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In a nutshell

Key interventions to catalyse the transformation of Sudanese agriculture from a
subsistence-oriented, low-output sector to a high-performing sector well integrated into
the national economy.

Increasing budgetary allocations on agriculture and agro-industries and ending the
legacy of excessive direct and indirect taxation of agriculture.

Fostering a favorable policy environment and strengthening the role of the private sector
in agricultural transformation (PPPs).

Improving farmers’ access to financial resources, inputs, and services.

Enhancing irrigation water infrastructure, mechanization, and the power sectors.
Establishing agricultural commodity development councils, including producers’
councils.

Building the capacities of the industrial sector to manufacture agricultural inputs and
link the production-processing marketing chain.

Utilizing agro-industrial growth corridors to promote the efficient use of resources.
Resolving conflicts through the capacity building of local governance and the
demarcation of migratory routes.

Building the capacities of producers through their institutions.

Introducing a grant institutions system to improve NARS’ effectiveness.

Introducing digital and technical innovations to increase their productivity, efficiency,
and competitiveness.
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Main challenges and reasons for the weak performance of

the agricultural sector:

o Low spending and allocation of resources to agriculture-
related developments resulted in poor agricultural support
infrastructure (such as feeder roads, storage, energy,
irrigation systems, livestock routes, processing facilities, and
marketing).

o Weakness or absence of a consistent and long-term
agricultural policy and an environment conducive to
investment in the agricultural sector.

e Low and declined agricultural productivity.

e Lacking/limited value addition activities due to the lack of
a fully developed agro-industry resulting in the export of raw
materials.

e Low level of mechanization and access to services (research,
extension, protection finance, credit, and market) and inputs
(improved seeds and agrochemicals).

e Limited wuse of improved agricultural practices and
technology (machinery and improved crop, soil, and water
management practices).

e Limited spread of effective CBOs and cooperatives.

e (Climate change, degradation of related natural resources,
and recurrent droughts, floods, conflict, and social unrest.

Opportunities for agricultural development:

e Rich natural resource base (million hectares of potentially
cultivable land and heads of animals, vast natural range
and forest, and underground and surface water supplies).

e Large yield potential to increase agricultural production.

e High technical potential for remewable energy resources
(hydro, solar, and wind).

1. Introduction and background

Agriculture is the backbone of Sudan’s economy and
crucial for the country’s food security.

Between 1960 and 2020, agriculture ranked second to
services in terms of contribution to real gross domestic
product (GDP), each adding 35.2 percent and 48.7
percent, respectively.

It is the main source of livelihood for around two-thirds
of the population and the main employer of skilled labor.
In addition, it is characterized by diversity in crop and
livestock production systems, agro-climatic conditions,
soil types, and socio-economic conditions.

Despite these diversities and the huge natural resource
base, Sudanese agriculture has failed to become the
“breadbasket of the world.” Some important indicators
of this failure are:
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e Low value addition by the sector and weak linkages
to agro-industry.

e Rural migration and rush to urban centers, gold
mining, and other countries.

¢ Decline of productivity of land and labor.

e Deterioration of social services, namely health and
education.

e Deterioration of infrastructure.

The main reasons behind the depressed performance

are:

e Weak allocation of resources to agriculture.

¢ Low spending on basic production inputs.

e Weak linkages to modern agro-industry.

e High poverty rates among farming communities and
poor access to basic services.

The main reason behind the dismal performance of
the agricultural sector is agriculture’s decades-long low
priority in the allocation of resources.

Recognizing the neglect of agriculture in their countries
as the main reason behind the prevalence of poverty
and food insecurity, the African heads of state issued
the Maputo Declaration in 2008, in which each country
committed to allocating at least 10 percent of its public
expenditure to agriculture.

According to the Ministry of Finance and National
Planning, public investment in agriculture and related
sectors accounted for one percent of the GDP during
2012-14.

Table 1. Livestock production systems
and distribution

Description and share (%) in national
Production System herd (116 heads)

Nomadic system 2
(pastoralists)

Transhumant sys- 6
tem-Agropastoral

Sedentary system 17

Sudanese agriculture failed to achieve the
long-awaited dream of becoming a major
“breadbasket of the world” despite the huge
resource potential and the country’s strategic
location.
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Table 2. Average share of the different farming sectors in national cultivated areas and food grain production

Contribution to Main Food Crops

Area (Million Share of Culti- Overall Contribution

Production System Hectares vated Land (%) Wheat Sorghum Millet on Main Food Crops
Irrigated 2 12 23 1 Desert 25
Mechanized Rain-fed 6 35 38 5 Semi-desert 20
Traditional Rain-fed 9 53 39 94 Arid 55
Total 17 100 100 100 100 100

Table 3. Agro-climatic zones of Sudan: General characteristics and land area occupied

Agro-ecological Annual rainfall Humid months Growing season Agro-ecological
zone (mm) # length (days) Area (%) zone

Desert <100 <1 <30 34 Desert
Semi-desert 100 - 250 1-2 30-60 21 Semi-desert
Arid 250 - 350 2-3 60-75 10 Arid

Semi-arid Semi-arid
Semi-arid (a) 350 -450 3-4 75-90 13 Semi-arid (a)
Semi-arid (a) 450 - 750 3-4 90-120 14 Semi-arid (a)
Sub-humid <750 4-5 <120 8 Sub-humid

Part I - Agricultural productivity in Sudan
and other comparator countries

2. Value-added in Sudanese agriculture

Between 1960 and 2020, the patterns of value-added
shares by major sectors in the GDP suggest that
Sudan appears to have been caught in a premature
deindustrialization process, where the share of services
(48.7) dominated that of agriculture (35.2) and industry
(16.1). The latter sector comprises larger-scale agro-
based manufacturing (as well as medium and small-
scale edible oil, construction, leather tanning plants,
and cottage industries). As seen in the figure below, this
process becomes prominent after the rise of petroleum
in the economy during 2000-11.

Despite the poor performance of agriculture in terms of
contribution to real value addition and economic growth,
it generated the bulk of exports (mainly cotton, livestock,
and oilseeds).

This evidence clearly indicates that the
prevailing patterns of land use, particularly
in the rainfed subsector, are inconsistent with
the long-run goal of sustainable growth in the
country’s food production.

Figure 1. Value-added shares by major sectors (per-
cent of GDP)

@ Agriculvare driven growih

Ol driven growth

Figure 2. Agricultural exports and the share of im-
ported agricultural inputs in total imports

Percen

Sowrce: Wotld Bank developesent indicmors
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Agricultural policies

Since 1956, Sudan opted for bimodal peasant export
agriculture instead of peasant export-oriented agriculture
in African countries, where the state generates rents
from taxing farmers and marketing boards.

The Gezira Ordinance of 1925 is based on a partnership
with farmers, including the promotion of dry agriculture
to stabilize food production and ensure cheap rural labor
supply.

The Dar system was introduced under the supervision
of the Sheikh-Omda-Nazir hierarchy to regulate land
usage for shifting cultivation, multi-plots, and nomadic
pastoralism.

The Unregistered Lands Act of 1970 favored big private
businesses over the informal institution of the Dar
system, leading to farmer-herder conflicts that erupted
in the mid-1980s.
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The Gezira Ordinance was then repealed by the 2005
Gezira Act, which signified a complete change in the
institutions, thereby underpinning the inherited peasant
export agriculture, the earners of foreign exchange, and
the growth driver of the economy.

The oil boom

During the oil boom, the agricultural sector suffered from
the combined impacts of exchange rate overvaluation due
to Dutch Disease associated with the substantial inflows
of oil revenues and political elites’ lack of commitment to
developing the sector.

The share of imported agricultural inputs (excluding
fuel, which is subsidized) as a percentage of total imports
dropped by 0.8 percentage points down to 0.7 percent,
confirming the complete loss of interest by the Ingaz elite
in the bimodal export-oriented agricultural model.

Figure 3. Decomposition of output per worker (productivity) into own-sector changes in productivity

and structural changes

A.Sector's productivity and structural shifts over 1990-2011

B.Sector's productivity and structural shifts during agriculture-led growth 1990-1996
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D.Sector's productivity and structural shifts after the collapse of oil exports 2009-2011
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The harvested area for irrigated cotton shanked by 34
percent compared to the average before oil. However, its
yield increased by 29 percent, reflecting investments in
genetically modified cotton.

The harvested area for sorghum, which is the key crop
in the rainfed subsector, increased by 53 percent, while
yield dropped by 30 percent on average compared to the
agricultural-driven growth. Similar patterns were shown
for cereals and oil crops.

A “national industrial policy” intervention is
required to emhance agricultural inputs (fertilizers
and improved seeds), including the augmentation
of the capital base of agricultural supply to increase
value addition and the contribution of the sector to
the GDP Institutional reform is requived to redress
the land tenure system, land usufruct rvights, and
the demarcation of communal lands. In addition,
contractual agriculture should be institutionalized to
provide a durable integrated solution to finance and
link-up with high value chain markets.

3. Conditional convergence in agriculture

During 2009 and 2014/15, the poverty rate almost
doubled, rising to 83.2 percent. This was mainly driven
by inflation, with the rate increasing with the distance
from the core region.

Poverty predominates in the regions of Darfur, Kordofan,
and the East, which are inhabited by farmers, herders,
and nomad communities largely engaging in traditional
rainfed agriculture and animal husbandry.

While Sudan’s agricultural productivity exceeds the
median of low-income countries, it is still lower than that
of middle-income countries.

Successful agricultural transformation has been
largely confined to Asian developing countries,
which avoided overvalued real exchange rates
and indirect taxation and combined modest
direct taxation with investment in agricultural

supply.

Convergence in industry tends to be much stronger than
in agriculture, which might be explained by the different
nature of the technology in the two sectors.

As a growth fundamental, real exchange rate is a key
ingredient for any successful export-oriented development
strategy for low-income countries. The quantity and
quality of infrastructure are expected to positively affect
the growth rate in agriculture productivity.

Higher levels of human capital are expected to positively
impact productivity in the agricultural sector.

If Sudan were to increase its infrastructure index by 1.6
units to reach that of Egypt (4.5), this could contribute to
an increase in the growth rate of agricultural productivity
by around 0.7 percentage points.

