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Effects of Poultry Manure and Legume Tree Prunings on Soil Properties, Growth and Yield of Cucumber (Cucumis sativus L.) under Field Conditions in Ghana


ABSTRACT

	Aims: This study aimed to evaluate the effects of integrated nutrient management using poultry manure and legume tree prunings on the growth and yield of cucumber (Cucumis sativus L.) under field conditions in the Ashanti Region of Ghana.
Study design: A Randomized Complete Block Design (RCBD) with four replications was used.
Place and Duration of Study: The study was carried out from January to August 2022 at the Research Farm of Adanwomase Senior High School in the Kwabre East District and at the AAMUSTED Research Field, Asante Mampong Campus.
Methodology: Seven treatments comprising sole and combined applications of poultry manure, Gliricidia sepium, and Leucaena leucocephala prunings, as well as a control, were evaluated. The treatments included: (i) 10 t/ha Gliricidia sepium, (ii) 10 t/ha Leucaena leucocephala, (iii) 10 t/ha poultry manure, (iv) 5 t/ha Gliricidia sepium + 5 t/ha poultry manure, (v) 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure, (vi) 5 t/ha Gliricidia sepium + 5 t/ha Leucaena leucocephala, and (vii) a control (no amendment). Soil samples were collected before planting and after harvest to assess changes in soil chemical properties. Data were analyzed using ANOVA, and treatment means were separated using Tukey’s HSD test at 5% level of probability.
Results: Application of poultry manure and legume tree prunings, either alone or in combination, significantly improved soil chemical properties, vegetative growth, and yield of cucumber at both locations. Cucumber growth was greatest under 10 t/ha poultry manure, which produced the longest vines and the highest number of leaves. Fruit size was enhanced by the combined application of 5 t/ha Leucaena leucocephala and 5 t/ha poultry manure, while the highest total fruit weight and overall yield were obtained with 10 t/ha poultry manure. The sole application of 10 t/ha Gliricidia sepium and the control treatment recorded the poorest performance for most growth and yield parameters.
Conclusion: The combination of 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure is ideal for enhancing fruit size and length, while 10 t/ha poultry manure is best for maximizing yield. Continued use of organic amendments should be encouraged as a sustainable alternative to inorganic fertilizers, promoting long-term soil productivity.
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1. INTRODUCTION

Cucumber (Cucumis sativus L.) is one of the most widely cultivated fruit vegetables across tropical and temperate regions of the world (Kaur & Sharma, 2022; Amber & Vijay, 2024). Belonging to the family Cucurbitaceae, it is a warm-season crop that thrives under consistently high temperatures. Believed to be among the earliest domesticated plants, cucumber has been cultivated for over 5,000 years, originating from India before spreading to various parts of the world (Weng, 2021). The crop is extensively grown across Asia and Europe, with China leading global production at approximately 54.3 million tonnes per year, followed by Turkey with 1.7 million tonnes (Tariq et al., 2020). In Africa, Egypt is the largest producer, yielding about 613,000 tonnes annually and ranking ninth worldwide (Gelaye, 2023). Cucumbers are cultivated for three main purposes: fresh whole, fresh sliced, and pickled (Miller & Wehner, 2021). Fresh whole cucumbers; including English, garden, Persian, mini, and lemon varieties are consumed directly, while sliced types are commonly used in the food service industry, especially in salads where uniformity in size is important. Pickling cucumbers, such as the well-known gherkins, are generally smaller and thicker (Javid et al., 2024). Cucumber ranks among the most valuable fruit vegetables due to its nutritional and medicinal properties. It is rich in vitamins A, B6, C, and K, as well as dietary fiber, magnesium, phosphorus, and manganese (Javid et al., 2024). The presence of ascorbic and caffeic acids helps reduce skin irritation, while chlorophyll and silica in the skin enhance complexion. Cucumber juice is also a recognized source of silicon, which contributes to healthy skin. However, nutrient loss, particularly of vitamin C occurs during pickling (Sattar et al., 2024). The growing popularity of cucumber in developing countries is largely attributed to its health benefits and diverse uses in pharmaceuticals, salads, beverages, and fruit-based drinks. Its low sugar content supports fat metabolism, making it suitable for diabetic patients (Khan et al., 2022).

