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Abstract
Restoring degraded watersheds requires strategies that rebuild soil fertility and promote vegetative cover. This study evaluated the effectiveness of organic (poultry manure) and inorganic (NPK 15:15:15) soil amendments in enhancing the growth of two indigenous, nutrient-responsive vegetables; Amaranthus hybridus L. (African spinach) and Telfairia occidentalis Hook f. (fluted pumpkin), as a potential restoration tool for degraded tropical watershed soils. A randomized block pot experiment was conducted with three treatments: poultry manure, NPK fertilizer, and an unamended control. Growth parameters (plant height, stem girth, number of leaves, leaf area) were monitored over six weeks. Results showed that both amendments significantly (p < 0.05) improved all growth parameters compared to the control. NPK fertilizer produced the tallest plants for both A. hybridus (104.06 cm) and T. occidentalis (61.52 cm) and the largest leaf area. Poultry manure resulted in the highest number of leaves for T. occidentalis (30.08). While NPK promoted rapid initial growth, poultry manure demonstrated robust performance in overall biomass development. The study concludes that integrating both amendments using NPK for quick initial establishment and organic manure for sustained soil health, offers a promising, sustainable strategy for enhancing vegetative cover and initiating ecological recovery in degraded watersheds of southeastern Nigeria.
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1. Introduction
Watershed restoration is the process of repairing damage to a watershed and its natural ecosystems caused by poor development choices via human activities. Human activities have altered watersheds worldwide [1]. Many watersheds in Nigeria today are degraded and are in critical condition due to overexploitation. Many of these watershed forests are being widely devastated by clearance for agriculture, logging and cutting for fuels, overgrazing and badly managed road construction. Worst still, a good number of urban riverbanks in the country have become dumpsites for city garbage which make them to have unsightly looks [2]. Watersheds in Anambra state are characterized by wanton deforestation, indiscriminate land use patterns and poor management [3].
Changes on soil surfaces at the watershed scale can influence the flow of water and nutrients to the water bodies resulting in impacts on stream water quality [4], [5], [6], due to increased sedimentation, nutrient and pollutant concentrations, and modified hydrological patterns [7], [8]. However, these effects can be modulated by the riparian corridor at local scales, so that the characteristics of the riparian zone influence surface runoff, stream-bank erosion, sedimentation, nutrient and pollutant transport, as well as environment conditions for the aquatic biological communities [9], [10]. Several studies found that both factors at the watershed scale and at the riparian corridor scale can influence structural [11], [12] and functional variables [13], [14], [15] of lotic ecosystems. Participatory approaches and community watershed management plans have been widely used, with varying success to reconcile the overlay of human activities on naturally defined watershed [16].
Restoration projects include;
a. Excavating fill from watersheds/wetlands. Many watersheds are filled with rocks and debris. Removing the fills provides more storage for storm water while creating habitat for wildlife, birds and amphibians.
b. Replanting/Revegetation. The local structure of riparian forests can influence the availability of coarse particulate organic matter, leaf breakdown rates [15] and characteristics of stream water [17]. Replanting wetlands and stream banks to provide shade, plant diversity and habitat for wildlife. Plants provide habitat, soak up rain, cool and clean the air and water and provide food for fish and wildlife. Restoration always involves revegetation; the process of removing nuisance and invasive plants and replanting with native trees, shrubs and groundwater. Reforestation will produce wood and sequester carbon. Indirectly, reforestation can also reduce a range of negative environmental externalities attributed to existing farming systems, such as damage to waterways by siltation from erosion and eutrophication from runoff of nutrients [18]. According to Nweke et al . [19], information on fast growing nitrogen fixing trees and shrubs that can be pruned continuously and provide mulch or manure even in dry season to reclaim the fertility of the degraded land have been propounded by NAS [20], [21].
