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Soil Health and Nutritional Quality of Sweetpotato under Regenerative and Conventional Practices in Obio Akpa, Nigeria


ABSTRACT
The experiment was conducted at the Teaching and Research Farm of Akwa Ibom State University, Obio Akpa Campus, Akwa Ibom State, Nigeria, to determine the effects of regenerative and conventional practices on soil health and nutritional quality in sweet potato varieties. The study was arranged in a split-plot experiment fitted into a randomised complete block design (RCBD) with three replications. The main plot consisted of the two OFSP varieties, while the subplot comprised five nutrient management treatments: no amendment (CA), 400 kg ha⁻¹ NPK fertilizer (CB), 5 t ha⁻¹ poultry manure + 200 kg ha⁻¹ organomineral fertilizer (RA), 10 t ha⁻¹ poultry manure (RB), and 5 t ha⁻¹ biochar (RC). Nutrient management practices significantly influenced growth and yield parameters. The regenerative treatments, particularly RA and RB, consistently enhanced leaf production, vine growth, and storage root yield compared with the conventional fertilizer and control treatments. The highest storage root yield was obtained under the RA treatment, while the unamended control (CA) recorded the lowest values across both varieties. Significant interaction effects between variety and fertilizer were observed for leaf number and vine length, whereas most yield parameters showed no significant variety × fertilizer interaction. Nutritional quality was also influenced by nutrient management practices, with poultry manure (RB) generally producing the highest beta-carotene concentration and micronutrient contents; vitamin B6 was not significantly affected by fertilizer, and vitamin C followed a distinct pattern in which sole NPK application gave the lowest value of any treatment. Post-harvest soil analysis indicated improvements in selected soil fertility indices, particularly pH, exchangeable calcium, and exchangeable acidity under regenerative nutrient management treatments relative to the control and sole NPK fertilizer treatment. The study demonstrates that regenerative nutrient management practices, particularly the combined application of poultry manure and organomineral fertilizer, offer a sustainable strategy for improving the growth, yield, nutritional quality, and soil health of orange-fleshed sweet potato in the humid tropical environment of Akwa Ibom State, Nigeria.
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1. INTRODUCTION
Soil health plays a fundamental role in determining crop growth, storage root development, yield, and nutritional quality. Healthy soils provide favourable physical, chemical, and biological conditions that promote nutrient availability, efficient water use, and active microbial processes necessary for plant growth. Improvements in soil organic matter and nutrient availability also enhance the accumulation of important nutritional compounds, including beta-carotene and essential mineral elements in storage roots. Consequently, regenerative nutrient management has attracted increasing attention as a sustainable approach to restoring degraded soils while improving crop productivity and nutritional quality (Agegnehu et al., 2016; Ben et al., 2025; Ekwere et al., 2023a).
Sweet potato (Ipomoea batatas L.) is a globally important root crop and a staple food in Nigeria, where it contributes significantly to household nutrition, food security, and rural livelihoods (Nedunchezhiyan et al., 2012; Girard et al., 2021; Ben et al., 2024a). Its adaptability to diverse agroecological zones, resilience under marginal soil conditions, and nutritional richness, particularly in carbohydrates, dietary fibre, beta-carotene, and essential minerals make it a strategic crop for addressing malnutrition and poverty. In Obio Akpa, a prominent sweet-potato-producing region in southeastern Nigeria, the crop is cultivated both for subsistence and commercial purposes, with varieties ranging from white-fleshed to orange-fleshed types that differ in yield potential and nutritional composition.
