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ABSTRACT
The research was conducted in Bara locality, North Kordofan to study the impact of climate change
on Agro-forestry system and adaptation strategies adopted by local community. Moreover, the
research is intended to study the role of improved seeds and plantation of A. senegal on increasing
the resilience of local community to adapt with climate change event, and detrimental factors for
adoption of adaptation strategies among local community. The primary data was collected through
direct interview with local people, group discussions with key informants, observations and
metrological station of Bara locality. A random sample of 85 respondents was selected from four
villages in Bara Locality. The secondary data were collected from the project reports and relevant
studies. The data was analyzed using descriptive statistics, t-test and binary logistic regression by
using (SPSS). The results showed general trend of decreasing amount of rainfall (R² = 0.094) and
general trend of increasing degrees of temperature (R² = 0.76) according to the analysis of
metrological data for the last 10 years. T-test analysis for crop productivity revealed reduction in
production of the agricultural crops (Millet, sorghum, sesame, and Roselle) significantly at (p≤0.05).
The Gum Arabic production was significantly decreased at (p≤0.05) in the study area. The effect of
climate change on range land and animal production are represented in deterioration of range
lands (80.7%), animal mortality (72.9%) and changing of stock structure (2.1%). Improved seeds
and plantation of Acacia senegal as adaptation strategies have a significant positive effect in
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increasing agricultural crop production and increasing areas, population of Acacia senegal and
Gum Arabic production. The logistic regression model revealed that the extension services,
gender, and areas of Acacia senegal are the main significant factors determining the household
choice and adoption of adaptation strategies at (p≤0.05). The main conclusion drawn from this
study is the fact that climate change is recognized as a real challenge for the sustainable livelihood
of local communities in the study area. The study recommended that intervention of the different
governmental and non governmental institutions to enhance the locally driven adaption options of
local communities.

Keywords: Climate change; agro-forestry system; adaptation strategies; Acacia Senegal; agriculture,
Sudan.
human pressures. Drought is one of the most
important climate phenomena that the country
faces, as a recurring series of dry years has
become a normal occurrence in the SudanoSahel region. Drought threatens approximately
12 million hectares of rain fed land, particularly in
the northern Kordofan and Darfur states.

1. INTRODUCTION
Climate change was defined by United Nations
Framework Convention on Climate Change
(UNFCCC) as a change of climate which is
attributed directly or indirectly to human activity
that alters the composition of the global
atmosphere and which is in addition to natural
climate variability observed over comparable
time period (UNFCCC, 1992). Climate change
will, in many parts of the world, adversely affect
socio-economic sectors, which include water
resources, agriculture, forestry, fisheries and
human settlements, ecological systems and
human health, developing countries are the most
vulnerable [1].

North Kordofan State was selected as study area
for this research because the state falls in the
southern fringe of the great desert and boasted
by its huge resources of livestock and Gum
Arabic beside subsistent agriculture which are
challenged by the fluctuation of rainfall in terms
of intensity and distribution. Local people of the
state adopted certain techniques and strategies
to cope with climate change and variability.

In Sub-Saharan African countries land use is
dramatically affected by the consequences of
climate change. This is the observation by the
international scientific community and also the
concern of global conventions like UNFCCC
[2,3]. Extreme events in Sudan have already
increased in the last 20 years [4]. Climate
change is also projected to reduce average
rainfall by about 6mm per month during the rainy
season. Such changes in temperature and
precipitation are likely to undermine the
development progress that is occurring in many
sectors in Sudan. Most land in Sudan is quite
sensitive to changes in temperature and
precipitation. Food security is mainly determined
by rainfall, with more than 70% of Sudan’s
people directly dependent on climate sensitive
resources for their livelihoods. Forested areas
have already been degraded, with forest cover
falling from between 36 to 43% of the country’s
total area in 1958, to 19% in 1990 [5].

