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Effect Of Different Soil Amendments On The Proximate Content And Foliar Nutrient Yield Of Telfairia Occidentalis

Abstract
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1. INTRODUCTION 
Soil in the agricultural sector is used as a medium for growing and developing plants (Yang et al., 2015). It is a natural resource that is vitally important for supporting food production and foundation for agriculture. (FAO, 2015). Currently, soil degradation by erosion affects 1,966 mllion hectares worldwide (Lal, 2007). Soil degradation is now a serious concern for agricultural and crop production in the context of sustainable agriculture Therefore, the soil should be protected for maximum profitability. Telfairia occidentalis remains a popular vegetable in both urban and rural areas where it is often considered to be more nutritious than exotic vegetables (Horsfall and Spiff, 2005). 
T. occidentalis grows well in open fields with sufficient sunlight and moisture. According to Ibia and Udo (2009), fluted pumpkin is commonly grown in Akwa Ibom State with various crop mixtures or as a single crop. In Nigeria, it is locally known as; Nkong Ubong by the Ibibios (in Akwa Ibom State), Ikong Ubong by the Efiks (in Cross River State), Ugu by the Igbos (Southeast) Ugwu by the Yorubas (Westerners) and Ekobon by the Cameroonians (FAO, 1988; Schippers, 2002; Grubben and Denton, 2004), It can be used in combination with Talinum triangulare (Water leaf) for the preparation of the delicious Edikang Ikong (an Akwa-Cross soup) (Uboh et al., 2011). The leaves can be cooked separately or combined with melon, okra, etc. for other soup combination. It can also be added to porridge, rice, noodles etc. Fluted pumpkin is now grown on commercial scale in Nigeria (Ekop et al., 2011) and profitable vegetative growth of T. occidentalis demands a high level of soil fertility. 
Vegetable production shortage has been a rising problem that growers of T. occidentalis always encounter in some seasons of the year due to insufficient nutrient availability in the soil. Chemical fertilizer has its dangerous environmental implication which makes them inappropriate for use. Depletion of soil nutrients and soil organic matter causes a decline in agricultural productivity and climate changes due to anthropogenic activities also pose great threats to the sustainability of crop production in the tropical regions (Parry, 2007; Pender, 2009). Chemical fertilizers have undoubtedly played a vital role towards increasing the agricultural productivity over past half century (Gruhn et al., 2000). However, bioaccumulation of these chemicals can pose a threat to the soil composition. Its use in improving agricultural yield and soil fertility is not a sustainable approach. Excessive bioaccumulation of nitrogen from the chemicals has the ability to deteriorate the soil environment and can also lead to the mineralization of organic matter (Palm et al., 2001; Liu et al., 2010). Hence, it is pertinent to restore the contaminated sites by using organic fertilizers. Organic fertilizers are a sustainable alternative, providing slow-release nutrients, improving soil structure, enhancing moisture retention, and promoting beneficial microbial activity. They are often readily available and can enhance crop performance without the negative environmental impacts of synthetic fertilizers. Umekwe et al., 2020. Among organic fertilizers, the use of Rice Husk Ash, Gliricidia sepium, Rice Husk Ash (RHA) mixed with Gliricidia sepium leaves is quite a novel approach having potential benefits to both Environment and Agriculture. While previous studies have shown that organic manures (like poultry manure) can significantly affect the growth and yield of Telfairia occidentalis (e.g., vine length, leaf number, nutrient content) (Awodun, 2007). Many have focused primarily on general growth and yield parameters. There is a lack of comprehensive research specifically examining the detailed physiological changes such as the nutrient uptake efficiency and the proximate composition within the plant when different organic manures are applied. This study aims to bridge this gap by not only evaluating growth but also delving into the specific physiological effects. The findings will provide evidence-based insights into optimizing organic manure application for maximum nutrient content and sustainable production of T. occidentalis, benefiting farmers, consumers, and environmental policy. The results will guide farmers in adopting more sustainable practices, potentially improving their income and enhancing the nutritional quality of the vegetable for consumers. It will also contribute new knowledge to the academic literature on the ecophysiology of this important crop under organic management. Thus, it is important to investigate the possibility of using biological materials like rice husk ash and Gliricidia sepium leaves manure to increase the all year-round production.
Rice Husk Ash (RHA) produced industrially during combustion of rice husk is a mixture of ash, charred hull and fresh rice husk at different proportions (AICOAF, 2001). It is light in weight, has low bulk density, increases the soil pH, improves the aeration in the crop root zone and also increases the water holding capacity and level of exchangeable potassium and magnesium (AICOAF, 2001).
The application of rice husk ash to the soil has been shown to enhance soil aeration, facilitate air and water movement within the soil, and greatly benefit the root system of plants (Walida et al., 2019). It impacts the growth rate and height of plants, as well as acts as a deterrent to pests and diseases in crops such as tomatoes (Walida et al., 2020). When incorporated into the soil, it acts as a natural soil conditioner, effectively reducing soil density and improving its overall structure. This means that the soil becomes less compacted and better aerated, allowing plant roots to penetrate more easily and access essential nutrients and water (Wolkowski, 1990; Batey, 2009; Pushpakumara and Mendis, 2022).
According to Asai et al., 2009, the addition of RHA to the soil was found to increase the soil pH, available phosphorus (P), soil porosity, Plant available water (PAW), and also increase the exchangeable potassium (K) and magnesium (Mg). Similarly, RHA contains a high content of silicon and potassium nutrients. These properties indicate RHA has great potential to be used as a soil amendment (Varela Milla et al., 2013). (Jeon et al., 2010) reported that RHA could be used as a soil amendment, particularly, for improving soil physical properties and by improving the porosity of soil.
Gliricidia sepium is a well-known agroforestry leguminous tree with significant benefits in agroforestry due to its ability to enhance soil fertility through nitrogen fixation and green manure (Glover, 1989). When used as mulch or green manure, the nitrogen-rich foliage improves crop production through the addition of nutrients, weed control, conservation of moisture and reduction of soil temperature (Glover, 1989).
Application of Gliricidia leaves in soil as mulch or soil incorporation improves the physical and chemical properties of soil in a variety of ways such as enhancing water infiltration by reducing the surface run off that in turn reduces soil erosion, increasing the water holding capacity of the soil and thus helps to improve the soil quality, enhancing the soil chemical properties through mobilizing native nutrients in the soil through the production of carbon dioxide and organic acids during the decomposition of the plant material along with the addition of nutrients like Nitrogen, Phosphorus, Potassium, Calcium, and Magnesium to the soil (Lavin et al., 1991).
T. occidentalis can be grown with or without organic or inorganic (NPK) fertilizers. The recommended NPK 15:15:15 fertilizer is 300kg per hectare of land (Ibia and Udo, 2009). This is equivalent to 30g/m2. According to Sutanto, (2002), inorganic fertilizers are able to increase soil productivity in a short time but is likely to cause damages to the soil structure (hard soil) thereby reducing the productivity of the resulting plants, while soil given organic fertilizers has a good soil structure and soil organic matter content sufficiently so that the ability of the soil to bind water is greater (Hariyadi et al., 2020).
2. MATERIAL AND METHODDS
Description of the Study Area
The research was carried out in the nursery of the Department of Botany and Ecological Studies, Faculty of Science, University of Uyo main campus, Akwa Ibom State. Nigeria.
Collection of Research materials

