


Crop Residue Management Practices and Trade-offs Among Smallholder Farmers in Kassena Nankana Municipality, Upper East Region, Ghana
Abstract
Crop residues serve a crucial role in both livestock feeding and soil fertility management. Proper
management of crop residues can provide feed for livestock, improve soil fertility in smallholder farms in sub-Saharan Africa. This study evaluated the trade-offs in crop residues use among small-holder farmers and its implications for sustainable farming in the face of climate vulnerability in the savanna ecological zone of Ghana. The study used a cross-sectional survey involving 450 farming households. Descriptive statistics were employed to identify the main sources of crop residues, the different uses of crop residues and the factors accounting for burning of crop residues as a management practice. A multivariate probit model was used to analyze the factors that influence farmers crop residue management practices. The results indicated that crop residues were used as livestock feed (20.44%), as cooking fuel (19.56%), left
on the farm land to decompose as manure (40%) or burned to clear the farm land (20%). The
study showed that cowpea haulms recorded the highest mean value of crude protein (74g DM kg-1) while sorghum recorded the lowest mean crude protein value of 37g DM kg-1). The results from the multivariate probit analysis indicated that household and farm variables, institutional and socio-psychological factors and climatic variability influence farmers choice of crop residue management practices.  Crop residues utilization and management practices chosen were determined by factors such as the type of crop grown, challenges the farmers face and the technology available to the farmers. The study recommends government should provide the needed technical know-how and the appropriate technology for sustainable use of crop residues. Efforts should also be geared towards increased access to agricultural extension services because this would greatly influence farmers decision to adopt sustainable crop residues utilization methods.
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Introduction
Crop residue management and utilization play an important role in agricultural sustainability, particularly in small-holder farming systems where resources are often limited (Seglah et al., 2023; Amorim et al.,2021). In the Kassena Nankana Municipality of the Upper East Region of Ghana, the management and feeding systems of crop residues are of significant importance due to their potential impact on soil fertility, livestock nutrition, and overall farm productivity (Antwi-Agyei et al, 2023; Anwti-Agyei et al.,2021).  In small scale production systems, crop production is combined with animal production. The animals have been used to supply manure, meat, draught power, and milk products to human beings. But with the expansion of the cropland, the grazing land supply reduces thereby restricting the possibilities of producing more livestock. In such circumstances, crop residue plays a major role in providing livestock feed. (Nyokabi et al., 2023; Anuga et al.,2019). The fibrous portions of crops that are left behind after the sections that humans can eat are removed are known as crop residues.  Since the beginning of time, these feed resources have been utilized as animal feed.  Crop residues are crucial in reducing the degree of feed deficiency in arid and semi-arid tropical regions where natural pastures are only seasonally available due to the lack of precipitation.  According to Smith (1993), smallholder farmers in tropical livestock feeding systems frequently use these fiber agricultural by-products as their primary feed source. 
 In tropical livestock feeding systems, agricultural crop residues are crucial and frequently the main fed resources that smallholder farmers have access to.
Crop residues can be hauled to the farmstead for either stall feeding or other usages like for fencing, for building and even for roofing materials, or firewood, depending on the type of crop (Agnoletti et al., 2023; Jaleta et al., 2013). They can also be left on the field as mulch or grazing for livestock.

