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Preface
A majority of Sudanese people depend largely on agriculture for their livelihoods, yet
millions of small scale farmers and their families are trapped in poverty for low crop yields
and high food losses. With Sudan’s growing population, and the pressing need to meet food
security needs besides increasing contribution of agriculture to the GDP; focus has to be
given to small scale farmers as they comprise the bulk of farmers and agricultural producers
in the country. However, small scale farmers in Sudan face dual problems at both the
production and post harvest level in terms of the huge food loss and waste incurred, which
exacerbate their struggle towards decent life. Therefore, it is high time that small-scale
farmers are to be enabled to have the knowledge and means to increase commercial
production, and concurrently reduce post harvest losses. Such a transition will help to
improve both, their own livelihoods and also ensure a stable food supply that meets the needs
of the entire nation, accelerate grain processing and enhance exports.
To meet these novel goals, food production has to be increased, post harvest losses be
minimized in the meantime enhancing food security sustainably by regulating irrational
expansion in farmlands, maintaining environmental balance, increasing yields of the underperforming lands, rising cropping efficiency and reducing food loss and waste; particularly,
the post-harvest loss along the supply chain. This zealous goal is only achievable by
supporting, protecting and helping small scale producers/farmers to ensure effective use of
available resources in order to meet the growing demand on food. To this end, there is a
tremendous opportunity to reduce food losses, which adversely affect the livelihoods of
smallholder farmers, and eventually increase the amount they can eat or sell.
Towards this end, field survey missions were made to three farming systems, namely irrigated
agriculture, traditional, and semi-mechanized rain-fed farming to investigate the gaps and
problems facing small scale farmers on production with more focus on post harvest losses
along the sorghum grain supply chains. Problems at the production stage are identified as
more serious than those arising at harvest and post harvest, still all losses are substantially
alarming. However, any envisioned contributions to bring a progressive and systemic change
in the lives of millions of small scale farmers in rural areas would not be successful without
enhancing the efforts that mitigate post-harvest loss in sorghum food supply chains with
substantial increase in production outputs; particularly those, which enhance their socioeconomic resilience and increase their food and nutritional well being.
The analysis and results of this FLW study comes across a number of reasons and causes for
food loss and waste in the three farming systems with variation in the intensity and impact of
each. Framers proved to be helpless to purchase some of the technologies and solution that
can reduce production and post harvest losses. The study reveals that, farmers' priorities are
not always in line with solutions provided, which indicates lack of coordination among
stakeholders; and the actors need to strengthen themselves by networking to facilitate
execution of integrated sets of reliable, socially and economically acceptable solutions and
activities that reduce grain loss along the supply chain. In a nutshell, needed is not only an
isolated action towards loss reduction strategy; but also linking smallholder farmers to
consistent market demand; access to finance to invest in technologies and; ensuring farmers
have the appropriate training packages in both production enhancement and FLW reduction.

ii

Acknowledgement and Disclaimer
This Food Loss and Waste study is a product of a joint collaboration between the Federal
Food Security Technical Secretariat (FSTS) and the FAO Sudan under Programme #: TCP/
SUD/3701/C1. The study is prepared by a multidisciplinary team under the overall guidance
of Prof. Dr. El Fadil Ahmed Ismail, Team Lead, and Senior Economist. The team members
included Dr. Abdel Aziz Abdel Fatah (economist); Dr. Abdel Shakoor Suliman (agronomist)
and Dr. El Wasila Mukhtar Mohammed (extension and gender specialist).
The FSTS counterpart team, alphabetically, included:

1.
2.
3.
4.
5.
6.
7.
8.
9.

Abubaker Bashir Ahmed, North Kordofan state
El Gilany Abdelhafiz Ahmed; FFSTS, Agricultural Research Corporation Ph.D
Husham Mohammed Osman, MoAF, Department of Food Security
Kawthar Jubara Ali, FFSTS
Mutaz Bashir Mohammed Ali, Sudanese Standards & Metrology Organization
Nagwa Mohammed Hassan, FFSTS
Omer Ahmed Mohammed El Bashir, FSTS-Gedaref state
Sara Ahmed Mohammed Ali; FSTS-Gezira state
Wijdan Mohammed Ali, FFSTS

Special thanks go to Mr. Elwathig Mukhtar Hamid (FAO programme Assistant) and Dr.
Fatima ELhassan Eltahir, Director in charge of the FFSTS. Mr. Babiker Haj Hassan (former
director of the FFSTS) and Mr. Ali Khalil (FFSTS advisor), and Dr. Adil Farah (former
Deputy Director of the FFSTS) warrant to be noted for their earlier contribution and support
to this FLW study. The Executive Office of the FFSTS deserves special words of
acknowledgement for their enthusiastic preparation of the mission and also for their kindhearted assistance during the FLW training workshop prior to conduction of the field mission.
We also wish to record our sincere appreciation for the considerable assistance provided by
state DGs and staff by the Ministry of Production and Economic Resources in Gedaref and
North Kordofan state, the Director of Gezira Scheme and the wholehearted agricultural
extension workers in making the various arrangements for our field visits to the localities and
administrative units, all-encompassing scheduling meetings with representatives of the
various producers, Producers Associations, and related public and private sector agencies. We
also wish to thank all those whom we met for their time and their preparedness to openly
share their experiences that collectively contributed to the undertaking of this study. The staff
of the Agricultural Research Corporation in three states, University of Gezira, University of
Kordofan and University of Gedaref, ZOA-Gedaref, IFAD and WFP of North Kordofan merit
special words of acknowledgement. Last but not least, I acknowledge the efforts of all those
who contributed to this study directly or indirectly, but have not been mentioned in name.
Finally, I would like to thank Mrs. Jennifer Smolak of the FAORNE Cairo office who shared
us opinion and comments, which has enriched -no doubt- the field mission and the study and
ensured that it took into consideration the internationally established best practice in this
regard.
The opinions and views recorded herein are those of the authors who hereby take
responsibility for any errors or omissions in this study.

iii

Table of Contents
Preface
Acknowledgement and Disclaimer
Table of Contents
List of Acronyms and Abbreviations
List of Tables, Figures, and Maps
List of Annexes and important conversion factors
Executive Summary
1 INTRODUCTION & BACKGROUND TO THE FOOD LOSSES STUDY
1.1 Introduction, objectives and scope of the study
1.1.1 Agriculture, economy and Sudan's general context
1.1.2 The problem of food loss and waste
1.2 Methodology and approach
1.3 Limitations and lessons Learned
2 OVERVIEW OF THE MOST IMPORTANT FOOD SUPPLY CHAINS IN THE
SORGHUM SUB-SECTOR IN SUDAN
2.1 Status and economic importance of the sorghum sub-sector
2.2 Policy frameworks, national strategies and the role of institutions involves
2.3 Inventory of activities and lessons learned from past and ongoing interventions in
sorghum losses
2.4 Overview of the most important food supply chains in the sorghum sub-sector
2.5 Presumed food losses in the selected sorghum food supply chains
3 DIAGNOSTIC AND SITUATION ANALYSIS OF THE SORGHUM SUPPLY
CHAINS: THE CASE OF SEMI-MECHANIZED, TRADITIONAL RAIN FED
AND IRRIGATED AGRICULTURE
3.1 Description of the selected Sorghum food supply chains
3.1.1 The case of semi-mechanized rain-fed farming in Gedaref State
3.1.2 The case traditional rain-fed farming in North Kordofan State
3.1.3 The case of irrigated agriculture in Gezira Scheme
3.2 Sorghum marketing system
3.3 Supply chain actors' involvement, benefits, job creation and income
4 SORGHUM FOOD LOSSES: STUDY MAIN FINDINGS AND RESULTS
4.1 Description of the sorghum food supply chain-risks factors
4.2 Critical loss points in the sorghum supply chain (CLPs)
4.3 Load tracking, sampling and quality analysis
4.4 A summary of causes of sorghum losses and identified loss reduction measures
4.5 A summary of main actors and their roles in sorghum FSCs and food losses
4.6 Low loss points (LLPs)
5 FOOD LOSS REDUCTION STRATEGY FOR SORGHUM: CONCLUSIONS
AND RECOMMENDATIONS
5.1 Overall impact of food losses in the selected sorghum food supply chain
5.2 Environmental impact
5.3 Cost-benefit analysis of the food loss reduction measures identified
5.4 Food loss reduction strategy: Conclusions and specific recommendations
5.5 Follow-up Action Plan
GLOSSARY AND DEFINITIONS
REFERENCES
ANNEXES

iv

ii
iii
iv
v
vii
viii
ix
1
1
1
2
4
7
9
9
14
16
18
22
24

24
24
31
38
45
49
54
54
58
59
62
64
65
66
66
67
68
71
74
76
78
81

List of Acronyms and Abbreviations

ABS
AfDB
AOAD
ARC
CBoS
CFSAM
CLP
CTC
DAL
EU
FAO
FEWSNET
FFSTS
FGDs
FLWs
FMoH
FSC
GAPs
GCM
GDP
GHG
GHPs
GIAD
GMPs
GPPs
GIZ
HACCP
HYV
IFAD
IMF
INGOs
JAM
KII
LLP
MFC
MoAF
MoARFWL
MoEP
MoFT
MoI
MRLs
MT
NFRC
OCM
PHLs
PHLP
PICs
PPPs

ACRONYMS
Agricultural Bank of Sudan
African Development Bank
Arab Organization for Agricultural Development
Agricultural Research Corporation (SUDAN)
Central Bank of Sudan
Crop and Food Security Assessment Mission
Critical Loss Point
Central Trade Company (private sector)
Daoud Abdel Latif (Private trading company)
European Union
Food and Agriculture Organization of the United Nations
Famine Early Warning Systems Network
Federal Food Security Technical Secretariat
Focus Group Discussions
Food Losses and Wastes
Federal Ministry of Health
Food Supply Chain
Good Agricultural Practices
Gedaref Crop Market
Gross Domestic Product
Green House Gas
Good Hygiene Practices
Greater Industrial Area Development (parastatal company in Khartoum)
Good Manufacturing Practices
Good Processing Practices
German International Cooperation
Hazard Analysis and Critical Control Point
High Yielding Variety
International Fund for Agricultural Development
International Monetary Fund
International Nongovernmental Organizations
Joint Assessment Mission (UN)
Key Informant Interviews
Low Loss Point
Mechanized Farming Corporation
Ministry of Agriculture and Forestry
Ministry of Animal Resources and Fisheries (and Wild Life)
Ministry of Economic Planning
Ministry of Foreign Trade
Ministry of Industry
Maximum Residual Levels
Metric Tonne
National Food Research Centre (SUDAN)
Obeid Crop Market
Post Harvest Losses
Post Harvest Loss Programme
Purdue Improved Crops sacks/bags
Public-Private Partnerships/Projects
v

SDG
SDGs
SGB
SIFSIA
SPCRP
SRC
SSMO
TCP
UN
UNDAF
UNEP
USAID
USD
USDA
WB
WFP
WHO
ZOA

Sudanese Gunaih
Sustainable Development Goals
Sudan Gezira Board (Barakat-Wad Medani)
Sudan Integrated Food Security Information System for Action
Sudan Productive Capacity Recovery Programme
Strategic Reserve Corporation
Sudanese Standards and Metrology Organisation
Technical Cooperation Programme
United Nations
United Nations Development Assistance Framework
United Nations Environment Programme
USA International Development
USA $
United States Department of Agriculture
World Bank
World Food Programme
World Health Organization
INGO aiming to help in Relief Hope Recovery (German)

TERMINOLOGY
Critical Loss Points (CLPs)
Food Losses (FL)
Food Supply Chain (FSC): The connected series of activities to produce; process and
distribute food.
Level of operators: Small, Medium, Large scale
Low Loss Point (LLP)
Smallholder Producer (SP)
Subsector (SS)
Semi-structured Interview (SSI)
Value Chain (VC): The connected series of value-adding activities to produce, process, and
distribute food.

vi

List of Tables, Figures, and Boxes
Table 2.1:
Table 2.2:
Table 2.3:
Table 2.4:
Table 2.5:
Table 2.6:
Table 2.7:
Table 2.8:
Table 3.1:
Table 3.2-a:
Table 3.2-b:
Table 3.3:
Table 3.4:
Table 3.5:
Table 3.6:
Table 3.7:
Table 3.8 :
Table 3.9:
Table 3.10.
Table 3.11:
Table 4.1:
Table 4.2:
Table 4.3-a:
Table 4.3-b:
4.3-c:
Table 5.1-a:
Table 5.1-b:
Table 5.2:
Table 5.3

Area, production and yield of cereals by farming system (2008/2009 2017/2018
National production information of the sorghum subsector
Food safety management mechanisms for sorghum subsector.
Visual comparison between Sudanese and international specifications for
sorghum grain
Food supply chains in the sorghum subsector in three farming systems
Importance of food supply chains based on information at state/national
level.
Importance of food supply chains for actors at the farming system level.
Actual inclusive preliminary screening of food losses in the selected
FSCs
Production information of sorghum in Gedaref State
Socioeconomics and farm characteristics of small holders in Gedaref
area N=47
Detailed description of the food supply chain – Basics (Gedaref)
Socioeconomics and farm characteristics of small holders in North
Kordofan N=43
Detailed description of the food supply chain – Basics (North Kordofan)
Socioeconomics and farm characteristics of smallholders in Gezira N=43
Detailed description of the food supply chain – Basics (Gezira Scheme)
Sorghum prices at the time of survey in main crop markets, December
2019
Quantity of sorghum traded in two main crop markets over the period
2015-2019
Detailed description of the food supply chain –social structures in Semimechanized farming in Gedaref area
Detailed description of the sorghum food supply chain – Environment.
Gedaref & North Kordofan States
Factors for the Environmental Assessment, Gedaref & N. Kordofan
Food loss risk factors
Summary result matrix of food losses in Gedaref (see North Kordofan
and Gezira as Annexes 4.1-a&b)
Presentation of Load Tracking Results (Gedaref)
Quality visual analysis results of various varieties in the three farming
systems
Quality scoring of sorghum food products and loss in market value
Assumptions in calculating profitability of an investment (GIAD
Thresher and Tractor)
Budget calculation for food loss reduction (threshers and tractor)
Budget calculation for food loss reduction (plastic silo)
Estimated economic sorghum grain losses

List of Maps
Map 1.1: Map of Sudan with 18 administrative states
Map 3.1: Study areas by locality Gedaref Centre, East and West Galabat Localities,
Gedaref State. December, 2019
Map 3.2: Study areas by locality- Shiekan and Rahad Localities, North Kordofan
State. December, 2019
Map 3.3: Study areas in Gezira Scheme by irrigation divisions. December, 2019
vii

10
11
13
16
21
21
22
22
25
26
29
33
37
40
43
48
48
50
53
53
55
57
60
61
61
68
69
70
71

1
24
31
38

List of Figures
Fig. 1.1:
Fig. 2.1:
Fig. 3.1:
Fig. 3.2:
Fig. 3.3:
Fig. 3.4:
Fig. 3.5:

Flow diagram of the FAO 4S methodology. Adapted from FAO 2016
Sorghum flows and value chain, (adapted from Ismail 2018)
Flow diagram of the selected sorghum supply chain in Gedaref state
area grown by crops in North Kordofan (000 ha) over the period 2016-2019
Flow diagram of the selected sorghum supply chain, North Kordofan
Flow diagram of the selected sorghum supply chain, Gezira Scheme.
Quantity of sorghum exported (MT) over the period 2013-2019