Despite its nutritional and economic importance, root storage productivity remains constrained by declining soil fertility, particularly in the acid sandy soils of southeastern Nigeria. These soils are generally characterised by low organic matter content, poor nutrient retention, moderate to strong acidity, and high susceptibility to nutrient leaching, resulting in reduced crop productivity. Conventional nutrient management based mainly on inorganic fertilizers often provides immediate nutrient availability and increases crop yield, but prolonged dependence may contribute to soil degradation, nutrient imbalance, and declining soil health (Lal, 2020; Inyang et al., 2022; Efretuei et al., 2022). In contrast, regenerative nutrient management practices, including poultry manure, organomineral fertilizer, and biochar, improve soil organic matter, nutrient cycling, microbial activity, and overall soil quality, thereby enhancing sustainable crop production (Agegnehu et al., 2016; Ekwere et al., 2023b). Recent field evidence in orange-fleshed sweet potato indicates that regenerative nutrient-management treatments based on poultry manure, organomineral fertilizer, and biochar can improve crop performance and nutritional attributes relative to unamended or solely mineral-fertilized treatments, although the magnitude of response varies among amendment strategies (Ibok et al., 2026; Agbede et al., 2024; Antonious, 2024).
The sustainability of sweet potato production in this region is closely tied to soil health, which serves as the foundation for crop productivity and nutritional quality. Soil health encompasses physical, chemical, and biological properties such as organic matter content, nutrient availability, microbial diversity, and structural stability. Farming practices play a decisive role in shaping these attributes. Conventional systems, characterised by intensive tillage, monocropping, and reliance on synthetic fertilizers, often deliver short-term yield gains but gradually degrade soil fertility, reduce microbial activity, and compromise long-term productivity. In contrast, regenerative practices, including organic amendments, crop rotation, cover cropping, and reduced tillage aim to restore soil function, enhance nutrient cycling, and build resilience against climate variability (Agegnehu et al., 2016; Okpara et al., 2014; Antai et al., 2025). Recent synthesis also identifies biochar as a soil-management option for ameliorating acidity and supporting nutrient retention and soil health, while emphasizing that its performance depends on biochar characteristics and soil conditions (Okine et al., 2026).
The nutritional quality of sweet potato tubers is directly influenced by soil management. Tubers grown under regenerative systems often exhibit higher concentrations of vitamins and minerals, particularly beta-carotene and vitamin C, due to improved nutrient bioavailability and healthier soil ecosystems. Conversely, conventional practices may lead to nutrient imbalances, lower micronutrient density, and potential chemical residues in harvested tubers. This linkage between soil health and crop nutritional quality is especially critical in Nigeria, where micronutrient deficiencies remain a public health challenge.
Obio Akpa provides a unique context for evaluating these dynamics. The region’s soils, climate, and farming traditions offer an opportunity to compare regenerative and conventional approaches across different sweet potato varieties. Understanding how these practices affect soil health indicators such as organic matter, pH, microbial activity, and nutrient content alongside tuber nutritional composition will generate evidence for sustainable crop management. Such insights are vital for guiding farmers, researchers, and policymakers toward strategies that balance productivity, nutrition, and ecological sustainability. Most previous studies have focused on either crop productivity or soil fertility, with relatively few integrating crop performance, nutritional quality, and soil health within the same production system (Gregory & Wojciechowski, 2020; Vanlauwe et al., 2014).
This study therefore seeks to determine the impact of regenerative and conventional practices on soil health and nutritional quality of sweet potato varieties in Obio Akpa, Nigeria. By linking soil management practices to crop nutritional outcomes, the research aims to contribute to sustainable agricultural development, improved food security, and enhanced dietary quality in the region.
