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Effects of Different Composting Methods and Application Rates on Growth and Yield of Carrot (Daucus carota L.)
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ABSTRACT

	Aims: The aim of this study was to evaluate the effects of different composting methods (bucket, heap, and pit) and application rates (5, 10, and 15 t/ha), as well as un-composted poultry manure, on the growth, yield, and nutritional quality of carrot across two agro-ecological locations in the Ashanti Region of Ghana.
Study design: A Randomized Complete Block Design (RCBD) with three replications was used.
Place and Duration of Study: The study was conducted at Adanwomase Senior High School Research Farm in the Kwabre East District and the AAMUSTED Research Field at Asante Mampong Campus from January to August 2022.
Methodology: The experiment included 13 treatments: three composting methods (bucket, heap, pit), un-composted poultry manure, and a control, each applied at 5, 10, and 15 t/ha. Compost was prepared according to each method, while poultry manure was applied raw. Treatments were incorporated into the soil before sowing carrot seeds. Data collected covered soil nutrients, microbial counts, vegetative growth, yield components, and root nutritional composition. Data were analyzed using ANOVA, with means separated using LSD for microbial and nutritional analyses, and Tukey’s HSD for growth and yield traits at 5% significance. It integrates soil, plant, and microbial indicators to assess the sustainability and effectiveness of organic soil management practices compared with raw manure and no-input control.

Results: Application of compost and poultry manure significantly enhanced soil fertility, carrot growth, and root yield. Heap compost supplied the highest levels of major nutrients (N, P, K), while bucket compost provided higher micronutrients (Fe, Cu) and exhibited the greatest microbial activity. The plant height increased with higher application rates, particularly at 15 t/ha. The highest root yields were recorded with 15 t/ha bucket compost, followed by poultry manure and heap compost, with the control producing the lowest yield. Carrot roots from amended plots also had improved nutritional quality, notably in ash, carbohydrate, calcium, fibre, and iron contents.
Conclusion: The bucket compost at 15 t/ha produced the highest yields, while the heap compost provided the greatest major nutrient levels. 
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1. INTRODUCTION
[bookmark: _Hlk215204440]Land scarcity is increasingly affecting peri-urban smallholder farmers across West Africa (Ziem et al., 2021), leading to intensified land use and declining soil fertility (Toku et al., 2021). In response to soil fertility depletion, the Green Revolution of the 1960s strongly promoted the use of inorganic fertilizers. Subsequent soil fertility management (SFM) approaches, however, shifted towards more sustainable practices that emphasized the use of organic amendments such as manures and composts (Bayu, 2022). One such approach was Low External Input Sustainable Agriculture (LEISA), which gained prominence in tropical regions during the 1980s (Kaur et al., 2022). The current Integrated Soil Fertility Management (ISFM) paradigm builds on this principle by promoting the combined use of organic and inorganic fertilizers to enhance soil productivity and sustainability (Bayu, 2022). In fact, the incorporation of organic resources has long been practiced by farmers in the West African savanna, particularly in densely populated zones (Maloney et al., 2025). At the same time, rapid population growth, urbanization, and rising living standards have caused a sharp increase in solid waste generation, especially in developing countries like Ghana. The World Bank estimated that municipal solid waste (MSW) generation, currently at 1.3 billion tonnes per year will rise to 2.2 billion tonnes by 2025 (Kaur et al., 2023), with the largest increase occurring in rapidly growing cities of low- and middle-income nations. Population growth, poverty, and limited government investment further constrain effective waste management (Debrah et al., 2022). In Ghana, weak waste treatment infrastructure and indiscriminate disposal practices contribute to significant waste accumulation (Anokye et al., 2024). Organic waste, in particular, poses a major ecological threat due to its high biodegradability (Sharma et al., 2024). Inefficiencies in waste collection and the long distances to disposal sites often result in overloaded collection points (Singh & Kaur, 2024). Typically, MSW is dumped in low-lying areas with little or no operational control or safety measures. Burning is common but results in the release of harmful gases and toxic residues.
Vegetable market waste becomes problematic at landfills due to its rapid decomposition (Buhion et al., 2024). More sustainable solutions such as composting and biogas production have been recommended as alternatives to landfilling (Manea et al., 2024). The MWSR identified composting as the most suitable option for stabilizing biodegradable waste at the community level. Proper management of organic waste ensures environmental protection and yields valuable by-products such as compost, an end product that is stable, pathogen-free, non-phytotoxic, and humus-rich (Sharma et al., 2024). In Ghana, approximately 50% of urban MSW is compostable, offering significant potential for organic fertilizer production. The high proportion of biodegradable waste and the presence of basic material recovery systems make the production of quality compost feasible, especially on a small to medium scale (Thakur et al., 2021). Effective waste management policies at both national and international levels emphasize waste prevention, minimization, reuse, recycling, and recovery (Awino & Apitz, 2024). As a result, direct disposal of untreated MSW into landfills is increasingly restricted, making pre-treatment essential. Composting is recognized as a more environmentally friendly alternative to systems such as incineration, gasification, or pyrolysis, especially for biodegradable waste streams (Awino & Apitz, 2024). Public awareness, education, income levels, and gender have been shown to influence household waste segregation and recycling behavior (Elmosaad et al., 2023). Although knowledge about waste management may be high, practical compliance is often low.
Composting improves soil physical, chemical, and biological properties. It increases humus content and cation exchange capacity, enhances water holding capacity, particularly in sandy soils and improves soil structure by increasing porosity and aeration, especially in clay soils (Kelbesa, 2021). Compost also enhances root development, nutrient uptake, and consequently crop yield. High temperatures during composting destroy harmful pathogens, weed seeds, and pests (Kelbesa, 2021). However, when organic fertilizers are mismanaged, they may cause nitrate leaching into groundwater or accumulate harmful heavy metals and pathogens if derived from contaminated waste streams (Rashmi et al., 2020). Excessive use of inorganic fertilizers can degrade soil health by reducing soil organic matter, altering soil physicochemical and biological properties, decreasing microbial diversity, and causing heavy metal accumulation (Pahalvi et al., 2021). Composting agricultural residues and household organic waste offers a sustainable alternative to inorganic fertilizers (Sharma et al., 2024). Compost enriches the soil without compromising its physical or biochemical integrity (Kelbesa, 2021). It improves soil organic matter content, water retention, and permeability, while humus helps retain nitrogen and prevent leaching into groundwater (Singh & Kaur, 2024). This study therefore aims to evaluate compost application rates and methods that optimize carrot yield.
2. Material and Methods
 
