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Abstract: Agroforestry technologies (AFT) offer smallholder farmers the potential to improve farm productivity, 

diversify income, and enhance environmental sustainability. However, adoption remains uneven across farming 

communities. This study investigated the awareness, adoption, and perceived benefits of AFT among smallholder 

farmers in Benue State, Nigeria. Data were collected from 60 direct beneficiaries, 300 secondary 

beneficiaries/neighbouring farmers, and 10 extension agents using semi-structured questionnaires administered using 

“Kobo Collect”. The data collected were analyzed through descriptive statistics and a Likert scale. The results revealed 

that all primary beneficiary farmers (100%, n = 60) were aware of AFT, with 86.7% receiving regular extension visits, 

and extension agents (68.3%) identified as the main information source. Neighbouring farmers’ awareness was 

markedly lower, ranging from 14% to 66% across zones. Adoption duration was substantial, with 53.3% of farmers 

practising AFT for 16–20 years and 36.7% for 21–25 years. Primary benefits reported included staking materials 

(MWS = 4.6), increased farm output (MWS = 4.5), fertilizer provision (MWS = 4.4), fuelwood (MWS = 4.3), and 

mulching/green manure (MWS = 4.3), whereas ecological benefits, such as erosion control, were less recognized 

(MWS = 2.1). Integration of livestock and crops was common, with goats (44.3%) and yams (60%) most frequently 

combined with Leucaena species. Secondary adoption among neighbouring farmers was observed, with 78.3% 

reporting 1–5 secondary adopters. Constraints to adoption included traditional practices (100%) and insufficient 

extension follow-up. The study shows that awareness and perceived benefits motivate primary users to adopt the 

practices; however, the spread of these practices to the broader community is still limited. This indicates a need for 

targeted outreach, participatory methods, and policies that promote both the ecological and economic advantages of 

AFT. 
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1. Introduction 

Agroforestry has been widely recognized as a 

sustainable land-use system that integrates trees with 

crops and/or livestock to enhance agricultural 

productivity, environmental stability, and rural 

livelihoods. In tropical developing countries, 

agroforestry technologies play a crucial role in 

addressing land degradation, declining soil fertility, 

climate variability, and food insecurity while 

simultaneously improving farm income and ecosystem 

services (Mbow et al., 2014; Siminski et al., 2016; 

Egwumah et al., 2022). As a result, agroforestry has 

gained increasing attention as a viable pathway for 

sustainable agricultural development, particularly 

among smallholder farming systems (Getahun, 2022; 

Roy et al., 2025). 

In sub-Saharan Africa, smallholder farmers dominate 

agricultural production and are highly dependent on 

natural resources for their livelihoods (Mgbenka and 

Mbah, 2016; Koroma et al., 2019). However, these 

farmers often face multiple constraints, including 

declining soil fertility, limited access to agricultural 

inputs, and increasing pressure on land resources 

(Wawire et al., 2021). Agroforestry technologies (such 

as alley cropping, improved fallow systems, scattered 

trees on farmland, and home gardens) have been 

promoted as effective strategies for improving soil 

fertility, enhancing crop yields, diversifying income 

sources, and increasing resilience to climate-related 

shocks (Egwumah et al., 2022). Despite these 

documented benefits, the adoption of agroforestry 

technologies among smallholder farmers remains 

uneven and generally low in many parts of Africa. 

In Nigeria, agriculture remains a major source of 

livelihood for most of the rural population, with 

smallholder farmers accounting for the bulk of food 

production. Several studies have reported on the 

potential of agroforestry to improve agricultural 

sustainability and rural livelihoods in the country 

(Agera et al., 2019; Egwumah et al., 2022; Japheth et 

al., 2023). Nevertheless, awareness and adoption of 

agroforestry technologies vary considerably across 
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regions due to differences in socioeconomic 

characteristics, institutional support, access to 

extension services, and local farming practices 

(Bekele et al., 2024; Singh et al., 2025). 

Understanding farmers’ awareness levels and 

perceptions is therefore critical for promoting wider 

adoption of agroforestry interventions. 

Benue State, often referred to as the “food basket of 

the nation,” is characterized by intensive smallholder 

farming and increasing land-use pressure (Ojogbane 

Singh et al., 2025). The predominant farming systems 

are rain-fed, which are vulnerable to soil degradation 

and deforestation. Agroforestry technologies have 

been introduced in various forms within the State, yet 

their uptake has remained limited (Torhemen et al., 

2024). This situation raises important questions 

regarding farmers’ awareness of agroforestry practices, 

the extent of adoption, and the perceived benefits 

associated with their use. 

Perception plays a central role in the adoption of 

agricultural innovations. Most farmers adopt 

agroforestry technologies when they perceive clear 

economic, environmental, and social benefits, such as 

increased crop yields, improved soil fertility, fuelwood 

availability, and enhanced household income (Kiyani 

et al., 2017; Torhemen et al., 2024; Bhandari et al., 

2025; Dimobe et al., 2025; Gashu et al., 2025). 

Conversely, limited awareness, inadequate technical 

knowledge, and perceived risks can hinder adoption, 

even when technologies are demonstrably beneficial. 

Assessing farmers’ perceptions alongside adoption 

behaviour provides valuable insights into the drivers 

and barriers influencing agroforestry uptake. 

Against this background, this study examines the 

awareness, adoption, and perceived benefits of 

agroforestry technologies among smallholder farmers 

in Benue State, Nigeria. By focusing on farmers’ 

knowledge levels, adoption patterns, and perceived 

outcomes, the study provides empirical evidence to 

inform policy formulation, extension programming, 

and the design of context-specific agroforestry 

interventions aimed at improving sustainable 

agricultural development in the region. 