2. MATERIALS AND METHODS
2.1 Study Location
The study was conducted at the Teaching and Research Farm, Obio Akpa Campus, Oruk Anam Local Government Area, Akwa Ibom State, Nigeria. The study area lies between latitude 4°30′N and 5°30′N and longitude 7°30′E and 8°00′E within the humid tropical rainforest zone of Southern Nigeria. The area is characterised by a bimodal rainfall pattern with an annual rainfall of 2,000–3,000 mm. The rainy season extends from April to November, while the dry season occurs between December and March. Mean annual temperature ranges from 26 to 28°C, and relative humidity varies between 75 and 90% depending on the season (Soil and Land Use Survey of Akwa Ibom State [SLUS-AK], 1989). The soils are derived from Coastal Plain Sands and are characterized by sandy texture, low organic matter content (Mark et al., 2024; Essien et al., 2024a; Essien et al., 2024b), moderate to strong acidity, and low nutrient reserves, making them suitable for evaluating soil fertility management practices (Esu, 2010; Sam et al., 2025).
The vegetation is generally within the rainforest belt, which in Akwa Ibom State has been reduced in most places to farmland under short-duration fallow and to secondary forest of oil palm (Ibanga et al., 2025). The terrain of the study area is flat to gently sloping (Essien et al., 2025a; Essien et al., 2025b). Land use mainly comprises the cultivation of crops, including Amaranthus (Akata et al., 2024), sweet potato (Ben et al., 2024a; Akata et al., 2026), eggplant (Enyong et al., 2025), cassava (Edet et al., 2025), Bambara groundnut (Akata et al., 2025), fluted pumpkin (Udounang et al., 2022b), African yam bean (Bassey et al., 2025), and tomato (Ben et al., 2025).
2.2 Source of Planting Materials 
The planting materials consisted of two orange-fleshed sweet potato varieties, UMUSPO 1 and UMUSPO 3. The experiment was laid out as a split-plot arrangement in a randomised complete block design (RCBD) with three replications. The main-plot factor consisted of the two orange-fleshed sweet potato varieties, while the subplot factor comprised five nutrient management treatments: no amendment (Conventional A, CA), 400 kg ha⁻¹ NPK 15:15:15 (Conventional B, CB), 5 t ha⁻¹ poultry manure + 200 kg ha⁻¹ organomineral fertilizer (Regenerative A, RA), 10 t ha⁻¹ poultry manure (Regenerative B, RB), and 5 t ha⁻¹ biochar (Regenerative C, RC). Each replicate measured 39 × 3 m, each main plot measured 19 × 3 m, and each subplot measured 3 × 3 m. A spacing of 1 m was maintained between subplots, main plots, and replications. The total experimental area measured 39 × 11 m (429 m²). Sweet potato vine cuttings were planted at a spacing of 30 cm × 100 cm.
2.3 Soil Sample Collection and Analysis 
A composite soil sample was collected from the experimental site at a depth of 0–20 cm for the determination of physicochemical properties before planting; after harvest, additional soil samples were collected from each treatment plot for post-harvest analysis. Samples were air-dried, gently crushed, passed through a 2-mm sieve, and analysed using standard laboratory procedures for particle size distribution, soil pH, organic carbon, total nitrogen, available phosphorus, exchangeable bases, cation exchange capacity, and other selected soil health indicators, following the procedures described by Udo et al. (2009).
2.4 Data Collection
Data were collected on vegetative growth, yield components, storage root yield, nutritional quality, and soil health indicators. Growth measurements included the number of leaves per plant, vine length, number of branches, and other growth characteristics at 4, 8, and 12 weeks after planting (WAP). At harvest, yield parameters, including number of storage roots per plant, shoot weight, root weight, shoot biomass yield, and storage root yield were determined. Nutritional quality analyses of the harvested storage roots were carried out using the standard methods of Latimer (2019).
2.5 Data Analysis
All data collected were subjected to analysis of variance (ANOVA) appropriate for a split-plot arrangement in a randomised complete block design, and treatment means were separated using the least significant difference (LSD) test at the 5% probability level, as described by Wahua (1999).