Special emphasis is needed on energy and financial
development, where Sudan particularly lags.

Information and communication technology (ICT)
improvements would also greatly benefit productivity.

Increasing fertilizer consumption could also play
an important role in boosting Sudan’s agricultural
productivity.

Building human capital requires a major reallocation of
public spending on education and health.

Farmers’ robust organization in the form of cooperatives
could be an effective institutional and societal instrument
for enhancing the efficiency of service delivery in the areas
of health, education, seeds, fertilizers, and the marketing
of produce. It would also facilitate the formation of new
business models in agriculture.

Agriculture in developing countries has been subjected to
two types of taxes.

First, agricultural prices are generally suppressed
through marketing boards, forced procurement, export
taxation...etc. This is a direct form of taxation, which
creates a wedge between farmgate and border prices.
The second is indirect but no less impactful. This impinges
through overvalued real exchange rates and is associated
with unsustainable macroeconomic policies in general,
especially excessive deficit financing.

The main lesson is to design a macroeconomic policy
from an agricultural transformation perspective to
maintain a stable macroeconomic environment and
competitive real exchange rates while modestly taxing
agriculture at the sectoral level to finance investment
n  agricultural supply (vesearch and extensions,
infrastructure, provision of finance and fertilizers...
etc.) similar to the Asian states.

Sudan’s Challenges and Opportunities: A Renaissance Project for Sudan | 5
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Figure 4. Unconditional and conditional conver- and 60 percent, respectively, of millet, groundnut,
gence in industrial labor productivity sesame, gum arabic, and livestock national
production.
T e ey e It is based on interrelated cropping and animal
(Coef, = -0031) {Coef, = -0.063) husbandry systems.
. e Itis highly affected by climate change, and farming
s o is performed under risky environmental conditions.
: ) ; .t e [t features small holding size and entirely manual
%ﬂ £ farming operations with little or no external inputs.
g_ E e Farmers have limited resources and poor access
i h to market, credit, and improved production
i i technologies.
) e It is characterized by weak agro-industrial

development and low agricultural output.

The table below shows the gap in agricultural productivity
in Sudan on the one hand and in Egypt and South Africa
on the other hand. The gap has been widening over the

Table 4. Taxation of Sudanese agriculture (percent)

Year NPRI NPRD NPRT

years.
1970 1.54 20.94 22.48
1971 6.15 21.03 27.18 Challenges and constraints:
1972 1.53 28.39 29.92 ) o o _
e Ecological: Climatic change and variability, low soil
1973 20.72 16.95 37.67 fertility, and limited access to water.
1974 34.17 15.85 50.02 e Biotic: Poor genetic stock, use of traditional
livestock and crop husbandry practices, nutritional
1975 4224 13.14 5539 deficiencies, high cost of animal feeds, diseases, and
1976 45.17 11.32 56.49 pest infestation.
1977 57.91 8.99 66.90 o Soc10-‘eco.n.om1c:. Poor mfr-astructure marketing,
unavailability of inputs, conflicts among groups, and
1978 95.49 8.95 64.43 absence of producers’ cooperatives.
1979 56.51 8.58 65.09 ¢ Institutional: Research, advisory, credit livestock
and crops marketing, and veterinary services.
1980 54.17 10.08 64.25 e Policies: Credit, subsidies, pricing incentive,
1981 43.55 11.92 55.47 marketing, value chain, processing of feeds, export
1982 1022 12.07 59,99 of by-products, and insufficiency of funds allocated.
1983 50.37 9.22 59.59
1984 52.51 9.67 62.18
1985 53.83 8.68 62.51 Table 5. Loss in livestock productivity under tradition-
0,
1986 52.87 5.51 58.38 al systems (%)
1987 56.86 3.37 60.23 Parameter Desert Sheep Nubian Goats
1988 68.37 3.76 7212 Breeding age 30.00% 30.00%
Offspring per lifetime 50.00% 28.60%
Calving/lambing/ 36.00% 31.00%
. . kidding rate (%)
4. The traditional 7’alnfed sector Pre-weaning mortality 43.00% 9.00%
rate (%)
e There are predominant production systems in 12 of Adult mortality rate (%) 15.00% 12.00%
the country’s 18 states. Milk yield (liter) . 72.00%
e This sector accounts for nearly 55 percent of the
cultivated area and contributes around 85, 90, 52, 90, Milking period - 50.00%

Sudan’s Challenges and Opportunities: A Renaissance Project for Sudan




Table 5. Average yields of the main food and cash crops by sector compared to some regional, international, and

national research standards
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Sorghum Wheat Millet Groundnut Sesame
Country/Location (ton/ha) (ton/ha) (ton/ha) (ton/ha) (ton/ha)
World 1.57 2.6 0.79 2.60 0.52
Africa 0.87 0.85 0.67 0.96 0.42
USA 3.31 2.7 - 4.59
India 0.97 2.6 0.96 1.34 0.41
Sudan (National) 0.65 2.36 0.47 0.90 0.28
Sudan (Traditional) 0.59 - 0.37 0.95 0.27
Sudan (Mechanized) 0.41 - 0.47 0.30
Sudan (Irrigated) 2.16 2.40 0.81 2.82
Research yield (traditional) 1.29 - 0.83 1.42 0.43
Research (Mechanized - Blue Nile) 1.40 - - 0.88
Research yield (irrigated) 3.57 2.6 - 4.14
Some global recorded high yields 6.0 3.30 1.26 6.39 0.96

Key recommendations:

e Support access to financial services.

e Establish private input supply at the village level.

e Enable access to high-yielding disease- and drought-
tolerant varieties and climate-smart practices.

e QOpen traditional migratory routes all year with water
points.

Figure 5. SWOT analysis of traditional rainfed farming

Vast land with high share contribution to food
production.

Presence of agricultural research stations and
agricultural colleges

Women are participating in the production

STRENGTHS

Awareness of agriculture as the main source
of economic growth and attention is given to
sector

Financial institutions started to establish
services

OPPORTUNITIES
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Weak services and weak linkages among
stakeholders

Dominance of traditional production practices

resulting in low yields

Limited use of improved technologies and
external inputs

Low processing activities (Poor value chain
development)

Insecurity and social conflicts
Climatic change and variability.
Taxes and levies on producers

Declining Interest in agriculture: and
moving to gold mining

Develop rural services (education, health, and
vaccinations).
Develop seed programs, seed supply, and regulations.
Establish producers’ and agro-dealers’ organizations.
Conduct training, capacity building, and knowledge
dissemination.

Enforce strict input market regulation.
Provide farmers with crop insurance.

S3ISSINMVIM

SHSIY/S1VIYHL



ERF Policy Brief No. 99 | November 2022

5. Sudan’s gum arabic sector Figure 6
Sudan is the world’s largest producer of gum arabic, . (A
providing around 80 percent of international gum \
production and exporting an average of 25 thousand R .- L
tons annually. River

File
The gum arabic belt extends over four main regions, Horth Darfuf Khartouns— kassala
and producers involved in gum arabic activities are 1 "\““{'f'j\“m"m(ii { i
estimated at around six million. e 0 (R . R

gang "kordof{n, MU\ y

The share of Kordofan, Darfur, and the Eastern and POUSK: '.Sg‘f,‘,:h. ‘\‘?‘f‘.,'”‘"""’"‘“ = Legend z
Central regions in national gum production is 50, 18, 16, : E

and 16 percent, respectively.

The gum arabic belt features widespread traditional
farming, extended areas of mechanized and irrigated
agriculture, the bulk of national livestock herd, and vast
grazing lands.

Key recommendations:

Improve infrastructure and services.

Improve the availability of clean drinking water.
Encourage the development of intermediate
technologies to design suitable tools for gum arabic
production.

Figure 7. SWOT analysis of gum arabic sector in Sudan

World's largest producer and exporter.

Rehabilitate the Hashab forests.

Provide suitable extension services (i.e., improved
technology transfer and reforestation).

Promote gum research and support relevant research
institutions.

Support climate change adaptation and resilience.
Resolve conflicts on land tenure systems and resource
users between different stakeholders.

Enable and encourage local gum processing and
manufacturing.

Set and execute prompt marketing strategies.

* Decline in gum productivity and deterioration of
the natural resource base

7, Production is from several states across the country s
E ) » o Instable policy interventions ranging from ;
o Gum trees act as an environmental stabilizer within monopoly to liberalization. =
= the gum belt and is a source of fodder and browse. =
Ll . . poor infrastructures and services (drinking water, 3",
E Establishment (?f gum producers’ associations in storage facilities, ....) 179
] several production areas. . . . E,",

» Low prices gained by direct producers

» Lack of value addition activities.
«x . . . . * Climate change, and desertification in the =i
w Extension service provided by the extension ‘t();elt £e: d =
= officers from FNC. 2
3 Confli in the producti e
= Growing global interest in Sudanese gum onflicts over resources in the production ;"
o Arabic and lack of natural and industrial areas =
E alternatives. Seasonal labor migration to gold mining. &
o . -~
o Smuggling (7]
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6. Semi-mechanized rainfed farming (SMRF) Current status:
e Sudan does not currently have a law on land use
e (Covers an area of around 10 million hectares and planning for guiding land allocations.
extends across six states. e Extremely low yields due to diseconomies of scale
e Rainfall is between 400 and 800 mm in heavy clay (rising cost of production per ton of product due to the
soils. increasing management and supervision costs of large
e Farmsare large to medium (about 200-400 hectares). farms and the lack of good roads).
e Use of machinery in land preparation and threshing * Loss of traditional grazing lands and livestock
and dependence on seasonal labor. movement routes, loss of water supplies, poor
e Accounts for around 65 percent and 53 percent productivity, and reduction of herd sizes due to a
of the sorghum and sesame national production, shortage of good quality pasture.
respectively. e large areas of forest and rangeland have been

destroyed through the encroachment and expansion
of mechanized farming.