The predominant use of chemical fertilizers in modern agriculture raises significant concerns. These concerns include the high cost of chemical fertilizers, limited access in certain regions, adverse ecological impacts such as water pollution, and increased acidity of the soil. These issues not only strain agricultural budgets but also pose health risks to consumers and have detrimental effects on the environment. In light of these challenges, there is a growing demand for sustainable, cost-effective, and environmentally friendly alternatives to chemical fertilisers that can enhance agricultural production while mitigating the ecological and health problems associated with chemical inputs. Leguminous plants play a vital role in maintaining soil fertility (Rajput et al., 2025). Prunings from perennial legume species such as Leucaena leucocephala, Gliricidia sepium, and Acacia auriculiformis are widely utilised as mulch and for organic fertilizer preparation (Dimobe et al., 2025). Among these, residues from Gliricidia sepium and Leucaena leucocephala are particularly valued for their ability to enhance soil productivity (Alamu et al., 2023). In Ghana, these leguminous trees are commonly found as living hedges or shelterbelts intercropped with cocoa and other crops, and they also serve as sources of fuelwood and livestock feed in rural communities (Kumar et al., 2023). Their prunings contribute significantly to soil nutrient enrichment, particularly by supplying nitrogen and phosphorus. Poultry manure, on the other hand, is a rich source of essential plant nutrients such as nitrogen, phosphorus, potassium, and several trace elements. It has a low carbon-to-nitrogen (C:N) ratio (Aboutayeb et al., 2025), which promotes rapid mineralisation and nutrient release. Its application improves soil organic matter content, structure, porosity, and water-holding capacity (Agbede, 2025). Typically, poultry manure contains about 3.5% nitrogen, 1.5–3.5% phosphorus, and 1.5–3.0% potassium, along with numerous micronutrients, making it an excellent organic fertilizer (Agbede, 2025). The widespread use of chemical fertilizers in modern agriculture has raised several concerns, including their high cost, limited accessibility in some regions, and negative ecological impacts such as water pollution and soil acidification (Pahalvi et al., 2021). These issues not only increase production costs but also pose health and environmental risks. Consequently, there is growing interest in sustainable, low-cost, and environmentally friendly alternatives that can enhance crop productivity without compromising ecosystem integrity.
Sustainable agricultural practices are essential for long-term food security and environmental conservation (Rehman et al., 2022). This study responds to the need to develop eco-friendly and efficient nutrient management strategies that can improve crop yields while maintaining soil health. Chromic Luvisol soils are naturally rich in nutrients, but continuous cultivation and excessive use of inorganic fertilizers can lead to their degradation over time (Bedadi et al., 2023). According to Kumar et al. (2020), evaluating the effects of legume tree prunings and poultry manure on cucumber growth in such soils can provide insights into maintaining or enhancing soil fertility through organic means. Furthermore, integrating legume tree prunings introduces a form of crop diversification that supports sustainable nutrient cycling through biological nitrogen fixation, benefiting both current and subsequent crops. Poultry manure, being a readily available and nutrient-dense organic input, offers a viable alternative to costly inorganic fertilizers, thereby reducing production expenses for farmers. Collectively, these organic amendments contribute to improved soil health, reduced environmental pollution, and enhanced sustainability in agricultural production systems. This study was therefore to evaluate the effect of integrated nutrient management of poultry manure and legume tree prunings on the growth and yield of cucumber (Cucumis sativus L.)
[bookmark: _Toc79575438][bookmark: _Toc153743000][bookmark: _Toc210905148]2.0 MATERIALS AND METHOD
2.1 Description of the Experimental Sites 
Two field experiments were conducted during the major rainy season (March to July 2022) at two locations in the Ashanti Region of Ghana: Asante Mampong in the Mampong Municipality and Adanwomase in the Kwabre East District. The first experiment was carried out at the Multipurpose Crop Nursery of the Akenten Appiah-Menka University of Skills Training and Entrepreneurial Development (AAMUSTED), Asante Mampong Campus. The area lies within Ghana’s Forest–Savannah Transitional Zone, at an elevation of approximately 135 meters above sea level (Geodatos, 2020). It experiences a bimodal rainfall pattern, with major rains from April to July and minor rains from September to November. A short dry spell typically occurs in August, followed by the harmattan season between December and March. The mean annual rainfall is about 1,270 mm, while the mean annual temperature averages 27 °C, fluctuating between 22 °C and 30 °C (GSS, 2014). The experimental soil at Asante Mampong belongs to the Bediese Series of the Chromic Luvisol class. It is a deep red sandy loam derived from Voltaian sandstone, characterized by good drainage, friability, and excellent water-holding capacity, with an average pH of 6.5. According to the FAO/UNESCO (2008) system of classification, this soil type is highly suitable for crop cultivation due to its fertility and favorable physical properties. The second experiment was conducted at the Adanwomase Senior High School farm, located within the Kwabre East District of the Ashanti Region. Formerly part of the Kwabre District, the Kwabre East District was established in 1988 following its separation from the former Kwabre-Sekyere District. Geographically, the district lies near the center of the Ashanti Region, between latitudes 6°45′ - 6°50′ N and longitudes 1°30′ - 1°35′ W. Adanwomase is situated within the semi-deciduous forest zone, characterized by a mixture of forest and savanna vegetation. The soils are fine-textured and granitic in origin, supporting the cultivation of both forest and savanna crops. The area experiences a wet semi-equatorial climate with two distinct rainy seasons: the major rains occur from April to June, peaking in June, while the minor rains occur from September to October. The dry season extends from November to February. 
2.2 Experimental Design and Treatments		
[bookmark: _Toc210905150][bookmark: _Toc79575444]The experiment was laid out using a Randomized Complete Block Design (RCBD) with seven (7) treatments replicated four (4) times. The treatments consisted of 10 t/ha Gliricidia sepium prunings, 10 t/ha Leucaena leucocephala prunings, 10 t/ha poultry manure, a combination of 5 t/ha Gliricidia sepium + 5 t/ha poultry manure, a combination of 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure, a combination of 5 t/ha Gliricidia sepium + 5 t/ha Leucaena leucocephala, and a control treatment with no fertilizer or soil amendment applied.

[bookmark: _Toc210905151][bookmark: _Hlk209697778]2.3 Land preparation 
The experimental fields were ploughed and harrowed to achieve a fine tilth, after which all debris was removed to ensure a level surface. Lining and pegging were then carried out to mark the plots. Each plot measured 2.0 m in length and 2.5 m in width, giving an area of 5.0 m². The land was divided into replications, with a spacing of 1 meter between them. Each replication contained seven plots, resulting in a total of twenty-eight (28) plots across the four (4) replications.

2.4 Legume tree pruning and poultry manure preparation
[bookmark: _Toc210905152]Fresh tender stems and leaves of legume tree pruning of Gliricidia sepium and Leucaena leucocephala were collected from AAMUSTED, Mampong campus and shade dried for two weeks. The legume tree prunings were later milled to reduce size into powdered form. The poultry manure used for the experiment was collected from the AAMUSTED, Mampong campus poultry farm. Poultry manure collected was heaped under shade and covered with a black polythene sheet for two (2) weeks for further decomposition until the temperature was stabilized before incorporated into the soil.

[bookmark: _Toc153743022][bookmark: _Toc210905153]2.5 Poultry manure and legume pruning application and planting 
Soil treatments were applied on 23rd April 2022 at Asante Mampong and on 30th April 2022 at Adanwomase. The soil amendments were thoroughly incorporated into the soil using a hand fork and rake. The treated plots were then watered and left for two weeks to allow partial decomposition before planting. The Tokyo F1 cucumber variety, developed by the Crops Research Institute (CSIR-CRI), was used for the experiment due to its vigorous growth, disease resistance, uniform fruit shape, and high yield potential. Planting was carried out on 7th May 2022 at Asante Mampong and 14th May 2022 at Adanwomase. Two seeds were sown per hill at a depth of 3–5 cm and later thinned to one healthy plant per stand two weeks after emergence. A spacing of 0.4 m × 0.5 m was maintained, providing five rows per plot with five plants per row, making a total of 25 plants per plot.