3. RESULTS
Soil analysis results before and after planting (Table 1) showed that the soil texture was consistently dominated by sand (approximately 820–828 g/kg), with silt and clay constituting the remaining fraction, classifying the soil as sandy loam, a texture typical of humid tropical soils in southeastern Nigeria. No appreciable shift in particle-size distribution was observed between the pre- and post-cultivation samples, which is expected, since soil amendments influence chemical fertility rather than particle-size composition within a single cropping cycle.
Soil pH at baseline was 5.8, indicating moderate acidity. Following cultivation, both the unamended control (CA) and the NPK-only treatment (CB) declined to 5.1–5.2, a trend attributable to the acidifying effect of continuous cropping and ammonium-based inorganic fertilization, as widely reported in the literature. In contrast, the treatment combining poultry manure with organomineral fertilizer (RA) maintained or slightly elevated soil pH (5.9–6.0) across both varieties, while poultry manure applied alone (RB) sustained values close to baseline (5.8). The biochar treatment (RC) produced an intermediate pH (5.4–5.5), reflecting a comparatively modest buffering effect relative to values commonly reported for biochar amendments; this may be attributable to the application rate or feedstock characteristics used in the present study. Collectively, these results indicate that organic amendments buffered soil acidification more effectively than either the control or inorganic fertilizer applied alone.
Total nitrogen at baseline was 0.09%. In the control, nitrogen declined further by the second trial (0.06% in UMUSPO 3), reflecting progressive depletion under continuous cropping without nutrient replenishment. The NPK treatment (CB) produced an initial increase in nitrogen (0.15% in UMUSPO 1), which was not sustained in UMUSPO 3 (0.12%), suggesting that fertilizer-derived nitrogen was predominantly taken up by the crop or lost from the system rather than retained in the soil. The RA treatment produced the most stable total nitrogen values across both varieties (0.13%), consistent with the slow-release characteristics associated with combined organic and organomineral inputs.
A broadly comparable pattern was observed for organic matter. From a baseline value of 2.01%, most treatments declined following cultivation, consistent with expected microbial decomposition and removal of crop residues over the growing cycle. The RA treatment retained organic matter closest to baseline in both varieties (2.05% in UMUSPO 1; 2.00% in UMUSPO 3), representing the smallest decline among all treatments. By contrast, the control (CA) and the sole poultry manure treatment (RB) showed the most pronounced depletion in both varieties (1.09–1.12%, a reduction of roughly 44–46% from baseline), a magnitude of loss statistically indistinguishable from the unamended control despite RB receiving the highest organic input rate (10 t ha⁻¹) of any treatment. This indicates that poultry manure applied alone, without an organomineral or biochar component, did not translate into greater season-long organic-matter retention relative to the combined poultry manure + organomineral treatment (RA). Notably, RB nonetheless produced the highest tuber nutrient concentrations of any treatment (Table 2), underscoring that soil organic-matter build-up and crop nutrient uptake are governed by different processes and need not respond identically to the same amendment.
Available phosphorus at baseline was 4.92 mg/kg. Nearly all treatments recorded an increase in available phosphorus following cultivation, with the highest values (5.9–6.1 mg/kg) observed under CB and RB. This increase is consistent with direct phosphorus input from NPK fertilizer and phosphorus mineralization from manure and represents a broadly positive outcome across treatments irrespective of amendment type.