Table 6. Perceptions of the community about the different benefits achieved by the association (%)

Reasonable Protection &“g:ﬁ::r Collective Access to Extension Production

Prices of Farmers Services Marketing Credit Services of Seedlings Village
Um Gzera 5.8 3.8 1.9 3.8 1.9 5.8 3.8
Merhbiba 17.3 17.3 23.1 9.6 15.4 11.5 19.2
Um Siriha 25 23.1 32.7 19.2 26.9 28.8 30.8
Um Elshik 15.4 17.3 21.2 13.7 11.5 11.5 17.3
Suntshrg 1.9 3.8 1.9 - 3.8 1.9 3.8
SuntGrb 1.9 3.8 1.9 1.9 1.9 - 3.8
Total 67.3 69.2 82.7 48.1 61.5 59.6 78.8

Figure 8. SWOT analysis of mechanized farming

* Absence of a central body responsible for land
« Rapid horizontal expansion. allocation, authorities at levels (central, state and
local) with their various conditions and laws.

+ Public and private Agricultural research activities

oriented to develop improved production Extensive cultivation and expansion at the
technologies to this sector expense of NR base and blocking of traditional

«\ . . . stock routes E

L + The presence of satellite technologies and electronic >

- .

(L] digital mapping. » Weak agricultural finance. ;

= .. Lo

& Legal recognition of the historical rights of * Low productivity and fluctuation in m

|U_: indigenous citizens. cultivated areas . r"ﬁ
+ Limited mechanization and dependence on @

manual labor.

) - e -

L Spread of ABS services through its branches Eiﬁnate change, and desertification in the T

= in mechanized farming area. )

=z ; o + Conflicts over resources in the production g

= production of promising crops such as p =

- . areas @

[+ (soybean and maize). 35

E + Seasonal labor migration to gold mining. h

o A

(=} * Smuggling 7
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Immediate actions:

N e

10.

Institute arrangement for reform.

Establish a technology transfer system.
Introduction of modern machinery and
technology for sustainable impact adoption
of innovative “Zero tillage” farming. Different
rotations would be applied for different agro-
ecological zones.

Fodder production encouraged
appropriate to the farming system.
Gum Arabic on 10% of the area would be a
feature in suitable areas for the crop.
Development of viable inter-relationship
between rainfed farmers and livestock
producers would be a priority for extension.
Immediate reform of the methodology for
collecting zakat. VAT should be abolished
on provision of agricultural services. A study
should be carried out to outline a framework for
successful marketing.

A study should be carried out to recommend
necessary reforms.

A study was recommended to come up with
detailed recommendations.

A rationalization strategy needs to be made
to revitalize the public sector mechanized
enterprises.

where

Medium- and long-term actions:

1.

8o

Noo

Agricultural financing with strict lending
criteria using technology and financial planning
methods.

Recapitalization matching grants.

Revitalization of research by establishing three
research stations would be established one in
each major agro-ecological zone.

Import requirements of agricultural chemicals,
seeds and machinery should be rationalized by
federal government.

Gum Arabic marketing should be liberalized.
Contract farming should be encouraged.
Prioritize investment in infrastructure.

7. Semi-mechanized rainfed farming (SMRF)

Based on the irrigation water source, method and holding
size can be divided into the below, mainly along the Nile
and its tributaries:

Public production schemes using gravity irrigation
(Gezira, Rahad, Halfa, and Suki).

Pump schemes: Private and public as well as large and
small (scattered in the White Nile and the Blue Nile).
Flood irrigated schemes: the Abu-Habil, Tokar, and
Gash deltas rely on seasonal streams.

Small-scale along the riverain lands of the Northern
and Nile States (horticulturally based).

Large-scale investment farming extends to the
Northern states, using pivot irrigation mostly from
Nubian aquifer. Land deals and acquisitions are
characterized by purchases and/or long-term leasing
by local or foreign private investors.

Current status and constraints:

Deteriorating operation and management (O&M)
conditions due to underfunding of O&M activities and
loss of technical and institutional capacity.

Minor canals are heavily silted and in need of cleaning
to enable effective and efficient water distribution.
System operation suffers from insufficient staff,
inadequate and inaccurate measurement, and poor
communications.

Loss of irrigated lands due to degraded infrastructure
and change in farming systems.

Extremely low extension staff to farmers ratio.

The wide-level disc used in land preparation changed
the farms or tenancies into bowl-shaped fields with
deep centers suffering from excessive watering and
shallow peripheries suffering from water stress.

High sedimentationloadsleading to rising maintenance
costs and the increasing siltation of canals.

Aging farming population and growing dependence on
sharecropping arrangements.

Current land tenure arrangements are not conducive
to the aggregation of farms for contract farming.
Holdings are generally too small to provide income for
the family, so there are many part-time farmers with
outside jobs.

Farmers’ unions are ineffective and are now in
transition to commodity-based producer associations.

10 | Sudan’s Challenges and Opportunities: A Renaissance Project for Sudan
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Figure 9. SWOT analysis of the irrigated sector

Relatively well-established infrastructure (irrigation
system and some agroindustry structures)

Distinctive geographical locations

17} Diversity in production (food-cash-forage

E horticultural crops and livestock production).
% Food security guarantee in case of partial or total
g failure of the rainy season.

[

w

Ll Promising research technologies and research
= stations and universities

=

E Availability of raw materials opportunities for
n°: agro-industry

& Roads linking the states

o

Key points for modernization:

1.
2.

N oG W

GIS data to be developed.

Status quo assessment through a rapid appraisal
procedure.

Irrigation scheme hydraulic simulation.

Land tenure.

Institutional and management structure.

Technical aspects for canal modelling.

Cropping pattern and future production model.

Modernization of Gezira:

1.

G W

Sk

Limited to one fourth of scheme in the first
phase and then later replicated. This consists of
200000ha.

Off-farm costs US $400 million.

On-farm costs USS$100 million.

Central pivot development USS600 million.
Gum Arabic on 10% of the area would be a
feature in suitable areas for the crop.

0&M 5% of investment costs plus 1% for desilting
EIRR 32% estimated.

»  Low productivity and poor value chain

Deterioration of irrigation infrastructure and
irrigation network management.

»  Weak supportive agricultural services (funding,

marketing, and access to inputs and modern
technologies)

development

« Difficulties in applying modern technologies
(mechanization).

SISSINMVIM

+ Accelerated inflation rates and impact on
inputs, costs, etc

» The complexities of land acquisition
* CC and natural factors

* migration of farmers and labor to cities and
gold mining areas.

SYSIY/SIVIYHL

Modernization of Rahad and New Halfa:
1. For the Rahad Project the modernization area

is 126000 ha. Preliminary on and off farm costs
are USS250 million plus USS380 million for pivot
development. EIRR is 32%.

For New Halfa the modernization area is 126000
ha. The preliminary on and off farm costs are
USS328million plus USS380million for pivot
development. EIRR is 37%.
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Part III - Transforming Sudanese
agriculture: Institutions and
empowerment

8. Establishment of agricultural commodity
development councils

Proposed commodity councils include cotton, livestock,
skins and hides, milk, fish, wildlife, wheat, cereals, sugar
cane, oilseed, gum arabic, fruits and vegetables, local
manufacturing of inputs, and women and youth. Some of
the advantages of this approach include:

Provides a forum for all stakeholders in the
commodity supply chain and supports the process of
reaching a common understanding of strategies and
requirements for development.

Ensures the sustainable production of the commodity
because it strengthens all the components of the
commodity chain (research, production, processing,
marketing, and export).

Provides a quick and easy way to monitor the process
of achieving the objectives of development.

Helps maintain quality standards and upgrade
the technical and business skills of producers by
focusing on the commodity.

Proposed TOR of the councils:

Analyzing the present situation of each commodity
with respect to production, consumption, and
domestic and export trade.

Identifying strengths, weaknesses, opportunities,
and challenges.

Exploring opportunities for growth to meet domestic
and international demand.

Recommending a package of incentives and policy
reforms to support commodity development

Table 7. General guidelines for operating the councils

programmers to fulfill the following objectives:

e Increase productive efficiency.

e Emphasize the rational use of resources.

e Promote fair competition and eliminate monopolistic
practices.

e Strengthening  agricultural  support services,
including applied research, credit for producers, and
the adoption of a quality control system.

e Increasing the share of Sudan in the markets of
the traditional trading partners and accessing new

markets.

e Prioritizing commodities that promote
interdependence between the different parts of the
country.

e The development of some commodities
induces socio-economic development in a wide
geographical area.

e C(Creating a forum for all stakeholders in the
commodity supply chain improves cooperation
and helps reach a common understanding of
strategies and requirements for development.

e Thisapproach ensuresthe sustainable production
of the commodity because it strengthens all the
components of the commodity chain (research,
production, processing, marketing, and export).
The focus on the commodity helps maintain
quality standards and upgrade the technical and
business skills of the producers.

The Ministry of Finance and Planning and
the relevant ministries should initiate the
establishment of these councils in consultation
with stakeholders. The government has a key
role at the start-up stage in terms of financial
and technical assistance.

Topic/ Topic/ Topic/
Commodity Intervention Area Commodity Intervention Area  Commodity Intervention Area
Cotton Promoting Cotton Textile Milk Milk and Milk Wheat Wheat
Industry Products
Livestock livestock and Red Meat Fish Fish and aquatic Cereals Sorghum, Millet; Maize,
species Rice
Skins and Hides ~ Processing of skins and Wildlife Wildlife and natural ~ Sugar cane Sugar cane
hides habitat
Oilseed crops Vegetable Oils Sesame, Local Local manufacturing  Fruits and Fruits and vegetables

Groundnuts, Sunflower, Manufacturing

Cotton Seed, Soya Bean of inputs

of agricultural input  Vegetables

Gum Arabic Gum Arabic and Forestry Women and
products Youth

Women and Youth Strengthening  Strengthening producer
producer Organizations
Organizations
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9. Overview of Sudan’s National Agricultural
Research System (NARS)

Sudan’s National Agricultural Research System (NARS)
structure includes several research institutions. The
Agricultural Research Corporation (ARC) and the Animal
Resource Research Corporation (ARRC) are the main
agricultural research agencies, representing the bulk of
the country’s total agricultural research spending and
staff numbers.

Other NARS institutions include the faculties of
agriculture and natural resources, forestry, veterinary
medicine, and animal production, as well as Kenana
Sugarcane Company (KSC) and the Hydrology Research
Station.

