Climate-Smart Agricultural Practices for Enhancing Fluted Pumpkin Yield and Food Security
Abstract

Vegetable cultivation contributes significantly to food production, providing a varied and nutritious food supply for human use and Climate-smart agriculture (CSA) practice is recommended in recent times for agricultural practice. Fluted pumpkin is an essential food crop farmed by small-scale farmers, and it helps fight against malnutrition in Nigeria.  This study assessed the growth performance of Fluted Pumpkin cultivation in mbaise, Imo State, for the period of 3 months, using organic manure, which includes cow dung, pig dung, and poultry droppings, as sources of soil nutrients.  Randomized Block Design was used for the experimental design and there were three treatments and a control (untreated pot), 1kg per pot of composted cow dung, pig dung, and poultry droppings, which were replicated three times, making it 12 pots.  Parameters measured were on the number and length of leaves at 2 weeks, 4 weeks, and 8 weeks and presented in tables. The results show that these parameters have a growth increase by applying different organic manure (cow dung, pig dung, poultry dropping) to the pumpkin pot, in contrast to the control (Untreated pot). However, the treatment with poultry droppings and cow dung had the highest leaf counts compared with the control pot, and pig dung had the lowest performance rate among the three organic manure types used. The result of the growth parameter revealed a significant (P<0.05) difference in all the treatments used. The study recommends the use of organic manure for fluted pumpkin cultivation, especially poultry droppings. It suggests using different organic manure for maximum growth and yield, which are essential for soil amendment and productivity. Therefore, farmers are advised to adopt climate-smart agricultural techniques to help boost their food crop production, ensure food security, promote policy formation, and improve sustainable farming methods. 
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1.0 Introduction

Agriculture is an important sector in the economy of a nation for economic growth and development. It provides food and employment for the people, and it is a major source of livelihood for rural dwellers in Nigeria. The challenges facing agriculture as a result of climate change are a global problem. Food consumption patterns are changing the lifestyle of people. An average Nigerian plans to eat three square meals a day, but unfortunately, one square meal is not guaranteed for some people. This calls for urgent intervention.  About 750 million people, nearly a tenth of the world population, suffered from food insecurity in 2019; moreover, the number of people afflicted by hunger has risen since 2014 (FAO, 2020), and it is pervasive in low- and middle-income countries. (Puneet et. al 2023).  Climate change is increasing the vulnerability of agriculture to climate risks and hindering sustainable agrifood production; therefore, the need to focus on mitigating climate resilience action is important in ensuring food security.  In recent years, with the rising concerns about soil degradation and the negative environmental impacts of chemical fertilizers, the application of Climate-Smart Agricultural (CSA) practices—especially the use of organic manure—has gained traction as a sustainable method to increase yields and bolster food security in the face of climate change. This shift aligns with the goals of climate-smart agriculture, which promotes practices that sustainably increase productivity, enhance climate resilience, and reduce greenhouse gas emissions (FAO, 2013) 
The Food and Agriculture Organization supports and promotes the CSA because it supports the FAO Strategic Framework 2022-2031 based on the four betters: better production, better nutrition, a better environment, and a better life for all, leaving no one behind. CSA is an approach that helps guide actions to transform agri-food systems towards green and climate-resilient practices and supports reaching internationally agreed-upon goals such as the SDGs and the Paris Agreement. It aims to tackle three main objectives: sustainably increasing agricultural productivity and incomes; adapting and building resilience to climate change; and reducing and/or removing greenhouse gas emissions, where possible. (FAO, 2025) CSA practices have some benefits, including building societies and agrifood systems that are resilient to climate change, reducing greenhouse gas emissions, increasing agricultural productivity, and have been demonstrated in many parts of the world, the System of Rice (Oryza sativa L.) Intensification (SRI), an agroecological crop management system developed in Madagascar, has substantial increases in average rice yields. (Amod et al.,2017). According to FAO criteria, achieving all three impacts would qualify SRI as “climate-smart agriculture” in South Africa. The results showed that organic manure adoptions had significant impacts on productivity. (Chen et al., 2024; Omotoso and Omotayo, 2025).
In agricultural production, plant cultivation is very important for a livelihood because it is a good source of vitamins and protein. Telfairia occidentalis, which is commonly known as fluted gourd, fluted pumpkin, and Ugu in Nigeria, is a leafy vegetable, a member of the Cucurbitaceae family, and one of the most important vegetables grown in South-Eastern Nigeria. It is generally regarded as a leaf and seed vegetable. It is a high-climbing perennial vegetable shrub that spreads low across the ground and climbs using befitting and often coiled tendrils with partial drought tolerance and a penetrating root system (Frank et al., 2020). Fluted pumpkin leaves are picked continually as the plant grows and are used in soups and porridges as the vegetative parts of the crop make excellent vegetables rich in vitamins and command market value. The seeds produced by the gourd are high in protein and fat, and can therefore contribute to a well-balanced diet, food, and trades of the Igbo tribe (Okubena-Dipeolu et al.,2015). Fluted pumpkin thrives well within the temperature range of 30 - 50˚C. The tropical vine crop thrives in a warm environment with enough sunshine and a prolonged rainy season. Rainfall appears to be the major factor in its productivity. To sustain soil fertility over a long period, the use of organic manure is necessary (Frank et al., 2020) to maintain soil fertility for the sustainability of crop production. In this study, we used three different organic manures for the production of fluted pumpkin to see the impact it has on growth rate and production. 

