


RESOURCE USE EFFICIENCY AMONG SMALL-SCALE YAM FARMERS IN IKOM AGRICULTURAL ZONE, CROSS RIVER STATE, NIGERIA

[bookmark: _GoBack]ABSTRACT
This study examined resource use efficiency among small-scale yam farmers in Ikom Agricultural Zone of Cross River State, Nigeria during the 2023 cropping season. Specifically, the sub-objectives were to estimate the level of technical and allocative efficiency in yam production and identify the constraints encountered by farmers in yam production. Two hundred and forty small scale yam farmers were selected using multistage sampling. A well-structured questionnaire was used for data collection. The collected data were analyzed using an efficiency model and stochastic frontier function. The study revealed that inputs such as fertilizer, labour, seedlings, and credit were underutilized, while farm size was overutilized. The marginal value product (MVP) adjustment revealed a 95.14%, 91.42%, 99.89%, and 99.86% increase for fertilizer, labour, seedlings, and credit, respectively, from the current level to attain the highest levels of allocative efficiency and profit. The findings also showed that the technical efficiency of yam farmers ranged from 6% to 99%, with a mean technical efficiency of 0.63 (63%). The farmers operate in the first stage of production (Ep > 1), implying increasing returns to scale (2.70). High farm input costs (71), land tenure (70), inadequate access to credit (67), poor access to extension services (66), and pest and disease incidence (65) were identified as problems militating against yam production in the agricultural zone. The study recommends credit facilities at low interest rates, while agricultural inputs such as fertilizer and herbicide pesticides are provided to yam farmers. The government should employ more trained extension personnel and increase participation in extension activities to ensure the proper implementation of new technologies and farming practices and further subsidize agrochemicals to encourage farmers to use them. Farmers should be educated on the application of herbicides, particularly knapsack sprayers. 
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INTRODUCTION
Nigeria faces a significant challenge in providing a good livelihood for rural people through increased productivity of agricultural crops. Statistical evidence has shown that the food sufficiency ratio in the country is less than one (Aliyu and Shelleng, 2019). The country has abundant human and natural resources, high-quality soil, and favourable climatic conditions; yet, it is rated as the poverty capital of the world, with 86.9 million Nigerians living in extreme poverty (Urama and Iheonu, 2019). The United Nations' Sustainable Development Goals (SDGs) aim to end hunger, achieve food security, improve nutrition, and aid in sustainable agriculture by 2030 (Otekunrin et al. 2019). Root and tuber crops, such as yams, can fill in these gaps and contribute to food security, sustainability, and dietary diversity for households.
Moreover, yams (Dioscorea spp.) originated in Southeast Asia and were introduced into West Africa in the 16th century (Toluwase and Sekumade, 2017). It is a major root crop in Nigeria and has various cultivars, with Dioscorea rotundata dominating production zones in West and Central Africa. The crop is vegetatively propagated using tubers, although vine cuttings have been reported to be an alternative source of planting material. Yams can be boiled, roasted, baked, fried, or mashed into a sticky paste after boiling. Its tubers consist of about 21% dietary fibre and are rich in carbohydrates and vitamin C (International Institute of Tropical Agriculture, IITA, 2021). According to the International Institute of Tropical Agriculture, the worldwide annual consumption of yam is 18 million tons, with 15 million tons consumed in West Africa (IITA, 2021).
Despite Nigeria's fertile soils, arable land, and suitable climatic factors, the nation's yam production output has declined over the years, leading to a shortage of yams for local consumption. The Census Bureau of the United States reported that Nigeria's population will surpass that of the United States by 379.25 million people by 2047 (Oniah and Edem, 2022). This is worrisome, as the demand for staple foods will continue to rise faster than supply, which could have negative consequences for food security. Several problems such as pests and diseases, declining soil fertility, and unpredictable weather conditions have been attributed to declining productivity. The low output realized by farmers indicates that the resources utilized in crop production are not at optimal levels. 
