
Effect of NPK Fertilizer Blends with Secondary and Micronutrients on Maize Growth and Yield in the Semi-Deciduous Zone of Ghana 



.     
.
              . 
                     
	.
..


.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


ABSTRACT 
	[bookmark: _Hlk155852805][bookmark: _Hlk159247703][bookmark: _Hlk161144300]Low soil productivity is one of the key challenges limiting maize yield in Ghana. This has resulted in a wide yield gap exists between farms and potential yields across most agroecological zones. Micronutrients and macronutrients have been proven to enhance crop performance in terms of growth and yield. The incorporation of micronutrients and macronutrients into fertilizer blends to increase maize productivity in the semideciduous forest zone of Ghana has received little attention. An experiment was conducted at the Central Agricultural Station of the Soil Research Institute, Kwadaso. The aim was to evaluate the efficacy and the performance productivity of micronutrient (NPK) and macronutrient (B, Zn) inclusion in fertilizer formulation for maize production in a forest deciduous zone in Ghana. The experiment was arranged in a randomized complete block design with replications with 20 fertilizer treatments formulated from three new NPK fertilizer blends (viz. NPK 14:18:18+6S+1B, NPK 20:20:10+4S+2 MgO+0.6B+0.5 Zn, and NPK 15:20:10+9S+5MgO+0.6B+0.5Zn. These results were compared with the control (no fertilizer treatment). Two weeks after the first fertilizer application of NPK and S:Mg:B:Zn was applied, and six weeks after planting, urea was administered at the appropriate 30 N kg ha-1 rate. The results showed statistically significant at a 5% probability level (p< 0.05). The treatments 150-90-90+30S+5B and 150-90-45+18S+9MgO+2.7B+2.25Zn yielded 4.2 t ha-1 and 4.09 t ha-1 respectively, whiles the control recorded 1.8 t ha-1 . The treatment improves the yield of maize by (133.33% and 127.22%) respectively compare to blanket fertilizer recommended rate at 1.8 t ha-1. Although this study confirmed that fertilizer is necessary for the production of maize in the semideciduous forest zone of Ghana, it is also recommended that there is a need for integrated soil fertility management to boost the growth and yield of maize.
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1. INTRODUCTION 

The agriculture in sub-Saharan Africa (SSA), particularly Ghana encounters a number of problems that result in low productivity. Current cropping yields are low in SSA, often falling short of water-limited yield potential (Jayne et al., 2010). This low yield is due to several factors, including soil nutrient deficiencies, soil physical constraints, pests and diseases, and suboptimal management (Heng et al., 2017). Maize is a common staple food, and feed accounts for more than 50% of the total cereal production in the country, with a production quantity of 2.31 million tons recorded in 2018 (Amanjyoti et al.,2024; Rakshit et al.2023). Major maize-growing regions have low levels of exchangeable potassium (<100 mg/kg), available phosphorus (<10 mg/kg), total nitrogen (<0.2%), and organic carbon (<1.5%) in their soils (Qiu et al.,2014). To improve production, external nutrient input is required due to the poor nutritional concentration of the soils. The application of exogenous fertilizers, such as organic, inorganic, or biofertilizers, to nutrient-poor soils can improve maize yields by increasing soil productivity in semideciduous forest soils. The scarcity of organic and biofertilizers in these resource-constrained societies is the reason these nutrient inputs are applied economically. Commercial mineral fertilizers are the most readily available inorganic fertilizers for farmers, as they are readily available on the open market. Fertilizer recommendations for maize and other crops were made between 1969 and 1972. The old recommendations are no longer the most effective because soil conditions have changed over time. Therefore, it is necessary to revise fertilizer recommendations for maize in the semideciduous forest agroecological zone (AEZ) of Ghana. Nutrient replenishment has mostly been applied by the use of NPK fertilizers over time. This is acceptable given that NPK is still the most critical nutrient needed for crop productivity (Zhang et al., 2022; Iddrisu et al., 2021). With the application of only NPK, the yield of maize increased, and food security improved. In the forest deciduous zone, where the average yield is 1.88 t/h and the potential yield is 5.5 t/ha, which are lower than the global average of 4.9 t/ha, there is still potential for future yield growth (Amegashie, 2014; Afful, 2015; Yigermal, Nakachew, and Assefa, 2019). Fertilizer blends that contain micronutrients such as zinc (Zn) and boron (B) and secondary nutrients such as sulphur (S) may significantly increase maize output (Kihara et al., 2020). In Ghana's semideciduous forest zone, this hypothesis has neither been proven nor refuted. Considering this, the main components of fertilizer blends in Ghana's semideciduous forest zone continue to be N, P, and K, which restricts the amount of potential yield increase that can result from the addition of macronutrients and micronutrients. Thus, research into the growth and yield increase associated with fertilization, which can be linked to the presence of secondary nutrients and micronutrients in fertilizer formulations for semideciduous forest zones, is necessary.
Many studies have investigated the growth and yield of maize in response to various integrated fertilizer formulations, but unfortunately, little is known about the effects of micronutrients and macronutrients included in fertilizer formulation blends. It is therefore timely to investigate this topic and provide evidence for supporting the United Nations’ Sustainable Developments Goals (Agenda 2030) and attaining global goals for poverty reduction (SDG 1) and food security (SDG 2). The Sustainable Development Goals (SDGs), also known as the Global Goals, were adopted by the United Nations in 2015 as a universal call to action to end poverty, protect the planet, and ensure that by 2030, all people enjoy peace and prosperity. There are 17 SDGs, and they recognize that action in one area will affect outcomes in others and that development must balance social, economic and environmental sustainability (UNDP, 2021). This research therefore aimed to evaluate the efficacy and performance productivity of the inclusion of sulphur and magnesium (secondary nutrients), boron, and zinc micronutrients in fertilizer formulations for maize production in a forest deciduous zone in Ghana.