 

2.0 Materials and Methods 

2.1 Location of the Study 

The study was conducted in Benue State, Nigeria, 

located within the Lower River Benue Trough of the 

Middle Belt region. Geographically, the state lies 

between longitudes 7.50°E and 10.00°E and latitudes 

6.25°N and 8.25°N, covering an estimated land area of 

34,059 km² (Hula and Ukpong, 2013). Benue State 

occupies a central position in Nigeria and shares an 

international boundary with the Republic of Cameroon 

to the southeast (Figure 1). The state experiences a 

tropical climate characterized by distinct seasons: a 

rainy season from April to October and a dry season 

from November to March. Mean annual rainfall ranges 

between 1,200 mm and 2,000 mm, while mean annual 

temperatures vary from 23°C to 38°C. The dry season 

is influenced by the north-easterly Harmattan winds, 

particularly between November and February, whereas 

the south-westerly monsoon winds dominate during 

the rainy season (Nyagba, 1995; Hula and Ukpong, 

2013). 

Vegetation in Benue State represents a transition 

between semi-rainforest and Guinea savanna, 

consisting mainly of tall grasses, shrubs, and scattered 

trees, with riparian forests occurring along riverbanks 

and low-lying areas. The State falls within the Guinea 

savanna ecological zone, one of the largest vegetation 

belts in Nigeria (Dau and Chenge, 2016). Common 

tree species include Khaya senegalensis, Daniellia 

oliveri, Isoberlinia doka, Parkia biglobosa, Prosopis 

africana, Vitellaria paradoxa, Burkea africana, 

Pterocarpus erinaceus, Afzelia africana, Borassus 

aethiopum, Bombax costatum, Anogeissus leiocarpa, 

and Irvingia gabonensis (Dagba et al., 2017). However, 

continuous vegetation removal through farming, 

logging, and bush burning has led to widespread 

secondary regrowth and parkland landscapes, which 

increasingly attract pastoral activities into the state 

(Hula and Ukpong, 2013). 

Topographically, Benue State is characterized by 

undulating plains with occasional elevations of about 

150–300 m above sea level. The geology is dominated 

by shale, sand, silt, and clay derived from the basement 

complex, giving rise to rolling hills, residual 

mountains, inselbergs, valleys, and plains. These 

physical characteristics, combined with favourable 

rainfall conditions and ecological transition features, 

support a wide range of crop and livestock production 

systems. 

Agriculture constitutes the backbone of the state’s 

economy, engaging over 70% of the working 

population and earning Benue State its reputation as 

one of Nigeria’s major food baskets. Despite this 

agricultural potential, production systems remain 

largely traditional, with limited adoption of modern 

technologies. Mechanization, plantation agriculture, 

and agroforestry practices are still at relatively early 

stages of development. Although the use of farm 

inputs such as fertilizers, improved seeds, and 

agrochemicals is increasing, high costs and limited 

accessibility remain major constraints. Major cash 

crops include soybeans, rice, groundnuts, mango, and 

citrus, while other crops such as oil palm, melon, 

African pear, chilli pepper, and tomatoes are also 

cultivated. Staple food crops include yams, cassava, 

sweet potatoes, maize, beans, millet, guinea corn, and 

vegetables. Irrigation agriculture is minimally 

practised, with limited application of modern 
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irrigation technologies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Map of Benue State showing the Study Area  

 

Source: Mapped with QGIS Desktop (version 3.18.3) (2021). 

 

2.2 Data Collection and Analysis  

This study adopted a mixed-methods approach, 

utilizing both primary and secondary data to examine 

the awareness, adoption, and perceived benefits of 

agroforestry technologies among smallholder farmers 

in the study area. Primary data on AF technologies were 

collected from 60 direct beneficiaries, 300 secondary 

beneficiaries/neighbouring farmers, and 10 extension 

agents using semi-structured questionnaires. Data 

collection was conducted using the KoboCollect 

Toolbox, which facilitated efficient data capture and 

management. 

The questionnaires collected information on farmers’ 

socioeconomic characteristics, levels of awareness, 

levels of adoption, and perceived benefits of 

agroforestry technologies. The collected data were 

coded, cleaned, and screened for outliers before 

analysis in the Statistical Package for Social Sciences 

(SPSS version 11.5) and Microsoft Excel. 

The data was analyzed using descriptive statistics and 

based on a Likert scale. Descriptive statistics such as 

means, frequencies, percentages, and tables were used 

to summarize respondents’ characteristics and 

responses.  A five-point Likert scale was used to 

evaluate the level of awareness and knowledge of 

smallholder farmers regarding agroforestry 

technologies (Dagba, 2017). The scale was structured 

as follows: Strongly Agree (5), Agree (4), Undecided 

(3), Disagree (2), and Strongly Disagree (1). 

The Mean Score (MS) for farmers’ awareness was 

calculated as: 

n

f
MS


=  

5

54321 ++++
=MS

 

0.3=MS
 

where f represents the sum of the Likert scale ratings, 

and n is the number of scale points. 

The Weighted Mean Score (WMS) was computed as: 

N

xf

WMS

n

i

ii
== 1  

where f is the frequency of responses, x is the Likert 

scale value, and N is the total number of respondents. 

Using an interval scale of ±0.05, a mean score of 3.0 

served as the benchmark. Scores below 2.95 were 

categorized as Disagree, scores between 2.95 and 3.05 

as Moderate, and scores above 3.05 as Agree. Adoption 

levels of agroforestry technologies were assessed using 

percentage adoption categories: 0–20% (Low adoption), 

21–40% (Moderate adoption), 41–60% (High 

adoption), 61–80% (Very high adoption), and 81–100% 

(Excellent adoption). 
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3.0 Results 

3.1 Benefits Derived by Farmers from the Adoption of AFT in the Study Area 

The result of the study, as presented in Table 1, revealed that (100%) of the benefitting farmers were aware of AF 

Technology in the area. Across the three zones, farmers reported varying levels of contact with extension staff (Figure 

2). In Zone A, 20% of respondents indicated that they had not received visits from extension personnel, while 80% 

reported receiving such visits. In Zone B, 23.8% of respondents stated that they had not been visited by extension staff, 

whereas 76.2% confirmed that they had. In Zone C, all respondents (100%) reported receiving visits from extension 

staff, with no respondents indicating otherwise. The majority (68.3%) of the respondents stated that their major source 

of information on the OFAR trial in AF technology was extension agents (Figure 3). 