The analysis of the current situation and the
comprehensive recommendations for improvements are
summarized below:

e The system involves the use of both agricultural
machinery and labor.

e The central government, the State’s ministries of
agriculture, and traditional local authorities are all
engaged in the allocation and management of land.

e The sector suffers from extremely low yields.
Smaller farmers get slightly better yields than larger
farmers and the largest farms appear to be the least
efficient.

e The effects on pastoralists have been harmful.

Figure 10. NARS SWOT analysis

Rich heritage of agricultural research and
achievements (more than 100 years)

‘Well-structured research system (within
institutions)

Good coverage across the country
Qualified research staff (Masters and PhDs)

Linkages and collaboration with regional and
international research Centers

STRENGTHS

A rich stock of developed improved
technological packages

Presence of national technical committees
from various stakeholders for the release of
agricultural technologies developed

Increased demand for improved
technologies

Intension of international research centers
to collaborate with NARs

High attention, strong official support and
recognition of research role.

OPPORTUNITIES

Existence of externally funded projects.

Global advances in technology improve
research access to efficient research
technology
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Table 8.
Research
executing
institutions Main features
Agricultural (ARC) is the principal research organization
Research in the Sudan, responsible of conducting most
Corporation of the applied research in the different fields

(ARC) of agriculture. It has a network of 27 research
stations, 14 specialized institutes and centers
distributed throughout the 18 states in the country

Animal (ARRC) consists of the Central Veterinary

Resources Research Laboratory, the Animal Production
Research Research Centre, the Fisheries Research Centre,
Corporation the Wildlife Research Centre, and a network of

(ARRC) 22 regional veterinary laboratories and animal
production research stations.

National Food (NFRC)consists of nine research departments:

Research Centre  Animal Products, Canning technology, Food

(NFRC) chemistry and nutrition, Food safety and
biotechnology, Cereal technology, Oilseed’s
technology, Post-harvest Physiology, Food
dehydration technology and economics and
marketing.

National Centre ~ NRC consists of nine institutes. Three of them
for Research related to Agricultural Research i.e.: Medicinal,
(NCR) Aromatic Plants & Traditional Medicine Research
Institute, Environment, Natural Resources
and Desertification Research Institute and
Commission for biotechnology& Genetic
Engineering.

e There are large areas of forest and rangeland that
have been destroyed through encroachment and the
expansion of mechanized farming.

Poor coordination and linkages among NAR institutions
resulting in poor dissemination of research findings.

Poor link between crop and livestock research

Weak linkage with private sector and limited private
sector contribution in research.

Limited abroad training of research staff in recent years
Deterioration of basic infrastructures.

Weak financial resources and funding is almost entirely
by the national government and donor funding is limited

S3ISSIANMVIM

Research is predominantly on-station with limited
adaptive on-farm and system-oriented approaches.
Loss of highly qualified and experienced due
to accelerated retirement.
Imbalanced distribution of researchers over
various research stations and centers and
disciplines

Poor allocation of budget and resources.

= Deterioration of infrastructure

Poor training of research staff

High competition for limited resources among
various domestic research institutions in light of
limited coordination and optimal resource
distribution.

SHSIY/SLYIYHL

Inactive engagement of the private sector in
promoting demand-driven research and research
financial capacities.
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In summary, the SMRF farming sector is in
serious disarray, with major associated public
and private costs and negative implications
for all stakeholders.

The main contributing factors to the current situation

include:

e The government’s policies did not support increases
in productivity per unit of cultivated land.

e The laws that have been present since colonial
periods have reduced the rights of traditional users
of the land.

e There has been poor sectoral management over a
long period.

Farmers have extremely low levels of investments.
Limited financing by the Agricultural Bank of Sudan
and other commercial banks.

e  Poor marketing and a lack liquidity and absorptive
capacity in the markets.

e Poor rural roads with no all-weather access.

e The imposition of various levies and charges.

The Strategy for Land Use should be built on a
combination of technology promotion, applied research,
targeted financing, and institutional reform.

Table 9. Recommendations for action: Immediate
actions

Domain Recommended Action

Institution Arrangement A Transitional Facilitation Commission

for Reform for Rain-fed Farming Reform (TFC-RFR)
should be formed.

Institution Arrangement The National Land Commission (NLC)

for Reform proposed as part of the Comprehensive
Peace Agreement (CPA) should be made
fully operational without delay.

Establish a Technology  Resolving A Technology Transfer

System would be established as soon as
possible. 30 demonstration farms would
be established on existing operating
semi-mechanized farms. Rainfed Farming
Extension Department Team (RFEDT)
would be provided by a contractor to
support implementation.

Transfer System

Technology The central feature would be moisture
management.

Zakat Reform Introduction of modern machinery and
technology for sustainable impact.

Taxation There should be an immediate reform of
the methodology for collecting zakat.

Marketing VAT should be abolished on provision of

agricultural services.

Agricultural Finance A study should be carried out to outline a

framework for successful marketing.

Investment in A study should be carried out to
Infrastructure recommend necessary reforms.
Large Farms A study was recommended to come up

with detailed recommendations.

A rationalization strategy needs to be made
to revitalize the public sector mechanized
enterprises.

Recommendations for action:
Medium- and long-term actions

10. Seed industry in Sudan

Agricultural financing (loan finance).
Recapitalization of matching grants.
Revitalization of research.
Improvement of marketing.
Investment in infrastructure.

The seed systems in Sudan can be divided into informal
and formal systems. The main stakeholders involved in the
seed industry are the Ministry of Agriculture, the National
Seed Council, the Agricultural Research Corporation, the
Variety Release Committee, the Seed Administration (SA),
private seed producers, and farming communities.

In the informal system, the seed production-distribution
chain is community-based without any regulations, while
the formal system is guided by a regulatory framework.

Table 10.
Characteristic  Informal System Formal System
General e  Also known as e Introduced or
Description farmer, local, developed by plant
traditional breeding,

e Community based

e  Farmers save from
their own harvest,
donation from
friends, neighbors
and relatives, or
buying from local
grain markets or
traders.

Release of varieties
and the subsequent
multiplication and
dissemination

of the released
varieties

Type of Varieties

e Local landraces or

Improved varieties.

and Crops mixed populations released through
e  Foodand research
subsistence crops e Imported and
hybrid Varieties
e Major food and
cash crops
Seed Quality e Variable quality e  Standard / quality

(variation in
purity, physical

declared governed
by regulations

and physiological intended to
quality). maintain varietal
identity and purity.
Seed Production- e  The seed e Guided by a
Distribution production- regulatory
distribution chain framework,

is community
based, short and
simple, without any
regulations.

Improved seed
produced in
organized chain of
institutions of seed
production, quality
control; and
Marketed

through officially
recognized outlets
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The formal sector supplies certified improved and
imported hybrid varieties. The average estimated
national coverage of certified seeds is only around 12
percent. The formal seed system in Sudan is led by the
private sector following government policy changes
toward the privatization of seed production activities.

Constraints facing the SA include:

e Lack of transport facilities necessary for field
inspection; inspectors rely on companies and
common transport.

e Inability to allocate enough resources for the SA to
fulfill its mandate of quality assurance and control.

e Shortage of well-trained staff, most of the staff
and members are new graduates with inadequate
experience and training.

e The role of private investment in the seed industry is
very small due to several factors:

e The production of improved high-quality seeds
is faced with higher production risks and needs
compared to normal commercial crop production.

Figure 11. SWOT analysis of the seed sector

Presence of organized chain of institutions for
quality control, enforcing policy and seed
production,

Increased farmers awareness and willingness
to use new improved variety seeds

Seed production stations were linked to
research stations breeding programs.

NGO/development projects and seed aid
distribute seeds of improved varieties

STRENGTHS

Prominence of the new released verities to
withstand biotic and abiotic stresses

Government and donors’ intervention to
improve seed industry infrastructure
Engaging the end users in participatory
variety selection

OPPORTUNITIES
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e The rate of returns from investment in seed
production is generally lower than the rate of returns
from other industries. Therefore, the seed industry
receives fewer investment funds.

e Seed production involves a set of technical steps that
are tightly linked together. The failure of any of these
steps would lead to total crop failure and/or rejection
of the produced seeds. Hence, there is more risk and
loss of investment money.

The table below outlines the fundamental elements of seed
security: seed must be available; farmers must have the
means to access it, and the seed quality must be sufficient
to promote good production (FAO, 2012).

Key steps to accelerate the use and demand for improved

varieties:

1. Educational awareness campaigns and increased
promotional activities by community seed producers
to stimulate the demand for improved varieties.

The demand and market size for improved seeds is
relatively low, due to poor promotion, marketing, and
high prices

Limited number of breeders s

Most farmers depend on their own produce as seeds
source .

Deficiency and Inadequate supply of foundation seeds
of the released varieties

Lack of incentives and encouraging policies for the
private sector to invest in seed industry

SISSINNYVIM

Distribution difficulties in the traditional rain-fed sector
due to the low demand and poor infrastructure

SA lacks adequate funding, facilities, staffing
and training.

Most of the companies lack the basic
facilities necessary for the seed production.

Unfavorable climatic conditions
Low demand and high production cos

Pests and diseases

SHSIY/S1VIYHL
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Table 11.
Fundamental
Element of
seed Security Seed Security Key Intervention to Promote
Availability Sufficient quantity of seed of appropriate crops is e  Support establishment of seed supply at village level.
available within reasonable proximity and in time for e  Linkages with the (Research -Federal Seed Administration-
planting. Financial Institutions and extension).
e Develop formal community-based seed multiplication.
e Improved varieties pilot demonstration plots (innovation
platforms) in farmers’ fields.
Access People have adequate income or other resources to e Local seed procurement
purchase or barter for seed ¢  Demand in bulk through farmers organization groups/
association- collective action to secure seed supply
e Support access to financial services through organizing farmers
in groups/associations and expansion of microfinance services
Quality Seed is of acceptable quality: ‘healthy’ (physiological, e  Efficient extension services/ awareness campaigns

analytical, and sanitary) adapted and farmer-acceptable

varieties.