Study area
The study area is in Umuezee Aboh Mbaise L.G.A, Imo State. The study area is located between the longitude and the latitude. 5o27' 0.48"N and Longitude 7o14'0.07"E, with an altitude of 140 meters above sea level. The soil of the area is predominantly coastal plain sand. The study lies within the area lies humid tropic area with an annual rainfall range of about 2500mm to 300mm. The annual temperature range is of 26-32°c. (Ajiere et al, 2021). The rainy season and dry season pattern of the area is (February / March - November) and (November - February/March). The vegetation is a typical rainforest characterized by a variety of plant species arranged in layers, with emergent plants towering above other plant species. Common plant species include mango (Mangifera indica), Cassava (Manihot esculanta), and Avocado pear (Perseaamaricana). This is followed by other tree species whose canopies overlap, at the forest shade-loving plants example whisk fern (Psilotum nudum). The major socioeconomic activity is agriculture. The natives of the town are mostly farmers. It is mainly by smallholder partnership and is highly fragmented. Mixed cropping is practised, and bush clearing is by slash and burn. They cultivate arable crops, staple foods, etc. Soil fertility is by bush following, although inorganic fertilizers are used to supplement the nutrient requirement. The population is densest, hence there exists a fallow period of 2-4 years for farmlands there. Farmers predominantly practice rain-fed Agriculture. The soil management system consists of the application of organic fertilizers (animal waste, compost manure). Ridging and mounds are the dominant farming methods on the soil, while both distant and compound farming systems exist in the communities. Deep-rooted crops like palm trees are mainly planted along the slopes due to the weak shear strength of the soil. While in the lowlands, both deep and shallow-rooted crops are planted. 