 

Table 1: Awareness of Smallholder Farmers Benefiting from the Agroforestry Technology in the Study Area  

Variables Frequency  Percent 

Awareness of AF Technology Yes 60 100. 

 No 0 .0 

 Total 60 100.0 

Visits by extension staff No 8 13.3 

 Yes 52 86.7 

 Total 60 100.0 

A major source of information on 

Agroforestry technology 

association/group 

meeting 
7 11.5 

  Extension agent 41 68.3 

  Relative 2 3.3 

 community meeting 17 28.3 

 Total 60 100.0 

 

The level of awareness of agroforestry technologies among neighbouring farmers varied across the three zones (Figure 

3). In Zone A, 34% of respondents reported that neighbouring farmers were not aware of agroforestry technologies, 

while 66% indicated that they were aware. In Zone B, 86% of respondents stated that neighbouring farmers lacked 

awareness, whereas 14% affirmed awareness. In Zone C, 77% of respondents reported no awareness among 

neighbouring farmers, while 23% indicated that neighbouring farmers were aware of agroforestry technologies. 

 

 
Figure 2: Neighbouring Farmers' Awareness of AFT in the Study Area 

 

34

86

77

66

14

23

0

10

20

30

40

50

60

70

80

90

100

Zone A Zone B Zone C

Fr
eq

ue
nc

y 
(%

)

Locations

No Yes

http://www.sciencepub.net/academia
http://www.sciencepub.net/academia
mailto:aarenaj@gmail.com


Academia Arena 2026;18(4)                   http://www.sciencepub.net/academia    AAJ  

http://www.sciencepub.net/academia                                            aarenaj@gmail.com 5 

Neighbouring farmers received information on agroforestry technologies from multiple sources (Figure 5). 

Association and group meetings accounted for 27.1% of reported information channels, while community meetings 

contributed 18.6%. Extension agents were identified as the most prominent source at 28.8%. Friends provided 10.2% 

of the information, and relatives accounted for 6.8%. Traditional chiefs represented 1.7% of reported sources, while 

other unspecified channels contributed an additional 6.8%. 

 

 
Figure 3: Neighbouring Farmers' Awareness Sources of AFT in the Study Area 

 

 
Figure 4: Smallholder Farmers’ Response to Visits by Extension Staff in the Study Area 
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Figure 5: Smallholder and Neighbouring Farmers Major Sources of Information on Agroforestry Technology 

in Benue State, Nigeria 

 

3.2 Perceived Benefits of AF Technology Experienced by the Smallholder Farmers in the Study Area 

In Zone A, alley cropping and erosion control each accounted for 25.0% of the reported benefits influencing farmers’ 

adoption of agroforestry technologies (Figure 6). This was followed by using agroforestry species as feed for animals 

(16.7%), while green manure, mulching, staking material, and other categorized benefits each constituted 8.3% of the 

adoption motivations. 

In Zone B, the most frequently reported benefit was the availability of feed for animals, representing 30.8% of 

respondents. Alley cropping contributed 23.1%, whereas green manure, mulching, and staking material each 

accounted for 15.4% of the identified benefits. Erosion control and other benefits were not reported by respondents in 

this zone. In Zone C, erosion control overwhelmingly dominated adoption motivations, with 76.9% of respondents 

citing it as the primary benefit. Alley cropping accounted for 15.4%, while other benefits represented 7.7%. Benefits 

related to feed for animals, green manure, mulching, and staking materials were not indicated by farmers in this zone. 
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Figure 6: Benefits Influencing Farmers’ Decision to Adopt Agroforestry Technologies Across the Study Zones 

 

 

Table 2 revealed that smallholder farmers in the study area adopted and practised the AF technology for an extended 

period. Most of the farmers (53.3%) adopted and practised the system for between 16 – 20 years, and 36.7% adopted 

and practised the system for between 21-25 years. However, 3.3% of the farmers adopted the system between 1-10 

years. 

 

 

Table 2: Period of Practising the selected Agroforestry Technology by Smallholder Farmers in the Study Area 

Variables Frequency Percent 

1-10 years 2 3.3 

11-15 years 3 5.0 

 21-25 years 22 36.7 

31 years and above 1 1.7 

16-20 years 32 53.3 

Total 60 100.0 

 

The majority (90%) of the respondents (Figure 7) reported that leucaena species adoption was very high by the farmers, 

while 10% reported high adoption and practice of AF technology. Eighty percent (80%) of the respondents reported 

that Vertiver grass adoption was very high, 10% each reported low and very low adoption of Vertiver grass AF 

technology in the study area, respectively. Fifty percent (50%) of the respondents reported very high farmers' adoption 

of Gliricidia sp, (30%) of the respondents reported moderate adoption of Gliricidia sp, while (20%) reported high 

adoption and practice of Gliricidia sp AF technology in the area (Figure 7). 
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Figure 7: Rating the Level of Farmers' Adoption of AF Technology in the Study Area 

 

Table 3 shows that the communities' adoption of AF technology was 70%; (10%) of the extension agents scored 

communities at 50% and 100% levels of adoption, respectively. Eighty percent (80%) of the extension agents stated 

that the last time the OFAR trial AF technology was assessed or evaluated in the study area was more than 4 years 

ago; however, (10%) of the agents stated that evaluation was done less than 4 years ago. Traditional Practice was the 

major (100%) resistance that was encountered during the promotion of AF extension in the area.  