Seed quality control and compliance with seed certification
regulation

2. Access to credit is vital to the development of seed
enterprises for the purchase of inputs.

3. Development of partnerships and linkages with
other service providers.

4. Development and promotion of the seed production
market for smallholders.

5. Supporting the development of seed regulations,
laws, guidelines, and protocols for quality seed
production.

6. Foundation seed multiplication and processing.

11. Strengthening farmers’ cooperatives and
producers’ organizations

The traditional rainfed production system, which is
scattered throughout the country, is characterized by
disorganization and the absence of collective actions. In
fact, no communities were organized into community-
based organizations (CBOs), community development
committees (CDCs), or societies to meet agricultural
development demand and challenges, except for those
associated with some developmental projects devoted by
international interest to form CBOs/CDCs.

Moreover, Bushara (2012) notes that lacking CBOs in
the rainfed sector placed the following challenges and
implications on the path of rural development:

e Communities, individuals, and poor families have
no voices or power as long as they are unorganized
in making decisions in their favor throughout the
production cycle.

e The creation and existence of middlemen affect the
market prices, which reduces farmers’ benefits.

e Limited or no access to external inputs, market,

credit, financial resources, and improved production
technologies.

Unbalanced gender roles are always associated with
unorganized communities, as there are no opportunities
for organized meetings, contacts, training, and decision-
making. Organizations offer opportunities for women’s
participation and create women leaders. Adding to this,
gender balance is ensured and confirmed in the existence
of gender policies, especially when supported by the
external donors’ fund.

Hence, interventions to organize communities become
crucial in facing all the above challenges (Bushara, 2012).

Roles of the revitalized cooperatives and CBOs:

e Finding potentially useful ways of providing bundles
of services to farmers, thereby connecting them with
input and output markets.

e (Creating economies of scale; farmers can aggregate
crops and sell in bulk to an exporter or a processor
and demand a higher price. They also give farmers
credit to allow them to purchase farm inputs.

e Farmers could also collectively hire trucks to collect
their produce at harvest time, rent a warehouse,
and pay for extension services, information, and
technology services to determine prices and demand
elsewhere...etc.

A case study of groundnut farmers in the Enahud district,
West Kordofan, showed that cooperative members had
higher incomes than non-members, strongly supporting
the use of cooperatives as a means for agricultural
development.
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The good performance of CBOs in seed production
and their ability to disseminate improved seeds to the
farming communities qualified them for further support
and upscaling. The success of upscaling depends on the
following prerequisites:

Creating an enabling environment for the private
sector, including CBOs, to ensure the sustainability
of the production of improved seeds.

Improving the regulatory framework through the
enforcement of the Seed Act and capacitating and
empowering the National Seed Administration
to carry out its seed quality regulatory functions
effectively.

Increasing the supply of good quality and appropriate
varieties of seeds of all classes of crops and ensuring
their timely delivery to end users.

Developing a sustained marketing outlet by
enhancing the effective demand for certified seed by
farmers using microcredit facilities.

Building the capacities of agricultural research
workers to produce new high-yielding varieties
and motivating the extension departments in the
localities to deliver the required training and ensure
that farmers carry out the full production package.

The ingredients of success for these cooperatives were:

The selection of beneficiary cooperatives was based
on their track record.

The producers’ cooperatives improved the
bargaining power of producers in negotiating with
the MOFNE to reduce taxes and levies.

The cooperatives provided collateral for each
member borrowing from the project fund.

The grant provided by the project enabled
cooperatives to keep their produce in stores until
prices improved later in the season.

The grant was to be used by the cooperatives as a
revolving fund for financing members in subsequent
seasons.

Prescription for strengthening and upscaling
farmers’ cooperatives:

Ensure the organization of every cooperative
according to the classic principles of cooperatives.
Inject new skills by training cooperative committee
leaders.

Provide technical training for leaders and members
of the cooperative.

Improve the availability and accessibility of
microfinance.

Provide effective guidance by the concerned
government departments to ensure cooperatives’
good performance.

Part V - Transforming Sudanese
agriculture: Investing in agricultural supply

12. Promoting fertilizer use to increase
productivity, stimulate pro-poor growth, and
enhance environmental sustainability

Measured by the average consumption per hectare,
Sudan’s use of fertilizer falls much lower than that of other
countries in the region. For example, the World Bank
Development Indicators show that the average annual use
of fertilizer of all types in kilograms per hectare during
2007-10 was 18.6 in Ethiopia, 33 in Kenya, and 161 in India,
compared to 6.7 in Sudan.

The low use of fertilizer is due to demand as well as supply
factors. Demand for fertilizer is often weak in Sudan
because incentives to use fertilizer are undermined by
the low level and high variability of crop yields on the one
hand and the high fertilizer prices relative to crop prices
on the other hand. The demand-depressing effects of
unfavorable price incentives are aggravated by many other
factors, including the general lack of market information
about the availability and cost of fertilizer, the inability of
many farmers to raise the resources needed to purchase
fertilizer, and the lack of knowledge on the part of many
farmers about fertilizer use efficiency. These constraints
on the demand side are accompanied by factors that
reduce the timely availability of affordable fertilizer in the
market on the supply side.

Sudan’s fertilizer consumption was at the level of 8.6
kilograms per hectare in 2018, down from 8.7 kilograms
per hectare in 2017, registering a change of 1.05 percent.
Increasing input use, such as the rate of fertilizer and
pesticide use, can increase farm productivity and thereby
increase economic growth.

Reasons for the low use of fertilizer are due
to demand as well as supply factors. Demand
for fertilizer is often weak in Sudan because
incentives to use fertilizer are undermined by
the low level and high variability of crop yields
on the one hand and the high fertilizer prices
relative to crop prices on the other hand.
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Figure 12. Rates of fertilizer application and agricultural productivity
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Some interventions that can be used to strengthen the
supply of fertilizer include:

Reducing fertilizer sourcing costs (ex. by lowering
trade barriers, adopting common quality standards,
and harmonizing approval processes to increase
the size of national and regional markets, which
would allow fertilizer importers and eventually
manufacturers to capture economies of size and
scope).

Reducing fertilizer distribution costs (ex. improving
road infrastructure to reduce high transport costs).
Procuring fertilizer in bulk (aggregating the needs
of most farmers) to entertain economies of scale and
get the lowest price possible.

Prices of fertilizer in the international market are
characterized by seasonal variations based on supply
and demand. It is recommended to enter the market
for procurement when prices are at their lowest

Americas . Asia - Europe

In short, to establish a competitive fertilizer industry,

Sudan must meet two criteria:

e Alarge enough local market

e Abundance of natural gas with very low opportunity
cost.

Table 12: Quantities and value of imported fertilizer

Year Quantity in tons Value in SUS
2016 289,414 87034.000
2017 234,093 108393000
2018 299,408 98572000
2019 424,157 11867300
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13. Irrigation systems and renewable energy

Sudan meets approximately 87 percent of its energy
needs with biomass, while oil supplies 12 percent. The
remaining one percent is produced from hydro and
thermal power. The heavy dependence on biomass
threatens the health and future of domestic forests,
and the large quantities of oil purchased abroad cause
Sudan to suffer from serious trade imbalances. A shift
to renewable energy would therefore help solve some of
these problems while also providing the population with
higher-quality energy, which will, in turn, improve living
standards and help reduce poverty.

The current and future mix of energy sources in Sudan
include network/national grid (poor infrastructure and
frequent power outages), solar (high potential for solar
energy use), wind (considerable resources), biomass
(organic, non-fossil material of biological origins),
geothermal (potential geothermal fields identified),
and hydropower (annual production of 24,132 GWh).
Challenges facing the utilization of renewable energy
in Sudan include planning location sites, finance,
technology, and integration of renewable power into the
main grid.

Solar energy applications can be divided into two main
categories: solar thermal applications and photovoltaic
technologies (PV). Sudan’s average temperature ranges
from 28 to 39C. The average solar insolation in the
country is roughly 6.1 kWh/m2/day, indicating a high
potential for solar energy use. Total potentials over the
course of a year have been estimated at 10.1 GJ/m2.

Wind energy has considerable resources in Sudan,
where the annual average wind speeds exceed five m/s
in most parts of the north (latitude 12°°N) and along the
Nile valley.

Biomass includes solid biomass, biogas, liquid biofuels,
and municipal waste.

The emergence of renewable energy sources,
especially solar energy, offers Sudan a great
opportunity for modernizing its irrigation
systems. Solar-powered pumps present
an attractive economically efficient and
environmentally-friendly solution.

Mitigation of key challenges:

e The renewable power plants should be located close
to load centers in Khartoum and areas out of national
electricity network.

e The government must encourage the private sector to
invest in the installation of renewable power.

e [Efficient electricity-demand and grid management
mechanisms should be established to reduce peak
loads and improve grid flexibility, responsiveness,
and security of supply to deal with increased systemic
variability.

e Technologies and procedures for ensuring proper grid
operation stability and control should be introduced
(ex. frequency, voltage, power balance) in the presence
of a significant share of variable renewables.

14. Disruptive technology in agriculture

Disruptive technologies in agriculture consist of digital
and technical innovations that enable farmers and agri-
business entrepreneurs to leapfrog current methods to
increase their productivity, efficiency, and competitiveness,
thereby facilitating access to markets, improving
nutritional outcomes, and enhancing resilience to climate
change. Agri-tech solutions range from mobile phone apps
to solar applications, portable agriculture devices, and bio-
fortified foods. Disruptive agricultural technologies differ
from other agri-technology solutions in that they empower
farmers by accelerating agri-food outcomes threefold to
fivefold or by circumventing the conventions of the value
chain to achieve the same or better results, but with a more
efficient agri-food outcome.

Based on the weakness identified, technology intervention
measures to strengthen the agriculture sector in Sudan
include: (a) building a national agriculture digital
framework and applications to facilitate communication
and access to information; (b) introducing the use of
improved production practices and advanced technologies;
(c) connecting production sites by a wireless network;
and (d) establishing a monitoring center to disseminate
knowledge and training.

The following is a proposed conceptual framework for a
technology roadmap introduction and evolution in the
agriculture sector, which must be integrated into a national
digital and infrastructure development strategy.
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Figure 13. Disruptive technology ecosystem
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Seed coating is the process of applying materials onto
the surface of seeds to ease the planting process and/
or apply active compounds that improve seed quality and
protect the seed from biotic and abiotic stress.

Hyperspectral imaging can be used to identify soil type,
which is crucial for determining the type of crop to be
cultivated.