2.1 Description of the experimental sites
The experiment was conducted from January to August 2022 at two locations in the Ashanti Region of Ghana: the Research Farm of Adanwomase Senior High School in the Kwabre East District, and the Research Field of the Akenten Appiah-Menka University of Skills Training and Entrepreneurial Development (AAMUSTED) in the Mampong Municipality. Asante Mampong, situated in the Forest–Savanna Transition agro-ecological zone at latitude 7°41′N and longitude 1°24′W (Ayamba et al., 2022), is bordered by Sekyere Central to the east, Afigya-Sekyere to the west, Ejura-Sekyeredumase to the south, and Sekyere Afram Plains to the north. The area experiences an average annual rainfall of approximately 1,300 mm with a bimodal pattern: the major rainy season occurs from April to July, followed by a short dry spell in August, while the minor season spans September to November. Relative humidity ranges from 75 - 97% in the mornings and 73 - 82% in the afternoons, and average daily temperatures vary between 24.4°C and 28.6°C. The soils are classified as Chromic Luvisols (FAO/UNESCO, 2008), locally referred to as Savanna Ochrosols of the Bediase series. These soils are deep, sandy-loam in texture, reddish in color, free of gravel, and contain appreciable organic matter. Adanwomase, located in the Kwabre East District at latitude 6°44′N and longitude 1°33′W, also falls within the Forest–Savanna Transition zone. The district, established in 1988 from the former Kwabre-Sekyere District, is bounded by Sekyere South District to the north, Kumasi Metropolis to the south, Ejisu-Juaben District to the east, and Afigya-Kwabre District to the west. It experiences a bimodal rainfall regime, with the major rainy season from April to June (peaking in June) and a minor season from September to December. Annual rainfall ranges from 1,259 mm to 1,750 mm, while relative humidity averages 75–80% during the rainy season and 70–72% during the dry season. Mean annual temperatures are approximately 30°C, with the lowest monthly temperature around 26.1° (Ayamba et al., 2022).

2.2 Experimental Design and Treatments	
[bookmark: _Toc180732332]A Randomized Complete Block Design (RCBD) was used with three replications. There were thirteen treatments consisting of a combination of three composting methods [bucket method (BMC), floor or pilling method (PMC), pit method (HMC] and un-composted poultry manure (PM) at application rates of 5, 10 and 15 t/ha and a control. The treatments were: T1- Control, T2- 5 t/ha PM, T3- 5 t/ha PMC, T4- 5 t/ha BMC, T5- 5 t/ha HMC, T6- 10 t/ha PM, T7- 10 t/ha PMC, T8- 10 t/ha BMC, T9- 10 t/ha HMC, T10- 15 t/ha PM, T11- 15 t/ha PMC, T12- 15 t/ha BMC, and T13- 15 t/ha HMC. 

[bookmark: _Toc180732336]2.3 Composting
Composting materials were sourced from Asante Mampong and its surrounding areas. A range of readily available organic residues, including fruit and vegetable waste (market waste), ashes, and plant residues (garden waste) served as the primary raw materials. All collected materials were manually sorted to remove non-biodegradable items, after which the biodegradable portion was chopped into smaller pieces and subjected to three composting methods: the bucket method, pit method, and heap (floor) method over a 13-week period. The components and quantities used in the composting process are presented in Table 1.


Table 1: Materials and quantities used in composting.
	Raw materials
	Quantity

	Ashes                                       
	  2.00 kg

	Peels (cassava, plantains, yam, fruits and vegetables)
	50.00kg

	Poultry manure obtained from university farm
	18.00kg

	Green materials (green vegetables, carrot leafs, mowed grasses etc )
	20.00kg

	Brown materials (dried grasses, cowpea husk, peanut husk)
	10.00kg

	Total
	100.00kg



2.3.1 Pit composting method
Plate 1 illustrates the pit composting method. In this approach, compost was produced in pits excavated into the ground. Three pits, each measuring 1 m deep and 2 m wide, were constructed for the composting process. Composting materials were placed in two of the pits, while the third pit was used for turning and mixing the decomposing materials (Dubey et al., 2025).
2.3.2 Basket composting method 
Plate 2 shows the basket composting method. This technique involves using a basket or similar container as the composting vessel. A 200-liter Veronica basket was obtained from the Asante Mampong market, and ten circular holes (0.2 cm in diameter) were drilled into it to enhance aeration. The basket was then filled as illustrated in Plate 2. A thin layer of topsoil from arable land was added to introduce beneficial microorganisms required for decomposition. The layering process was repeated until the heap reached a height of approximately 1.5 m. Sufficient water was applied to maintain a moisture content of 60–70%. The heap was then covered with a polythene sheet, and the basket lid was secured to minimize moisture loss (Walia et al., 2024).
2.3.3 Heaping/pilling composting method
Plate 3 illustrates the preparation of the heaping/piling composting method. In this approach, composting materials were arranged directly on the ground with careful attention to the layering pattern. A small area of soil was cleared, and a base layer of stalks, known for their slow decomposition was used to enhance aeration and drainage. The composting materials were then heaped in layers, following the same procedure used in the pit and basket methods. After heaping, the composting materials were moistened and regularly turned to maintain an optimal moisture content of 60–70% (Dubey et al., 2025).

[image: C:\Users\USER\Desktop\4-Figure3-1.png]Plate 1: Pit composting method

[image: C:\Users\USER\Desktop\first-compost-bin-uk-v0-byb9y887rw8a1.jpg]Plate 2: Basket composting method

[image: C:\Users\USER\Desktop\hqdefault.jpg]Plate 3: Heaping/pilling composting method


2.3.4 Compost management
The compost heap was turned regularly during decomposition to ensure adequate aeration. The first turning was carried out seven days after the heap was established, using a shovel and a long fork (Dubey et al., 2025). During this process, the heap was thoroughly mixed and inverted, placing the drier and less-decomposed outer materials into the centre to promote uniform breakdown. This turning disrupted the original multilayer structure of the heap. A second turning was conducted 21 days after establishment. Thereafter, the materials were left to decompose for two weeks without turning, after which the turning interval was extended to three weeks for the remaining composting period. Following the active composting phase, the materials were allowed to cure for at least one week to enhance stability and maturity. Maintaining an optimal moisture level was essential to facilitate rapid decomposition. Water was applied every two days, either in the morning or evening, to meet the moisture requirements of the microorganisms. A simple hand test was used to assess moisture; if the compost felt damp after squeezing and checking it within five minutes, the moisture level was considered adequate; if it remained dry, the moisture content was insufficient and required additional watering (Walia et al., 2024).	