Among the exchangeable bases, calcium increased substantially under RA, reaching 3.15 cmol/kg (UMUSPO 1) and 3.13 cmol/kg (UMUSPO 3) compared with a baseline value of 1.89 cmol/kg, an increase of roughly 65–67%, whereas negligible change was observed under CB. This disparity reflects the low calcium contribution of standard NPK formulations relative to manure-based amendments. Magnesium remained relatively stable across all treatments, while sodium and potassium exhibited modest increases under most treatments, with sodium recording its highest value under RB (0.37 cmol/kg, UMUSPO 1). This finding warrants continued monitoring, as sodium accumulation associated with repeated manure application may serve as an early indicator of long-term salinity risk.
The most pronounced divergence among treatments was observed in exchangeable acidity (EA). From a baseline of 2.90 cmol/kg, the control recorded the highest values in the study (3.50–3.52 cmol/kg), and CB likewise increased (2.75–3.15 cmol/kg), both consistent with the corresponding decline in pH discussed above. By contrast, all three regenerative treatments reduced exchangeable acidity below baseline, with RA and RC the most effective (2.50–2.80 cmol/kg) and RB intermediate but still below baseline (2.59–2.80 cmol/kg). This confirms that organic amendments, and particularly the RA and RC treatments, were consistently more effective than either the control or NPK alone at limiting acidity build-up.
Figure 1 shows the interaction effect between sweet potato variety and fertilizer type on the number of leaves per plant at 4, 8, and 12 WAP. The SP1RA treatment produced the highest number of leaves per plant: 60.21, 91.13, and 110.77 at 4, 8, and 12 WAP, respectively. The lowest numbers of leaves per plant, 8.01, 10.33, and 12.92 at 4, 8, and 12 WAP, respectively, were recorded in SP1CA.
Figure 2 shows the interaction effect between sweet potato variety and fertilizer type on vine length at 4, 8, and 12 WAP. The SP1RA treatment produced the greatest vine length: 51.90, 71.09, and 100.33 cm at 4, 8, and 12 WAP, respectively. The shortest vine lengths, 8.56, 9.78, and 19.33 cm at 4, 8, and 12 WAP, respectively, were recorded in SP1CA.
Figure 3 shows the interaction between sweet potato variety and fertilizer type on storage root yield. The SP1RA treatment produced the highest storage root yield, 83.67 t/ha, followed by 66.17 t/ha in SP1RB and 56.12 t/ha in SP1RC. The lowest storage root yield, 0.44 t/ha, was recorded in SP2CA.
Analysis of variance revealed significant (p < 0.05) effects of variety and fertilizer on all parameters except vitamin C, which was unaffected by variety. No significant variety × fertilizer interaction was observed for any parameter (Table 2).
UMUSPO 3 recorded significantly higher beta-carotene (172.9 vs 57.66 µg/g), vitamin B6 (0.32 vs 0.13 mg/100g), and vitamin B9 (19.5 vs 6.53 µg/g) than UMUSPO 1. Conversely, UMUSPO 1 recorded significantly higher zinc (24.0 vs 9.52 mg/100g), iron (45.2 vs 15.10 mg/100g), and calcium (946.5 vs 308.35 mg/100g). Vitamin C did not differ significantly between varieties (132.3 vs 132.4 mg/100g).
Fertilizer significantly affected six of the seven parameters. Mean separation using the reported LSD(F) values shows a tiered pattern rather than a uniform five-step staircase: for beta-carotene and calcium, means group as CA (lowest) < CB ≈ RA < RC < RB (highest); for zinc, as CA < CB ≈ RA ≈ RC < RB; and for vitamin B9, as CA ≈ CB ≈ RA < RC ≈ RB. Iron showed a more gradual continuum, with only the control and CB differing significantly from RC and RB. Poultry manure (RB) gave the numerically and, where statistically separable, significantly highest concentration for five of the seven parameters, and the untreated control (CA) the significantly lowest for four of them. Vitamin B6 was the exception: fertilizer means ranged only from 0.18 to 0.27 mg/100g, a spread narrower than the reported LSD(F) of 0.12, so no fertilizer level differed significantly from any other for this parameter despite the numerically higher values under RC and RB. 
Vitamin C followed a distinct, non-monotonic pattern in both varieties: the NPK-only treatment (CB) produced the lowest concentration of all treatments, significantly below even the untreated control, while CA, RA, and RC formed a statistically indistinguishable middle group, and RB again produced the significantly highest value. 