The mobile application enables the user to take images
of the plant (live mode) or choose existing images from
the gallery (offline mode) and upload them to the cloud
backend for analysis.

IoT sensors are another way to collect soil variables
and then transmit data to a data hub for analysis
and predictions. The sensors can be classified into
temperature sensors, humidity sensors, and nano
biosensors.

Drones or Unnamed Aerial Vehicles (UAV) are
revolutionizing agriculture because of their precision
and speed. Drones are widely used for surveying
and monitoring soil and crops. Recently, drones were
introduced in the deforestation to plant trees and, most
recently, in the planting of rice.

Develop an e-agriculture strategy to be
integrated into the overall agriculture sector
development strategy. Develop data policies
that clarify data privacy, ownership, and
sharing rules. Enable telecommunication
infrastructure and payment systems in rural
and remote areas.

Figure 15
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Part V - Transforming Sudanese
agriculture: Toward a new business model

15. Agricultural and agro-industrial growth
corridors

The agro-industrial sector in Sudan shares more than
two-thirds of the overall industrial output. Principal
crops that have been considered promising products for
agro-industrial development include cotton, groundnuts,
sesame, gum arabic, sorghum, and sugarcane, as well as
some horticultural crops such as banana, mango, okra,
and grapefruit.

Agro-industrialization constitutes an added value for
agricultural products, maximizes the return from
agriculture, provides employment opportunities,
modernizes life, and strengthens the links between
industry and agriculture. Few parts of Sudan offer
the infrastructure necessary to support large-scale
manufacturing. Small firms can be found everywhere, but
larger firms are located primarily in Khartoum. The main
agro-based industries include food, oil, sugar, and textile
industries.

The proposed growth corridors promote the efficient

use of resources by concentrating capital on the area of

greatest agricultural potential, eliciting a quick supply

response that can generate central loops. This large-scale

approach has many advantages, such as:

e  Attracting the participation of many investors because
risks are pooled.

e Concentration of agri-business allows for economies
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Table 13
Merawi-Dongla Khartoub-Shendi- Sennar- Elsuki-
-Halfa ElDammer Gezira- Managil Eldinder-Eldamazin  Gedarif-Rahad New Half-Kassla
‘Wheat mills Milling of wheat, Textile industries Sorghum mills Sorghum milling Sugar industry
Slaughterhouses millet and sorghum Wheat and sorghum Ginning and textile vegetable oil(sesame)  Wheat milling
Fruit processing Meat (beef, sheep, mills factories industry Vegetable oil
Animal feeds industry  poultry, fish) Vegetable oil mills Vegetable oil mills Animal feeds processing
Fishery industry Milk Fruits and vegetable Animal feeds Ginning and textile Animal feeds factories
development (Lake Vegetable oils factories industries factories Textile industry
Nuba). Agricultural input Feeds factories Feedlots for animal Feedlots for livestock  Fruit processing

procuring and or Feedlots for livestock  fattening fattening Feedlots for livestock

manufacturing fattening Sugar factories fattening

Processing of fruits Manufacturing of -Development and

and vegetables agricultural inputs Promotion of tourism

Leather industries Dairy Industry in Dinder Reserve

Aquaculture
Elobeid-Umrawaba-Bara-

Kosti-Eduiem Enahud-Gobiesh Sodari Dilling-Kadugli_Elabssya Nyala-Edien-Zalingi
Textile Slaughterhouses for export  Production of vegetable oils Textile industry which is Meat industry
Sugar of sheep meet Processing of Gum Arabic  labor intensive and could Leather industry
Feeds factories Groundnut oil production Slaughterhouses for contribute to poverty Vegetable oil industry

Meat and milk factories

Animal feeds

Leather industry
Gum Arabic processing

livestock

reduction

Potential for using contract
farming models

Vegetable oil processing

Fruit processing industry
Production of honey
Cereal milling

Sugar industry

of scale and lowers the cost per unit of production.
¢ Diffusion of technology takes place more easily.
e Various supportive markets form to serve the area.

We propose 12 corridors’ industries scattered across the
country based on the strengths of each, bearing in mind
the necessity of stimulating growth, poverty reduction,
and food security in the different regions of the country.

The main constraints facing growth corridors and
the industrial sector development include:A large
enough local market

e The high dependency on agricultural inputs and
the lack of coordination between the industrial and
agricultural sectors at all stages of production.

e The seasonality of the supply of agricultural raw
materials.

e Coordination problems between the various public
and private actors in the corridor.

e The low levels of technological improvements,
obsolete machinery, and shortage of skilled labor
force, raw materials, investments, foreign currency,
and spare parts availability.

e The high production cost due to power and energy
prices.

e The lack of approved technical specifications and
quality standards and poor user confidence in the
local product.

e Poor training programs targeting producers in the
manufacturing field.

e Poor infrastructure and absence of proper economic
policies (technology, storage, electricity, financing,
duties, taxes, and VAT).

e The sector’s activities are limited and concentrated in
big towns and certain states.

16. Private sector and contractual agriculture

Typically, contractual agriculture is an agreement between
a private company and a group of farmers whereby
the former are provided with capital inputs, including
improved seed varieties, fertilizers, agrochemicals,
machinery, and finance. In return, farmers carry out the
agricultural operations and pay the company the total cost
of production in-kind at an agreed-upon price at the time of
signing the contract. Company contractual relations also
include link-up to the high value-added markets. Some
domestic and foreign private companies (ex. Dal Group,
Mahgoub Sons, Chinese) launched contract farming.

Despite the successes that have been achieved from
contract farming in production and productivity, this type
of farming has faced several problems that require State
intervention through legislation and arrangements. The
most important problems are:

e Wide variation in contract models between partners
(investors and farmers), especially in the prices of
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inputs and produce at the beginning of harvest.

e Lack of enforceability of contracting agreements can
result in the breakage of contracts by either party.

e Entry of intermediaries (Warrga/brokers) by
offering higher produce prices (ex. for the export
of cotton) for the benefit of some foreigners for the
purpose of smuggling hard currency.

Part VI - Toward a strategy for
transforming Sudanese agriculture

17. Summary and key messages

Does the unconditional convergence property also extend to
the agricultural sector?

Recent evidence suggests that productivity in
manufacturing tends to converge unconditionally
regardless of the prevailing institutions or policy
environment (Rodrik, 2013).

Against this backdrop, this paper first asks a fundamental
question as to what went wrong with the Sudanese
agricultural development model. It then probes into
the issue of how agriculture could be developed as an
industry within a national development plan.

In order to address these two questions, we conduct a
preliminary descriptive analysis of the aggregate and
sectoral value-addition in the Sudanese economy. We
then assess the determinants of conditional convergence
of agricultural value-added by estimating an empirical
agricultural growth model using global data covering
more than 120 countries.

Key findings

1. Over the last six decades, Sudanese agriculture
ranked second to services in terms of contribution
to total value addition and then grew by 2.8 percent,
which is half the average growth of services.
However, it remains home to more than 60 percent
of the population, the source of almost all non-oil
and mineral exports, and contributed more than half
of paid and unpaid family work and more than two-
thirds of own-account businesses’ work in the sector.
The sector is also beset with low productivity and
weak linkages to the modern agro-industry.

The Sudanese agricultural development model
has been lopsided, with virtually all capital stock,
agricultural technology, and extension concentrated
in the irrigated sub-sector, leaving the vast rainfed
agriculture at a near subsistence level of productivity.
Agriculture has been subjected to heavy taxation both
at the sectoral and macroeconomic policy levels. The
sector became the tax base of choice for the predatory
practices of cash-poor states that were created
under the new federal system in the early 1990s.
Perhaps even more damaging to the sector were the
macroeconomic policies that produced long episodes
of hyperinflation during the early 1990s and, more
recently, since the last two years of the former regime,
thereby undermining the competitiveness of highly
tradable agriculture.

Agriculture suffered from the combined impacts
of exchange rate overvaluation due to Dutch
Disease associated with the oil boom and the lack of
commitment by political elites to develop the sector,
especially the rainfed subsector. While the irrigated
sector remained resilient in terms of crop productivity,
harvested areas, and access to high-value markets,
the rainfed subsector continued to face significant
challenges relating to the decline of crop productivity
despite the huge growth of harvested areas and the
absence of key inputs and outputs markets. This
evidence clearly indicates that the prevailing patterns
of land use, particularly in the rainfed subsector, are
inconsistent with the long-run goal of sustainable
growth in food production in the country and thereby
call for deep-seated land reforms.

The total factor productivity growth recently turned
negative, and the contribution of structural change
to the path of catching up through manufacturing
has been limited. Moreover, the bulk of employment
growth occurred in low-productivity sectors, mainly
agriculture and informal services.

Evidence confirmed that the agricultural growth
process is divergent; however, like other countries,
it tends to converge conditionally on the key three
stalwarts of productivity: i) policy variables (measured
by REER under/overvaluation); ii) infrastructure
and input variables (measured by the overall
infrastructure index, ICT, transport, and finance); and
iii) human capital variables (measured by the Human
Development Index and educational attainment).
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Table 15: Key messages and recommendations of the SWOT analysis

Domain Recommendations

Gum Arabic e Improving inputs and services delivery centers model and strengthening the capabilities of technology transfer centers
e Development of technologies to design suitable tools for gum Arabic tapping collection and primary processing
e Provide extension services: improved technology transfer and reforestation; training on seedling nurseries

establishment.

e Promote gum research and support relevant research institutions.
e  Enable and encourage local processing and manufacturing of gum, to maximize add value to exports.
e Build the capacity of gum producers on gum drying cleaning, sorting and packing

Rain-Fed and Irrigated e  Transitional Facilitation Commission for Rain-fed Farming Reform (SMRF)
Sectors e  Establishment of standardized system of leaseholds for rain-fed farming for investment security.
e Modernization of the irrigated sector through GIS data to be developed, irrigation scheme hydraulic simulation, land
tenure, institutional and management structure, technical aspects for canal modelling, and cropping pattern
e  Establishment of Agricultural Commodities Development Councils Grant Institution System to improve NARS

effectiveness

e Increasing financial resources and sources of funds to agricultural research to carry out its research activities.
e Research institutions strengthening linkages with national, regional and international organizations.
e  Backing farming system research/extension approach in the traditional rain-fed sector to assure community

involvement

Fertilizers

Improving supply chain coordination mechanisms

Improving the agricultural resource base so that use of fertilizer can be more profitable
Reducing fertilizer sourcing costs, distribution costs, procuring fertilizer in bulk and enter the market at low prices
Strengthening business finance and risk management instruments

Establishment of a competitive fertilizer industry in the country

Renewable Energy
its irrigation systems.

