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Abstract: Agroforestry practices evolve with the development of basic and advanced facilities,
changes in natural and artificial factors of land, and land use trade-offs. This study aims to examine
the farmers’ socioeconomic characteristics and perception of land use changes that define optimal
agroforestry practices in Khost Province, Afghanistan. Data were collected from 662 farmers and
analyzed using univariate Analysis of Variance (ANOVA) and Multivariate Analysis of Variance
(MANOVA). The results found that forest and vegetable products, including fruits, berries, herbs,
mushrooms, wild animals, oils, wood, honey, okra, eggplant, carrot, cucumber, pine nuts, pepper, and
timber, have different impacts in terms of satisfaction with basic and advanced facilities, knowledge
of land use changes, satisfaction with natural and artificial resources of land, and barriers to and
economic benefits of land use. The limitations of this study included an absence of exogenous factors
in the model such as climate change, financial conditions, market fluctuations, regulatory system, the
area in which this study is selected, research design, and current condition of endogenous factors.
Overall, this study defined a set of optimal agroforestry practices (expressed as crops and products)
based on the farmers’ perception of land use changes in Khost Province, Afghanistan. This study
provided useful insights for policymakers and development practitioners to promote agroforestry
practice adoption and improve the socioeconomic development of agroforestry-dependent commu-
nities. Future works could explore the implications of agroforestry practices on the socioeconomic
development of other dependent communities in Afghanistan.
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1. Introduction

Political instability and destruction have reduced Afghanistan, a once progressive
country that engaged in large-scale food production (specifically fruits), to a war zone. To
date, Afghanistan ranks 155 on the Global Poverty Index, 0.349 on the Human Development
Index, and 0.310 on the Gender Development Index. This appalling situation is a result of
continuous environmental degradation rather than insufficient financial resources. In terms
of skills and education, Afghanistan lacked the manpower of educated women to bridge this
gap and develop an environmentally responsible community [1]. Agroforestry practices
have positively impacted the socioeconomic development of dependent communities
worldwide [2,3]. Agroforestry, as a sustainable land use approach that combines trees,
crops, and livestock within a unified management framework, holds the potential to
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address challenges related to food security, poverty, and environmental sustainability in
developing countries [4,5]. However, there is a notable lack of research on the economic
and social advantages of agroforestry practices in Afghanistan, even though it has been a
vital income source for rural communities for centuries [6].

Conceptually, agroforestry can catalyze economic, social, and environmental progress.
One study provides possible solutions towards livelihood security and resilience to cli-
mate change, i.e., trees in farms [7]. By employing qualitative and quantitative research
methods, [7] highlighted the benefits of agroforestry, such as shade and fruit, and the main
tree species favorable to grow in semi-arid Isiolo County, Kenya, such as mango, papaya,
banana, guava, and neem. The study also highlighted that the average scores of all five
livelihood capital factors (financial, human, social, physical, and natural capital) were 10%
higher for households practicing agroforestry, indicating more resilient livelihoods [7].
Another study highlighted the importance of tress as a source of fuelwood and fodder
for rural populations in the Himalayas, India [8]. The study argued that smallholders can
enhance resilience to climate change by adopting full dependency on natural resources,
by avoiding the risk of total crop yield losses, and by reducing the time and effort needed
to collect resources from outside the farm through the utilization of fuelwood and fodder
in mountainous regions. In this vein, community uplift would provide the public with
socioeconomic and environmental measures. The initiation of such agroforestry projects
can advance the Khost Province to new levels. Despite addressing the environmental degra-
dation caused by land use change and deforestation [9], the impact of agroforestry practices
on dependent communities” socioeconomic development in Khost Province, Afghanistan,
remains under-examined. The current work bridged the literature gap by investigating
the impact of agroforestry practices on the socioeconomic development of dependent
communities in Khost Province.

The value of agriculture and its domestication must be supported through efficient
preservation practices and other associated approaches for human development. Food
insecurity was initially resolved via sufficient food resources, which resulted from food
production and stability. Nevertheless, agriculture gradually declined with high population
growth and poor yields or resources. Subsequently, agricultural production, such as agro-
forestry, was conceptualized to compensate for the greenery lost through environmental
degradation. The recent decline in wheat (a staple food in Afghanistan) in agricultural
production necessitated a novel and evolved approach, such as agroforestry. Past research
on the impact of domesticating trees similarly to agriculture fields revealed positive results
from production to the overall effect of greenery, which expanded with the increasing num-
ber of trees. As evidenced by past studies, the trees cultivated by primitive communities
denoted the highest production level with notable success [10].

This study aims to examine the farmers’ socioeconomic characteristics and percep-
tion of land use changes that define optimal agroforestry practices in Khost Province,
Afghanistan. The objectives are two-fold: to (i) examine the socioeconomic characteristics
of farmers, and (ii) assess farmers’ perception of land use changes across the production of
vegetables and forest products to define optimal agroforestry practices in Khost Province.

2. Literature Review

Most agroforestry studies proved to be descriptive or prescriptive. Current agro-
forestry practices are described or prescribed to address specific land use issues. Overall,
economic references entail benefit—cost analyses, the relative profitability of different sys-
tems, and (in some cases) distributive and organizational issues [11]. An agroforestry
system is expected to generate (i) an optimal output value at the exact resource cost or
(ii) the same output value at a lower resource cost than a single crop system [12]. Economic
benefits can be gained through agroforestry, which integrates trees and shrubs with other
agricultural enterprises and provides farmers with additional income [13]. As farm labor is
spread throughout the year, existing businesses can increase agricultural production and
protect the environment by promoting agroforestry species on private farmlands that are
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not typically used for field crops [14,15]. As evidenced in past research, the introduction of
multipurpose trees (mulberry trees) for sericulture could economically and environmentally
benefit an agroforestry system compared to mono-cropping, where only one plant type is
grown [16].

Agroforestry systems maximize land use, where every area is deemed suitable to
cultivate valuable plants. Perennial, multiple-purpose crops that are planted once but yield
benefits over time are emphasized [17]. Nevertheless, economic analysis of agroforestry
and its theoretical foundation remains lacking due to the intricacies underpinning such
assessments [6,18]. The paucity of economic agroforestry valuations can be partially
explained by the spatial and temporal complexity of agroforestry systems [19], and the
multiple inputs and outputs characterizing agroforestry [20,21].