Livestock and crops integrated farming according to Mark et al. (2009) is intricate and dynamic, including numerous biophysical resources and socioeconomic variables.  A system's sustainability and productivity depend on how well resources are used and how well they are allocated to the various sectors.  Land, feed, labour, money, soil nutrients, and market are important resources that could create impediments for crop-livestock systems (Giller et al., 2009).  A number of factors, including household endowments, tenure security, and rainfall, influence decisions about these resources (Di Falco et al., 2010).
Crop leftovers account for 45% of animal feed in northern Ghana where there is pasture land (Berhanu et al.,2002; Gogoi et al.,2018).  However, approximately 90% of all animal feed, including stubble grazing and stall feeding, comes from crop byproducts in places with little pasture land (de Leeuw, 1997). Crop residues have a number of uses such as feed for livestock, fuel and building material (Islam et al., 2012). Numerous research has demonstrated the significant role played by crop residues in crop cultivation through the prevention of soil erosion whist enhancing soil fertility, and water retention for sustainable crop production (Toklu et al., 2017; Cavalli et al.,2018). Nonetheless, the competing uses of crop residues lead to inadequate residues being made available as compost for soil amendments. It is therefore vital to identify the sources, uses and the enormity of challenges facing farmers in crop residue utilization since this would aid explain the low utilization of crop residues as compost in the dry savanna ecological zone of Ghana. 
However, the lack of effective management and feeding systems hinders the potential benefits and exacerbates existing challenges faced by small-holder farmers in Ghana. One of the key problems is the insufficient knowledge and awareness among small-holder farmers regarding the proper management and utilization of crop residue (Wongnaa et al,2023). Farmers often lack information on the potential value of crop residues and how to effectively incorporate them into their farming practices. This lack of knowledge leads to suboptimal utilization or even waste of these valuable resources. (Nkansah-Dwamena, 2023) The limited access to appropriate technologies and equipment further compounds the problem. Small-holder farmers face challenges in efficiently collecting, processing, and utilizing crop residues due to the lack of affordable and accessible machinery. Manual labour is often relied upon, which is time-consuming and labour-intensive, making it not easy for farmers to fully utilize the potential benefits of crop residues. The lack of proper storage and preservation methods poses challenge to smallholder farmers. Crop residues are highly perishable and can quickly lose their nutritional value if not stored properly. Inadequate storage facilities and techniques result in spoilage and deterioration, rendering the residues less useful for livestock feed or soil improvement.
Moreover, the prevailing cultural and behavioral practices within small-holder farming communities contribute to the problem. Traditional beliefs and practices may discourage the effective use of crop residues, as they are often perceived as waste or of low value. This mindset and lack of awareness hinder the adoption of improved management and feeding systems.
Overall, the management and feeding systems of crop residues within small-holder farmers in Ghana and the district require urgent attention. Addressing these challenges would not only raise the productivity and sustainability of small-holder farming but also lead to the overall agricultural development in the country. This study aims to evaluate the management and feeding systems of crop residue use within small-holder farming households in the Kassena Nankana Municipality. By examining the current practices, challenges, and opportunities associated with crop residue utilization. This would help in improving knowledge dissemination, promoting access to appropriate technologies, developing effective storage methods, and fostering a change in cultural perceptions, the full potential of crop residues can be realized, benefiting both farmers and the agricultural sector as a whole. The study was guided by the following research questions:
i. What are the main sources of crop residues in the study area;
ii. What are the main management practices or uses of crop residues in the study area;
iii. What are the challenges in utilizing of crop residues in the study area;
iv. What are the determinants of the management options of crop residues in the study area.
By answering these questions appropriate recommendations would be put forward for the full potential of crop residues to be realized and hence benefiting both farmers and the agricultural sector as a whole while ensuring environmental sustainability.