 

Table 3: Adoption of AF Technology by Community in the Study Area 

Variable                                                  

Rating 
Frequency Percent 

Rate the level of adoption of the 

technology per community/settlement 
100% 1 10.0 

 50% 1 10.0 

 70% 8 80.0 

 

Last assessment/evaluation of Leucaena 

sp agroforestry technology performance 

carried out 

<3 years 1 10.0 

 3- 4 years ago 1 10.0 

 More than 4 years 8 80.0 

 Total 10 100.0 

Resistance encountered when trying to 

promote Agroforestry extension 
Traditional Practice 10 100.0 

 Religious believes 0 0 

 Emerging 

technology 
0 0 

 Total 10 100.0 

 

 

The results on the perception of smallholder farmers based on the benefits of AFT in the study area (Table 4), indicate 

that responding farmers perceived that agroforestry significantly increases their farm output (MWS=4.5). They agreed 

(MWS=4.4) that AF technology serves as fertilizer to crops on the farmland. AF as staking materials (MWS=4.6), 

windbreaks (MWS=3.9) to protect farmlands. Other benefits of AF stated by respondents were used as Fuel wood 

(MWS=4.3), treatment of disease (MWS=3.8). However, they did not agree that (MWS=2.1) it can be used for erosion 

control, a cheap source of fodder (MWS=2.2), making mixed farming easy and demarcation (MWS=2.7).   
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Table 4: Perception of Smallholder Farmers on Benefits of AF Technology in the Study Area 

Benefits SA A U D SD MWS 

Use it as staking material for the farm 66.7 28.3 6.7 – – 4.6* 

AF increases farm output 56.7 41.7 1.6 – – 4.5* 

Serves as fertilizer to crops 40 60 1.6 – – 4.4* 

Mulching material / green manure 43.3 50 6.7 – – 4.3* 

Fuelwood needs 50 36.7 13.3 – – 4.3* 

Windbreak to protect the farm 30 41.7 16.7 11.6 – 3.9* 

Treatment of animal/bird diseases 38.3 35 10 11.7 – 3.8* 

Shade/shelter for domestic animals 38.3 35 18.3 – – 3.8* 

Alternative source of income 30 41.7 13.3 15 – 3.8* 

Timber/furniture materials 28.3 21.7 18.3 31.7 – 3.4* 

Fencing/boundary demarcation 41.7 35 15 8.3 – 2.7* 

Mixed farming easy 45 21.7 8.3 23.3 1.7 2.2ns 

Cheap source of fodder 40 36.7 15 8.3 – 2.2ns 

Erosion control 28.3 35 23.3 15 – 2.1ns 

Where: SA=strongly agree; A=agree; u=undecided; D=disagree; SD=strongly disagree. 

 

 

Figure 8 shows the result on the level of secondary adoption of AF technology. Secondary adopters are the farmers 

who adopted technology after observing its benefits from primary users or early adopters. The figure presents farmers’ 

perceptions of how widely and effectively these technologies have been adopted within their communities. Most 

(78.3%) of the farmers reported strong awareness, acceptance, and replication of agroforestry practices among 

neighbouring farmers, while 3.3% reported limited spread, possibly due to factors such as inadequate extension 

support, lack of resources, or low awareness. This result helps to assess the diffusion and sustainability of agroforestry 

innovations, showing how knowledge and practices are transferred from early adopters to the wider farming 

population in the study area. 
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Figure 8: Rating the level of Secondary adopters of AF Technology by Smallholder Farmers in the Study Area 

 

The results of the study, as presented in Figures 9 and 10, show the animals and crops that are combined with Leucaena 

sp in the study area. Goats were mostly (44.3%) combined with Leucaena sp as a benefit derived from the adoption 

of AFT in the area. The low percentage (13.1%) of the respondents reported that they combine pig alongside Leucaena 

sp, (6.6%) combined sheep and some of the respondents (3.3%) combined birds alongside Leucaena sp on the same 

land, however, (32.85) of the respondents reported other species, such as cattle and donkey in combination alongside 

Leucaena species in the area.  

Results on crops cultivated alongside Leucaena species showed a high number (60%) of the farmers cultivating yam 

crops alongside Leucaena species, thus, was followed by 26.7% of the respondents who cultivate maize, 11.6% 

cultivate cassava crops, however, a few (1.7%) of the respondents reported that they cultivate soya beans alongside 

Leucaena species in the study area.   

 

 
 

Figure 9: Agro-Pastoral by Smallholder Farmers in the Study Area 
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Figure 10: Agro-forestry by Smallholder Farmers in the Study Area 

 

4.0 Discussion 

4.1 Awareness and Adoption of Selected 

Agroforestry (AF) Technology by Smallholder 

Farmers in Benue State 

Results on the level of adoption show that appreciable 

proportions of the farmers were quite knowledgeable in 

farming and could easily perceive new, improved ideas. 

This implies that with more years of AF technology 

farming experience, farmers tend to be more efficient 

in production through learning by doing. There was a 

higher level of adoption among the trial farmers than 

the neighbouring farmers. This could be because pilot 

farmers were exposed more to the benefits of AFT than 

the neighbouring farmers. A similar experience was 

reported by Parwada et al. (2010) in Zimbabwe. The 

study indicates that there is an increased likelihood for 

farmers in the area to adopt Agroforestry technologies 

if they are well exposed to the benefits of AFT.  