The economic benefits of agroforestry have been extensively researched. For example,
agroforestry systems were found to be more productive by 36% to 100% compared to
monocultures, and the crop component yielded higher returns compared to negative
returns from the tree component in agroforestry [22]. Studies conducted for comparison
of agroforestry systems and business-as-usual agricultural practices indicated that the
financial value of output produced in Mediterranean agroforestry systems is higher than
that of the corresponding agricultural system [23]. However, in terms of profitability,
the agricultural systems in Atlantic and Continental regions tended to be relatively more
profitable. Overall, higher economic gain is reflected through the reduced externalities
of pollution from nutrient and soil losses and increased advantages from carbon capture
and storage linked to agroforestry landscapes [23]. Studies conducted on the diffusion
of agroforestry systems highlighted the positive and relevant impact on the stocking rate
(heads/pasture area) and a shift from cattle-raising activities to other high gross-added-
value activities [24]. As a unified system with suitable methods to improve agricultural
productivity and the natural environment, agroforestry can sustainably enhance food
production and farmers” economic conditions worldwide by positively contributing to
soil fertility and household income [5]. Agroforestry practices and their symbiotic effects
on improved crop growth and yield are widely recognized in addition to environmental,
social, and economic aspects.

Several studies have been conducted on the socio-economic factors influencing the
production of forestry products and vegetable farming. Among forestry products, these
factors included education, gender, household income, ethnicity, distance to the market,
and access to roads [25], elevation and shifting cultivation practices [26], social status,
household status on foreign employment and landholding [27], age [28], wealth, racial
composition, and home ownership [29], farm husbandry skills and years of residence [30],
and several other factors. Among vegetable products, such factors included ethnicity, access
to technical assistance, chemical fertilizers, pesticides, and improved seeds [31], education
and farm environment [32], family size, extension services and credit services [33], market
management, irrigation facilities, urban growth, price, and vegetable diseases [34], and
several other factors. Hence, the importance of socio-economic factors in enhancing the
production of forestry products was clearly stated.

In recent years, research has been carried out on the topic of agroforestry adoption in
rural and urban areas. Studies showed that a higher proportion of farmers, around 60%,
preferred to adopt agroforestry practices [27,35,36]. Adoption of agroforestry practices was
found to be highly associated with effective utilization of land and material resources from
forestry [27], life satisfaction and happiness [36], satisfaction from practicing agroforestry,
aesthetic gratification, regenerative agricultural system, and knowledge transfer [37], as
well as several socioeconomic and sociodemographic characteristics, including family
size, age, land ownership, monthly household income [35,36,38], and farmers’ livelihood
capital [39]. This signifies the importance of socioeconomic and sociodemographic char-
acteristics of farmers as well as their satisfaction level towards agroforestry in increasing
agroforestry adoption among farmers.
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Agroforestry introduced several initiatives to adapt to the land use changes occurring
due to changes in global climate, land degradation, prevailing poverty, and several other
factors [38,40]. For instance, smallholder farmers in Western Kenya have started to use
fuelwood found in trees of that region in place of timber and charcoal, which has increased
their monthly income significantly [40]. Similarly, farmers in the Indian Eastern Himalayas
and other parts of Asia adapted pineapple (Ananas comosus) agroforestry systems (PAFS)
for harvesting pineapple, which has increased the bush density of pineapple and reduced
the potential of forestry burn in the area [41]. Another advanced agroforestry system, rain-
fed lowland rice and sugar plan (RLR-SP) hedges, has transformed the irrigation system
and the process of farming shrimp, as well as converted deep-water rice areas into mixed
gardens and paddy fields into small oil palm plantations, resulting in a significant land
use change and increased production in the region [42]. Hence, agroforestry systems can
be considered an alternative land use option in resource-deficient areas [38] and degraded
farmland regions [43].

Community and socio-economic development is highly dependent on the availability
of resources, particularly needed due to changing environmental, social, and economic
factors of land use [44]. This urges the need to adopt agroforestry practices, which re-
quires extensive research on factors that significantly improve their implementation [45].
Studying the level of satisfaction across these resources would encourage the agroforesters,
policymakers, and the government to invest on such promising resources. For instance,
satisfaction was found to be higher than natural, built, human, social, financial, political
and cultural capitals together with negatively skewed distribution, hence suggesting that
capital (or resources) should be built upon to enhance farmers’ satisfaction towards agro-
forestry [46]. Overall, the adoption of agroforestry practices was even witnessed to result
in a prompt increase in fodder, fuelwood, and timber productions, with an indifferent
level of lead production when compared to traditional farming practices [47]. Hence, it
is important to determine which type of crop production can be significantly increased
through agroforestry practices.

Having considered all the potential and promising benefits of agroforestry practices, it
is deemed challenging to develop and distribute agroforestry as a viable means for farmers
in diverse ecological and socioeconomic contexts. Following [48], agroforestry technol-
ogy can only impact land management, productivity, or income with wide acceptance
by farmers. Based on past research [35], farmers’ socioeconomic characteristics, resource
availability, extension services, infrastructure, and markets render agroforestry adoption
a complex process. The development of a novel input—output mix of annuals, perenni-
als, green manure, fodder, and other components renders the adoption of agroforestry
complex and challenging, specifically when different agroforestry technologies require
multiple operations and management techniques. Thus, the three components of feasibility,
profitability, and accessibility were considered in agroforestry adoption [20].

This extensive review of literature provided a wide range of economic, social, and
environmental benefits of agroforestry [13-15,17,23,48]. However, it also challenged the
farmers to adopt new ways of irrigation and planation in order to fully apply the agro-
forestry practices and obtain maximum benefits from it [38,40]. It requires the availability
of facilities and infrastructure, which shapes farmers’ satisfaction towards their availability
and links economic and technological impact of land use change with agroforestry adop-
tion [20,21,27,36,37]. Evidently, the use of specialized agroforestry practices and systems
maximizes crop productivity and, hence, significantly increases farmers’ income [38—43].
Hence, it would be interesting to study whether farmers’ satisfaction level with facilities and
infrastructure, knowledge of land use changes, satisfaction with land resources, and per-
ception of land use trade-offs differ across the production of vegetables and forest products
and, hence, define the optimal agroforestry practices in Khost Province, Afghanistan.
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3. Materials and Methods
3.1. Study Area

This study was conducted in five districts—Gurbuz, Khost “Matun,” Mandozayi,
Musakhel, and Qalandar—of Khost Province (Figure 1). Khost Province is situated in
Southeastern Afghanistan and is primarily characterized by the Khost Valley and the
encompassing mountains. Rangelands stretch from the Gurbuz district in the south to
Jaji the Maydan district in the north. The Khost Valley and Bak areas support rain-fed
and intensively irrigated crops. Natural forests line the border with the Durand Line and
Paktia Province. Afghanistan’s Khost Province lies at an elevation of approximately 1180
m above mean sea level, positioned between 33°59 and 33°46 north latitudes and 69°19
and 70°21 east longitudes. The population stands at 614,584 (2018), encompassing an area
of 4284.34 km?.
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Figure 1. The location of Khost Province (specific research area) in Afghanistan and the current
physical situations, such as river lines, build-up, forest and shrubs, barren land, etc., effects and the
location of sampling sites.