Rice husk ash was obtained from Sacam Industrial Agro Limited, Nung Udoe Itak, Gliricidia sepium leaves were obtained from the University of Uyo town campus, a pod of Telfairia occidentalis was purchased from Itam market in Itu LGA and NPK fertilizer was bought from Imesco Agrochemicals shop in Akpan Andem market, Uyo. Akwa Ibom State. Nigeria.
Research Design
A randomized complete block design was used because the study area was not homogenous. Three (3) different research blocks randomly selected on the research plot. Samples were taken from these three blocks of the study area.
Land Preparation, Cultivation and Fertilization
The land was cleared and the debris packed away. Fifteen units of one-meter square beds were made each separated from the other by one meter. Two kilogrammes of Rice-husk ash, two kilogrammes of Gliricidia sepium leaves and One kilogramme of Rice-husk ash was mixed with Gliricidia sepium leaves and incorporated into three (3) randomly chosen beds, this treatment was applied into the soil 48hours before the planting of seeds. 30g of NPK fertilizer (15:15:15) was applied on three (3) randomly chosen beds using the ring method, four (4) weeks after planting and seedling emergence and then another three (3) randomly chosen beds were set aside as control. Four (4) seeds of T. occidentalis were planted per bed. Thinning up to three seedlings per bed was done 3 weeks after emergence.
Determination of physiological parameters
Physiological parameters determined were; 
a. Proximate Analysis for ash, crude fibre, crude protein, crude fat and carbohydrates using the standard methods of AOAC, 2007.
b. Nutrient analysis for Nitrogen, Phosphorus, Potassium, Magnesium and Calcium following the standard method of mass spectrometry.
The data from nutrient analysis were used to calculate foliar nutrient uptake of the plant at harvest. Statistically data was calculated using SPSS software while Duncan’s Multiple Range Test was used to separate means in the table.
3. RESULTS AND DISCUSSION
3.1    Physico-chemical Properties of the Experimental Soil
The physico-chemical analysis of the experimental soil reveals essential information about the soil’s fertility status and its potential to support the growth of Telfairia occidentalis. The texture of the experimental soil was Loamy sand based on the percentage of sand 84.07%, clay 11.08% and silt 4.15%. The soil was slightly acidic with a pH of 5.68. The organic Carbon content (3.29%) was slightly high and available phosphorus was 12.9mg/kg. Total Nitrogen (0.66%) was low in the experimental soil but high in NPK (4.7%) and RHA mixed with G. sepium (2.8%) treated plants. the control plant had 0.7% total nitrogen. Exchangeable Ca (3.87cmol/kg) and K (0.12 cmol/kg) was low. Mg was 2.18 cmol/kg and The Cation Exchange Capacity (CEC) was 8.13 cmol/kg. 
Table 1: The physico-chemical properties of the experimental soil.
	Parameters
	Values