Methodology
Description of the Study Area
The study was carried out in the Kassena Nankana Municipality located in Upper East Region of Ghana. The Municipal lies within the Sudan Savanna agro-ecological zone and has a unimodal rainfall pattern starting from May to October. This Municipal being part of the savanna ecological zone is affected by climatic shocks like floods, droughts and changes in average temperature. It is vulnerable to droughts and associated risks coupled with a large proportion of the population depending on rain-fed agriculture as the main source of livelihood. It is roughly situated between longitude 10°1' West and latitudes 11°10' and 10°3' North. Navrongo serves as the Municipality's administrative capital. To the east, the Municipality is bordered by Bolgatanga Municipality and Bongo District. The Municipality shares borders with Burkina Faso to the north, West Mamprusi Municipal to the south, and Builsa South District, Kassena Nankana West District, and Builsa North District, respectively, to the west. The whole land area of the district is 865 square kilometers. Figure 1 is a map of the study area.
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Figure 1. Map of the Kassena Nankana Municipality.
Research Design
The authors employed the cross-sectional study design that included 450 households that use farming residues to gain insights about the trade-offs in the use of crop residue among small-holder mixed-farmers. Four hundred and fifty small-holder mixed farmers were randomly (simple random selection) chosen to provide information in the survey. The survey instrument was divided into parts on socio-economic traits of farmers, their decision on the crop residue management practice, crop residues sources and utilization of crop residues. Each farmer was verbally asked to give formal consent in taking part in the study.
Determination of Nutritive Value of Crop Residues
0.5 kg of each crop residues samples were taken and bagged for preparation and analysis. Dry matter (DM) contents of each crop residue samples were measured by taking 100g of coarsely grounded crop residue samples, drying them at 100±5 °C for 48 hrs and reweighing.  The remainder of the samples were subjected to drying in oven at 50±3 °C for 72 hrs and grounded to pass via a 1mm screen. Crude protein (CP) of each crop residue samples was analyzed according to Xiao et al 2011. Ash, neutral detergent fibre (NDF), acid detergent fibre (ADF), acid detergent lignin (ADL) and metabolizing energy (ME) were analyzed according to Van Soest and Robertson, 1985. 
Data Analysis
Descriptive statistics were used to determine the primary uses of crop residues, the different uses of crop residues and factors accounting for burning of crop residues as management practice. The welch t-test was applied for gender differences in the principal management practices of crop residues. It was appropriate due to the variation in the sample size of male and female small-holder mixed-farmers. The multivariate probit model analysis was done using the R statistical software package, which examined the factors that determined the crop residue management practices that farmers were selecting. The choice of this model is due to its strength to demonstrate the correlation between unobserved disturbances that could have been caused by the complementarities and substitutability between the various crop residue management alternatives (Green, 2012).  Given a set of crop residue management practices such as (h = A, B, C, D) where A is leaving the crop residues to decompose on the farm, B is using the crop residues as livestock feed, C is using the crop residues as cooking fuel and D is burning, a farmer is faced with the decision on the mix of practices to adopt.  The adoption of fth crop management practices is hypothesized to be determined farmer and farm factors, as well as, institutional, climate and socio-psychological factors. In accordance to Martey and Kuwornu (2021), the selection of crop residue management practice f by farmer h is defined as yfh.  The decision of farmer h to adopt practice f ( yfh = 1) or not (yfh = 0) is given by 
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where β is a vector of estimators and efh is a vector of error terms which is normally distributed, yfh is the dependent variable representing leave to decompose on farmh, livestock feedh, cooking fuelh and burnh  which are dichotomous variables that assume a value of 1 when farmer h chooses to leave the crop residues to decompose on the farm, use the crop residue as livestock feed, use them as cooking fuel or burn them respectively. X1 is the combined effect of the explanatory variables.  The error terms from the multivariate probit model jointly follow a multivariate normal distribution (MVN) with zero conditional mean. The variance is normalized to unity, where (εB , εC, εD) ≈ MVN (0, Ω) and the symmetric covariance matrix Ω (n×n correlation matrix) is defined as [image: ]
The non-zero off-diagonal elements in the covariance matrix represent the unobserved correlation between stochastic components of the different crop residue management practices.  The resulting correlation coefficients establish the complementary (ie positive correlation) and substitution associations (negative correlation) among the various crop residues management practices.
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A total of 450 farmers consisting of 198 males and 252 females were interviewed in this survey (Table 1). With regards to formal education, more males (66.16%) reported having some form of formal education than the female farmers (36,90%). The results indicated that on-farm agricultural livelihood activities were the main source of income to the majority of the respondents. 
Table 1. Socio-demographic characteristics of study farmers
	
	
	Gender
	

	Variables
	Totals (n = 450) (100%)
	Males (n = 198) (44.0%)
	Females (n = 252) (56.0 %)

	Education
	
	
	

	Formal education
	216 (48.0%)
	131 (66.16%)
	93 (36.90%)

	No formal education
	234 (52.0%)
	67 (33.84%)
	159 (63.10

	Source of income
	
	
	

	On- farm
	380 (84.44%)
	155 (78.28%)
	207 (82.14)

	Off- farm
	70 (15.56)
	43 (21.72)
	45 (17.86)



The results indicated that millet was the major source of crop residues between both male and female farmers (Table 2). Groundnuts was the second major source of crop residues among both male and female farmers in this study. Cowpea came third as the major source of crop residues followed by sorghum while maize supplied crop residues for a minor number of small-holder farmers.
Table 2. Frequencies and percentages of main sources of crop residues
	