The combined forest and shrub cover across these districts spans 365.82 km?2, which
represents 23.62% of the entire province’s geographical area. Concerning forest canopy
density classes within this province, they are primarily categorized as closed forests. The
total forest area in Khost Province measures 1200.88 km?. This region boasts abundant
natural resources, enabling extensive agroforestry activities to be undertaken.
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3.2. Research Design

This study utilized a quantitative approach to examine the farmers’ socioeconomic
characteristics and perception of land use changes across the production of vegetables and
forestry products that define optimal agroforestry practices in Khost Province, Afghanistan.
Such an approach allowed the researchers to quantitatively measure how farmers’ per-
ceptions of land use changes are associated with the production of certain vegetables and
forest products and consequently define best agroforestry practices in Khost Province,
Afghanistan. In pursuit of a quantitative approach, a cross-sectional research design was
employed to gather data through questionnaires filled between 8 February and 15 February
2023. The questionnaires were physically distributed by visiting each district and targeting
agroforestry practicing farmers in each district. Ten students, four lecturers, and two
administrative managers assisted in collecting the data to ensure data precision and reduce
cost and time.

3.3. Study Population

Agroforestry-practicing farmers in Khost Province made up the study population.
These farmers were suffering from declining socioeconomic status, and their main farming
activity in this area was agroforestry, which had been practiced for a very long time.

3.4. Sampling Technique

Stratified sampling technique was used to determine the sample size obtained from
each district. The target population was stratified into a stratum of five districts based on
their homogeneity in terms of agroforestry being the farmers” main source of income and
their declining socioeconomic status.

3.5. Study Sample

Krejcie and Morgan’s formula [49] was employed to calculate the sample size from a
stratum of five districts based on their current population. At present, the total population
of Khost ‘Matun’, Manduzay, Gurbuz, Musekhel, and Qalandar is 161,780, 66,020, 30,670,
48,000, and 11,970, respectively. Hence, considering 1% error and 99% confidence interval,
Krejcie and Morgan’s formula calculated a required sample size of 687 from all five districts,
with 350 samples from Khost ‘Matun’, 142 samples from Manduzay, 65 samples from
Gurbuz, 104 samples from Musakhel, and 26 samples from the Qalandar region. A total
of 750 questionnaires were distributed physically, and 687 questionnaires were returned,
which led the researchers to equalize the calculated sample size needed from each district,
resulting in 91.6% response rate.

3.6. Research Instrument

A structured questionnaire was self-designed and self-administrated with the help
of a team of nine experts from Kabul University and three experts from the Ministry of
Agriculture. Later, twelve professors from Kabul University validated the questionnaire
after removing 40 invalid questions from it. The questionnaire was divided into six sections:
(i) sociodemographic information including age, gender, marital status, race, number
of household members, and member of any association; (ii) economic activity including
education level, job/employment, working experience, monthly work income, and monthly
household income; (iii) satisfaction with facilities and infrastructure in the residential area
(7 items); (iv) knowledge of land use changes (6 items); (v) satisfaction with land resources
(6 items); and (vi) perception of land use trade-offs (13 items). An example item of variable
‘satisfaction with facilities and infrastructure’ would be ‘Having electricity supply’, while
an example item of variable ‘knowledge of land use changes” would be ‘I feel that my area
is getting warmer now due to land use change’. Similarly, an example item of variable
‘satisfaction with land resources” would be ‘Development of hydroelectric dam’, while an
example item of variable ‘perception of land use trade-offs’ would be ‘Herbs are getting
difficult to find’. The questions for these variables were asked to determine respondents’
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agreement with each variable. The questions for sections (iii) to (vi) were measured on
5-point Likert scale, ranging from strongly disagree (1) to strongly agree (5). Lastly, a list
of vegetables and forest products was provided with Yes/No scale to ask the respondents
which products they and their families were producing and engaged in.

3.7. Exploratory Factor Analysis and Reliability of Research Instruments

Exploratory factor analysis via principal components was used as the extraction
method, while varimax served as the rotation method to determine the factors of the
following variables: ‘satisfaction with facilities and infrastructure’, ’knowledge of land
use changes’, ‘satisfaction with land resources” and ‘perceptions of land use trade-offs’.
Questions or items with a factor loading under 0.60, which did not fall into the underlying
constructs, were excluded. All the construct questions revealed a factor loading above
0.60 and were included in the factor extracted (Table 1). Particularly, all the variables
were extracted with over 60% of variances explained by factors measuring the constructs.
The reliability test was assessed using Cronbach’s alpha upon extracting the factors. In
line with [50], the Cronbach’s alpha score of all constructs exceeded the threshold level
of 0.70 (Table 1). Hence, all the factors extracted revealed good reliability to commence
the analysis.

Table 1. Exploratory factor analysis and instrument’s reliability result.

Explained

Construct Factor Extracted . o o Value
Variances %

Satisfaction with Facilities and Satisfaction with Basic Facilities and Infrastructure 52.08% 0.754
Infrastructure Satisfaction with Advanced Facilities and Infrastructure 13.97% 0.864
Knowledge of Land Use Knowledge of Land Use Changes 61.13% 0.868
Changes

Satisfaction with Land Satisfaction with Natural Resources of Land 53.52% 1.000
Resources Satisfaction with Artificial Resources of Land 20.28% 0.833
Perception of Land Use Perception about Barriers to Land Use 54.05% 0.907
Trade-offs Perception about Economic Benefits of Land Use 14.54% 0.917

3.8. Data Analysis Methods

This study applied multivariate ANOVA (MANOVA) for comparing satisfaction
with facilities and infrastructure, knowledge of land use changes, satisfaction with land
resources, and perception of land use trade-offs across the production of vegetables and for-
est products in Khost Province. MANOVA analysis determined which forest and vegetable
products were significantly different in terms of extracted sub-dimensions of satisfaction
with facilities and infrastructure (basic and advanced facilities), satisfaction with land re-
sources (natural and artificial resources), and perceptions of land use trade-offs (barriers to
land use and economic benefits of land use). However, since only one factor was extracted
for knowledge of land use changes, univariate ANOVA was conducted to compare the
knowledge of land use changes across the production of vegetables and forest products in
Khost Province.