2.4 Land Preparation and Field layout
The experimental fields at both sites were prepared by first clearing and removing stumps, followed by ploughing and harrowing. The lands were then leveled by removing debris, after which the plots were layout. Each plot measured 2 m × 1 m. A spacing of 0.5 m was maintained between plots and 0.5 m between blocks.

2.5 Planting Materials and Planting 
Seeds of the carrot variety ‘Tokita Improved’ were treated by dusting with Seed Plus (active ingredients: Imidacloprid 5%, Metalaxyl 5%, and Carbendazim 10%). Plantings were carried out on 1st May 2022 at Asante Mampong and on 14th May 2022 at Adanwomase. The seeds were drilled at a depth of 1–2 cm with an inter-row spacing of 20 cm. To provide shade and reduce heat stress, palm fronds were placed over the beds prior to watering.

2.6 Cultural and Management Practices
 Weeding was carried out every two weeks using a hoe and cutlass along the farm boundaries and between blocks. On the beds and around them, weeds were controlled by hand pulling until harvest. Watering was done twice daily using watering cans, except on days when rainfall occurred. During the third and fourth weeks after planting, small trenches were created alongside each plant to enable water to reach the developing tubers more effectively. These trenches were then filled with water to allow for better retention and absorption by the plants. Harvesting was done 93 days after sowing. To avoid root damage, beds were irrigated prior to harvest. Harvesting was carried out manually by hand pulling.


2.7 Data Collected
2.7.1 Soil Analysis 
 Soil samples were randomly collected at a depth of 0 – 20 cm from both fields for laboratory analysis. All samples were analyzed at the CSIR–Soil Research Institute, Kwadaso–Kumasi. The parameters assessed included soil pH, organic carbon, total nitrogen, available phosphorus (P), exchangeable cations (Ca, Mg, K, and Na), exchangeable acidity, and effective cation exchange capacity (ECEC) IITA (1979).

2.7.2 Compost and Poultry Manure Analysis 
Samples of the three compost types from each composting method, as well as poultry manure, were analyzed to determine their nutrient composition. The samples were sent to the Soil Research Institute, Kwadaso–Kumasi, for laboratory analysis. They were then subjected to standard analytical procedures to determine their nutrient content. Both macro- and micronutrients were assessed for all three compost types and the poultry manure.

2.7.3 Growth and yield Parameters
Five plants per plot were randomly selected from the middle rows and tagged for data collection. Plant height was measured fortnightly after thinning using a meter ruler, recording the height from the base of the plant to the tip of the longest leaf. Root length for each treatment was measured using a meter rule, from the proximal end (point of leaf attachment) to the distal tip of the root, and the average recorded. Root diameter was measured at the shoulder using a vernier caliper, and the mean diameter was calculated. The root yield was estimated from roots of plants harvested from the harvestable area per plot. The root yield was computed in yield per hectare. 

2.8 Data Analysis
The data was analysed using the analysis of variance (ANOVA) with GenStat Release 18.1 statistical package. For the microbial counts and nutritional analysis of the three compost techniques, the means were separated using the Least Significant Difference while for the growth and yield and yield components, the means were separated using Tukey’s Honestly Significant Difference (HSD) at 5% level of probability.

3. results
3.1 Initial Soil Analysis
Table 1 presents the initial soil chemical properties of the experimental sites at Mampong and Adanwomase. The soil pH values of Mampong (5.81) and Adanwomase (5.39) indicate that both soils are acidic, with Adanwomase being more acidic. Phosphorus levels were higher at Mampong (15.55 mg/kg) than at at Adanwomase (12.65 mg/kg). Nitrogen values were similar at both locations, measuring 0.14% and 0.12% for Mampong and Adanwomase, respectively. The organic carbon content was very low at both sites, 0.32% at Mampong and 0.31% at Adanwomase. Organic matter values were generally low at Mampong (0.42%) as compared to Adanwomase (1.60%). Potassium levels were low at both sites, with values of 0.16 cmol/kg at Mampong and 0.13 cmol/kg at Adanwomase. Similarly, calcium levels were 1.50 cmol/kg for Mampong and 1.11 cmol/kg for Adanwomase. Magnesium values differed between sites: Mampong recorded 1.04 cmol/kg while Adanwomase recorded 0.04 cmol/kg. Sodium levels were generally very low in both locations. In terms of aluminum concentration, Adanwomase (0.43 cmol/kg) showed a higher level than Mampong (0.33 cmol/kg). Both soils were classified as sandy loams, a texture that is generally well-drained but limited in moisture and nutrient retention capacity. Adanwomase contained slightly higher clay content, which may confer a minor advantage in water and nutrient retention.

	Tale 1: Chemical and Physical soil analyses
	

	Soil Samples
	
pH
	
P
mg/kg
	
N (%)
	Exch. Bases (cmol/kg)
	Exch. Acidity 
	% OC
	% OM
	EC µS/cm

	
	
	
	
	K
	Ca
	Mg
	Na
	Al
	H
	
	
	

	
	
	
	
	
	
	
	
	(cmol/kg)
	
	
	

	Mampong
	5.81
	15.55
	0.14
	0.16
	1.50
	1.04
	0.01
	0.33
	0.23
	0.32
	0.42
	97.08

	Adanwomase
	5.39
	12.65
	0.12
	0.13
	1.11
	0.04
	0.02
	0.43
	0.25
	0.31
	1.60
	422.36

	
	Particle size analysis
	

	
	% Sand
	% Clay
	% Silt
	Textural class
	

	Mampong
	77.40
	11.96
	10.64
	Sandy loam
	

	Adanwomase
	75.47
	13.80
	10.73
	Sandy loam
	





3.2 Composting Analysis
 3.2.1 Microbial counts of compost method (technique)
There was a significant difference (p˂0.05) in microbial counts of salmonella found in the three compost techniques. The bucket method of compost technique had the highest salmonella count of 0.75x10 cfu/10ml which was significantly not different from the pit method of composting which had the second highest salmonella count of 0.63x10 cfu/10ml. The heap method of composting was observed to have significantly the lowest salmonella count of 0.17x10 cfu/10ml as shown in Table 2. 
Table 2: Results of microbial counts from the three compost techniques 
	Compost technique
	Salmonella(cfu/g)
	Total Coliform (cfu/10 ml)
	Mean