The most vulnerable people are the farmers in
western, central and eastern Sudan, whose
livelihoods are exposed to the severity of drought
and variability of rainfall (in terms of amount,
distribution and frequency). The local people
learn from past events and current situations
about the frequency and the likely consequences
of various shocks [7]. Thus, the local people
attempted to reshape their livelihood systems to
buffer against potential catastrophic events.
They prepare themselves with all means at their
disposal and with any external opportunity
available (Thornton et al., 2010; [8], Regassa
2011). Thus, Sudan is already highly vulnerable
to climatic shocks and unless adaptive measures
are taken, will become even more vulnerable in
the face of future climate change [9].
Sudan is typical of other least developed
countries in being highly vulnerable to climate
change and climate variability. Sudan’s National
Adaptation Plan of Action (NAPA) identified
agriculture, water resources and health as the
three sectors most vulnerable to climate change
[9]. Sudan is part of the Sudano-Sahel Region,
which has been exposed to a series of recurring

Sudan has a range of ecosystems and
agricultural systems, throughout much of the
country, water resources are limited, soil fertility
is low, and drought is common [6]. These
underlying conditions are exacerbated by various
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dry years and droughts in recent times. Demand
for land has increased and the spread of cashcrop farming has been to the detriment of
subsistence farming and rangelands used by
nomadic people. Between 1971 and 2001, over
ten million people in Sudan were affected by
drought. In 2000, drought reduced food stocks
and caused prices to rise three-fold compared to
the same period in the previous year [10].

complicated by erratic and unevenly distributed
rainfall, which is considered as one of the most
serious challenges facing the state [14].
The interaction of multiple stresses-endemic
poverty, ecosystem degradation, complex
disasters and conflicts, and limited access to
capital, markets, infrastructure and technologyhave all weakened people’s ability to adapt to
changes in climate [10].

The ecologically adapted Agro-silvo-pastoral
systems and practices of land use existing in
North Kordofan State are under severe stress by
the rapid socio-economic changes; Population
pressure accompanied with over-exploitation of
forest resources, over-cultivation of both cash
and food crops, in addition to over-grazing, which
have negative impacts in terms of resource
degradation [11]. The recent droughts had
affected the gum gardens of Northern Kordofan
and led to the breakdown of the gum Acacia
agro-forestry system, reduced gum production
and threatened the stability of the agricultural
soils [12]. The droughts of the 1970s triggered
short cycles of famine in Kordofan State, and
affected vulnerable farmers in traditional rain-fed
sector in North Kordofan [13]. The situation is

2. MATERIAL AND METHODS
2.1 Study Area
The study was conducted in Bara locality, North
Kordofan which is located within the semi-arid
zone of central Sudan between latitudes 9°30'
and 16°24'N and longitudes 27° to 32°E. The
region is characterized as one of the most
vulnerable areas in the country concerning
desertification processes. The area is located at
the heart of the Gum Arabic belt. North kordfan
lies in the north-east part covering an area of
110483ha, (Fig. 1). The site is located in the
Sahel zone, which refers to an ecological zone
situated between the Sahara to the north and the

Fig. 1. Map of the Bara Locality, North Kordofan, Sudan
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Sahel zone to the south [5]. The mean annual
temperature varies between 28°C and 30°C. The
coldest months are December and January with
mean temperatures of 14.1°C and 13.5°C,
respectively, and the hottest months are April,
May and June with an average mean
temperature exceeding 30°C [15] and [16]. The
rainy season extends from June to October with
the highest rains in August. Average rainfall
estimated is 250-400mm. The main economic
activities are rain-fed agriculture and livestock
herding. The community constitutes rural (50%),
urban (34%) and nomads (16%) with an annual
growth rate of 1.45% [17].

visitor to the study area. Farmers always have
nagging doubts whether there will be rains next
season or not. This fact was supported by 99.3%
of the respondents. Another evidence of climate
change in the study area, as perceived by the
local people, is the sharp increase of
temperature as indicated by 67% of the
respondents. Heat has negative impact on crop
productivity and animal rearing. This finding
agrees with Fadelmola (2005) showing that
climate scenario analyses conducted as part of
the preparation of Sudan’s FNC indicate that
average temperatures are expected to rise
significantly relative to baseline expectations. By
2060, projected warming ranges from 1.5C to
3.1C during August to between 1.1C to 2.1C
during the month of January.