c. Restructuring a stream channel to remove development like buildings built next to the stream or in the floodplain and prior attempts to control its flow.
d. Removing buildings or streets from a floodplain to give a stream space to spread out and reduce downstream flooding.
e. Removing culverts or other structures that constrict stream flow and cause water temperature to rise or block fish from swimming through.
f. Creating backwater channels or ponds to create habitat for fish and wildlife.
Restoration projects require an integrated approach combining hydrological, biological and social considerations. Human activities has carved up and fragmented many of the natural vegetation patterns that formerly covered our watersheds. However, without human influence, vegetation patterns would not be uniform due to different vegetation communities arising from different environmental conditions and events. At the larger spatial scales, differences between watersheds can influence the biological communities, but that combined effects of environmental changes at the riparian corridor scale can determine the final composition of these communities [22]. 
Vasi et al. [23], highlighted that watershed biodiversity is threatened by a variety of factors, such as habitat degradation, pollution, building of dams, overexploitation, species invasion and climate change [24]. In response to these challenges, conservationists have recently focused on trying to adapt conservation planning guidelines derived for the protection of terrestrial habitats and species to the unique characteristics of watersheds [25]. Furthermore, Jovanovska et al. [26], recommend pursuing the assessment of watershed habitats following ecological integrity.
In Eswaran and Reich [27], soil is a complex mixture of inorganic materials (sand, silt and clay), decaying organic matter, water, air and a great array of organisms. Soils are the bedrock of terrestrial ecosystems, the crux of life’s intricate web, and an indispensable factor in our planet’s biogeochemical cycles. They are vital natural resource underpinning almost every aspect of human life and ecological function [28]. Soil is the foundation of agri-food system and the medium in which nearly all food-producing crops grow. After the oceans, soil is the largest active carbon store and one cubic meter of soil can store up to 600 liters of water, allowing crops to grow even during dry periods [29].
Soil has three basic properties which aid in its identification and taxanomy: colour, structure and texture. Soils often vary substantially from place to place within a watershed among different watersheds. Histols, are poorly drained with a high organic content. These are wetland soils (soils where a constant presence of water allows for the growth of water-tolerant plants, but breakdown of organic matter is slow due to anaerobic condition of the soil). Oxisols, occur throughout the tropics; these soils are low in nutrients because most available nutrients are being utilized. The extremely high turnover rate (of matter and particularly nutrients) in the tropics makes these soils when taken alone, highly infertile. This is one of the key reasons why deforestation in the tropical watersheds creates a serious dilemma; once the vegetation cover is removed; there is little capacity for the site to self-restore. Soils represent the largest active organic components including carbon and nitrogen in agricultural lands [30].
Soils are the fulcrum upon which the wheel of life spins, facilitating vital ecosystem functions that nourish and sustain life on earth. Soils form the bedrock of terrestrial ecosystems, supporting a diverse array of flora and fauna including a myriad of microorganisms that drive biogeochemical processes. Soils multifaceted role in supporting plant growth, regulating water flow, cycling nutrients, and hosting a vast array of biodiversity, forms the basis of our ecosystems, acts as carbon sinks, playing an integral role in climate regulation and mitigation of greenhouse gas emissions. Soils play a pivotal role in water regulation, absorbing, storing, purifying water through soil-water interactions that are influenced by factors like soil cation exchange capacity, porosity and land management [28]. Soils are essential buffer or “regulator” of climate change [31]. However, anthropogenic pressures and climate change impacts have instigated an alarming decay in the ecosystem services that soils provide, endangering planetary wellbeing [28]. 