	Total Nitrogen
	0.66%

	Extractable phosphorus
	12.9 Mg/kg

	Calcium
	3.87 Cmol/kg-¹

	Magnesium
	2.18 Cmol/kg-¹

	Potassium
	0.12 Cmol/kg-¹

	pH
	5.68

	Cation Exchange Capacity
	8.13 Cmol/kg-¹

	Organic carbon
	32.93 g/kg-¹

	Clay content
	110.83 g/kg-¹

	Sand
	840.65 g/kg-¹

	Silt
	41.52 g/kg-¹

	Gravel
	7 g/kg-¹


3.2
Proximate composition of Telfairia occidentalis leaves

Plants with low moisture content have good storage properties as well as minimal fungal and bacterial activities due to their low moisture contents (Hassan et al., 2005). Higher moisture content helps maintain the cells protoplasmic content (Gbadamosi et al., 2011). Treatment with lesser moisture content like the control (2.93%), RHA mixed with G. sepium (3.01%), G. sepium (3.04%) and RHA (3.08%) should be encourage for Fluted pumpkin because of its high spoilage rate rather than NPK (3.14%). The mean crude protein content of the leaves was significantly different at (P ≤ 0.05) and generally higher in G. sepium (20.48%), RHA mixed with G. sepium (19.77%) and RHA (19.48%) probably due to favourable soil fertility and environmental condition. The higher percentage crude protein content of Telfairia Occidentalis leaf found in G. sepium treated plants is relatively in line with (21.14 %) and (22.97 %) reported by (Usonobun and Egharebva, 2014) and (Omimakinde et al, 2018) respectively. From the result gotten from this research, the low level of lipid observed from the control plant (3.78%), G. sepium treated plants (3.96%), RHA treatment (4.01%) and RHA mixed with G. sepium treatment (4.05%) suggests that the leaves health-wise are not likely to contribute to obesity when consumed compared the NPK treatment with 4.95%. Fiber crucial for providing structural support to plants, was highest in the NPK-treated plants at 7.23%. Fiber contributes to rigidity through lignin and cellulose which are essential for maintaining plant structure and resilience against environmental stresses. RHA, G. sepium and RHA mixed with G. sepium treated plants exhibited a moderate fiber content (6.28%, 6.31% and 6.56%) respectively. due to their organic matter content, they enhance soil fertility and improved soil aeration and root development (Lehmann & Joseph, 2009).
Higher ash content is an indication of abundant mineral elements in the leaves. Nwaogu et al., (2009) reported that plants materials intended for food formulation should have more ash content. The higher percentage of ash in the leaf of Telfairia occidentalis seen in RHA (8.7%), RHA mixed with G. sepium (8.51%) and G. sepium (8.4%) treated plants show that this organic manure facilitates the medicinal properties of Fluted pumpkin as against the NPK (4.46%) which is significantly low. The control plant showed a reasonable percent (6.43%) which indicates its viable medicinal value.
The primary role of carbohydrates is to serve as a source of fuel and energy for the human body, supporting its daily activities and physical exertion. The carbohydrate contents were analyzed, the control plant and NPK treated plants showed a high carbohydrates content of 68.04% and 61.66% respectively. The mean results were significantly different (P ≤0.05) from the organic manures; RHA (58.45%), RHA mixed with G. sepium (58.1%) and G. sepium (57.481%).
The Energy content in Telfairia occidentalis leaves was high in NPK treated plants (365.4 Kcal), RHA mixed with Gliricidia sepium had 347.87 Kcal. The energy content in the control leaves was 360.65 Kcal.
Table 2: The effect of different soil amendment on the proximate composition of Telfairia occidentalis
	Treatment
	Moisture
	Protein
	Lipid
	Fibre
	Ash
	Carbohydrates
	Energy