2.2 Data Collection
Data necessary for achieving the study
objectives were obtained from primary and
secondary sources through a combination of
qualitative and quantitative collection tools. The
primary data were collected based on stratified
random sampling technique via a questionnaire
designed and distributed randomly to 85
respondents at the study area. Furthermore,
focus group discussions (FGDs) with keyinformants with local community were conducted,
and Meteorological data were collected from the
meteorological station of Bara Locality. The
secondary data were collected from the reports
of projects working in the study area. The data
were analyzed by using a set of research tools
including descriptive statistics, t-test and binary
logistic regression.

The evidence of temperature rise is further
indicated by Geist [18] and Sivakumar, [19]) who
mentioned that climate change will increase
drought and desertification as a consequence of
less rainfall and increased extreme weather
events. Other criteria of climate change and
variability is represented in frequent dust
storms and increase of wind velocity as indicated
by 74.3% and 63.6% of respondents,
respectively.

3.2 Impact of Climate Change on Crop
Production
The results obtained through t-test difference
between two means (this year and before 10
years) for millet, sorghum, sesame and roselle
production per mukhamas (1.75 feddan)
revealed variation in production of the agricultural
crops. Millet production decreased significantly
at (p≤0.05) in the last ten years. The same is
true for sorghum, sesame, rosalle production
which has also decreased significantly at
(p≤0.05). Table 1 shows Impact of climate
change on crop production.

3. RESULTS AND DISCUSSION
3.1 Indicators of Climate Change in the
Study Area
Fig. 2 shows the main indicators of climate
change and variability as indicated by the local
people. Ninety one per cent of the interviewed
sample asserted that fluctuation of rainfall in
terms of intensity and distribution compared with
the history of the study area is a criterion of
climate change.
Rains become sporadic in
nature and vary significantly from one season to
another with long period of episodes. This erratic
nature of rains contributed to the vulnerability of
local people in the study area. This agrees with
NAPA [9] showing that Projections of rainfall
under climate change conditions also shows
sharp deviations from baseline expectations. On
the other hand, drought has become a regular

In general the production of main food and cash
crops in the study area was reduced due to
climate change and variability at the study area.
This result agrees with [20] who mentioned that
the poor rainfall affected crop production and led
to massive crop failure. Also in line with [21], and
HCENR, [22] which indicated that sorghum and
millet production in Northern Kordofan Region
declined by 92 and 86 %, respectively, compared
with the average of 1974-81.
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Fig. 2. Indicators of climate change in the study area
Table 1. Impact of climate change on crop production
Item
Millet production/ Mukhamas last 10 yearsyears
Millet production/ Mukhamas this year
Sorghum production/ Mukhamas last 10 yearsyears
Sorghum production/ Mukhamas this year
sesamme production/ Mukhamas last 10 yearsyears
Sesamme production/ Mukhamas this year
Rosalle production/ Mukhamas last 10 yearsyears
Rosalle production/ Mukhamas this year

Mean Std. Deviation
1.91
2.49

d.f
84

t
7.076

P
0.000

0.76

1.77

84

3.982

0.000

0.75

4.26

84

1.613

0.000

2.60

4.26

84

5.213

0.000

Due to the sharp decline in the productivity of
subsistent and cash crops under an ever
changing climate the price of main food crop is
increased in the study area which effect food
access and food utilization. This is supported by
Ibrahim (1984) who argued that the decline in
cereal production led to rapid price increases of
food crops.

significant
nificant decrease of gum production at
(p≤0.05)
≤0.05) in the study area Table 2.

Accordingly, climate change affected food
access in the study area through its impact on
food production and food
d price as mentioned by
Ericksen et al., [23] that access to food is a
function of production and prices.

A. senegal lost its dominance for other species
like A. tortiles, leptodenia pyrotechnica which
colonized areas covered by A. senegal in the
past. This result agrees with [14] who indicated
sharp decrease in A. senegal density in Bara
Locality due to climatic and natural factors and
other
species like
Calotropics prosera
prosera,
Leptodenia Pyrotechnica and A. tortilis to take
over instead of A. senegal trees. Also, (Thomas,
2005) who indicated climate changes has an
impact on species abundance, distribution.