Global soils are under great pressure which includes soil erosion, loss of soil organic carbon and biodiversity, pollution, acidification and sodification, salinization, nutrient imbalance, compaction, sealing and water logging [29]. Overexploitation, intense farming, improper irrigation practices, industrial pollution and urbanization contribute substantially to these threats, accelerating the degradation process. Among these threats, erosion is particularly pertinent. This natural process accelerated by human activities results in the removal of the fertile topsoil layer affecting the soils ability to retain water, nutrients and organic matter. All these threats underline the urgent need for sustainable soil management and restoration efforts [28].
Soil nutrients are critical elements for plant growth and productivity. The bio availability of nutrients in the soil solution may determine root growth, root proliferation and specific functional responses that depend on the prevailing nutrient status of the plant [32]. Soil fertility and nutrient dynamics play a crucial role in maintaining ecosystem productivity, influencing plant growth, species composition and overall forest health. Understanding soil fertility in forests is essential for developing sustainable management strategies, particularly in the tropical regions [33]. A global study highlighted that 39 to 70 % and 58 to 81% of the total organic carbon are stored on 30 to 50cm soil respectively. However, the presence of large soil carbon and nitrogen stocks and their sensitivity to land management practices correspond to a threat and an opportunity. Management of soil carbon and nitrogen in agricultural lands such as crop residues, conservation tillage, crop rotation, integrated nutrient management and efficient irrigation in proper ways play positive roles for soil fertility, maintaining soil and environmental quality. This gives an opportunity to reduce erosion and increase organic matter in the soil surface and thus for climate change mitigation [30].
Okereke et al. [33], further documented that, Nitrogen (N), Phosphorus (P) and Potassium (K) are key macronutrients essential for plant growth and ecosystem productivity. Studies have shown that nitrogen availability in secondary forests can be influenced by microbial activity, organic matter decomposition and atmospheric decomposition. Phosphorus availability is often limited in tropical soils due to strong fixation by iron and aluminum oxides, making it a critical factor in forest regeneration. Potassium, though not as limiting as nitrogen and phosphorus, plays a vital role in plant metabolic processes and soil cation exchange capacity. Young soils tend to have high phosphorus availability and low nitrogen availability. Nitrogen gradually accumulates in soils as they age while they become more depleted in phosphorus. Potassium can be more easily leached than nitrogen and phosphorus. In terrestrial ecosystems, potassium shows a greater loss from the plant canopy by foliar leaching than other nutrients such as nitrogen and phosphorus [34].
Land degradation in tropical watersheds, characterized by severe soil fertility depletion and erosion, poses a critical threat to ecosystem services and food security [28], [31]. In southeastern Nigeria, intense anthropogenic pressure has transformed watersheds from forested ecosystems to landscapes dominated by erosion-prone soils with low organic matter and nutrient content [3]. Restoring such lands necessitates interventions that rapidly stabilize soils, replenish nutrients, and re-establish productive vegetative cover to halt erosion and jumpstart ecological succession.