[bookmark: _Toc210905149]2.6 Cultural and Management Practices
[bookmark: _Toc210905157]Weed control was carried out manually using hoes, cutlasses, and handpicking, with weeding conducted at 2, 4, and 6 weeks after planting. Owing to erratic rainfall, supplementary irrigation was provided whenever necessary, and routine watering was done every other day in the morning and evening using watering cans. The experimental fields were regularly inspected throughout the growing season to monitor pest and disease occurrence. The major pests identified were cucumber beetles (Diabrotica spp.) and whiteflies (Bemisia tabaci), which were most prevalent during the vegetative and flowering stages. These pests were managed by applying Cypermethrin 10% EC at a rate of 1 ml per litre of water using a 15-litre knapsack sprayer. Staking of cucumber plants using the string method was carried out four weeks after sowing to promote vertical growth and improve canopy exposure.

2.7 Data collected
[bookmark: _Toc210905158]2.7.1 Poultry manure and legume pruning sampling and analysis
Samples of poultry manure and legume tree prunings were also taken and analyzed. The routine analysis of poultry manure and legume tree prunings took place at the Soil Research Institute of CSIR, Kwadaso in Kumasi. This was done for each experimental site before incorporation into the soil and after harvest.

[bookmark: _Toc210905159]2.7.2 Soil sampling and analysis    
[bookmark: _Toc153743033][bookmark: _Toc210905175]Initial soil samples were randomly collected from the Ap horizon (0 - 20 cm depth) at the experimental sites during the cropping seasons. The samples from each site were composited, air-dried, and sub-sampled for laboratory analysis at the Soil Science Laboratory of the Department of Crop and Soil Sciences, KNUST, Kumasi, prior to planting. The analyses covered the physical and chemical properties of the soils, including soil texture, pH, organic matter, total nitrogen, exchangeable cations (Ca, Mg, K, Na), exchangeable acidity (Al and H), and organic carbon. After air-drying, the samples were sieved through a 5 mm mesh and subjected to laboratory tests. Soil texture was determined using the hydrometer method, while soil pH (in water) was measured using a Veb Pracitron glass electrode pH meter (Dresden, Germany). Organic matter content was determined using the wet combustion method (Walkey & Black, 1934), and total nitrogen was measured by the micro-Kjeldahl technique (AOAC, 1975). Available phosphorus was extracted using the Bray P-1 method and quantified colorimetrically following Bray & Kutz (1945). Potassium concentration was determined through flame emission photometry (IITA, 1979). The exchangeable cations (Ca, Mg, K, Na) were extracted with 0.1 N ammonium acetate solution at pH 7 and analyzed by EDTA titration, as recommended by IITA (1979).

[bookmark: _Toc153743037][bookmark: _Toc210905176]2.7.3 Vegetative growth 
Vine length was measured from the base of the plant to the tip of the main stem using a meter rule. Measurements were taken from five randomly selected and tagged plants within the three central rows, starting two weeks after planting and continuing at two-week intervals thereafter. The mean vine length was then calculated. The number of leaves per plant was determined from five randomly selected and tagged plants within the three central harvestable rows. Leaf counts on open leaves were taken every two weeks beginning two weeks after planting, and the mean number of leaves per plant was computed. 

2.7.4 Yield and yield components
A tape measure was used to measure the length of fruits harvested from the shoulder to the tip of the fruit from the three central rows of each plot, after which the mean fruit length was calculated. A manual vernier caliper was used to measure the widest portion of fruits harvested from five plants randomly selected within the three central rows of each plot, and the mean fruit diameter was calculated. The total fruit weight per plot was determined from harvested fruits within the harvested area of the three central rows of each plot and weighed by using a weighing scale and their means recorded. Total fruit yield from the harvested area within the three central rows of each plot was determined by weighing the total fruits harvested with a weighing scale first and the yield computed per hectare.
[bookmark: _Toc153743044][bookmark: _Toc210905177]2.8 Data analysis 
The data was analyzed using the analysis of variance (ANOVA) with GenStat Release 18.1 statistical package. Tukey’s Honestly Significant Difference (HSD) was used to separate treatment means at 5% level of probability.
 
[bookmark: _Toc210905179]3.0 RESULTS
[bookmark: _Toc182514257][bookmark: _Toc210905180][bookmark: _Hlk130407316]3.1 Physico-chemical properties of soil at the experimental sites
[bookmark: _Toc210905181]3.1.1 Initial Physico-chemical properties of the soil at the experimental sites.
Table 1 shows the physico-chemical properties of the soil at the experimental sites in Asante Mampong and Adanwomase, before planting and after harvesting. The interpretation of the initial and final soil analyses was based on the Guide to the Interpretation of Soil Analytical Data in Ghana (SRI, 2007). At Asante Mampong, the soil pH was 5.67, which was slightly lower than the 6.18 recorded at Adanwomase. The highest phosphorus (P) content of 8.04 mg/kg was observed at Asante Mampong, compared to 6.18 mg/kg at Adanwomase (Table 1). Nitrogen (N), potassium (K), magnesium (Mg), and organic matter contents were higher at Adanwomase than at Asante Mampong, while calcium (Ca) and magnesium (Mg) levels were relatively higher at Mampong. The percentage of organic carbon was similar at both locations. However, Asante Mampong recorded a higher exchangeable acidity than Adanwomase. For the initial particle size analysis, the percentage of sand was higher at Adanwomase, whereas Asante Mampong had a higher percentage of silt. Both sites had the same clay content. In the final particle size analysis, Asante Mampong showed a higher sand percentage, while Adanwomase had a higher silt percentage, with clay content remaining the same at both sites. Overall, the soils at both locations were classified as sandy in texture (Table 1).

3.1.2 Chemical properties of the soil after harvest
Table 2 presents the results of the chemical and physical properties of the soil after harvesting of cucumber fruit. The application of 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure resulted in the highest soil pH at both Asante Mampong and Adanwomase, while the 10 t/ha poultry manure treatment recorded the lowest pH at both sites. Phosphorus content was highest under the 5 t/ha Gliricidia sepium + 5 t/ha poultry manure treatment at both locations, whereas the 10 t/ha Gliricidia sepium treatment recorded the lowest phosphorus levels. Nitrogen concentration was also higher in plots treated with 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure across both sites. The application of 10 t/ha Leucaena leucocephala resulted in the highest potassium (K), calcium (Ca), and magnesium (Mg) contents at both Asante Mampong and Adanwomase. Exchangeable acidity was greatest under the 10 t/ha poultry manure treatment, while the lowest was observed in the 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure combination. In general, organic carbon content was higher in soils treated with 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure, whereas the highest organic matter content was recorded under the 10 t/ha Leucaena leucocephala treatment at both locations.
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[bookmark: _Toc174424825][bookmark: _Toc182512973][bookmark: _Toc182513370][bookmark: _Toc182513694][bookmark: _Toc182514259][bookmark: _Toc210756102][bookmark: _Toc210905182]Table 1. Initial soil chemical analysis, and initial and final soil physical properties of soils at Asante Mampong and Adanwomase                   
	Soil Samples
	
pH
(H2O)
	
P
mg/kg
	
N (%)
	Exch. Bases (cmol/kg)
	Exch. Acidity 
	% Org. C.
	% Org. M.