3.3 Impact of Climate Change on A.
senegal Garden

3.4 The factors of Decreasing A. senegal
Density

The area of A. senegal garden was reduced
significantly at (p≤0.05)
≤0.05) in the study area, also
the density of A. senegal in the gardens of
respondent was reduced significantly (p≤0.05).
(p
The same is true for gum production in the study
area.
The results revealed that there is

Several factors contributed to the reduction of A.
senegal stocking density in North Korodfan
State.
ate. Fig. 3 shows the main factors responsible
for the decline of the A. Senegal stands in the
study area. The majority of respondents (64.3%)
attributed this decline in the stocking density to
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frequent drought cycles which prevail at the
study area. This
s finding agrees with Sanjak [24]
showing that the local people in the study area
still remember the most devastating drought
periods of seventies and eighties were which
associated with famines. This result agrees with
Taha [25] who indicated that in a field
eld survey the
majority of respondent 63% mentioned that
drought and desertification was the major factors
affecting A. senegal density in gum belt area.
area

material (65%), manufacture of charcoal for local
consumption and income generation
tion (25%), and
provision of firewood (33.6%).This result agrees
with Mustafa [13] who indicated that A. senegal
in kordofan is preferred for building houses, as
well as fuel wood and for charcoal making.
Overgrazing was mentioned by 16.3% of the
respondents
nts as a factor responsible for the
deteriration and deforestation of A. senegal trees
in the study area. It worth mentioning that
forests in Sudan are consider as natural
rangelands. Irrespective of the carrying capacity,
livestock roam causing mortalit
mortality to young
seedlings and tramble the soil changing its
chemical and physical structure.

About 30.7% of the respondents stated that the
number of A. senegal trees decreased due to
their harvest by the owners. Several factors are
behind the felling of A. Senegal trees at the study
area. The main factors are; provision of building

Table 2. Impact of climate change on A. senegal garden in the study area
Items
Areas Gum Garden last 10 years- gum garden area
this year.
No. of A. senegal tress / Mukhamas last 10 yearsyears
No. of A. senegal tress / Mukhamas this year
Gum productivity / Mukhamas last 10 yearsyears Gum
productivity this day

70

Mean
2.70

Std. Deviation
11.96

d.f
84

t
1.61

P
0.200

1.51

189.51

84

3.30

0.000

0.245

0.608

84

4.759

0.000

64.3
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Fig. 3. Factors of decreasing A. senegal density
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Table 3. Impact of climate change on live stock
Impact
Animal mortality
Disease
Deterioration of range lands
Invasion of unpalatable and toxic grasses
Crossing devastating area
Changing of stock structure
Natural resource base conflict

Percent
72.9%
72.1%
80.7%
2.9%
21.4%
2.1%
0.7%

Std. Deviation
0.446
0.450
0.396
0.167
0.412
0.145
0.085

81.4

90
percentage of respondents

Mean
1.27
1.28
1.19
1.97
1.79
1.98
1.99

80
70
60
50

43.6

42.1

40
30
20
1.4

10
0
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Crop rotation
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Fig. 4. Adaptation strategies to cope with the reduction in agriculture production
The majority of respondents (80.7%) indicated
deterioration of range lands conditions and
structure in the study area where many palatable
species lost their dominance for less preferred
species and new invaders colonized most, if not
all, of the natural rangelands (Std. Deviation
0.396). This result agrees with changes in grass
availability and quality, which affect animal
production through changes in feed supplies [26].
Regarding range plants diversity, the perception
of community members
embers interviewed is that the
present situation is worse and in relation to the
degree of affection of the different valuable range
plants as decreasing while the less prefer
species as increasing. About 72.9% of the
respondents stated that the bitterest impact is the
increase
of
animal
mortalities,
while
72.1%mentioned spread of epidemic diseases as
the main factor that impacted the rangelands and
animal production in the study area. This agrees
with TNA [27] who showed that pastoralist across
the Sudan has been affected by natural disasters
like climate change, with dramatic consequences
on animal populations through diseases and

