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On the Ground 

• The traditional cultivation of wild melon varieties to 

feed and water animals during the dry season has 

proven to be economically sound and environmen- 
tally sustainable. 
• The practice is an example of mutual benefit and 

cooperation between settled agropastoral com- 
munities and mobile transhumant pastoralists. 
• Although the practice of cultivating local melon 

varieties to feed animals appears to be currently 

thriving, it might become endangered in the future 

because of the introduction of mechanization of 
crop farming as well as the increasing cultivation 

of hybrid melons that have brought new pests and 

diseases. 
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ackground 

ignificance of pastoralism 

Pastoralism in Sudan was practiced long ago by the Beja 
ribes of the Red Sea and the people of the Butana region dur-
ng Merotic times (ca. 540 BCE–350 CE), but it is believed to 

ave spread to many parts of the Sudan after the 10th century 
E, when the Arabs began to enter the Sudan in large num- 
ers.1 The Kordofan area in Sudan consists of North, West,
nd South Kordofan States ( Fig. 1 ). Mobile pastoralists dom- 
024 

Please cite this article as: Hussein M. Sulieman and Maryam Niamir
Sudan: Potential for climate change adaptation and sustainable livelih
nate in the drier areas. Elsewhere, the populations are fully 
r partially settled (crop farmers and agropastoralists, respec- 
ively). However, all pastoralists will cultivate when necessary 
or additional cash income or to produce supplemental feed. 

Pastoralism occupies an important place in the cultural and 

conomic life of the Sudan. According to official statistics, in 

955–1956, pastoralists in Sudan constituted about 14% of 
he total population, but by 1973, this number fell to 11%.

owever, it is generally believed that pastoralists were under- 
numerated in 1955–1956 and the 1973 censuses.1 In 1997,
he total population of the three combined States of the Kord- 
fan area was 3.6 million,1 and in 2008 this number increased 

o 4.3 million.2 It is not known what percentage of this pop- 
lation was settled agropastoralist compared to mobile pas- 
oralist.2 

The primary owners of livestock in Sudan are pastoralists 
nd agropastoralists. Livestock contributes to about 60% of 
he agricultural gross domestic product (GDP) of Sudan and 

bout 25% of the national GDP.3 The total number of live- 
tock in 1974 was estimated at 40 million heads of animal,1 

hich increased to 109 million in 2019 and consisted of about 
1 million cattle, 40 million sheep, 32 million goats, and 4.9 

illion camels.4 In 2010, North Kordofan was estimated to 

ave about 37% of the national livestock.5 

Rainfall variabilit y and unpredictabilit y impacts the in- 
ome balance from year to year among cereal crops, livestock,
ash crops, and nontimber products (mostly gum Arabic from 

cacia senegal and fruits from Ziziphus spina-christi and Bal- 
nites ægyptiaca ). But not all impacts can be attributed to rain-
all variability. The area is well connected to the north–south 

rade routes and to urban centers and is subject to national 
conomic stresses. For example, in 1997, when millet produc- 
ion was high, people had less cash for food purchases due to
ow prices for the main cash crops and for gum Arabic and
ivestock. This has been linked to domestic recession and re- 
uced export earnings, which caused depressed demand for 
hese cash sources.6 

Pastoralists raise mostly camels, sheep, and goats. Forty 
ercent of Sudan’s camel exports came from Dar Kababish 

n 1964, and the Kababish were by far the largest producers of
1 
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Figure 1. Study area map showing the southern limit of the gizu, major livestock transhumance routes (gray lines), settlements (black dots), and the 
regions of North and West Kordofan. Satellite Precipitation Estimate data ( Figs. 3 and 4 ) were collected for the dashed area in the center. Inset map 
indicates the location of the study area within Sudan. 
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amels.6 But currently the most exported type of animal from
udan is sheep; since 2000 the export of sheep and mutton
as increased about threefold.3 

Wet-season transhumance grazing is centered on rain-fed
ools found in the northern rangelands, including in the gizu,
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hich stretches across North Kordofan, North Darfur, and
orthern states. Dry-season grazing is mostly in the central
nd southern parts of North Kordofan State and is centered
n permanent wells that are either traditional hand-dug or
oreholes established by the government. This mobility is a
Rangelands 
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esponse to climate variability as well to distribute the pressure 
n grazing resources.7 

