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ABSTRACT

The experiment was carried out during the 2024 cropping season at the Teaching and Research Farm of Akwa Ibom State University, Obio Akpa, located in Oruk Anam Local Government Area of Akwa Ibom State, Nigeria. To evaluate the effect of different rates of poultry manure on growth performance, yield and proximate composition of soybean. A Randomized Complete Block Design (RCBD) was used, arranged in a split-plot with three replications. The main plot treatments consisted of eight soybean varieties, namely Sc-Sentinel, Sc-Signal, TGX 1448-2E, TGX 20103-01F, TGX 1951-13F, TGX 2020-4E, Sc-SOL1, and TGX 1951-4, while the subplot treatments comprised poultry manure fertilizer applied at 0, 1, 2, and 3 t/ha. Data on growth indices, yield, and proximate seed composition were collected and analyzed using analysis of variance (ANOVA). Significant means were separated using the Least Significant Difference (LSD) at 5% probability level. Results revealed notable varietal differences in vegetative growth, especially leaf area development. Variety Sc-Signal gave the largest leaf areas values at 3 and 4 weeks after planting, recording 49.45, 58.13, 78.67, and 86.43 cm². TGX 2020-4E also recorded large leaf areas with the values of 47.11, 54.60, 74.90, and 82.33 cm² across the same growth stages. In contrast, Sc-Sentinel consistently produced the smallest leaf areas, ranging from 37.89 to 69.41 cm². Yield performance followed a similar trend. Sc-Signal produced the highest seed yield (2.627 t/ha), closely followed by TGX 2020-4E (2.505 t/ha). The lowest yield was observed in Sc-Sentinel with 1.873 t/ha. Poultry manure aplication significantly enhanced productivity, with 3 t/ha poultry manure yielding 2.704 t/ha, though this was not statistically different from the 2 t/ha application (2.699 t/ha). The control treatment, which received no fertilization, yielded only 0.936 t/ha. The study concluded that Sc-Signal and TGX 2020-4E are superior varieties for cultivation under the study conditions, and the application of 2 t/ha poultry manure is optimal for maximizing soybean yield.
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)Soybean (Glycine max) is an important legume crop with origins traced to East Asia, particularly China, where it was domesticated 4500–5000 years ago from its wild relative Glycine soja (Guo et al., 2010; Wang et al., 2016). Its spread from China to Korea, Japan, and Southeast Asia began around the 11th - 13th centuries B.C., and later to Europe in the 16th century and America in the 18th century (Malik and Khan, 2021; Vieira and Chen, 2021). Today, soybean is a major global crop valued for its nutritional, industrial, and ecological roles. 










The crop is characterized by compound leaves, a fibrous root system, and distinct vegetative and reproductive phases that support adaptability and productivity under diverse environments (Jin et al., 2010). It has developed physiological mechanisms to withstand abiotic stresses such as drought and salinity, with traits like osmolyte accumulation, altered sucrose metabolism, and expression of stress-responsive transcription factors playing crucial roles (Du et al., 2020; Shahriari et al., 2022). Soybean is rich in protein (40%), oil (20%), and carbohydrates (30%), making it essential in human diets, livestock feed, aquaculture, 











 (
178                                                                   
*AKPAN, A. S., AKATA, O. R., 
AND 
BEN, F. E
)


and several industrial applications such as biodiesel and bioplastics (Islam et al., 2022). Beyond nutrition and industrial use, it contributes to soil fertility through symbiotic nitrogen fixation with rhizobia, reducing the dependence on synthetic fertilizers (Stagnariet al., 2017; Vugt and Franke, 2018). Its role in crop rotation systems, particularly with maize, enhances soil productivity, improves yield stability, and promotes sustainable agriculture (Sinclair et al., 2014; Islam et al., 2022). Despite its global importance, soybean cultivation faces challenges linked to improper fertilizer use, resulting in low yields, soil fertility decline, and environmental degradation. Both over- and under-fertilization have negative economic and ecological consequences. While some studies show variable responses of soybean to nitrogen application depending on soil, cultivar, and management practices (Mourtziniset al., 2018), there remains a research gap in determining optimal poultry manure rates under specific conditions. This study was therefore undertaken to evaluate the effects of different fertilizer rates on the growth and yield of soybean, with the aim of identifying appropriate application levels that will maximize productivity while maintaining soil health.