7
19
30
32
36
42
49

List of Annexes and important conversion factors
Annex 1.1:
Annex 2.1:
Annex 2.2:
Annex 2.3:
Annex2.4:
Annex 2.5:
Annex 3.1-a:
Annex 3.1-b:
Annex 4.1-a:
Annex 4.1-b:
Annex 4.2-a:
Annex 4.2-b:
Annex 4.2-c:
Annex 5.1:
Annex 5.2:

List of Experts Consulted.
Trends of area (000 Fed.)and production t(000 MT) over the period
2009-2018
The Economic importance of food supply chains for smallholder actor
Summary of food standards issued by the Sudanese Standards and
Metrology Organization following codex recommendations
List of literature and available studies, researches on sorghum FLW in
Sudan(chronologically dated)
Number of farmers in Gedaref state (Demarcated areas) by MFC 2018
Detailed description of the food supply chain –social structures in North
Kordofan (Traditional rain-fed farming)
Detailed description of the food supply chain –social structures in Gezira
irrigated farming
Summary result matrix of food losses in North Kordofan
Summary result matrix of food losses in Gezira Scheme
CLPs and LLPs in North Kordofan
CLP and LLPs in Gezira Scheme
Average machine harvesting losses for different combine harvesters,
three seasons 2014-2016
Summary of environmental assessment in Gezira Scheme
Budget calculation for food loss reduction (hermetic bag)

81
83
83
83
84
87
88
89
90
91
92
92
92
93
93

List of Conversions
One hectare (ha) = 2.381 Feddan = 2.476 acres
One Makhamas (local unit in Kordofan (ma) = 1.73 Feddan
One US $= 45.1 Sudanese pound (SDG) in December 2019 (Official rate)
One kantar = 44.628 Kg.
Units of food crops
One sack of sorghum feterita equals to 91.5 kg, mugud type 88 kg, and white sorghum
varieties 94.35 kg. The average sack was taken as 90 Kg.
One ardab = two sacks of equivalent food grains (sorghum, millet, etc)
One kela = 12.58-11.83 kg for millet and most of sorghum varieties.
One kela = four malwas; which approximates to 3.15-2.96 kg for millet and most of sorghum
varieties.
The term Rayka in Kordofan is equivalent to one sorghum sack (90 Kg.).
The term “Mod” in Kordofan is equivalent to one malwa

viii

Executive Summary
ES1

Before this case study, accurate estimations of the magnitude of sorghum grain losses and
waste along the supply chains were lacking or unknown in Sudan. Nevertheless, there is
no doubt that the levels of food loss and waste of sorghum grain remain unacceptably
high and critical. The causes of the food losses and waste in the country are diverse and
could be attributed to wide-ranging production, managerial and technical reasons and
constraints in production know how capacity, post harvesting, packaging and marketing
systems.

ES2

In this case study, the main focus of concern is the small scale farmers, who comprise the
bulk of sorghum producers in the country including women farmers. The intent is to
produce a comprehensive sorghum food loss and waste strategy and plan of action for this
strata through a thorough investigation and analysis of the current situation of sorghum
food production and the general trends of losses and waste in three main farming systems
in the Sudan, namely; the semi-mechanized dry farming in Gedaref state, the traditional
rain-fed farming of North Kordofan and irrigated agriculture of Gezira Scheme for both
food loss policy advocacy and programming interventions for action to reduce these
losses. The approach of the case study is confined to the FAO 4S food loss and waste
methodology and the guidelines given by the ToRs. The study relied largely on primary
surveys including interviews and focus group discussions with essential stakeholders and
actors in addition to secondary information sources.

ES3

The FLWs case study started in October 2019 by desk review and screening of secondary
information and the field work was carried out in early December, 2019 until 20th with
assistance of FAO Sudan and in collaboration with the Federal FSTS counterparts from
concerned sister line ministries, institutions and other partner agencies involved in FLW
concerns across the targeted states or farming systems. With the end in mind, the main
goal of the case study is of three folds; firstly, to generate data on the extent of sorghum
food losses and waste at every step of sorghum food supply chains to arrive at indicative
quantitative and qualitative data on food losses, and secondly; to identify and quantify the
main causes of sorghum food losses, and thirdly; to provide an analysis of the impact and
solutions to reduce sorghum food losses including their technical and economic
feasibility, social acceptability and environmental impact and sustainability; besides food
quality and safety requirements. The entire findings of the study are used in developing
and formulating a sorghum food loss reduction strategy/programme embedded in this case
study account.

ES4

The criteria and indicators for selection of targeted areas included the economic
importance of the sorghum crop enterprise, income generation for households,
contribution to food and nutrition security, impact on environment and climate change.
The FFSTS Task Force identified the regions through a preliminary screening and the
team further selected the localities, divisions and administrative units with concerned
authorities at each state. The methodology of sampling and procedure followed the above
criteria. For instance, four Divisions, which met the 4S methodology criteria above were
selected in Gezira irrigated Scheme, namely; Central Division, El Mekashfi, El Mensi and
the Southern Division. In each division, a number of villages from certain blocks were
chosen and specific number of farmers was interviewed in each village. In the semimechanized farming in Gedaref area, three localities (Gedaref Centre, Galabat East and
Galabat West localities) were selected and three villages from each locality were visited
and a number of interviews and FGDs were organized with small scale farmers, and other
FSC actors. Similarly, Sheikan and El Rahad localities were chosen for North Kordofan.

ES5

Qualitative and quantitative data were gathered through interviews, eye observations and
Focus Groups Discussions including key informants (KII), not necessarily farmers
ix

(traders, processors, warehouse keepers, retailers, wholesalers, etc.) in the chain. At least
10 FGDs (with men & women separately) in each of the three states were organized.
Photos and eye observations of FSC activities and relevant stakeholders have been used to
complement the outputs of the interviews in the surveys. Post-harvest operations and
percentages of losses at each level of the supply chain were collated through primary data
and contrasted with secondary sources. However, investigations on sorghum losses were
made across the entire food supply chain (FSC) which embraces production phase,
harvest, and post harvest, storage, processing and retail level.
ES6

The main findings of the primary and secondary assessment indicated high critical losses
a long sorghum food supply chains at variable degrees with storage being the highest (2030 percent). Cutting, stacking and threshing encountered losses for about 4-10 percent
across the three farming systems/regions. Wholesaling and transportation showed the
least losses (<1 percent), and therefore; considered as low loss points (LLPs) still need to
be considered in any future reduction strategy. In the literature losses in sorghum
harvesting with threshing machines were marvellous. A previous study conducted in the
mechanized rain fed schemes in Gedaref State during the period 2014-216 evaluated the
performance of three different combine harvester makes namely; New Holland, CLAAS
and Massey Ferguson with relatively high losses. Results showed that total harvesting,
machine, and collectable losses were 25.1 %, 10% and 19.4 %, respectively. This
indicates that uncollectable losses may exceed 15%. Although direct combine harvesting
of crops helps in solving the problem of labour shortage during harvest period, timely
harvest and obtaining good grain quality yet the technology is not economically
affordable by small farmers.

ES7

The case study came to an important finding that, farmers face dual problems at both the
production level and post harvest in terms of huge loss that aggravate their struggle
towards decent life. In season 2019/2020 it has been found that, the problems at the
production stage were identified as more serious than those arising at harvest, and post
harvest, still all losses are substantially alarming over the last years. Sorghum was found
exhaustive to the soil causing environmental hazards such as soil erosions and depletion
of soil nutrients. Vast areas of lands have been environmentally affected by irrational
cultivation and removal of vegetation cover for sorghum cropping without following any
rotation. At hard times, as this year 2019, production losses were in the range between 3080 percent of the expected crop output in Gezira, Gedaref and north Kordofan. Dura
midge, purple witch weed (striga hermonthica, Buda), birds, and other pests as desert
locust and other weeds are most common threats in all the three farming systems, but
relatively less in Gezira irrigated agriculture. In addition, official reports enumerated
different factors contributing to affect the production and post harvest losses in the three
farming systems mentioned in details in this case study.

ES8

The FLWs situation analysis suggested some short and medium term recommendations
for reducing FLWs beside other long term recommendations. The strongest recommendation for the government is to invest in the seed industry to increase production and
productivity, increase awareness on FLWs, particularly the post harvest losses. One more
major finding and recommendation is the clear need to establish and/or strengthen a
Multi-stakeholder Food Loss and Waste Platform (MSFLWP) to support generation of
baseline data on the extent and nature of FLW along the value chains of other main
agricultural commodities in Sudan starting with this sorghum case study. Such a platform
can assist in awareness raise as well as policy formulation in the direction of food loss
reduction. Involvement of the private sector in such forums is essential for solutions'
finding, adoption and awareness increase.

ES9

Structured FLW information and information management system is also highly required
(FLW-MIS soft and hardware systems either by strengthening the existing system to
include the food loss information and mapping or initiating a new information structure to
provide adequate information on both food availability, access, etc, for planning. Such a
x

system shall serve as a basis for promotion of food security (including FLW) and future
development interventions. The platform is expected to encourage coordination,
collaboration and synchronization among all food supply chain actors, therefore, has to be
supported by experts capable of identifying causes for FLWs and also able to
appropriately formulate post harvest food loss reduction measures including losses at the
crop establishment/production phase.
ES10

Furthermore, the FFSTS has to design an action plan -with assistance from donor
counterparts- to systematically raise awareness through campaigns, build the technical
capacity of supply chain actors to reduce FLW, improve coordination among various
actors in the sorghum supply chain and finally develop and mainstream FLW issues into
the existing national strategy including investment promotion for appropriate FLW
reduction techniques such as hermetic bags, plastic or metallic vessels, and the like. In
this regard, a lot of opportunities are available to improve the availability and supply by
reducing loss of food through innovative investment led by the private sector or joint
PPPs, particularly by those interested in FLWs viz. CTC, DAL, Magoub Brothers by
harnessing current disintegrated efforts through feasible and bankable action plan. Such
public private partnership (PPP) requires leadership, enabling environment for investment
and further be initiated and consolidated by a unique investment map towards a greater
FLW objective as SDG 12.3.

ES11

Along with these recommendations, the study draws attention to the fact that, reducing
food losses is not an isolated plan of action but a multifaceted challenge that requires
formulation of appropriate strategies, approaches and programmes to increase domestic
food availability not only through conventional farming methods but also by inducing
technological changes that increases yield and crop productivity using improved cultivars
and high yielding varieties (HYVs). Improving connectivity (road, rail and air freight) to
increase market access and simultaneously reduce transaction costs of both market inputs
and outputs are also crucial in reducing overall losses. To further this forward into
actionable plans, all supply chain actors; particularly small farmers need to align –in
networks– in order to facilitate execution of an integrated set of activities to adopt
reliable, socially and economically acceptable loss reduction solutions that exert impacts
across the value chain. Many solutions that ensure access to loss reducing technologies
are available; but important are also linking smallholder farmers to consistent market
demand; access to finance to invest in FLWs technologies; besides ensuring access of
farmers to appropriate training packages for FLW reduction.

ES12

On the FLW policy and legislative side, there are still some identified key gaps that exist
and could have constrained the overall momentum of FLW reduction measures simply
because of persistent lack of understanding on FLWs, particularly PHL among key policy
makers and other stakeholders. In addition, there are also poor legislations and
institutional arrangements and mechanisms need to be enacted to mainstream food loss
and waste challenges into the overall food and nutrition security plans at both federal and
states level. This gap is attributed mainly to the lack of integration of FLW concerns into
the broader government policies and plans. It has been widely observed that, current
capacity of stakeholders to address FLWs issues is not to the standard and needs to be
strengthened and concerned institutions are to be empowered to realize the FLW policy
objectives in the country. Therefore, the first and foremost intervention for action is to
build the capacity of farmers and other supply chain actors -including policy-makers- on
the importance of post-harvest losses and their effect on food security and climate
resilience and economy thereby acquainting them with the various measures required to
reduce these food losses.
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1

INTRODUCTION & BACKGROUND TO THE FOOD LOSSES STUDY

1.1 Introduction, objectives and scope of the study
1.1.1.

Agriculture, economy and Sudan's general context

The republic of the Sudan has a land mass of 1.864 million square kilometres divided
administratively into 18 states (Map 1)1. Sudan's vast area is characterized by ecological and
climatologically diversities that suit a wide variety of crop cultivation and animal husbandry.
The country is extremely influenced by multifaceted socio-economic conditions with a
population of almost 44.3 million peoples by end of 2019, mostly engaged in agriculture2
(almost 65-75% of the population).
Agriculture3 both crop and livestock
comprises the backbone of the Sudan's
economy. Agriculture has a prominent
multiplier effect on the ambient socioeconomic and industrial fabric for its
multi-faceted and multi-functional
nature and enrichment.

Map 1.1: Map of Sudan with 18 administrative states

It contributes to the total GDP4 by up
to 31.8% percent at current prices
(CBoS 2017) and is considered a key
determinant in the country’s efforts to
reduce poverty, increase employment
and enhance income generation. The
growth of the agricultural production
in Sudan declined from 5.1% to 4.9%
in 2017. Structurally, most of the
productive capacity of other sectors
depends heavily on agriculture as a
source of raw materials,5 wage,
1

Source: CBoS

1 Khartoum
2 North Kordofan
3 Northern State
4 Kassala

5 Blue Nile

9 Al Jazirah

13 Al Qadarif

17 East Darfur

6 North Darfur
7 South Darfur
8 South Kordofan

10 White Nile
11 River Nile
12 Red Sea

14 Sennar
15 West Darfur
16 Central Darfur

18 West Kordofan

2

About 85 to 90 percent of agriculture area in the Sudan is rain fed, depending on the season, and is
based on a low-input: low-output premise conditioned by the unreliable nature of the rains. It is further
characterized by cheap access to land, allowing unlimited horizontal expansion for farmers that are able
to invest, and cheap fuel and readily available labour at comparatively low daily rates (WFP-FAO
2011).
3
Agriculture is a general term that consists of crops, livestock, forestry, agro forestry, aquaculture and
commercial capture fisheries.
4

Sudan has lost almost 90% of total value of exports from the oil sector. As a result, real GDP growth
plummeted from about 10% in 2010 to 2.8% in 2011. Projections indicate a modest recovery in 2013
with an estimated GDP growth rate of 3.6% (AfDB 2014).
5

Agriculture provides raw material for almost 70% of the manufacturing industries.
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foreign exchange earnings and a market for goods and services produced by other sectors
(JAM 2007, CBoS 2010, IMF 2012, CBoS 2016, and CBoS 2017).
Trade wise, agriculture and livestock generate over more than (50%) of the country's exports
earnings6 in 2016 while mining and petroleum shared about 34.6% and 10.9% respectively
(CBoS, 2017). Livestock accounts positively to the economy where more than 108 million
heads of livestock spread over the entire country including various cattle, sheep, goats, and
camel species (CFSAM 2019 and MoARF 2018). Historically, sorghum, millet and wheat are
the main staple cereals whilst main food cash crops in the Sudan have been cotton, oil seeds,
hibiscus (karkaday), watermelon seeds, gum arabic and sugarcane.