The gizu is a remarkable form of ephemeral vegeta- 
ion excellent for grazing with high moisture content for 
oth wildlife, such as oryx ( Oryx gazella ) and Soemmerling’s 
azelle ( Nanger soemmerringii ), and livestock. The gizu vege- 
ation appears at irregular intervals and locations in northern 

rier areas of North Kordofan and North Darfur and in the 
ahara Desert and is influenced by dew and ambient moisture.
t can support animals for 3 months and, sometimes more,
ithout the need for water. Livestock are taken to the gizu 

ainly for fattening. Grazing in the gizu leads to good nutri- 
ional status, high birth rates, earlier onset of puberty, little if 
ny livestock disease, reduced cost of animal feeding and wa- 
ering, and better general security conditions (e.g., livestock 

ooting, farmer–herder conflict).7 

Development policies for pastoral areas have either had 

ingle-sector objectives (i.e., water and livestock vaccinations) 
r been a complete reinvention of pastoral economies based on 

egative perceptions of pastoralism, such as “the cattle com- 
lex” or pastoralists are “backward and irrational people.” Fi- 
ancially, the Sudanese government spending on the livestock 

ector was only 0.65% from 1960 to1970, but by 1983, it had 

ncreased to 13.0%. This is in stark contrast to the contribu- 
ion of livestock to the GDP of Sudan.8 

Animal vaccination campaigns, the first of which started 

n Darfur in 1947, were not accompanied by policy mea- 
ures to encourage marketing and offtake of surplus ani- 
als, which led to rangeland degradation.9 Policies promot- 

ng group ranching among the Baggara of Southern Kord- 
fan have failed to provide economic security to pastoralists 
ecause the person-to-land ratio was drastically lower than 

he traditional mobile livestock system, which had led to in- 
ome inequality, out-migration, and unemployment.10 Simi- 
arly, policies to settle pastoralists led to environmental degra- 
ation in Darfur and Kordofan.10 

In recent years, and especially after Sudan lost the revenue 
rom petroleum with the secession of South Sudan from Su- 
an in 2011, the contribution of the livestock sector to the 
ational economy has increased to around 25% of the GDP.11 

onsequently, livestock production, which continues to be 
one primarily by pastoralists, is gaining more national atten- 
ion. However, this attention is focusing on livestock and not 
n pastoralists and their pastoral production system.11 The 
im of the 2007–2011 National Strategy Plan was to increase 
he Sudan’s agricultural exports, including livestock, through 

odernization of the agricultural sector.12 However, this was 
ainly viewed as the introduction of new breeds, land priva- 

ization, and adoption of settled mixed farming, to increase 
ncentives for pastoralists to settle.11 

ater management 

Water is a limiting factor in pastoral areas, and the choice 
f technology has historically determined not only owner- 
hip but also grazing pressure. Rain-fed pools are mostly 
phemeral (except for a few notable lakes in southern North 
024 
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ordofan) and their use is opportunistic. Traditional hand- 
ug wells are complex to construct and require skilled knowl- 
dge, such as the wells dug in sandy areas lined from the top
ownward with roots and branches of Sidr trees ( Ziziphus 
pina-christi ) or similar species. Tribes such as the Hamar hol- 
owed trunks of Tebeldi ( Adansonia digitata ) to store water for
he dry season.13 Plastic water bladders and containers have 
ecome ubiquitous in the past 2 decades, which pastoralists 
ave traditionally used to transport water in North Kordofan 

o areas with no reliable local supply. The cultivation of wild 

ultivars of watermelon (i.e., melon; Citrillus lanatus ) 14 is an- 
ther traditional water-storage technology and the focus of 
ur article. These natural and traditional sources of water for 
ivestock are decentralized and help to spread grazing pressure 
cross the rangeland. 

The introduction of modern boreholes in Sudan dates back 

o 1918 and led to centralization of water resources. Successive 
overnments have focused on borehole construction to meet 
he health and production requirements of the human and 

ivestock population. However, boreholes attract more people,
nimals, and settlements than the ecosystem can support and 

ave led to land degradation.12 , 15 This phenomenon has also 

een observed elsewhere in Africa.16 With climate change,
he negative impacts from stable and centralized boreholes 
ill only increase. 