Soil amendments are central to this effort. Inorganic fertilizers (e.g., NPK) provide readily available nutrients for rapid plant growth but risk leaching, soil acidification, and do not improve soil structure [35], [36]. Organic amendments, such as manure, release nutrients slowly, enhance soil organic matter, water-holding capacity, and microbial activity, fostering long-term soil health [37], [38]. An integrated approach is often advocated for sustainable soil fertility management [39].
The choice of plant species is equally vital for restoration. Indigenous, fast-growing, and multi-purpose species are ideal. Amaranthus hybridus L. (African spinach) is a drought-tolerant C₄ plant known for its adaptability to poor soils and high nutritional value [40], [41]. Telfairia occidentalis Hook f. (fluted pumpkin) is a perennial vine valued for its edible leaves, tolerance to varied conditions, and utility in agroforestry systems [42], [43]. Their use in restoration can provide both ecological benefits and socio-economic value.
This study therefore aimed to evaluate and compare the effectiveness of organic (poultry manure) and inorganic (NPK) soil amendments on the early growth performance of A. hybridus and T. occidentalis. The findings are intended to inform cost-effective and sustainable soil restoration protocols for revegetating degraded watershed slopes in Nigeria's humid tropics, contributing to both ecological recovery and livelihood support.
2. Materials and Methods
2.1. Experimental Site and Soil Collection
The pot experiment was conducted in Awka, Anambra State, southeastern Nigeria. Topsoil (0-10 cm depth) was collected from a degraded section of the university watershed, characterized as nutrient-poor Oxisol [27]. The soil was homogenized, sieved (2 mm), and used as the growth medium.
2.2. Experimental Design and Treatments
The experiment was laid out in a Randomized Complete Block Design (RCBD) with three treatments and six replications per test crop. The treatments were:
1.  Organic Amendment (OA): Poultry manure applied at a rate of 10 tons/ha (equivalent to ~2% w/w in pots). The manure was sun-dried, cured for two weeks, and thoroughly incorporated into the soil two weeks before transplanting to allow for partial decomposition.
2.  Inorganic Amendment (IA): NPK (15:15:15) fertilizer applied at the recommended rate of 200 kg/ha (equivalent to 0.1 g N/P₂O₅/K₂O per kg soil). The fertilizer was incorporated into the soil 3-4 days before transplanting.
3.  Control (C): Unamended soil.
2.3. Plant Materials and Agronomic Practices
Seeds of Amaranthus hybridus L. and Telfairia occidentalis Hook f. were obtained from certified local sources. Seeds were first sown in nursery boxes. Two weeks after germination, uniform seedlings were transplanted into polybags (two seedlings per bag) containing the treated soils.
Plants were watered regularly to maintain field capacity. No pesticides were applied.
2.4. Data Collection
Growth parameters were measured weekly for six weeks post-transplanting on randomly selected representative plants.
Plant Height (cm): Measured from soil level to the terminal bud using a meter rule.
Stem Girth (cm): Measured at the base of the stem using a vernier caliper.
Number of Leaves: All fully expanded leaves were counted.
Leaf Area (cm²): For A. hybridus, leaf area (LA) was estimated using the model: LA = 0.34 × (Leaf Length × Maximum Width). For T. occidentalis, the formula LA = (Length of central leaflet × Maximum width of central leaflet × Number of leaflets) was used [44].
2.5. Statistical Analysis
Data were subjected to one-way Analysis of Variance (ANOVA) using SPSS software (Version 25). Treatment means were separated using Fisher’s Least Significant Difference (LSD) test at a 5% probability level (p < 0.05). Graphs were generated using Microsoft Excel.
3. Results
3.1. Growth Performance of Amaranthus hybridus
All growth parameters of A. hybridus were significantly (p < 0.05) influenced by soil amendments (Table 1, Fig. 1). Plants treated with NPK fertilizer attained the greatest height (104.06 cm) and stem girth (2.52 cm), though not statistically different from poultry manure in height. Poultry manure also produced robust growth (101.28 cm height, 2.29 cm girth). The control plants were severely stunted (26.22 cm height, 1.04 cm girth). A similar trend was observed for leaf development; NPK produced the highest number of leaves (17.33) and largest leaf area (80.42 cm²), followed closely by poultry manure. The control showed minimal leaf expansion (13.17 cm²).