	Overall
	
	
	
	Female
	
	
	Male
	

	
	
	
	
	
	
	
	
	
	

	Crops
	Frequency
	
	
	Percentage
	Frequency
	
	Percentage
	Frequency
	Percentage

	Millet
	250
	
	
	55.55
	140
	
	55.55
	110
	55.55

	Maize
	20
	
	
	4.44
	12
	
	4.76
	8
	4.05

	Cowpea
	62
	
	
	13.78
	32
	
	12.70
	30
	15.15

	Groundnuts
	80
	
	
	17.78
	50
	
	19.85
	30
	15.15

	Sorghum
	38
	
	
	8.45
	
	
	7.14
	20
	10.10

	Total
	450
	
	
	100
	252
	
	100
	198
	100




It was established that crop residues were managed in four major ways: 1. Allow it to decompose on the farm, 2. Burn, 3. Used as feed for livestock and 4. used as households cooking fuels. The research showed that most of the farmers allowed their crop remains to decomposed on their farms due to the benefits of soil fertility enhancement. The results of the study equally revealed that the use of crop residues as livestock feed was the second most used crop residue management practice. More male farmers indicated of utilizing crop residues as livestock feed as compared to female farmers (Table 3). However, majority of the female farmers indicated using crop residues as fuels for cooking as compared to their male counterparts. About 20% of the farmers reported utilizing burning as a main method of managing crop residues on their farms. 






Table 3. Frequencies and percentages of the main uses of crop residue by study farmers
	
	Overall
	
	
	
	Female
	
	
	
	Male
	

	Main use of crop residues
	Frequency
	Percentage
	
	
	Frequency
	Percentage
	
	
	Frequency
	Percentage

	Burn
	90
	20.0
	
	
	44
	17.46
	
	
	46
	23.23

	Leave to decompose
	180
	40.0
	
	
	98
	38.89
	
	
	82
	41.41

	Livestock feed
	92
	20.44
	
	
	45
	17.86
	
	
	47
	23.74

	Cooking fuel
	88
	19.56
	
	
	65
	25.79
	
	
	23
	11.62

	Total
	450
	100
	
	
	252
	100
	
	
	198
	100




Table 4 shows the main reasons farmers resort to burning their crop residues. It was observed that over fifty percent of the farmers burn their crop residues to clear their farmlands to facilitate planting. The second overwhelming factor that makes farmers burn their crop residue was excess crop residue. As far as gender is concerned, there are very few males who burn their crop residues to prepare their farmlands as compared to female farmers. To a small extent, more female farmers used crop residue burning because of labour scarcity. 
The fourth key cause of burning crop residues was the unavailability of appropriate technologies for managing crop residues. The least cause of burning crop residues on farm lands among the farmers that were included in this study was social influence.


Table 4. Frequencies and percentages for reason for burning of crop residues by study farmers
	
	Overall
	
	
	
	Female
	
	
	
	Male
	

	Reason for burning
	Frequency
	Percentage
	
	
	Frequency
	Percentage
	
	
	Frequency
	Percentage

	Land preparation
	69
	61.06
	
	
	30
	53.57
	
	
	39
	68.43

	Excess crop residue
	19
	16.82
	
	
	10
	17.87
	
	
	9
	15.79

	Absence of technology
	9
	7.96
	
	
	6
	10.71
	
	
	3
	5.26

	Labour scarcity
	11
	9.74
	
	
	6
	10.71
	
	
	5
	8.77

	Social influence
	5
	4.42
	
	
	4
	7.14
	
	
	1
	1.75

	Total
	113
	100
	
	
	56
	100
	
	
	57
	100




Table 5 indicates that there were significant gender differences in the use of crop residues by the respondents. The research showed that a much greater number of male farmers allow their crop residues on the farm lands to decompose. Another finding of the study was that the number of farmers who used burning of crop residues on the farm was much higher among female farmers than male farmers. As well, there are considerable number of female farmers who use their crop residue as a cooking fuel as compared to the male farmers.




 Table 5. Welch t-test comparing the choice of residue management practice by male and female farmers.
	