2.0 Literature review
2.1 Climate Change and Agricultural Production
In recent decades, climate change has presented a major challenge to the global community in diverse ways and has impacted different sectors of the environment.  Climate change has resulted in the continuous increase of land and ocean temperature, which has been increasing at 0.06 °C on average every decade since 1850, with the increased warming of more than three times faster than that since 1982, at approximately 0.200 °C (NOAA, 2023). This is not unconnected with the increased growth in population, combustion of fossil fuels, and a significant increase in greenhouse gas emissions, which have been widely recognized as a key driver of global warming. According to the Intergovernmental Panel on Climate Change (IPCC) sixth assessment report of 2023, it is now very clear from scientific experts that human influence is mainly responsible for the increase in the Earth’s average surface temperature. This is because of the various activities of man that result in the emission of greenhouse gases, such as burning of fossil fuels, transportation, agricultural activities, waste management, lifestyle changes, amongst others, which led to global surface temperature increasing from 0.8 °C to 1.3 °C between 1850 and 2019(IPCC,2023). Climate change mostly involves changes in vital climatic elements such as temperature, rainfall in their frequency and intensity (Diagi et al., 2024).  Consequently, these activities that man engages in the society have continued to increase with serious negative consequences, hence, has resulted in extreme weather conditions such as droughts, wildfires, heat stress, and floods.
Agriculture, which is a major component for survival, is greatly impacted by the changes in the Earth’s climate system (Karki et al, 2020; Annie et al., 2023; Wu et al., 2023). This is essentially the case for developing nations of the world due to their susceptibility and lack of coping mechanism as global warming is leading to a lot of extreme and frequent weather conditions such as erratic rainfall, droughts, flooding, incidences of disease that is bringing about a reduction in crop yield and also disruption of the ecological balance of the ecosystem (Monteleone et al.,2022; Yang et al., 2023). Moreover, climate change has caused soil degradation and land resource scarcity, thereby impacting the sustainable development of agricultural production (Eekhout and De Vente, 2022). Similarly, climate change can impact the sustainability of agriculture's social and economic sector both directly and indirectly. For example, the occurrence of crop failure, low productivity of the agricultural sector, even with huge cost investment in the sector, because of climate change leading to a decrease in earnings of farmers, reduced availability of water, decreased organic matter, emergence of new crop diseases particularly those in vulnerable nations like Nigeria. This impact is causing a high rate of unemployment (Saptutyningsih & Jaung, 2020; Mohd et al, 2011; Siwar et al., 2009). The impact of a changing climate has also led to food insecurity in several nations, particularly the less developed nations, which cannot mitigate or adapt to its impact as crop failure in food crops is largely because of environmental factors of which climate change is a major driver (Sumarlin, et al, 2018). Particularly worrisome is the fact that these countries do not use innovative technologies in finding solutions to these ecological challenges as compared to what is obtainable in the more developed nations of the world, which have embraced a lot of technologies in coping with these challenges in agricultural production brought about by climate change. Therefore, the impact of climate change is still a very challenging concern to agricultural production in these developing nations, with negative widespread consequences.
2.2 Climate Change and Food Security
The foundation of food supply in Nigeria hinges on agricultural practices, as it contributes 30 to 40 % of the nation’s Gross Domestic Product (GDP) Eneji et al. (2020) and Akinkuolie et al. (2025) disclosed that Nigeria, an emerging nation, is the most populous nation in Africa, and the majority of its over 200 million people rely deeply on agriculture for food security and economic development.  It was further established that the combined negative impact of floods and droughts ravaging the country due to climate anomaly has been on the increase, as well as contributed immensely to the rapidly emerging food insecurity. According to the Food and Agriculture Organization (2021), food security entails adequate provision of enough, harmless, and healthy food accessibility to all humans at any point in time. The crux of the Sustainable Development Goals (SDGs) on food security, mostly SDG 2, is to end hunger, achieve food security, and enhance adequate quality nourishment, as well as encourage sustainable agricultural practices. 
Leddy (2020) emphasized that in 2018, 25 million Nigerians were starving due to food shortages from core climate change vulnerabilities, due to unpredictable extreme weather events that enhance floods, heat waves, and droughts. It was acknowledged that the extreme weather events not only undermine rainfall patterns but also alleviate soil deficiency and lower crop yields. The subsistence practice of agriculture in Nigeria depends heavily on seasonal rainfall distribution, and any distortion in the pattern to extremes could impact food production. Dauda (2023) highlighted three factors responsible for food insecurity globally and which include internal/external impact events, economic trends, and climate change. While other factors than climate change also contribute, climate change has played a significant role in the global crisis. Challenges globally have led to increased biospheric temperature, thereby inducing global upsurges in sea level and droughts.  IPCC (2022) noted that as biospheric temperatures increase and climate patterns show more unpredictable forms, Nigeria will continuously struggle to sustain steady food security. Ajiere et al. (2020) revealed that rising temperatures and erratic rainfall patterns can negatively affect crop yields by impacting plant growth, disease incidence, and water availability, leading to decreased crop productivity. These challenges have influenced poor crop yields, increases in food prices, and the malnourishment of sensitive populations such as infants and low-income homes.  Ngukimbin, R. A & Shinku, B. (2021) disclosed that climate changes pose high impacts to  food productivity and sustainability in Nigeria, therefore, for there to be improved food security, there must be multi-dimensional methods of tackling the challenges which include the application of conventional agricultural systems such as adopting climate resilience farming system, soil nutrient enhancement systems, upgraded irrigational systems, promoting drought-resilient crop diversities as well as policy restructurings that boost agricultural disaster risk management systems.  