2. material and methods 

[bookmark: _Hlk224120314]2.1. Location of the Study Area
The study was carried out on a paddy rice research plot on the premises of the CSIR-Soil Research Institute, which is located at the Central Agricultural Station, Kwadaso Ghana. The geographical location of Kwadaso lies at latitude 6.42°N and longitude 1.34°W, with an altitude 284 m above mean sea level.

[image: ]
[bookmark: _Hlk159247209]Fig.1: Location of the study area. Source: Author’s own construct

The rainfall distribution in the Ashanti region is bimodal and consists of major and minor seasons. The major season normally begins in March, reaches a peak in July and drops sharply in August. The minor season also starts in late September and decreases in late November. Thereafter, there is a long dry period from December to the end of February, during which only negligible amounts of rain normally below 10 mm are received. The mean annual rainfall is approximately 1200 mm.
The mean monthly temperatures in the region are mostly high at approximately 24°C in August. Generally, February and March record high temperatures of nearly 28°C. Absolute minimum temperatures of approximately 20°C are usually recorded in December and January, with absolute maximum temperatures of approximately 33°C recorded in February and March.




2.2. Experimental Design and Layout
[bookmark: _Hlk152443714][bookmark: _Hlk155786353]The experiment was a single-factor experiment that was performed in a randomized complete block design (RCBD) with four replicates. The plot size was 3 m × 5 m, there was a 2 m buffer between adjacent plots, and there was a 1 m alley between treatment plots. The experimental field had a total of 81 plots with 4 columns and 21 rows. After the field mapping, four pegs were installed at every plot coordinate. A total area of 2375 m2 (125 × 19 m2) was measured for our trial. Initial soil samples were collected at a depth of 0-30 cm.
2.2.1. The primary, secondary, and micronutrient formulations and rates included the following:
1. The most popular fertilizer formulation in Ghana is NPK 15-15-15, which is applied at an approved rate of 90-60-60 kg ha-1 for maize cultivation and is supplemented with urea.
2. NPK 14:18:18 + 6S + 1B: One of the trial fertilizer formulations is expected to affect the growth and production of maize. It was predicted that adding sulphur as a secondary macronutrient, boron as a micronutrient, and increased amounts of P and K would have a beneficial effect on maize output and growth.
3. NPK15:20:10+9S+5MgO+0.6B+0.5Z: Similar to formulation 2, it was expected that this fertilizer formulation would likewise affect the growth and yield of maize. The difference between formulations 2 and 3 is the smaller level of K2O in formulation 3 and the higher level of P2O5 in formulation 4.
4. NPK 20:20:10 + 4S+2MgO+0.6B+0.5Zn: One of the tested fertilizer formulations is expected to affect the growth and production of maize. It was predicted that adding magnesium and sulphur as secondary macronutrients, zinc and boron as micronutrients, and increased amounts of N and P would have a beneficial effect on maize output and growth.
Table 1. The treatment combinations used in fertilizer formulation
	Treatment
	Nutrient combination
	Treatment description

	1
	 Control (No treatment)
	No fertilizer

	2
	NPK 15-15 -15, no micronutrients
	90-60-60

	3
	
	100-40-40

	4
	
	[bookmark: _Hlk152416410]100-60-60

	5
	
	[bookmark: _Hlk152436014]120-60-60

	6
	
	[bookmark: _Hlk152413768]150-90-90

	
	
	

	7
	NPK+ sulphur+ micronutrients
[bookmark: _Hlk152604783][bookmark: _Hlk152413655][bookmark: _Hlk152436198] 14-18-18+6S+1B
	90-60-60+20+3.3

	8
	
	[bookmark: _Hlk152436118]100-40-40+13.3S+2.2B

	9
	
	100-60-60+20S+3.3B

	10
	
	[bookmark: _Hlk152411982]120-60-60+20S+3.3B

	11
	
	[bookmark: _Hlk152416230][bookmark: _Hlk152435308]150-90-90+30S+5B

	
	
	

	12
	NPK+ sulphur+ magnesium+ micronutrients
[bookmark: _Hlk152593799]15:20:10+9S+5MgO+0.6B+0.5ZnTE

	[bookmark: _Hlk152413458][bookmark: _Hlk152437438]90-60-30+27S+15MgO+1.8B+1.5Zn

	[bookmark: _Hlk152413063]13
	
	100-40-20+18S+10MgO+1.2B+1Zn

	[bookmark: _Hlk152222824]14
	
	[bookmark: _Hlk152416641][bookmark: _Hlk152411805]100-60-30+27S+15MgO+1.8B+1.5Zn

	15
	
	120-60-30+27S+1.8B+1.5Zn

	16
	
	150-90-45+40.5S+22.5MgO+2.7B+2.25Zn

	
	
	


