a
T7 Briquette NPK + Urea at 57.6 3.53a 3.21a 345a 30.0a
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Continued
T8 Briquette NPK + Utrea at 100 292a 3.07a 35.0a 37.5a
HSD (P £0.05) 1.58 111.34 108.13 121.41
P-Value (0.473)  (0.578) (0.002) (0.425)
CV (%) 29.90 7.69 1.56 19.04
Location = 0.24**(p = 0.001) 2.42** (p = 0.836)
Location x Treatment = 1.24* (p = 0.835) 12.34 (p = 0.170)

3.6.3. Number of Grains Per Cob

The result from this study showed that the various treatments had similar effects
(p > 0.05) on the number of grains per cob at both locations and among the treat-
ments (Table 10).

3.6.4. Biomass at Harvest

Again, no significant differences were observed in the biomass at harvest among
treatments at Atebubu and Adomase. However, the highest biomass weight of 8.02
and 7.61 (t/ha) was recorded under Granule NPK + Urea 200 kg/ha and Granule
NPK + Zn and Urea at 120.2 kg/ha at Atebubu and Adomase respectively (Table
10). There was a significant difference between locations.

Table 10. Effect of NPK + Urea fertilizer granules and briquettes on number of grains per
cobs and biomass at harvest in Atebubu and Adomase.

Number of grains  Biomass at harvest

Treatment (kg/ha) Per cob (t/ha)
Atebubu Adomase Atebubu Adomase
T1 Control (No fertilizer) 353.25a 333.54a 5.67a 7.11a
T2 Granule NPK + Urea at 200 342.25a 317.54a 8.02a 7.56 a

T3 Granule NPK + Zn and Urea at 133.2  342.00a 342.35a 6.86a 7.28 a
T4 Granule NPK + Zn and Urea at 120.2 352.50a 328.14a 7.24 a 7.61 a

T5 Granule NPK + Urea at 152 340.50a 315.95a 7.16a 7.02a
T6 Briquette NPK + Urea at 115.2 363.75a 364.22a 7.1la 6.52a
T7 Briquette NPK + Urea at 57.6 375.75a 376.49a 6.6la 6.8a
T8 Briquette NPK + Urea at 100 364.25a 359.90a 74 a 7.47 a
HSD (P <0.05) 77.58 91.07 2.54 2.03

P-Value (0.459)  (0.153)  (0.275)  (0.752)

CV (%) 14.35 11.22 16.89 13.24

Location = 18.3** (p = 0.021) 0.54** (p = 0.041)

Location x Treatment = 93.19 (p = 0.651) 2.74 (p = 0.431)

4. Discussion
4.1. Soil pH

After the harvest, a look at the initial soil chemical properties (Table 2) compared
with the final results (Table 3 and Table 4) revealed that the pH values did not
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significantly change at both locations. This trend may be due to the short-term na-
ture of the study. This finding aligns with previous studies by Ayoola and Olutayo
[19], who indicated that mineral fertilizer treatment did not have a significant dif-

ference in soil pH after planting for two years in a cassava-based cropping system.

4.2. Soil Organic Carbon

Soil organic carbon (0.88%) was observed in Granule NPK + Zn and Urea at 133.2
kg/ha; and Granule NPK + Urea 152 kg/ha in both locations. The least value of
0.81% was recorded by Granule NPK + Zn and Urea at 120.2 kg/ha in the two
locations. The values recorded are not significantly (p < 0.05) different among
treatments. This result agreed with the findings by Taiwo [20], who recorded no
significant difference with NPK fertilizer on soil organic carbon after a long-term

study of NPK fertilizers and organic manures on soil organic carbon management.

4.3. Total Nitrogen

The total N of the soils used for the experiment at both locations was lower than
0.15% showing that the soils were deficient in N [12] and thereby needed N ferti-
lization. In Table 3 and Table 4, the total N showed no significant (p < 0.05) dif-
ferences among treatments and locations. This may be due to the plant N uptake
or N loss through leaching or runoff [21], since volatilization was not anticipated

because the fertilizers were applied in deep placement.

4.4. Exchangeable Bases

The Ca?* content (Table 3 and Table 4) has witnessed a significant (p < 0.05)
difference between the locations. These differences could be attributed to the dif-
ference in the textural class of the soil found at Adomase and Atebubu [22]. The
results recorded ranging from 3.26 to 5.76 cmol(+)/kg at both locations, however,
were very low as they fell below the average value between 10 - 20 cmol(+)/kg [23].

The Mg** value recorded at Atebubu across all treatments was 2.6 cmol(+)/kg
which was significantly different (Table 3 and Table 4) from the values recorded
at Adomase where the Mg?** values range from 1.3 to 1.5 cmol(+)/kg as recorded
by Briquette NPK + Urea 100 kg/ha, and Granule NPK + Urea 133.2 kg/ha respec-
tively.