2.3 Climate-smart Agroecological Farming Practices 
Global projections indicate that agricultural production must increase by 60% by 2050 to meet rising food demand, with most of this growth expected to come from improved productivity rather than expansion of farmland (van Dijk et al., 2021). This can be achieved by adopting climate-smart agricultural practices, which have in recent times gained widespread attention as a practical approach to reducing the effects of climate change on agriculture. It has also been effective in helping communities become more resilient and in improving food security (Lipper et al., 2014). Climate-smart agriculture (CSA) is the application of ecological knowledge with modern farming practices aimed at increasing crop production, helping farmers adapt to the adverse effects of climate change, and reducing harm to the environment (Awazi et al., 2022). These practices are important in areas like sub-Saharan Africa, where farmers face climate variability and rising food insecurity (Osei Boateng et al., 2024). Climate-smart agriculture (CSA) specifically focuses on farming techniques that sustainably improve crop yields, help farmers cope with climate-related challenges, and reduce greenhouse gas emissions (Martins et al., 2019; Ortiz-Bobea et al., 2021, Mehran et al., 2025)
Agroecology, on the other hand, encourages the use of local materials, organic fertilizers, crop diversity, and low-emission farming methods to support healthy crop production. Agroecology is a holistic approach that combines research, education, and practical action to promote sustainability across all dimensions of the food system—ecological, economic, and social. In this study, the use of poultry droppings and cow dung follows these principles. These organic manures help recycle nutrients, enrich the soil, and reduce the need for chemical fertilizers (Dhaliwal et al., 2023). They also improve soil structure, help the soil hold water, boost microbial activity, and store carbon—important benefits as farmers deal with unpredictable rainfall and rising temperatures (Hutchinson et al., 2007). 
For smallholder farmers in Nigeria, using agroecological methods means they can grow more food with fewer external inputs while protecting the environment. Organic fertilizers like poultry manure contain key nutrients such as nitrogen, phosphorus, and potassium that support strong root growth, leaf development, and overall plant health (Okoli et al, 2021). These nutrients are released slowly, making them ideal for crops like fluted pumpkin that need a steady nutrient supply (Ren et al., 2024). To increase biodiversity on the farmlands, agroecological farming encourages farmers to grow different types of crops and use natural methods to protect their farms, which mitigates the effects of crops susceptible to pests and diseases (Vikas & Ranjan, 2024). 
2.4 Organic Manure and the Production of Fluted Pumpkin with Climate-Smart Agricultural Practices 
Organic manure refers to natural materials derived from plant or animal sources that enrich the soil with essential nutrients and organic matter. Common types include poultry droppings, cow dung, compost, and green manure. Organic manure improves soil structure, increases microbial activity, enhances water retention, and provides slow-release nutrients, making it ideal for sustainable agriculture (Adekiya et al., 2019). Compared to synthetic fertilizers, organic manure poses less risk of environmental degradation. It reduces greenhouse gas emissions and mitigates the negative impacts of climate variability, aligning with CSA principles (FAO, 2018). Fluted pumpkin responds positively to soil fertility, particularly nitrogen, which is crucial for vegetative growth. Studies have demonstrated that organic manure, especially poultry manure, significantly enhances the growth and yield of fluted pumpkin. For instance, maximum bacterial and fungal counts of 2.6 × 1010 and 3.8 × 105 cfu/g were obtained in soil treated with poultry manure and Chlorella vulgaris (bio-fertilizer), respectively and results suggest that Chlorella vulgaris is a veritable biotechnological agent for improved cultivation of Telfairia occidentalis. (Obioma et al., 2018). Furthermore, Adekiya et al. (2019) found that organic manure, green manure not only improved crop performance but also enhanced soil chemical properties, such as organic carbon and available phosphorus, thereby promoting long-term soil fertility (Makinde et al, 2016, Nwite et al., 2014).
Climate-Smart Agricultural Practices and Fluted Pumpkin
CSA integrates practices that sustainably increase agricultural productivity, enhance resilience to climate change, and reduce emissions. The use of organic manure in fluted pumpkin cultivation fits well into this framework by:
1.Increasing Productivity: Organic manure boosts yield through improved soil fertility, better moisture retention, and reduced nutrient leaching. Musa et al., (2024)
2.	Enhancing Resilience: By improving soil structure and microbial activity, organic manure helps plants withstand climate stresses like drought and heat waves. Enhanced root development and water uptake allow crops to thrive even under suboptimal conditions.
3.	Reducing Carbon Footprint: Unlike chemical fertilizers, organic manure decomposes naturally without contributing to nitrous oxide emissions, a potent greenhouse gas (FAO, 2018).
Food security hinges on the availability, accessibility, and affordability of nutritious food. Fluted pumpkin plays a vital role in rural nutrition and income generation. The integration of organic manure into its production:
•Improves Yield Stability: Better yield translates to more food for consumption and sale.
•Lowers Production Costs: Organic manure is often locally available and cheaper than synthetic inputs.
•Enhances Nutritional Quality: Organic inputs can increase the nutrient density of vegetables, contributing to better health outcomes (Mehran et al., 2025; Makinde et al, 2016).
By adopting organic-based CSA practices, smallholder farmers can sustainably increase productivity while minimizing risks associated with climate change, thereby enhancing household and national food security.

3.0 Methodology
3.1 Research design
The research design used for this study is Experimental, a field experiment fitted into a .  Randomized Block Design. The treatments consisted of composted cow dung (bag labelled T1-T3), pig dung (bag labelled T3-T6), and poultry droppings (bag labelled T7-T9), each at the rate of 1kg per pot. The fluted pumpkin seeds were planted at a rate of one seed per bag at a depth of 2-5cm, and the planting distance was 40 cm x 40 cm. The land used measured 15m x 10m, with an inter-row spacing of 0.5m x 1m.

