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1 Introduction

Sudan's forest resources play an essential role in providing livelihood needs.
Particularly in the rural areas, the majority depend on wood and non-wood
forest products as the main sources of income and daily food consumption
(Mohamed et al. 2021, Suleman — Ibrahim 2018). Nonetheless, Sudan’s
vegetation cover area has decreased dramatically from 40% to 10.3% with an
annual removal rate of 1.6% (Abdoun 2020), resulted in deforestation and land
degradation. Another factor of land degradation could be attributed to
mechanized rain-fed agriculture and shifting cultivation (Biro et al. 2013).
This has created renewed interest in adaptation and mitigation technologies
that could reduce the impact of climate change on agro-ecosystems by
introducing promising practice of land use systems. Agroforestry practices,
where trees, crops, pasture and /or animal are integrating together for
economic, social, and environmental benefits can help to reduce this
tremendous pressure on natural forests and contribute to sustainable livelihood
of rural people (Zamora et al. 2016).

During the last decade, the degree of research interest in agroforestry has
been widespread, and the practice recognized and recommended as a feasible
tool and cost-effective for forest rehabilitation (Gadallah et al. 2019, de
Oliveira — Caryalhaes, 2016) and improving livelihood for small-holder’s
farmers (Mondol et al. 2021, Do et al. 2020). Several studies have focused on
forest rehabilitation and livelihood improvement under different agroforestry
practices (Budiastuti et al. 2021, Miccolis et al. 2019, Agevi et al. 2016). In
Sudan, however, the current research on tree cropping systems and its impact
on forest rehabilitation and livelihood improvement is still not advance, but
some conclusions can be drawn from a few studies (e.g., Fahmi et al. 2018,
Fadl et al. 2015). However, to improve the livelihood of poor farmers in the

rural areas of Sudan suffering from crop failure, drought and food insecurity,
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as well as to rehabilitate the degraded forests there is urgent need to assess and
quantify the prevailing agroforestry practice and its contribution to forest
rehabilitation and livelihood improvement hence the information generated by
this research will fill the gap of knowledge in understanding the inextricable
linkage between agroforestry practices and add knowledge on the value of this
practices in forests rehabilitation and livelihood improvement. This will be
useful in setting recommendations for decision-makers in Sudan to
create/develop or design active agroforestry projects and cooperatives that
could be adopted as an appropriate mechanism for climate change adaptation
and hence contribute to sustainable natural resource management, food

security and rural livelihood improvement.

1.1 Aims of the research

The aim of the study was to assess the potentiality of Taungya
agroforestry practice as essential land use option for forest rehabilitation and
livelihood improvement.

The research attempt to address the following specific objectives:

e To quantify and map the forest rehabilitation under Taungya

agroforestry program.
e To examine the socio-economic characteristics of Taungya farmers.
e To assess the program’s contribution to farmers' income generation.

e To determine farmers’ perceptions and attitudes towards participation

in Taungya agroforestry program.

e To determine the socioeconomic factors influencing their perception

of the benefits of the Taungya program.



e To highlight the major incentives and constraints associated with
Tuangya farmers.

2 Literature review
The literature review includes the scientific articles regarding the main issues

that have been addressed in the thesis, such as: concepts of agroforestry,
Agroforestry practices in Sudan, role of agroforestry in forest rehabilitation,
farmer’s perception towards agroforestry systems, and remote sensing
concepts and applications.

3 Material and Method
3.1 Study site

The study area Nabag Reserved Forest (NRF) lies in South Kordofan State,
South central part of Sudan. The area was selected as a case study due to two
reasons: Firstly, the area has experienced a long history of drought-prone and
rainfall shortages, which have led to forest degradation and negatively affected
many communities who rely heavily on this forest for their livelihoods.
Secondly, an active Taungya agroforestry program has been applied to
rehabilitate the study area.