	Bucket method
	0.75 x 10a
	0.20 x 10a
	0.32

	Pit method
	0.63 x 10a
	0.17 x 10a
	0.09

	Heap method
	0.17 x 10b
	0.29 x 10a
	0.15

	Mean
	0.52
	0.22
	0.25

	LSD (p ˂0.05)
	0.23
	0.18
	

	CV (%)
	13.7
	26.7
	


   
3.2.2 Nutrients composition of compost



The heap method of compost technique had the highest percentage values of Nitrogen (1.05%), Phosphorus (0.29%), Potassium (0.63%), Calcium (0.85%), Magnesium (0.81%), Sulphur (13.64%), and Manganese (247.25 mg/kg) relative to the pit and bucket methods of composting (Table 3). Similarly, the bucket method of composting was observed to have the highest values of iron (5267.8 mg/kg) and copper of (32.95 mg/kg) as compared to pit and heap methods of composting. The pit compost method had the lowest values of Nitrogen (0.54%), Phosphorus (0.11%), Potassium (0.12%), Calcium (0.45%) and Sulphur (4.52%) relative to the heap and bucket methods of compost techniques (Table 3).
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Table 3: Nutritional analysis of the three compost techniques	
	Compost technique
	Nutrients composition

	
	N
	 P     
	K       
	Ca       
	Mg       
	 S
	Fe 
	Cu (mg/kg)
	Zn (mg/kg)
	Mn (mg/kg)

	
	
	
	
	%
	
	
	
	
	(mg/kg)
	

	
	
	
	
	
	
	
	
	
	
	

	Bucket method
	0.69b
	0.17a
	0.24b
	0.66ab
	0.30b
	4.68c
	5055.6b
	32.95a
	22.85b
	196.55c

	Pit method
	0.59b
	0.16a
	0.17b
	0.50b
	0.32b
	5.57b
	5267.8a
	31.35b
	25.35a
	201.35b

	Heap method
	1.05a
	0.29a
	0.63a
	0.85a
	0.81a
	13.64a
	4935.4c
	17.05c
	22.85b
	247.25a

	Mean
	0.78
	0.21
	0.35
	0.66
	0.48
	7.96
	5086.27
	27.12
	23.68
	215.05

	LSD (p ˂0.05)
	0.25
	0.24
	0.23
	0.23
	0.22
	0.23
	0.25
	0.32
	0.23
	0.22

	CV (%)
	9.10
	34.21
	20.40
	10.55
	14.83
	0.89
	0.01
	0.26
	0.30
	0.03


[bookmark: _Hlk145803549]
3.3 Growth and yield and yield components of carrot as affected by soil amendment with compost
3.3.1 Plant height
Carrot plant height increased steadily over time at both Adanwomase and Mampong. Higher compost and manure rates (especially 15 t/ha) consistently promoted taller plants, though the best-performing composting method varied by growth stage and location. At Adanwomase, heap, bucket, and pit compost alternately produced the tallest plants at different stages, while at Mampong, poultry manure and compost treatments dominated at early and mid-stages. The control treatment consistently produced the shortest plants across all observation periods.

Hsd – 5.08
Cv(%) – 4.34

Hsd – 9.35
Cv(%) – 9.25

Hsd – 3.98
Cv(%) – 9.47

Hsd – 2.93
Cv(%) – 12.75

Hsd – 9.49
Cv(%) – 6.98


Figure 1: Plant height of carrot as affected by composting method and soil application rate   Adanwomase.
Figure 2: Plant height of carrot as affected by composting method and soil application rates at  Mampong-Ashanti



3.3.3 Root length and root diameter
Significant differences (P < 0.05) were observed among treatments for carrot root length and root diameter. At Adanwomase, the application of poultry manure at 15 t/ha produced the longest roots (11.58 cm), although this was not statistically different from the lengths obtained under the 15 t/ha pit, bucket, and heap compost treatments. The heap compost applied at 15 t/ha recorded the largest root diameter (3.75 cm), which was statistically comparable to those from the 15 t/ha poultry manure, bucket, and pit compost treatments. At Mampong, the heap compost at 15 t/ha produced the greatest root length (15.17 cm), while the bucket compost at 10 t/ha resulted in the largest root diameter (3.54 cm). Significant (P < 0.05) differences were detected among treatments and between locations for root length. In both locations, the control treatment consistently produced the smallest root diameters, measuring 1.60 cm at Adanwomase and 2.20 cm at Mampong.
Table 4: Root length and Root width of carrot as affected by composting method and soil application rates at both Adanwomase and Mampong
	
Treatment
	Root length (cm)
	Root diameter (cm)

	
	Adanwomase
	Mampong
	Mean
	Adanwomase
	Mampong
	Mean

	Control
	7.33g
	10.59d
	8.96
	1.60e
	2.20b
	1.90

	5 t/ha PM
	8.25efg
	10.78d
	9.51
	2.49cd
	2.92ab
	2.69

	5 t/ha PMC
	7.51fg
	10.69d
	9.10
	2.31de
	3.04ab
	2.68

	5 t/ha BMC
	8.05efg
	10.58d
	9.32
	2.40cd
	2.72ab
	2.56

	5 t/ha HMC
	8.19efg
	10.06d
	9.13
	2.32de
	2.78ab
	2.55

	10 t/ha PM
	9.42bcde
	11.42cd
	10.42
	3.35ab
	3.14ab
	3.25

	10 t/ha PMC
	9.12cdef
	12.45bcd
	10.79
	2.98abcd
	3.36a
	3.17

	10 t/ha BMC
	8.85efg
	10.92d
	9.89
	2.90bcd
	3.54a
	3.22

	10 t/ha HMC
	9.01defg
	10.86d
	9.94
	3.19abc
	3.33a
	3.26

	15 t/ha PM
	11.58a
	13.92abc
	12.75
	3.57ab
	3.32a
	3.45

	15 t/ha PMC
	10.66abcd
	14.45ab
	12.56
	3.60ab
	2.96ab
	3.28

	15 t/ha BMC
	10.95ab
	13.91abc
	12.43
	3.62ab
	2.99ab
	3.31

	15 t/ha HMC
	10.81abc
	15.17a
	12.99
	3.75a
	3.17ab
	3.46

	Mean
	9.21
	11.98
	10.60
	2.93
	3.04
	2.99

	CV (%)
	6.36
	7.54
	6.95
	9.09
	11.80
	10.45



	Location (HSD=0.05)
	0.44
	(P˂0.0001)
	NS
	

	Treatment (HSD=0.05)
	1.94
	(P˂0.0001)
	0.64
	(P˂0.0001)