Laboratory Analysis
	The soil samples were air-dried, crushed, and passed through a 2-mm sieve. Routine and Standard analysis was used to analyze the soils, for the Physical properties, particle size determination was determined by using the hydrometer method according to Gee and Or (2002) using Calgon, Bulk Density was determined by the core method as described by Grossman and Reinsh (2002) and calculated as; Bulk Density = mass of oven-dried soil/volume of core sampler

Total porosity was calculated from the results of the bulk density (Vomocil, 1965)
          TP (1–BD/PD) X 100
Where; TP = total porosity 
             BD = bulk density 
             PD = particle density (2.65g/cm3)
Chemical properties analyzed include;
Soil pH -The soil pH was determined in soil suspension (1:2.5 soil to water ratio) using a glass electrode pH meter and pH read according to the method of Abollino et al. (2002)
 Organic Carbon- The organic carbon content of the soil was determined using the Walkey and Black wet oxidation method (Nelson and Sommers, 1996).
 Organic Matter - Organic matter was computed by multiplying the value of % organic carbon by a factor of 1.724
% O.M=% O.C x 1.724
Where 1.724 is the correction factor 
Total Nitrogen -Total Nitrogen was measured by the micro kjeldahl digestion method (Bremen and Mulvancy, 1982).
Available phosphorus was determined using the molybdenum blue colour Bray 11 method (Nelson and Sommers, 1982).
Exchangeable acidity was determined by using the titrimetric method (Potassium chloride (Kcl) for extraction and with 0.05 Sodium by hydroxide (NaOH) and 0.05 Hydrochloric acid (HCl).).(McLaren 1982).
Exchangeable base was extracted with 1 N (NH4OAC) solution, and exchangeable Calcium and magnesium were determined using titration with EDTA.
Effective cation exchange capacity (ECEC) was obtained by summing up the exchangeable bases and total acidity.
Percentage base saturation (%BS) was calculated by dividing the total exchangeable bases by the effective cation exchange capacity and multiplying by 100.
Data Analysis: Results obtained were presented in tables and graphs, and significant means among treatments were separated using Least Significant Difference (LSD) at a 0.05 probability level. The relationship between growth attributes and soil properties was determined using correlation analysis



4.0 Results and Discussion 
4.1 The Nature of the Soil at Pre-Planting 
The nature of the soil nutrients before planting is as shown in Table 1a. The result of the pre-planting soil analysis for cow dung showed that the soil was dominated by sand fraction 86.68g/kg followed by silt at 17.6g/kg and clay at 2.72g/kg, for pig dung fraction of sand 84.68g/kg, followed by silt 15.6g/kg and clay at 1.72g/kg, for poultry droppings and fraction of sand 87.68g/kg; silt 13.6g/kg and followed by clay at 0.72g/kg. This could be inferred that the soil used was well-drained and well aerated for good root penetration. The highest soil pH in Table 1b showed that the soil was moderately acidic in reaction with a pH value of 5.89. The lowest value for organic matter content was moderate, 1.83 g/kg; the moderate organic matter content could be attributed to the effect of clay content. 
Table 1a: Physical Properties of soil before treatment
	Treatment 
	% sand
	% Silt 
	% Clay
	B.D (mgm-3)
	%M.C
	% TP

	T1
	79.68
	17.6
	2.72
	0.91
	5.71
	66

	T2
	86.68
	11.6
	1.72
	0.79
	3.06
	70

	T3
	84.68
	13.6
	1.72
	0.86
	5.01
	68

	T4
	84.68
	13.6
	1.72
	0.94
	5.32
	65

	T5
	83.68
	15.6
	0.72
	0.92
	4.72
	65

	T6
	85.68
	11.6
	2.72
	0.78
	2.46
	71

	T7
	86.68
	12.6
	0.72
	0.88
	3.35
	67

	T8
	87.68
	11.6
	0.72
	0.91
	3.55
	66

	T9
	85.68
	13.6
	0.72
	0.89
	5.00
	66




In Table 1b below, the Total Nitrogen (TN) which is low could be attributed to the low organic matter content of about 75% of total organic N in the soil. this results were also obtained by Egbuchua (2008, which could also be a result of excessive leaching from rainfall. The available phosphorus was 30.6mg/kg. This could be as a result of high fixation of phosphorus in the study area or as a result of the parent material.
The exchangeable cations of Ca, Mg, K, and N found in the soil samples has maximum and minimum values, Ca was low with minimum value as 0.30cmol/kg and maximum values as 1.0cmol/kg, Mg was low with minimum values as 0.1cmol/kg and maximum as 0.40 cmol/kg, K was high with minimum values as 8.02cmol/kg and maximum as 15.32cmol/kg), and Na was average with minimum as 5.28cmol/kg maximum value as 6.83cmol/kg.  This low to high exchangeable cation could be a result of the high activity of the clay and the parent material of the study area. Generally, the highest percentage of base saturation was 99.08 and which indicates that the soil had low fertility.