The reserved forest lies between latitudes 12° 30" 0" N to 12° 36' 0" E and
longitudes 29° 36' 0" N to 29° 58' 0" E. The forest has been reserved from
1961 as a state forest and is managed by the Forest National Corporation in
Sudan (FNC). It covers an area of 4174.2 hectares. The dominant tree species
is Acacia senegal. The other natural tree species include Azadirachta indica,
Balanites aegyptiaca, Sclerocarya birrea, Guiera senegalensis, and Ziziphus
spina-christi. The annual rainfall of the study area is between 350 — 850 mm,
while the average temperature ranges from 20 — 35 °C (Adam — Bello 2017).
Presently, at least nine villages are surrounding the forest and rely on

agriculture mainly, cropping and livestock rearing, and natural forest products



as the main sources of their livelihood. It is worth mentioning that agricultural
crop production is practiced inside the forest land area.
3.2 Data collection

Remote sensing data and socioeconomic survey were implemented in this
study. Satellite images of Landsat 5 Thematic Mapper, and Landsat 8
Operational Land Imager/Thermal Infrared Sensor of 1991, 2001, 2011, and
2021 were used to generate forest cover maps. Both unsupervised and
supervised classifications, as well as ground truth points, were applied to
classify the vegetation cover in the study site.

The socio-economic data was collected using semi-structured questionnaires,
focus group discussions, key informants’ interviews, and direct field
observations. The study applied purposive sampling technique to select the
respondents. Two hundred farmers representing 50% of those who
participated in the Taungya program were selected from nine villages
surrounding the reserved forest. The exact numbers of respondents in the
specified villages were, Eid (n = 37), Daggea (n = 35), Alsbeka (n = 30),
Alkambi (n = 29), Nabag (n = 21), Alhamadi (n = 16), Eridebo (n = 15),
Alsilaik (n =9), and Umkanayt (n = 8). The selection of the villages was based
on the recommendations provided by the forestry officials in the study area,
while the selection of the farmers was made randomly according to their
availability and willingness to participate. Prior to the interview, verbal
consent was obtained from the farmers to take part in the interview.

3.3 Analysis

Forest cover changes were analyzed for different periods of satellite images
between 1991-2001 and 2011-2021 using QGIS software. Percentage changes
of land cover categories were calculated for the period times before and after
the implementation of Taungya program in the study area. Socioeconomic

data was analyzed using the Statistical Package for Social Science (SPSS)
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version 22 with the aid of Microsoft Excel version 2013. Both descriptive and
inferential statistics including means, standard deviations, frequencies,
percentages, paired sample t-test, Likert scale rating, and ordinal logistic

regression model were applied.

4 New scientific results

4.1 Taungya agroforestry program in the study area plays a vital role in
forest rehabilitation
Before the implementation of the Taungya agroforestry program in the period

between 1991 and 2001, the research site has witnessed a massive reduction
in forest cover classes (dense forest and light forest), followed by a significant
increase in bare land and agricultural field classes. While the Taungya
agroforestry program was implemented between 2011 and 2021, a substantial
increase in forest cover has been detected. However, within the study period
of analysis (1991-2021), results indicated that forest cover classes (dense
forest and light forest) were increased by 1041.68 ha (24.95%) and 2.72 ha
(0.07%), respectively, due to the establishment of Taungya agroforestry
program. As aresult, bare land and agricultural field areas decreased by 409.83
ha (9.81%) and 634.57 ha (15.20%), respectively. According to the findings,
every bare land covered by an agricultural field will most likely be
successfully converted to forest cover in the future. Hence the study concluded
that Taungya agroforestry could be a successful, suitable, and viable land-use
option for forest rehabilitation in the drylands of Sudan. It is recommended
that the FNC in Sudan should sustain the Taungya agroforestry program at

NRF and imitate it in areas where forest rehabilitation is needed.

4.2 Taungya agroforestry program in the study area contributed
significantly to farmer’s income
Taungya agroforestry program contributed significantly to farmers’ income.