MATERIALS AND METHODS
The experiment was conducted at the Teaching and Research Farm of Akwa Ibom State University, Obio Akpa, located in Oruk Anam local government area of Akwa Ibom State, Nigeria, during the 2024 cropping season, which falls within the tropical rainforest zone of Nigeria. Obio Akpa is situated at latitude 5017ʹ and 7027ʹ N and longitude 7027ʹ and 7058ʹ E with bimodal rainfall pattern with long (March-July) and short (September-November) rainy seasons separated by a brief dry spell of uncertain length usually during August.
The experiment was laid out in a Randomized Complete Block Design (RCBD) with a split-plot arrangement, replicated three times. The main plots comprised eight soybean (Glycine max) varieties: Sc-Sentinel, Sc-Signal, TGX 1448-2E, TGX 20103-01F, TGX 1951-13F, TGX 2020-4E, Sc-SOL1, and TGX 1951-4. The subplots received poultry manure applied at four rates: 0, 1, 2, and 3 t/ha. The choice of varieties reflected both improved and commonly cultivated lines in Nigeria, while the fertilizer rates were selected to represent a gradient from no external nutrient input to high organic supplementation. The land was ploughed, harrowed, and ridged before layout of experimental plots. Each subplot measured 3 m × 2 m (6 m²), separated by 1 m alleys and with 2 m between replicates to minimize treatment interference. Poultry manure was applied and incorporated into the soil two weeks prior to sowing to allow adequate mineralization. Planting was done by direct seeding, with two seeds per hole at 60 cm × 30 cm spacing. 





Seedlings were thinned to one per stand at two weeks after planting (WAP) to ensure uniform plant density. Weeding was carried out manually as required throughout the growing season. Growth parameters recorded included plant height, number of leaves, and leaf area. Plant height was measured from the soil surface to the tip of the main stem, while number of leaves was determined by manual counting of fully expanded trifoliate leaves. 
Leaf area was estimated using the formula: LA=L×W×0.75.
Where; L is the leaf length (cm), W is the leaf width (cm), and 0.75 is the correction factor for soybean leaves.
Yield components measured were number of pods per plant, 100-seed weight, and seed yield per hectare. Seed yield was determined by harvesting plants from the net plot area, threshing, drying, and adjusting to 12% moisture content before conversion to tonnes per hectare. Harvested seeds from each treatment were analyzed for proximate composition, including crude protein, crude fiber, crude fat, ash, and carbohydrate contents, using the standard methods of the Association of Official Analytical Chemists (AOAC, 2016). All data collected were subjected to analysis of variance (ANOVA) appropriate for the RCBD with a split-plot arrangement. Where significant treatment effects were observed, means were separated using the Least Significant Difference (LSD) test at 5% probability level.