	Rice husk ash (RHA)
	*3.08 ± 0.01b
	19.48 ± 0.10ab
	4.01± 0.06c
	6.28±0.01c
	8.70±0.02a
	61.53±0.18c
	360.13±0.18d

	G. Sepium
	3.04±0.01c
	20.48±0.09a
	3.96±0.01d
	6.31±0.03c
	8.40±0.01ab
	60.85±0.14d
	360.96±0.09c

	RHA + G. Sepium
	3.01±0.02c
	19.77±0.08a
	4.05±0.01b
	6.56±0.03b
	8.52±0.02ab
	61.10±0.14cd
	359.93±0.15d

	NPK
	3.14±0.01a
	18.56±0.01b
	4.95±0.01a
	7.23±0.01a
	4.46±0.01c
	64.80±0.03b
	377.99±0.01a

	Control
	2.93±0.04d
	13.61±0.24c
	3.78±0.01e
	5.21±0.01d
	6.43±0.02b
	70.97±0.27a
	372.34±0.06b


Values are means of three replicates ± standard error of the mean. Mean in the same column followed by different letters are significantly different at p≤0.05 according to Duncan’s multiple range test. 
3.3    Effect of the different soil amendments on Telfairia occidentalis foliar nutrients yield
The foliar nutrient analysis revealed that the uptake of key macronutrients nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and magnesium (Mg) was highest in Telfairia occidentalis plants grown under the RHA + G. sepium treatment. This underscores the superior nutrient availability and uptake efficiency provided by integrated organic amendments.
3.3.1 Nitrogen 
Nitrogen uptake was markedly higher in NPK treated plants (12.90mg/g), this value was not significantlt different from RHA mixed with G. sepium treated plants which had (12.87mg/g) has compared to the control with (1.47 mg/g). G. sepium it had (7.55mg/g) with it leaf rich in nitrogen content (3.74mg/g) and the presence of organic carbon in G. sepium (78.51mg/g) likely stimulated microbial activity and mineralization, thereby releasing nitrogen steadily over time. This observation is supported by Tian et al. (2019), who noted that nitrogen-rich green manures, particularly from leguminous plants, release nitrogen gradually and improve long-term nitrogen availability. Plants treated with RHA had (5.65mg/g) mineral nitrogen.
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fig. 1:  The foliar nitrogen uptake by the different treatments
3.3.2  Phosphorus
Phosphorus uptake was highest in the RHA mixed with G. sepium treatment (1.38mg/g), followed by RHA (1.33mg/g), due to RHA’s high phosphorus content (22.72 mg/kg). There was a relatively lower uptake in NPK treated plants (0.82mg/g) and control (0.63mg/g). this highlights the limited residual effect of inorganic P and the poor availability of native soil phosphorus in acidic conditions. 
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fig. 2:  The foliar phosphorus uptake by the different treatments

3.3.3   Potassium

Potassium uptake was significantly increased in the treatment of RHA mixed with G. sepium (0.92mg/g) and RHA (0.72mg/g), validating RHA’s role as a potassium-rich amendment (278.18 mg/g). Potassium plays a vital role in osmoregulation, enzyme activation, and stress resistance, all of which enhance the physiological resilience of Telfairia occidentalis (Thomas and Thomas, 2009). RHA, NPK and the control plants had 0.66mg/g, 0.55mg/g and 0.42mg/g respectively.
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fig. 3: The foliar potassium uptake by the different treatments
3.3.4   Calcium

Calcium uptake was notably high in RHA mixed with G. sepium treatment (16.55mg/g), reflecting the high calcium concentration in RHA (128.83mg/g). RHA and G. sepium had 11.96mg/g and 11.5mg/g respectively. NPK had 9.6mg/g and the control plants had 6.92mg/g. 
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fig. 4: The foliar Calcium uptake by the different treatments
3.3.5   Magnesium