Adoption occurs when one has decided to make full use 

of new technology as the best course of action for 

addressing a need (Rogers, 2003). Adoption is 

influenced by various factors, including socioeconomic 

conditions, environmental factors, and psychological 

processes. These are shaped by a range of intervening 

variables, such as individual needs, knowledge of 

technology, and personal perceptions regarding the 

methods used to fulfil those needs (Thangata and 

Alavalapati, 2003). Results on the level of adopting 

Leucaena leucocephala Agroforestry (AF) Technology 

by smallholder farmers in the study area indicate that 

the smallholder farmers who have adopted the practice 

of AF technology had also been practising the system 

for a long period of time, with most of the farmers being 

into the practice for not less than 10 years. This was an 

indication that AF system has been in existence for a 

long period of years; with the existence of this system 

of farming in the study area, the adoption level could 

be said to be too low, and the practice of AF technology 

is very slow and calling for urgent action to improve the 

rate of adoption of the system in the study area.  

AF technology has numerous benefits ranging from soil 

nutrients improvement, environmental 

control/management, conserving microorganisms and 

improvement of crops and plants for sustainable 

development and global warming mitigation. The early 

adopters of AF technology in the study area can be 

encouraged to sensitize those farmers that are yet to 

adopt and start practising the AF system of farming in 

Benue state. Successful adoption depends on 

favourable convergence of technical, economic, 

institutional and policy factors (Rogers, 2003). 

Adekunle et al. (2009) reported that the level of 

education of farmers will directly affect their ability to 

adapt to change and to accept new ideas. Farmers who 

acquire some level of education are more likely to 

perceive new technologies than those who have no 

form of education (Jamala et al., 2013). 

The result of rating the level of adoption of AF 
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technology by farmers, which was evaluated through 

extension agents in Benue state, indicates a very high 

adoption of Leucaena species, Vertiver grass and 

Gliricidia species AF technology system in the study 

area. This result implies that there is a clear 

understanding of the system of AF technology by a few 

smallholder farmers who have adopted and practised 

AF technology in the area. This result could be due to 

numerous benefits derived from AF technology, which 

the farmers have experienced or benefited from during 

their early stage of adoption of the system in the area. 

Also, the literacy level of farmers is important as it 

determines the rate of adoption of improved technology 

for increased productivity (Amaza and Tashikalma, 

2003). 

The result of the adoption of AF technology by 

communities implies that there was a high level of 

adoption by the communities in the study area. This 

report was the perception of the extension agents; 

though the number of smallholder farmers that 

indicated adoption and practice of AF technology was 

very low (61 farmers) out of the 300 returned copies of 

the questionnaire for this finding, this gave a total of 

20.1% of all smallholder farmers that adopted and 

practised the OFAR trial technology. Therefore, the 

report on extension agents on the level of adoption by 

communities was high, while the level of adoption by 

individual farmers was very low (20.1%).  

The difference in the level of community adoption and 

individual farmers’ adoption of AF technology in 

Benue state could be due to inadequate follow-up 

among extension agents after sensitization of farmers 

on innovation. Franzel et al. (2001) observed high 

adoption of agroforestry technologies by farmers. 

While a separate study conducted by Ajayi (2007) 

shows that adoption of these technologies is low. 

According to Phiri et al. (2004) and Keil et al. (2005), 

farmers who are involved in on-farm experimentation 

of agroforestry technologies with the researchers are 

more likely to adopt than those who are not. Keil et al. 

(2005) also considered information and knowledge 

about a given technology as key to the adoption of 

agricultural practices, especially those associated with 

ecological benefits.  

The successful adoption of Leucaena in Queensland is 

directly linked to the same five key factors highlighted 

by Shelton et al. (2005) in their review of the adoption 

of tropical forage legume technology worldwide. These 

are: the technology that meets the needs of farmers; 

relevant partnerships have been developed between 

farmers and rural development agencies; the socio-

economic context and skills of farmers have been 

understood; participatory involvement with rural 

communities has occurred; and there has been 

commitment from long-term champions of the 

technology. Social factors also drive the adoption of 

Leucaena pastures, with many ageing farmers wanting 

a more relaxed lifestyle by moving away from high-risk, 

labour-intensive farming to become cattle managers. 

Some farmers have increasing concerns over 

frequent/persistent shortfalls of rain and the impact that 

global climate change might have on the future of dry 

land cropping (Japheth et al., 2023). 

4.2 Perceived Benefits of AF Technology 

Experienced by the Smallholder Farmers in the 

Study Area 

The result of the perception of smallholder farmers on 

the benefits of AF technology indicates that the farmers 

perceived AF technology as playing a significant role 

in their livelihood in the study area. AF tree species 

serve the purpose of wind break, erosion control, soil 

stabilization, source of food, medicine and income in 

the study area (Parwada et al., 2010, Ibrahim et al., 

2019). In this study, the major benefit of AFT, as 

reported by the farmers, was staking of yams; this could 

be because yams are the major crop of the farmers in 

the area. 

Cassava, maize, yams, soybean, among others, were the 

most cultivated crops alongside Leucaena species. 

Agroforestry technologies offer an alternative solution 

to resource-constrained smallholder farmers, who, in 

the absence of inorganic fertilizers would otherwise 

grow crops without addressing nutrient requirements 

and harvest little or nothing for storage (Jamala et al., 

2013). Among Leucaena litter components, leaf litter 

contributes more nutrients, especially nitrogen (N), 

than other litter components. The high biomass 

production, N content and decomposability of 

Leucaena leaves indicate its greater potential for use as 

green manure (Mwiinga et al., 1994) to farm crops 

when combined alongside Leucaena species. 