	
	
	
	
	K
	Ca
	Mg
	Na
	Al
	E.C.E.C
	
	

	
	
	
	
	
	
	
	
	(cmol/kg)
	
	

	Asante Mampong
	5.67
	8.04
	0.13
	0.22
	4.22
	0.73
	0.13
	0.08
	7.56
	1.12
	1.40

	Adanwomase
	6.18
	6.18
	0.14
	0.36
	3.62
	0.43
	0.10
	0.05
	4.56
	1.12
	1.93



	
	                                 Initial particle size analysis

	
	Asante Mampong
	Adanwomase

	% Sand
	88.00
	92.00

	% Clay
	4.00
	4.00

	% Silt
	6.00
	4.00

	Textural class
	Sand
	Sand


[bookmark: _Toc174424826][bookmark: _Toc182512974][bookmark: _Toc182513371][bookmark: _Toc182513695][bookmark: _Toc182514260][bookmark: _Toc210756103][bookmark: _Toc210905183]
Table 2. Chemical and physical properties of soils after harvest at Asante Mampong and Adanwomase
	Treatments
	pH
(H2O)
	Avail.  P mg/kg
	N
(%)
	Exch. Bases (cmol/kg)
	Exch. Acidity(cmol/kg)
	% OC.
	% OM.
	% Sand
	% Silt
	% Clay
	Texture

	
	
	
	
	K
	Ca
	Mg
	Na
	Al
	E.C.E.C
	
	
	
	
	
	

	                                                                        Asante Mampong
	
	
	
	
	

	10 t/ha GS
	5.34
	27.83
	0.12
	0.32
	2.34
	1.07
	0.08
	0.75
	4.55
	0.92
	1.58
	92.00
	6.00
	2.00
	Sand

	10 t/ha LL
	5.78
	1538.47
	0.15
	0.42
	3.41
	1.70
	0.09
	0.60
	6.22
	1.20
	2.06
	91.00
	7.00
	2.00
	Sand

	10 t/ha PM
	4.68
	25.51
	0.14
	0.30
	2.13
	1.28
	0.35
	1.30
	5.36
	0.88
	1.51
	90.00
	8.00
	2.00
	Sand

	5 t/ha GS + 5 t/ha LL
	5.13
	46.39
	0.11
	0.25
	2.13
	0.43
	0.08
	0.85
	3.73
	0.80
	1.38
	92.00
	6.00
	2.00
	Sand

	5 t/ha GS + 5 t/ha PM
	5.29
	2288.38
	0.13
	0.22
	1.70
	1.49
	0.05
	0.80
	4.27
	1.00
	1.72
	91.00
	7.00
	2.00
	Sand

	5 t/ha LL + 5 t/ha PM
	5.84
	1012.76
	0.16
	0.34
	3.83
	1.28
	0.05
	0.55
	5.73
	1.20
	2.06
	93.00
	5.00
	2.00
	Sand

	Control
	5.62
	102.05
	0.13
	0.36
	3.41
	2.13
	0.05
	0.60
	6.55
	1.08
	1.86
	93.00
	5.00
	2.00
	Sand

	                                                                            Adanwomase
	
	
	
	
	

	10 t/ha GS
	5.21
	26.83
	0.11
	0.22
	2.34
	1.04
	0.07
	0.65
	4.45
	0.91
	1.55
	91.50
	6.50
	2.00
	Sand

	10 t/ha LL
	5.55
	1534.47
	0.14
	0.32
	3.21
	1.60
	0.08
	0.50
	6.12
	1.19
	2.03
	90.50
	7.50
	2.00
	Sand

	10 t/ha PM
	4.47
	24.51
	0.12
	0.24
	2.03
	1.18
	0.33
	1.20
	5.16
	0.87
	1.47
	90.00
	8.00
	2.00
	Sand

	5 t/ha GS + 5 t/ha LL
	5
	45.39
	0.09
	0.23
	2.03
	0.33
	0.07
	0.75
	3.53
	0.79
	1.31
	91.50
	6.50
	2.00
	Sand

	5 t/ha GS + 5 t/ha PM
	4.9
	2285.38
	0.12
	0.21
	1.50
	1.39
	0.04
	0.70
	4.17
	0.97
	1.64
	91.00
	7.00
	2.00
	Sand

	5 t/ha LL + 5 t/ha PM
	5.63
	1010.76
	0.15
	0.24
	3.66
	1.18
	0.04
	0.45
	5.63
	1.18
	2.01
	92.50
	5.50
	2.00
	Sand

	Control
	5.51
	101.05
	0.10
	0.35
	3.21
	2.03
	0.04
	0.50
	6.45
	1.07
	1.79
	92.50
	5.50
	2.00
	Sand


LL= Leucaena leucocephala; GS = Gliricidia sepium; PM = Poultry manure; GS + LL = Gliricidia sepium + Leucaena leucocephala; GS + PM = Gliricidia sepium + Poultry manure; LL + PM = Leucaena leucocephala + Poultry manure
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[bookmark: _Toc210905184][bookmark: _Toc149036694][bookmark: _Toc148944437]3.2 Climatic Conditions at the Experimental locations 
Table 3 shows the climatic conditions recorded at Asante Mampong and Adanwomase during the cropping season (March to July). At Asante Mampong, total rainfall over the cropping period was 689.2 mm, with the highest monthly rainfall recorded in July (203.6 mm) and the lowest in April (79.6 mm). Relative humidity ranged from 66% in April to 74% in June and July, indicating moderately humid conditions conducive for crop growth. The maximum mean temperature ranged between 30 °C and 34 °C, while the minimum mean temperature varied between 22.7 °C and 23.9 °C, showing relatively stable temperature conditions throughout the season. At Adanwomase, the total rainfall recorded during the same period was slightly lower, at 653.84 mm. The rainfall pattern was fairly consistent, peaking in June (143.69 mm) and declining slightly in July (135.27 mm). Relative humidity levels were higher than at Asante Mampong, ranging from 77.55% in March to 94.06% in June and July, suggesting more humid atmospheric conditions. The maximum mean temperature ranged from 30.73°C to 38.15°C, while the minimum mean temperature varied from 22.26°C to 24.58°C, showing slightly higher temperature extremes than Mampong. 
Table 3. Climatic conditions at both locations during the cropping seasons
	Asante Mampong
	Adanwomase

	Month
	TMR (mm)
	RH (%)
	MMT (OC)
	Month
	TMR (mm)
	RH (%)
	MMT (OC)

	
	
	
	Max.
	Min
	
	
	
	Max.
	Min.