Achieving the main aim of the Sustainable Development Goal requires improvement in the productivity of staple food crops such as yam, cassava, and rice. This calls into question the efficiency of small-scale farmers’ use of the available technologies in yam production. The resources employed by farmers in the production of yams range from land to yam setts, chemicals, fertilizers, etc. Farmers might combine their resources judiciously but probably not at their best optimum level because of their use of primitive farm implements or the presence of some institutional constraints. According to Okoruwa et al. (2014), if resources are properly harnessed and efficiently allocated, farmers’ output can increase. This study aims to examine the resource productivity and efficiency of yam farmers in Ikom Agricultural Zone of Cross River State, Nigeria, to ascertain whether these farmers are efficient in utilizing farm productive resources such as labour, yam seedlings, farm capital, land, fertilizer, herbicides, and credit for yam production. The null hypothesis was that “yam farmers are not efficient in their use of inputs in the study area.”
This study fills the gap in information on the efficient use of farm resources for yam production in the zone, helping planners in agricultural development programs (ADPs) and the Ministry of Agriculture in the State and Nigeria in their planning activities regarding the efficiency of available resources for increased productivity. It also provides information on the problems associated with yam production and recommendations on areas for improvement to increase productivity.
METHODOLOGY 
This study was conducted in Ikom Agricultural Zone of Cross River State, Nigeria. Six (6) Local Government Areas (LGAs) constitute the Ikom Agricultural Zone: Abi, Yakurr, Obubra, Ikom, Etung, and Boki. It shares an international boundary with the Republic of Cameroon to the East; Obanliku and Obudu to the North; Ebonyi State to the West; and Biase and Akamkpa to the South. The land area of the zone is estimated to be 7,666 km2, which is approximately 38% of the state’s total land mass (20,156 km2) (Oniah and Edem, 2022). It lies between latitudes 5°32'N and 4°27'N of the Equator and between longitudes 7°50'E and 9°28'E of the Greenwich Meridian. The zone has an estimated population of approximately 1, 016, 818 (National Population Commission, NPC, 2006). The area is approximately 25m above sea level with an annual temperature range of 27°C-33°C, and rainfall varies between 1500 mm and 2000 mm per annum (Nkang and Ele, 2014). The climate within the zone is tropical-humid and experiences two distinct seasons: the rainy season, which lasts from April to October, and the dry season, which lasts from November to March. 
The economic activities of most people are arable crop farmers and are complemented by traders. Yam is a staple food in this zone. Other cultivated crops include rice, potatoes, maize, pineapples, melons, cassava, and plants. Some farmers also cultivate tree crops such as cocoa and oil palm. The choice of Ikom Agricultural Zone of Cross State for the study was based on the fact that it is one of the largest yam-producing zones in the state because of its arable land and favourable weather conditions.
Sampling procedure: A multistage sampling technique was employed to select the respondents. The first stage was the purposive selection of four Local Government Areas (LGAs) from the six LGAs in the zone based on large-scale production of yam. These are Obubra, Yakurr, Ikom, and Boki LGAs. The second stage involved purposive selection of 13 villages from the selected LGAs. Villages were selected due to the high concentration of yam farmers in the area. In the third stage, a list of the major yam farmers in the thirteen (13) villages was obtained from the Extension Agents in various Local Government Areas. A total of 240 yam farmers were randomly selected, using a 15% proportionality ratio for the number of farmers in the sample frame. 
The data for this study were primarily collected from primary sources. The primary data were collected using structured questionnaires. Data were collected on farm productive input and output variables as well as constraints encountered by yam farmers in yam production in the study area. Personal interviews and field observations were conducted to validate respondents’ information. The secondary sources were textbooks, journals, the Internet, and other relevant literature.
Analytical Techniques: The Allocative Efficiency Index (AEI) was used to estimate the level of technical and resource-use efficiency in yam production. The Allocative Efficiency Index (AEI) is expressed as follows:

where:
           MVP = marginal value product, MPP = marginal physical product,
           Py and MFC are the unit prices of the output and factor input, respectively.
The ratios are interpreted as follows: 
An AEI < 1 indicates that the resource is over-utilized. An AEI > 1 indicates that the resource is under-utilized. An AEI = 1 indicates that the resource is efficiently utilized. 
The estimated coefficients of the inputs in the lead equation formed the basis for the analysis of farmers’ allocative efficiency and were estimated using the ordinary least squares (OLS) regression method. In addition, the stochastic frontier in STATA was used to estimate the technical efficiency of the yam farmers in the study area. 
The relative percentage change in the MVP of each resource required to obtain optimal resource allocation was estimated using the formula described by Zalkuwi et al. (2014). 

where D is the absolute value of the percentage change in the MVP for each resource.
The Garrett Ranking Technique was used to analyze the constraints associated with yam production. To determine their preference for constraint selection, the respondents were asked to rank the identified constraints from 1 to 10. The percentage position value was calculated to evaluate the Garrett value, using the following formula: 

[bookmark: _Toc118130319][bookmark: _Toc118130725][bookmark: _Toc129604098][bookmark: _Toc133248658][bookmark: _Toc133265645][bookmark: _Toc133270148][bookmark: _Toc139215588]Rij = jth respondent's rank for ith variable. Nj = Number of variables ranked by jth the respondents 
Table 1: Percentage positions and their corresponding Garrett Table values
	Rank 
	Calculated values
	Garrett Table values

	1
	100 (1-0.5)/10 = 5
	81

	2
	100 (2-0.5)/10 = 15
	70

	3
	100 (3-0.5)/10 = 25
	63

	4
	100 (4-0.5)/10 = 35
	58

	5
	100 (5-0.5)/10 = 45
	52

	6
	100 (6-0.5)/10 = 55
	48

	7
	100 (7-0.5)/10 = 65
	42

	8
	100 (8-0.5)/10 = 75
	37

	9
	100 (9-0.5)/10 = 85
	30

	10
	100 (10-0.5)/10 = 95
	18


The total score for each factor rank was calculated by multiplying the Garrett value with the given value. The average score is calculated by dividing the total score by the total number of respondents in the selected sample. The mean scores were then arranged in ascending order, and ranks were assigned. The highest percentage average score represents the first rank, whereas the lowest percentage average score represents the last rank of all the estimated factors.
[bookmark: _Toc139215635]RESULTS AND DISCUSSION 
Allocative efficiency of yam farmers
[bookmark: _Toc129604146][bookmark: _Toc133248706][bookmark: _Toc133265693][bookmark: _Toc133270196][bookmark: _Toc139215636]Table 2: Estimated allocative efficiency index in yam production
	Inputs
	Ep
	Mean
	MPP
	MVP
	MFC
	AEI
	D

	Fertilizer 
	0.11
	137.28
	14.69
	10415.21
	506
	20.58
	95.14%

	Labour
	0.48
	51.28
	24.67
	17491.03
	1500
	11.66
	91.42%

	Farm size
	0.48
	1.16
	0.56
	397.04
	10000
	0.04
	96.03%

	Credit amount
	1.00
	57854.17
	57912.02
	41059622
	579
	70970.89
	99.86%

	Seedlings
	0.63
	483.33
	306.43
	217258.87
	238
	912.85
	99.89%

	RTS
	2.70
	
	
	
	
	
	