Here, the dependent variables included satisfaction with facilities and infrastructure
(basic and advanced facilities), knowledge of land use changes, satisfaction with land
resources (natural and artificial resources), and perception of land use trade-offs (barriers
to land use and economic benefits of land use). The grouping variables in this study
were the production of all vegetables and forest products, whereby the production of
each product was recorded separately and coded as 0 = No and 1 = Yes for analysis
purposes. All these separate variables for each of the vegetable and forest products were
entered as ‘fixed factors’ in MANOVA and univariate ANOVA due to their categorical
nature, and their main effects on each of dependent variables were separately tested. Here,
since farmers were engaged in more than one product and even in forest production and
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vegetable farming at the same time, the percentages of total respondents engaged in the
production of each product is mentioned alongside their names in brackets. For univariate
ANOVA, a significance value of F-test statistic in tests of between-subjects effects lower
than 0.05 leads to the rejection of null hypothesis [50]. However, for MANOVA analysis,
the significant differences in each sub-dimension of dependent variables were determined
through the significance of F-test statistics indicated by the tests of between-subjects effects
table of MANOVA analysis [50,51]. If the significance value of the F-test statistic was lower
than 0.05, the null hypothesis was rejected [50,51].

4. Results
4.1. Demographic Characteristics

Frequency distribution was designed to describe the frequency and percentage of
respondents across different demographic characteristics. The results indicated that around
two-thirds of the respondents were equally distributed among the age groups between 25
and 34 years old (35.5%) and between 15 and 24 years old (35.4%) (Table 2). Almost 92%
of respondents were male. Almost two-thirds of the respondents were married (68.6%),
while 30% of respondents were single. Almost all respondents were Pashtun (97.8%).
Furthermore, most of the respondents had more than 20 members in their household
(29.1%), followed by respondents with 10 to 14 members (26.6%) and respondents with 5
to 9 members (22.0%). Lastly, a majority of the respondents had no membership in any
association (73.9%).

Table 2. Demographic characteristics of the respondents.

Variables Categories Frequency Percentage
Age 15-24 years 243 35.4%
25-34 years 244 35.5%
35-44 years 119 17.3%
45-54 years 67 9.8%
55-64 years 12 1.7%
65 years and above 2 0.3%
Gender Male 629 91.6%
Female 58 8.4%
Marital Status Single 206 30.0%
Married 471 68.6%
Divorced 10 1.4%
Race Pashtun 672 97.8%
Tajik 4 0.6%
Hazara 4 0.6%
Others 7 1.0%
No. of Household Members 1-4 82 11.9%
5-9 151 22.0%
10-14 183 26.6%
15-19 71 10.4%
20 and above 200 29.1%
Member of any Association Yes 179 26.1%
No 508 73.9%

4.2. Socioeconomic Characteristics of Agroforestry Communities in Khost Province

Frequency distribution was designed to describe the frequency and percentage of
respondents across different socioeconomic characteristics. The results indicated that
one-third of the respondents had secondary-school-level education (33.2%), followed by
respondents who had college/university education (24.0%) and those who had no formal
education (23.0%) (Table 3). Regarding economic activity, approximately half of the respon-
dents (50.4%) were self-employed. The remaining half included government employees
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(15.4%), NGO workers (13.1%), and farmhands (11.3%). Additionally, about half of the
respondents (49.1%) had 1 to 5 years of work experience, followed by 6 to 10 years (27.1%),
and 11 to 15 years (18.2%). Concerning income, nearly half of the respondents (42.1%)
earned less than AFG 5000 per month. The percentage of respondents decreased notably as
the monthly income increased. Finally, a substantial portion (44.5%) reported a monthly
household income below AFG 15,000, 19.4% had an income ranging from AFG 16,000 to
AFG 20,000, and 10.6% reported an income between AFG 26,000 and AFG 30,000.

Table 3. Socioeconomic characteristics of the respondents.

Variables Categories Frequency Percentage
Education Level No Formal Education 158 23.0%
Primary School 90 13.1%
Secondary School 228 33.2%
College/University 165 24.0%
Master 44 6.4%
Ph.D. 2 0.3%
Job/Employment Self-Employed 346 50.4%
Working at NGOs 90 13.1%
Working at a farm 78 11.3%
Government Worker 106 15.4%
Others 67 9.8%
Working Experience 1-5 years 337 49.0%
6-10 years 186 27.1%
11-15 years 125 18.2%
16 years and above 39 5.7%
Monthly Work Income AFG 5000 and below 289 42.1%
AFG 6000-AFG 8000 165 24.0%
AFG 9000-AFG 10,000 118 17.2%
AFG 11,000-AFG 15,000 73 10.6%
AFG 16,000 and above 42 6.1%
Monthly Household AFG 15,000 and below 306 44.5%
Income
AFG 16,000-AFG 20,000 133 19.4%
AFG 21,000-AFG 25,000 55 8.0%
AFG 26,000-AFG 30,000 73 10.6%
AFG 31,000-AFG 35,000 48 7.0%
AFG 36,000-AFG 40,000 43 6.3%
AFG 41,000 and above 29 4.2%

Hence, it is evident from the frequency distribution that most of the respondents
had secondary-school-level education (33.2%), were self-employed (50.4%), had been
working for 1 to 5 years (49.1%), earned less than AFG 5000 monthly (42.1%), and had a
monthly household income of less than AFG 5000 (44.5%). Overall, income, education,
employment level, working experience, monthly income, and monthly household income
provide an overview of the socioeconomic characteristics of agroforestry communities in
Khost Province.

4.3. Farmers’ Perception of Land Use Changes across Production of Forest Products

MANOVA was performed to compare farmers’ satisfaction with facilities and infras-
tructure, satisfaction with land resources, and perception of land use trade-offs across the
production of forest products. Meanwhile, univariate ANOVA was conducted to compare
the knowledge of land use changes across the production of forest products. Such a com-
parison links the satisfaction with certain types of facilities and infrastructure, farmers’
knowledge of changes in land use, satisfaction with certain types of land resources, and
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farmers’ perception about land use trade-offs (barriers to land use versus economic benefits
of land use) to the production of certain forest products, which was defined in the analysis.