	Male
	
	Female
	
	t-
	p-

	
	Mean
	SD
	Mean
	SD
	test
	value

	Burn
	0.05
	0.01
	0.09
	0.02
	-1.89
	0.02

	Leave to decompose on farm
	0.99
	0.02
	0.93
	0.01
	-3.17
	0.00

	Livestock feed
	0.65
	0.04
	0.62
	0.04
	-0.63
	0.52

	Cooking fuel
	0.56
	0.03
	0.65
	0.04
	2.53
	0.01



Table 6 demonstrates a correlation matrix of the farmers based on their crop residue management practice. A positive correlation co-efficient shows complementarity whiles a negative correlation
co-efficient between the error terms of two crop residue management practices shows that they are
substitutes or competing entities. It was established that there was a positive correlation between
leaving crop residue to decompose on the farm and using it as livestock feed which means that
farmers who leave crop residues to decompose equally use some as livestock feed. 
There was a positive correlation between leaving crop residues to decompose on the farm and
using them as fuel for cooking which shows complementarity between the two management
practices. A positive correlation was found between using crop residues as livestock feed and
burning them, indicating that farmers who used residues as livestock feed were more likely to burn crop residues as well. The relationship between leaving crop residues to decompose and burning
them was equally positive, indicating that the two management practices were used together by
farmers in the study area.








Table 6. Correlation matrix of the various crop residue management practices
	Choice of crop residue management
	Decompose on farm
	Livestock feed
	Cooking fuel
	Burning

	Decompose on farm
	1
	0.36
	0.19
	0.04

	Livestock feed
	
	1
	0.34
	0.17

	Cooking fuel
	
	
	1
	-0.14

	Burning
	
	
	
	1



Cowpea haulms recorded the highest mean metabolizable energy whiles millet stover recorded the least mean value (Table 7). Groundnuts haulms had the highest mean value of 142g DM kg-1 of ash whiles sorghum stover had the least mean value of 44g DM kg-1 of ash in this study. Cowpea haulms had the highest mean value of crude protein whiles sorghum stover had the least. Neutral detergent fibre was highest in maize husk and lowest in groundnuts haulms. Millet stover had the highest mean value of acid detergent fibre whiles cowpea haulms had the lowest. The results also indicated groundnuts haulms recorded the highest mean value of acid detergent lignin whiles maize husk had the least mean value of acid detergent lignin in the study area. The multivariate probit estimates of factors influencing the choice of crop residues management is shown on table 8.
Table 7. Nutrient concentration of the various crop residues in the study area.
	
	Nutrient Concentration
	
	
	
	
	
	

	Crop residues
	ME (MJ kg-1)
	
	Ash
	CP
	NDF
	ADF
	ADL (g 

	
	
	
	DM kg-1)

	Cowpea haulms
	9.52
	
	95
	74
	462
	248
	66

	Groundnut haulms
	7.46
	
	142
	70
	459
	449
	157

	Millet stover
	5.38
	
	75
	65
	651
	720
	144

	Maize stover
	7.99
	
	53
	47
	681
	420
	79

	Sorghum stover
	5.67
	
	44
	17
	869
	649
	124

	Maize husk
	8.79
	
	60
	20
	879
	438
	54


ME- Metabolizable energy, CP- Crude protein, DM- Dry matter, NDF- Neutral detergent fibre, ADF- Acid detergent fibre, ADL- Acid detergent lignin











Table 8. Multivariate probit estimates of factors influencing choice of crop residue management options
	

	Crop Residue Management Options
	

	
	
	
	
	

	Factors
	Decompose on farm
	Burning
	Livestock feed
	Cooking fuel

	Household factors
	
	
	
	

	Gender (1= female)
	-1.45(0.52) ***
	-0.43(0.32)
	-0.09(0.17)
	0.50(0.18) ***

	Source of income (1= off -farm income
	            -1.28(0.42) ***
	-0.66(0.37)*
	0.13(0.21)
	0.19(0.23)

	Socio-psychological factors
	
	
	
	

	Attitude
	0.09(0.18)
	0.07(0.19)
	-0.16(0.09)*
	-0.22(0.11)**

	Perceived behaviour control
	0.32(0.16) **
	0.17(0.19)
	-0.16(0.09)*
	0.07(0.10)