	 Location*Treatment (HSD=0.05)
	NS
	
	1.01
	(P˂0.0001)


Means bearing the same letters within a column are not significantly different at 5% level of significance; CV = coefficient of variation; HSD = Highest significant difference at 5%; PM = poultry manure, PMC = Pit method of composting; BMC = Bucket method of composting; HMC= Heaping/ Pilling method of composting DAP = Days after planting

3.3.4 Root yield
Table 5 shows the effects of composting methods and application rates on carrot root yield at Adanwomase and Mampong. Treatments differed significantly, indicating that both compost type and rate had a strong influence on yield at both sites. At Adanwomase, the highest root yield (21.10 t/ha) was obtained with the bucket composting method at 15 t/ha, closely followed by poultry manure at 10 t/ha (19.05 t/ha) and heap compost at 15 t/ha (19.10 t/ha). The control treatment produced the lowest yield (5.95 t/ha). At Mampong, the bucket composting method at 15 t/ha also recorded the highest yield (19.65 t/ha), which was statistically similar to pit compost at 15 t/ha (19.50 t/ha) and heap compost at 10 t/ha (19.15 t/ha). The lowest yields at this site were observed in the control and 5 t/ha pit compost treatments (12.50 t/ha each). Overall, increasing organic amendment rates generally improved carrot root yield, with 15 t/ha bucket compost proving to be the most effective treatment across both locations.
Table 5: Fresh root and leaf weight carrot as affected by composting method and soil application rates at both Adanwomase and Mampong
	
Treatment
	Root yield (t/ha)

	
	Adanwomase
	Mampong
	Mean

	Control
	5.951e
	12.50c
	9.23

	5 t/ha PM
	12.70cde
	15.00abc
	13.85

	5 t/ha PMC
	10.75de
	12.50c
	11.63

	5 t/ha BMC
	12.65cde
	12.50c
	12.58

	5 t/ha HMC
	13.45cde
	14.50abc
	13.98

	10 t/ha PM
	19.05ab
	17.00abc
	18.03

	10 t/ha PMC
	16.05abcd
	15.15abc
	15.60

	10 t/ha BMC
	14.95bcde
	17.35abc
	16.15

	10 t/ha HMC
	16.10abcd
	19.15ab
	17.63

	15 t/ha PM
	16.50abc
	16.85abc
	16.68

	15 t/ha PMC
	16.75abc
	19.50ab
	18.13

	15 t/ha BMC
	21.10a
	19.65a
	20.38

	15 t/ha HMC
	19.10ab
	13.15bc
	16.13

	Mean
	3.06
	3.15
	3.11

	CV (%)
	21.08
	24.20
	22.64



	Location (HSD=0.05)
	NS
	
	NS
	

	Treatment (HSD=0.05)
	0.88
	(P˂0.0001)
	1.41
	(P˂0.0001)

	 Location*Treatment (HSD=0.05)
	NS
	
	NS
	


Means bearing the same letters within a column are not significantly different at 5% level of significance; CV = coefficient of variation; HSD = Highest significant difference at 5%; PM = poultry manure, PMC = Pit method of composting; BMC = Bucket method of composting; HMC= Heaping/ Pilling method of composting DAP = Days after planting	
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Significant differences (P<0.05) were observed in the nutritional composition of carrot at Mampong in response to the various compost and manure application rates (Table 6a). The bucket compost at 15 t/ha recorded the highest ash content (12.16%), followed closely by poultry manure at 15 t/ha (11.65%) and heap compost at 15 t/ha (11.57%). Poultry manure applied at 5 t/ha produced the highest fibre (11.72%) and iron (54.58 ppm) contents, while pit compost at 15 t/ha and bucket compost at 10 t/ha resulted in the lowest fibre and iron contents, respectively. Interestingly, the control treatment (no amendment) recorded the highest protein content (9.52%), followed by pit compost at 15 t/ha, pit compost at 5 t/ha, and poultry manure at 5 t/ha. Poultry manure at 15 t/ha produced the highest carbohydrate content, whereas bucket compost at 10 t/ha recorded the highest calcium content. Higher poultry manure rates generally outperformed lower rates for carbohydrate accumulation. At Adanwomase, significant (P < 0.05) differences were also found among treatments in carrot nutritional composition (Table 6b). The treatments 5 t/ha and 15 t/ha bucket compost, 15 t/ha heap compost, 15 t/ha poultry manure, and 15 t/ha pit compost produced significantly higher ash contents than other treatments. Poultry manure at 15 t/ha resulted in the highest calcium and carbohydrate contents, with a carbohydrate value of 77.91%, exceeding those obtained with 5 and 10 t/ha poultry manure. The control treatment again recorded the highest protein content (9.29%) across treatments. The consistently higher protein values in the control may be related to reduced dilution of nitrogen in plant tissues due to lower biomass production.
Table 6a Results of compost method and application rates on nutritional analysis of carrot at Mampong
	Treatment
	Ash (%)
	Calcium (%)
	Carbohydrate (%)
	Fiber (%)
	Iron (%)
	Moisture (%)   
	Protein (%)