	March, 2022
	109.2
	67
	34
	23.9
	March, 2022
	109.25
	77.55
	38.15
	24.58

	April
	79.6
	66
	33.1
	23.5
	April
	131.58
	82.15
	37.49
	24.40

	May
	147.8
	71
	32.7
	23.8
	May
	134.05
	88.26
	35.44
	23.82

	June
	149.0
	74
	31
	23.3
	June
	143.69
	94.03
	32.31
	23.05

	July
	203.6
	74
	30
	22.7
	July
	135.27
	94.06
	30.73
	22.26

	Total
	689.2
	
	
	
	Total 
	653.84
	
	
	


(Ghana Meteorological Agency – Mampong Ashanti, 2022), TMR – Total monthly rainfall, RH – Relative humidity, MMT – Mean monthly temperature.

[bookmark: _Toc210905190]3.3 Vegetative growth
3.3.1 Vine length	
[bookmark: _Hlk212702231]Figure 1 shows result of vine length of cucumber as affected by legume tree prunings and poultry manure application at Asante Mampong and Adanwomase. At Asante Mampong, the treatment means differed significantly (P≤0.05) from each other from 14 DAP to 56 DAP. The vine length increased throughout the entire period from 14 DAP to 56 DAP. The longest vine length was recorded from plots treated with 10 t/ha poultry manure throughout the growing period followed by the application of 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure (Figure 1a). The least vine length was recorded from plots treated with 10 t/ha Gliricidia sepium. At Adanwomase, the vine length increased throughout the entire period of its growth from 14 DAP to 56 DAP (Figure 1b). There were significant (P≤0.05) differences recorded between the treatment means from 14 DAP to 56 DAP. The longest vine length from 14 DAP to 42 DAP was recorded from 10 t/ha poultry manure treated plot. However, at 56 DAP, the greatest vine length was recorded from the combination of 5 t/ha Gliricidia sepium + 5 t/ha poultry manure treated plot whereas the control treated plots had the least vine length (Figure 1b).
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[bookmark: _Toc210905192] 3.3.2 Number of leaves per plant 
[bookmark: _Hlk208299639]Figure 2 depicts the number of leaves per cucumber plant as influenced by legume tree prunings and poultry manure application at Asante Mampong and Adanwomase. At Asante Mampong, leaf count increased steadily from 14 to 42 DAP but declined slightly at 56 DAP. No significant (P≥0.05) differences were observed among treatments at 14 DAP (Figure 2a). However, from 28 to 56 DAP, the treatment means differed significantly (P≤0.05). Plots treated with 10 t/ha poultry manure recorded the greatest number of leaves per plant throughout the growing period, whereas those receiving 5 t/ha Gliricidia sepium + 5 t/ha poultry manure generally had the lowest leaf count. At Adanwomase, the number of leaves per plant increased from 14 DAP to 42 DAP. However, at 56 DAP, the number of leaves per plant decreased. Significantly (P≤0.05), differences were recorded between the treatment means from 14 DAP to 56 DAP (Figure 2b). The application of 10 t/ha of poultry manure-treated plot had the greatest number of leaves per plant, followed by plots that received 10 t/ha Leucaena leucocephala, whereas the control-treated plots had the least number of leaves per plant.
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[bookmark: _Toc210756110]Figure 2. Number of leaves per cucumber plant as affected by legume tree prunings and poultry manure application at Asante Mampong and AdanwomaseHSD- 3.54
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[bookmark: _Toc210905195][bookmark: _Toc210905196]3.4 Yield and yield components
 3.4.1 Fruit length and fruit diameter
[bookmark: _Hlk212702563]Table 4 shows the fruit length and fruit diameter of cucumber as affected by legume tree pruning and poultry manure application at Asante Mampong and Adanwomase. For fruit length, plots that received 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure recorded the longest fruit length followed by plots that had the poultry manure application only at both locations. Apart from the treatment application which showed significant (P≤0.05), difference between the treatment means, location and location x treatment interaction did not differ significantly between the treatment means. For fruit diameter, plots that received 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure recorded the widest fruit diameter at Asante Mampong whereas at Adanwomase, the widest fruit diameter was recorded from plots treated with poultry manure only. The control plot generally had the narrowest fruit diameter at both locations.  The treatment application showed significant (P≤0.05) difference between the treatment means. However, for location and location x treatment interaction, no significant difference was recorded between the treatment means (Table 4).
[bookmark: _Toc210756107][bookmark: _Toc210905197]Table 4. Fruit length and fruit diameter of cucumber as affected by legume tree prunings and poultry manure application at Asante Mampong and Adanwomase
	
	

	Treatment
	Fruit length (cm)
	Fruit diameter (cm)