	17
	NPK+ sulphur+ magnesium+ micronutrient
[bookmark: _Hlk152438059]20:20:10+4.3S+2.1MgO+0.6B+0.5ZnTE
	[bookmark: _Hlk152435531]90-60-30+13S+6.3MgO+1.8B+1.5Zn

	18
	
	[bookmark: _Hlk152593642]100-40-20+8.6S+4.2MgO+1.2B+1Zn

	19
	
	[bookmark: _Hlk152838267]100-60-30+13S+6.3MgO+1.8B+1.5Zn

	20
	
	120-60-30+13S+6.3MgO+1.8B+1.5Zn

	21
	
	[bookmark: _Hlk152435901]150-90-45+18S+9MgO+2.7B+2.25Zn




2.3. Agronomic practices
Abontem seeds and an open-pollinated variety (OPV) were used. The maize seed rate was approximately 20 to 25 kg per hectare. Row-to-row spacings of 75 cm and 40 cm between plants in a row were used. Two seeds were placed in each of the prepared planting holes, which were 5 cm deep and lightly covered with soil. The preemergence chemical NicoGan was applied immediately after planting to prevent competition for nutrients and water at the tender stage. Two (2) weeks after planting, the first fertilizer (NPK and S: Mg: B: Zn) was applied, and six (6) weeks later, urea was added as a top-up fertilizer. The production of maize was conducted according to all recommended agronomic methods. Starting the second week following planting, the weeds were manually controlled by hoeing every three weeks. The major maize insect pest is the fall armyworm. Fall army pests can cause considerable damage to maize plants, so Attack (active ingredient: 475 g/liter pirimiphos-methyl and 25 g/liter permethrin in the form of an emulsifiable concentrate) was sprayed every two weeks to control them.
2.4. Plant data collection
Within each treatment area of 1 m2 (3 × 5 m), 15 m2 (3 × 5 m) growth parameter data were collected from five randomly selected (5)-tagged plants per treatment per plot, considering the border effect on the subsequent growth and yield parameters. Data on growth and yield were collected by sampling the maize crop at 2, 4, 6, 8, 10, and 12 weeks after planting and harvest. The plant height and plant girth were measured every two weeks using a measuring tape, and the plant height was measured from the base to the tassel. The number of plants per hill and stand was counted. Data collection on the SPAD meter: Fertilizer was applied before the leaf greenness rating was measured using a hand-held SPAD meter. A Minolta chlorophyll meter (SPAD 502, Illinois, USA) was used on five distinct hills per treatment, and measurements of the highest leaf greenness were taken close to the top, middle, and base of the hills. During harvest, a 1 m area for each plot per treatment was harvested for the determination of the dehusk cob weight, number of cobs, cob weight, and stover weight. At harvest, the stover weight was measured in a 1 m area using an electronic weighing scale. The average stovers were sampled and cut into fresh and dry kg ha-1 pieces in an envelope for oven-drying at approximately 60°C for 48 hours. After harvesting 1 m of area from each plot per treatment, the cobs were dehusked, manually threshed, winnowed, and weighed. The grains were weighed and converted into weight per unit area (kg ha-1).

2.5. Soil Sampled Preparation and Chemical Analysis
The soil of the experimental site was inspected before planting. Before planting, composite surface soil samples (0–30 cm deep) were taken from twenty plots in a zigzag pattern across the experimental units using an auger and bulked into four samples. The soil sample was air-dried, ground with a mortar and pestle, and one kilogram was weighed. Before analysis, the sample was sieved using a 2-mm sieve for chemical and physical soil parameters, including soil texture, pH, cation exchangeable capacity (CEC), organic carbon, total nitrogen, available phosphorus, and sulphur. Soil testing was performed by the Soil Research Institute. The soil pH was measured at a 1:2.5 soil-to-water ratio using a glass electrode (H19017 Microprocessor) pH meter. The glass electrode of the pH meter was standardized with two aqueous solutions of pH 4 and 7. The pH of the samples was measured by dipping the glass electrode into the supernatant.
Total nitrogen was determined by the Kjeldahl digestion and distillation procedure as described by Bremner and Mulveney (1982). Soil organic carbon was determined by the modified dichromate oxidation method of Walkley-Black as described by Nelson and Sommers (1982). The readily acid-soluble forms of phosphorus were extracted with a HCl:NH4F mixture (Bray’s No. 1 extract) and determined calorimetrically by ascorbic reduction as described by Bray and Kurtz (1945) and Olsen and Sommers (1982), and potassium was determined by flame photometry.
The effective cation exchange capacity (ECEC) was determined by the sum of exchangeable bases (Ca2+, Mg2+, K+ and Na+) and exchangeable acidity (Al3+ + H+). The exchangeable bases (calcium, magnesium, potassium and sodium) were determined in 1.0 M ammonium acetate (NH4OAc) extract (Thomas, 1982). Calcium and magnesium were determined by EDTA titration. Potassium and sodium were determined by flame photometry. The exchangeable acidity (Al++H+) of the 1.0 M KCl extract was determined as described by Page et al. (1982).