RESULT 
The impact of soybean varieties and fertilization on plant height revealed significant differences measured at 2, 3, and 4 weeks after planting (WAF), as presented in Table 1. Among the tested varieties, Sc- signal emerged as the tallest, 58.88 cm at 4 WAP, demonstrating superior growth performance compared to the other varieties. In contrast, Sc-Sentinel, TGX 2020-4E, and TGX1951-4 were moderately tall, while TGX 1448- 2E was the shortest among the germinated soybean varieties. 
The number of leaves per plant, as influenced by soybean varieties and fertilization, exhibited significant differences at 2, 3, and 4 weeks after fertilization (WAP), as illustrated in Table 2. Specifically, variety Sc- signal demonstrated a notably higher number of leaves per plant at each of these intervals (12.09, 36.19, 61.33, and 80.44) when compared to the other varieties, this was followed by TGX 2020-4E. TGX1951-4 also showed a respectable leaf count, while TGX 1448- 2E consistently recorded the lowest number of leaves per plant (10.11, 19.78, 30.01, and 48.12) across all measured weeks, including at 4 WAP.
The leaf area of soybean, influenced by different soybean varieties and fertilization levels, demonstrated significant differences at 1, 2, 3, and 4 
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weeks after planting (WAP), as summarized in Table 3. Notably, Sc- signal exhibited the largest leaf areas at 3 and 4 WAP, measuring 49.45, 58.13,78.67, and 86.43 cm², respectively, followed closely, TGX 2020-4E recorded leaf area measurements of 47.11, 54.60, 74.90 and 82.33 cm² at 1, 2, 3 and 4 WAP. Conversely, the least leaf area values at 1, 2, 3, and 4 WAP were identified in Sc - Sentinel, with measurements of 37.89, 40.22, 50.89, and 69.41 cm², respectively.
The analysis of the number of branches per plant, influenced by different soybean varieties and fertilization methods, revealed significant differences at growth stages 2, 3, and 4 WAP (Table 4). Among the tested varieties, Sc- signal exhibited a notably higher average number of branches per plant, with counts of 5.93 at 4 WAP. In comparison, TGX1951-4 recorded the least branch counts of 1.79 at 4 WAP.
The effect of soybean varieties and fertilization on the number of pods per plant is detailed in Table 5. The analysis revealed a statistically significant difference (p<0.05) among the varieties. Specifically, Sc- signal exhibited the highest average number of pods per plant at 81.12, closely followed by TGX 2020-4E, which recorded an average of 79.11 pods. In contrast, Sc - Sentinel showed the lowest performance, with only 47.81 pods per plant. When examining the effects of fertilization treatments, the application of 3t/ha of poultry manure resulted in a significantly increased average pod count, reaching 84.22 pods per plant. The second most effective treatment was 2 t/ha of poultry manure, yielding an average of 81.75 pods. Conversely, the control treatment, which did not receive any additional fertilizer, produced the least number of pods; 19.45.






The analysis of the number of seeds per pod revealed no significant differences among the different treatment groups, with a p-value greater than 0.05 (Table 5). Specifically, the number of seeds per plant varied across the soybean varieties, with Sc - Sentinel producing an average of 2.65 seeds, while Sc-Signal had the higher average of 3.56 seeds per pod.
	The weight of 100 seeds per plant, influenced by various soybean varieties and different fertilizer rates, is detailed in Table 5. The analysis of soybean varieties revealed no significant differences in seed weight among the tested cultivars.
	Seed yields, as influenced by various soybean varieties, are illustrated in Table 5. Among the tested varieties, Sc- signal exhibited the highest seed yield, producing an impressive 2.627 t/ha. This was closely followed by TGX 2020-4E, which recorded a yield of 2.505 t/ha.  The least seed yield was observed in Sc - Sentinel where only 1.873 t/ha was recorded. 
The moisture content (MC) of the evaluated soybean varieties showed notable variation (Table 6). Sc - Sentinel exhibited the highest moisture content at 18%, followed by TGX 2020-4E with 10%. The least MC, recorded at 7%, was found in both TGX 1448- 2E and TGX1951-4. The protein content among the soybean varieties was relatively consistent, ranging from 18% to 19%. A similar trend was observed in lipid content, which varied between 17% and 19%. The percentage of ash content across all soybeans ranged from 3% to 5%, while fiber content was between 5% and 6%. Carbohydrate percentages were recorded at 46% to 49%. The energy values for the soybean varieties are presented in Table 6, with the highest energy level of 430 kcal noted in both Sc - Sentinel and TGX 1448- 2E, while TGX 2020-4E had the lowest at 408 kcal.
Table 1: The impact of soybean varieties and fertilization on plant height
	Treatments
	Weeks after Planting