	
	M
	A
	Mean
	M
	A
	Mean

	10 t/ha GS
	7.17c
	6.08e
	6.63
	6.26ab
	6.01a
	6.14

	10 t/ha LL
	12.92b
	10.25cd
	11.59
	6.45ab
	5.65a
	6.05

	10 t/ha PM
	15.27ab
	15.28ab
	15.28
	6.53ab
	7.85a
	7.19

	5 t/ha GS + 5 t/ha LL
	12.81b
	11.74cd
	12.28
	6.17ab
	6.54a
	6.36

	5 t/ha GS + 5 t/ha PM
	12.19b
	12.86bc
	12.53
	6.33ab
	6.22a
	6.28

	5 t/ha LL + 5 t/ha PM
	16.63a
	16.63a
	16.63
	9.46a
	7.71a
	8.59

	Control
	8.40c
	9.14d
	8.77
	5.73b
	5.37a
	5.55

	Mean
	12.20
	11.71
	
	6.70
	6.48
	

	CV (%)
	9.89
	7.88
	
	19.01
	13.97
	



	Location =
	HSD=NS
	P=0.1722
	HSD=NS
	P=0.5063

	Treatment =
	HSD=2.07
	P=0.0001
	HSD=2.01
	P=0.0014

	 Location* Treatment =
	HSD=NS
	P=0.1519
	HSD=NS
	P=0.3648


Means followed by or sharing the same letters within a column are not significantly different at 5% level of significance; CV = coefficient of variation; HSD = Honestly significant difference, DAP = Days after planting; M = Mampong, A = Adanwomase; NS = Non-significance; L L= Leucaena leucocephala; GS = Gliricidia sepium; PM = Poultry manure; GS + LL = Gliricidia sepium + Leucaena leucocephala; GS + PM = Gliricidia sepium + Poultry manure; LL + PM = Leucaena leucocephala + Poultry manure.

3.4.2 Fruit weight per plot and total fruit yield
[bookmark: _Hlk212702580]Results in Table 5 show the total fruit weight per plot and the total fruit yield of cucumber as affected by legume tree pruning and poultry manure application at Mampong and Adanwomase. For total fruit weight per plot, the 10 t/ha poultry manure treatment recorded the greatest at both locations, followed by 10 t/ha Leucaena leucocephala application. The application of 10 t/ha Gliricidia sepium generally had the least total fruit weight per plot at both locations followed by the control-treated plot (Table 5). The treatment application showed a significant (P≤0.05) difference between the treatment means. However, for location and location x treatment interaction, no significant difference was recorded between the treatment means. Likewise, for total yield, the application of 10 t/ha poultry manure treatment plot recorded significantly (P≤0.05) greatest fruit yield (36.04 t ha-1 and 36.88 t ha-1 respectively) at both locations. The application of 10 t/ha Gliricidia sepium generally had the least fruit yield (20.10 t ha-1 and 19.54 t ha-1 respectively) at both locations followed by the control treated plot which recorded 25.22 t ha-1 and 25.06 t ha-1 at Asante Mampong and Adanwomase (Table 5). There were a significant (P≤ 0.05) differences recorded between the treatment applications at both locations. However, for location and location x treatment interaction, no significant differences were recorded between the treatment means.
[bookmark: _Toc210756108][bookmark: _Toc210905198]Table 5. Fruit weight per plot and total fruit yield (t/ha) of cucumber as affected by legume tree pruning and poultry manure application at Asante Mampong and Adanwomase
	

	Treatment
	Total fruit weight per plot (kg)
	Total fruit yield (t ha-1)

	
	M
	A
	Mean
	  M
	A
	Mean

	10 t/ha GS
	9.65c
	9.38c
	9.52
	20.10c
	19.54c
	19.82

	10 t/ha LL
	16.30a
	15.80ab
	16.05
	33.96a
	32.92ab
	33.44

	10 t/ha PM
	17.30a
	17.70a
	17.50
	36.04a
	36.88a
	36.46

	5 t/ha GS + 5 t/ha LL
	13.68b
	13.49b
	13.59
	28.50b
	28.10b
	28.30

	5 t/ha GS + 5 t/ha PM
	12.73b
	12.93bc
	12.83
	26.53b
	26.93bc
	26.73

	5 t/ha LL + 5 t/ha PM
	16.15a
	15.42ab
	15.79
	33.64a
	32.13ab
	32.89

	Control
	12.11b
	12.03bc
	12.07
	25.22b
	25.06bc
	25.14

	Mean
	13.99
	13.82
	
	29.14
	28.79
	

	CV (%)
	4.24
	10.23
	
	4.24
	10.23
	


	Location =
	HSD=NS
	P=0.6187
	HSD=NS
	P=0.6187

	Treatment =
	HSD=2.07
	P=0.0001
	HSD=4.09
	P=0.0001

	 Location* Treatment =
	HSD=NS
	P=0.9749
	HSD=NS
	P=0.9749


Means followed by or sharing the same letters within a column are not significantly different at 5% level of significance; CV = coefficient of variation; HSD = Honestly significant difference, DAP = Days after planting; M = Mampong, A = Adanwomase; NS = Non-significance; L L= Leucaena leucocephala; GS = Gliricidia sepium; PM = Poultry manure; GS + LL = Gliricidia sepium + Leucaena leucocephala; GS + PM = Gliricidia sepium + Poultry manure; LL + PM = Leucaena leucocephala + Poultry manure.