2.6. Soil physical analysis
2.6.1. Bulk density
The core method developed by Blake and Hartge was used to assess bulk density in the field at 0–20 cm depth (1986). Undisturbed soil was sampled using a cylindrical metal sampler with a diameter of 5 cm and a height of 15 cm. To maintain the known soil volume as it existed in situ, the soil sample was carefully removed after the core was driven to the necessary depth of 0–20 cm. After two days of oven drying at 105°C, the soil was weighed again, and the bulk density was calculated.
Usually, there is very little organic matter (generally less than 1% compared to well-structured soil levels of 3.5% found in the semideciduous forest zone of Ghana). They are especially well known for having low levels of phosphorus and nitrogen, necessitating the application of NPK to produce a significant yield. In the current rain-fed system, farmers frequently worry about low soil fertility and unpredictable rainfall. The semideciduous forest soils leached and were often deep, with iron pans beneath them and persistent waterlogging following heavy rainfall events (Table 1).

2.7. Data analysis

Analysis of variance (ANOVA) was used in the GenStat Statistical Package, 12th Edition, to analyse all the field data that were collected. The least significant difference (LSD) was set at the 5% probability level to separate and compare the treatment means.



3. results and discussion

A sample of surface soil was taken at a depth of 0.30 cm, and it was classified as loamy sand (Tables 2a and 2b and 3). The FAO gives the following five categories for soil organic matter: low (0.58%), medium (0.38 to 1.08%), high (>10%), extremely low (0.12%), and low (0.12 to 0.28%). The organic matter at the experimental site was classified as being in the high range of 2.48% (Table 3). The total nitrogen content of the experimental soil samples was determined to be 0.14% for the initial analysis (Table 2a), but after harvest, it ranged from 3.71 to 0.21% (Table 3). Most Ghanaian soils do not have the optimal nitrogen content for crop productivity, which is 0.61% (Boateng et al.,2023; Asei et al., 2021). The available sulphur content for the research field ranged from 20.41 to 43.54 ppm, which is within a high range (Table 3). The soil in the research location had low amounts of available phosphorus (0.09 to 0.24) in the initial analysis (Table 2a), and after harvest (16.51 to 47.70 ppm), the available phosphorus content was moderate (Table 3). Ghanaian soil should have a phosphorus content of 7.26–191 mg kg-1 (Boateng and Bennoah, 2021; Bationo et al., 2018; Asei et al., 2021). This suggests that additional application is required because the research region has a high amount of available phosphorus (Table 3). The effective cation exchange capacity of 4.60–5.27 cmol kg1 for initial analysis and after harvest was 94.00–94.53 dS/m in the soil (Table 2a). Soils with ECEC values greater than 40 were classified as very high, 25 as high, 15 as medium, 5 as low, and 5 as very low. Based on the soil analysis, the ECEC was categorized as low or non-saline (Table 3).
[bookmark: _Hlk159250048]
[bookmark: _Hlk153967681]Table 2a. Initial Physicochemical Properties of the Soil in the Study Area
	Treatment
	pH
	TN
	OM
	OC
	P ppm
	Ca
	Mg
	K
	Na
	T.E.B
	  Ex. Acid (Al+H)
	ECEC
	%
B. S

	Block 1
0-30
	5.70
	0.13
	2.48
	1.44
	0.09
	2.57
	1.07
	0.20
	0.03
	3.87
	1.20
	5.07
	76.33

	Block 2
 0-30
	5.43
	0.14
	2.48
	1.44
	0.06
	2.14
	0.86
	0.19
	0.02
	3.20
	1.40
	4.60
	69.60

	Block 3
0-30
	5.43
	0.14
	2.48
	1.44
	0.12
	2.14
	1.28
	0.38
	0.04
	3.85
	1.42
	5.27
	73.03

	Block 4
0-30
	5.40
	0.11
	2.06
	1.20
	0.24
	2.14
	1.07
	0.27
	0.04
	3.52
	1.44
	4.96
	70.98





[bookmark: _Hlk161208050]Table 2b. Physicochemical properties of the soil in the study area
	Treatment
	% SAND
	% SILT
	% CLAY
	TEXTURE

	BLOCK 1 0-30
	78
	18
	4.00
	Loamy Sand

	BLOCK 2 0-30
	76
	20
	4.00
	Loamy Sand

	BLOCK 3 0-30
	80
	16
	4.00
	Loamy Sand

	BLOCK 4 0-30
	80
	16
	4.00
	Loamy Sand









[bookmark: _Hlk161138177]Table 3. Soil Physicochemical Characteristics After Harvest

	[bookmark: _Hlk222214284]Treatment
	pH 
	% TN
	% OC
	% OM
	P ppm
	Ca cmol/100g
	Mg cmol/100g
	K cmol/100g
	Na cmol/100g
	TEB cmol/100g
	Ex. Acid (Al+H)
	ECEC
cmol/100g
	% B.S
	S mg/kg
	Zn ppm
	Fe ppm
	TEXTURE

	Absolute Control
	6.42
	0.22
	2.43
	4.18
	3.41
	       10.70      
	2.86
	0.19
	0.05
	9.80
	  0.15
	   12.16      
	98.49
	26.53
	5.32
	111.99
	SILTY LOAM

	90-60-60
	7.44
	0.20
	2.19
	3.77
	23.99
	        13.91      
	2.56
	0.23
	0.03
	16.73
	0.04      
	  16.77     
	99.76
	27.21
	9.32
	129.87
	SILTY LOAM