	Control
	11.34abc
	0.14d
	69.42e
	11.21ab
	54.55a
	91.03abcd
	9.52a

	 5 t/ha PM
	9.79de
	0.18bc
	69.42e
	11.72a
	54.58a
	90.17bcd
	7.05bcde

	5 t/ha PMC
	9.84cde
	0.12e
	75.10c
	9.76bcd
	30.29b
	89.79cd
	7.22bcd

	5 t/ha BMC
	10.55bcde
	0.17c
	75.13c
	9.69cd
	30.56b
	89.79cd
	6.21cdef

	5 t/ha HMC
	10.82abcd
	0.14d
	75.12c
	9.95bcd
	22.69d
	90.29bcd
	6.32bcdef

	 10 t/ha PM
	9.52de
	0.14d
	75.10c
	10.01bcd
	22.28d
	89.79cd
	5.41f

	10 t/ha PMC
	9.57de
	0.18bc
	77.36ab
	9.80bcd
	20.31e
	90.78abcd
	5.40f

	10 t/ha BMC
	9.23e
	0.24a
	77.18ab
	9.63cd
	20.52e
	89.64
	5.68ef

	10 t/ha HMC
	9.55de
	0.14d
	76.69b
	9.64cd
	23.57d
	90.23bcd
	5.71def

	 15 t/ha PM
	11.65ab
	0.19b
	78.62a
	9.68cd
	23.17d
	91.12abc
	7.72bc

	15 t/ha PMC
	11.42ab
	0.14d
	76.48bc
	8.78d
	29.17bc
	90.24bcd
	7.75b

	15 t/ha BMC
	12.16a
	0.13de
	73.21d
	10.40abc
	29.55bc
	91.73a
	6.65bcdef

	15 t/ha HMC
	11.57ab
	0.14d
	73.32d
	10.29abc
	28.26c
	91.60ab
	6.64bcdef

	HSD (P≤0.05)
	1.53
	0.02
	1.53
	1.47
	1.53
	1.41
	

	CV (%)
	6.71
	4.63
	0.95
	6.76
	2.36
	0.72
	10.53


PM = poultry manure; PMC = Pit method of composting; BMC = Bucket method of composting; HMC = Heaping/pilling method of composting; M = poultry manure; PMC = Pit method of composting; BMC = Bucket method of composting; HMC = Heaping/pilling method of composting; CV = coefficient of variation; LSD = Least Significant Difference






Table 6b Results of compost application rates on nutritional analysis in carrot at Adanwomase
	Treatment
	Ash (%)
	Calcium (%)
	Carbohydrate (%)
	Fibre (%)
	Iron (%)
	Moisture (%) 
	Protein (%)

	Control
	8.72e
	0.12bc
	69.42e
	11.28a
	49.76a
	89.53b
	9.29a

	 5 t/ha PM
	9.87de
	0.16abc
	69.42e
	10.60ab
	30.82b
	89.98ab
	7.05bcd

	5 t/ha PMC
	9.84de
	0.11c
	75.10b
	10.39ab
	30.29bcd
	90.06ab
	7.22bcd

	5 t/ha BMC
	11.92a
	0.19ab
	70.84de
	10.11abc
	30.56bc
	89.97ab
	6.07d

	5 t/ha HMC
	9.48de
	0.14bc
	71.91cd
	6.95abc
	26.81e
	90.01ab
	6.32cd

	 10 t/ha PM
	10.39bcd
	0.14bc
	71.72cd
	9.91abc
	20.17h
	90.28ab
	7.06bcd

	10 t/ha PMC
	10.17cde
	0.13bc
	77.36a
	9.62bc
	21.04gh
	90.56ab
	6.41bcd

	10 t/ha BMC
	10.04de
	0.16abc
	77.18a
	9.63bc
	22.31fg
	90.38ab
	7.15bcd

	10 t/ha HMC
	10.12de
	0.14bc
	76.69a
	9.64bc
	23.17f
	90.23ab
	6.73bcd

	 15 t/ha PM
	11.85ab
	0.23a
	77.91a
	9.47bc
	29.92bcd
	91.39a
	7.89ab

	15 t/ha PMC
	11.67abc
	0.14bc
	73.23c
	8.78c
	29.17cd
	90.42ab
	7.75bc

	15 t/ha BMC
	11.92a
	0.14bc
	73.21c
	9.42bc
	29.12cd
	91.32a
	7.82abc

	15 t/ha HMC
	11.71ab
	0.14bc
	73.01c
	9.37bc
	28.85d
	91.29a
	7.62bc

	HSD (P≤0.05)	
	1.53
	0.07
	1.53
	1.53
	1.52
	1.53
	1.53

	CV (%)
	6.75
	23.59
	0.96
	7.17
	2.47
	0.78
	9.74


PM = poultry manure; PMC = Pit method of composting; BMC = Bucket method of composting; HMC = Heaping/pilling method of composting; M = poultry manure; PMC = Pit method of composting; BMC = Bucket method of composting; HMC = Heaping/pilling method of composting; CV = coefficient of variation; LSD = Least Significant Difference