	Treatment
	pH2O
	O.C (%)
	O.M (%)
	TN (%)
	AV.P (Mg/kg)
	Ca2+ Cmol+/kg
	Mg2+ Cmol/kg
	K+  Cmol/kg
	Na2+ Cmol/kg
	H+  Cmol/kg
	Al3+ Cmol/kg
	TEB Cmol/kg
	TEA Cmol/kg
	ECEC Cmol/kg
	B.S (%)

	T1
	5.66
	1.16
	2.00
	0.184
	4.73
	0.70
	0.30
	15.32
	5.34
	0.20
	Trace
	21.66
	0.20
	21.86
	99.08

	T2
	5.78
	1.18
	2.03
	0.192
	12.95
	0.60
	0.40
	12.43
	5.55
	0.28
	-
	18.98
	0.28
	19.26
	98.54

	T3
	5.69
	1.16
	2.00
	0.179
	57.12
	0.90
	0.10
	8.02
	5.50
	0.40
	-
	14.52
	0.40
	14.92
	97.32

	T4
	5.51
	1.48
	2.55
	2.321
	33.13
	1.00
	0.20
	10.43
	5.28
	0.20
	-
	16.91
	0.20
	17.11
	98.83

	T5
	5.73
	1.54
	2.65
	2.248
	22.12
	0.30
	0.20
	9.43
	5.72
	0.24
	-
	15.65
	0.24
	15.89
	98.48

	T6
	5.41
	1.28
	2.20
	0.197
	35.42
	0.50
	0.20
	11.21
	6.11
	0.32
	-
	18.02
	0.32
	18.34
	98.25

	T7
	5.63
	1.06
	1.83
	0.162
	40.32
	0.50
	0.30
	10.21
	6.35
	5.4
	-
	18.37
	5.4
	23.77
	77.28

	T8
	5.81
	1.24
	2.14
	0.174
	42.49
	0.60
	0.10
	8.79
	6.44
	0.60
	-
	15.93
	0.60
	16.55
	96.37

	T9
	5.89
	1.36
	2.34
	0.186
	27.44
	1.00
	0.20
	13.47
	6.83
	0.20
	-
	21.50
	0.20
	21.70
	99.08


Table 1b: Chemical Properties of soil before treatment


Key: pHO2 = pH in Water, OC = Organic Carbon, OM= Organic Matter, TN = Total Nitrogen, AV.P = Available Phosphorus, Ca, = Calcium, Mg = Magnesium, K = Potassium, Na = Sodium, Al3+ = exchangeable aluminium H+ = exchangeable hydrogen, Al-3 = Aluminium, TEB = Total Exchangeable Base, TEA = Total Exchangeable Acidity, ECEC = Effective cation exchange capacity   




4.2 The Nature of the Soil at Post-Planting
In Table 2b, shows the chemical composition of the amendments (cow dung, pig slurry, and poultry droppings). The mean pH value is as follows, Cow dung was found to be slightly acidic with a  pH of 6.74, pig dung had a pH of 6.7 with also slightly acidic, as well as poultry droppings with a pH of 6.69. The mean average for the Organic Matter(OM) content was high in cow dung, 2.82g/kg, and poultry droppings,3.19g/kg, but pig dung had the highest, 3.32g/kg. This indicates that the soil is fertile. Organic matter provides essential nutrients to plants as it decomposes, improving their growth. The mean TN for cow dung was as low as 0.197g/kg, pig dung was also low at 0.22g/kg, but poultry droppings had the highest mean records at 3.20g/kg. The mean Available phosphorus (AV. P) was 37.84mg/kg in Cow dung, 55.55mg/kg in pig dung, and 63.88 in poultry dropping. This was also a result of high fixation of phosphorus in the study area.        

 Table 2a: Physical Properties of Soil After Treatment

	Treatment 
	%Sand
	%Silt
	%Clay
	B.D(mgm-3)
	%M.C
	%TP

	T1
	69.68
	19.30
	11.02
	1.01
	7.32
	58

	T2
	80.68
	9.30
	10.02
	0.97
	5.65
	64

	T3
	79.68
	8.30
	12.02
	0.98
	7.28
	55

	Mean
	75.65
	12.03
	7.03
	0.98
	6.72
	68

	T4
	81.68
	7.30
	11.02
	1.09
	8.56
	52

	T5
	78.68
	10.20
	11.02
	1.07
	6.08
	52

	T6
	83.68
	6.30
	10.02
	0.95
	5.33
	64

	Mean
	81.34
	7.93
	10.68
	1.03
	6.65
	56

	T7
	85.68
	5.30
	9.02
	1.03
	6.93
	54

	T8
	84.68
	7.30
	8.02
	1.06
	7.02
	59

	T9
	81.68
	8.12
	10.20
	1.04
	8.35
	62

	Mean
	84.01
	6.90
	9.08
	1.04
	7.43
	58.7

	S.D
	8.32
	5.4
	1.94
	0.06
	0.78
	12

	LSD
	10.31
	9.64
	2.067
	0.1012
	2.786
	12.47


 