3.5 Impact of Climate Change on Range
Land and Animal Production
North Kordofan State lands are poor for
cultivation and suitable for grazing. Sheep and
goats are successfully reared in this tough land,
with some camels. Cattle are few due to
ecological and topographical feature. The plant
diversity varies and the vegetation density
increases southwards. The distribution and
condition of natural vegetation is mainly a
function of rainfall
fall amount and distribution.
Seasonal water courses “khors” and local
topography also play an important role in this
non-uniform
uniform pattern of distribution. The
vegetation cover is a mixture of grasses and
herbaceous plants intermingled with Acacia trees
and shrubs. Climate change together with land
mismanagement have contributed to the
condition that almost more than 50% of the North
Kordofan State has lost its valuable herbs.
Table 3 shows the impacts of climate change
and variability on rangelands and
an
animal
production.
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mortality. The main epidemic diseases that
represent headache to the local people are;
small box, conteques bovenie pleero pneumoing
and anthrax fever as indicated by 29.3, 44.3 and
35% of respondents, respectively. This result
agree with [27] which indicated, climate change
was affected animal health. Also, Martens et al.,
[28]; McMichael et al., [29] and Confalonieri et
al., [30] reported that warming temperatures will
likely expand the range of important vector-borne
diseases. The respondents in the study area
were able to mention other impacts attributed
directly or indirectly to climate change like
invasion of unpalatable and toxic grasses,
crossing devastating area and changing of stock
structure with 2.9%, 21.4% and 2.1%,
respectively. This result is in line with Root and
Hughes [31] who reported that climate changes
are likely to disrupt animal flocks and ultimately
influencing
community
composition
and
structure.

Marginalization has led to the extreme poverty of
the pastoralists and agro-pastoralists. Climate
change brought newer and more complicated
challenges to pastoralists in the state. The
pastoralists at the state use traditional coping
methods for their sustainable livelihood. Most
coping mechanisms can be summarized as
resource management mechanisms. The main
mode of adaptation in pastoral areas remains
autonomous - with little or no help from the
government. This makes traditional coping
mechanisms even more helpful. The main goal of
these mechanisms is to minimize losses or
facilitate recovery after drought events. Table 4
shows the coping mechanisms of the local
people at the study area.
About 26.4% of the respondents mentioned
change or herd diversification as one of the
autonomous copying mechanism. Pastoralists
have a good understanding of the importance of
keeping mixed herds. They do this to take
advantage of the heterogeneous nature of the
environment and to use different resources.
Diversification helps prevent a total herd loss by
keeping animals with different tolerance levels to
climatic stresses. Approximately, 27.1% of the
respondents rely on marketing of livestock as a
coping mechanism to climate change.
It is
highly acknowledged that nomadic tribes usually
rear livestock for prestige reputation rather than a
profession of marketing. This dramatic shift is
attributed to the poor unhealthy conditions of
natural rangelands. Pastoralists find themselves
obliged to get rid of some of their livestock to
guarantee feed for the rest of the herd and to
meet their daily needs. The revenue from the
marketing of the livestock is used to cover the
expenses of transporting water and feed to the
herds. The majority of the respondents stated
that change of food habit or reliance on
alternative food stuff is the most common
strategy to cope with changes in climate change
as stated by 94.4% of the respondents, while
49.3% of the respondents clarified that they
shifted to collection of grasses to supplement
feed to their animals.

3.6 Adaptation Strategies to Cope with
Reduction in Agriculture Production
Local communities at the study area have to find
ways through their accumulated experience to
cope with climate change which has negative
impact on crop productivity. Fig. 4 shows the
available adaptation options to climate change at
the study area.
Adoption of fallow period is one of the
mechanisms to cope with climate change as
stated by 81.4% of the respondents. The fallow
period allow the application of the rotation
system that enhances soil fertility restoration
after exhaustion for several years. Improved crop
varieties was mentioned by 43.6% as the best
adaptation option for climate change.
This
agrees with TNA (2010) indicating that the most
important technologies to adapt to climate
change in agricultural sector are improved crop
varieties and zero tillage technologies. It worth
mentioning, this fact was arrived at through
consultative
process
using
participatory
approach with farmers. About 42.1% mentioned
crop rotation as a vital mean to cope with climate
change and variability.

Thirty five percent of the interviewed sample
asserted that they shifted to construct enclosures
to guarantee the existence of grasses and
shrubs for a long period of time, particularly
during summer time. Some of the local people
(39.3%) stated that they used to broadcast seeds
of grasses that have nutritional value to the
livestock. This agrees with results obtained from
group discussion with SECS.