The results from MANOVA in Table 4 indicate that satisfaction with basic facilities
and infrastructure differed significantly across farmers producing or not producing wood
(F (1,274) = 4.85; p < 0.05). This implied that not having wood in their portfolio results in
higher satisfaction with basic facilities and infrastructure (M = 3.78, SD = 0.828) than having
wood in their portfolio (M = 3.56, SD = 0.852). Furthermore, satisfaction with advanced
facilities and infrastructure differed significantly across the production of fruits and berries
[Fruits: F (1, 274) = 4.45; p < 0.05, Berries: F (1, 274) = 5.76, p < 0.05]. This implied that
having berries and fruits in their portfolio results in higher satisfaction with advanced
facilities and infrastructure (Berries: M = 3.74, SD = 0.825; Fruits: M = 3.86, SD = 0.611) than
not having berries (M = 3.68, SD = 0.528) and fruits (M = 3.57, SD = 0.797).

Based on the results derived from univariate ANOVA (Table 4), knowledge of land
use changes differed significantly across the production of berries, and wild animals
were significantly related to these [Berries: F (1, 274) = 7.34, p < 0.01, Wild Animals: F
(1,274) = 6.77, p < 0.01]. In particular, having berries in their portfolio results in higher
knowledge of land use changes (M = 3.68, SD = 0.687) than not having berries (M = 3.74,
SD = 0.716), while not having wild animals in their portfolio results in lower knowledge of
land use changes (M = 3.87, SD = 0.668) than having wild animals (M = 3.67, SD = 0.738).

In terms of satisfaction with land resources, the results in Table 4 indicated that
satisfaction with the natural resources of land differed significantly across the production of
wild animals and timber [Berries: F (1, 274) =24.92, p < 0.001; Wild Animals: F (1, 274) = 8.34,
p <0.01; Timber: F (1, 274) = 4.32, p < 0.05]. This implied that having berries in their portfolio
resulted in higher satisfaction with natural resources (M = 3.43, SD = 1.499) than not having
berries (M = 2.89, SD = 1.493). Also, having wild animals and timber in their portfolio
resulted in lower satisfaction with natural resources [Wild Animals: M = 2.87, SD = 1.580;
Timber: M =2.88, SD = 1.593] than not having wild animals (M = 3.27, SD = 1.433) and
timber (M = 3.27, SD = 1.433). Furthermore, the satisfaction with the artificial resources of
land differed significantly across the production and non-production of herbs, mushrooms,
and berries [Herbs: F (1, 274) = 3.86, p < 0.05; Mushrooms: F (1, 274) = 6.94, p < 0.01; Berries:
F (1, 274) = 4.61, p < 0.05]. This implied that having mushrooms in their portfolio led
to higher satisfaction with artificial resources (M = 3.93, SD = 0.720) than not producing
mushrooms (M = 3.66, SD = 0.775). Also, having herbs and berries in their portfolio led to
lower satisfaction with artificial resources [Herbs: M = 3.71, SD = 0.853; Berries: M = 3.69,
SD = 0.936] than not having herbs (M = 3.80, SD = 0.696) and berries (M = 3.81, SD = 0.633).
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Table 4. Comparison of satisfaction with facilities and infrastructure, knowledge of land use changes, satisfaction with land resources, and perception of land use
trade-offs across the production of forest products.

Satisfaction with Level of Facilities

Satisfaction with Land Resources

Perception of Land Use Trade-Offs

and Infrastructure Knowledge of Land
Production of Fm:est Products. ' L Advanced Use Changes - ' . .
(% of Total Sample Size Engagedina  Basic Facilities Faciliti Natural Resources Artificial Resources Barriers Economic Benefits
. acilities
Certain Product)
MANOVA Univariate ANOVA MANOVA MANOVA
F (p-Value) F (p-Value) F (p-Value) F (p-Value)
Corrected Model 0.93 (0.521) 1.86 (0.039) * 1.576 (0.099) 342 2.36 (0.007) ** 2.18 (0.013) * 342
‘ ‘ ‘ ‘ ’ ’ (<0.001) *** ' ’ ’ ‘ (<0.001) ***

Intercept 4414.51 6318.23 6849.31 1103.03 6033.23 4920.67 8593.04

(<0.001) *** (<0.001) *** (<0.001) *** (<0.001) *** (<0.001) *** (<0.001) *** (<0.001) ***
Herbs (40.5%) 0.64 (0.425) 0.89 (0.347) 0.00 (0.979) 0.00 (0.947) 3.86 (0.050) * 0.50 (0.482) 2.04 (0.155)
Mushrooms (40.1%) 2.09 (0.150) 0.01 (0.907) 0.01 (0.912) 2.01 (0.157) 6.94 (0.009) ** 1.01 (0.316) 0.67 (0.413)
Fruits (48.5%) 0.01 (0.906) 4.45 (0.036) * 0.58 (0.449) 0.00 (0.999) 1.23 (0.269) 1.06 (0.305) 0.12 (0.728)
Pine Nuts (47.4%) 0.40 (0.530) 1.07 (0.303) 0.18 (0.673) 1.25 (0.265) 1.32 (0.252) 3.99 (0.047) * 1.62 (0.204)
Berries (38.0%) 0.21 (0.647) 5.76 (0.017) * 7.34 (0.007) ** (<0'251£§ - 4.61 (0.033) * 5.26 (0.023) * (<0'2§O'% -
Wild Animals (44.2%) 0.01 (0.941) 0.60 (0.438) 6.77 (0.010) * 8.34 (0.004) *** 0.21 (0.650) 7.23 (0.008) ** 4.39 (0.037) *
Food Crops (43.4%) 0.05 (0.817) 0.89 (0.345) 0.00 (0.967) 0.17 (0.684) 0.01 (0.908) 0.02 (0.880) 0.25 (0.619)
Decorative Material for Craft (44.5%) 0.38 (0.536) 0.11 (0.746) 2.41(0.121) 0.96 (0.329) 0.30 (0.586) 3.42 (0.066) 1.82(0.178)
Timber (44.5%) 0.40 (0.527) 0.16 (0.685) 3.72 (0.055) 4.32(0.039) * 1.57 (0.211) 5.83 (0.016) * 7.37 (0.007) **
Oils (38.0%) 0.03 (0.872) 0.20 (0.656) 0.00 (0.961) 2.00 (0.159) 3.11 (0.079) 2.27 (0.133) 0.92 (0.338)
Wood (44.2%) 4.85 (0.028) * 2.30 (0.130) 1.86 (0.173) 0.03 (0.853) 0.04 (0.834) 1.45 (0.229) 0.54 (0.464)
Honey (36.5%) 0.15 (0.702) 0.56 (0.454) 1.12 (0.292) 0.98 (0.322) 1.91 (0.169) 1.51 (0.221) 0.73 (0.393)