1.1.2. The problem of food loss and waste
With the renewed emphasis on Sudan's agriculture to fight hunger and reduce poverty, and
with the ambitious goal to achieve SDGs targets, the issue of FLWs has been core and
significantly raised by many concerned institutions and policy makers in the country,
particularly through the SDG 12.3 (WFP 2017).7Interventions in FLWs reduction are seen as
an important element of the collective efforts of many institutions to reduce food insecurity,
maintain good livelihoods through income generation, but efforts are still -unfortunatelyfragmented. However, it worth to note that, the FLWs is increasingly renowned as part of an
integrated approach to realizing agriculture’s full potential to meet the world’s increasing
food8 and energy needs (World Bank 2011).
In the premises of Sudan, reducing FLWs along with improving productivity and efficiency
of crop value chains is the real challenge facing many policy makers at different levels to feed
the millions of people in all 18 states across the country. To address this challenge we need a
consensus and understanding of the approaches and methodologies to confront these FLWs'
challenges and provide mitigations/solutions and interventions accordingly.
Decades ago, most of the attempts to reduce food losses focused on the farm level. This
approach has now been left behind, and a new emphasis is now capitalizing on marketoriented approaches that link farmers to markets. These experiences have led to an improved
understanding of the critical entry points for FLWs (formerly known as PHL) reduction along
the supply chains, the interactions between players and actors within the chains, and the
impact of the external environment. Along this approach of thinking, FAO (2016) defined
food losses as " the decrease in edible food mass throughout the different segments of the food
supply chains – production, postharvest handling, agro-processing, distribution (wholesale
and retail), and consumption". Nowadays, the current understanding is that, food losses and
their prevention measures have an impact on the environment and climate change, food
security and livelihoods for poor people, and the overall economic development as well.
Within this premises, the objectives of this study, which selected sorghum food supply chains
as a case are to:
i)

Generate data on the extent of sorghum food losses and waste at every step of the
supply chain to arrive at indicative quantitative data of food losses in the sorghum
food supply chain(s);

ii)

Identify and quantify the main causes of sorghum food losses;

6

However, more recently gold mining has been playing an increasingly active role in the economy
(IMF 2012 and 2016)
7

FFSTS took the initiative to address this very important topic together with many FNS policy and
strategy issues. The WFP has already launched a programme under the Sudan Zero Hunger Strategy
2017-2013. The FLW falls under SDG 12.3.
8

During the 1970s, Sudan, Canada and Australia were viewed as the three countries that could be the
main contributors to the world food basket (FAO World Food Conference held in Rome in 1974)
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iii)

Provide an analysis of the impact and solutions to reduce sorghum food losses
including their technical and economic feasibility, social acceptability and
environmental impact and sustainability; food quality and safety requirements; and

iv)

Develop a concrete proposal to formulate a sorghum food loss reduction strategy/
programme.

The scope and magnitude of work and activities is diverse where primary and secondary
information is required, through both desk review and field survey missions. This includes
data about agricultural production, agricultural employment, contribution to GDP, economic
importance of the selected supply chains and general considerations about food security and
food loss and wastes. Such information includes, but not limited to:
a) National production information of the sorghum subsectors, actors9 and product
flow.10
b) Food safety management mechanisms.11
c) Food supply chains in the sorghum subsector.12
d) Importance of sorghum food supply chains at national level.13
e) Economic importance of sorghum food supply chains for smallholder actors.14
f) Flow diagram of the selected sorghum food supply chain (FSC).15
g) Preliminary and inclusive screening of food losses in the selected FSC.16
The scope of the sorghum FLWs' assessment covers three main farming systems in the
agricultural sector, namely the irrigated, traditional rain-fed farming of North Kordofan and
the semi-mechanized rain-fed farming in Gedaref area/state. The dotted arrows indicate the
selected farming systems by states 2, 9 and 13 (Map 1). Particular emphasis is given to smallscale holders in irrigated and rain-fed or dry farming.17 This comprehensive case study will
assist –hopefully– the FSTS Task Force to be well informed and able to design and
implement an effective food loss reduction strategy by selecting the most impactful sorghum
supply chains and understand its implications on the economy, food security and farmers'
livelihoods and income.
Besides the aforementioned objectives of the FLW case study, a set of tables and diagrams
will be illustrated besides a list of studies, experts and information on the focal sorghum
supply chain(s) in the selected areas. This includes the main actors and product flows,
9

Despite the efforts exerted in collecting primary information by gender, nevertheless, there is a major
gap in secondary data that enable gender analysis. Bearing in mind the importance of gender analysis
the team exerted substantial efforts to collect data and information disaggregated by sex for gender
analysis. The following aspects were considered and have been analyzed where appropriate.
- The different access to resources and services of men and women in order to understand if men and
women use and control strategic resources such as land, water, technologies, services, training,
markets and information, which may allow them to reduce and prevent food losses.
- Cultural practices which include believes, norms and values about men and women as economic
actors represent social barriers that may block the performance of the chain.
- Social position of men and women to identify their different ability to have a voice and influence
decision-making in the food supply chain.
10

Output I-1a/1b FAO Methodology: “Food Loss Analysis: causes and solutions” (2016)
Output I-1c FAO Methodology: “Food Loss Analysis: causes and solutions” (2016).
12
Output I-2a FAO Methodology: “Food Loss Analysis: causes and solutions” (2016)
13
Output 1-2b FAO Methodology: “Food Loss Analysis: causes and solutions” (2016)
14
Output I-2c FAO Methodology: “Food Loss Analysis: causes and solutions” (2016)
15
Output I-3a FAO Methodology: “Food Loss Analysis: causes and solutions” (2016)
16
Output I-3b FAO Methodology: “Food Loss Analysis: causes and solutions” (2016)
11

17

Large scale semi-mechanized farming is also important and encounters huge post harvest losses, but
has been beyond the scope of this case study, and focus is laid mainly on small scale producers who
constitute the bulk of farming in Sudan's agriculture.
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production, land area, yield, workers, and operations structure which will identify the Critical
Loss Points (CLPs). The further steps of the methodology and information needed will be
described in the coming sections.

1.2 Methodology and approach
a) Assessment methodology and information needed
The losses assessment of sorghum food supply chain(s) involves the collection of data and
its analysis using qualitative and quantitative field methods and the results and conclusions
of the field and desk review assessments will be used to formulate solutions to sorghum
food losses. The sorghum sub-sector(s) was/were identified through a preliminary screening
and results were further consolidated by discussions with concerned authorities at the state
level. This screening has further been used to select specific geographical areas in the three
farming systems to meet the case study objectives. To achieve these objectives, three
consultants of profound experience in the domain of sorghum were selected, namely an
agronomist, agricultural economist and an extension expert for gender analysis. The team is
supported by nine associates from the FSTS to conduct the field work, which started on the
30th of November to the 20th of December in a journey of 3975 kilometre covering the three
farming systems. Prior to selection of areas in the three farming systems, selection criteria of
the food supply chain(s) were determined and approved by the federal FSTS FLW Task
Force. The criteria included the economic importance, the contribution to food security, and
significance to national development objectives such as employment, poverty reduction and
the generation of income and or foreign exchange.
As there are various types and amounts of loss incurred by many actors along the supply
chain, only the critical loss points (CLPs) are highlighted and the low loss points (LLPs)
were also identified for curtsey and further improvement. On the basis of the information
obtained in the discussion with key informants at the state level, one or two sorghum food
supply chain(s) has been selected for in-depth survey and sampling. The basic criteria for
selection of the sorghum food supply chain (FSCs) is based on smallholder producers;
significant scale of food production- preferably including agro-processing and urban market;
and when possible, an ongoing support programme for the sorghum subsector as IFAD,
FAO, WFP, ZOA and the like.
The entire team and consultants have physically followed the sorghum from production sites
to final retail outlets, made direct eye observations and quantitative measurements and
discussed the causes and solutions of food losses with supply chain actors, particularly the
sorghum producers. Our agricultural extension and gender specialist has gone through
extensive interviews and focus group discussions (FGDs) to identify and address the needs
of women farmers through gender-sensitive approaches (Annex 1.1). The importance of the
gender analysis has been highlighted in the food-loss reduction strategy and action plan as
shall be seen later. Stakeholders' validation workshop that involves stakeholders from the
public and private sectors has been organized on the 3rd of February 2020 and discussed
and endorsed the results and findings of the sorghum case study concurrently with the
proposed food-loss reduction strategy.
b) Methods and tools for information gathering
The case study used a variety of tools to achieve the objectives of the sorghum FLWs
reduction. These tools and methods included:
i) Interviews: a pre-tested semi-structured interviews/questionnaire (SSI of OUTPUT
tables) is the main tool used in information gathering. These tables included OUTPUT I-0
throughout to OUTPUT IV 2b of the FAO 4S methodology (FAO 2016). The information of
the OUTPUTs is supplemented by an additional small structured questionnaire for about 43-47
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farmers in each area (state) for socioeconomic information and other essential issues on
production and seed industry and agrochemical use.
With the assumption of variability in FLW by the three farming systems, each area is
geographically divided by the recognized administrative levels to suite the objectives of our
case study on sorghum and sorghum by products, if any. The main criteria for selection of the
target areas include economic importance of the sorghum FSC, impact on livelihoods and food
security, impact on environment and climate change, and existence of a development or FNS
project, if exists. In Gezira irrigated Scheme; four Divisions, which met the 4S methodology
criteria (Central Division, El Mekashfi, El Mensi and the Southern Division) were selected. In
each division, a number of villages from certain blocks were chosen and farmers are selected
accordingly.18 In the semi- mechanized farming in Gedaref area, three localities (Gedaref
Centre, Galabat East and Galabat West localities) were selected and three villages from each
locality were visited and a number of interviews and FGDs were organized with small scale
farmers, and other FSC actors. Galabat localities (West & East) were chosen as they were part
of the WFP-EU project implemented by ZOA & Zeniab NGO for increasing small scale
famers' productivity (ZOA Zinab NGOs: Ebtehag et al. (2018). The same procedure is
similarly followed in North Kordofan and Gezira irrigated Scheme.
ii) Qualitative and quantitative data were gathered through eye observations and also
during discussions with Focus Groups including key informants (KII), not necessarily farmers
(traders, processors, warehouse keepers, wholesalers, retailers, transporters, etc.) in the chain.
At least 10 FGDs (with men & women separately) in each of the three states were organized.
Information from more than 70 Key Informants for the entire chain(s) in the three farming
systems was collected through these interviews. Photos and eye observations of FSC activities
and relevant stakeholders have been used to complement the outputs of the surveys. Postharvest operations and percentages of losses at each level of the supply chain were collated
through primary data and contrasted with secondary sources. Data generated from the
questionnaires shall be used to compute the percentages of losses along the sorghum supply
chain(s)
iii) With the assistance of the agronomist, the team was able to identify the respective
causes of the sorghum losses at various stages along the supply chain. Worth to note in this
case study is that, the CLPs referred to current year harvest losses complemented by few
examples and samples from previous year, particularly long period storage. Reference samples
were brought by the team to the FFSTS for public demonstration. However, investigations on
sorghum losses were made across the FSC (production, harvest, and post harvest, storage,
processing and retail level). ). Laboratory tests were carried for qualitative aspects while visual
assessments for the selected samples were carried using BLUE BOX equipment19.
iv) Besides the sampling, the team managed to conduct Load Tracking20 in Gedaref area
as well as the various samples collected at various CLPs in the three farming systems in
18

To have a reasonable coverage of the sub sector population stratified target(purposive) sampling
method was adopted in each state. In the first stage the state is divided into localities. In the second
stage and according to 4S methodology criteria above, administrative units and 3 villages from each
were targeted in each locality. In the last stage of stratification 2-3 producers from each village that
fulfil the criteria of selection were sampled. In addition, 4-5 producers were sampled to respond to a
semi-structured questionnaire via face-face interviewing. FGDs were done parallel with these
interviews.
19

The BLUE BOX, which is a useful tool that enabled our team to conduct immediate analysis, has
been used for inspection of FLWs and the results complemented by laboratory results
20

The method of load tracking and sampling is employed at the storage stage, with quantitative and
qualitative losses of sorghum measured before and after 3-4 month of storage This process was carried
out before and after each of the two steps studied (threshing and storage).
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targeted areas/states in order to assess and evaluate the quantitative and qualitative sorghum
losses at specific steps in the supply chain. Beside, the NSAs (COBs, Small Scale Producers'
Associations, Cooperatives' representatives and government institutions), the mission held
some meetings with relevant UN agencies concerned with SDG 12.3 focussed on FLWs such
as WFP, IFAD, FAO, and other ZOA INGOs, private sector, etc.).
c) Scope of secondary information needed and the information sources
Recognizing the strong role of multiple actors, including the role of institutional structures
and the policy environment, the assessment followed a holistic approach based on the entire
supply chain of sorghum to allow for a better formulation of effective food-loss reduction
strategy. For that reason, information on climate change, environmental impact, policies,
regulatory and legislative concerns including law enforcement, gender issues and social
systems as per sorghum FSC are also gathered.
The primary assessment information involves smallholder farmers, farmers unions and
cooperatives (Farmers Trade Unions and Producers Associations), distributors or transporters
and their respective unions, processors and millers (conventional and modern), Traders and
agents (wholesalers), retailers, warehouse managers, loading & unloading workers(Kalaa),
Agricultural Bank of Sudan (ABS) and other Commercial Banks (Annex 1.1). However, the
following institutions represented the main source of secondary information for the sorghum
FLWs study.










Federal Ministry of Agriculture and Natural Resources (MoANR) and the Ministry of'
Production and Economic Resources by the respective states/farming systems.
Gezira Scheme –Wad Medani-Barakat HQ
Agricultural Bank of Sudan and the Strategic Reserve Corporation (SRC),
Sudanese Standards and Metrology Organization (SSMO for quality and safety
aspects)
Agricultural Research Corporation (ARC) by the respective states
Universities of Gedaref, Gezira and Kordofan
The Seed Multiplication Company شركات إكثار البذور
National Food Research centre (NFRC)
Exporters and Chambers of Trade in the four states
UN agencies reports and studies (WFP, FAO, IFAD, UNEP)
INGOs reports and studies (USAID, FEWSNET, GIZ, and other INGOs21 like ZOA).



Private sector companies such as CTC, DAL and Magoub Brothers in Gedaref.





d) The Processes in the FAO 4S Methodology and Scope of analysis
As mentioned earlier, a preliminary Screening of the entire scope of economic importance of
sorghum was undertaken. This preliminary Screening phase followed the FAO protocol,
which portrays the methodology and the 4S approach (Fig.1.1) and further defines,
thoroughly, the baseline data22 to be collated -at this stage- with the purpose of estimating the
overall production for sorghum among the other stable food crops (wheat, millet, maize, etc.).
The preliminary screening went further and estimated the sorghum information and the flows
before getting into an initial evaluation of waste and losses at the regional/state or national
level.

21

National NGOs were involved in the sorghum business e.g. Zinab with ZOA in Gedaref state & SOS
in North Kordofan. These NGOs help in building the capacity of farmers and other stakeholders,
especially smallholder producers through provision of technical training and infrastructure and
dissemination of improved post-harvest technologies.
22

The methods used for this baseline data includes Screening of food losses; Survey food loss
assessment; Load Tracking and Sampling Assessment and Synthesis or Solution finding.
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The preliminary screening gave an in depth understanding of the nature and extent of the
quantitative and qualitative nature of sorghum FLWs and the main actors and relationships
along the supply chains. This part has been
Screening
performed through a thorough analysis of
secondary data from available reports and
statistics, meetings and interviews with experts’
Survey
Sampling
in relevant institutions.23 The interviews, which
have been conducted with various experts,
involved key representatives of local institutions
that play central role in food security and/or
Synthesis
agriculture in the country (Ministry of Production
and Economic Resources, Strategic Reserves
Authority, and other academic and policy centres)
Reporting
and international UN agencies as FAO and World
Food Programme (WFP), and other relevant
Fig. 1.1: Adapted from FAO 2016
NGOs.
The case study conducted surveys (Food Loss
Assessment ‘Survey'. This involved a semi-structured questionnaire differentiated for
producers, processors or handlers/sellers (i.e. warehouse manager, distributor, wholesaler, and
retailer) and other knowledgeable persons of the supply chain being assessed, complemented
with ample and accurate observations and measurements. The Load Tracking and Sampling
Assessment (‘Sampling’) was also employed for quantitative and qualitative analyses at any
step in the supply chain, in our case before and after storage. Finally, Synthesis and Solution
finding is used to develop an intervention programme for food losses, based on the previous
assessment methods.