The exchangeable potassium (K*) levels in the final soil results remained low
and were consistent with the values as compared with the initial results (Table 3
and Table 4), indicating that the applied K+ was either utilized by the crops or
lost through leaching and or runoff as affirmed by Zhou [19]. There was a signif-
icant (p < 0.05) difference in the results between Adomase and Atebubu which
were consistent with the initial and may be attributed to the soil textural class

differences in each location [24].

4.5. Available P

No significant differences were observed in soil available P among treatments and
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locations (Table 3 and Table 4). This result conformed with that of Sanyal ef al
[25] and Warren, G. P. [26] who attributed the P values in the NPK fertilizer to
have either been utilized by the maize plant or were lost through leaching, erosion
and or volatilization resulting in no significant difference in the soil test results

after harvest.

4.6. Micro Nutrients

The micro elements namely Boron (B), Iron (Fe), Manganese (Mn), Copper (Cu),
and Zinc (Zn) exhibited no significant difference among treatments and between
locations (Table 3 and Table 4).

The value of Boron recorded in both locations and among all treatments did
not show any significant differences (Table 3 and Table 4). There was no signifi-
cant difference between the treatments that received the zinc and those that do
not (Table 3 and Table 4). This suggested that the Zn supplement added could be
utilized by the plants or lost. This agreed with the result of Sutar et al [27] who
indicated that Zinc supplement applied in maize nutrition could, either be utilized
by the maize plant or it could be lost through leaching, runoff, or through volati-
lization.

A similar trend was observed for Cu in which a constant figure of 0.03 cmol(+)/kg
for all treatments was recorded at Atebubu but a value of 0.02 cmol(+)/kg was

recorded for all treatments at Adomase (Table 3).

4.7. Carbon-Nitrogen (C/N) Ratio

Carbon-to-nitrogen (C/N) ratio in both locations remained stable after the research
(Table 3 and Table 4). A value of 15 was recorded for all treatments and locations.
C/N ratio was relatively balanced, providing favourable conditions for nutrient
mineralization and for plant uptake. According to Sutar et al (27) C/N ratio of
<25 ensures mineralization, between 25 - 35, there is no gain, whilst >35 will result

in immobilization.

4.8. Cation Exchange Capacity (CEC)

The CEC values recorded after harvest were consistent with the initial values, sug-
gesting no effects on the CEC by the various treatments. This is similar to the find-
ing by Cui et al [28], who stated that NPK application for two seasons in maize
crop production did not have a significant difference in soil CEC. However, there
was a significant (p < 0.05) difference between the locations. This could be due to
the textural class differences between the soil in the two locations, that is sandy

loam and clayey loam at Adomase and Atebubu respectively [29].

4.9. Effect of Briquette and Granules NPK Fertilizer on Phenology
of Maize

The fertilizer treatments did not show any significant (p < 0.05) difference in the
Days to 50% Tasseling and 50% silking of the maize plant (Table 5). This result is
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in line with the findings by Xiaohui et al [30] and Rahman et al [14], who stated
that phenological development such as emergence, tasseling, silking, and maturity
of maize plants is primarily influenced by genetics and environmental conditions

rather than the specific fertilizers used.

4.10. Effects of Briquette and Granule NPK Fertilizer on Vegetative
Growth of Maize

The analysis of vegetative growth parameters including plant height, leaf chloro-
phyll content and leaf area, showed variations between treatments and locations,
suggesting the influence of NPK (Granule and Briquette) + Urea Fertilizer on
maize growth. The observed differences indicate variations in plant vigour,
growth rate, photosynthetic activity, and canopy development, which could be at-
tributed to the specific fertilizer rates and their effects on nutrient availability and

uptake.

4.10.1. Plant Height

The various fertilizer combinations did not show significant differences with re-
gard to plant height (Table 6). The significant differences observed between loca-
tions in the plant height, with higher values in Adomase than Atebubu, point to-
wards the influence of environmental factors, soil quality, climate conditions, or
other location-specific variables on maize yield. Adomase likely offers more fa-
vorable conditions for maize growth compared to Atebubu, resulting in a higher
plant height due to better adaptation to local environmental factors. This result
did not conform with the finding by Shoji et al [31] who reported a taller plant
height within two weeks with granule mineral fertilizer as a result of increasing
level of fertilizer application rate. This trend might again be due to the fact that
treatments with fertilizer amendments could not have utilized all nutrients and

nutrients may have been lost through leaching, runoff, or volatilization.