Pastoralists in Sudan are not strangers to community- 
ased laws and regulations for rangeland and water use.
ecords of the 17th century show that Sultan Dali’s laws and 

egulations were perhaps the best example of codes passed and 

nforced with the intention of protecting natural resources in 

arfur.13 The powers of traditional leadership were intended 

o regulate the use of the environment and to prevent its de-
truction. The 1932 Forest Ordinance gave traditional lead- 
rship the right to arrest any person reasonably suspected of 
aving been involved in a forest offense.17 In annual tribal 
onferences, many problems related to tribal boundaries, no- 
adic migration routes, water supply, and grazing appropria- 

ion were settled, in addition to trying theft, unpaid rent, un- 
aid taxes, and deliberate setting of wildfires.13 

However, the 1971 People’s Local Government Act weak- 
ned the authority of lower government levels, creating a vac- 
um for the supervision of resource use according to both laws 
nd traditional customs. The power to protect and guide an- 
ual use, punish, or arbitrate vanished, with the end result that 
ompetition and conflict have increased.13 Agricultural devel- 
pment projects in the 1970s and 1980s largely focused on en- 
ancing production of cereals and cash crops with mechaniza- 
ion and little integration of livestock issues. Agropastoral- 
sts became dissatisfied, which led to a survey of the Shukriya
eople in Eastern Sudan who expected to benefit from two 

uch schemes that showed 46% of respondents preferred not 
o have government involvement in livestock development.18 

uch sectoral schemes have the potential to weaken the tra- 
itional crop–livestock interface. 

Despite these changes, the cultivation of wild melon en- 
ures today as a traditional cooperative practice between pas- 
oralists and settled farmers. It reflects other traditional prac- 
3 
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ices of mutualism between farmer and pastoralist, such as the
ulani practice of grazing livestock on crop stubble after a har-
est, both for animal fodder as well as depositing manure for
oil fertilization.19 C. lanatus is an annual species that occurs
n cultivated, semidomesticated or wild forms and is widely
istributed in tropical and subtropical areas of Africa.20 

Our premise is that the cooperative practice of melon cul-
ivation and consumption enhances the adaptive capacity of
astoralists to climate change, while also conserving biodiver-
ity, supplementing rangeland resources, generating income
or crop farmers, and sustaining animal health and produc-
ivity. It is a traditional rangeland management practice that
as endured over centuries, but will it be sustained into the
uture and, if so, how? 

ethodology 

escription of study area 

Within the three Kordofan States, the two main melon-
roducing areas are North and West Kordofan States ( Fig. 1 ).
ield surveys for our study were conducted in the Um
eredim area in the southern par t of Nor th Kordofan State,
hich is more favorable for cultivation than in the north. Um
eredim was selected because it lacks an adequate permanent
ater supply during the dry season. 

The climate of the area is a typical Sahelian climate char-
cterized by high temperatures and a long dry season. The
ominant soil type is sandy soil, and undulating dunes are
ommon in the landscape. The area is typically a semiarid Sa-
elian ecosystem mostly covered by grasses and scattered trees
nd shrubs.21 The grass cover is dominated by annual species
uch as Cenchr us biflor us, Schoenefeldia gracilis , and Aristida
pp. The woody cover is dominated by Acacia such as tortilis ,
enegal , and seyal var. seyal . Other tree species include Com-
iphora africana , Balanites aegyptiaca , Faidherbia albida , and
oscia senegalensis . 

The main pastoralist groups that use our study area are
he Kababish, Majanin, Kawahla, Bani Jarar, Shanabla, and
ar Hamid. Their transhumance movement takes them on
Figure 2. Elobeid livestock market in North Ko
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 north–south trajectory, and they pass through the Um
eredim area in June (on their way north) and from Novem-
er to January (on their way south; Fig. 1 ). The settled farmers
n Um Keredim are Dar Hamid. 

ield data collection 

Our first survey was conducted in Um Keredim and the
urrounding areas during December 2022 to meet farmers
ultivating wild melon and other crops. In March 2023, a sec-
nd field visit was organized to Elobeid, the capital of North
ordofan State, to meet pastoralists benefiting from the wild
elon. Since 2023, we have been unable to access our study

ite because of violence, road closures, and safety concerns. We
eport our preliminary findings and hope we can collect more
ata once the situation improves. 