4 DISCUSSION
4.1 Initial soil analysis
The initial soil analysis revealed that both Mampong and Adanwomase are characterized by acidic soils, with pH values of 5.81 and 5.39, respectively. According to Ayamba & Adjei-Gyapong (2022), the optimal soil pH range for most tropical crops is 5.5 to 7.0. Soils with pH values below 5.0, are typically prone to aluminum and manganese toxicity, and the availability of key nutrients such as phosphorus, calcium, and magnesium is often restricted. Similar findings were reported by Daba et al. (2021) in Ghana’s Forest–Savannah Transition Zone, where strong soil acidity significantly limited nutrient uptake and reduced maize yields unless corrected by liming. The available phosphorus (P) levels at both sites; 15.55 mg/kg at Mampong and 12.65 mg/kg at Adanwomase; fall within the low to moderate range. According to Wang et al. (2023), soils with available phosphorus below 20 mg/kg are considered deficient for most crops. In acidic conditions, phosphorus tends to become immobilized due to fixation with iron and aluminum oxides, rendering it unavailable for plant absorption (Wang et al., 2023). This limitation can hinder root development and early crop establishment unless mitigated through phosphorus fertilization or pH correction strategies (Daba et al., 2021).
The soils also exhibited low total nitrogen (N) content; 0.14% at Mampong and 0.12% at Adanwomase. These values align with the findings of Mitra et al. (2025), who noted that most cultivated soils in sub-Saharan Africa are nitrogen-deficient due to continuous cropping, low organic inputs, and limited biological nitrogen fixation. The organic carbon (OC) levels were also low (0.32% in Mampong and 0.31% in Adanwomase). However, organic matter (OM) content was higher in Adanwomase (1.60%) compared to Mampong (0.42%), likely due to differences in land management practices, such as crop residue retention or prior organic amendments. According to Aumtong et al. (2024), organic matter enhances soil structure, water retention, and microbial activity; thus, the low OC and OM contents in Mampong may contribute to reduced microbial biomass and nutrient cycling. Exchangeable potassium (K) levels were low at both locations (0.16 cmol/kg in Mampong and 0.13 cmol/kg in Adanwomase). Potassium is essential for osmotic regulation, enzyme activation, and stress tolerance, and its deficiency can reduce crop resilience and productivity (Patel et al., 2022). Similarly, calcium (Ca) concentrations were below optimal thresholds; 1.50 cmol/kg at Mampong and 1.11 cmol/kg at Adanwomase; indicating limited availability for cell wall development and root elongation. Magnesium (Mg) levels were adequate at Mampong (1.04 cmol/kg) but severely deficient at Adanwomase (0.04 cmol/kg). Magnesium deficiency can impair chlorophyll formation and photosynthesis, especially in acidic soils where Mg is easily leached (Daba et al., 2021). Sodium (Na) levels were very low in both soils, which is beneficial since excess sodium can cause soil dispersion, poor structure, and reduced permeability (Zhang et al., 2024). Such low sodium levels are typical of well-drained, non-saline soils in humid regions (Daba et al., 2021).  However, exchangeable aluminum (Al), a major contributor to soil acidity, was higher in Adanwomase (0.43 cmol/kg) than in Mampong (0.33 cmol/kg). Elevated aluminum concentrations can inhibit root growth, impair nutrient uptake, and reduce crop productivity (Chauhan et al., 2021). Both sites are classified as sandy loam soils, with sand content exceeding 75%. The sandy nature of the soils also makes them prone to nutrient leaching, particularly under high rainfall conditions, as reported by Kouame et al. (2024) in West African soils.
4.2 Microbial count of compost
The mean Salmonella count ranged from 0.17 × 10 cfu/10 ml to 0.75 × 10 cfu/10 ml among the three composting techniques, indicating a notable microbial presence in all composts. The bucket method recorded the highest Salmonella count (0.75 × 10 cfu/10 ml), followed by the pit and heap composting methods. According to Patle et al. (2023), Salmonella and other bacteria play vital roles in the decomposition of organic waste materials into simpler, plant-available nutrients beneficial for soil and living organisms. A higher microbial population, including Salmonella, generally enhances the rate of decomposition, leading to a faster release of nutrients and energy. The efficiency of composting depends greatly on the microbial population, as different microorganisms such as fungi, actinomycetes, and bacteria contribute to breaking down organic residues into humus and nutrient-rich compounds (Ayilara et al., 2020). This biological activity transforms waste into a stable organic product that supports soil fertility. Ayilara et al. (2020) further reported that during composting, microorganisms decompose organic material to form humus, a stable and nutrient-rich product containing carbon dioxide, water, and energy, all of which improve soil health and plant productivity. Similarly, Patle et al. (2023) explained that Salmonella populations in compost contribute to increasing bioavailable organic nitrogen by converting high-molecular-weight organic nitrogen compounds into simpler, low-molecular-weight forms that are more readily absorbed by plants. 



[bookmark: _Hlk137456559]4.3 Nutritional content of compost
Among the ten (10) mineral nutrients analyzed in the compost samples, the heap composting method recorded the highest concentrations of nitrogen (1.00%), phosphorus (0.24%), and potassium (0.58%) as compared to the pit and bucket composting methods, which showed relatively lower values. The primary macronutrients essential in compost for plant growth and uptake are nitrogen (N), phosphorus (P), and potassium (K) (Emam et al., 2024). According to Aylaj & Adani (2024), mature compost typically contains 1–3% nitrogen, 0.5–1% phosphorus, and 1–1.5% potassium. The nitrogen value of 1% recorded in the heap compost therefore falls within the recommended range, whereas the phosphorus (0.24%) and potassium (0.58%) values are below the optimal levels. Although the heap composting method exhibited relatively higher P and K concentrations than the bucket and pit methods, their absolute values were still below recommended standards, suggesting incomplete compost maturity or inefficiencies in the composting process. Possible causes include inadequate aeration, excess moisture, and insufficient nitrogen-rich feedstock, all of which can slow microbial activity and nutrient mineralization. Similar observations were made by Singh & Kaur (2024), who reported that excessive moisture, high temperature, and poor aeration reduce microbial efficiency in transforming organic materials into nutrient-rich compost. The primary objective of composting is to biologically stabilize organic matter into a humus-like material rich in plant-available nitrogen, phosphorus, and potassium, while improving soil fertility and structure (Sayara et al., 2020). However, achieving this objective depends largely on maintaining optimal environmental conditions during composting, as noted by Singh & Kaur (2024), who found that microbial decomposition and nutrient transformation are hindered under poorly aerated or excessively moist conditions. Adequate levels of N, P, and K in compost are essential for improving soil structure, nutrient mobilization, and overall plant growth (Sayara et al., 2020). In addition to macronutrients, the heap method also recorded the highest concentrations of calcium (0.80%), magnesium (0.76%), sulfur (13.59%), and manganese (247.20 mg/kg) compared to the other composting techniques. These nutrients, though required in smaller amounts, play crucial roles in enzyme activation, chlorophyll formation, and structural integrity of plant tissues. Micronutrients such as copper, zinc, iron, and manganese are equally important, as they supplement macronutrient functions and enhance metabolic and physiological processes. The higher levels of these nutrients in the heap compost suggest its superior potential for supplementing essential plant nutrients compared to the pit and bucket methods. This observation aligns with Singh et al. (2020), who emphasized that compost contributes significantly to soil fertility by providing both macro- and micronutrients, enhancing microbial activity, and improving soil organic matter and humus content, ultimately supporting sustainable plant growth.