	Varieties
	1
	2
	3
	4

	Sc - Sentinel 
	12.77
	37.33
	44.23
	45.32

	Sc- signal 
	12.56
	45.53
	53.93
	58.88

	TGX 1448- 2E
	8.33
	29.92
	31.77
	36.78

	TGX 20103 - 01F
	12.11
	31.33
	35.98
	44.98

	TGX 1951 -13F
	12.23
	34.87
	40.91
	46.89

	TGX 2020-4E
	13.01
	44.89
	57.33
	52.65

	Sc-SOL 1
	0.00
	0.00
	0.00
	0.00

	TGX1951-4
	12.59
	38.33
	49.77
	50.01

	LSD (p<0.05)
	1.81
	2.51
	3.02
	3.14

	Fertilizer Rates
	
	
	
	

	PM ( 0 t/ha)
	12.85
	24.88
	30.01
	33.73

	PM (1 t/ha)
	12.07
	39.02
	41.33
	45.41

	PM (2t/ha)
	13.71
	49.41
	52.33
	56.50

	PM  (3t/ha)
	13.74
	52.26
	53.83
	58.89

	LSD(p<0.05)
	NS
	3.22
	3.40
	3.52

	Interaction
	NS
	NS
	NS
	NS


*NS= Not Significant
*PM= Poultry Manure


 (
180
                                                                   
*AKPAN, A. S., AKATA, O. R., 
AND 
BEN, F. E
)

Table 2: The impact of soybean varieties and fertilization on Number of Leaves per plant

	Treatment
	Weeks after Planting

	Varieties
	1
	2
	3
	4

	Sc - Sentinel 
	10.56
	21.87
	37.64
	54.93

	Sc- signal 
	12.09
	36.19
	61.33
	80.44

	TGX 1448- 2E
	10.11
	19.78
	30.01
	48.12

	TGX 20103 - 01F
	0.00
	0.00
	0.00
	0.00

	TGX 1951 -13F
	0.00
	0.00
	0.00
	0.00

	TGX 2020-4E
	10.31
	34.60
	58.96
	76.76

	Sc-SOL 1
	0.00
	0.00
	0.00
	0.00

	TGX1951-4
	10.26
	32.60
	48.55
	71.11

	LSD (p<0.05)
	1.67
	2.66
	2.92
	3.36

	Fertilizer rates
	
	
	
	

	PM (0t/ha)
	10.67
	23.56
	36.60
	48.69

	PM (1t/ha)
	11.67
	29.56
	41.66
	59.55

	PM (2t/ha)
	12.34
	41.78
	60.56
	70.56

	PM (3t/ha)
	12.51
	48.67
	61.51
	76.43

	LSD(p<0.05)
	NS
	3.11
	3.34
	4.01

	Interaction
	NS
	NS
	NS
	1.94


*NS= Not Significant
*PM= Poultry Manure

Table 3:	The impact of soybean varieties and fertilization on Leaf Area

	Treatment
	Weeks after Planting

	Varieties
	1
	2
	3
	4

	Sc - Sentinel 
	37.89
	40.22
	50.89
	69.41

	Sc- signal 
	49.45
	58.13
	78.67
	86.43

	TGX 1448- 2E
	45.40
	48.92
	67.90
	75.43

	TGX 20103 - 01F
	45.51
	57.91
	64.77
	73.63

	TGX 1951 -13F
	44.78
	53.78
	65.12
	70.78

	TGX 2020-4E
	47.11
	54.60
	74.90
	82.33

	Sc-SOL 1
	0.00
	0.00
	0.00
	0.00

	TGX1951-4
	38.98
	48.91
	60.81
	73.53

	LSD (p<0.05)
	2.12
	3.81
	4.06
	4.28

	Fertilizer Rates
	
	
	
	

	PM (0t/ha)
	35.52
	49.34
	50.66
	50.91

	PM (1t/ha)
	43.34
	53.11
	56.81
	64.90

	PM (2t/ha)
	50.41
	56.51
	61.33
	84.33

	PM (3t/ha)
	52.33
	57.03
	63.23
	87.18

	LSD(p<0.05)
	3.41
	3.83
	4.65
	4.81

	Interaction
	NS
	NS
	NS
	NS


[bookmark: _Hlk202008281]*NS= Not Significant
*PM= Poultry Manure















 (
EFFECTS OF DIFFERENT FERTILIZER RATES ON THE GROWTH AND YIELD OF SOYBEAN
                 1
81
)