In total, we conducted 19 interviews with study partici-
ants: 10 with small-scale agropastoralists, 8 with pastoral-
sts, and 1 with a watermelon seed breeder in Elobeid Agri-
ultural Research Station, North Kordofan State. All were
rom the Dar Hamid tribe. We held a focus group discus-
ion with a group of settled farmers in Um Keredim, and
e discussed topics including main livelihood activities prac-

iced by local communities, cropping systems, types of melon
ultivated in the area, farming of melons for livestock, deal-
ng with transhumant pastoralists benefiting from melon, and
hreats facing local melon varieties. Our interviews with pas-
oralists were conducted in Elobeid livestock market ( Fig. 2 ),
nd we discussed topics including ethnic background, live-
tock species raised, annual cycle of mobility, benefits of wild
elon for livestock, trends of melon use, and types of deals

nd agreements between pastoralists and farmers to access
elon fields. Although the focus of our study is Um Keredim

nd Elobeid, we also obtained information from agropastoral-
sts and government officials in other melon-production areas
uch as Elnuhud and Um Rawaba ( Fig. 1 ). 

We used the monthly satellite precipitation estimate data
rom the Climate Hazards Group Infrared Precipitation with
tations (CHIRPS) version 2.0 dataset 22 to calculate the an-
ual and monthly rainfall averages. The precipitation analysis
as conducted in a 150 × 150 km2 (93.2 × 93.2 square miles)
rdofan, Sudan. Courtesy of H. Sulieman. 
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rea in which we conducted our field surveys ( Fig. 1 ). The
HIRPS dataset is explicitly designed for monitoring agri- 

ultural drought and global environmental change. 

esults and Discussion 

limate variability and climate change 

Rainfall during the rainy season of April to October is un- 
redictable and highly variable in Kordofan ( Figs. 3 and 4 ).
ven though the long term (1981–2022) is increasing, varia- 

ion within and across years is apparent. The long-term annual 
verage is 321 mm, with an interannual rainfall coefficient of 
ariation (CV) average of 24%. In 19 of the last 42 years, the
otal annual rainfall was below the long-term average. Half of 
igure 3. Annual amount, mean, and trend in rainfall from 1981 to 2022 for K
tation with Stations (CHIRPS) version 2.0 dataset. 22 

igure 4. Monthly amount and coefficient in variation (CV) of rainfall from 19
nfrared Precipitation with Stations (CHIRPS) version 2.0 dataset. 22 
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hese years occurred in the 1980s ( Fig. 3 ). There is high in-
erseasonal rainfall variability, ranging from 17% to 63%, with 

ost of the rain falling in July and August ( Fig. 4 ). 
Model projections of climate change for Sudan show sub- 

tantial warming across the country with a projected in- 
rease of temperature between 1.5 °C and 3 °C, but there is no
lear trend in rainfall patterns. The model projections depict 
oth an increase and a decrease with relatively small absolute 
hange. However, large year-to-year rainfall variability is ex- 
ected.23 Thus, a twofold impact is predicted; 1) higher tem- 
eratures will result in increased evaporation and increased 

eat stress which will negatively impact water availability, and 

) year-to-year variability in amount and timing of rainfall 
ill increase. Both will negatively impact agricultural pro- 
uction, pastoralist livelihoods, and food security.24 Pastoral- 

sts have lived with uncertainty for ages and have developed 
ordofan, Sudan. Data source: Climate Hazards Group Infrared Precip- 

81 to 2022 in Kordofan, Sudan. Data source: Climate Hazards Group 
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Figure 5. Intercropping with melons, trees, and livestock grazing in an agricultural field in Um Keredim in North Kordofan, Sudan. Courtesy of H. 
Sulieman. 
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raditional mechanisms to adapt to it.25 , 26 The question is
hether their traditional mechanisms, such as feeding wild
elons to their livestock, have survived given changes in land

se, and whether these mechanisms can continue to maintain
he resilience of pastoral livelihoods into the future. 

ain livelihood activities 

Traditionally the main livelihood activities practiced by the
eople in North and West Kordofan States were: 1) agropas-
oralism (i.e., small land holder with rain-fed crop farming
nd sedentary livestock) and 2) transhumant pastoralism. 