4.10.2. Chlorophyll Content

Chlorophyll content in leaves under Granule NPK + Urea at 200 kg/ha, between
treatments at Atebubu was significantly different (p < 0.05) from the rest of the
treatments (Table 7). In this study, it was revealed that treatments containing
Granule NPK + Urea 200 kg/ha as well as Granule NPK + Urea 152 kg/ha per-
formed better with leaf chlorophyll content. This could be as a result of the na-
ture of granule fertilizers with respect to surface area of the granule which en-
sures rapid nutrient release and plant uptake for photosynthetic activity [32].
Again, the result agreed with the findings by Wamalwa et a/ [33] who reported
an increase in leaf chlorophyll content due to an increase in NPK application
rate of 100 kg/acre. Insufficient rainfall leads to reduced chlorophyll content due
to water deficiency and stress [30]. Enzymes involved in chlorophyll synthesis
have temperature-dependent activity and deviations from the optimal tempera-
ture range can hinder these enzymatic processes, leading to variations in chlo-

rophyll content [34].
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4.10.3. Leaf Area
The results, as presented in Table 8, revealed that at 5 weeks after sowing (5 WAS),
Granule NPK + Urea at 200 kg/ha produced larger layer leaves (395.38 cm?) fol-
lowed by Briquette NPK + Urea 115.2 kg/ha (382.9 cm?) at Atebubu. The least
value (322.0 cm?) was recorded under the control (Table 8). Results in the 7 weeks
after sowing revealed that Granule NPK + Urea at 200 kg/ha again recorded the
highest (493.5 cm?) and the least was recorded under the control which showed
significant differences among treatments. Nitrogen which is an important com-
ponent in vegetative growth could have been responsible for the larger leaf layer
under the granule NPK + Urea at 200 kg/ha. Nitrogen is a key component of chlo-
rophyll, essential for photosynthesis, and influences cell elongation, which collec-
tively led to broader leaf [35]. These results agree with [19] who recorded higher
leaf area values with 120:60:60 NPK kg/ha fertilizer.

Adomase was recorded to have no significant effect on leaf area. Differences in

leaf area across locations can be attributed to variations in environmental factors.

4.11. Impact of Briquette and Granule NPK Fertilizer on Yield and
Yield Components of Maize

4.11.1. Grain Yield

A look at the data in Table 9 revealed that the application of different granule and
briquette fertilizers has a significant difference (p > 0.05) in the grain yield at At-
ebubu but not Adomase. The highest Grain yield value of 4.31 t/ha was recorded
by both Granule NPK + Urea at 200 kg/ha and Granule NPK + Zn + Urea 120.2
kg/ha. The second highest value 3.94 t/ha was recorded by Granule NPK + Urea
152 kg/ha. The least 2.87 t/ha was recorded by the control. These findings did not
agree with the result by Adu-Gyamfi, e a/ [11] who reported that one-time ap-
plication of multi-nutrient fertilizer briquettes increased maize grain yields. This
could be due to the rate of fertilizer application in which this study saw a low rate
of briquette fertilizer amendment as compared with the rate of granule fertilizers.
Again, the nature of the briquette fertilizer may have delayed the release of the
nutrients.

Similar trend was observed with 100-seed weight which revealed a significant
difference (p < 0.5) among treatments at Atebubu where treatment with fertilizer
application weighed far more than the control (Table 9). The highest 100 seed
weight as recorded by the treatments with fertilizer application than the control
suggests that nutrients were available which the plants used to form seeds with
heavier seed than the control. These results agree with the findings by Dhakal, et
al. [36] who recorded a higher 100-seed weight in maize when deep placement of
briquette urea increased agronomic and economic efficiency of maize. Again, this
result aligned with the finding by Wang et al [30] who stated that under typical
meteorological circumstances, nutrient-balanced NPK fertilizers have the same or
larger effects on maize grain quality than the regularly used nutrient management
techniques of urea and ammonium sulphate. No significant difference was rec-

orded in Adomase.
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4.11.2. Number of Grains Per Cob

No significant difference was observed in the number of grains per cob among
treatments and locations (T'able 10). This finding conforms with the result by Shamin
et al [37] who also recorded similar results with grain yield when the effects of
nitrogen fertilization were used on maize production. The significant differences
observed between locations in the number of grains per cob, point towards the
influence of environmental factors, soil quality, climate conditions, or other loca-

tion-specific variables on maize yield [38].

4.11.3. Biomass at Harvest

Significant differences were observed with respect to biomass yield at harvest at
Atebubu. The higher biomass weight at harvest recorded in maize plants that re-
ceived the Granule NPK + Urea 200 kg/ha recorded the highest biomass (7.22 kg).
This observation could be due to the rate and the nature of the fertilizer amend-
ment that was applied (Table 10). The higher nitrogen content in the fertilizers
likely provided more available nitrogen for plant uptake, promoting vigorous veg-
etative growth and biomass production [39]. This observation affirms Anjum, et
al. [4], assertion that, split nitrogen application had an influence on yield and yield
components of maize varieties. This finding agrees with Syafruddin et al [40],

who found that application of NPK fertilizer increased maize yields.
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