Table 4: The impact of soybean varieties and fertilization on Number of branches per plant

	Treatment
	Weeks after Planting

	Varieties
	1
	2
	3
	4

	Sc - Sentinel 
	0.00
	0.41
	2.30
	2.92

	Sc- signal 
	0.00
	1.07
	3.53
	5.93

	TGX 1448- 2E
	0.00
	0.57
	2.81
	3.73

	TGX 20103 - 01F
	0.00
	0.00
	2.03
	3.16

	TGX 1951 -13F
	0.00
	0.00
	1.83
	0.00

	TGX 2020-4E
	0.00
	0.40
	1.77
	2.56

	Sc-SOL 1
	0.00
	0.00
	0.00
	0.00

	TGX1951-4
	0.00
	0.33
	0.53
	1.79

	LSD (p<0.05)
	NS
	0.11
	0.22
	0.36

	Fertilizer rates (t/ha)
	
	
	
	

	PM (0t/ha)
	0.00
	0.00
	0.00
	0.00

	PM (1t/ha)
	0.00
	0.12
	0.83
	1.13

	PM (2t/ha)
	0.00
	0.32
	1.77
	3.21

	PM (3t/ha)
	0.00
	0.41
	2.45
	3.69

	LSD(p<0.05)
	NS
	0.21
	0.41
	0.63

	Interaction
	NS
	NS
	NS
	NS


*NS=Not Significant
*PM=Poultry Manure

Table 5: The impact different varieties and fertilization on Yield and Yield Components of Soybean

	
Treatment
	Number of Pods/plants
	Number of Seeds/Pod
	Weight of 100 Seeds (g)
	Seed Yield (t/ha)

	Varieties
	
	
	
	

	Sc - Sentinel 
	47.81
	2.65
	20.10
	1.873

	Sc- signal 
	81.12
	3.56
	21.14
	2.627

	TGX 1448- 2E
	56.91
	3.01
	21.01
	2.361

	TGX 20103 - 01F
	60.33
	3.01
	21.08
	2.023

	TGX 1951 -13F
	61.91
	3.05
	20.98
	2.031

	TGX 2020-4E
	79.11
	3.35
	20.95
	2.505

	Sc-SOL 1
	0.00
	0.00
	0.00
	0.00

	TGX1951-4
	59.89
	3.11
	21.02
	2.062

	LSD (p<0.05)
	2.66
	NS
	NS
	0.011

	Fertilizer rates (t/ha)
	
	
	
	

	PM (0t/ha)
	19.45
	2.81
	20.67
	0.936

	PM (1t/ha)
	50.89
	3.20
	20.76
	1.533

	PM (2t/ha)
	81.75
	3.33
	21.50
	2.699

	PM (3t/ha)
	84.22
	3.46
	21.57
	2.704

	LSD(p<0.05)
	3.45
	NS
	NS
	0.017

	Interaction
	NS
	NS
	NS
	NS


*NS=Not Significant
*PM=Poultry Manure
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Table 6: Proximate Composition of Soybean Varieties

	Soybean Varieties
	Moisture
(%)
	Protein
(%)
	Lipids
(%)
	Ash
(%)
	Fibre
(%)
	CHO
(%)
	Energy (kal)