Settled agropastoralism — The production system in the
m Keredim area can be described as agro-silvo-pastoral.
ain-fed farming is practiced for subsistence as well as for

ash crops. In an average year, cultivation normally starts
round June, and harvest is from December to January of the
ext year. Millet and sorghum are staple crops. Households
lso grow melon, groundnuts, sesame, hibiscus, and okra.
ther minor crops include cowpea, musk melon ( shamam ),

nd chickpea. These crops are cultivated using a traditional
ntercropping system, sometimes including the A. senegal tree.

The main livestock species raised by agropastoralists are
heep and goats. Animals commonly graze on crop residue
nd on vegetation in abandoned or fallow cropland ( Fig. 5 ).
n a study among agropastoralists to the west of Elobeid, the
istance trekked by livestock to water sources almost tripled
uring drought times (5.5 km in a typical year to 15 km in a
r y year).27 O ur study participants confirmed this occurrence
nd defined a “dry year” as the year when they do not expect
heir crop harvest and rangeland resources to last until the fol-
owing rainy season. D uring a dr y year, the distance to grazing
ites also increase (5.5 km on average in typical year to 20.4 km
n a dry year). Unfortunately, we were unable to gather statis-
ical information on production rates of local melons in dry
ompared to typical years or whether the availability of local
elons for fodder affects the distances traveled in dry years. 
Transhumant pastoralism — According to our interviews,

astoralist groups such as the Kababish, Majanin, Kawahla,
ani Jarar, Shanabla, and Dar Hamid benefit from and use

he white melon. They are mainly camel breeders, but they
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lso raise sheep and goats. Most family members are partially
ettled, and the mature male family members are mobile with
he herds and flocks. Only among the Shanabla are there com-
letely mobile households. Traditionally, a herder is expected
o manage 60–100 camels while on transhumance,28 a fig-
re confirmed by our study participants. Transhumant pas-
oralists move much longer distances than agropastoralists.27 

lthough the pastoralists also practice rain-fed crop farming,
heir main source of income is from livestock. The area they
ultivate is much smaller compared to agropastoralists, and
hey cultivate a more limited number of crops, mainly millet
nd melon. 

Mechanized crop farming — In the last 15 years, mech-
nized crop farming has been introduced in many areas in
orth and West Kordofan States by wealthier farmers in lo-

al communities. As a result, there has been rapid expansion
f cultivation into rangeland. The machinery used consists
ainly of tractors and ploughers and, in some cases, harvesters

nd threshers. A recent study revealed that expansion of culti-
ation is one of the main reasons for natural vegetation clear-
nce in North Kordofan.29 

ultivation of melons 

There are three main types of melon currently cultivated
y farmers across North and West Kordofan States; hybrid
arieties imported from abroad since the early 2000s, local
arieties with inner red/reddish pulp, and local varieties with
nner white pulp. The hybrid melon is typically marketed as
 commercial fruit. The local reddish melon is sweet, whereas
he white melon is nonbitter, slightly sweet, or tasteless. 

The white melon, known botanically as the Kordofan
elon, is the closest relative of domesticated watermelons.

conography of Egyptian tomb paintings indicates water-
elon was consumed in Ancient Egypt 4300 years ago, and

hese archeological records are consistent with the Kordo-
an melon being a direct progenitor of the cultivated wa-
ermelon.30 C. lanatus is native to Africa, Middle East, and
 outh Asia. A variet y of C. lanatus introduced into Australia

s also white fleshed but has a bitter taste and is an invasive
pecies.31 
Rangelands 
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Figure 6. Examples of white melons showing morphological differences. All these white melons were collected in one agricultural field in the Um 

Keredim study area, North Kordofan, Sudan. Courtesy of H. Sulieman). 
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C. lanatus may have been originally selected from Citrullus 
olocynthis , a wild relative with rippled green ripening to yellow 

ith very bitter white flesh.32 Wild crop relatives are imper- 
tive resources for breeding and domestication.30 We found 

hat progenitor populations of Kordofan wild melon still ex- 
st in the African Sahel. Those wild melon varieties hold dif- 
erent potential characteristics such as disease resistance alle- 
es compared to domesticated types.27 This characteristic was 
lso observed by our study participants. 