Table 1 PHYSICO-CHEMICAL PROPERTIES OF THE SOIL IN THE STUDY AREA BEFORE AND AFTER PLANTING 
	Sample ID
	Treatment 
	Sand 
gkg-1

	Silt 
gkg-1
	Clay
gkg-1
	Ph
(H2O)
	TN
%
	OM
%
	AV. P
mg kg-1
	Ca
Cmolkg-1
	Mg
Cmolkg-1
	Na
Cmolkg-1
	K
Cmolkg-1
	EA
Cmolkg-1

	Pre-cultivation

	
	
	828
	92
	80
	5.8
	0.09
	2.01
	4.92
	1.89
	1.40
	0.18
	0.12
	2.90

	Post cultivation

	UMUSPO 1
	CA
	825
	82
	93
	5.2
	0.09
	1.12
	4.68
	2.81
	1.08
	0.28
	0.10
	3.50

	
	CB
	820
	82
	98
	5.2
	0.15
	1.80
	6.05
	1.20
	1.09
	0.33
	0.29
	3.15

	
	RA
	826
	82
	92
	6.0
	0.13
	2.05
	5.88
	3.15
	1.22
	0.29
	0.18
	2.60

	
	RB
	828
	80
	92
	5.8
	0.12
	1.10
	6.02
	2.58
	1.42
	0.37
	0.16
	2.80

	
	RC
	822
	85
	93
	5.4
	0.11
	1.40
	5.52
	1.98
	1.15
	0.28
	0.15
	2.80

	UMUSPO 3
	CA
	824
	88
	88
	5.2
	0.06
	1.12
	4.48
	2.70
	1.08
	0.18
	0.10
	3.52

	
	CB
	820
	85
	95
	5.1
	0.12
	1.50
	5.86
	1.18
	1.03
	0.25
	0.29
	2.75

	
	RA
	826
	89
	85
	5.9
	0.13
	2.00
	5.88
	3.13
	1.20
	0.28
	0.18
	2.50

	
	RB
	825
	83
	92
	5.8
	0.09
	1.09
	5.96
	2.50
	1.22
	0.14
	0.12
	2.59

	
	RC
	820
	92
	88
	5.5
	0.09
	1.25
	4.90
	1.98
	1.15
	0.26
	0.13
	2.68


TN – Total Nitrogen, OM – Organic Matter, AvP - Available Phosphorus, K – Potassium, Ca – Calcium, Mg – Magnesium, Na – Sodium, EA – Exchangeable Acidity.







Table 2: Mineral and vitamin composition of Orange - Fleshed Sweet Potato as affected by varieties and fertilizers at harvest
	Variety 
	Fertilizer 
	Beta Carotene (µg/g)
	Zinc (mg/100g)
	Iron (mg/100g)
	Calcium (mg/100g)
	Vitamin B6 (mg/100g)
	Vitamin B9 (µg/g)
	Vitamin C (mg/100g)

	UMUSPO 1
	CA
	43.70
	10.9
	36.9
	871.2
	0.10
	4.90
	129.9

	
	CB
	52.20
	23.8
	41.2
	890.7
	0.12
	5.73
	118.4

	
	RA
	53.70
	25.3
	46.1
	895.9
	0.11
	6.07
	131

	
	RB
	73.60
	32.7
	53.3
	998.7
	0.15
	8.17
	145.8

	
	RC
	65.10
	27.2
	48.6
	969.7
	0.15
	7.8
	136.2

	Mean
	
	57.66
	24
	45.2
	946.5
	0.13
	6.53
	132.3

	UMUSPO 3
	CA
	131.2
	4.24
	12.63
	290.6
	0.26
	14.3
	130.7

	
	CB
	155.8
	9.36
	13.73
	297.03
	0.28
	17.9
	118.1

	
	RA
	160.8
	10.24
	15.23
	298.90
	0.31
	18.3
	131

	
	RB
	220.4
	12.80
	18.03
	332.26
	0.39
	24.2
	145.5

	
	RC
	196.1
	10.96
	16.26
	323.00
	0.35
	22.8
	136.8

	Mean
	
	172.9
	9.52
	15.10
	308.35
	0.32
	19.5
	132.4

	LSD(p<0.5)
	