The results on the benefits of AF technology to the 

farmers in the study area revealed that birds, goat, pigs, 

and sheep, among other animals, were reared alongside 

Leucaena species. The high nutritive value of Leucaena 

species makes it the best forage supplement to increase 

animal production and feed elephant grass basal diets 

(Rusdy 2020). Leucaena in combination with grass 

pasture is one of the most persistent, productive and 

sustainable grazing systems used in north Australia 

(Shelton and Dalzell, 2007). For these reasons, the 

establishment of Leucaena can be a technology of 

choice for increasing sustainable animal production 

from tropical grassland (Rusdy, 2020). 

Successfully grown Leucaena can produce sufficient 

nitrogen for its own needs, and intercropping with 

companion grass maximizes pasture production 

because the grass can utilize the excess fixed nitrogen 

to enhance its growth and create a strong ground cover, 

which helps prevent soil erosion and control weeds 

(Shelton and Dalzell, 2007). In a grassland area where 

the animals cannot reach Leucaena leaves, litter-fall is 
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the major pathway of nutrient cycling (Apolinario et 

al., 2015).  

Animals fed a mixture of Leucaena and Megathyrsus 

maximus had higher intake of crude protein, calcium, 

and fat and lower NDF and ADF intake than those fed 

M. maximus monoculture (Cuartas et al., 2015). 

Inclusion of Leucaena at a 24% level in growing heifers 

fed a basal diet of Cynodon plectostachyus increased 

dry matter intake from 2.02 to 2.47% DM of animal live 

weight (Molina et al, 2016). Daily dry matter intake of 

goats fed basal diets of Panicum maximum plus 100g 

maize bran (control) was 229 g, but increased to 339g 

when the control diets were supplemented with 

Leucaena (Saha et al., 2008). The higher digestibility 

and intake of the Leucaena–grass mixture over grass 

monoculture can be attributed to the lower ADF and 

NDF contents of the intercrops compared to grass 

monoculture, respectively. 

 

5.0 Conclusion 

The study shows that awareness and adoption of 

agroforestry technologies in Benue State are highly 

dependent on farmer exposure, extension support, and 

perceived immediate benefits. Primary beneficiary 

farmers exhibited full awareness (100%) and long-term 

engagement (53.3% for 16–20 years; 36.7% for 21–25 

years), with key benefits including staking materials, 

crop yield improvement, and nutrient supplementation. 

Neighbouring farmers exhibited significantly lower 

awareness and adoption, indicating limited diffusion of 

knowledge and practice. Livestock and crop integration 

were common, reflecting the multifunctional role of 

AFT in smallholder systems. Barriers to adoption were 

primarily rooted in traditional practices and inadequate 

follow-up by extension agents, while benefits with 

longer-term ecological impacts, such as erosion control, 

were less recognized. Based on the results from this 

study, it is recommended that the frequency and quality 

of extension visits be improved to improve awareness 

and support among neighbouring farmers, promoting 

secondary adoption. Develop policies that incentivize 

adoption, including the provision of improved 

seedlings, technical support, and recognition of best 

practices to ensure the sustainable scaling of 

agroforestry technologies. 

 

Correspondence to:  

Torhemen, T. T 

Department of Social and Environmental Forestry, 

Joseph Sarwuan Tarka University, Makurdi, Nigeria 

Cellular phone: +234 8130667945 

Email: taver22@yahoo.com  

 

References 

1. Adekunle OA, Oladipo LL, Adisa FO, Fatoye RS 

(2009): Constraints to Youth’s involvement in 

agricultural production in Kwara State, Nigeria. J 

agric. Exten., 13(1): 102-108.  

2. Agera, S.I.N; Japheth, H.D and Amonum, J.I. 

(2019).  Agroforestry System and Organic 

Farming: Tools in Mitigating the Problems of 

Modern Agriculture. Proceedings of Forestry 

Association of Nigeria, 41st Annual Conference 

held at Women Development Center (Opposite 

CBN Building), Abuja, FCT, Nigeria.  

3. Ajayi O.C, F.K Akinnifesi, S Gudeta, S 

Chakeredza, (2007): Adoption of renewable soil 

fertility replenishment technologies in southern 

African region: lessons learnt and the way forward. 

Natural Resources Forum 31(4):306–317. 

4. Amaza, P.S and Tashikalma, A.K (2003): Technical 

Efficiency of Groundnuts in Adamawa State, 

Nigeria, Journal of Arid Agriculture, 13: 127 – 

1311.  

5. Apolinario V X O, Dubeux Jr J C B, Lira M.A, 

Ferreira R L C, Mello A C L, Santos M V F, 

Sampaio E V S B and Muir J P 2015 Tree legumes 

provide marketable wood and add nitrogen in warm 

climate silvopasture system. Agronomy Journal 

107 : 915 – 921. 

6. Bekele, E., Abera, G., & Temesgen, H. (2024). 

Factors influencing adoption and intensity of 

agroforestry systems for mitigating land 

degradation (MLD) in Gilgel Gibe I catchment, 

southwestern Ethiopia. Cogent Food &amp; 

Agriculture, 10(1). 

https://doi.org/10.1080/23311932.2024.2380782 

7. Bhandari, S., Paudel, S., & Upadhaya, S. (2025). 

Socio-Economic and Environmental Benefits of 

Agroforestry and Its Multilevel Barriers to 

Adoption: A Systematic Review. Sustainability, 

18(1). https://doi.org/10.3390/su18010005 

8. Cuartas C C A, Naranjo R J F, Tarazona M A M, 

Correa L G A and Rosales R B (2015). Dry matter 

nutrients intake and diet composition in Leucaena 

Leucocephala–based intensive sylvopastoral 

system. Tropical and Subtropical Agroecosystem, 

18 : 303 -311. 

9. Dagba BI, Azeez IO, Ancha PU. (2017). 

Assessment of community-based forest 

management practices in Benue State, Nigeria. 

Journal of Environmental Science, Toxicology and 

Food Technology. 2017; 11(2):1-13. 