There is no systematic documentation of the geographi- 
al extent of local melon cultivation, but it has been recorded 

n Elodaya in southern Kordofan 

33 and is generally known 

o be widespread in Darfur and the three Kordofan States.
he names of these local melons vary by locality, and there 

s no catalog of the many different varieties of local melons 
cross Kordofan. According to Abdalla et al.,34 the local mel- 
ns have a wide range of varieties and differ in several mor- 
hological and physiological characteristics ( Fig. 6 ). Farmers 
ypically grow mixtures of these varieties, and it is difficult 
o differentiate bet ween them due to the high natural cross- 
ollination 

The local red/reddish-fleshed varieties of melons are con- 
umed by local people and are traditionally cultivated by in- 
ercropping with millet, sorghum, groundnuts, and hibiscus.
ultivation starts at the onset of the rainy season. Farmers re- 
ort that local varieties of melon need minimal water com- 
ared to other crops. Therefore, they often sow the melon 

eeds just prior to the rainy season to maximize the benefit 
rom the early showers in April and May. 

The local white (sometimes light yellow) fleshed melon 

s mainly cultivated for seed production and for feeding and 

atering animals. It has different local names across Kord- 
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fan, such as wed abu aagul , kashir , and kajerki . It can be
onocropped in fields distant from the villages or inter- 

ropped with other seasonal crops or inside A. senegal tree gar- 
ens. The soil under an A. senegal garden has been shown to
ave twice as much nitrogen and carbon content as adjacent 

ands.35 The white melon is normally sown at the same time as 
ther crops or delayed toward the second half of the rainy sea-
on after cultivation of other crops is completed. Study partic- 
pants mentioned that two to three rains are enough to obtain 

 harvest with many melons, which indicates its adaptability 
o this region. Participants stated that, in general, the cultiva- 
ion of white melon is flourishing among agropastoralists and 

mong transhumant pastoralists. 
The mechanized cultivation of the hybrid melon varieties 

tarted early in the 2000s in Kordofan and is widespread 

cross the entire area. Elnuhud is the most famous area in Ko-
dofan for the commercial production of hybrid melons ( Fig.
 ). Commercial production is done through monocropping 

ith pesticides. The local white melon is also being grown by 
ealthy farmers commercially as a large-scale monocrop on 

arms that can extend to hundreds of hectares ( Fig. 7 ). 

arvest and use of local melons 

There can be up to three harvests of both the local reddish
nd white melons per year. Traditionally, the melons are col- 
ected and stored in pyramids near the homestead or under 
helters to minimize evapotranspiration ( Fig. 8 ). 

In addition to being consumed by the farmers and sold 

s a whole fruit in local markets, the local melon also has
ther uses. Records from Kordofan indicate goats graze on 
7 
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Figure 7. Large-scale monocropping of white melons in the western Bara area, North Kordofan, Sudan, in 2022. Courtesy of O. Idris. 

Figure 8. Local white melons stored inside a homestead in the Um Keredim study area, North Kordofan, Sudan. Courtesy of H. Sulieman. 
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he leaves of the wild melon, livestock consume the fruit, and
n times of famine, people eat the seeds after boiling them.35 

armers thresh the fruit to extract the seed and, in this pro-
ess, use the pulp and outer rind to feed animals, and they
ollect the water in cans and boil it to become concentrated
nd consumed as honey. Farmers store the melon’s outer rind
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o feed their animals later in the dry season or even sell it at the
ocal market. The extracted seeds are kept for the next season
r sold in local markets. In the past 10 years, a mechanical
elon thresher has been introduced to extract the seed and

s currently widely used, especially in large-scale commercial
elon farming. 
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The flesh of the white melon is tasteless and lightly sweet 
nd used primarily to feed and water livestock. Normally, the 
arvest starts after the end of the rainy season in October and 

ontinues until the dry season is over in March the following 

ear. Farmers use the fruits for their own animals and store 
he surplus to be used later in the dry season when they lack
odder and water for the livestock. Some crop farmers will sell 
astoralists an entire melon field, including the melon leaves 
nd vines which are also used for fodder. Depending on their 
eed or which is more profitable, farmers may sell the en- 
ire crop to pastoralists, or they may first harvest some mel- 
ns themselves and then sell the remaining crop to pastoral- 
sts. They may also first thresh and sell the seed commercially 
nd then sell the flesh and rind to pastoralists to water and 

eed their animals. Sometimes the extracted seed is divided 

etween the farmer and the pastoralist based on agreement. 
Our interviews with pastoralists provided a record of how 

astoralists use the white melon. A pastoralist animal trader 
rom Majanin, who owns a camel herd and sheep flock, said 