4 DISCUSSION
4.1 Influence of legume tree pruning and poultry manure application on physico-chemical properties of soil at the experimental sites.
[bookmark: _Toc210905201]The variation in physico-chemical properties of the soils at Asante Mampong and Adanwomase before and after the experiment reflects differences in soil type, organic amendment composition, and nutrient dynamics influenced by the application of plant prunings and organic manures. At the initial stage, the slightly acidic pH values (5.67 at Mampong and 6.18 at Adanwomase) are typical of most Ghanaian soils, which tend to be acidic due to high rainfall and continuous cultivation that enhance leaching of basic cations such as Ca²⁺, Mg²⁺, and K⁺ (Adu, 2021). According to Adu (2021), such soil acidity can limit nutrient availability, particularly phosphorus and molybdenum, while increasing the solubility of toxic elements like aluminum. The relatively higher pH at Adanwomase may indicate less leaching or greater organic matter content that buffered soil acidity. The higher phosphorus content at Asante Mampong (8.04 mg/kg) compared to Adanwomase (6.18 mg/kg) suggests variation in parent material or previous land use. Similar observations were made by Dong et al. (2025), who reported that soils with lower clay content often show higher available phosphorus due to reduced fixation capacity. Conversely, the higher nitrogen (N), potassium (K), and magnesium (Mg) at Adanwomase align with findings by Zhang et al. (2021), who explained that soils with higher organic matter tend to have enhanced nutrient retention and mineralization potential. After cucumber cultivation and organic fertilizer application, the changes in soil properties (Table 2) demonstrate the influence of organic and green manures on soil fertility enhancement. The combination of 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure, which recorded the highest pH and organic carbon content at both sites, indicates the effect of leguminous residues and poultry manure. This observation is consistent with the findings of Adeyemi (2025), who reported that integrated application of legume biomass and poultry manure neutralizes soil acidity through the release of basic cations and organic anions during decomposition. Similarly, Patra et al. (2021) noted that organic manures improve soil buffering capacity and increase pH by stimulating microbial activity and reducing exchangeable acidity. The higher phosphorus availability under 5 t/ha Gliricidia sepium + 5 t/ha poultry manure supports the view that poultry manure is a rich source of readily available phosphorus and that its combination with green manure enhances P mineralization and reduces fixation. According to Amartey et al. (2022), such synergistic combinations improve nutrient synchronization with crop demand and contribute to better soil nutrient balance. The increased nitrogen concentration under 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure further validates the role of Leucaena residues in enhancing soil N through biological nitrogen fixation and gradual mineralization, as reported by Yacoub et al. (2023). Poultry manure also provides quick-release N, creating a balanced nutrient supply for crops (Hassan et al., 2024). The highest potassium, calcium, and magnesium contents observed under 10 t/ha Leucaena leucocephala suggest that higher biomass input contributes substantial cations upon decomposition. Similar findings were reported by Kumari & Maiti (2022), who observed improved base cation levels in soils treated with large quantities of leguminous biomass due to the mineralization of nutrient-rich plant tissues. The lowest exchangeable acidity under the Leucaena + poultry manure combination supports earlier studies by Sharma et al. (2025), who explained that organic amendments release organic acids that chelate Al³⁺ and Fe³⁺ ions, thereby reducing soil acidity and improving nutrient availability. In general, the improvement in soil organic matter and nutrient levels after harvest demonstrates that the integrated use of green manure and poultry manure enhances soil fertility more effectively than sole applications. This agrees with the Bashir et al. (2021), who reported that combining different organic materials creates a complementary effect that improves soil structure, cation exchange capacity, and microbial activity.

4.2 Influence of legume tree prunings and poultry manure application on vegetative growth of cucumber at Asante Mampong and Adanwomase.
[bookmark: _GoBack]The differences in vine length, number of leaves, and dry shoot weight of cucumber observed under the various treatments at Asante Mampong and Adanwomase can be attributed to the distinct nutrient release patterns and nutrient composition of poultry manure and legume tree prunings. These findings are consistent with Singh et al. (2024) who stated that organic amendments improve vegetative growth by enhancing soil fertility, nutrient availability, and microbial activity. At both locations, vine length increased progressively, indicating sustained vegetative growth as nutrient mineralization occurred. The significantly longer vines recorded under 10 t/ha poultry manure and 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure at Asante Mampong, as well as under 10 t/ha poultry manure and 5 t/ha Gliricidia sepium + 5 t/ha poultry manure at Adanwomase, reflect the superior nutrient-supplying capacity of poultry manure. Poultry manure contains high levels of readily available nitrogen, phosphorus, and potassium, which stimulate vegetative growth, particularly vine elongation. This observation agrees with the findings of Adeoti et al. (2024), who reported that poultry manure significantly enhanced vine length and leaf production in cucumber compared to other organic sources due to its rapid mineralisation and nutrient release. Similarly, Sallam et al. (2021) found that poultry manure application improved cucumber vegetative growth by increasing soil nitrogen availability, which supports vigorous stem and leaf development. The superior performance of the combined treatments (Leucaena or Gliricidia + poultry manure) also supports the complementary role of mixed organic inputs. Paramesh et al. (2023)observed that integrating green manures with animal manures improves soil nutrient balance, enhances microbial activity, and ensures sustained nutrient release over time. This promotes continuous vegetative growth, as observed in the gradual vine elongation.  Conversely, the shortest vines recorded in plots treated with 10 t/ha Gliricidia sepium suggest slower nutrient mineralization and possibly higher lignin or polyphenol content in Gliricidia residues, which can delay nitrogen release (Palm et al., 2001). This aligns with Watthier et al. (2020), who reported that green manures with high lignin content mineralize slowly, thus providing less available nitrogen for early vegetative growth.
Leaf production followed a similar pattern to vine elongation, increasing up to 42 DAP before slightly declining at 56 DAP. The decline toward the end of the growth period could be attributed to leaf senescence or resource partitioning to reproductive growth stages. Plots treated with 10 t/ha poultry manure consistently recorded the highest number of leaves across both locations, emphasizing the manure’s effectiveness in supporting leaf expansion through enhanced nitrogen supply. These results align with Mao et al. (2022), who demonstrated that higher nitrogen availability promotes chlorophyll synthesis and leaf development in cucumber, leading to increased photosynthetic surface area. Aboyeji et al. (2021) similarly found that poultry manure application significantly increased the number of leaves in vegetables such as amaranthus and okra, attributing this to its balanced nutrient content and improvement of soil structure and water retention. The relatively lower leaf count under Gliricidia sepium + poultry manure at Asante Mampong suggests that differences in organic matter composition and decomposition rate influence nutrient release timing. Wang et al. (2025)reported that nutrient release from green manures depends on residue quality, materials with high carbon-to-nitrogen ratios or lignin content release nutrients slowly, potentially delaying early growth responses. At Adanwomase, the improved performance of 10 t/ha Leucaena leucocephala after poultry manure indicates that Leucaena residues, being more easily decomposable and lower in lignin than Gliricidia, mineralize faster, thus supplying nutrients earlier in the growth period. This corroborates Suhag et al. (2025), who found that Leucaena residues enhance early crop growth due to faster N mineralization rates compared to other woody legumes. 
[bookmark: _Toc210905202]4.3 Influence of legume tree prunings and poultry manure application on yield and yield components of cucumber at Asante Mampong and Adanwomase.
The variations in cucumber fruit length, fruit diameter, total fruit weight per plot, and total yield observed under different treatments at Asante Mampong and Adanwomase indicate that the type and rate of organic amendment significantly influenced cucumber productivity. The finding that 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure produced the longest fruits at both locations, followed by 10 t/ha poultry manure applied alone, indicates the effect of combining legume prunings with poultry manure. This combination likely provided a balanced and sustained nutrient supply throughout the growing period, promoting steady fruit elongation and expansion. According to Singh et al. (2024), integrating organic sources such as green manure and animal manure enhances nutrient availability, particularly nitrogen (N), phosphorus (P), and potassium (K), while improving soil structure and water retention. These factors contribute to enhanced cell division and elongation in fruit tissues, resulting in longer fruits. Similarly, Sallam et al. (2021) observed that poultry manure significantly increased cucumber fruit length and diameter due to its high nutrient content and rapid mineralization rate, which supports continuous vegetative and reproductive growth. The wider fruit diameter recorded under 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure at Asante Mampong and 10 t/ha poultry manure at Adanwomase aligns with findings by Imran et al. (2022), who reported that organic manures enhance cucumber fruit size by improving the supply of essential nutrients such as potassium and calcium that play key roles in cell expansion and fruit development. Potassium, in particular, is critical for carbohydrate translocation and water regulation within the fruit, thereby influencing its diameter and weight. The generally poor performance of the control and 10 t/ha Gliricidia sepium treatments may be attributed to inadequate or slow nutrient release. Alamu et al. (2023) explained that green manures with high lignin or polyphenol content such as Gliricidia sepium, decompose slowly, delaying nutrient release and reducing immediate nutrient availability for crop uptake. As a result, fruit development is restricted, leading to shorter and narrower fruits. 