	Institutional factors
	
	
	
	

	Access to extension service (1= yes)
	0.46(0.47)
	0.12(0.38)
	0.18(0.17)
	-0.58(0.19)***

	Access to credit (1= yes)
	-0.13(0.42)
	0.66(0.35)*
	-0.47(0.21)***
	0.98(0.21)***

	Climatic factors
	
	
	
	

	Experience erratic rainfall (1= yes)
	0.68(0.42)*
	0.15(0.37)
	0.23(0.18)
	0.29(0.18)

	Experience drought (1= yes)
	0.52(0.49)***
	-0.29(0.37)
	0.37(0.18)**
	-0.67(0.22)***

	Experience floods (1 = yes)
	0.06(0.36)
	0.10(0.37)
	0.09(0.17)
	0.60(0.19)***


	Constant
	5.18(1.86)
	-2.27(1.60)
	1.14(0.71)
	0.36(0.78)

	
	
	
	
	

	
	
	
	
	

	Likelihood value
	-378.15
	
	
	

	Wald chi- square (76)
	188.66***
	
	
	

	
	
	
	
	

	
	
	
	
	

	Likelihood ratio test HO: ꝓ21 = ꝓ31 = ꝓ41 = ꝓ32 = ꝓ42 = ꝓ43 = 0; chi2 (6) = 18.77***

Note: *, ** and *** indicate 10%, 5% and 1% significance levels.   Numbers in parentheses indicate standard error.
	
	
	
	

	
	
	
	
	