1.3 Limitations and lessons Learned
There are some limitations concerning the data collection for this case study. Though data on
FLWs is variable -in terms of extent and geographical coverage (including the context and
methodologies used), yet the team was able to confront these challenges. Still, secondary data
are scattered, missing or improperly and or inappropriately viewed to match the requirements
of the FAO 4S methodological approach. This is mainly due to the quality of available reports
and studies, where different sources provide different answers related to the objectives of the
study and also because of the different methodological approaches used in these studies and
reports. To reduce some of these limitations, an attempt is made to validate the few data
available on FLWs by collecting new information from experts in the field through key
informant interviews, shared knowledge and expertise on food security and food loss and
waste management from relevant staff available by government institutions and UN agencies
working in the field to have a clear picture on the current FLWs in contrast to agricultural
situation in Sudan or the state level.
This case study and the field assessment focused on FLWs and this might relatively ignore
other important cross-cutting issues which can influence it directly or indirectly. Some other
limitations are due to the fact that, government documentation and information systems are
lagging behind and much information was missing or inconsistent. As information regarding
FLW was extremely scattered or imprecisely defined it becomes difficult to assess and
measure with the current FAO 4S methodology. Nevertheless, the FAO 4S methodology and
guidelines were used as to the standards during the field survey assessment, still some gaps
exist. The consultants and associated assessor made efforts to assess FLWs to meet the
desired outcomes of the FLWs case study. Being of comprehensive coverage and nature, the
field mission survey and its results took into account the available information and assessed
23

Data and information to be collected from relevant ministries, Agricultural Research Corporation,
Food Research Centre, universities, UN agencies, NGOs , and others.
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the gaps. Noteworthy is that, the linkage with other projects in agriculture development has
not been adequately highlighted for time and budget limitations. However, secondary
information and reports and consultants experience with similar tasks provided sufficient
background about the future needed coordination mechanisms, gaps and challenges.
Despite these limitations, this FLWs case study has managed to provide a wide ranging and a
multi-dimensional review and views on FLWs information over the past and current years
using combinations of complementary methodologies -both quantitative and qualitative
information-, visual and verbal tools as an effective approach and profoundly helpful tools in
triangulation of information in such a multifaceted case study.
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2

OVERVIEW OF THE MOST IMPORTANT FOOD SUPPLY CHAINS IN
THE SORGHUM SUB-SECTOR IN SUDAN

Sorghum is the main staple feed crop in Sudan and its uses as food are diverse. Sorghum flour
is mainly used to make pancake (kisra), unleavened thick bread, porridge, or gruel. The
sorghum plant is also a good feedstock to a number of different types of animals. It can be
chopped for silage or fed directly to livestock. The sorghum grain can also be used as animal
feed; the stalk is often used as hay. Sorghum is essentially a crop of the tropics and subtropics. It is adapted to high summer temperatures, particularly where soil moisture is
adequate. The crop thrives well in the temperature range of 16° to 40° C, though its
performance is optimized at a mean
temperature of 27° C. It is suited to low or
moderate
rainfall;
sorghum
water
requirements set the 500 mm-annual
isohyte as its northern growing limit
(Republic of Sudan 2003).

2.1 Status and economic importance of the Sorghum sub-sector
a) An overview of area, production and yield of main cereals
Over the last few years, cereal grains (sorghum, millet, maize and wheat) attracted a lot of
interest for its major role in food security, bio-fuels, feed and other manufactured products.
Sudan is the largest producer of sorghum (Sorghum bicolor)24 in the Arab world, producing
about 4.9 million tonnes in 2018, which is more than 70 percent of sorghum production in
Arab world crop (AOAD 2018, CFSAM 2019 & USDA 2019) (Table 2.1). However,
sorghum production is extremely erratic with variable fluctuations for many climatic, and
managerial and financial factors. For instance, average sorghum production over the period
2009-2018 accounted for 3.82 million MT (Table 2.1), about 6% of the world production
while in season 2016 /2017 production of sorghum accounted for 6.44 million metric ton, far
above average by almost 70 percent (CBoS 2017). Therefore, the potential for sorghum to be
the main driver of economic development in Sudan is enormous and there is a clear reason to
continue unleashing sorghum’s potential capacity in the country to be the cornerstone of food
security and other uses as well. Among cereals in Sudan, sorghum comprises almost 77% of
24

Sorghum is a cereal grain that has a variety of species. Typical varieties in surveyed areas are
Feterita, Wad Ahmed, Arfa Gadameck, Dabar, Tabat, Mugud, Wad Akar, and Wad Bako. In the state
of North Kordofan typical varieties are Wad Ahmed, Geshiesh or Juk, Zonari, Esteef, Red Batania
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cereals' production while millet and wheat share 15% and 8% of total cereals respectively.
Most of the sorghum is produced in the semi-mechanized farming (49%) and traditional rainfed agriculture (30%) while irrigated agriculture contributes only by 21% (Table 2.1).
Table 2.1: Area, production and yield of cereals by farming system (2008/2009 - 2017/2018)
Crop

Farming system

Irrigated
Semi mechanized
Traditional rain-fed
Totals sorghum
Irrigated
Semi mechanized
Millet
Traditional rain-fed
Totals millet
Irrigated
Semi mechanized
Wheat
Traditional rain-fed
Totals wheat
Sorghum

Area Planted
(000 ha)
426
5396
3582
9405
5
327
2816
3148
229
9
238

Harvested
(000ha)
381
3658
2510
6548
5
246
1873
2124
218
8
226

Production
(000 MT)
791
1865
1164
3820
4
94
643
741
413
9
422

Yield
MT/ha
2.076
0.510
0.464
0.583
0.821
0.383
0.343
0.349
1.895
1.163
1.869

Grand Total of Cereals*
12791
8898
4984
0.560
Source: own computations based on data from federal Ministry of Agriculture and Forestry, Department of
Statistics, 2018. *Note: maize is limited and grown in 37,000 ha with an average production of 50,000 tons
annually. Rice is also grown in White Nile (5460 ha) and Gezira (2500 ha) with an average yield of 1.5 ton/ ha

b) Economic and social importance of sorghum: Broadening the utilization base
While long term average of sorghum production in Sudan showed an average of 3.8 million
metric tonnes over the period 2009/2010 -2018/2019, the average production in season
2018/2019 in the three targeted areas (Gedaref, Gezira and North Kordofan) contributed by
almost 993 thousands metric tonne; 295 thousand and 109 thousand metric tonnes
respectively. This is equivalent to almost 37 percent of the average stable production of
sorghum in the country (Table 2.2). The drastic fluctuations in sorghum production and yield
threaten food security situation, increase wheat imports in the absence of strategic buffer
stocks and increased sorghum losses.
However, sorghum productivity is substantially lower than any neighbouring countries mainly
attributable to low use of technology inputs. Though growth rate for production is above the
population growth rate still there are hard droughts times that reduce production substantially
since yields are still at low pace (Table 2.2 & Annex 2.1). Sorghum is mainly grown for local
consumption by small scale holders (60% of quantity produced) in main producing areas,
particularly in traditional rain-fed farming, semi-mechanized and irrigated agriculture (Table
2.1 and Table 2.2). In figure terms, the total sum of sorghum industry in Sudan is close to one
billion USD other than the related activities. For the majority, it is considered as a main
source of livelihoods and generates income for producers, traders and processors as well as a
source of nutritional diet and caloric value for consumers.
In the Sorghum supply chain, it worth to note that, about 60% of the small holders’ total
produce was mastered by male farmers, while female farmers contribute by 40% of this total
product (Annex 2.2). However, the crop produce represents small amount (only 10%) to the
male small holders’ total income, this may be due to the argument that most of the product
used to cover the cost of production, a considerable portion for family consumption and small
proportion is marketed. However, small holder's female farmers usually consider the
marketing process as the responsibility of the male household for they look to the farm as a
whole family asset, even if the farm is her own. This has been very clear during the face– toface interviews or group discussion carried with females in the field surveys across the three
farming systems. On the contrary to this, i.e. at the processors and wholesalers level of the
supply chain, the crop contributes to the income generation by almost 100% share of their
total annual income. This shows that farmers may depend on some off-farm activities during
the dry season.
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Table 2.2 National production information of the sorghum subsector

Sorghum national average ( 2009-2018/2019)
National average annual growth (10 years) (%)
Average cost of production (SDG/ tonne)
Average cost of production (USD/tonne)

Percentage of production

Market product 1: Sorghum grain
Market product 2: stalks
% or Number by
Female
sex, age
15- 30- >45
30
45
Producers*
Traders
Processors#1**
Processors#2***
Retailers

Total
40%
0%
0%

Annual
Cultivated
production
area (ha)
(tonne/year)
3,820,000
6,548,000
3.3%
4.1%
11701
259
On-farm
Marketed
consumption
60%
40%
Volume (tonne/
value
year
(USD/ yr)
1,528,000
494,690,000
NA
NA
Male
15- 30-45 >45
Total
30
60%
100%
100%

0%

100%
Small
X
X
X

Level of processing operations
Level of trading/wholesale operations
Level of retail operations

Medium
X

Average yield
(tonne/ha)
0.583
2.2%

Total
100%
100%
100%
3M+3L
100%
Large
X
X

Source: Various secondary sources including survey information
* Number approaches to 16,000 in demarcated areas in Gedaref state (of less than 210 ha), circa 317,349 in
North Kordofan and about 100,000 in Gezira scheme.
** there is no accurate information and number of mills in areas surveyed but are estimated at 466 in
Gedaref state, 215 in North Kordofan and about 490 small mills in Gezira scheme. Numbers are estimated
based on number of villages with an average of 2 mills in a village.
*** There are about 3 large processing mills by Sayga, Seen, and Wheat mills capable of sorghum
processing. Besides, there are some mills for feed processing and glucose and ethanol manufacturing.

Despite the overwhelming role it plays in the livelihoods of millions, average annual growth
rates (over the last 10 years) were showing stable mode of trends, which might change
overnight by drought or floods, an alarming sign for food insecurity (Table 2.2). In the Sudan,
the interest for sorghum is being mainly due to food security reasons, where seasonality of
grain supply, natural hazards, post harvest losses and marketing obstacles are key elements in
this respect (Ismail 2010). This is because; sorghum in Sudan is almost entirely used for
human consumption for food with few non-food uses such as poultry and livestock feeding,
medical alcohol, glucose and starch manufacturing. For instance, sorghum and millets have
always been essential grain used to make traditional food and beverage products (Taylor,
2009) as 'Kisra' pancake, 'Red Hilumur' and 'white Abrai' and Nasha (Graham 1986).
However, some large and small grain mills process sorghum into flour that is used as an
ingredient in food preparation at household level or in food production in bakeries and
popular restaurants that sell traditional bread known as ‘Kissra’. Large flour mills include
Sayga Mills, a subsidiary of the DAL Group which produces a retail-focused mixed flour
product known as Zadna, which includes 60% sorghum. Wheata and Seen flour mills are of
oligopolistic competition in sorghum and wheat flour market (Table 2.2).
Beside these large enterprises, there are thousands of small and medium sized traditional mills
in cities, towns and local markets across the country, which also sell retail packages of both
whole-grain sorghum and sorghum flour, but their number is uncertain. Therefore, any
developments in the sorghum grain industry in Sudan will have an impact on the consumption
pattern since the commodity itself is processed into a wide variety of attractive and nutritious
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traditional foods, such as semi-leavened bread, couscous, dumplings and fermented and nonfermented porridges or gruels (Taylor 2009). Additionally, the sorghum market is currently
expanding with new uses including the production of ethanol as bio-fuels and starch based
biodegradable products like packaging materials and wallboard in housing industry
(ICRISAT, 2007). For this reason, broadening the utilization base for sorghum can
consequently lead to expansion in its production thus strengthen its position to play a key role
in food, feed and other utilization forms. For this purpose, main actors in sorghum industry,
being farmers, traders, processors or transporters need to work collectively in order to reduce
losses and risks for sorghum grain production and marketing if the industry is to go forward.

c) Food safety management mechanisms
Quality standards and regulations in Sudan are the sole responsibility of the Sudanese
Standards and Metrology Organization (SSMO).25 Despite this fact, there are overlapping
mandates in relation to food safety measures with Ministry of Health, Ministry of Agriculture
and Ministry of Animal Resources. The SSMO has limited coverage across the country,
which indicates partial coverage of the production, storage and primary processing of
activities in the entire country. In spite of this shortcoming, nevertheless, the SSMO is
strivings hard with other regulatory bodies to maintain food safety, which is the most critical
dimension of food quality so as to reduce both quantitative and qualitative food loss (Table
2.3: see photo). Although, SSMO is the governmental authority which applies regulations and
requirements for food safety/ quality standards on the ground, but the application is not that
rigorous. The frequency of checking these standards could be considered low in production
and processing stages while it is medium for transport and storage stage, and even high in the
marketing process, particularly for exports (Table 2.3). Following the period 2012, Sudan
received assistance from the Codex Trust Fund through the WHO –EMRO in a form of a
specialized pilot project which investigated the magnitude of mycotoxin in sorghum. The
project involved four countries including Sudan and currently implemented collectively by all
concerned bodies.
For this reason, the SSMO focuses on storage to reduce losses and quality hazards not affect
price and market position of the country. In few cases SSMO rejects, sometimes, lots of
sorghum due to incompliance with food safety regulations and standards. For example
sorghum in underground pits and Zakat warehouses has once been rejected with enormous
losses and food hazards. Observations showed that, obligatory registration of the food
processing/preparation unit always exists, but with dysfunctional activities. With regard to
food safety management system, good husbandry practices (GHP) good agricultural practices
(GAP) were exited and practiced by few producers associations and trade unions and other
actors along the food supply chain with the majority being ill-informed and need to be
enrolled into such training and capacity building programmes. The plant protection
directorate with SSMO identified potential hazards for domestic pest (Dura midge known
locally as maseh) which resulted in almost complete failure of production in this season in
some surveyed areas.
In a nutshell, the quality and safety system is less effective particularly food safety controls,
especially in remote areas due to limited presence of SSMO and the technically weak local
authorities. The Table (2.3) provides snap shot of food safety management mechanisms and
their efficiency along sorghum food supply chain in Sudan.
25

In 2009, the SSMO issued regulations for inspecting incoming and outgoing services and
establishments, conforming products and promoting goods and services. However, the Plant Protection
Department (PPD) under the Ministry of Agriculture and Forestry undertakes some monitoring of food
safety of products of plant origin. These include setting Maximum Residue Levels (MRLs), pesticide
residue monitoring and aflatoxin (Republic of Sudan 2017).
.9002 الئحة تفتيش الصادر و الوارد و الخدمات و المنشئات و مطابقة المنتجات و الترويج للسلع و الخدمات لسنة
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Table 2.3: Food Safety Management Mechanisms For Sorghum Subsector.
Controller

Control

National food
safety/quality
standards

Government
regulation
and
requirements

Frequency of
checking
(None, Low,
Medium,
High)

FSC actors food safety
management
system

Obligatory
registration of
the food
processing/
preparation unit
GHP/ GAP/
HACCP/
voluntary
standards

Actual situation in the FSC
Exists and applies to
the whole FSC
Exists but not rigorous

X

Doesn’t exist
Harvest
Transport
Storage
Process
Market

L
L
M
M
L
H

Exists but not rigorous

X

Responsible agent

SSMO and MoH, department of
food inspection , Ministry of
Agriculture & Forestry(MoAF)
SSMO, in collaboration with
Ministry of Health (department
of food inspection & safety),
MoAF –Plant inspection of
imports and exports, SSMO and
MoI
SSMO & Locality Authorities

Does not exist

GHP / GMP

L

GAP

L

Identification of
potential hazards

GHP & GMP is supervised by
the SSMO & Locality
Authorities
The GAP is supervised by the
MoAF-Extension and
Technology Transfer Dept.
Producers associations (Trade
Unions)
SSMO & MoAF (Department of
Plant Protection)

Striga, pests infestation M
(insects, mold, filth,
to
etc.), grain damage,
H
Dura midge, pesticide
residues, mycotoxin,
etc.
Source: from information compiled from field work and various secondary sources

SSMO Stamp on grain warehouse, Gedaref

Inside inspected warehouse, Gedaref State
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Despite its limited coverage, the current system on food safety and its related management
mechanisms are important in identifying the FLWs and need to be strengthened at lower
levels; particularly at the locality and administrative level.
Whilst there is a relatively medium quality standards in sorghum domestic markets, sorghum
exports pass through a rigorous process of safety and quality standards to meet international
standards (Table 2.3). It has been found that farmers apply pesticides residue post harvest to
protect the crop stands from certain insects.26 To control these types of hazards responsible
authorities make frequent awareness campaigns to farmers and exporters to minimize these
hazards through training modules in food safety and quality assurance. Table 2.3 shows the
information gaps in food safety management and the required mechanisms to bridge these
gaps.