	100-40-40
	6.81
	0.18
	2.03
	3.49
	1.60
	         9.63      
	1.64
	0.24
	0.04
	11.55
	0.10      
	 11.65      
	99.14
	29.25
	10.25
	146.50
	SILTY LOAM

	100-60-60
	6.23
	0.18
	2.00
	3.44
	24.29
	10.06      
	1.17
	0.20
	0.02
	11.45
	0.12      
	11.57     
	98.96
	36.74
	13.25
	127.05
	SILTY LOAM

	120-60-60
	5.71
	0.24
	2.71
	4.66
	2.98
	6.53      
	1.13
	0.20
	0.03
	7.89
	0.17     
	8.06      
	97.89
	34.02
	14.02
	212.68
	SILTY LOAM

	150-90-90
	6.90
	0.21
	2.35
	4.04
	2.54
	10.91      
	2.10
	0.23
	0.04
	13.28
	0.10     
	3.38      
	99.25
	38.10
	12.10
	173.16
	SILTY LOAM

	90-60-60+20+3.3
	6.94
	0.19
	2.03
	3.49
	2.18
	9.20      
	2.24
	0.21
	0.03
	11.68
	0.11    
	11.79     
	99.07
	29.25
	13.24
	138.34
	SILTY LOAM

	100-40-40+13.3S+2.2B
	6.88
	0.17
	2.00
	3.44
	1.89
	9.63      
	1.60
	0.20
	0.02
	11.45
	0.10     
	 11.55     
	99.13
	32.65
	13.24
	122.03
	SILTY LOAM

	100-60-60+20S+3.3B
	7.07
	0.18
	2.00
	3.44
	1.96
	 12.35      
	2.14
	0.30
	0.04
	14.83
	0.04      
	 14.87     
	99.73
	36.06
	14.25
	158.73
	SILTY LOAM

	120-60-60+20S+3.3B
	6.78
	0.21
	2.47
	4.25
	0.87
	8.54      
	1.20
	0.17
	0.05
	9.96
	  0.10     
	 10.06     
	99.01
	31.29
	15.24
	145.55
	SILTY LOAM

	150-90-90+30S+5B
	7.04
	0.17
	1.88
	3.23
	1.75
	11.32      
	2.31
	0.30
	0.06
	13.99
	0.05      
	 14.04     
	99.64
	35.38
	16.32
	126.11
	SILTY LOAM

	90-60-30+27S+15MgO+1.8B+1.5Zn
	6.88
	0.19
	2.07
	3.56
	1.31
	12.30      
	2.56
	0.19
	0.03
	15.08
	   0.10      
	 15.18      
	99.34
	29.25
	15.32
	158.42
	SILTY LOAM

	100-40-20+18S+10MgO+1.2B+1Zn
	6.73
	0.20
	2.23
	3.84
	0.65
	10.65      
	3.07
	0.21
	0.04
	13.97
	 0.15     
	  14.07      
	99.29
	30.61
	12.35
	135.52
	SILTY LOAM

	100-60-30+27S+15MgO+1.8B+1.5Zn
	6.25
	0.20
	2.27
	3.90
	0.80
	9.65      
	1.36
	0.17
	0.02
	11.20
	0.10      
	11.35     
	98.68
	38.10
	16.35
	122.03
	SILTY LOAM

	120-60-30+27S+1.8B+1.5Zn
	6.60
	0.18
	1.92
	3.30
	1.45
	13.25      
	2.36
	0.20
	0.03
	15.84
	0.10     
	15.94    
	99.37
	30.61
	17.25
	154.65
	SILTY LOAM

	150-90-45+40.5S+22.5Mg0+2.7B++2.25Zn
	6.70
	0.20
	2.23
	3.84
	1.53
	12.20      
	2.14
	0.13
	0.04
	14.51
	0.11      
	14.62     
	99.25
	41.50
	18.32
	163.75
	SILTY LOAM

	90-60-30+13S+6.3MgO+1.8B+1.5Zn
	6.45
	0.19
	2.11
	3.63
	0.22
	10.30      
	2.56
	0.20
	0.03
	13.09
	0.13      
	13.22      
	99.02
	37.42
	15.24
	149.95
	SILTY LOAM

	100-40-20+8.6S+4.2MgO+1.2B+1Zn
	6.31
	0.21
	2.27
	3.90
	0.51
	9.30      
	1.20
	0.17
	0.04
	10.71
	   0.15      
	10.86      
	98.62
	30.61
	17.24
	177.55
	SILTY LOAM

	100-60-30+13S+6.3MgO+1.8B+1.5Zn
	6.47
	0.19
	2.11
	3.63
	1.24
	8.56      
	2.14
	0.20
	0.04
	10.94
	   0.13      
	11.07      
	98.83
	36.06
	17.20
	211.43
	SILTY LOAM

	120-60-30+13S+6.3MgO+1.8B+1.5Zn
	6.40
	0.20
	2.19
	3.77
	1.16
	12.30      
	2.07
	0.19
	0.03
	14.59
	    0.12      
	 14.71     
	99.18
	36.74
	16.34
	172.22
	SILTY LOAM

	150-90-45+18S+9MgO+2.7B+2.25Zn
	6.31
	0.21
	2.43
	4.18
	1.31
	10.20      
	2.50
	0.20
	0.02
	12.92
	0.13      
	13.05    
	99.00
	38.10
	17.20
	169.08
	SILTY LOAM