4.4 Growth and yield and yield components of carrot as affected by soil amendment with compost
The results showed that composting method and application rate significantly influenced carrot vegetative growth and root yield at both Adanwomase and Mampong sites. Generally, compost and poultry manure treatments improved plant height, root length, root diameter, and root yield compared to the unfertilized control, which consistently recorded the lowest values. This demonstrates the positive effect of organic nutrient sources on carrot growth and productivity, a finding consistent with several previous studies. At Adanwomase, the heap composting method applied at 15 t/ha (15 t/ha HMC) consistently produced taller plants at most sampling periods (28, 42, and 70 DAT) while the bucket composting method at the same rate (15 t/ha BMC) gave the highest plant height at 56 DAT. Similarly, at Mampong, poultry manure at 15 t/ha (15 t/ha PM) promoted early vegetative growth, producing the tallest plants at 28 DAT, while later growth stages favoured composted treatments, particularly pit compost (15 t/ha PMC) and heap compost (15 t/ha HMC). These results indicate that organic amendments, especially at higher rates, enhance vegetative vigour in carrot due to the gradual release of essential nutrients such as nitrogen, phosphorus, and potassium that support leaf and shoot development. These findings align with Singh et al. (2020), who reported that organic manures improve plant height and leaf development in carrots by enhancing soil organic matter, microbial activity, and nutrient availability. Similarly, Agbede (2021) found that poultry manure significantly increased carrot height and leaf area due to its rich nitrogen content, which stimulates vegetative growth. Kelbesa (2021) also observed that compost applications improve soil aeration and nutrient retention, leading to better root establishment and higher plant height. 
Regarding root traits, significant differences were observed among treatments for both root length and diameter. At Adanwomase, poultry manure at 15 t/ha (15 t/ha PM) produced the longest roots, while the heap composting method at 15 t/ha (15 t/ha HMC) gave the widest root diameter. At Mampong, the heap composting method at 15 t/ha resulted in the longest roots, whereas the bucket compost at 10 t/ha produced the thickest roots. These results suggest that compost and manure applications enhance carrot root elongation and girth by improving soil structure, nutrient mobility, and root-zone aeration. Similar trends were reported by Agbede (2021), who found that organic fertilizers promote root expansion by increasing soil porosity and microbial decomposition activity. Carrot root yield was also markedly affected by compost type and rate. The highest yield at both Adanwomase (21.10 t/ha) and Mampong (19.65 t/ha) was obtained with the bucket composting method at 15 t/ha (15 t/ha BMC), followed closely by poultry manure and heap compost at the same rate. These results indicate that higher application rates of compost and poultry manure improve nutrient availability throughout the growing period, thereby supporting better root development and biomass accumulation. This agrees with the work of Kouame et al. (2024), who reported that carrot yield increases with higher rates of organic manure due to improved nutrient supply and soil fertility. Similarly, Liang et al. (2025) found that integrating composted manure enhances root yield and quality by improving soil microbial balance and nutrient cycling.

4.5 Compost Application rates and Composting methods on nutritional content
The findings revealed significant differences (P<0.05) in the nutritional composition of carrot under the various composting methods and application rates, suggesting that both compost type and rate influenced the accumulation of nutrients in carrot roots. In general, higher compost and poultry manure rates, particularly the bucket (BMC) and heap (HMC) composting methods at 15 t/ha, enhanced the mineral and carbohydrate contents of carrot. At Mampong, the bucket composting method at 15 t/ha (15 t/ha BMC) recorded the highest ash content (12.16%), followed by poultry manure (11.65%) and heap compost (11.57%) at the same rate. The higher ash content under these treatments indicates a greater accumulation of total mineral elements in the carrot roots, which could be attributed to the improved nutrient supply and microbial activity associated with well-decomposed composts. According to Agbede (2021), organic manure enhances the mineral composition of carrots by increasing the cation exchange capacity and microbial mineralization of nutrients in the soil. Similarly, Kelbesa (2021) reported that compost-amended soils improve nutrient uptake efficiency, leading to higher ash and mineral contents in vegetables.
The highest fibre (11.72%) and iron (54.58 ppm) contents observed in carrots treated with poultry manure at 5 t/ha (5 t/ha PM) may be attributed to the balanced release of nutrients that favour cell wall development and micronutrient uptake at moderate manure levels (Ren et al., 2021). Interestingly, the control treatment (no soil amendment) produced the highest protein content of 9.52% in carrots at Mampong and 9.29% at Adanwomase. This could be due to the lower dilution effect of nitrogen in the unfertilized plants, as smaller root biomass tends to concentrate available nitrogen in the tissues. Similar findings were reported by Vincent et al. (2025), who explained that reduced vegetative growth under nutrient-limited conditions may lead to higher protein concentration due to reduced carbohydrate accumulation. Furthermore, Gerke (2021) observed that fertilization, especially with organic manure, often increases carbohydrate accumulation at the expense of protein concentration, owing to greater carbon fixation and biomass expansion. The higher carbohydrate content in carrots treated with poultry manure at 15 t/ha (15 t/ha PM) at both Mampong and Adanwomase confirms that organic manure enhances photosynthetic efficiency and assimilate translocation to the storage roots. Poultry manure is rich in nitrogen, phosphorus, and potassium, which promote chlorophyll formation and carbohydrate metabolism. These results are in line with the findings of Agbede (2021), who reported that poultry manure application improved carbohydrate synthesis and root dry matter content in carrot due to better nutrient availability and soil organic matter improvement. Likewise, the highest calcium content obtained under bucket composting at 10 t/ha (10 t/ha BMC) and poultry manure at 15 t/ha (15 t/ha PM) may be attributed to the decomposition process that releases calcium and other cations into the soil, improving their uptake by carrot roots. Sharma et al. (2024) also found that organic fertilizers increase calcium and other mineral concentrations in root crops by enhancing soil microbial activity and the release of exchangeable cations. In general, the results demonstrate that higher compost and manure application rates, particularly the bucket and heap composting methods, enhanced the mineral and carbohydrate composition of carrot roots due to improved nutrient mineralization and soil fertility. These findings corroborate earlier reports by Batool et al. (2025), who emphasized that organic manure application improves the nutritional and biochemical quality of vegetables by enhancing soil nutrient cycling, microbial diversity, and the balance of macro- and micro-nutrients essential for plant metabolism.

 CONCLUSION
Application of compost and poultry manure significantly enhanced soil nutrient status, carrot growth, yield, and nutritional quality. The heap composting method produced the highest levels of major nutrients (N, P, K), while the bucket composting method had higher micronutrient concentrations (Fe, Cu) and showed greater microbial activity. Carrot growth parameters such as plant height, leaf number, and root yield improved with increasing compost and manure rates, with the 15 t/ha of bucket compost giving the best performance. Nutrient composition of carrot roots also improved, particularly in ash, carbohydrate, calcium, fibre, and iron contents, while unfertilized plants showed higher protein due to limited nitrogen dilution. It is recommended that farmers use organic amendments, particularly bucket or heap composts and poultry manure, at 15 t/ha to improve soil fertility and carrot productivity. 
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