hat 5 years ago he moved from his home area in Elmazroub 

o Um Sumema ( Fig. 1 ) and settled there with his family. He
ought some land and now cultivates an area of about 100 ha 
ainly with white melon, millet, and sorghum. In addition 

o using the melons he cultivates; he also buys more melon 

elds from farmers in the neighboring area. He first extracts 
he melon seed and then feeds the flesh to fatten those animals 
e wants to sell before taking them to market. He sends the 
est of the animals to graze on natural pastures and waters 
hem using a plastic water bladder. This allows him to extend 

he melon harvest season from October to May of the next 
ear. He uses the profit from the animal trade and from the 
elon seed to buy more animals and adds them to his herds. 

enefits of melons for pastoralists and their 
ivestock 

Study participants stated the practice of feeding and wa- 
ering livestock on white melons is in their history. All parts 
f the white melon plant benefit pastoralists: the seeds, pulp,
ater, and rind of the fruit as well as the leaves and vines. In a

ocus group discussion, the farmers ranked melon as number 
hree after millet and sesame in terms of importance for their 
ivelihoods. This high importance is due to the wide range of 
ses and benefits of melon. The most common livestock fed 

n melons in our study area were sheep and camels. The most 
mportant benefit for livestock is the high water content of 
he melons. From October to March or even May of the fol- 
owing year, pastoralists need water after the ephemeral rivers 
nd ponds created by the rains dry up. In addition to using wa-
er from hand-dug wells and permanent boreholes through- 
ut the rangelands, the melon-cultivating zones have tradi- 
ionally been built into the pastoralists’ transhumance routes.
he melon’s ability to store water so efficiently with minimal 

vapotranspiration and to be grown dispersed along the graz- 
ng routes helps to distribute grazing pressure and avoid land 

egradation. 
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With the advent of the threshing machine, the water and 

ulp of the melon are consumed immediately at the time of 
he threshing process, and the rind is usually stored for later 
se in the dry season. After extraction, the seeds are sun dried
efore being packed in sacks and sent to markets. This prac- 
ice diminishes the benefit of the melon in distributing graz- 
ng pressure throughout the dry season, especially for large- 
cale farms, because the water and pulp must be consumed 

uickly rather than stored for later in the dry season. 
The white melon is an important fodder resource to fatten 

nimals and improve their health condition. Pastoralist par- 
icipants regarded the white melon as equally useful as the 
izu in many respects. According to their perception, feed- 
ng on white melon doubles the animal’s weight compared 

o not feeding on melon. Sheep tend to benefit faster than 

amels, with on average 3–4 weeks of grazing on melons be- 
ng enough to fatten sheep for the market. Feeding on mel- 
ns also doubles milk production of all livestock. In general,
he typical pregnancy rate among breeding female camels is 
bout 50% of the herd. Feeding on melon increases this to 

00%. The fertility rate among female sheep (i.e., ewes) is 
igh without feeding on melon, but they most often produced 

wins and triples when fed on melon. Feeding on melons 
hroughout the dry season accelerated the onset of puberty 
nd the age of reproduction for sheep and goats. The percep- 
ions of our participants are yet to be verified because data 
n animal productivity are not collected by local Extension 

ffices. 
The traditional practice of cultivating and harvesting the 

hite melon and other local melon varieties is a means of 
oping with historical droughts and climate variability. An 

gropastoralist participant reported that when they believe the 
ear will be dry (e.g., less rain, more erratic rainfall, and late
nset of the rainy season), they will increase the area in which
elons are grown because it is more drought tolerant. Main- 

aining this traditional practice can be an important adap- 
ation to climate change. The ability of the locally adapted 

hite melon to grow with minimal rainfall and no pesticides,
s compared to hybrid melons and other crops, makes it a ver-
table example of sustainable agriculture. 

ecent trends in cultivating white melons 

Investing in white melon cultivation is becoming an attrac- 
ive business for some pastoralists, especially those oriented 

oward animal trading. For them, there are two equally im- 
ortant objectives for white melon cultivation: 1) to reduce 
he cost of watering livestock during the dry season and 2) to
atten their animals before market. In many cases, they own 

heir own farm and buy additional melon harvests (not the 
and) from other farmers. 