Discussion
Crop residue management practices by farmers
The research revealed that the majority of crop residues available to farmers in the Kassena
Nankana Municipality originated four main crops (ie, millet, groundnuts, cowpea and sorghum).
Millet is mainly grown in the ecological zone because of its capacity to do well on marginal lands
with low rainfall (Kanton et al, 2015).
More female farmers within the study area reported millet as their major source of crop residues
due to its ability to flourish in harsh conditions and with low input requirement. Most female
farmers in this study had no formal education and equally had little access to credit facilities and
for that matter they resort to cultivating crops that require less or no inputs like fertilizer.
In addition, the staple food in the northern part of Ghana is “tuo-zaafi” and millet is used in
preparing it. Millet is also used in preparing local drinks like “zom koom” and “koko” (porridge)
(Ghana Tourism Authority, 2016). It is therefore not surprising that more females cultivated millet
because they had the responsibility of household food preparation. With regards to groundnuts,
cowpea and sorghum more male farmers reported them as their main source of crop residues. The
male farmers tend to cultivate these crops because of commercial reasons.
In this study, it was established that most farmers left their crop residues to decompose on the farm.
This practice is common among both male and female farmers who usually abandon their farms
soon after harvesting until the next rainy season.
In spite of the soil fertility improvement benefit of these crop residues left on the farm, the farmers
often burn the undecomposed crop residues at the beginning of the next crop growing season to
prepare their land (Goswami et al, 2020). Even though, burning crop residues has been observed
to lead to loss of soil fertility through elevated soil temperature which lowers fungal and bacteria
populations (Bhuvaneshwari et al, 2019), the farmers in this study still prefer burning as the easiest method of clearing excess crop residues on their farm lands (Lopes et al, 2020). The utilization of
crop residues as household cooking fuel lessens the quantity of residues left on the farm to serve
as manure and this could have adverse effect on soil quality in the long-run and hence resulting in
less water infiltration (Baudron et al, 2012). The farmers also saw residue burning as an
inexpensive way of land preparation (Keil et al, 2021).
The study indicated farmers equally use crop residues as feed for their livestock, a common
practice in the northern part of Ghana where almost every household practice small-holder mixed
farming. The farmers resort to using their crop residue as feed for livestock in order to cut-down
cost through the purchase of feeds which is similar to the findings of Raza et al, 2022.
The study identified excess crop residues as the second main reason for burning of crop residues.
In several instances, farmers resort to various residues management practices in order to manage
their residues but when there is excess burning is used as the last option to prevent interference
with tillage.
The third most challenge farmers encounter in properly managing crop residues was labour
scarcity. Because of the lack of the requisite labour force to sustainably manage crop residues the
farmers resort to burning of excess crop residue which is in line with the study of Venkatramanan
et al, 2021.
Some farmers maintained that the lack of appropriate technology for crop residues management
was the primary cause for burning of crop residues on their farm lands. This finding is in line with
that of Shyamsunder et al, 2019.
Factors that hinder the use of crop residues
The study revealed that several factors hinder farmers decision on use of crop residues on their
farms. The enormous labour cost and labour intensity connected with crop residues use were
among major factors hindering farmers decision to use crop residues on their farm lands. These
challenges are even compounded in larger farms because allowing crop residues on the farm for use as manure requires more labour which increases the cost of production (Chen et al, 20019). For instance, the decision to leave crop residues on farm land to decompose requires farmers to protect the residues from stray animals and also protect it from bushfires. Moreso, incorporating crop residues into the soil is labour intensive because of the unavailability of suitable farm machinery for crop residues management (Goswami et al, 2020).
The absence of appropriate technology for the management of crop residues on farm was also seen
as a major factor hampering farmers decision to retain and use crop residues on their farms. The
rampant bushfires within the savanna ecological during the harmattan season may require farmers
to collect and transport their crop residues home and leave to decompose before carting them back
to apply to their farm lands.
The cost involved in the collection and transporting of crop residues was a major challenge
identified by farmers. Millet and maize crop residues are bulky and hence pose a major challenge in terms of transportation which is supported by the findings of Gurmessa et al, 2016.
Women tend to use crop residues as cooking fuel because it is a cheaper alternative and therefore, left fewer on their farms to decompose and fertilize the soil. The primary source of income of the farmer played a vital role in the farmers’ choice of crop residue management practices. Farmers who have a larger share of their income from off-farm activities have a lessen agricultural risk and to a lesser extent likely to adopt sustainable agricultural practices such as the use of crop residues as compost (Valbuena et al.,2012). The minimal contribution farming has on the income of farmers who primary income source is from off-farm activities justifies their affinity to burn crop residues instead of use them to enhance the fertility of their croplands.
Socio-psychological factors have a significant influence on the practices adopted by farmers in relation to crop residues management practices. Farmers attitude towards allowing crop residues on their farms to serve as compost informed their decision to reduce likelihood of using the crop residues for other non-farm activities. This is so because, farmers’ attitude has been suggested by planned behaviour theorists to greatly influence the adoption of farm practices that lead to sustainable agricultural livelihood (Bozorgparyar et al.,2018). 
Institutional factors like access to credit and extension services greatly influence crop residues use as compost for enhancing soil fertility by discouraging non-farm use of crop residues.
Crop residue use as compost shows greater benefits to soil health in times of erratic rainfall and as such spurs farmers to adopt crop residues use as mulch (Mkoga et al.,2010).

Conclusions and recommendations
The research brought to light the decision-making linked with the use of crop residues by smallholder farmers in the Kassena Nankana Municipality in the savanna ecological zone of Ghana. The findings indicated that study farmers utilized crop residues in various ways such as (a) feeding it to livestock, (b) leave it on the farm land to decompose as manure, (c) burning it and (d) using it as cooking fuel. The study revealed that farmers were aware of the benefits linked with crop residues being left on the farm to decompose. However, the farmers face a number of challenges connected with their decision to leave them on the farm land to decompose and serve as manure. Various factors accounted for farmers decision to either leave crop residues on their farm lands to decompose or feed them to their livestock. The results from the multivariate probit analysis indicated that household and farm variables, institutional and socio-psychological factors and climatic variability influence farmers choice of crop residues management practices. Crop residues management practices adopted by farmers were influence by factors such as crops being grown, challenges farmers faced and the management options available
Policy- makers ought to take into consideration the local context and household features in
designing appropriate management schemes for crop residues to enhance soil productivity and
mitigate climate change risk on farms within the vulnerable savanna ecological zone. The
government should provide the needed technical know-how and appropriate technology for
sustainable use of crop residues. Efforts should be geared towards increased access to extension
services because this would greatly influence farmers decision to adopt sustainable crop residues
utilization method
Consent: 
Each farmer was verbally asked to give formal consent in taking part in the study.
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