3.7 Adaptation Strategies to Cope with
the Impact of Climate on Animal
Production and Range Lands
Pastoral groups in North Kordofan State are
politically and economically marginalized.
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Table 4. Adaptation strategies to cope with the impact of climate change on animal production
and range lands
Adaptation strategy
Alternative foods
Collection of grasses residue
Enclosure
Changing animal type
Marketing of animals
Seeds broadcast

Percent (%)
94.3
49.3
35
26.4
27.1
39.3

Mean
1.06
1.51
1.65
1.87
1.73
1.61

Std. Deviation
0.233
0.502
0.479
0.1.687
0.446
0.490

Table 5. Adaptation strategies adopted by households in the study area
Adaptation strategies
Plantation of A. senegal
Fisheries
Improved seeds
Community forestry

Program
Rehabilitation of A. senegal
Poverty reduction
Climatic changes
Climatic changes

Percent
42.9%
40%
40%
10%

Mean
1.57
1.6
1.6
1.9

Std. Deviation
0.497
0.492
0.492
0.301

Table 6. The Role of improved seeds in increasing the production of Agricultural crops
Items
Production of Millet/ mukhamas before
improve seeds- Production of Millet/
mukhamas after improve seeds.
Production of Sorghum/ mukhamas before
improve seeds- Production of Sorghum/
mukhamas after improve seeds.
Production of Sesamme/ mukhamas before
improve seeds- Production of Sesamme/
mukhamas after improve seeds.

Mean
5.42

Std. Deviation
8.21

d.f
84

t
15.57

P
0. 002

5.25

3.22

84

15.10

0.000

7.75

4.06

84

17.13

0.000

consequences of various shocks. Thus, the local
people tend to reshape their livelihood systems
to buffer against potential catastrophic events;
they prepare themselves with all means at their
disposal and with any external opportunity
available.

3.8 Adaptation Strategies Adopted by
Households in the Study Area
In the study area different adaptation strategies
were adopted by individual household for sake of
enhancing their coping mechanism in the face of
climate change and variability. Table 5 shows
the adaptation strategies adopted in the study
area.

3.9 Methods of Regeneration
senegal Trees

The mere justification of intensifying A. senegal
plantations is to increase the stocking density of
the trees due to its high economic value (gum
Arabic). Gum arabic producer association
(GAPAs) as a new key player in the field of gum
production in the study area, were established for
the purpose of encouraging the small scale
farmers to invest in gum production similar to
well-to-do gum producers and to provide the
members with loan and other services. These
results agree with Alebachew and Ayenew [8];
and Regassa (2011) who indicated that the local
people learn from past events and current
situations about the frequency and the likely

for

A.

In the past, A. senegal gum gardens form parts
of extensive areas over which there was a well
defined rotational cultivation – bush fallow
system. The cycle starts by cleaning a gum
garden in order to grow crops like millet, sesame,
groundnuts, hemp and melons. The older gum
trees were cut down with the intention of killing
the stumps, but younger trees and seedlings
were pruned back closed to the ground so as to
keep them alive throughout the 4-6 years of
cultivation. The resulting coppice shoots were cut
back during weeding operations, but new growth
continued even during the early months of the
dry season. This went on throughout the crop
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cultivation cycle after which the land was left to
revert to bush-fallow.
fallow. The new gum gard
gardens,
attaining their maximum yield in 7-10
10 years were
cleared again for cultivation after 10-15
10
years. It
is clear that in the past natural regeneration is
the only method that is deployed for the
regeneration of A. senegal trees in the study
area. Due to climate change and variability with
some other factors, natural regeneration is no
longer the suitable method for rehabilitating gum
gardens. This fact is supported by 40% of the
respondents in the study area. this agrees with
[25] who reported that the older trees, which
serve as seed banks for future regeneration died
off as the result of drought and desertification
This finding agrees with [32] and [33] showing
that changes in species fitness in response to
climate change, causing a loss in genetic
diversity and threat to pollination services. Fig.
Fig 5
shows the methods of increasing A. senegal
trees in the study area.

the natural regeneration of not enough for
rehabilitation of the species and the sands buried
the seeds and affect the soil seed bank as
confirmed by Khalifa, AE, [15].