Introduction and expanding the use of renewable energies, especially solar energy. at a vast scale for modernization of

Technology

Building a national agriculture digital framework and applications to facilitate communication and access to information
Introduction of spraying, planting and monitoring by tractors and drones

Importing of seed coating machines and use of organic materials and nutrients to improve seed germination

Increased coverage of mobile network will facilitate communication and access to market information

Adoption of smart agriculture technology for planting and harvesting will minimize labor intensive activities

Growth Corridors e Develop agricultural and Agro-Industrial Growth Corridors to promote efficient use of resources by concentrating
capital on the area of greatest agricultural potential, eliciting a quick supply response that can generate central loops

Laws & Infrastructure e Creating the appropriate environment (laws, infrastructure):
e Encouraging investment in the agricultural industries.
e Develop policies to develop the agricultural value chain with a focus to encourage small industries

Private Sector e Building on the positive private-sector experience in improving productivity, promoting the use of fertilizers and
contract farming
18. Policy recommendations e Improving gum arabic infrastructure and services

Based on the findings of this paper, a set of interventions

are proposed to catalyze the transformation of Sudanese °

agriculture from a subsistence-oriented, low-output

sector to a high-performing sector well integrated into

the national economy through:

e Increasing budgetary allocations on agriculture and °
agro-industries substantially and ending the legacy of
excessive direct and indirect taxation of agriculture.

e Fostering a favorable policy environment that

addresses all the agricultural transformation °
interventions and strengthens the role of the private
sector in agricultural transformation (PPPs). °

e Improving farmers’ access to financial resources,
inputs, and services (research, extension, credit,
and market insurance services, weather forecasts, °
and climate information). °
e Conducting commercial orientation of smallholder
agriculture and market development.

and developing intermediate technologies for tapping,
collection, and primary processing.

Reviving institutions for rainfed agriculture at the
State level (related to land tenure, rural infrastructure
investment, taxation, marketing, and agricultural
finance).

Rehabilitating and modernizing the irrigation water
infrastructure and enhancing the power sectors
(renewable energy) as an important vehicle for
developing the agricultural sector.

Mechanizing agricultural operations from planting to
harvesting and post-harvest operations.

Establishing agricultural commodity development
councils and ensuring the participation of all the
stakeholders, including the producers.

Establishing a competitive fertilizer industry.
Building the capacities of the industrial sector to
manufacture agricultural inputs (ex. competitive
fertilizer industry), satisfying agro-industry with their
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requirements of raw materials (industrial crops), and
linking the production-processing marketing chain.

Promoting the efficient use of resources by
concentrating capital on the area of greatest
agricultural industry potential (agro-industrial
growth corridors).

Resolving conflicts on land and resource users
through the support and capacity building of local
governance and the demarcation and maintenance of
traditional migratory routes provided with services.

Building the capacities of producers through their
institutions, thereby increasing their

productive and managerial capacities.

Introducing a grant institutions system to improve
NARS’ effectiveness in replacing the fragmented
research organizations in the State with a
multidisciplinary approach.

Introducing digital and technical innovations that
enable farmers and agri-business entrepreneurs
to leapfrog current methods to increase their
productivity, efficiency, and competitiveness.

Sudan’s Challenges and Opportunities: A Renaissance Project for Sudan| 25

ERF Policy Brief No. 99 | November 2022

References

1)

2)

3

4)

5)
6)

7

8)

9)

10)

11)

12)

13)

14)

15)
16)

17)

18)

19)

20

21)

Abdalla, G. Adam et al (2020). The role of the traditional rain-
fed sector in achieving food security and export enhancement.
Comprehensive Agricultural Conference. Friendship Hall,
Khartoum, Sudan, 25-29, March 2020.

Abdelrahman, A.H.and Smith, K. (1993). Cooperatives and
Agricultural Development: A Case Study of Groundnut Farmers
in Western Sudan. Community Development Journal. Vol.31
NO1 1996.

Abdel Razek, F. Abdel Hafiz (2017) Vegetation and forest
cover of Sudan, The Geography of Sudan | Economic Resources
in Sudan

Abuegasim, EH, Elawad, H O, Elmadina, LM. (1986).
Linkages between on-farm and technical component research
(A case of Sudan). WSARP, 1986.

Agricultural Research Corporation (2007). Long-term Strategy
Agricultural Research Corporation (2005). Dryland Research

Centre (DLRC) establishment Proposal (El-Obeid Research
Station)

Al El-Toum Hassan and Elasha A. Elasha (2009). Crop
production under mechanized rain-fed conditions. University of
Khartoum, UNESCO Chair of Desertification Studies
Organized in Collaboration with: Desertification and Desert
Cultivation Studies Institute a MNational Symposium on
sustainable rain-fed agriculture in Sudan. Tuesday 17 —
Wednesday 18 November 2009.Al-Sharga Hall, University of
Khartoum.

Amal, Bushara, (2012), “Community development strategy in
the context of the promotion of the Rain fed Agriculture Sector
in Sudan™ Unpublished paper.

Amal, Bushara and N. Ahmed Abdrahman (2016). Assessment
of Existing Community-based Organizations and Formation of
Community Technical Committees. HCENR and Climate Risk
Finance Project.

Aminou Arouna, Jeffrey DM and Jourdain C.L. (2021).
Contract farming and rural transformation: Evidence from a
field experiment in Benin. Journal of Development Economics.
Volume 151, June 2021, 102626.

Bijman J. (2008). Contract Farming in developing countries. An
overview of the literature. Wageningen University, Department
of Business Administration (Working Paper).

Bittencourt, Manoel, 2012. "Inflation and economic growth in
Latin America: Some panel time-series evidence," Economic
Modelling, Elsevier, vol. 29(2), pages 333-340.

Burhan Hamid (2021). Gezira Scheme: as it should be (in
Arabic). ISBN; 978-99988-0-272-8, Sudan.

Diwan, 1. etal. Looking Like Industry- Supporting Commercial
Agriculture in Africa.

Eco-farm research project, Report No. 71(2012)

Elawad, H. 0. and A. K. Osman. 1986. Experiences in
Integration of Crop and Livestock in Western Sudan, with
reference to North Kordofan. Paper presented at the: Field

review of On-Farm Research, held at Swaziland on 12-16 May
1986

Elbadawi, Ibrahim and Soha [smail (2021). “Conditional
Convergence in Agricultural Productivity: The Case of Sudan”,
unpublished mimeo, Economic Research Forum, Cairo, Egypt.
Elbashir and Faki. (2013). Role of Agriculture in Poverty
Reduction and Food Security in Sudan: A policy Background
Paper.

Eltaieb.A. M. (2021). Irrigated sector: Current situation and
Future Outlook. Comprehensive Agricultural Conference.
Friendship Hall, 22-25 March 2021.

Fadlallal B. and F. A. Ahmed (1997): Livestock production
systems in Sudan- research needs and priorities. Conference:
Global Agenda for Livestock Research. Proceedings of a
Consultation on Setting Livestock Research Priorities in West
Asia and North Africa (WANA) Region, Aleppo, Syria

Faisal M. A. El-Hag, Faisal H. El-Jagk and Imad-Eldin A Ali
Babiker (2014). Economics of Dryland Farming in Sudan and
Opportunities for Development. Workshop on Economics of
Land Degradation September 14, 2014. UNDP — Sudan, North
Kordofan State, State Ministry of Agriculture and Animal
Resources




ERF Policy Brief No. 99 | November 2022

22)

23)

24)

25)

26)

27)

28)

29)

30)

31

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

Fatima M.A. Ramly (2006). The Role of Farmers Associations
in the Rehabilitation of the Gum Arabic Belt. MSc thesis,
Faculty of Forestry, University of Khartoum

Gaada A Yaseein et al (2014). Competitiveness and profitability
of gum Arabic in North Kordofan State, Sudan. Social and
Behavioral Sciences 120 (2014) 704 — 710.

Gert-Jan Stads and Kamal El-Siddig (2010). Recent
developments in agricultural research Agrieultural Science and
Technology Indicators (ASTI) initiative, SUDAN: Country
Mote, October 2010

Gert-Jan Stads, Abdalla Ibrahim Elhagwa, and Raed Badwan
(2013). Sudan; Agricultural R&D Indicators Factsheet |
December 2013, ASTI, IFPRI

Gum Arabic and other natural gums National Strategy (2019)
Hamza A. M. and Rogia S. M. (2014). The impact of marketing
strategy on export performance (case study of Sudan gum
Arabic export performance)-International Journal of Science,
Environment and Technology, Vol. 3, No 4, 2014, 1618 — 16335.
Hassan E. Adam et al (2017.Management of Gum Arabic
Production: Potentialities in the Gum Belt in Kordofan, Sudan,
International Journal of Environmental Planning and
Management. 3, No. 1= pp. 1-9

Nienke M. Beintema and Hamid H.M. Faki (2003). Agricultural
science and technology indicators Sudan; ASTI Country Brief
No. 11 « November 2003

Igbal A. A. Rahman. (2021). Semi-mechanized rain-fed sector:
Current  situation and Future Outlook. Comprehensive
Agricultural Conference. Friendship Hall, 22-25 March 2021.
Lahmeyer Iniernational and SES. (2016)— Achieving food
security for the Arab countries through the Sudan project.
Volume 2 (annexes). December 2016

Ministry of Agriculture. South Kordofan (2011). Area, Yield,
Cost of Production and Net Income of Improved Varieties of
Sorghum and Groundnut in Habila State Farm and Abbassya
Tagali.

Muneer, S.E. (1989). Agricultural Cooperatives as a means for
agricultural development: the case of Western Sudan small
farmers. Retrospective Theses and Dissertations.

Mational Forest Corporation (2013). Revitalizing the Sudan
Gum Arabic Production and Marketing Implementation
Support, Project Extension/Restructuring Mission -Aide
Memoire

(ND-GAIN, 2015). Notre Dame-Global Adaptation Index.
University of Notre Dame Global Adaptation Index.