2.2 Policy frameworks, national strategies and the role of institutions involves
a) Policy frameworks and national strategies
From the various literature reviewed and the results of the field missions to the three case
study farming systems in addition to the information gathered from relevant public
government institutions and the private sector as well, we can loudly say that, currently there
are no particularly unique programmes characterized by comprehensive multi-faceted outlook
to the problem of the FLW or strategy for reduction of food loss and waste in Sudan, past or
present. This case study is the first to bind the fragmented efforts on this concern in one
volume. This does not deny, however, the role of others and existence of minor interventions
by various institutions with narrows scope, coverage and limited objectives towards a
particular concern along the value chain.
The investigations also showed existence of inadequate policy framework that provide
technical and technological support on food loss to farmers and other actors along the
sorghum food supply chain in an integrative manner. More importantly in this concern is the
lack of focused training and education modules (developed by universities or extension
centres) about the country’s post-harvest losses and problems and the required remedies that
enhance the development of the entire agricultural sector. This is clearly reflected in poor
linkages and coordination mechanisms among concerned stakeholders viz. education,
research institutions and extension services in the absence (or weak role) of main institutions
responsible for coordinating, facilitating operational and policy research and activities in
relation to food loss and waste. Eventually, this FLWs case study identified the need for such
an integrated value chain approach that ensures all supply components of sorghum subsectors (or any other commodity) are adequately addressed in a comprehensive and
coordinated manner, such as considering research and technology development; access to
inputs; on-farm production; post-harvest processing and storage; and trade and marketing.
Additionally, the study also identified some policy gaps, at the states and federal level, which
included formulation and adoption of measures and regulations in favour of appropriate postharvest handling of grain crops by household stores and large scale warehouses in order to
reduce sorghum grain loss. To be fair, however, the term PHL is mentioned in a number of
relevant national plans and strategies but remained as broad statements without being
translated into actionable programmes and projects that address the issues of food loss either
directly or indirectly. The Twenty-Five Year National Strategy (2007–2031); Five-Year
Programme for Economic Reform (2015-2019); Highlights of the Four-Year Development
Plan 2017–2020; Interim Poverty Reduction Strategy Paper (2011-2016); Darfur
Development Strategy (2013-2019);National Agriculture Investment Plan (2016–2020);
26

Exports to Japan in the last few years were repeatedly discarded for it contains significant pesticide
residues beyond the permissible limits for Japanese authorities.
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National Adaptation Plan 2014 are just some of these plans which mentioned the post harvest
losses in broad terms.
At the national level, the government of Sudan -through the United Nations Development
Assistance Framework (UNDAF) - contributes towards national development priorities in
2018-2021 by incorporating the ambitions of the SDGs 2030 Agenda,27 which embeds the
SDG (12.3) about food loss and waste but nothing substantial exists on the ground. Even the
FAO highlights on food loss and waste reduction in its four strategic multispectral
interventions indicated in FAO Plan of Action for Sudan (2015-2019) did not go into direct
actions in FLW before this study, which is the first for sorghum supply chain. However, it
worth to note that, fairly; there are some programmes/interventions announced by UNDAF
made by WFP28 and other INGOs (e.g. ZOA-Zainab in Gedaref, WFP & IFAD in North
Kordofan) to reduce FLW by raising farmers' awareness and increase access to effective onfarm storage through effective hermetic bags or plastic/polyethylene tanks. Nevertheless even
these efforts are market oriented and cover small portion of farmers with the majority being
left behind. Needed is the policy frame that encourages small scale household farmers to
adopt technologies at a reasonable cost with adequate financing framework and policy.
In short, and from above analysis, the study revealed an eminent gap in addressing the policy
concerns of FLW by respective government institutions. For instance, and despite the Sudan
Zero Hunger to reduce the levels of post-harvest losses of small scale food producers at the
farm level and reduction of household level food waste through policies, programmes,
institutional mechanisms, infrastructure and changes in food preparation and eating habits,
still no government steps were taken to make this a reality. The best course of action is to set
a target for reducing the post-harvest losses of sorghum by almost 50% of existing practices
over the next two years and work to completely reducing it to zero level by 2025. This is not a
dream but a realm possible through enhancing harvesting and threshing operations using
technologies and improving transportation and storage of agricultural produce by using
appropriate, economically feasible and socially acceptable technologies.
b) The role of institutions involves in food loss
In principal, the SSMO (The Sudanese Standards and
Metrology Organization) sets the
quality and safety standards for local sorghum production, consumption and export in
coordination with relevant institutions as mentioned earlier (Table 2.4). The SSMO, which
operates through specialized technical committees of high calibre experts, obliges exporters
and traders to comply with food safety standards set by the SSMO. The standard specifies a
number of standards for grades rated against minimum requirements for test mass; maximum
requirements for impurities such as broken grains, foreign matter, admixture, etc. (Table 2.4
and Annex 2.3). However, the implementation of the standards is minimal in market
transactions.
Other agencies and institutions, which play different regulatory roles include Federal Ministry
of Health (FMoH), Ministry of Agriculture and Forestry (MoAF), Ministry of Animal
27

In the GoS-UNDAF programme document (2018-2021), the UN will support improving access to
productive assets, finance, markets, innovative technology, know-how, skills, apprenticeships and
services, sustainable management of natural resources, and sustainable production by managing food
losses and waste. This will be achieved by: (i) facilitating the adoption of technologies and practices
that increase productivity; (ii) promoting community approaches for natural resource management; (iii)
) facilitating multi-stakeholder dialogues to address issues related to secure land use rights; (iv)
strengthening rural institutions and organizations to design and implement resilient rural development
programmes; and (v) improving value chains to access international markets (UNDAF 2018-2021)
28

In its Zero Hunger Strategic Review, the WFP announced a programme to reduce the levels of postharvest losses of small scale food producers at the farm level and reduce household level food waste
through policies, programmes, institutional mechanisms, infrastructure and changes in food preparation
and eating habits (WFP 2017).
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Resources, Fisheries and Ranges (MoARFR), Ministry of Foreign Trade (MoFT), Ministry of
Environment & Tourism, Ministry of economic Planning (MoEF) and the Ministry of
Industry (MoI).
Table 2.4: Visual comparison between Sudanese and international specifications for
sorghum grain
Specification
Unit
Sudan*
International
Moisture content
w/w%
10% max.
13 %max
Admixture**
w/w%
1% max
Purity
w/w%
99%
98.6%
Proteins
w/w%
12%
Broken seeds
w/w%
2 % max
2 % max
Foreign material
w/w%
2 % max
Insect damage grains
w/w%
0.5 % max
Sprouted grains
w/w%
1 % max
Miscellaneous impurities
w/w%
1.4 % max
Live weevils
Free
Free
Dead insects
15/Kg. Max
Source*: Sudan trade point
Observations also showed that, the use of the food supply chain approach relatively exists in
the food safety system, but each institution is operating independently to fulfil its respective
mandate. Although variable in their technical operations and follow up, each institution
strives to carry out its activities with up-and-down coordination levels with the respective
sister-line ministry or institution, which is considered a major challenge. While the Ministry
of Agriculture and Forestry assists producers, processors and food handlers to adhere to good
agricultural practices (GAPs), The Ministry of Animal Resources and Fisheries cares after
animal husbandry and hygienic practices. Both ministries carry out and simultaneously
market surveillances to ensure that agricultural inputs and food products comply with the
safety regulations and food standards (Republic of Sudan 2013). On the other hand, the
federal Ministry of Health is responsible for the general food safety issues including food
hygiene, prevention and control of food-borne infections and intoxications.
In brief and as mentioned earlier, the SSMO plays the major role by assisting warehouse
keepers, processors (milling industry) and food importers to adhere to food safety and quality
assurance principles and also provide certification audits for management systems, products
and food safety. However, laboratory analysis is usually provided by SSMO, FMoH, MoAF,
and MoARF in collaboration with universities and research institutes and centres as NFRC.
The aforementioned institutions require coordination and integration to minimize duplications
enforcement gaps (Ibid 2013).

2.3 Inventory of activities and lessons learned from past and ongoing interventions
in sorghum food losses
In Sudan, however, there is an apparent gap in FLW information. To fill in this gap, various
secondary data sources and information from different documentation sources were reviewed.
In addition, interviews with a range of experts from relevant national institutions were
organized at the national level during the screening phase and at the state level during the
field survey mission.29 Libraries by the mentioned universities and centres were further
29

The National Food Research Centre, NFRC; Department of Food Technology, Faculty of
Agriculture, U. o. K; The FSTS; the Ministry of Agriculture & Forestry, Ministry of Health, SSMO,
Agricultural Research Corporation, University of Gedaref, University of Gezira and University of
Kordofan, etc.
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consulted to acquire more information on research done in the past with particular emphasis
on sorghum FLW (Annex 2.4). Furthermore, secondary information from National and
International Non-Governmental Organizations (NGOs & INGOs); besides international
donor organizations; private sector; on-going projects; media and the internet sources were
also presented.
The field survey identified some project interventions as stated by the UNDAF and
implemented by the WFP30 and other international NGOs as ZOA-Zainab in Gedaref,
supported by EU and also WFP & IFAD project in
Hermetic bags distributed by ZOA-WFP
Butana area and North Kordofan to reduce FLW by
raising farmers' awareness and increased access to
effective on-farm storage through effective hermetic
bags or plastic/polyethylene tanks (see photos). Both
experiences need to be revised in terms of social,
technical and economic acceptability in order to meet
actual needs of farmers; particularly the price, size
and technical design and priority needs. The survey
mission showed that polyethylene tanks are diverted
to water tanks, which are urgent priority to farmers
than storage (photos). No metallic tanks were
observed in all surveyed areas
A policy frame that encourages small scale household
producers/farmers to organize themselves in groups
Project in East and West Galabat Locality,
of associations (network associations or cooperatives)
Gedaref State. December, 2019
is currently absent .Such an organization is urgently
need to mainstream efforts and contribute to food loss reduction by adoption and making
better use of available technologies.
Although there is no distinct and well-structured government-led programme for managing
post-harvest activities in the past, still there are some UN support to improving access to
productive assets, finance, markets, innovative technology, know-how, skills, sustainable
management of natural resources, and sustainable production by managing food losses and
waste in aforementioned areas; in North Kordofan and Gedaref States,. This is achieved
through programmes that support the state and
Plastic Tanks used as water instead of crop
local governments (Ministry of Production and
storage. Galabat Locality, Gedaref State
Economic Resources, by assistance of the
Agricultural Research Corporations (ARC), and
the Department of Extension and Technology
Transfer) to help facilitating farmers' adoption
of new technologies and practices that increase
productivity in targeted states in Gedaref and
North Kordofan with the aim to enhance
resilient rural development and improve value
chains to access international markets (UNDAF
2018-2021).
The field survey mission identified some
reasons for poor or low adoption of post harvest
loss technologies by farmers such as hermetic
bags and plastic tanks for storage of sorghum
(although they last for long period) as due to
30

In its Zero Hunger Strategic Review, the WFP announced a programme to reduce the levels of postharvest losses of small scale food producers at the farm level and reduce household level food waste
(SDG 2.3) through policies, programmes, institutional mechanisms, infrastructure and changes in food
preparation and eating habits (WFP 2017).
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inappropriate size (100 kg) and the relatively high cost ($ 1.75-2.5) compared to 90-kg jute
sacks or 50-kg polyethylene bags; which is almost half of this price or even less. On the other
hand, the reason for the low acceptance of the improved plastic tanks is the design which
permits one inlet and outlet that make frequent openings tedious. Even though the plastic tank
only guards the grain from rodents, not from storage insects, besides the high market price.31
Despite these limitations, these bags provided effective protection of stored grain and are
currently being distributed to farmers in Gedaref (Galabat East and West) and they resulted in
reduced food loss, improved quality and saved farmers’ harvest for longer periods.
Machinery has been widely used in previous years to thresh sorghum. Observations showed
that most of the smallholder farmers in survey areas hire small thresher machines (Turkish,
Chinese types and GIAD beside other
trademarks) to thresh sorghum. Because the
machinery is stationary and propelled by a
tractor, sorghum is collected in one site with
many losses and heads are manually fed into
the machine to thresh with some fewer
precautions. Threshers are of relatively high
initial cost, and few farmers can afford to
purchase threshers.
Therefore, one of the possible mean to purchase
a thresher through networks of producers'
associations or through service providers who
can provide threshing services to a sizable
number of farmers to compensate for business
investment in such costly machine. Therefore,
linking small scale farmers with financial
institutions is needed to help them procure the
technologies not individually but collectively
through concessional loans with minimum
collaterals.
The difficulty which may arise is the
remoteness of maintenance workshops as well
as high cost of spare parts. There are cases of
transporting broken down machine to nearby towns for repair during the short harvest time
thus creating huge loss and discourage the uptake of the technology and depend on rented
machine.
GIAD Threshing machine

2.4 Overview of the most important food supply chains in the sorghum sub-sector
In this food case study, sorghum food supply chains were assessed in three different farming
systems, the first is concerned with small holder farmers in semi-mechanized rain-fed farming
in Gedaref area, second is concerned with irrigated agriculture in Gezira Scheme while the
third is concerned with traditional rain-fed farming in North Kordofan. Sorghum grown in
irrigated areas is found of sizeable volume and therefore given equal importance as traditional
and semi-mechanized dry farming. As a matter of fact, the supply chains that transacted the
largest proportion of marketed sorghum are diverse, and the selected ones included only the
major ones. Important to mention herein is that, the FLW assessment included the production
phase as large planted areas (27-30%) are usually not harvested for one reason or the other,
therefore, much focus will be given to this stage. Likewise, harvesting, stacking, drying,
31

Farmers complain that the programme covered few number of farmers compared to total number of
farmers in the area and majority still have to use chemical pesticides (powders and fumigants) to
control storage insect pests and rodents.
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threshing and storage are some of the activities common to all sorghum supply chains that
incur losses will be adequately addressed together with processing, wholesaling and retailing
which are of equal importance though losses are less than previous.

a) General review and description of the supply chains and marketing channels
The field survey data and information that describes the supply chains and the marketing
channels in the three farming systems were represented in one figure (Fig. 2.1) for space. The
first and shortest supply chain or channel is identified when small scale farmers directly sell
sorghum to rural traders who sell in turn to agents (intermediaries) of traders and wholesalers
(FSC 1, rural traders supply chain (Fig. 2.1). This chain, which passes through various
channels, is common in almost all of the three farming systems, particularly villages or
smaller towns. The steps in the chain, which are Harvesting (Cutting) => Stacking/Drying =>
Threshing => Storage/Processing => Transport => Consumers, will be discussed further
where appropriate and focus will on the number of chains/channels in the three farming
systems. The figure shows another supply chain that demonstrates sorghum transactions and
flows from farmers to the consumers through retailers in the rural or urban areas (FSC 2).
Agric. Inputs as seeds, fertilizers, pesticides, etc.