*p <0.05 *p<0.01, ** p <0.001.
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The MANOVA analysis in Table 4 also revealed that perception about barriers to land
use differed significantly across farmers producing or not producing pine nuts, berries,
wild animals, and timber [Pine Nuts: F (1, 274) = 24.92, p < 0.001; Berries: F (1, 274) = 24.92,
p <0.001; Wild Animals: F (1, 274) = 8.34, p < 0.01; Timber: F (1, 274) = 4.32, p < 0.05]. This
implied that having pine nuts and berries in their portfolio led to a better perception about
barriers to land use [Pine Nuts: M = 3.70, SD = 0.867; Berries: M = 3.74, SD = 0.879] than
not having pine nuts (M = 3.64, SD = 0.779) and berries (M = 3.63, SD = 0.783). Also, having
wild animals and timber in their portfolio led to a reduced perception about barriers to
land use [Wild Animals: M = 3.55, SD = 0.914; Timber: M = 3.59, SD = 0.893] compared
to not having wild animals (M = 3.76, SD = 0.729) and timber (M = 3.73, SD = 0.755) in
their portfolio. Similarly, the results also revealed that perceptions about economic benefits
of land use differed significantly across farmers producing or not producing berries, wild
animals, and timber [Berries: F (1, 274) = 28.44, p < 0.001; Wild Animals: F (1, 274) = 4.39,
p < 0.05; Timber: F (1, 274) = 7.37, p < 0.001]. In particular, having berries in their portfolio
led to a better perception about economic benefits of land use (M = 4.06, SD = 0.673) than
not having berries (M = 3.71, SD = 0.734). Also, having wild animals and timber in their
portfolio led to a reduced perception about economic benefits of land use [Wild Animals:
M =3.83, SD = 0.725; Timber: M = 3.81, SD = 0.679] compared to not having wild animals
(M =3.85, SD = 0.632) and timber (M = 3.86, SD = 0.670).

4.4. Farmers’ Perception of Land Use Changes across Vegetable Farming

Similar to that carried out with forest products, a MANOVA was performed to compare
farmers’ satisfaction with facilities and infrastructure, satisfaction with land resources, and
perception of land use trade-offs across vegetable farming, while a univariate ANOVA was
conducted to compare the knowledge of land use changes across vegetable farming.

The results from the MANOVA in Table 5 indicated that satisfaction with basic facilities
and infrastructure differed significantly across farmers producing and not producing okra
and cucumber [Okra: F (1, 687) = 4.51; p < 0.05; Cucumber: F (1, 687) = 7.42; p < 0.01]. Also,
having okra and cucumber in their portfolio led to increased satisfaction with basic facilities
and infrastructure [Okra: M = 3.87, SD = 0.868; Cucumber: M = 3.80, SD = 0.837] compared
to not having okra (M = 3.54, SD = 0.964) and cucumber (M = 3.58, SD = 0.980). Similarly,
satisfaction with advanced facilities and infrastructure differed significantly across farmers
producing and not producing cucumber (F (1, 687) = 5.66, p < 0.05). This further implied
that having cucumber in their portfolio led to increased satisfaction with advanced facilities
and infrastructure (M = 3.88, SD = 0.754) compared to not having cucumber (M = 3.52,
SD =0.853).

The results from the univariate ANOVA regarding the knowledge of land use changes
in Table 5 indicated that knowledge of land use changes differed significantly across farmers
producing and not producing okra, eggplant, and carrot only [Okra: F (1, 687) = 4.02;
p < 0.05; Eggplant: F (1, 687) = 9.30; p < 0.01; Carrot: F (1, 687) = 5.73; p < 0.05]. This further
implied that having okra and carrot in their portfolio led to greater knowledge of land use
changes [Okra: M = 3.82, SD = 0.765; Carrot: M = 3.78, SD = 0.750] than not having okra
(M =3.67, SD = 0.769) and carrot (M = 3.69, SD = 0.778). Also, farmers with eggplant in
their portfolio had lesser knowledge of land use changes (M = 3.67, SD = 0.759) than those
without eggplant (M = 3.74, SD = 0.775).
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Table 5. Comparison of satisfaction with facilities and infrastructure, knowledge of land use changes, satisfaction with land resources, and perception of land use

trade-offs across the production of vegetables.

Satisfaction with Level of Facilities and

Satisfaction with Land Resources

Production of Vegetables Infrastructure Knowledge of Land Perception of Land Use Trade-offs
(% of Total'Sample S.lze Basic Facilities Advanced Facilities Use Changes Natural Resources Artificial Resources Barriers Economic Benefits
Engaged in a Certain
Products) MANOVA Univariate ANOVA MANOVA MANOVA
F (p-Value) F (p-Value) F (p-Value) F (p-Value)

Corrected Model (<0%'§16) - (<Of)'§f) - 1.89 (0.022) * 1.35 (0.165) (<0'?6'0211) - 1.94 (0.017) * 2.05(0.011) *
Intercept 5986.82 7712.75 9144.35 1705.35 7948.99 7223.58 9117.96