10. Dau, J. H., & Chenge, I. (2016). Growth space 

requirements models for Prosopis africana (Guill & 

Perr) Taub tree species in Makurdi, Nigeria. 

European Journal of Biological Research, 6(3), 

209-217. 

11. Dimobe, K., Zoungrana, BJ-B., Yoni, M. and 

Thiombiano A. (2025). Agroforestry’s contribution 

to sustainable soil fertility, livelihoods, and carbon 

sequestration in Sub-Saharan Africa: A systematic 

http://www.sciencepub.net/academia
http://www.sciencepub.net/academia
mailto:aarenaj@gmail.com
mailto:taver22@yahoo.com
https://doi.org/10.1080/23311932.2024.2380782
https://doi.org/10.3390/su18010005


Academia Arena 2026;18(4)                   http://www.sciencepub.net/academia    AAJ  

http://www.sciencepub.net/academia                                            aarenaj@gmail.com 14 

review. International Journal of Agriculture and 

Biosciences 14(3): 436-446. 

https://doi.org/10.47278/journal.ijab/2025.013   

12.  DOI: 

https://doi.org/10.36344/ccijavs.2025.v07i05.002  

13. Franzel, S., Coe, R., Cooper, P., Place, F., & Scherr, 

S. J. (2001): Assessing the adoption potential of 

agroforestry practices in subSaharan Africa. 

Agricultural Systems, 69(1-2), 37-62. 

14. Gashu, M. Y., Mesfin, D., & Dessie, T. A. (2025). 

Farmer perceptions toward the adoption of 

agroforestry practices: A case study of northwestern 

Ethiopia. Frontiers in Sustainable Food Systems, 9, 

1512761. 

https://doi.org/10.3389/fsufs.2025.1512761 

15. Getahun K. (2022). Agroforestry as a Pathway to 

Climate-Smart Agribusiness: Challenges and 

Opportunities to Smallholder Farmers in 

Developing Countries, 02 February 2022, 

PREPRINT (Version 2) available at Research 

Square [https://doi.org/10.21203/rs.3.rs-184084/v2] 

16. Houndjo Kpoviwanou, M. R. J., Sourou, B. N. K., 

& Ouinsavi, C. A. N. (2024). Challenges in 

adoption and wide use of agroforestry technologies 

in Africa and pathways for improvement: A 

systematic review. Trees, Forests and People, 17, 

100642. https://doi.org/10.1016/j.tfp.2024.100642 

17. Hula M. A. and Ukpong I. E (2013), Exploring the 

relationship between farming practices  and 

vegetation dynamics in Benue State, Nigeria. World 

Journal of Agricultural Sciences Vol. 1 (7), pp. 232-

240, June 2013. 

http://wsrjournals.org/journal/wjas Accessed 

September 2019 

18. Ibrahim, A. O., Adeniji, O. A, Ampitan, T. A., 

Ogialekhe, P., Adegbola, G A. And Buochuana, A. 

(2018): Assessment of Agroforestry Practices in 

Kaiama Local Government Area of Kwara State; 

Proceedings of the 6th Biennial National 

Conference of the Forests and Forest Products 

Society (FFPS). Isah, A. D., Shamaki, S. B., 

Adekunle, V. A. J. and Bello, A. G. (eds.): 234-241. 

19. Jamala, G., Shehu, H. E., Yidau, J. J., and Joel, L. 

(2013): Factors Influencing Adoption of Agro-

Forestry among Smallholder Farmers in Toungo, 

Southeastern, Adamawa State, Nigeria. . Journal of 

Environmental Science, Toxicology And Food 

Technology, 6, PP 66-72.  

20. Japheth, H. D., Agera, S. I. N., Dachung, G., & 

Amonum, I. J. (2023). Chapter: Mitigating Modern 

Agriculture’s Problems through Agroforestry 

System and Organic Farming. In S. Danish & S. 

Hussain (Eds.), Updates on Organic Farming. 

IntechOpen. 19 Pg. 

https://doi.org/10.5772/intechopen.113234. 

21. Keil, A., Zeller, M., and Franzel, S. (2005): 

Improved fallows in smallholder maize production 

in Zambia: do initial testers adopt the technology? 

Agroforestry Systems, 64, 225-236.  

22. Kiyani, P., Andoh, J., Lee, Y., & Lee, D. K. (2017). 

Benefits and challenges of agroforestry adoption: a 

case of Musebeya sector, Nyamagabe District in 

southern province of Rwanda. Forest Science and 

Technology, 13(4), 174–180. 

https://doi.org/10.1080/21580103.2017.1392367 

23. Koroma, B. M., Jalloh, A., Gogra, A. B., & Yokie, 

M. A. (2019). Positioning smallholder farming in 

the agricultural productivity and food security in 

resource limited Sierra Leone. Scientific Research 

and Essays, 14(12), 119-128. doi: 

10.5897/SRE2018.6593 

24. Mbow, C., Van Noordwijk, M., Luedeling, E., 

Neufeldt, H., Minang, P. A., & Kowero, G. (2014). 

Agroforestry solutions to address food security and 

climate change challenges in Africa. Current 

Opinion in Environmental Sustainability, 6, 61-67. 

https://doi.org/10.1016/j.cosust.2013.10.014 

25. Mgbenka, R. N., & Mbah, E. N. (2016). A review 

of smallholder farming in Nigeria: Need for 

transformation. International Journal of 

Agricultural Extension and Rural Development 

Studies, 3(2), 43-54. 

26. Molina I C, Angarita E A, Mayorga O L, Chará J 

and Barahona-Rosales R (2016). Effect 

of Leucaena Leucocephala on methane production 

of Lucerna heifers fed a diet based 

on Cynodon plectostachyus. Livestock Science, 

185:24-29. 