Traditional farming N. Kordofan

Semi-mechanized small scale farming (Gedaref)

On-farm
storage

Rural
traders

Household
storage

Traders or
Wholesalers

Lorry
drivers as
traders

Household
storage

Transport to market or
modern storage

Irrigated farming, Gezira

Bank
salaams

Rural
traders

Traders/wholesalers

NGO’s

Relief and subsidy
Retailers

Silos storage for
more cleaning

Wholesalers
& Traders

Urban
consumers

Urban &
Rural
consumers

Traders

Livestock enterprises (poultry, milk and
fattening agribusiness enterprises)

Companies for
export

Sorghum starch &
glucose industry

Fig. 2.1: Sorghum flows and value chain, (adapted from Ismail 2018)

This second shortest supply chain involves transaction of sorghum grain from the farmers –
through storage either on farm or household stores to the consumers through retailers in the
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rural or urban areas (Fig. 2.1). Again, the steps in this chain are Harvesting (Cutting) =>
Stacking/Drying => Threshing => Storage =>Transport to Retailers => Consumers.
Similarly, a third wholesale market supply chain can be traced (Fig. 2.1) which involves
assembly of grain from smallholder farmers by rural assemblers, which sell to traders, who in
turn transport the sorghum produce o urban centres and sell to wholesalers, from which
retailers source grain and sell to the users or consumers (FSC3). The steps in this chain are
also Harvesting => Stacking/Drying => Threshing => Storage =>Rural Assemblers =>
Transport/ lorry drivers => Traders => Transport => Wholesalers => Transport => Retailers
=> Consumers.
Although there are no greater differences, between traders who purchase sorghum from
wholesalers, traders in urban markets and other intermediary agents who purchase for NGOs
and UN agencies as WFP, nevertheless, they are abide by law, particularly when grain is
purchased for relief purposes to be transported inside or exported outside the country to
neighbouring countries (FSC4). This is why the study of the chain is considered important for
it has harmful and distortive effects on domestic market price and also the economy.
Information showed that large volumes of relief are purchased from El Obeid and or Gedaref
crop markets and transported to Eretria, South Sudan or moved to IDPs camps thus affecting
strategic reserves in lean years and the consumer prices as well. Details on this chain will
discussed where appropriate. However, these traders–government agencies supply chain
(FSC4) involves government institutions as ABS, SRC, and other commercial Banks, and
intermediary companies as well as UN or NGOs. The chain requires permission from
government and is regulated through the ministry of finance and economic planning.
The large agro-industry represents an important part at the end of sorghum supply chains
(FSC 5) and involves large and smallholder farmers, assemblers, traders, wholesalers and
industry processors such as starch and glucose industry, animal feed industry besides Syega ,
Mahgoub Sons, and Seen Processing Mills in Khartoum (Fig. 2.1). The large scale sorghum
mill processors usually target multipurpose shops and users as shall be highlighted in detail in
the marketing section where appropriate. This chain supplies further processed sorghum flour
or processed Kisra pancakes through distributers, outlet or multipurpose supermarkets and
shops to sell to consumers or end users. The steps in the chain involve: Harvesting =>
Stacking/ Drying => Threshing => Storage =>Rural Assemblers => Transport => Traders/
Brokers/Agents => Wholesalers => Processors or agro-industry companies => Supermarkets/
Multipurpose Shops or Outlets => Consumers. Consumers in this supply chain used to eat the
sorghum flour they bought as sorghum pancake (Kisra) or porridge (Asida) or other forms.
b) Food supply chains in the sorghum subsector: quantitative & qualitative assessment
This section sheds more light on quantitative and qualitative information on the selected
sorghum food supply chain for sorghum subsector already dealt with in the previous section.
As the supply chains that transacted the largest proportion of marketed sorghum are diverse,
still they are largely similar across the three farming system. Therefore, an example from each
farming system can be quite sufficient to understand the types, nature and quantity of flows as
shall be seen in this section. Potential producing areas and the main FSCs in the sorghum
subsector are identified by the selected geographical locations, the final product and market
for the final product in main producing states namely Gedaref, Kordofan, and Gezira Scheme
in Gezira state. Since, secondary information on supply chains were meagre and only partial,
the gaps were filled during the survey and sampling phases. Other than farmers, most of the
information was obtained from Gedaref, Managil-Gezira, and El Obeid Crops Markets and
are supplemented by additional secondary information from Ministry of Production and
Economic Resource (formerly Ministry of Agriculture and Animal Resources) by the
respective states.
Table 2.5 gives general information on the food supply chains specific to the three case study
areas, namely irrigated agriculture of Gezira Scheme, traditional rain-fed agriculture of North
Kordofan and the semi-mechanized rain-fed farming in Gedaref area. The sorghum produced
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in the three areas usually find its way to wholesalers in terminal markets, which in turn sold to
traders/ wholesalers in large towns as Khartoum, Medani, Kosti, Shendi, Atbara, etc., and
even to some other markets in Kordofan and greater Darfur. It has also been reported that,
some of the produce goes to neighbouring countries through formal and/or informal channels
via smuggling trade to Ethiopia, Eretria and South Sudan but information as to the volume of
informal trade (smuggling) is a matter of guess and usually double the formal quantities.
Table 2.5: Food supply chains in the sorghum subsector in three farming systems
Food
supply
chains

Geographical area
of production

Final
product

Volume of final
product (000
tonne/year)

1-5*

Gedaref **

567

1-5*

North Kordofan

Sorghum
grain
Sorghum
Grain

1-5*

Gezira-Managil

Sorghum
Grain

365

68

Number, age and sex of
Smallholder producers

Market of final
product, location,
buyers

Project
Support

16,000 (F= 40%)
M= (60%) **
317,349 (F= 40%)
M= (60%)

Khartoum,
Export outlet
Khartoum, El
Obeid, export
outlets
Khartoum,
Medani

ZOA
WFP
WFP

(F= 40%)
M= (60%)

Gov.

Source: Secondary information complemented by interview results
Legend: F=female, M=male (%)
*The figures are inclusive for all supply chains as it is not possible to get separate data for each supply chain.
**The production in Gedaref is estimated only for small-scale farmers only (1.6 million feddan time 4 sacks
per feddan on average. The number includes who's in the demarcated areas (Annex 2.5).

Production by small farmers in Gedaref is estimated at 567 thousand tonnes from an area of
1.6 million feddan excluding large scale farmers (Table 2.5 Annex 2.5).While the quantity
transported from Gedaref Crops Market to major markets in the country over the period 20152019 accounted for 487,200 metric tonne per year, the SSMO reported an average of exports
from Gedaref sector that amount to 65,400 metric tonne a year over the same period, which is
almost about 13%.
In North Kordofan and Gezira production is estimated at 68 thousands and 365 thousand
tonnes respectively. The five common FSCs formerly represented were further evaluated and
rated on their economic importance; generation of foreign exchange; contribution to national
food consumption, and contribution to national nutrition and environmental impact. Based on
the total score of the evaluations, FSC3 (Farmers-Traders/Agents-Wholesalers-Retailers
market supply chain), which scored the highest points, was selected for the case study. As
detailed information on each of the five supply chains is deficient, the selection criteria relied
on value judgement of the team assisted by the national consultants and Key Informants as
well. Table 2.6 shows the evaluation and rating results.
Table 2.6: Importance of food supply chains based on information at state/national level.
Food Supply
Chain(s) FSC, 1-5
1-5, Gedaref
1-5, North Kordofan
1-5, Gezira-Managil

Economic
Importance

3
2
3

Generation
of foreign
exchange

Contribution to
national food
Consumption

2
1
1

3
2
3

Contribution
to national
nutrition

Environmental
and climate
change impact

3
2
3

232
2
2

scores

13
9
11

Figures obtained through group discussion
Values in the table indicate rating scores of the FSCs (1-3 scale) where 1 represents low, 2 for medium and 3 stands for high
with respect to attributes in the table heading. Note that foreign exchange in Kordofan and Gezira is almost close nil

Though sorghum crop is of high economic importance and food security to the farmers in the
states of Gedaref, North Kordofan and Gezira, its contribution to generation of foreign
exchange is of medium and low levels respectively. Due to repeated cropping of the land with
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Serious example of the effects of sorghum cultivation on the environment is given by Gedaref State.
The area described as grazing lands has declined from 78.5% of the state’s total area in 1941 to only
18.6% in 2002. The remaining forests, though some of them are kept as reserves, are subject to severe
cutting together with shrubs for cultivation purposes and for home fuel and commercial production and
selling of charcoal. All these factors contribute to soil erosion and desertification leading to tribal
conflicts over land.
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sorghum, depletion of soil fertility is manifested. Application of herbicides for weeds control
and sometimes pesticides to control pests, in some areas led to soil and water contamination
by these chemical, particularly in Gezira. The negative impact on the climate is expected due
to clearance of vast areas from natural vegetation so as to grow the crop; this in turn may have
affected rain fall, relative humidity and the climatic parameters in general.
The team encountered some difficulty in assessing the importance of the sorghum food supply
chain(s) for its respective actors in value terms based on contribution to income generation
(i.e. the % share of total annual income of farmers, middle men, processors, wholesalers, and
retailers for lack of accurate data on part of actors. However, the team run an analysis using
the following criteria: a) smallholder production; b) food security and income generation; c)
involvement of the poor; and d) employment provision, still we come to indicative scores
close to reality (Table 2.7).
Table 2.7: Importance of food supply chains for actors at the farming system level.
Food Supply
Chain(s) FSC, 1-5
1-5, Gedaref
1-5, North Kordofan
1-5, Gezira-Managil

% of product by
small holders
3
3
3

Income
generation
2
1
2

Involvement
of the poor
3
3
3

Involvement of
the women
3
3
3

Employment
provision
2
3
3

Figures obtained through group discussion
Values in the table indicate rating scores of the FSCs (1-3 scale) where 1 represents low, 2 for medium and 3 stands for high
with respect to attributes in the table heading.

2.5 Presumed food losses in the selected food supply chains
Presumed food losses in the selected food supply chain are identified in each step of the FSC
(as a critical or low loss point, CLP or LLP) in both quantitative and qualitative terms in the
three farming systems (Table 2.8). These loss points are identified based on the information
obtained from key responding experts, team observations and consultants' experiences.

As any type of food losses are usually encountered during the production, postharvest,
processing, distribution and retail stages along the food supply chain, much focus is laid on
production risks, which were found to encounter serious loss that might reach 30-80% of the
harvest if not carefully handled. However, considerable losses may occur before harvesting,
particularly during cutting and stacking when there is sudden or untimely rainfall. The
phenomena is known locally as 'Talwey' and results in qualitative change in colour of
sorghum grains after rain showers on the crop (Table 2.8).
Table 2.8: Actual inclusive preliminary screening of food losses in the selected FSCs
Steps in the FSC
Indicative losses
Quantitative (CLP or LLP)
Qualitative (CLP or LLP)
North
Gezira
North
Gezira
Gedaref
Gedaref
Kordofan
scheme
Kordofan
Scheme
Production
CLP
CLP
CLP
CLP
CLP
CLP
Harvesting
Stacking/Drying
Threshing
Storage

CLP
LLP
CLP
CLP

CLP
LLP
CLP
CLP

CLP
LLP
CLP
CLP

CLP
LLP
CLP
CLP

CLP
LLP
CLP
CLP

CLP
LLP
CLP
CLP

Assembly
LLP
LLP
LLP
LLP
Transport
LLP
LLP
LLP
LLP
Trading
LLP
LLP
LLP
LLP
Transport
LLP
LLP
LLP
LLP
Wholesaling
LLP
LLP
LLP
LLP
Transport
LLP
LLP
LLP
LLP
Retailing
CLP
CLP
CLP
CLP
Source: field survey data and observations, December 2019

LLP
LLP
LLP
LLP
LLP
LLP
CLP

LLP
LLP
LLP
LLP
LLP
LLP
CLP
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Comments
and remarks
Striga, dura
midge, rodents
No GAPs
RH, molds
Broken grain
Broken grains,
filth, insects
Sack rupture
Sacks rupture
mishandling
Impurities,

The entire risk factors shall be dealt with where appropriate in the coming chapters. Except
for transportation, processing/milling, wholesaling and trading, all other stages along the
sorghum supply chain are found to be as critical loss points (CLPs33: Table 2.8). For instance,
production followed by threshing became the first critical loss points in the selected sorghum
supply chain, with respect to both quantitative and qualitative types of losses. The results of
this case study supported the findings made by many studies, which will be shown elsewhere
in this study.
The variability in losses arises from the fact that sorghum is threshed throughout the country
either manually by hand or using semi propelled machine. The manual method of threshing is
on plastic sheets on floor, and sometimes plastered mud, which may cause contamination with
impurities such as soil and inert matter or any other contaminants. Next critical loss points are
storage at farmer or household stores and retailing, but losses by wholesaling and transporting
are minor and considered low loss points (LLPs). However, sorghum stored for a relatively
short period of time incurs little loss compared to long period storage, which incurs huge loss.
In the three farming systems, sorghum is generally stored in traditional storage structures in
jute sacks or plastic bags. These structures are made of mud or straw or zinc and mostly in
bad condition for storage. In some cases, small household farmers store sorghum grain in bulk
in traditional structures known as Sweiba made of mud or straw.

33

Critical Loss Point (CLP) when losses are 1% or more. LLP when loss is less than 1%
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3

DIAGNOSTIC AND SITUATION ANALYSIS OF THE SORGHUM SUPPLY
CHAINS: THE CASE OF SEMI0MECHANIZED, TRADITIONAL AND
IRRIGATED AGRICULTURE

3.1 Description and analysis of the selected sorghum food supply chains
The chapter provides a diagnostic analysis of current situation of sorghum supply chains by
smallholder farmers in the three farming systems, namely the traditional rain-fed or dry
farming, semi-mechanized rain-fed farming and irrigated. The selected areas are North
Kordofan, Gedaref and Gezira Scheme respectively. The section gives a brief description of
the selected sorghum food supply chain (FSC 1-5), with particular emphasis on the supply
chain that goes from farmers to wholesale market and retailers, or which goes to export and
urban markets. As mentioned earlier the case study will focus on the supply chain with the
highest value or grade for its importance, based on the different criteria evaluated in previous
section.
3.1.1 The case of smallholders in semi-mechanized rain-fed farming in Gedaref area
Gedaref state is located in the east of the Sudan between latitudes 12° 40' and 15˚40' N and
longitudes 33˚30' and 36˚30' E. The state covers an area of about 71,000 square kilometres
(about 7.1 million ha34). Population accounts for 2.3 million inhabitants in 2019 at a density of
32 persons per km2 and almost 77% of the people are engaged in agriculture. The state borders
Ethiopia and Eritrea to the east, Gezira State to the west, Sennar State to the south and
Khartoum to the North West. In all these states there are potential markets for sorghum grain.
Administratively, the state is divided into 12 localities,35 each with its own administrative units
(Map 3.1).
The survey and field mission for the
case study in the state was carried out
in mid December 2019 in three main
localities, namely Gedaref Centre,
Galabat East and Galabat West (red
circle in Map 3.1). The three localities
comprise almost 23% of the state
population and most of them are small
farm holders.
The state is of high socio-economic
importance to Sudan's agriculture, in
particular the production of sorghum
grain and sesame. Information about
agriculture and other resources is
highly lacking for lack of proper
information management systems and
statistics is, therefore; quite deficient
as to farm inputs and output.