	Trt
	pH2O
	O.C
(g/kg)
	O.M
(g/kg)
	TN
(g/kg)
	AV.P
(mg/kg)
	Ca2+
(cmol+/kg)
	Mg2+
(cmol/kg)
	K+
(cmol/kg)
	Na2+
(cmol/kg)
	Al+H
(cmol/kg)
	Al3+
(cmol/kg)
	TEB
(cmol/kg)
	TEA
(cmol/kg)
	ECEC
	B.S
(%)

	T1
	6.90
	1.456
	2.511
	0.189
	33.67
	8.90
	2.80
	0.07
	0.20
	1.48
	Trace
	11.97
	1.48
	13.45
	0.89

	T2
	6.51
	1.656
	2.85
	0.194
	38.71
	6.90
	1.70
	0.06
	0.20
	0.52
	-
	8.86
	0.52
	9.38
	0.94

	T3
	6.82
	1.79
	3.1
	0.208
	41.16
	7.20
	2.20
	0.36
	0.13
	0.36
	-
	9.89
	0.36
	10.25
	0.96

	Mean
	6.74
	1.63
	2.82
	0.197
	37.84
	7.6
	2.23
	0.16
	0.17
	0.78
	-
	10.2
	0.78
	11.0
	0.93

	T4
	6.74
	1.92
	3.3
	0.224
	49.56
	8.20
	10.60
	0.40
	0.14
	1.04
	-
	19.34
	1.04
	20.38
	0.94

	T5
	6.69
	1.95
	3.37
	0.230
	57.33
	9.60
	8.30
	0.11
	0.11
	1.08
	-
	18.12
	1.08
	19.2
	0.94

	T6
	6.67
	1.93
	3.33
	0.228
	59.78
	14.10
	1.30
	0.06
	0.14
	0.64
	-
	15.6
	0.64
	16.24
	0.96

	Mean
	6.7
	3.0
	3.32
	0.22
	55.55
	10.63
	6.73
	0.19
	0.13
	0.92
	-
	17.68
	0.92
	18.60
	0.95

	T7
	6.68
	1.87
	3.23
	0.209
	66.43
	17.50
	1.40
	0.16
	0.13
	0.40
	-
	19.19
	0.40
	19.59
	0.98

	T8
	6.71
	1.85
	3.20
	0.198
	59.08
	10.9
	4.40
	0.16
	0.18
	0.60
	-
	15.64
	0.60
	16.24
	0.96

	T9
	6.70
	1.81
	3.13
	0.210
	66.15
	20.10
	2.50
	0.18
	0.20
	0.36
	-
	22.98
	0.36
	23.34
	0.98

	Mean
	6.69
	1.84
	3.19
	3.20
	63.88
	16.16
	2.76
	0.16
	0.17
	0.45
	-
	19.27
	0.45
	13.72
	0.92

	SD
	0.05
	1.37
	0.5
	0.023
	26.04
	8.56
	4.5
	0.03
	0.04
	0.47
	-
	9.03
	0.47
	8.75
	0.03

	LSD
	0.27*
	0.28*
	0.41*
	0.01*
	9.33*
	6.57*
	6.77*
	0.37n-s
	0.09 n-s
	0.75 n-s
	-
	4.11*
	0.75*
	5.46*
	0.04*


Table 2b: Chemical Properties of Soil after Treatment

Key: pHO2 = pH in Water, OC = Organic Carbon, OM= Organic Matter, TN = Total Nitrogen, AV.P = Available Phosphorus, Ca, = Calcium, Mg = Magnesium, K = Potassium, Na = Sodium, Al3+ = exchangeable aluminium H+ = exchangeable hydrogen,, Al-3 = Aluminium, TEB = Total Exchangeable Base, TEA = Total Exchangeable Acidity, ECEC = Effective cation exchange capacit
4.3 Effect of soil amendment on the number of leaves of fluted pumpkin  
Table 3 below shows the number of leaves at different weeks. The leaves increased significantly from the second week after planting and were highest with 1kg of poultry application, followed by 1kg of cow dung application; however, at the pot with the pig dung, a little discoloration of the leaves was observed, and this could be due to slow absorption of the required nutrients by the plants. At week 4, the number of leaves was at its highest with the application of cow dung, followed by poultry droppings. this indicates that the cow dung was able to increase the vegetative growth of fluted pumpkin at week 4. According to Aliyu (2000).
At week 6, the number of leaves increased significantly the highest increase occurring with the application of 1kg of poultry manure. At week 2 and week 6, poultry droppings increased the number of leaves significantly. Poultry droppings have long been recognized as having high nutrient and organic matter content. 
Table 3: Growth Parameter of the number of leaves in response to different treatments in weeks
	Sample pots
	2 weeks
	4 weeks
	8 weeks