3.12 Factors Determining Adoption of
Improved Seed and Plantation of A.
Senegal
In the study area, the factors that affect the
adoption of certain adaptation strategies are
displayed in (8).
The findings of the above table reveal that
adoption of improved seeds is affected
significantly by the availability and efficiency of
extension services and gender (p≤0.05).
(p
This
finding emphasizes the role of extension
messages, if scientifically formul
formulated, in
changing the attitudes and perceptions of
farmers and enhance the adoption of new
innovations. The same is true for the gender
issue; adoption of intervention is a gender
sensitive issue. This might be verified by the fact
that women are normally suspicious about new
interventions and avoid the risks of unknown
results. In the study are, plantation of A. senegal
is affected significantly by extension services,
gender, and areas of A. senegal at (p≤0.05).
This finding is attributed to the fact that men
usually are responsible for sowing of A.senegal
in gum gardens. It is logic; to sow A.senegal
necessitates existence and ownership of gum
garden .These findings agree with Khalifa, AE.,
[15], who
ho reported that different sociosocio
demographic factors, age, exposure to mass
massmedia, sex, and ethnic background, membership
in environmental groups, education, and access
to extension affect the perception of climate
change.

3.10 The Role of Improved Seeds in
Increasing
ncreasing
the
Production
of
Agricultural Crops
The production of main agricultural crops is
significantly increased at (p≤0.05)
≤0.05) through the
introduction of improved seed Table 6. This due
to the fact that the improved seeds have
characteristics of early maturing,
aturing, short life cycle
and ability to withstand harsh condition, erratic
nature of rainfall and unequal distribution.

3.11 The Role of Plantation in Increasing
Areas and Population of A. senegal
Trees

percentage of respondents

Plantation of A. senegal increased significantly at
(p≤0.05)
≤0.05) the areas and population of A. Senegal
in the study area Table 7. This is due to the fact
49.3

40
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0
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Nothing

Methods of increasing A. senegal trees

Fig. 5. Methods of increasing A. senegal trees
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Table 7. The Role of plantation in increasing areas and population of A. Senegal trees
Items
Areas of A. senegal gardens before plantation Areas of A. senegal gardens after plantation
No. of A. senegal tress /area before plantation No. of A. senegal tress /area after plantation

Mean
8.57

Std. Deviation
11.96

d.f
84

t
6.61

P
0.000

1.52

189.51

84

7.41

0.000

Table 8. Factors determining adoption of improved seed, and plantation of A. Senegal
Adaptation strategy

Improved seeds

Factors
Age
Family size
Extension service
Education level
Gender
Livestock (no)
A.senegal area
Constant

β
-0.021
0.030
-0.896
-0.038
-1.103
-0.010
-0.040
2.837

Sig
0.641
0.867
0.017*
0.403
0.021*
0.470
0.918
0.052

β
-0.008
0.056
-1.071
-0.082
-1.423
-0.016
0.977
2.100

Plantation of
A. senegal
Sig
0.867
0.774
0.007*
0.093
0.005*
0.283
0.014*
0.170

*Significant at α=0.05; n=85 in all cases

4. CONCLUSION

COMPETING INTERESTS

The current paper concluded that the main
indicators of climate change in the study area
are; fluctuation of rainfall in terms of intensity and
distribution, temperature rise, frequent drought
cycles, dust storms and increase of wind speed.
Moreover, the agricultural production different
crops plants are affected by climate change
where millet production per area in the last ten
years showed significant reduction at (p≤0.05),
and the same is true for Sorghum, Sesame
and Roselle. Also, the area of A. Senegal
garden was also reduced significantly at
(p≤0.05) in the study area, and the density of A.
senegal in the gum gardens was reduced
significantly (p≤0.05). The same is true for gum
production in the study area. The local people at
the study area enhanced their adaptive capacity
through rehabilitation of their A. senegal gardens
and improved seeds to increase their income for
sake of alleviating poverty, raising awareness
towards climate change and variability.
Plantation of A. senegal and improved
seeds has significant positive effect in increasing
the areas and population of Hashab as
well as increasing the productivity of main
agricultural
crops.
Extension
services,
Gender, and areas of A. senegal are
the main Factors determining adoption of
improved seeds and plantation of Acacia
senegal.

Hereby, the authors declared that no competing
interests exist.
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