27. Mwiinga R D, Kwesiga F R and Kamara S 

(1994) Decomposition of leaves of six 

multipurpose tree species in Chipata, Zambia., 

Forest Ecology and Management, 64 (2-3) : 209- 

216. 

28. Nyagba, J. L.(1995) The Geography of Benue 

State: Benue a Compendium: The Land of Great 

Potentials. Denga, D. I. (Edited), Rapid Educational 

Publishers Ltd, Calabar, Nigeria. 1995. 

29. Ojogbane, J. A., Gbigbi, T. M., & Ogisi, O. D. 

(2025). Insecurity, food scarcity, and agricultural 

decline: Insights from arable crop farmers in the 

North Central Zone of Nigeria. Cross Current 

International Journal of Agriculture and Veterinary 

Sciences, 7(5):103-129.  

30. Parwada, C.; Gadzirayi1, C.T.; Muriritirwa, W.T 

and Mwenye, D. (2010): Adoption of agro-forestry 

technologies among smallholder farmers: A case of 

Zimbabwe; Journal of Development and 

Agricultural Economics;. 2(10): 351-358. 

31. Phiri D, Franzel S, Mafongoya P, Jere I, Katanga R, 

Phiri S (2004): Who is using the new technology? 

The association of wealth status and gender with the 

http://www.sciencepub.net/academia
http://www.sciencepub.net/academia
mailto:aarenaj@gmail.com
https://doi.org/10.47278/journal.ijab/2025.013
https://doi.org/10.36344/ccijavs.2025.v07i05.002
https://doi.org/10.3389/fsufs.2025.1512761
https://doi.org/10.21203/rs.3.rs-184084/v2
https://doi.org/10.1016/j.tfp.2024.100642
http://wsrjournals.org/journal/wjas
https://doi.org/10.5772/intechopen.113234
https://doi.org/10.1080/21580103.2017.1392367
https://doi.org/10.1016/j.cosust.2013.10.014


Academia Arena 2026;18(4)                   http://www.sciencepub.net/academia    AAJ  

http://www.sciencepub.net/academia                                            aarenaj@gmail.com 15 

planting of improved tree fallows in eastern 

Zambia. Agroforestry System, 79: 131-144. 

32. Rogers, E. M. (2003): Diffusion of Innovations 

(Fifth ed.). New York: The Free Press.  

33. Roy, M. K., Fort, M. P., Kanter, R., & Montagnini, 

F. (2025). Agroforestry: A key land use system for 

sustainable food production and public health. 

Trees, Forests and People, 20, 100848. 

https://doi.org/10.1016/j.tfp.2025.100848 

34. Rusdy, M. (2025): Silvopastoral system 

using Leucaena Leucocephala for sustainable 

animal production in the tropics. Livestock 

Research for Rural Development. Volume 32, 

Article #57. Retrieved August 21, 2021, from 

http://www.lrrd.org/lrrd32/4/murhu32057.html 

35. Saha, H. M, Kahindi R. K. and Muinga R. W 

(2008) Evaluation of manure from goats 

fed Panicum basal diet and supplemented with 

Madras thorn, Leucaena or Gliricidia. Tropical and 

Subtropical Agroecosystem, 8: 251 – 257. 

36. Shelton, H.M.; Franze, S and Peters, M. (2005): 

Adoption of tropical legume technology around the 

world: analysis of success; Tropical Grasslands;39: 

198–209. 

37. Shelton, M. and Dalzell, S (2007): Production, 

economic and environmental benefi ts of leucaena 

pastures; Tropical Grasslands (2007) Volume 41, 

174–190 174. 

38. Siminski, A., dos Santos, K.L., Wendt, J.G.N., 

(2016). Rescuing agroforestry as strategy for 

agriculture in Southern Brazil. J. For. Res. 27, 739–

746. https://doi.org/10.1007/ s11676-016-0232-3.  

39. Singh, A. P., Verma, S., Kumar, S., Singh, B., & 

Kumar, I. (2025). Farmers' perception and adoption 

barriers of agroforestry practices: Insights from the 

Awadh Region, Uttar Pradesh, India. Trees, Forests 

and People, 22, 101034. 

https://doi.org/10.1016/j.tfp.2025.101034 

40. Thangata, P., and Alavalapati, J. (2003) 

Agroforestry adoption in southern Malawi: the case 

of mixed intercropping of Gliricidia sepium and 

maize,. Agricultural Systems, 78, 57–71 

41. Torhemen, T. T., Verinumbe, I., Ikyaagba, E. T., 

Ancha, P. U., Ahungwa, G. A., Jande, J. A., 

Aondoakaa, M. A., Igbaukum, E., & Musa, Z. 

(2024). Assessment of Leucaena leucocephala 

(Lam.) de Wit agroforestry technology adoption 

among smallholder farmers in Benue State, Nigeria. 

Journal of Research in Forestry, Wildlife and 

Environment, 16(1), 1–12. 

https://www.researchgate.net/publication/3881472

53 

42. Wawire, A. W., Csorba, Á., Tóth, J. A., Michéli, E., 

Szalai, M., Mutuma, E., & Kovács, E. (2021). Soil 

fertility management among smallholder farmers in 

Mount Kenya East region. Heliyon, 7(3), e06488. 

https://doi.org/10.1016/j.heliyon.2021.e06488 

 

 

 

2/15/2026 

http://www.sciencepub.net/academia
http://www.sciencepub.net/academia
mailto:aarenaj@gmail.com
https://doi.org/10.1016/j.tfp.2025.100848
http://www.lrrd.org/lrrd32/4/murhu32057.html
https://doi.org/10.1007/
https://doi.org/10.1016/j.tfp.2025.101034
https://www.researchgate.net/publication/388147253
https://www.researchgate.net/publication/388147253
https://doi.org/10.1016/j.heliyon.2021.e06488