Source: Field data, 2023		(Py = N709/tuber)             RTS = Return to Scale

AEI > 1 = underutilization, AEI < 1 = overutilization, AEI = efficient utilization.
At the time of the survey, the average unit prices of labour, seed yam, land, fertilizer, and credit received were N1500 per man-day, N238 per seed yam, N10,000 per ha, N506 per kilogram, and N578.54 per interest rate, respectively. The opportunity cost of family labour is assumed to be equal to the cost of hired labour per man-day.
Table 2 shows the estimates of the AEI for fertilizer, credit received, seedlings, labour, and farm size. The AEI was measured as the ratio of the MVP of each input to their respective factor prices. The results in Table 2 show that the farm size was overutilized. The farm size must be decreased from the current levels by 96.03% to attain the highest levels of allocative efficiency and profit in the study area. This finding is consistent with those of Jatbong et al. (2018), Tijjani and Tijani (2019), Ume et al. (2020) and Onyemekonwu et al. (2023).
[bookmark: _Toc139215637]On the other hand, Table 2 shows that fertilizer, labour, seedlings, and farm credit each had an AEI score greater than one, implying that these resources were underutilized in the study area. This implies that yam farmers should increase the amount of these resources in their production to boost yam output. Fertilizer and labour underutilization may be due to the high prices. This study is consistent with the findings of Gbigbi (2019) and Ume et al., (2020), all of whom found that labour, and fertilizer were underutilized in crop production. This contradicts the findings of Okpeke and Adaigho (2018), and Tijjani and Tijani (2019). Credit underutilization may be due to the diversion of funds by farmers for purposes other than investing in the farm, such as family and social responsibility. To attain absolute allocative efficiency and maximum profit in the study area, fertilizer, labour, seed yam, and farm credit should be increased from their current levels by 95.14%, 91.42%, 99.89%, and 99.86%, respectively. 
[bookmark: _Toc139215638]Elasticity of production: Table 2 shows the elasticity of production of the inputs used in yam production. The Cobb-Douglas production function was used to assess the nature of returns to the yam producer. The production elasticity with respect to inputs (farm size, labour, fertilizer, seed, and credit) was 2.70, indicating that the farmers were operating at an irrational stage of production. This implies that farmers are experiencing increasing returns to scale. This finding is consistent with those reported by Ekunwe et al. (2018), Ume et al. (2020), and Onyemekonwu et al. (2023), who found that yam farmers in their study areas operated in the region of increasing returns to scales with RTS values of 2.08, 5.90 and 1.54, respectively. 
Technical efficiency (TE) of yam farmers in the study area
[bookmark: _Toc129604149][bookmark: _Toc133248709][bookmark: _Toc133265696][bookmark: _Toc133270199][bookmark: _Toc139215639]Table 3: Distribution of technical efficiency indices among yam farmers 
	TE Range
	Frequency
	Percent

	≤0.20
	29
	12

	0.21-0.40
	58
	24

	0.41-0.60
	37
	15

	0.61-0.80
	20
	8

	0.81-1.00
	96
	40

	Total
	240
	100.0

	[bookmark: _Toc128555991]Mean TE
	[bookmark: _Toc128555992]0.63
	

	[bookmark: _Toc128555993]Minimum 
	[bookmark: _Toc128555994]0.06
	

	[bookmark: _Toc128555995]Maximum 
	[bookmark: _Toc128555996]0.99
	


Source: Field data, 2023
Table 3 shows the technical efficiency scores of the yam farmers in the study area, which ranged from 6% to 99%. The technical efficiency of the sampled farmers was less than one, implying that all yam farmers were producing below the maximum efficiency frontier. Forty percent (40%) of the yam farmers in the study area had a technical efficiency of 0.81 and above, while 60% operated at a level of efficiency below 0.81. The mean technical efficiency score of yam farmers was 0.63. This implies that on average, farmers were able to obtain 63% potential yam output from the given combination of production inputs. 
Yam farmers in the study area can increase their efficiency in the use of inputs. For the average yam farmer to become the most efficient, they need to realize 37% cost savings, while the least technically efficient yam farmer will need 94%. The distribution of technical efficiency among yam farmers in this study corresponds with the findings of Ismali and Mahmud (2023). The authors reported mean technical efficiency of 0.63 for yam farmers in Kwara State of Nigeria.
The null hypothesis, which states that “yam farmers are not efficient in their use of inputs in the study area” is accepted, and its alternative form is rejected. The mean technical efficiency value of yam farmers was 0.63, which was less than one. A one-sample t-test was used to test this hypothesis. The t-calculated value (-17.71) was less than the t-critical value (1.984) with a significance level of p < 0.05, at n-1 (239) degrees of freedom. Because the t-calculated value was less than the critical value, the null hypothesis was not rejected. Thus, the yam farmers were not efficient in their use of inputs in the study area.