An agropastoralist participant in Um Keredim mentioned 

hat some farmers cultivating the white melon for commercial 
urposes do not wait for pastoralists to arrive in the area. They
se a mechanical extractor to extract the seed and sell it at a
igh price in the market. The seed is processed into different
roducts (e.g., seed cake) and roasted and sold as a snack. 
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The areas where currently large-scale mechanized
onocropping of hybrid and white melon is practiced
ere previously excluded from mechanization because the
mount of rainfall was too low and erratic for large-scale crop
roduction and the soil too fragile to withstand heavy ma-
hinery. These rangelands are suitable for rain-fed small-scale
arming. The northern border for mechanized agriculture
n North Kordofan defined by law corresponds roughly to
3 °N latitude.36 Nevertheless, mechanized cultivation has
xpanded beyond this latitude due to high prices in urban
arkets for melons. The exact area and impact of such

xpansion is yet to be fully documented. Grazing areas to the
est of Elobeid are declining due to this mechanization and

ccess is restricted because of political instability.27 The loss
f natural grazing resources is not fully compensated by the
vailability of melons, and mechanization is expected to have
etrimental impact on the environment in the long term. 

Additionally, the increasing cultivation of hybrid melons
ay be posing a problem. Only 10% of our participants said

hey plant the hybrid melon in addition to the local varieties,
ut it is increasing among commercial growers. Therefore, the
ewly introduced hybrid melon varieties for commercial pro-
uction might compete with the local types for land area. The
hift is primarily due to the high prices hybrid melons can ob-
ain in markets. However, more data from a larger sample size
nd land use change analysis are needed to explore this further.

According to Abdalla et al.34 continuous cultivation of the
ommercial melon varieties has led to some areas in North
ordofan being infested with the melon bug ( Cordinus vidu-

tus ). Although data are limited, there is a risk that the local
ild melon varieties might be negatively affected and become

xtinct in the area. 

onclusions and recommendations 

The production and feeding of local white melons appear
o be profitable and beneficial traditional practices for pas-
oralists and agropastoralists in Kordofan. Melon production
llows adaptation to c limate variability and c limate change
ecause it supplements both feed and water for animals dur-
ng the dry season. The transhumance routes of mobile pas-
oralists can change flexibly depending on the availability of
nd productivity of the dispersed melon harvest by farmers
racticing small-scale rain-fed cropping. By storing water and
eeding efficiently throughout the dry season, this practice
elps distribute grazing pressure and thereby reduces the risk
f land degradation. The practice is also an example of mutu-
lism and cooperation between settled and mobile peoples. 

The exact extent of the practice is yet to be documented
ut is thought to occur in Darfur and Kordofan. The practice
ontinues to thrive even with the introduction of mechaniza-
ion and hybrid melons. However, the future of melon pro-
uction will be determined by at least five factors: 1) whether
ncreasing impacts of global climate change will negatively or
ositively affect the melon plant and its production; 2) the im-
acts of the new melon pest brought in with the hybrid mel-
0 
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ns on the local varieties; 3) increasing large-scale cultivation
f rangelands north of the 13 °N latitude, resulting in envi-
onmental degradation and rangeland conversion; 4) market
emands for hybrid vs local varieties of melon, and the relative
rices of other supplemental feed and sources of water; and 5)
olicies affecting the future of pastoralism and agropastoral-
sm in Kordofan. 

Our study reports on preliminary documentation of an
volving traditional practice. More research will be needed to
erify and confirm many of our observations and findings. In
ddition, the following areas of further in-depth research can
e foreseen: 

• Tracing the history of the traditional practice, including
better understanding of the process of domestication at the
center of origin of the watermelon, 
• Better understanding of the nutritional benefits of the

melons, and the problems faced by growers, such as
postharvest loss, 
• Better understanding of the contribution of melon con-

sumption to the seasonal water needs of different species
of livestock and its influence on grazing patterns, 
• Beneficial environmental impacts of growing local melon

varieties, including their value as feed for wildlife and ero-
sion control in sandy dunes, 
• Trends in large-scale mechanization and impacts on local

melon production, 
• Extent of resistance, if any, of local varieties to the melon

bug, and sensitivity to water stress, including identifying
beneficial genetic traits, 
• Cataloging the varieties of the melon, including system-

atic precautionary ex-situ conservation, given the unclear
future of the plant and how it is used, and 

• Price differences and elasticity of the different melon vari-
eties locally grown, and profitability, in relation to climate
variability. 
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