	CV %
	5.80
	9.75
	6.53
	4.16
	4.04
	1.04
	5.28
	4.16
	1.04
	5.43
	1.02
	3.39
	5.22
	1.04
	1.04
	8.10
	SILTY LOAM

	Mean
	6.63
	0.20
	2.19
	3.77
	4.36
	10.55
	1.95
	0.21
	0.03
	12.74
	0.10
	12.85
	99.09
	0.03
	14.25
	152.69
	SILTY LOAM

	F-v
	3.55
	2.88
	8.61
	1.93
	6.51
	8.78
	1.18
	7.59
	3.26
	3.52
	3.48
	2.08
	6.23
	3.26
	1.64
	1.78
	SILTY LOAM

	LSD (0.05)
	5.66
	2.62
	2.02
	2.07
	1.88
	1.55
	1.66
	1.52
	4.74
	1.07
	1.41
	5.61
	7.31
	4.73
	1.72
	1.66
	SILTY LOAM


There is non-significant difference among each other at 5% level of significance. LSD= Least Significant difference, CV= Coefficient of variation, FV-F value










3.1. Plant height, leaf chlorophyll content, and stover weight
[bookmark: _Hlk152403403][bookmark: _Hlk152403917]After the fertilizer treatments were applied, the plant heights at thirty days after planting (mean of 141.48 and 138.52) were significantly equal (P =.05). However, when the treatments were applied, the plant heights increased dramatically and varied greatly among the fertilizer regimes (Table 1). Sixty days after planting, the variations in plant height between the nutritional regimes peaked as the plants grew (169.32 and 172.17 WAP). Plants with the NPK formulation 15:20:10+ micronutrients (S Mg B Z) at 100-60-30 were the tallest; those with the NPK formulation 14-18-18 + micronutrients (SB) at 120-60-60+20S+3.3B were the second tallest. NPK 15-15-15 at 150-90-90 was nearly as tall as NPK 15-20-10 + micronutrients (S Mg B Z) at 100-40-20. The addition of S, B, and Z to the fertilizer formulation was responsible for the increase in plant height, as all other conditions remained unchanged. This finding supports the findings of Sutar et al. (2018) and Njoroge, Otinga, Okalebo, Pepela, and Merckx (2018), who reported that the addition of micronutrients and sulphur enhanced the growth of maize crops even in nonresponsive soils. There were no statistically significant differences in leaf chlorophyll content between the fertilizer regimes at the time of flowering (Table 4). Chlorophyll was present in large concentrations in the cells of crops that were given NPK (15-20-10 + S B Z) at 90-60-30. Similarly, the leaf chlorophyll concentrations under NPK 14-18-18+6S+1B at 120-60-60 and under NPK (15-15-15) at 150-90-90 were significantly greater. This influences photosynthesis because leaf chlorophyll is an important predictor of crop development. Plants that received NPK + secondary and micronutrients (S + Mg + B and Z) may have had greater leaf chlorophyll content, which could have contributed to the increase in chlorophyll. Micronutrients B and Zn increase the availability of primary and secondary nutrients, facilitating crop uptake, as demonstrated by Daphade et al. (2019). The results demonstrated that adding secondary + micronutrients to NPK fertilizer (15-20-10, 150-90-90 and 150-90-45) enhanced photosynthetic activity because of high leaf chlorophyll, which in turn led to a rise in stover weight and grain yield (Table 4). The findings indicate that even at increased application rates, the exclusive availability of N, P, and K, as seen in primary NPK fertilizers, might not be sufficient to improve photosynthetic ability in maize production for the nutrient-poor soils of the forest deciduous zone of Ghana. Micronutrients (S, B, and Zn) are known to increase the availability of other nutrients; therefore, the increase in leaf chlorophyll that occurs when these nutrients are added to NPK fertilizer may also be the result of synergistic absorption (Daphade et al., 2019).




[bookmark: _Hlk161139195]Table 4. Effects of primary, secondary, and micronutrients for formulation and rate on plant height, SPAD, cob, stover, and grain weight of the Abontem variety at 30 and 60 days after planting
	Code     Treatment
	Plant Height
30
days

	Plant Height
60
days
	Plant girth
30
days
	Plant girth
60
days
	Spad meter
30
 days
	Spad meter
60
days
	Stover weight
Kg ha-1
	Cobs Weight
Kg ha-1
	Grain weight
Kg ha-1

	1.  Control (No treatment)
	104.3 b
	136.8a
	1.362 a
	5.710 b
	37.37a
	37.16b
	1520 a
	2.495 b
	1.83 b

	2. 90-60-60
	130.8ab
	158.8a
	1.624 a
	6.175 b
	46.34a
	48.14 ab
	2897 a
	5.345 ab
	3.08 ab

	3. 100-40-40
	137.5ab
	161.8a
	1.657 a
	6.155 b
	46.46a
	48.22 ab
	2585 a
	5.195 ab
	3.29 ab

	4. 100-60-60
	137.4ab
	166.8a
	1.723 a
	6.175 b
	48.43a
	48.66 ab
	2562 a
	4.395 ab
	3.22 ab

	5. 120-60-60
	123.5ab
	156.0a
	1.697 a
	6.125 b
	45.81a
	46.38 ab
	3003 a
	5.560ab
	3.68 ab