	Sc - Sentinel 
	18
	18
	18
	3
	6
	49
	430

	Sc- signal 
	8
	19
	19
	4
	5
	46
	428

	TGX 1448- 2E
	7
	18
	18
	3
	5
	48
	430

	TGX 20103 - 01F
	9
	18
	17
	4
	5
	47
	421

	TGX 1951 -13F
	9
	18
	19
	4
	5
	46
	424

	TGX 2020-4E
	10
	18
	17
	4
	5
	46
	408

	TGX1951-4
	7
	18
	17
	5
	5
	48
	419




DISCUSSION
The findings of this study clearly demonstrated that soybean performance was significantly influenced by both varietal differences and fertilizer application rates. Variations in leaf area across varieties indicated differential growth capacities. Sc-Signal consistently recorded the largest leaf areas at all stages, which suggests greater photosynthetic potential and more efficient interception of light energy for biomass production. This finding agrees with the reports of Zhang et al. (2019) and Shahriari et al. (2022),;Akata et al., (2025a) who noted that genotypes with broader leaf area indices tend to accumulate more dry matter and subsequently produce higher yields. On the other hand, Sc-Sentinel consistently recorded the lowest leaf area, which may explain its relatively poor seed yield. A smaller canopy reduces photosynthetic assimilation, limiting the supply of assimilates to reproductive structures. Seed yield varied significantly among the soybean varieties, with Sc-Signal producing the highest yield (2.627 t/ha) and TGX 2020-4E following closely (2.505 t/ha). These varieties may possess superior genetic traits for assimilate partitioning and pod formation, enhancing reproductive efficiency. Similar varietal differences in yield potential have been reported by Mourtziniset al. (2018); Charles et al, (2025); Akpan et al. (2025); Akpa et al. (2024) who attributed such variation to differences in sink capacity and adaptability to environmental conditions. Islam et al. (2022) also observed that certain soybean cultivars exhibit enhanced yield performance due to improved tolerance to abiotic stresses and efficient nutrient utilization. In contrast, Sc-Sentinel consistently recorded the lowest yield (1.873 t/ha), reinforcing the conclusion that it is a relatively poor-performing variety under the agro-ecological conditions of southeastern Nigeria. 
Fertilizer application, particularly poultry manure, significantly improved growth and yield attributes. Application of 2 and 3 t/ha poultry manure resulted in the highest seed yields, with no significant difference between the two. This indicates that 2 t/ha is enough to supply soybean nutrient requirements, while higher application rates may not confer additional yield benefits. 


The response of soybean to poultry manure in this study is consistent with the findings of Stagnariet al. (2017); Ben et al. (2025); Essien et al. (2025a), who emphasized the role of organic amendments in improving soil structure, nutrient availability, and microbial activity. Poultry manure is particularly beneficial because it provides a balanced supply of macro- and micro-nutrients, increases soil organic matter, and improves water retention, thereby creating a favorable environment for crop growth. The markedly low yield recorded in the control treatment (0 t/ha) highlights the inherently poor fertility of the sandy loam soil at the experimental site (Akataet al., 2024a; Essien et al., 2024; Essien et al., 2023). This finding corroborates earlier studies by Vugt and Franke (2018); Akataet al. (2024b); Essien et al. (2025b), who reported that soybean grown in low fertility soils without external nutrient supplementation performs poorly, particularly in tropical regions with nutrient-deficient soils. The observation that poultry manure significantly boosted yields underscores its importance as an affordable, environmentally sustainable alternative to synthetic fertilizers for smallholder farmers. These results also confirm that both genetic potential and agronomic management are critical in optimizing soybean productivity. While Sc-Signal and TGX 2020-4E showed superior performance in terms of growth and yield, their productivity was further enhanced by poultry manure application, particularly at 2 t/ha. The interaction between variety and fertilizer application demonstrates that achieving high yield requires not only the use of improved cultivars but also appropriate soil fertility management strategies.
Summarily, this study has shown that varietal differences exist in growth and yield performance of soybean, and that poultry manure is an effective organic fertilizer for improving crop productivity. Sc-Signal and TGX 2020-4E are identified as high-yielding varieties suitable for cultivation in southeastern Nigeria, while the application of 2 t/ha poultry manure provides an optimal balance between productivity and input efficiency. These findings provide practical recommendations for soybean producers in similar agro-ecological zones and 
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contribute to the broader goal of sustainable agricultural intensification.
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