Newtech Industrial & Engineering Group LTD, Hunting
Technical Services & P-E International. Study of the
Sustainable Development of Semi-Mechanized Rain-Fed
Farming (2009). Final Report. March 2009

Nienke M. Beintema, Philip G. Pardey and Johannes Roseboom
1995 Statistical Brief on the National Agricultural Research
System of SUDAN. International Service for National
Apgricultural Research (SPAAR)

Osman, AK, El-Hag, FM, Mekki, MA, Abdalla, EA and Aune,
JB. 2012. Ecofarm Research Project — Kordofan Region —
Sudan. Drylands Coordination Group, Miljehuset G9, Norway.
DCG Report No. 71, 49 pp.

Osman, A. K. 2020.Farming System Research: A
participatory Approach to Technology Development for
Small-Scale Farmers. Catholic Relief Services (CRS),
Workshop for Accelerating Recovery in Darfur. CTC
Group, 20-23, January 2020.

Osman, A. K. 2017. Climate Change and Drylands

Farming in  Sudan: Trend, Impact and
Adaptation. UK Journal of Natural Resources and
Environmental Studies, Special Issue, Oct 2017, pp.

1-10.

Osman A. K. 2011.Traditional rain fed agriculture is western
Sudan: Current Situation and Future Outlook. Paper presented
on the 1st bilateral workshop on: Integrated Management of
Agro-silvo-Pastoral System for Sustainable Production.
Organized by: University of Kordofan in collaboration with the
French Embassy (Khartoum) &CIRAD-France. March 15-17,
2011, El-Obeid, Sudan.

Osman, A.K.2015 Vulnerability and Potential Adaptation
Options of Agricultural Sector to Climate Change in Sudan.

43)

44)

45)

46)

47)

48)

49)

509

51)

523

53)

54)

55)

56)

5T)

58)

599

&0

619

62)

63)

Sudan Academy of Sciences Journal. Vol. 11, pp., 34-43,

Osman, A. K.and H.H. Abuelgasim. 2004. Experiences of the
smallholders' traditional rainfed sector in Western Sudan in
technology development and transfer. Paper presented at
conference on: Role of modern technologies in increasing
productivity of field crops. Arab and Sudanese Agricultural
Engineers Union, 4-7Feb, 2004 Friendship Hall, Khartoum,

Sudan.

Osman A. K. and Mohamed ElFarih K. Ali.2010. Crop
Production under Traditional Rain-Fed  Agriculture.
Proceedings of the National Symposium on: Sustainable Rain-
Fed Apgriculture in Sudan. Al-Sharga Hall, University of
Khartoum, Khartoum, Suodan 17 18 Movember 2009,
Published by: UNESCO Chair of Desertification Studies,
University of Khartoum,

Osman A. K. and A. Taha Ahmed (2016). Improving
Smallholder Farmers and Pastoral Communities Access to
Agricultural Inputs and Services. climate risk finance for
sustainable and climate resilient rain-fed farming and pastoral
systems project, Higher Council for Environment and Natural
Resources (HCENE)

(TAP)Technology Action Plan for Adaptation (2013). The
Republic of Sudan, Ministry of Environment, Natural
Resources& Physical Dewvelopment, Higher Council for
Environment and Natural Resources, GEF, UNDEP, prepared
by: AK. Osman and F.I. Shomo.

(WBG, 2019). Agricultural Productivity and Foverty in Rural
Sudan June 2019, World Bank group, Poverty and Equity
Global Practice, Africa.

Western Sudan Agricultural Research Project Records 1976-
1986

Winch, Fred E. 1984, ARC, Western Sudan Agricultural
Research Project- WSARP, farming systems research: its
strengths and weaknesses and the need to link farm research to
macro-gconomic circumstances. WSARP publication No. 32,

IDC FutureScape: Worldwide Agriculture 2021 Predictions:
John Zhang Jason Bremner Samar El Sayed Aly Pinder
Modern Seed Technology: Seed Coating Delivery Systems for
Enhancing Seed and Crop Performance: [rfan Afeal 1, Talha
Javed 1, Masoume Amirkhani 2 and Alan G. Taylor 2,
Energy-Efficient Wireless Sensor Networks for Precision
Agriculture: A Review: Haider Mahmood Jawad

A Smdy and Analysis on Various Types of Agricultural Drones
and its Applications: M R Dileep; A V Navaneeth; Savita
Ullagaddi: Ajit Danti

Recent Advances of Hyperspectral Imaging Technology and
Applications in Agriculture: Bing Lu 1, Phuong D. Dao 1,2,
Jiamgui Lin 3, Yuhong He and Jiali Shang 3

Technology Innovations and Economie Development: Essays in
the Honor of Robert E. Evenson

IEEE. Impact of Machine Learning Techniques in Precision
Agriculture: Rahul Katarya, Ashutosh Raturi; Abhinav
Mehndirama; Abhinav Thapper

Telecom™s 5G future: Creating new revenue streams and
services with 56, edge computing, and Al - Research Insights
Aguirre, A, and C. Calderon (2005). “Real Exchange Rate
Misalignments and Economic Performance.” Central Bank of
Chile Working Paper Mo, 315,

Barro, B., and Lee, JW. (2013} A New Data Set of Educational
Attainment in the World, 1950-2010." Jowrnal of Development
Economics, 104, 184-198.

Darvas, Z. (2012) “Real effective exchange rates for 178
countries: A new database.” Working Paper 2012/06, Bruegel.
Donaubaner, 1., Meyer, B., and Nunnenkamp, P. (2016) “A
MNew Global Index of Infrastructure: Construction, Rankings
and Applications.” World Economy, 3W2), 236-259,

Ibrahim Elbadawi, Linda Kaltani and Raimundo Soto (2012},
“Aid, Real Exchange Rate Misalignment and Economic Growth
in Sub-Saharan Africa,” World Development. Vol. 40, No. 4,
pp. 621-T00.

Elbadawi, I. and G. Helleiner (2004)." African Development in
the Context of the New World Trade and Financial Regimes:
The Role of the WTO and its Relationship to the World Bank
and IMF,” (forthcoming) in A. Owejide and W. Lyakurwa

26 | Sudan’s Challenges and Opportunities: A Renaissance Project for Sudan




ERF Policy Brief No. 99 | November 2022

{editors). Africa and the World Trading System, Volume I:
Framework Paper. MacMillan: chapter 9.

647 Faki, Hamid and Abdelmoneim|Taha (2007)," Distortions to
Agricultural Incentives

65) in Sudan,” unpublished mimeo, Agricultural Economics and
Policy Research Center, Agricultural Research Corporation,
Khartoum.

66) Fowowe, B. (2010). “The Effects of Financial Inclusion on
Agricultural Productivity in Nigeria.” Jowrnal of Economics
and Development, 22(1), 61-79.

67) Hag Elamin, N. A and EM. El Mak (1997), “Adjustment
Programs and Agricultural Incentives in Sudan: A Comparative
Study”, African Economic Research Consortium, AERC
Research Paper 63, Nairohi, November.

68) Ishac, D., Gaddah, O., and Osire, R. (2013). “Looking like an
Industry: Supporting Commercial Agriculture in Africa™ CID
Working Paper No. 266. Center for International Development,
Harvard University.

69) Krueger, Anne O., M. Schiff, and Alberto Valdes (1988),
"Agricultural Incentives in Developing Countries: Measuring
the Effects of Sectoral and Economy-wide Policies," The World
Bank Economic Review, Vol 2, No 3.

707 Lig, M., and Lin, M.C. (2006). “ICT and Agricultural
Productivity: Evidence from Cross-Country Data.” dgricultural
Economics, 34(3), 221-228,

71} Rehman, A., Chandiob, A., Hussainc, I, and Jingdonga, L.
{2019). “Fertilizer Consumption, Water Availability and Credit
Distribution: Major factors Affecting Agricultural Productivity
in Pakistan.” Jowrnal of the Saudi Society of Agricultural
Sciences, 18(3), 269-274.

72) Rodrigue, JP. (2020). “Diminishing Returns of Transport
Investments.” in The Geography of Transport Systems, 5th ed.,
Chapter 3. Routledge Press: Oxfordshire.

73) Rodrik, D. (2011). “The Future of Economic Convergence.”
MBER Working Paper MNo. 17400. National Bureau of
Economic Research.

74) Rodrik, D (2008), “The real exchange rate and economic
growth,” Brookings Papers on Economic Adctivity, Fall: 365-
412,

75) Sachs, Jeffrey, Gordon MeCord, Nicolas Maennling, Taylor
Smith, Vanessa Fajans-Turner, Siamak Sam Loni (2019).“3DG
Costing & Financing for Low-Income Developing Countries,”
working paper Sustainable Development Solutions Network:

it g v Tl i1 I/ ~ 1 F
" o for LIDCS.odf

T6) Shen, L. (2013). “Financial Dependence and Growth:
Diminishing Returns to Improvement in  Financial
Development.” Economic Letters, 120(2), 215-219.

T7) Vandenbussche, I, Aghion, P, and Meghir, C. (2008).
“Growth, Distance to Frontier and Composition of Human
Capital.” Journal of Economic Growth, 11(2), 97-127.

T8) UNDP. (2020). 2020 HDR Technical Note.” United Nations
Development  Program. Human Development  Reports.

Retrieved from: hifp/hdrundp org

(F = ' o

Sudan’s Challenges and Opportunities: A Renaissance Project for Sudan| 27




ERF Policy Brief No. 99 | November 2022

([ ERF at a Glance: The Economic Research Forum (ERF) is a regional network dedicated to promoting
::. high-quality economic research for sustainable development in the Arab countries, Iran and Turkey. Estab-
:. lished in 1993, ERF’s core objectives are to build a strong research capacity in the region, to encourage the

production of independent, high-quality vesearch; and to disseminate research output to a wide and diverse
audience. To achieve these objectives, ERF’s portfolio of activities includes managing carefully selected
regional research initiatives; providing training and mentoring to junior researchers; and disseminating
the research findings through seminars, conferences and a variety of publications. The network is head-
quartered in Egypt but its affiliates come primarily from different countries in the region.
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