	6.150-90-90
	130.5ab
	172.2a
	1.745a
	6.570b
	46.10a
	50.52 a
	2520 a
	5.255 ab
	3.34 ab

	7. 90-60-60+20+3.3
	132.8ab
	164.2a
	1.736a
	6.140 b
	44.98a
	44.96 ab
	2983 a
	4.875 ab
	3.38 ab

	8. 100-40-40+13.3S+2.2B
	128.9ab
	151.9a
	18.014a
	6.310 b
	42.19a
	45.95 ab
	2815 a
	5.150 ab
	3.68 ab

	9. 100-60-60+20S+3.3B
	128.2ab
	155.3a
	1.838a
	6.380 b
	49.73a
	49.05 ab
	3225 a
	6.275 a
	3.05 ab

	10.120-60-60+20S+3.3B
	141.5 a
	142.6a
	1.917a
	6.135 b
	47.28a
	49.94 a
	2877 a
	5.640ab
	3.58 ab

	11.150-90-90+30S+5B
	115.8ab
	156.7a
	1.705 a
	6.165 b
	41.67a
	44.64 ab
	3357 a
	6.617 a
	4.23 a

	12. 90-60 30+27S+15MgO+1.8B+1.5Zn
	138.0ab
	160.3a
	9.678a
	6.075 b
	48.91a
	47.63 ab
	2020 a
	4.340 ab
	2.73 ab

	13. 100-40-20+18S+10MgO+1.2B+1Zn
	124.7ab
	165.4a
	1.574 a
	6.325 b
	41.32a
	46.00 ab
	2620 a
	4.950 ab
	3.31 ab

	14. 100-60-30+27S+15MgO+1.8B+1.5Zn
	135.1ab
	169.3a
	9.145a
	6.355 b
	45.63a
	47.21 ab
	2333 a
	3.973 ab
	2.93 ab

	15. 120-60-30+27S+1.8B+1.5Zn
	138.5ab
	161.8a
	1.795 a
	6.555 b
	46.03a
	48.37 ab
	2373 a
	5.270ab
	3.63 ab

	16. 150-90 45+40.5S+22.5MgO+2.7B+2.25Zn
	127.6ab
	161.0a
	1.619 a
	5.805 b
	45.53a
	47.39 ab
	2897 a
	5.415ab
	3.34 ab

	17. 90-60-30+13S+6.3MgO+1.8B+1.5Zn
	120.8ab
	154.0a
	1.607 a
	10.240a
	47.13a
	41.59 ab
	1957 a
	4.425 ab
	2.94 ab

	18. 100-40-20+8.6S+4.2MgO+1.2B+1Zn
	124.6ab
	148.2a
	1.618 a
	5.720 b
	43.65a
	44.33 ab
	2627 a
	4.665 ab
	2.77 ab

	19. 100-60-30+13S+6.3MgO+1.8B+1.5Zn
	127.0ab
	148.3a
	1.787 a
	5.920 b
	46.13a
	43.66 ab
	2492 a
	4.580 ab
	3.01 ab

	20. 120-60-30+13S+6.3MgO+1.8B+1.5Zn
	127.8ab
	138.0a
	1.683 a
	5.645b
	44.55a
	39.86 ab
	2347 a
	5.170 ab
	2.95 ab

	21. 150-90-45+18S+9MgO+2.7B+2.25Zn
	127.7ab
	148.4a
	1.725 a
	5.780 b
	45.94a
	44.61 ab
	2635 a
	5.990 a
	4.09 ab