Evidence to that was the sharp reduction in mean annual costs from SDG
32851.75 to SDG 25107.50, and a substantial increase in the mean annual net

5



incomes of the farmers from SDG 35298.52 to SDG 91839.50 before and after
participation in the program, respectively. Most farmers (61.5%) earned net
income between (SDG 0 — 20000) before joining the Tuangya program. This
percentage was reduced sharply to (21.5%) after joining the program. In
contrast, the number of farmers (11%) who earned net income (SDG >
100000) significantly increased to (30%).

4.3 Taungy farmers in the study area have different socio-economic
characteristics

Statistical analysis showed that there was variety in the socioeconomic traits
of the framers in the study area. However, Taungya practiced in the study area
was dominated mainly by male farmers, and most of them were above youthful
age but still considered within an economically active age range, meaning that
they could effectively participate in the agricultural activities. Taungya’s
farmers had attained different levels of education, ranging from Khalwa to
university, meaning that they are more likely to easily understand the
extension programs and have access to up-to-date agricultural technologies
compared to illiterate farmers. Farmers cultivated an average of five
mukhamas of land. However, the limitation of the land area could be explained
by the nature of the agroforestry rehabilitation program, which targets specific
land areas inside the reserved forest and the intension of FNC to distribute
land to large number of farmers for benefit sharing. The average number of
years of participation in the Taungya program was 6.70 years. Most of the
farmers, 57.5%, had Taungya experience ranging between 1 and 5 years. This
implies that farmers accept Taungya agroforestry practices and that the
number of adopters is growing, while farmers in the study area have enough
experience in practicing Taungya agroforestry. It suggests that they are aware
of different silvicultural operations and technologies. Thus, they are likely to

continue participating in the Taungya program.



4.4 Taungya farmers have a positive perceptions of the benefits of
participation in Taungya agroforestry program
Likert scale analysis showed that farmers in the study area have expressed

strong positive perceptions (MS >2.5) toward four out of five items, bordering
on the benefits of Taungya agroforestry program, including the provision of
land, improving income, help during times of hardship, and contribution to
education expenses. However, only one item, ‘‘Taungya help in purchasing

livestock’” was perceived by farmers negatively (MS <2.5).

4.5 Different factors are influencing farmer’s perception of the benefits
of Taungya program
Several factors were found to have positive and negative influnce on farmer’s

perception. The ordinal logistic model analysis showed that farmers’
perceptions of Taungya agroforestry benefits are affected by several socio-
economic factors at a 5% level of significance. Out of eight explanatory
variables included in the model, six variables were found to have a positive
influence on farmers’ perceptions towards the benefits of Taungya
agroforestry practice. These include extension services (f=0.771, P =0.013),
family size (B = 0.043, P = 0.345), educational level (p = 0.065, P = 0.583),
land size (p = 0.056, P = 0.11), Taungya experience (f = 0.126, P = 0.002),
and gum Arabic production (B =0.032, P =0.92). Farmer’s gender (5 = -0.43,
P =0.182) and age (5 = -0.028, P = 0.03), on the other hand, had a negative
association with their perception. This implies that farmers’ perceptions were
strongly correlated with their socioeconomic factors. Therefore, a better
understanding of these factors is crucial for the planning and implementation

of such agroforestry programs in different farming communities in the future.

4.6 Several incentives and challenges are associated with Taungya
farmers in the study area
Taungya farmers in the study area had different incentives and constraints

confronting their participation in the program. The main incentives for farmers

to participate in the program were the high productivity inside the forest,
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access to free land, and the highly fertile soil inside the forest, while the major
constraints were the lack of extension services and supervision from FNC,
overgrazing and crop destruction, land size allocation, and crop species
restrictions. Therefore, prioritizing extension services, providing live fences,
and reconsidering farmers’ interest in intercropping sorghum on their farms to
improve their sustenance will overcome the constraints and further boost

farmers' productivity.
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