	
	
	
	
	
	
	

	Variety (V)
	
	7.89
	5.13
	2.60
	9.32
	0.02
	1.97
	 NS

	Fertilizer (F)
	
	4.72
	3.32
	4.18
	6.78
	0.12
	2.66
	7.16

	V x F
	
	NS
	NS
	NS
	NS
	NS
	NS
	NS
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Figure 1: Interaction of Sweet Potato Varieties and Fertilizer Type on Number of Leaves per Plant at 12 Weeks after Planting

Figure 2 Sweet Potato Vine Length at 4, 8, and 12 Weeks After Planting
[image: Corrected sweet potato vine length bar chart]








Figure 3 Sweet Potato Root Yield by Fertilizer Type
[image: Sweet potato root yield bar chart]

DISCUSSION
Taken together, cultivation resulted in a general decline in organic matter and, in most treatments, total nitrogen, consistent with expected outcomes of continuous cropping. However, the amendments differed markedly in their capacity to preserve soil quality. The unamended control exhibited the most consistent evidence of degradation, characterized by the lowest organic matter and nitrogen content by the second trial and the highest exchangeable acidity recorded among all treatments. The application of inorganic NPK fertilizer increased available phosphorus and potassium in the short term but accelerated soil acidification, illustrating the trade-off frequently associated with reliance on inorganic fertilisation alone. The organic-based treatments, particularly the combination of poultry manure with organomineral fertilizer, and to a lesser extent biochar, most effectively preserved soil pH, organic matter, and calcium status while maintaining exchangeable acidity below control levels. These trends were broadly consistent across both the UMUSPO 1 and UMUSPO 3 trials, lending confidence that the observed effects represent genuine treatment responses rather than random variation. Overall, the findings suggest that combined organic and organomineral fertilization produced the most balanced soil fertility outcome among the treatments evaluated, sustaining nutrient status and buffering soil acidification more effectively than either the absence of amendment or inorganic fertilization alone. Notably, however, the soil-chemistry benefits of RA were not always mirrored by the tuber nutrient-composition results, where RB (poultry manure alone) produced the highest concentrations of beta-carotene and micronutrients; this suggests that soil-fertility optimisation and tuber-nutrient optimization may not be maximized by the same treatment, and both should be reported as distinct outcomes rather than attributed jointly to RA.
For vegetative growth traits, the interaction between sweet potato variety and fertilizer was significant (p < 0.05) for leaf number and vine length at 4, 8, and 12 WAP (Figures 1 and 2), indicating that varietal response to fertilisation was not uniform for these traits and that the effect of soil amendments depended on the inherent growth characteristics of each variety. Badge et al. (2021) similarly reported that plant spacing significantly influenced sweet potato growth and yield. In contrast, most yield-component parameters showed no significant variety × fertilizer interaction, indicating that although both variety and fertilizer independently influenced yield, their combined effect did not produce a synergistic (interactive) outcome for these traits. Okoli and Nworji (2021) similarly observed that varietal responses to fertilization are often independent rather than interactive for certain agronomic traits. 
The results show significant effects of both variety and fertilizer on tuber nutrient composition, with no significant variety × fertilizer interaction for any parameter. Variety significantly affected all parameters except vitamin C. UMUSPO 3 had markedly higher beta-carotene, vitamin B6, and vitamin B9 than UMUSPO 1, consistent with the higher carotenoid accumulation typical of orange-fleshed sweet potato genotypes (Akpaninyang et al., 2015a). Conversely, UMUSPO 1 had substantially higher zinc, iron, and calcium, with calcium over three times greater than in UMUSPO 3. This apparent trade-off between carotenoid and mineral content suggests the two varieties differ in nutrient uptake or partitioning efficiency (Akpaninyang et al., 2022; Ben et al., 2024a) and implies that variety choice should be guided by the specific nutritional target: UMUSPO 3 for vitamin A/B-vitamin biofortification, UMUSPO 1 for mineral (Fe, Zn, Ca) enhancement. The non-significant varietal effect on vitamin C suggests that ascorbic acid content is influenced more by environmental and agronomic factors than by genotype (Ben et al., 2024b; Akpaninyang et al., 2013).