Map 3.1: Study areas by locality Gedaref Centre, East and
West Galabat Localities, Gedaref State. December, 2019

Gedaref Centre

Galabat West

Galabat East

The number of small farm producers, is confined to demarcated areas and is not disaggregated
by gender. Nevertheless, the statistics available by the Mechanized Farming Corporation
34

One feddan equals approximately 0.42 ha and one ha=2.381 feddan.

35

Gedaref, Gedaref Central, Butana, El Fashaga, El Fawo, El Rahad, El Mafaza, Galabat West,
Galabat East, Basonda, El Gurisha and Galla El Nahal.
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(MFC) shows that, the number of smallholders in the demarcated crop lands as about 16,000
while those in the non-demarcated (unregistered) areas are several folds. In 2018, the total
cropped area by demarcated small scale holders (those having 210 ha or less) accounted for
662 thousand ha only compared to large scale farmers (211 ha or more36) who cultivated
about 2.6 million ha, which is about 75% of the total grown area in the state.
Sorghum production in the state is highly variable depending on the climatic conditions and
other known factors. Official statistics by Ministry of Production and Economic Resources
showed that, of the 3.2 million hectares grown in the state, sorghum accounted for 72% while
sesame, millet, cotton, and groundnuts shared 17%, 5%, 1.2%, 1.5% and 0.6% respectively.
Average production of sorghum in the state over the period 2009/2010 to 2018/2019 was
close to 950 thousand ha at an average yield of 0.5 tonne/ha). However, the annual production
of sorghum in the state in year 2018/2019 accounted for 993 thousand metric tonnes
compared to 658 thousands metric tonne in previous season of 2017/2018, which shows
drastic fluctuation. Although average area of land allocated for sorghum production (ha) in
2019/2020 is even more than previous, but production is expected to decline due to heavy
rains and infestation by sorghum midge as shall be seen elsewhere (Table 3.1).
Table 3.1: Production information of sorghum in Gedaref State
Annual product-ion
(tonne/year
993000
4%

Harvested (ha)

Average yield
(ton/ha)
0.662
3%

Raw material (2018-2019)
1782480
Average annual growth over
2%
1998/1999-2018/ 2019 (%)
Average cost of production (SDG/sack) = SDG 1235 of 90- Kg. sack
Average cost of production (USD/ton) = USD 340 (at a rate of 45.1 SDG/$)
On-farm consumption
Marketed
Percentage of production for2
30%
60%
Volume (ton/year)**
Value (SDG/yr
Market product #1 Sorghum.
595,800
1,221,390,000
Number, gender, age
Female=40%
Male=60%
Total
Producers
6400
9600
16000
**This is equivalent to 60% of annual production i.e. volume of quantity marketed

The field survey showed some important socioeconomic indicators and farming characteristic
in the three selected localities namely Gedaref Centre, West Galabat and East Galabat (Table
3.2(. Most of the smallholder farmers (73%) are within the productive age. 36% of the
farmers interviewed were females to allow for adequate gender analysis. Illiteracy was also
found not high (28%). Analysis showed that 30% of quantity produced is consumed by
household farmers while 70% goes for the market (Table 3.2). About 73% of farmers have
primary education which is indicative for smooth technology transfer. Interesting to come
across is that more than half of farmers purchase and use improved seed varieties, however,
users of agro-chemicals are about 30% of farmers (Table 3.2).
In tracing the key actors in the sorghum food supply chain in the three localities i.e. Gedaref
Centre, Galabat East &West the most common FSC is found as farmers, transporters, traders
(in Doka intermediary crop market and/or Gedaref Crop Markets), processors/millers, small
stores/ warehouse managers of banks or traders and daily labourers. Over viewing the most
important food supply chains in the sorghum subsector above, the selected supply chain
comprises Harvesting => Stacking/Drying => Threshing => Storage =>Rural Assemblers =>
36

From this definition, it is not yet clear as who is small and who large scale producer is. This needs to
be rectified by using a thorough definition that involves parameters other than area. Such exercise is
integrative with other elements in agricultural development such as market information system, optimal
allocation of resources through an agricultural sector model.
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Transport => Gedaref or Galabat E/W Zone Traders => Transport => Wholesalers (Gedaref
Crop Market) => Transport => Retailers => Consumers (see Figure 2.1).
Table 3.2-a: Socioeconomics and farm characteristics of small holders in Gedaref area
N=47
Particular item
Socioeconomic indicators
Age
less than thirty (11%); between 30-60 (73%); more than 60 (17%)
Sex/gender (Male= 64%, Female=36 %)
Education: illiterate (28%); primary (44%); secondary (22%); university (7%)
Farm ownership: 78% farmer, 20% tenants, 2% sharecropper
Farming characteristics
Total area cultivated by household (ha)
Total area cultivated by sorghum (ha)
Total sorghum quantity harvested (tonne)
Quantity consumed by household (%)
Quantity marketed (%)
Major farming technology used for sorghum farmers
Farmers using traditional seed varieties (%)
Farmers using improved seed varieties (%)
Farmers using agro-chemicals (fertilizers, herbicides, insecticides, etc. (%)
Source: Field survey data
Figures are rounded to nearest decimal and do not necessarily sum up to 100

Value
%
100%
100%
100%
100%
13
7
3.8
29%
71%
%
46
54
30

Viewing over the most important food supply chains in the sorghum subsector above, the
selected supply chain comprises Harvesting => Stacking/Drying => Threshing => Storage =>
Rural Assemblers => Transport => Gedaref or Galabat E/W Zone Traders => Transport =>
Wholesalers (Gedaref Crop Market) => Transport => Retailers => Consumers (Fig. 2.1). It
has also been observed that, the sorghum supply chain begins with sorghum grain being
produced by smallholder farmers and ends with marketing of the grain to the consumers, end
users (glucose, processing, animal feed) or exports. As shown by the flow diagram (Fig. 2.1),
the sorghum food supply chain is long and extends to urban areas in Khartoum and other big
towns in the entire country. However, it should be noted that, the longer the transaction of a
given commodity the lower the efficiency of the supply chain, as the possibility of losses
occurring at the different stages before the commodity reaches the consumer or end users
increases. Shortening the supply chain would increase its efficiency and contribute to the
reduction of post-harvest losses. This suggests establishment of a processing industry in
Gedaref, or Doka, which can increase both consumption base and marketing efficiency. A
short description of the most important stages of this supply chain is given below:
Harvesting – small scale holders usually harvest sorghum manually by cutting the heads from
stalks with sickles and made it in stacks
for drying (photo) It has also been
observed that, varieties grown are
various and with different heights, which
make it difficult for combine harvesting.
While, harvesting in Gedaref state is
mostly done by men or hired labours
who are also men, planting involves
men, women and children of various
ages and sex. The harvest passes through
Stacking/Drying stage for a while until
the heads dry further in the field for
some time until find a thresher.
Threshing in the study area is done with a thresher machine fed manually by hands to separate
the sorghum seeds from the heads. Threshing might take some days either due to non26

availability of threshers or lack of labour. The
harvest is then transported from field to homestead
for storage or be prepared for sale. Farmers use jute
sacks to transport sorghum from the threshing fields
to the homestead using trailers (photo), small motor
cars (three-tyres pike known as Tuktuk) (photos) or

animal drawn trucks (horse/ donkey drawn truck).

Storage – small scale farmers in the study area store their sorghum mostly in their houses
using various storage structures mostly built of zinc metal, and straw. The produce is kept in
jute sacks, though not for long periods, until consumed or marketed. Farmers intending to
store for a long period (6-9 months) use zinc, underground pits or Sweiba structures (Table
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3.2-a. In every village there are rural assemblers who assemble sorghum to be sold in rural
markets. Lorries that carry 60 sacks of 90-Kg. Jute bags per trip are the most commonly mode
of transport used in Gedaref area particularly when transporting to Gedaref Central Market
(photo and Table 3.2-a)

In Gedaref, the average cost of production of sorghum (Dura) in season 2019-2020 was
estimated to be about SDG 1235 /sack (Table 3.2-a). Farmers had to incur extra losses
because they repeated sowing several times to compensate for the seeds attacked by insects
and rodents before germination (Table 3.2-a). Most producers of sorghum are males and
women rarely engage in sorghum production because sorghum fields are located in distant
lands outside the villages. Situation in North Kordofan and Gezira are shown in Annex 3.1a&b)
Sorghum producers have different market outlets, the main being rural assembly (Fig. 3.1).
Rural assemblers collect the sorghum surpluses from smallholders in the farmers’ areas.
These assemblers are mostly independent operators in primary markets who assemble and
transport the grain using pack animals and small trucks and sell to Doka market, one of the
main Galabat East markets held every week on Sunday and Thursday or to any other traders
in nearby markets most likely in Gedaref Crop market, which holds on daily basis. These
traders sell the sorghum to wholesalers in their area or urban centres as mentioned earlier. The
wholesalers then sell to retailers either in the intermediary market or urban markets. Finally,
retailers seek sorghum from the traders and sell to users (kisra makers) or consumers
(Fig.3.1). The same is repeated in other markets in the state, which fall beyond the scope of
our survey mission.
However, retailers perform various functions and play an important role in delivering the
sorghum grain to the final consumer and handle about 90-95 percent of the total marketed
volume of sorghum. In nearby villages, retail traders also collect sorghum directly from
farmers to sell in village or intermediary markets.
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Table 3.2-b: Detailed description of the food supply chain – Basics (Gedaref)
FSC stage1

Primary
production

Galabat West &
East and Gedaref
Centre

Months of the
year3
From
To
Late
August
Juneto early
July
Sep

Harvest

Farmers' village

Nov

Jan

Post-harvest
handling

Farmers' village

Nov

Jan

Storage

Farmers store

Nov

Jun

Transport 1
Market sales
Agroprocessing

Small cars
Rural market
at village level

Nov
Jan
Nov
Jan
Thru the year

Storage

Warehouse(s)

Nov

Jun

Transport 2
Wholesale

Vehicle
Galabat &
Gedaref Crop
Market
Different sites

Nov
Nov

Jun
Jun

Retail

Geographic
Location2

All year round

Main
products4

Quantity
(ton)

By-products

Quantity
(ton)

Duration/
Distance5

Services

Food safety and quality controls
applied by that part of the chain

Tillage operations
by tractor, wide
level disc
promotion of
threshers by
NGOs and MoA
Family or hired
labour
Family or hired
labour, promotion
of stationary
threshers by
NGOs and MoA
PHLR strategy to
Households by
ZOA &WFP
Small truck

Low GAP except few trained farmer
by ZOA & MoA, early maturing
and purple witch weed (striga
hermonthica) (buda) resistant
varieties should be grown

Sorghum
grain

sorghum Farm

3-4 month

Grain

Sorghum
stalks/heads
Butab/stalks

2 month

Grain

2 month

8
3 – 7 km

Grains

Grains
Sorghum Flour

HH farmhouse
store

Throughout
the year
7-8 month

sorghum of high moisture content
>13%
Frequent improper calibration or
Good handling practices

Improper storage practices

Not rigorous, # of mills about
215*3=645–small mills of 3-4 sack
a day
No service provided at homestead,
only by large warehouses, to SSMO
standards when requested.

Grains

Grains for
kisra/asida
(porridge)

Not rigorous

Source: Field survey data and secondary information from various sources
1
Primary production has been inserted as one important stage in the FSC because it influences the entire FSC with losses sometimes greater than in post harvest.
2
Village/town where the FSC stage is located. 3 Timing of the stage of the FSC. 4 “Final” product produced by stage of the FSC.
5
How long does the process in the FSC stage takes/what is the distance (km) and duration (month) of transportation.
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Food supply chain activity

Harvesting
Stacking/drying

Actors in the food supply chain

Threshing

Storage
Consumer
Assembly

Small holder farmers

Transport
Trading in Gedaref
/Galabat area

Transport

Rural Assemblers
farmers

Retailers

Wholesalers

Gedaref/ Galabat Traders

Wholesaling

Transport
Retailing
Consumption

Fig. 3.1: Flow diagram of the selected sorghum supply chain in Gedaref state
Source: Gedaref Field survey data, December 2019
Noteworthy is that, there are no traders at the farm gate to collect or assemble the produce
because of the small quantities produced by each farmer in the study area, which make it
difficult to assemble by individual wholesale traders. Those farmers producing sorghum in
excess of their consumption sell their surplus either to retailers in the locality (Galabat E&W)
or to agents or brokers for a certain commission. As retailers in the study area may source out
small amounts of sorghum grain from nearby farmers, nevertheless, few farmers sell directly
to the rural consumers. Worth to note is that, other than Zakat, farmers used to gift some of
the produce to neighbours, relatives or the poorer.
Important to note in these supply chains, is existence of brokers who purchase sorghum from
small holder producers either at the farm gate, in a village, or in localized markets and resell
in the main daily crop market in Gedaref city or Doka town for given fees or commission.
This phenomenon has been largely reported since farmers do not have the time and money to
take his produce to these markets, where his bargaining power is limited due to lack of market
information on his side. Similarly, there are also agents who have dual hats as representatives
of farmers (selling agents) or wholesalers and in all cases they work through commissioning
or for their own. In addition to this remark, there are also representatives of exporters and
large mills (buying agents) working in central crop markets and are generally compensated
through commissions as well.
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All other transactions including tax paying and
market fees are usually charged for by locality
authorities or crop market authorities including
the Zakat fees. The importance of these agents to
farmers they provide reliable market information
to both buyers and sellers. Worth to note in this
regard, the role of millers who are an important
group of actors in the sorghum supply chain as
they provide milling services to the community.
Milling of sorghum is performed by small
machines by villages or in rural markets. The
machine is operated either by diesel/gasoline or
electricity power. An average miller in Galabat
or Gedaref town might handle as much as 150200 tonnes of grain a year, mostly sorghum flour.
No problem is reported with these mills in terms
of availability or access. The business itself is not
cost since one can run with SDG 105,000 equivalent to almost USD 2325 other than operating
costs.
3.1.2

The case of sorghum in traditional rain-fed farming of North Kordofan

North Kordofan state is an undulating plain covering an area of 195,280 km² (19 million
hectare of arable land) at an altitude of 1,500 feet (Map 3.2). The state is bordered by seven
states Northern State from the north, Khartoum State and White Nile from the east, South
Kordofan in the south, West Kordofan, South Darfur from the south-west and North Darfur in
the west (UNDP 2010). Based on 2008 population Census, the state population is
approximately 3.2 million in 2018, of which approximately 85% is rural. About 79% of the
population depend on agriculture and related activities. The state is characterized by
heterogeneous population according to geographical diversity, environmental, life style, rural,
Map 3.2: Study areas by locality- Shiekan and Rahad Localities, North Kordofan State. December, 2019

El Rahad Locality

Sheikan Locality
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urban residents and returnees. Administratively, the state is divided into 8 localities,37 each
with its own administrative units (Map 3.2). The state land is divided into four
typology/groups, Al gayzan land (sandy soils), Garduod sediment soil, valleys, and mudcracked lands. The state is largely an undulating plain, with the Nubba Mountains in the
southeast quarter.
This food loss and waste case study is conducted during the period from the 7th of December
2019 until mid December of the same year targeting two main localities, which meet our
selection criteria; namely, Sheikan locality and El Rahad locality and comprises almost 25%
of the state population and most of them are small farm holders. Two administrative units,
which met our selection criteria, were selected from each locality. Abu Haraz and Kazgail
represented Kazgail locality while West Rahad and South Rahad were selected to represent El
Rahad Abu Dakana Locality. The state is considered of high economic importance to
agriculture in Sudan, particularly cash crops with sorghum produced for food security besides
millet, where the latter comprises more than 55% of cereals produced in the state accounting
for almost 77 thousand metric tonne annually. Despite this information, there is no accurate
statistics as to the number of small farm producers, and authorities estimate the small scale
farm producers in the state to circa 317,000 household farmers, however, this figure is not
disaggregated by gender or sex. For future post harvest policy and planning, available
statistics on number of farmers has to be treated with caution.