	TP1
	11
	15
	20

	TP2
	3
	25
	18

	TP3
	11
	10
	20

	TP4
	0
	0
	0

	TP5
	8
	15
	17

	TP6
	3
	20
	21

	TP7
	11
	26
	32

	TP8
	12
	30
	36

	TP9
	9
	28
	30

	Control
	3
	17
	20

	Control
	4
	19
	12

	Control
	6
	10
	19




4.4 The effect of soil amendment on the vine length of fluted pumpkin
 The result at week 2 revealed that cow manure had the highest vine length of 60cm, followed by poultry 41.2cm and control 27 cm. (Table 4) At week 4, cow dung also performed the highest value of 81cm while pig dung had the lowest at 18.5cm. At week 8, poultry had the highest value in all the pots with a value of 115cm, followed by cow dung, 91cm, and the shortest in length was pig dung with 46cm.Pig dung can be a beneficial fertilizer for ugu (fluted pumpkin) leaves (Okoli et al, 2021), but it's crucial to manage it properly to avoid potential issues like burning the plants or causing nutrient imbalances. Composting the pig manure before application can help reduce these risks and improve its effectiveness. Composting can be done for 30 - 60 days, and once the farmer observes worms coming out of the compost, it indicates that the manure is ready to be applied, so composting takes a longer time, and most farmers might not be patient enough to wait that long.
The vine length increased the highest with the application of 1kg per pot of cow dung at week 2, and also gave the highest value at week 4. Eight weeks after planting, the vine length increased significantly with the application of poultry manure.

Table 4: Growth Parameter of the length (cm)of fluted pumpkin in response to different treatments in weeks
	Sample pots
	2 weeks
	4 weeks
	8 weeks

	TP1
	60
	81
	91

	TP2
	19
	25
	47

	TP3
	40.2
	59
	87.5

	TP4
	0
	0
	0

	TP5
	26
	43
	44.6

	TP6
	6.5
	18.5
	46

	TP7
	41.2
	65
	115

	TP8
	40
	69
	98

	TP9
	9.5
	19
	55.5

	Control
	27
	42
	47

	Control
	2.5
	27
	45

	Control
	4.6
	30
	47.5
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Plate 2: Growth rate of fluted pumpkin in week 4
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 Summary 
Climate-smart agriculture has promoted the use of organic manure such as cow dung, pig dung, and poultry droppings, which were used in this study, and has shown significant benefits on soil properties and crop production, particularly in the case of fluted pumpkin. These manures have contributed to improving the soil structure, nutrient content, and microbial activity. Cow dung is rich in organic matter, which enhances soil water-holding capacity and promotes beneficial microbial activity. Its nutrient content, including nitrogen, phosphorus, and potassium, boosts plant growth and development. Pig dung is nutrient-dense due to its high nitrogen content. However, its application should be managed carefully to prevent overloading the soil with nutrients, which could lead to environmental issues. Properly applied, pig dung can enhance soil fertility and fluted pumpkin production. Poultry droppings are rich in nitrogen, phosphorus, and potassium, providing essential nutrients for plant growth. However, they should be composted before application to reduce the risk of pathogen contamination. Poultry droppings also improve soil structure and increase water retention, increase yield, larger fruit size, and better overall crop quality.
It was observed that the treatment with poultry manure had the highest number of leaves in week 2 and 8, (12 &36) and in week 4, cow dung had the highest number of leaves (52), this indicates that cow dung was able to increase the vegetative growth of fluted pumpkin, while for vine length, cow dung has the longest vine length in week 2 and 4 (60cm & 81 cm), poultry had the longest length in week 8(98 cm) while,  pig dung had the lowest number of leaves  (17). Cow dung and poultry droppings have the highest leaves when compared with the control pot. among the three organic manure types used it was found out that pig dung had the lowest performance rate. This could be a result of using manure not been well composted. However, the nutrients provided by these manures promote healthy plant growth and can result in improved pest and disease resistance.
5.0 Conclusion  and Recommendation 
Climate Change is impacting the agricultural sector. The use of organic manure in fluted pumpkin production embodies the principles of climate-smart agriculture and contributes to environmental sustainability. The treatment with poultry manure was more effective than any other treatment in terms of the growth and yield of fluted pumpkin, followed by cow manure. As climate challenges intensify, we therefore recommend integrating organic practices into vegetable farming systems, as fluted pumpkin production is a necessity and a strategic approach towards food security. The use of organic manure for fluted pumpkin cultivation suggests the use of different organic manure for maximum growth. Farmers are advised to adopt climate-smart agricultural techniques to help boost their food crop production and ensure food security, promote policy formation, and improve sustainable farming methods. 
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