(<0.001) *** (<0.001) *** (<0.001) *** (<0.001) *** (<0.001) *** (<0.001) *** (<0.001) ***
Zucchini (26.5%) 0.17 (0.681) 0.04 (0.851) 2.39 (0.122) 0.10 (0.755) 0.02 (0.896) 0.78 (0.376) 1.66 (0.198)
Yellow Pumpkin (24.5%) 2.15 (0.143) 0.46 (0.499) 0.10 (0.750) 4.61 (0.032) * 0.18 (0.671) 0.00 (0.979) 1.06 (0.302)
Lettuce (25.9%) 0.24 (0.626) 1.18 (0.277) 0.52 (0.472) 0.11 (0.743) 0.03 (0.862) 0.00 (0.953) 1.51 (0.220)
Pepper (24.3%) 0.13 (0.722) 0.00 (0.949) 0.03 (0.862) 0.00 (0.980) 4.81 (0.029) * 4.71 (0.030) * 0.11 (0.743)
Potato (30.1%) 0.27 (0.602) 3.73(0.054) 1.13 (0.288) 0.04 (0.850) 5.08 (0.025) * 2.66 (0.103) 1.06 (0.304)
Onion (34.8%) 0.10 (0.750) 0.51 (0.473) 0.11 (0.742) 3.18 (0.075) 1.30 (0.255) 0.42 (0.518) 5.16 (0.023) *
Pumpkin (25.5%) 3.76 (0.053) 1.14 (0.286) 0.25 (0.617) 0.01 (0.908) 1.67 (0.196) 0.08 (0.783) 1.49 (0.222)
Turnip (24.0%) 0.03 (0.853) 0.35 (0.556) 2.42 (0.120) 0.48 (0.490) 0.07 (0.791) 0.58 (0.449) 0.00 (0.983)
Okra (32.0%) 4.51 (0.034) * 1.46 (0.227) 4.02 (0.045) * 0.71 (0.401) 0.89 (0.346) 5.29 (0.022) * 4.01 (0.046) *
Garlic (29.1%) 1.05 (0.305) 0.46 (0.499) 0.03 (0.855) 0.72 (0.395) 1.31 (0.253) 0.15 (0.701) 0.02 (0.878)
Eggplant (34.2%) 1.31 (0.252) 0.54 (0.463) 9.30 (0.002) ** 0.13 (0.723) 12.18 (0.001) *** 1.77 (0.184) 0.09 (0.752)
Carrot (30.1%) 2.28 (0.131) 3.63 (0.057) 5.73 (0.017) * 0.57 (0.450) 8.02 (0.005) ** 1.46 (0.227) 0.01 (0.914)
Watermelon (23.7%) 3.25(0.072) 0.33 (0.566) 0.67 (0.415) 0.00 (0.983) 1.26 (0.261) 0.49 (0.486) 0.00 (0.980)
Melon (24.7%) 0.62 (0.431) 0.04 (0.842) 0.52 (0.472) 0.44 (0.506) 1.67 (0.196) 0.00 (0.961) 0.40 (0.527)
Cucumber (27.7%) 7.42 (0.007) ** 5.66 (0.018) * 0.12 (0.728) 0.04 (0.851) 9.07 (0.003) ** 3.24 (0.072) 0.88 (0.347)

*p <0.05,* p < 0.01, ** p < 0.001.
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The results from the MANOVA regarding satisfaction with land resources in Table 5
indicated that satisfaction with natural resources of land changes differed significantly
across farmers producing and not producing yellow pumpkin (F (1, 687) = 4.61; p < 0.05).
This implied that having yellow pumpkin in their portfolio led to higher satisfaction with
the natural resources of land (M = 3.45, SD = 1.370) than not having eggplant (M = 3.02,
SD = 1.564). Similarly, the results also revealed that satisfaction with artificial resources
of land changes differed significantly across farmers producing and not producing pep-
per, potato, eggplant, carrot, and cucumber [Pepper: F (1, 687) = 4.81; p < 0.05; Potato:
F (1, 687) = 5.08; p < 0.05; Eggplant: F (1, 687) = 12.18; p < 0.001; Carrot: F (1, 687) = 8.02;
p < 0.01; Cucumber: F (1, 687) = 9.07; p < 0.01]. This implied that having pepper, carrot,
cucumber, potato, and eggplant in their portfolio led to higher satisfaction with artificial
resources of land [Pepper: M = 3.95, SD = 0.808; Carrot: M = 3.90, SD = 0.824; Cucumber:
M =391, SD = 0.745; Potato: M = 3.80, SD = 0.887; Eggplant: M = 3.76, SD = 0.890] than not
having pepper (M = 3.65, SD = 0.862), carrot (M = 3.64, SD = 0.862), cucumber (M = 3.64,
5D =1.887), potato (M = 3.68, SD = 0.844) and eggplant (M = 3.70, SD = 0.841).

The results from the MANOVA regarding the perception of land use trade-offs in
Table 5 indicated that the perception about barriers to land use differed significantly across
farmers producing and not producing pepper and okra [Pepper: F (1, 687) = 4.71; p < 0.05;
Okra: F (1, 687) = 5.29; p < 0.05]. This implied that having okra in their portfolio led to a
better perception about barriers to land use (M = 3.84, SD = 0.837) than not having okra
(M =3.62, SD = 0.866), while having pepper in their portfolio led to a lower perception about
barriers to land use (M = 3.64, SD = 0.922) than not having pepper (M = 3.70, SD = 0.843).
Similarly, the results also revealed that the perception about economic benefits of land use
differed significantly across farmers producing and not producing onion and okra [Onion:
F (1, 687) = 5.16; p < 0.05; Okra: F (1, 687) = 4.01; p < 0.05]. This implied that having onion
and okra in their portfolio led to a reduced perception about the economic benefits of land
use [Onion: M =3.99, SD = 0.755; Okra: M = 4.02, SD = 0.746] compared to not having
onion (M = 3.76, SD = 0.826) and timber (M = 3.76, SD = 0.824).

5. Discussion

While examining the socioeconomic factors and perception of land use changes that
define optimal agroforestry practices in Khost Province, Afghanistan, this study found
that certain agroforestry products (expressed as vegetables and forest products) are more
suitable to grow due to farmers” satisfaction with facilities and infrastructure, knowledge
of land use changes, satisfaction with land resources, and perception of land use trade-
offs. These forest products include fruits, berries, timber, oils, wood, honey, wild animals,
herbs, mushrooms and pine nuts, while the vegetables include pepper, eggplant, carrot
and cucumber. The production of these vegetables and forest products defines the optimal
agroforestry practices, which can generate more produce and more income for the local
agroforestry community of Khost Province, Afghanistan. Defining optimal agroforestry
practices leads farmers towards the identification of appropriate crops and products that
best suit the availability of facilities, infrastructures and land resources, as well as land use
changes and trade-offs. This phenomenon is often studied and proven efficient in other
regions like Europe [52], South Africa [53,54], China [55], and Southeast Asia [56], as well
as at a global level [57].

As opposed to mono-cropping, multi-cropping and multipurpose trees under am
agroforestry process and procedure can have more economic and environmental benefits
due to the land use changes. The deployment of intercropping and agroforestry can be
adapted to encounter the challenges and negative factors of land use change, including the
availability and accessibility of vegetables and forestry products. A study emphasizing
the differences between agroforestry and farm mosaic systems explained that cultivating
one crop on a certain land is risky particularly in drought conditions due to climate and
market uncertainty [58]. The best strategy is to move towards agroforestry, which can be
an economically efficient diversification strategy [58]. While adapting towards economies
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of scale and scope, it is best to engage with trees and crops, which will generate higher
incomes and more produce for the local community.