Constraints to yam production in the study area
[bookmark: _Toc129604152][bookmark: _Toc133248711][bookmark: _Toc133265698][bookmark: _Toc133270201][bookmark: _Toc139215641]Table 4: Frequency distribution of constraints to yam production in the study area 
	Constraints 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	TSER

	Inadequate access to credit facilities
	106
	20
	33
	31
	19
	10
	4
	5
	7
	5
	15984

	High cost of farm inputs
	151
	30
	14
	10
	10
	7
	4
	5
	7
	2
	17248

	Poor access to extension services
	82
	40
	40
	32
	17
	10
	13
	3
	3
	0
	15929

	Pests and diseases
	92
	37
	27
	24
	19
	9
	12
	5
	8
	7
	15610

	Soil fertility 
	39
	30
	28
	20
	23
	19
	11
	31
	27
	12
	12926

	Theft
	15
	21
	25
	24
	23
	26
	30
	28
	27
	21
	11580

	High levels of post-harvest losses
	20
	20
	23
	15
	18
	20
	31
	24
	34
	35
	11075

	Poor transportation network
	48
	37
	24
	30
	23
	21
	23
	18
	11
	5
	13986

	Poor storage facility
	39
	15
	17
	28
	13
	19
	24
	20
	33
	32
	11806

	Unavailability of improved varieties
	22
	29
	34
	27
	42
	31
	24
	11
	10
	10
	13087

	Poor produce price
	39
	19
	10
	23
	20
	21
	23
	45
	27
	13
	12176

	Land tenure
	142
	34
	12
	10
	13
	14
	3
	5
	4
	3
	17051


Source: Field data, 2023	*TSER = Total score of each rank
[bookmark: _Toc129604153][bookmark: _Toc133248712][bookmark: _Toc133265699][bookmark: _Toc133270202][bookmark: _Toc139215642]Table 5: Mean scores and ranking of yam production constraints in the study area
	Constraints
	Mean
	Rank