	LSD (0.05)
	19.06
	21.89
	11.912
	1.711
	6.777
	6.604
	996.5
	1.786
	28.5

	Cv (%)
	10.5
	9.9
	263.0
	19.2
	10.6
	10.2
	27.1
	25.1
	392.2

	SED
	9.53
	10.94
	5.955
	0.856
	3.388
	3.302
	498.2
	0.893
	0.232

	F Prob.
	0.082
	0.087
	0.527
	0.005
	0.162
	0.018
	0.119
	0.028
	









 3.2. Cob weight and grain
[bookmark: _Hlk152595002][bookmark: _Hlk152438911][bookmark: _Hlk152590986]Cob weight demonstrated a secondary and micronutrient influence comparable to that of stover weight (Table 4). The rate of application had a significant impact on the cob weight. Similarly, the cob weights obtained in the NPK 14-18-18+6S+1B treatment at 150-90-90+30S+5B and 20:20:10 at 150-90 45+18S+9MgO+2.7B+2.25Zn were much greater than those in the other treatments and at the other application rates. NPK100-40-20 at 100-40 20+8.6S+4.2MgO+1.2B+1Zn had lower weights than did NPK15-20-10 at 100-40-20+18S+10MgO+1.2B+1Zn, which had similarly high weights but were similar to those of NPK14-18-18+6S+1B at 100-60-60. Primary, secondary, and micronutrient application regimes all had a substantial (p < 0.001) impact on total grain production. The use of NPK 20-20-10 at 150-90-45+18S+9MgO+2.7B+2.25Zn resulted in significantly greater yields (Table 4). The yields of NPK 14-18-18+6S+1B at 100-40-40+13.3S+2.2B and NPK14-18-18+6S+1B at 120-60-60 were significantly equal, with NPK14-18-18+6S+1B at 150-90-90+30S+5B and 20-20-10 at 150-90-45+18S+9MgO+2.7B+2.25Zn being the highest. Compared to the local fertilizer, NPK 15-15-15 at 90-60-60 and NPK 20:20:10 at 90-60-30+13S+6.3MgO+1.8B+1.5Zn had lower yields; however, NPK 20-20-10 at 90-60-30+13S+6.3MgO+1.8B+1.5Zn had lower yields next to the control (no fertilizer) treatment. For a farmer with limited resources, grain yield is the most profitable outcome of the morphological and physiological changes that take place during maize plant growth and development. The grain yield increased in response to increasing rates of NPK, secondary and micronutrient treatments; the yield in the region must be significantly influenced by the rate at which primary nutrients are applied, regardless of the nutrient formulation. Compared with the conventional yield from NPK 15-15-15 at 90-60-60 (127.22 t ha-1), the yield from NPK 14-18-18+6S+1B at 150-90-90+30S+5B improved (133.33% t ha-1). Additionally, the yield increases of 20:20:10 in the 150-90-45+18S+9MgO+2.7B+2.25Zn treatment was greater than that in the NPK15-15-15 treatment, with the zero-control treatment producing the lowest yield (1.8 t ha-1). In nutrient-poor soils, a single main NPK application enhanced maize yield sevenfold-fold; however, the addition of S, Mg, B, and Zn increased maize yield nearly tenfold-fold. The addition of S and micronutrients (S, Mg, B, and Zn) to the NPK fertilizer blend may have contributed to the improved grain production with NPK 14-18-18 + secondary + micronutrients (S, Mg, B, Zn) at 150-90-90+30S+5B and 20:20:10 at 150-90-45+18S+9MgO+2.7B+2.25Zn. This resulted in increased growth and production. Furthermore, the decrease in grain production in the control plots that received no fertilization could be attributed to a lack of key nutrients such as N, P, and K. This finding is comparable to that of Kihara et al. (2017), Njoroge et al. (2018), and Lisuma, Semoka, and Sem (2016), who discovered that secondary and micronutrient supplementation might greatly enhance grain production. The amelioration of soil nutrient imbalances and deficiencies in the region may account for the increase in grain yield attributable to secondary and micronutrient additions compared to that in the control plot. Plants need sulphur to synthesize important metabolic chemicals, including glutathione, proteins, and amino acids. Sulfolipids are also necessary for the proper growth of crops (Qahar and Ahmad, 2016). Plant growth is promoted by sulphur, which is known to more effectively boost and synergize with the intake of other vital nutrients, such as N. However, the development and yield of maize may be only slightly impacted by the addition of magnesium as a supplementary nutrient in the NPK formulation. Although adding magnesium as a secondary nutrient to an NPK formulation may not have much of an impact on maize growth and yield, adding sulphur to plant nutrition is known to better enhance and synergize the uptake of other essential nutrients such as N, increasing the efficiency of both N and S use and encouraging plant growth (Abednego et al.,2023). Like sulphur, boron makes plants more protein-rich and is essential for the synthesis, elongation, division, and metabolism of cell walls and nucleic acids, all of which promote fast plant growth (Tahir et al., 2012). Additionally, hormones and enzymes that carry out different tasks in the metabolism of protein and carbohydrates as well as the effective use of water in crops collaborate with boron and zinc (Vera-Maldonado et al., 2024; Kohli et al.,2023; Gupta and Solanki, 2013; Rudani, Vishal, and Kalavati, 2018). In this current rainfed system, which is occasionally characterized by drought, increased water use efficiency is essential for crop development. These factors account for the greater growth observed in plants that were given micronutrients containing zinc and boron than in those that were not (Table 4). Irfan et al. (2019) reported that the addition of boron improves crop productivity even in P-deficient soils by creating a synergistic effect on B phosphorus uptake. Zinc improves photosynthesis and carbohydrate storage and plays a role in disease and resistance to heavy metals (Rizwan et al. 2019). In fertilizer formulations containing all three elements, the combined effects of zinc, boron, and sulphur may have contributed to the higher yields and improved growth that were observed. Compared with secondary and micronutrient additions, the NPK formulation did not have the greatest effect on the maximum grain yield. The results demonstrate that, above certain levels of NP and K fertilization, the addition of secondary nutrients and micronutrients could result in significant increases in maize productivity. These results are consistent with those of Njoroge (2018).

 4. CONCLUSION
Sulphur was added as a secondary nutrient, and zinc and boron were added as micronutrients to the NPK fertilizer formulation, which increased the growth and grain output of the maize crop in the forest deciduous zone of Ghana. Compared with the application of primary NPK fertilizers alone, the incorporation of these minerals in combination with primary NPK fertilizers resulted in gains. When sulphur, boron, and zinc were added to nutrient-poor soils, the yield increased by nearly ten times, but the application of NPK alone produced seven (7) times greater yields than those in unfertilized fields. Enhanced synergy in growth-promoting factors, such as improved P and N uptake, which promotes crop growth; enhanced physiological and environmental tolerance to diseases; improved protein and amino acid synthesizing properties of S; and water stress, are responsible for the yield increases resulting from the inclusion of S, B, and Zn. In the forest deciduous zone of Ghana, where maize is grown, zinc, boron, and sulphur should be considered when formulating chemical fertilizers.
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