The significantly higher total fruit weight and yield from plots treated with 10 t/ha poultry manure at both Asante Mampong and Adanwomase demonstrate the substantial contribution of poultry manure to cucumber productivity. Poultry manure is rich in major nutrients (N, P, K) and micronutrients, and its fast mineralization ensures a steady nutrient supply during the critical reproductive phase. This supports vigorous vegetative growth and efficient fruit formation. Similar findings were reported by Sallam et al. (2021), who found that poultry manure increased cucumber yield by enhancing nutrient uptake efficiency and improving soil moisture retention. Oke et al. (2020) also observed a direct relationship between poultry manure rate and cucumber yield, attributing it to improved soil fertility and microbial activity. The higher yield observed under Leucaena leucocephala at 10 t/ha as the next best treatment can be explained by the nitrogen-fixing ability of Leucaena, which enriches the soil with organic nitrogen upon decomposition. Shelton et al. (2021) noted that Leucaena residues decompose relatively quickly due to their low lignin and polyphenol content, thus supplying nitrogen that enhances flowering, fruit setting, and fruit filling. In contrast, the lower yields observed under 10 t/ha Gliricidia sepium and the control are consistent with studies by Ayamba et al. (2023), who reported that insufficient or delayed nutrient release from sole organic inputs leads to poor nutrient synchronization with crop demand. This mismatch often results in nutrient stress during fruiting, reducing fruit weight and overall yield.

 CONCLUSION
The study revealed that applying poultry manure and legume tree prunings, either singly or in combination, significantly improved soil properties, vegetative growth, and yield of cucumber at both Asante Mampong and Adanwomase. Organic amendments enhanced soil pH, nitrogen, phosphorus, potassium, and organic matter content, thereby improving soil fertility and structure. The 10 t/ha poultry manure treatment produced the highest vine length, leaf number, and total fruit yield at both locations while the combination of 5 t/ha Leucaena leucocephala + 5 t/ha poultry manure improved fruit size. Treatments involving Gliricidia sepium or no amendment gave the lowest performance. It is recommended that cucumber farmers who cultivated cucumber on sandy and slightly acidic soils adopt organic fertilizer use, especially poultry manure and legume prunings to enhance productivity and soil health. The combination of Leucaena leucocephala and poultry manure is suitable for improving fruit quality, while 10 t/ha poultry manure maximizes yield. Continued use of these organic inputs should be promoted as a sustainable alternative to inorganic fertilizers while further research is needed to assess their long-term effects on soil health, nutrient dynamics, and economic viability under different environmental conditions.
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10 t/ha GS	14	28	42	56	8.52	17.690000000000001	64.510000000000005	55.91	10 t/ha LL	14	28	42	56	7.22	15.28	67.16	61.91	10 t/ha PM	14	28	42	56	14.98	35.090000000000003	114.4	120.31	5 t/ha GS + 5 t/ha LL	14	28	42	56	10.78	20.329999999999998	70.14	71.06	5 t/ha GS + 5 t/ha PM	14	28	42	56	11.8	26.73	97.02	107.12	5 t/ha LL + 5 t/ha PM	14	28	42	56	11.84	28.94	104.22	108.93	Control	14	28	42	56	8.0299999999999994	18.489999999999998	75.23	75.63	Days after planting


Vine length (cm)




10 t/ha GS	14	28	42	56	18.53	35.770000000000003	58.07	127.44	10 t/ha LL	14	28	42	56	15.42	36.33	49.9	115.91	10 t/ha PM	14	28	42	56	26.29	39.89	70.5	139.22999999999999	5 t/ha GS + 5 t/ha LL	14	28	42	56	15.22	29.33	62.64	142.85	5 t/ha GS + 5 t/ha PM	14	28	42	56	16.25	36.119999999999997	60.29	154.19	5 t/ha LL + 5 t/ha PM	14	28	42	56	16.03	25.5	53.31	147.9	Control	14	28	42	56	15.17	26.14	57.63	106.8	Days after planting


Vine length (cm)




10 t/ha GS	14	28	42	56	4.33	9.67	22.33	17.670000000000002	10 t/ha LL	14	28	42	56	4.33	10	25	20.67	10 t/ha PM	14	28	42	56	4.67	11.67	33.33	28.67	5 t/ha GS + 5 t/ha LL	14	28	42	56	4	9.67	22.33	17.329999999999998	5 t/ha GS + 5 t/ha PM	14	28	42	56	4	9.67	25.67	21	5 t/ha LL + 5 t/ha PM	14	28	42	56	4.67	9.33	26.67	22	Control	14	28	42	56	4.33	8.33	23.33	21.33	Days after planting


Number of leaves per plant




10 t/ha GS	14	28	42	56	10.33	10.33	11.67	10.67	10 t/ha LL	14	28	42	56	10.33	12.67	12.67	10.33	10 t/ha PM	14	28	42	56	11.67	11.67	14.67	13.33	5 t/ha GS + 5 t/ha LL	14	28	42	56	10	9.67	12	9.67	5 t/ha GS + 5 t/ha PM	14	28	42	56	9.67	10.33	11.33	9.33	5 t/ha LL + 5 t/ha PM	14	28	42	56	9.33	9.67	11.67	10	Control	14	28	42	56	8.33	9.67	11	9.33	Days after planting


Number of leaves per plant