	Inadequate access to credit facilities
	66.60
	3

	High cost of farm inputs
	71.87
	1

	Poor access to extension services
	66.37
	4

	Pests and diseases
	65.04
	5

	Soil fertility 
	53.86
	8

	Theft
	48.25
	11

	High levels of post-harvest losses
	46.15
	12

	Poor transportation network
	58.28
	6

	Poor storage facility
	49.19
	10

	Inadequate supply of improved varieties
	54.53
	7

	Poor produce price
	50.73
	9

	Land tenure
	71.05
	2


Source: Field data, 2023
Table 5 shows the mean scores and rankings of yam production constraints in the study area. Farmers in the study area identified high farm input costs (ranked first) as the major constraint associated with yam production (mean value, 71), followed by land tenure (mean value, 70). Inadequate access to credit, poor access to extension services, pest and disease incidences, poor transportation networks, lack of improved varieties, poor soil fertility, and low production prices ranked third, fourth, fifth, sixth, seventh, and eighth, with mean values of 67, 66, 65, 58, 55, 54, 53, and 51, respectively.  
The prices of farm inputs surged owing to foreign exchange volatility, as most of the inputs were imported, as well as the effect of the COVID-19 pandemic. For instance, planting materials account for more than half of the total production costs (Ume et al., 2016). A bag of fertilizer was sold for N17,000 - N25,000 between 2020 and 2022. Many young people in the study area are involved in transportation, leading to a shortage of farm labour and increased labour costs. 
Land tenures were ranked second. The agricultural land in the study area was mostly acquired through inheritance. However, this type of land tenure system results in fragmented farmland, which is unsuitable for commercial farming in most cases. The struggle for land ownership has resulted in violent conflict among farmers and other rural dwellers in some parts of the study area. Furthermore, increased violence in food-producing regions reduces the food production output.
Inadequate access to credit ranked third. Some farmers cited a lack of local banks and a long distance from the nearest bank, because of their inability to obtain financial credit. On the other hand, financial institutions frequently charge exorbitant interest rates, require collateral security, have short repayment periods, require guarantors, have a rigorous loan application process, delay loan approvals, etc. (Ume et al., 2016; Kuye and Edem, 2019; Balana and Oyeyemi, 2020).  
Poor access to extension services was ranked fourth; farmers had limited access to improved technologies and technical assistance due to inadequate access to extension services. As a result, they lack knowledge of modern innovative techniques for yam production, better ways of organizing production activities, market trends, and how to solve their own farming problems. Owing to the very low extension agent-to-farmer ratio (1:4000 farmers) and the limited number of extension agents, it is difficult for all farmers to reach out. It is assumed that if farmers have frequent contact with extension agents, they are likely to be more efficient in the use of resources, and are invariably profitable in their farming ventures. 
Pests and diseases were ranked fifth. Pests and diseases destroy more than 40% of the attainable yield of major food crops (Food and Agricultural Organization, FAO, 2021). Pests (yam beetles and yam flies) and diseases (mosaic and bacterial wilt) attack yam tubers both in the field and in storage. For example, bacterial wilt infects the leaves and stems of yam plants, causing wilting and death. Yam mosaic causes yellowing, stunted growth, and reduced yields in yam plants.  
The poor transportation network was ranked sixth. Roads leading to many farmlands and markets are in a poor condition. Farmers struggle to obtain farm produce where they are needed. Field observations revealed that the majority of rural feeder roads were underdeveloped or, in some cases, nonexistent. For example, those living in interior villages are unable to transport their products to markets for sale during the rainy season. As a result, farmers experience increased waste and profit loss. 
Farmers ranked the supply of improved varieties as inadequate. Most farmers have little or no access to improved seeds. As a result, they continue to recycle seeds that have been overplanted after several generations of cultivation. According to Idisi et al. (2019), the adoption of improved or modern technologies has cost implications. Farmers find it difficult to obtain improved varieties because of poor transportation and inadequate information.
Soil fertility was ranked eighth. Low and declining soil fertility results in low production and is caused by erosion due to a poor drainage system along or around the farm. If adequate attention is not given, farmers’ efforts can be rewarded with misery. Tiama, et al. (2018) discovered that yams and seed yams exposed to chemical fertilizers are typically of poor organoleptic quality. Because mineral fertilizers reduce yam tuber durability and quality, most farmers avoid using them on their yam farms. For instance, there may be a rapid decay of tubers in the case of injury during harvest; thus, there is a high risk of rot during storage. 
Finally, poor farm prices for products were ranked ninth. Farmers received low prices for their produce, especially when the yam tubers were attacked by rodents, pests, and diseases. Small-scale farmers who lack adequate storage facilities sell their produce at discount rates. Farmers are often compelled to sell their produce at a very low price to avoid large amounts of waste. This can reduce production efficiency (Esiobu et al. 2014). The low ranking of poor storage facilities, theft, and high levels of postharvest losses implies that they have the least effect on yam farmers’ outputs in the study area. 
Ultimately, these constraints discourage rural smallholder farmers from engaging in agriculture. These results corroborate the findings of Idumah and Owombo (2019), Ume et al. (2020), Ndubueze-Ogaraku et al. (2021) and Onyemekonwu et al. (2023). The authors identified high input costs, high incidence of pests and diseases, poor transportation network, problems with land tenure, poor producer price, inadequate credit facilities, inadequate extension contact, poor soil fertility, and inadequate storage facilities, among others, as constraints faced by yam production farmers in their study areas. Fighting these problems will be vital in promoting not only subsistence but also commercial yam production in the Ikom Agricultural Zone of Cross River State and other zones where yams are grown.
CONCLUSION 
These findings suggest that yam farmers are inefficient at using their farm resources. The underuse of inputs contributed to farmers not attaining the maximum output. Farmers can increase their yields by increasing the quantity of these resources. Yam farmers in the study area struggled to access credit facilities and to receive extension services. Other problems include high input costs, poor transportation networks, and pest and disease incidences. This inefficiency may be directly or indirectly linked to these constraints.
Based on the findings of this study, the following recommendations were made. 
i. Banks should open branches in rural areas for easy access to loans by farmers and offer low interest rates on loans with affordable collateral. 
ii. The government should employ more trained extension personnel and increase participation in extension activities to ensure proper implementation of new technologies and farming practices. 
iii. To reduce labour costs, farming households should carry out production activities themselves and with their families; with fewer hired labourers.
iv. Farmers should be educated on the application of herbicides, particularly with knapsack sprayers, as they are used incorrectly in yam production.
v. The government should further subsidize agrochemicals to encourage farmers to use them.
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