Table 1: Effect of soil amendments on the growth of Amaranthus hybridus L. (6 weeks after transplanting).
	Treatment
	Plant Height (cm)
	Stem Girth (cm)
	Number of Leaves
	Leaf Area (cm²)

	Control
	26.22b ± 2.24
	1.04c ± 0.01
	8.00b± 0.47
	13.17c ± 0.02

	Poultry Manure
	101.28a ± 0.41
	2.29b ± 0.04
	15.33a ± 1.18
	78.63b ± 0.07

	NPK 15:15:15
	104.06a ± 0.11
	2.52a ± 0.05
	17.33a ± 0.71
	80.42a ± 0.02

	LSD (p<0.05)
	4.12
	0.08
	2.15
	0.52


Values are means ± standard deviation. Means in a column followed by different superscripts are significantly different.
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Fig.1. 
The data reveals a clear physiological response to nutrient supplementation. For the treatment efficacy,  there was a massive growth surge in both the organic (Poultry Manure) and inorganic (NPK) groups compared to the Control. Plant height and leaf area, in particular, increased by approximately 400% and 500% respectively when treated.
While NPK 15:15:15 consistently recorded the highest values across all four parameters, the difference between NPK and Poultry Manure was relatively small. For instance, there was only a 2.7% difference in plant height and a 2.2% difference in leaf area.
The high values for Leaf Area and Plant Height in the treated groups suggest that the nitrogen content in both fertilizers effectively stimulated photosynthesis and cell expansion. The increased Stem Girth indicates that the plants also developed the structural strength necessary to support the expanded foliage. However, both NPK 15:15:15 and Poultry Manure are highly effective at boosting growth, making Poultry Manure a very viable organic substitute for more expensive inorganic fertilizers given the marginal performance gap.
3.2. Growth Performance of Telfairia occidentalis
The growth response of T. occidentalis to amendments was equally pronounced and significant (p < 0.05) (Table 2, Fig. 2). NPK fertilizer again produced the tallest plants (61.52 cm) and thickest stems (7.00 cm). Interestingly, poultry manure resulted in the highest number of leaves (30.08), slightly surpassing NPK (29.50). For leaf area, NPK treatment yielded the highest value (70.02 cm²), followed by poultry manure (66.81 cm²). Control plants exhibited extremely poor growth across all parameters.
Table 2: Effect of soil amendments on the growth of Telfairia occidentalis Hook f. (6 weeks after transplanting)
	Treatment
	Plant Height (cm)
	Stem Girth (cm)
	Number of Leaves
	Leaf Area (cm²)

	Control
	14.76c ± 0.13
	2.52c ± 0.02
	16.50b ± 0.94
	9.89c± 0.01

	Poultry Manure
	48.19b ± 0.51
	6.60b ± 0.09
	30.08a ± 1.30
	66.81b ± 0.18

	NPK 15:15:15
	61.52a ± 0.16
	7.00a ± 0.05
	29.50a ± 2.12
	70.02a ± 0.02

	LSD (p<0.05)
	0.85
	0.14
	3.64
	0.27


Values are means ± standard deviation. Means in a column followed by different superscripts are significantly different.
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Fig. 2. 
The data showed a significant growth response in all parameters when nutrients are added. The Control group consistently shows the lowest values, particularly in Leaf Area (9.89cm2), indicating that without supplementation, the plants lack the resources for efficient photosynthesis and expansion. NPK 15:15:15 led to the highest plant height (61.52cm) and stem girth (7.00cm). This suggests that the readily available nitrogen and phosphorus in inorganic fertilizer are highly effective for rapid structural development and vertical growth. 
Interestingly, poultry manure produced the highest number of leaves (30.08), slightly outperforming NPK. This indicates that organic manure may promote better lateral branching or a higher frequency of leaf primordia initiation. More so, while NPK had the largest leaf area (70.02cm2), Poultry Manure followed very closely (66.81cm2). The massive increase in leaf area compared to the control group suggests that both treatments greatly enhance the plant's ability to intercept light for growth.
For overall vertical and structural growth, NPK 15:15:15 provides the best results. However, Poultry Manure is a highly effective organic alternative, specifically for maximizing the number of leaves, which is a key harvest index for many leafy crops.
Table 3: Comparative Analysis of the N.P.K Soil Nutrients at the two Different Sites
	Sites
	                                              Soil Nutrients

	
	Potassium
	Nitrogen (%)
	Phosphorous (mg/kg)