Considering the farmers’ satisfaction with facilities and infrastructure in Khost Province,
Afghanistan, it is best to produce fruits, berries, and cucumber among all vegetable and
forestry products, as these were found to have more satisfactory results compared to all
products. Moreover, it is best to produce herbs, mushrooms, wild animals, oil, wood, honey,
okra, eggplant and carrot among all vegetable and forestry products, as these were found
to be more productive based on locals” knowledge about land use changes. In terms of
satisfaction with land resources, including satisfaction with logging resources, development
of a planted forest and a hydroelectric dam, agricultural activities, and government policy,
it is best to produce mushrooms, berries, wild animals, eggplant, carrot, and cucumber to
maximize the economic and environmental benefits of these land resources. Lastly, in terms
of perception about land use trade-offs, including barriers to land use such as a scarcity
of fruits, wild animals and river sources, and economic benefits of land use such as the
suitability of prices, availability of consumers, and presence of job opportunities, it is best
to produce pine nuts, berries, wild animal, timber, pepper, okra, onion, and cucumber to
maximize the benefits from land use trade-offs. Farmers can rely on these vegetables and
forest products to define optimal agroforestry practices in Khost Province, Afghanistan.
The cultivation of these crops and products is also beneficial to cope with the changes in
soil nutrition and the fertilization value of soil. Similar to the findings of this study, studies
conducted in Asia, Southeast Asia, Europe and South Africa also presented a set of the
most efficient crops that can be cultivated based on the available resources, infrastructure,
nutrient concentration in soil, climate change, and other land use changes [52-56,59]. Due
to land use change, agroforestry can be an economically efficient diversification strategy
as opposed to mono-cropping systems. Multi-cropping and intercropping are some of the
promising strategies to cope with land use changes, changes in facilities and infrastructure,
changes in land resources, and for maximizing the economic benefits of land use while
coping with barriers to land use.

While examining the socioeconomic characteristics of Khost Province, Afghanistan,
this study found that most people have secondary-school-level education. Almost half of
the population are self-employed with an experience of 1 to 5 years of experience and with
a monthly income of less than AFG 5000. The monthly household income of these people
is below AFG 15,000. A majority of the population in Khost Province, Afghanistan, relies
on agricultural activities as their main source of livelihood. Overall, income, education,
employment level, working experience, monthly income, and monthly household income
provide an overview of the socioeconomic characteristics of agroforestry communities in
Khost Province. Hence, it can be argued that agroforestry is the best possible adaption
strategy towards land use changes in Khost Province, Afghanistan.

The study findings offer valuable insights for policymakers and practitioners to devise
strategies for sustainable agroforestry, aiming to elevate the socioeconomic status of com-
munities. This study enriches the existing literature on rural development and resource
management by scrutinizing how various agroforestry products influence the social and
economic dynamics. Collaboration among agencies, local authorities, and community
representatives is essential for improving community facilities and infrastructure, thereby
enhancing living conditions and fostering sustainable development. Initiatives such as
knowledge-sharing sessions and increased market access for agroforestry products can
create additional income avenues for community members. Future studies could replicate
this study in other Afghan areas and provinces, which would enhance generalizability.
Interviews with farmers and agroforesters could offer valuable insights into practices, their
potential benefits, and drawbacks, augmenting research objectivity and practicality.

6. Conclusions

This study aims to examine the farmers’ socioeconomic factors and perception of land
use changes that define optimal agroforestry practices in Khost Province, Afghanistan. This
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study found that certain agroforestry products (expressed as vegetables and forest products)
are more suitable to grow due to farmers’ satisfaction with facilities and infrastructure,
knowledge of land use changes, satisfaction with land resources, and perception of land
use trade-offs. Specifying these crops and products results in cultivation of agroforestry
products that would create productive and sustainable use of agricultural land in Khost
Province, Afghanistan. By investigating farmers’ perception of land use change in terms of
four main elements, i.e., farmers’ satisfaction with facilities and infrastructure, knowledge
of land use changes, satisfaction with land resources, and perception of land use trade-offs,
this study provides a set of optimal agroforestry practices that effectively work to support
the challenging changes in land use, and helps farmers understand which crops’ or forest
products’ production is more favorable for them.

Several future proposals can be suggested based on this study’s findings and limi-
tations. Firstly, potential scholars can explore factors beyond land use change, such as
climate change, shifts in policies and regulations, and changes in financial support avail-
able to farmers and agroforesters, which may affect the socioeconomic characteristics of
agroforestry systems in dependent communities of Afghanistan. Secondly, an experimental
or longitudinal design can also be employed to examine the long-term effects of such envi-
ronmental shifts. Thirdly, the current work can be replicated in other areas and provinces in
Afghanistan as well as in other agricultural countries such as Pakistan, India, Bangladesh,
Liberia, Nigeria, Ghana, etc., in order to increase outcome generalizability. In addition,
similar studies can be conducted with simpler sampling techniques, such as purposive
sampling or convenience sampling, to replicate the findings and implications of this re-
search. Similarly, similar studies can be conducted on large-scale or medium-scale farmers
to increase the generalizability of the findings. Lastly, future researchers can also interview
farmers and agroforesters to determine the practices used and their potential benefits and
drawbacks for enhanced research objectivity and generalizability.

7. Limitations

This study encountered several limitations. Firstly, this work primarily focused on
the change in land use and its effects on agroforestry. Secondly, the study area was
restricted to Khost Province, Afghanistan, with each district demonstrating varying levels
of soil nutrition, soil moisture, temperature, and precipitation. Third, it was considered
challenging to adopt a well-established questionnaire that measures the socioeconomic
characteristics of agroforestry-dependent communities. Fourth, the survey data were
influenced by selection bias, which can affect outcome generalizability. Fifth, the empirical
data were generally collected from small-scale or large-scale farmers, which could influence
the socioeconomic impacts of their agroforestry practices. Moreover, stratified sampling
was applied on the study population of each district, which includes children and infants
that are yet to select an occupation. Oversimplication may urge researchers to apply
a different sampling technique, such as purposive sampling or other non-probability
sampling for the calculation of sample size. Furthermore, the cross-sectional design of this
study rendered it impossible to examine the impact of land use change and agroforestry
practices on the socioeconomic factors over a decade. Lastly, this study solely focused on
farmers’ and agroforesters’ current socioeconomic attributes. This limitation may pose
new challenges to land use and climate change and shifts in temperature and precipitation,
which were not included in the current study’s scope.
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