Fertilizer significantly affected most nutrient parameters, though not with a uniform five-step separation across all seven traits. Poultry manure (RB) produced the highest, and in most cases the only significantly highest, nutrient concentrations, likely because organic matter mineralisation improves soil microbial activity and micronutrient availability, whereas NPK mainly supplies N-P-K without enriching micronutrient pools (Ben et al., 2024c). For beta-carotene, zinc, and calcium, NPK (CB) and the combined poultry manure + organomineral treatment (RA) formed a statistically indistinguishable middle tier rather than RA clearly outperforming CB, with biochar (RC) occupying an intermediate position between this middle tier and RB, consistent with biochar's known role in improving nutrient retention and serving as a slow-release micronutrient source (Thomas et al., 2023; Udounang et al., 2022a). Vitamin B6 showed no significant separation among fertilizer levels once the reported LSD is applied, despite an apparent numerical rise from CA to RB. A notable exception to the general pattern of organic amendments outperforming NPK was vitamin C, for which sole NPK application (CB) produced a significantly lower concentration than even the untreated control, while RA and RC did not differ significantly from the control; only RB produced a significant gain in vitamin C over the control. This suggests that NPK applied alone at the rate used here may have a mildly suppressive effect on ascorbic acid accumulation relative to no fertilisation at all — a pattern that runs counter to the broader fertilizer-benefit trend seen in the other parameters and merits confirmation in future trials. Overall, RA gave intermediate results for most root nutrient parameters even though it produced the strongest soil-chemistry outcomes reported earlier, reinforcing that soil-health optimisation and tuber-nutrient optimization are not necessarily maximized by the same treatment (Akpaninyang et al., 2015b; Udounang et al., 2022b).
UMUSPO 3 is noted for its high beta-carotene content, reaching approximately 220 µg/g (equivalent to roughly 22 mg/100 g fresh weight) under the poultry manure (RB) treatment in the present study, which is converted to vitamin A in the body. This makes it a valuable crop for addressing vitamin A deficiency among children and pregnant women in Nigeria.
Conclusion
This study demonstrated that nutrient management practices significantly influenced the growth, nutritional quality, and soil health of orange-fleshed sweet potato under the humid tropical conditions of Akwa Ibom State, Nigeria. Regenerative nutrient management practices, particularly the integrated application of poultry manure and organomineral fertilizer (RA) for soil health and yield, and poultry manure alone (RB) for tuber nutrient enrichment, outperformed conventional nutrient management and the untreated control. The improved soil health observed under the regenerative treatments indicates their potential for sustaining soil productivity while supporting enhanced crop performance. Both varieties evaluated responded positively to improved nutrient management, although UMUSPO 3 was distinguished by higher vitamin/provitamin content and UMUSPO 1 by higher mineral content. Overall, the findings demonstrate that regenerative nutrient management provides a sustainable approach for improving orange-fleshed sweet potato production while maintaining soil quality in the acid sandy soils of southeastern Nigeria.

Limitations 
The study was conducted at a single location in Obio Akpa using two orange-fleshed sweetpotato varieties and three replications, which may limit the generalisability of the findings to other soils, climates, and varieties. The experiment evaluated a defined set of nutrient management treatments and post-harvest soil properties. Multi-season, multi-location trials with broader varietal coverage would strengthen the evidence.
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Figure 1: Interaction of Sweet Potato Varieties and Fertilizer Types on Number
of Leaves per Plant at 12 Weeks After Planting
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Sweet Potato Vine Length at 4, 8, and 12 Weeks After Planting
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Sweet Potato Root Yield by Fertilizer Type
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