Magnesium uptake, although generally lower across treatments, RHA mixed with G. sepium had the highest value(0.14mg/g), followed by RHA (0.13mg/g) and G. sepium (0.11mg/g). These results align with findings by Yusuf et al., (2008), who observed enhanced uptake of base-forming cations in soils amended with organic residues and ash due to improved cation exchange capacity and pH stabilization. NPK and the control plant had 0.05mg/g and 0.02mg/g respectively.
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fig. 5: The foliar Magnesium uptake by the different treatments
4. CONCLUSION

The comparative analysis of various treatments on the proximate and nutritional content of Telfairia occidentalis indicates that integrating RHA with Gliricidia sepium significantly enhances plant nutritional content, ultimately promoting better growth and health compared to other treatments. The combined treatment is attributed to improved soil structure, enhanced nutrient availability, and increased moisture retention capabilities. The findings also highlight the importance of nutrient availability in supporting physiological processes. Treatments involving RHA and G. sepium not only facilitated lower moisture retention in the leaves but also improved protein and lipid content, crucial for plant growth and metabolism. In contrast, while the NPK treatment initially boosted plant growth, its benefits diminished over time, illustrating the need for sustainable fertilization practices that maintain long-term soil health. The control treatment, lacking any nutrient amendment, consistently yielded the lowest metrics, emphasizing how nutrient deficient our leafy vegetable could turn out due to detrimental effects of inorganic fertilizers and nutrient deficiencies in tropical soils. Overall, this study underscores the potential of using organic amendments, such as RHA and G. sepium, to promote sustainable agricultural practices and improve crop productivity particularly in nutrient-poor soils.
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Aims: This research focuses on the comparatively analysis of the effect of different soil amendments, Rice-husk ash (RHA), Gliricidia sepium leaves, Rice-husk ash mixed with Gliricidia sepium leaves and NPK fertilizer on the proximate content and foliar nutrient yield of Telfairia occidentalis (fluted pumpkin).


Study design: The research was carried out on a field, A Randomized Complete Block Design was used, the treatments were randomly incorporated into three beds each and three other beds were set aside as control.


Place and duration of study: The research was carried out in the nursery of the Department of Botany and Ecological Studies, Faculty of Science, University of Uyo main campus, Akwa Ibom State. The entire research lasted between November to February, 2024.


Methodology: Two kilogramme (2kg) of Rice-husk ash was mixed on three (3) randomly chosen beds, 2kg of oven dried Gliricidia sepium leaves was incorporated into three (3) randomly chosen beds, 1kg of rice-husk ash and 1kg of Gliricidia sepium leaves was mixed and incorporated into another set of three (3) randomly chosen beds, each of the above treatment was applied into the soil for 48hours before the planting of seeds. 30g of NPK fertilizer (15:15:15) was applied on three (3) randomly chosen beds using the ring method, four (4) weeks after planting seedling emergence and then another three (3) randomly chosen beds was set aside as control. Four (4) seeds were planted per bed. Thinning was done 3 weeks after germination to leave three (3) stands per bed. After harvest, the Foliar proximate Analysis for ash, crude fibre, crude protein, crude fat and carbohydrates using the method of AOAC and Foliar nutrient analysis for Nitrogen, Phosphorus, Potassium, Magnesium and Calcium was done using mass spectrometry.


Result: The foliar nutrient yield of Telfairia occidentalis planted with RHA mixed with G. sepium amendment showed higher nutrient uptake for Phophorus, Potassium, Calcium and Magnesium. There was no significant difference (p≤0.05) in the Nitrogen uptake between NPK and the mixture of RHA and G. sepium leaves treated plants. Proximate composition results showed that the control plant and RHA mixed with G. sepium had low moisture content. Soil amended with RHA, Gliricidia sepium and a mixture of both recorded high ash content whereas the NPK treated plants was low. RHA mixed with G. sepium amended soil produce plants with the highest protein content while the control plant was low in protein. The crude Fibre and lipid was high in NPK treated plant and this was significantly differenceat (p≤0.05) from the other treatment. Carbohydrates was high in the control and energy was highest in the NPK treated plants.


Conclusion: From the results obtained, RHA, G. sepium and RHA mixed with G. sepium leaves have great potential as sustainable alternatives to synthetic fertilizers, offering long-term soil fertility enhancement as they provide a sustainable approach for optimizing Telfairia occidentalis growth, ensuring higher yields and better nutrient efficiency in nutrient-depleted soil.





 