	Site 1
	1.92a±1.216
	2.28a±0.287
	10.51a±0.649

	Site 2
	0.50a±0.120
	2.69a±0.224
	10.13a±0.782


Results are in mean± standard deviation of triplicate determination. Means in Columns with different superscripts are significantly (p<0.05) different.
Comparing the NPK composition of the two sites, it could be seen that the potassium levels are significantly (p<0.05) higher at Site 1 (1.92 mg/kg) compared to Site 2 (0.50 mg/kg), while the Nitrogen percentages are relatively consistent between sites, ranging from 2.28% (Site 1) to 2.69% (Site 2), with no significant (p>0.05) differences. Phosphorus levels are slightly higher at Site 1 (10.51 mg/kg) compared to Site 2 (10.13 mg/kg), but the difference is also not statistically significant (p>0.05).
4. Discussion
This study demonstrates that amending degraded watershed soils with either organic or inorganic nutrient sources is essential for re-establishing vegetative cover, with both amendments markedly outperforming the unamended control. The pronounced growth suppression observed in control plants highlights the severe nutrient impoverishment of these degraded soils, corroborating findings from the companion ecological assessment [3], [45] and reinforcing evidence that passive natural regeneration alone would be insufficient or prohibitively slow under such conditions. Similar observations have been reported in other tropical degraded landscapes, where nutrient depletion and structural soil degradation severely constrain plant establishment and recovery trajectories [46], [47].
The superior performance of NPK fertilizer in enhancing plant height and leaf area in both test species can be attributed to the rapid availability of soluble nitrogen, phosphorus, and potassium, which promptly satisfies the high nutrient demand of young, fast-growing seedlings [48], [49]. This immediate nutrient supply produces a “quick-start” effect that accelerates early biomass accumulation and canopy development, an outcome of particular importance in watershed restoration, where rapid ground cover is critical for minimizing surface runoff and soil erosion [50]. Comparable responses to mineral fertilizers have been documented in degraded tropical soils, where inorganic inputs significantly improve early plant vigor and establishment success [39].
In contrast, the robust performance of poultry manure, particularly its promotion of leaf production in Telfairia occidentalis, underscores the multifaceted benefits of organic amendments. Beyond nutrient provision, poultry manure enhances soil physical properties, including aggregation, porosity, and water-holding capacity, while stimulating microbial activity and gradual nutrient release through mineralization [37], [38]. These improvements foster deeper root development and more sustained plant growth, rather than merely short-term stimulation. The increased leaf production observed under manure treatment is ecologically significant, as it translates into higher photosynthetic capacity, greater biomass accumulation, and enhanced litter inputs, all of which contribute to rebuilding soil organic matter and restoring nutrient cycling processes.
Species-specific responses further highlight the importance of aligning amendment strategies with plant functional traits. Amaranthus hybridus, a fast-growing C₄ species characterized by high nutrient-use efficiency and drought tolerance [40], responded most strongly to direct mineral nutrient inputs. Conversely, Telfairia occidentalis, a perennial vine with a longer growth cycle, exhibited greater sensitivity to the soil-conditioning effects of organic manure. This divergence suggests that restoration outcomes can be optimized by matching species selection with appropriate nutrient management approaches, depending on whether the primary objective is rapid site stabilization or longer-term soil rehabilitation.
From a watershed restoration perspective, these findings support the adoption of integrated nutrient management strategies. A combined approach entailing modest initial applications of NPK fertilizer to ensure seedling establishment, followed by substantial inputs of organic manure to enhance soil quality, has been shown to synergistically improve plant performance while promoting sustainable soil recovery [39], [49]. Such integrated systems capitalize on the immediate effectiveness of inorganic fertilizers and the long-term ecological benefits of organic amendments.
Conclusion
This pot experiment provides compelling evidence that nutrient amendment is indispensable for initiating vegetation recovery on severely degraded watershed soils in southeastern Nigeria. While both poultry manure and NPK fertilizer significantly enhance plant growth, they fulfill complementary roles: NPK (15:15:15) fertilizer is most effective for rapid early growth and ground cover, essential for immediate erosion control, whereas poultry manure promotes sustained vegetative development, improves soil structure, and enhances long-term fertility. Accordingly, a combined application strategy is recommended for effective and sustainable watershed restoration. Future field-based trials should evaluate integrated amendment regimes (e.g., reduced-rate NPK combined with full-rate manure) under slope conditions to assess their impacts on soil stabilization, plant survival, and ecosystem recovery. Furthermore, the use of indigenous vegetables such as A. hybridus and T. occidentalis offers dual benefits by supporting ecological restoration while providing livelihood opportunities, thereby enhancing community participation and the long-term success of restoration initiatives. This integrated approach aligns with contemporary watershed management frameworks that seek to reconcile ecological rehabilitation with socio-economic resilience.
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