700
600
500
2009-2019avg

400

2017/2016

Thousands ha

Although sorghum is a food security crop in the state, its production is highly variable
depending on climatic conditions and other known factors. Farmers focus more on cash crops
for their income and livelihoods whereas sorghum and millet are considered for food security
(Fig. 3.2). In recent years, small scale producers shifted from sorghum production to sesame
production for the higher income they earn compared to sorghum or any other food security
crop as millet. Official statistics by Ministry of Production and Economic Resources showed
that, of the 2 million hectares grown in the North Kordofan State -over the period 2009-2019-,
sorghum accounted for 15%, next to millet, which shared 27% of total area grown (Fig.3.2).

300

2018/2017

200

2019/2018

100
0
Karkedi

Melon
seeds

G/Nut

Sesame

Millet

Sorghum

Fig. 3.2: area grown by crops in North Kordofan (000 ha) over the period 2016-2019
This indicates that sorghum is losing ground in favour of other crops. However, sesame
shared the largest area than any other crop accounting for 29%, whilst watermelon seeds,
groundnuts and hibiscus (karkadey) shared 14%, 9% and 7% of the areas grown respectively
(Fig. 3.2). The areas grown are quite indicative for farmers' preference, whether for food
crops or cash crops in favour of the latter. These figures highlight the relative importance of
sorghum to farmers, which need be revised to maintain food security unaffected. However,
we need to understand that, sorghum production is not a function of area only but other
37

Sheikan, El Rahad Abu Dakana, Umrawaba, Um Dam Haj Ahmed, Bara, Bara West, Gabrat El
Shiekh, and Sudary.
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factors as rainfall pattern, weeds and pests attack, including badly managed agricultural
practices which are equally important.
In North Kordofan farmers are faced by both production shortfall and food losses. For
instance, the production of food security crops as sorghum and millet showed a declining
trend over the last years, whereas demand
is substantially increasing with growth in
population. The deficits are often covered
from neighbouring states as Gedaref,
Sennar and Blue Nile. In figure terms, the
average annual production of sorghum in
the state accounted for 68 thousand tonnes
over the period 2009-2019, and boosted up
to 109 thousand metric tonnes (at an
average of 0.231 tonne/ha), in year
2018/2019 the highest than ever, but still
less than demand.
However, average production of sorghum
grain was only 73 thousands metric tonne
in season 2017/2018, which reflects circa 7
percent fluctuation around the long term
average. In contrast, average area of land
allocated for sorghum production in season
2019/2020 has been even more to cater for
the food security situation, but production
is expected to decline due to damage of
Purple witch (Striga hemontheica N. Kordofan
crop by heavy rains and pests' infestation
particularly the Dura midge and purple
witch (striga hermonthica (locally known as buda) and Dura midge as shall be seen
elsewhere.
Table 3.3 showed the socioeconomic indicators and farming characteristic in the two selected
localities in North Kordofan. The localities are Sheikan and El Rahad Abu Dakana and the
administrative units are Abu Haraz and Kazgail representing Kazgail locality while West El
Rahad and South El Rahad represented El Rahad Abu Dakana Locality. The table shows that
large number of smallholder farmers (45%) is illiterate (Table 3.3). 33% of interviewed
farmers were females, which facilitated adequate gender analysis.
Table 3.3: Socioeconomics and farm characteristics of small holders in North Kordofan N=43
Particular item
Socioeconomic indicators
Age
less than thirty (13%); between 30-60 (65%); more than 60 (23%)
Sex/gender (Male= 33%, Female=67 %)
Education: illiterate (45%); primary (24%); secondary (32%); university (0%)
Farm ownership: 84% farmer, 14% tenants, 2% sharecropper
Farming characteristics
Total area cultivated by household (ha)
Total area cultivated by sorghum (ha)
Total sorghum quantity harvested (tonne)
Quantity consumed by household (%)
Quantity marketed (%)
Major farming technology used for sorghum farmers
Farmers using traditional seed varieties (%)
Farmers using improved seed varieties (%)
Farmers using agro-chemicals (fertilizers, herbicides, insecticides, etc. (%)
Source: Field survey data
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Value
%
100%
100%
100%
100%
26
9
4.3
26%
74%
%
72
28
28

The analysis showed that 26% of quantity produced is consumed by household farmers. 72%
of farmers use traditional seed varieties, which is a sign of slow progress in yield (Table 3.3).
Like in semi-mechanized dry farming in Gedaref, the key actors in the sorghum food supply
chain (FSC) in the two selected localities (Sheikan and El Rahad) are farmers, transporters,
traders (in El Obeid Crop Markets), processors/millers, small stores/ warehouse managers,
traders and daily labourers. The survey team noticed no major difference in sorghum food
supply chain between the two farming system, except in varieties grown. Therefore, the most
important food supply chains in the sorghum subsector in North Kordofan includes
Harvesting/Cutting => Stacking/Drying => Threshing => Storage =>Rural Assemblers =>
Transport => Traders (in the zone of El Obeid or El Rahad Crop markets) => Transport =>
Wholesalers (El Obeid or El Rahad Crop markets) => Transport => Retailers => Consumers
(see Fig. 2.1 & Fig.3.3(
The FSC begins with sorghum grain being produced by smallholder farmers and ends with
marketing of the grain to the consumers. Planting usually starts in July to early September
when rain is late (Table 3.3). 20 percent of quantity produced goes for market while 80% for
household consumption. As seen in the previous flow diagram (Fig. 2.1), the food supply
chain is long and extends to urban areas as Khartoum and other big cities in Greater Darfur
and Kordofan, besides many other big towns. Losses along the supply chain are variable and
shall be discussed where appropriate. Again, the longer the transaction of a given commodity
the lower the efficiency of the supply chain, as the possibility of losses occurring at the
different stages before the commodity reaches the consumer increases. Shortening the supply
chain would increase its efficiency and contribute to the reduction of post-harvest losses. To
shorten the supply chain, sorghum has to be processed into a wide range of products, which
increases the utilization base and enhances marketing efficiency.
Harvesting of sorghum is manual by
cutting the stalks with sickles and made it
in stacks (photo). Sorghum varieties are
various such as Wad Ahmed, Arfaa
Gadameck, Batania and Zonari- Gesheish,
Kalukalu, monkey head, Banat Elzaman,
which are mostly local varieties. The
grown varieties are of different heights,
often scattered and non combinable by a
combine machine. Unlike in Gedaref
women in North Kordofan contribute
largely in the harvesting process.

Woman harvesting sorghum in Sheikan, North
Kordofan, December 2019

The harvest then passes through Stacking/
Drying stage where most farmers left the
sorghum heads dry further in the field for
some time. Like in semi-mechanized dry
farming, threshing in the study area is done
with a thresher machine fed in manually by hand to separate the sorghum seeds from the
heads. Threshing might take some days either due to non-availability of threshers or lack of
labour. In case of delay the crop may be
attacked by armed-herdsmen.
The harvest is then transported from field to
homestead for storage or be prepared for
sale. Poor farmers tend to use 50-75 Kg.
Polyethylene sacks for they are cheap to
transport sorghum from the threshing fields
to the house using small motor cars (threetyres pike known as Tuktuk) and often
animal drawn trucks (horse/donkey) is used.
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Most of sorghum produced is consumed locally as food by household farmers.
Important to note in North Kordofan is the complexity of the land tenure system and structure,
where the Sheikh rents the hakur land (sheikh properly) to farmers who do not have land in
compensation for a percent or a quantity of harvest (usually 1-2 malwa/sack). This makes the
farmer at a loss when crop failure occurs. It has been also observed that small scale farmers in
Tractor propelling a threshing machine fed manually. North Kordofan

Tractor propelling a threshing machine fed manually. North Kordofan

the study areas store their sorghum mostly in homestead in various storage structures mostly
built of straw or mud and kept in jute or polyethylene sacks, usually not for long periods.
Although facilities are available in El Obeid Crop Market and the nearby, still large scale
warehouses are not widely used for sorghum grain but mainly for cash crops. Traders
frequently use the ABS and WFP storage structures for certain fees. Small scale producers
intending to make long term storage (6 -9 months) use Sweiba structures but not underground
pits for soil is sandy and highly water permeable. Although produce is largely consumed by
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household, still there are rural assemblers who assemble sorghum and sell for famers for
agreed upon fees.
Although small portion go to the market, sorghum producer can sell when in bad need of cash
to rural assemblers or by himself. The village assemblers (often vehicle driver) sell the grain
to nearby market in the locality of Sheikan, in El Obeid Crop Market or in El Rahad Crop
Market, which is one of the main markets in El Rahad locality. Kimla market in El Rahad
South is held on Tuesday while El Rahad Crop Market is on daily basis (Fig.3.3).
Food supply chain activity

Harvesting
Stacking/drying

Actors in the food supply chain

Threshing

Storage
Consumer
Assembly

Small holder farmers

Transport
Trading in Obeid
& El Rahad
/Galabat area
Transport

Rural Assemblers
farmers

Retailers

Wholesalers

Obeid & Rahad Traders

Wholesaling

Transport
Retailing
Consumption

Fig. 3.3: Flow diagram of the selected sorghum supply chain, North Kordofan
Source: N. Kordofan Field survey data, December 2019
These traders sell the sorghum to wholesalers in their area or urban centres. Farmers can sell
small quantities to retailers in small markets or to wholesalers depending on the quantity they
have. In most cases, assemblers sell to retailers either in the intermediary markets or urban
market. Finally, retailers solicit sorghum from the traders and sell to the users or consumers
(Fig.3.3). In conclusion, there are similarities in activities along the supply chains of sorghum
in traditional rain-fed farming and the semi-mechanized rain-fed farming with some minor
differences highlighted earlier. Table 3.4 shows detailed description of the food supply chain
in North Kordofan.
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Table 3.4: Detailed description of the food supply chain – Basics (North Kordofan)
FSC stage1

Primary
production

Harvest

Geographic Location2

Sheikan (Kazgail& Abu
Haraz e.g. Shushaya &
Kazgail village), El
Rahad (Rahad West
&South)
Kimla and Sydra villages
Farmers' village

Months of the
year3
From To
July
Early
Sep

Sorghum
grain

Nov

Jan

Grain

Post-harvest
handling

Farmers' village

Nov

Jan

Storage
Transport
Market
sales
Agroprocessing
Storage
Transport
Wholesale

Farmers store
Small cars
Rural market

Nov
Nov
Nov

Jun
Jan
Jan

at village level

Thru the year

Warehouse(s)
Vehicle
El Obeid or El Rahad
Crop Markets
Different sites in Sydra,
El Rahad,

Nov
Nov
Nov

Retail

Jun
Jun
Jun

Main
products4

Quantity
(ton)

By-products

Quantity
(ton)

Duration/
Distance5

Services

Food safety and quality controls
applied by that part of the chain

sorghum Farm

3-4 month

Low GAP except few trained farmer
by ARC & MoA, early maturing
and purple witch weed (striga
hermonthica) (buda) resistant
varieties should be grown

Sorghum
stalks/heads

2 month

Tillage operations
by tractor, wide
level disc
promotion of
threshers by
NGOs and MoA
Family or hired
labour
Family or hired
labour, promotion
of threshers by
NGOs and MoA
Household
Small truck

2 month

Grain
Grains

8
3 – 7 km

sorghum of high moisture content
Frequent improper calibration or
Good handling practices

Improper storage practices

Grains
Sorghum
Flour

Not rigorous

Grains
Grains for
kisra/asida
(porridge)

Not rigorous, by local authority for
fees

Source: Field survey data and secondary information from various sources
1
Primary production has been inserted as one important stage in the FSC because it influences the entire FSC with losses sometimes greater than in post harvest.
2
Village/town where the FSC stage is located.
3
Timing of the stage of the FSC.
4
“Final” product produced by stage of the FSC.
5
How long does the process in the FSC stage takes/what is the distance (km) and duration (month) of transportation.
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3.1.3

The case of sorghum supply chain in irrigated agriculture - The Gezira Scheme

Gezira state is located in the centre -east of the Sudan between the longitude 25˚ -32' and 18˚34' East and latitude 29˚ -15' and 36˚-13' North. It is located to the south of Khartoum state in
central Sudan between the Blue Nile and the White Nile. The state covers an area of about
25,549 square kilometres. Rainfall ranges between 150-350 mm a year. Population accounts
for 5.1 million inhabitants in 2018 at a density of 199 persons per km2 and mostly are engaged
in agriculture. The Gezira state borders the states of Gedaref, Khartoum, Kassala, Sennar and
White Nile (Map 1.1). Administratively, the state is divided into 8 localities,38 each with its
own administrative units. The state arable land accounts for 2.4 million hectare39, which is
equivalent to 92 percent of the state's total land area.
a) About Gezira Scheme
The state is characterized by the presence of the two largest national agricultural projects in
Sudan, where the Gezira Scheme represents about one third of the state’s area (850 thousand
ha), as it covers 50% of the irrigated area as well as El Rahad Scheme, which is shared with
Gedaref state. Area wise, the Gezira Scheme is the oldest and the largest irrigated scheme in
the history of Sudan and water flows by natural gravity through irrigation canals, which
facilitate cheap irrigation (Salman 2013). The organizational structure of the Gezira Scheme is
divided into 18 ‘Divisions’ eight in Managil and 10 divisions in Gezira area with some
100,000 tenancies, each holding (about 8 ha) (Mahgoub 2014) (Map 3.3). The 18 divisions
range in size from 25,000 to 80,000 hectare. Each division consists of smaller ‘blocks’, which
comprise ‘numbers’, each of 38 ha.
Map 3.3: Study areas in Gezira Scheme by irrigation divisions. December, 2019

Although many events happened since 2005, and drastic changes might have occurred, since
then; nevertheless, the socioeconomic composition of the scheme at the time information is
available showed that, about 128,000 tenant households, which constitute with their families
38

El Hassahisa, El Kamlin, El Manaqil, El Qurashi, Ganub Elgazira, Greater Medani, Sharg El Gezira,
and Um Elqura
39

Hectare = 2.47 acres=2.381 Feddan.
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about 1 million people, are the core of people in Gezira Scheme. These tenants are
organised in farming units of 20–30 feddans (8.4–12.6 ha) (Salman 2013). In addition,
there are some 150,000 seasonal labourers (who with their families constitute more than one
million people) living near farmers' villages in residences known as camps (Kanbo). Of the
10,000 employees and permanent workers by the Scheme until the reduction in 2005, the
Scheme is left now with only 400 (Mahgoub 2013& Salman 2013).40 This background
information is necessary to understand the context of the state and Gezira scheme before
diving into analysis of the food loss and waste.
b) Sorghum production in Gezira Scheme and Food Loss and Waste
Sorghum production is highly variable depending not on climatic conditions, but government
policy, farmers' preference and other factors. Official statistics by Gezira Board showed that,
of 656 thousand hectare grown in the Gezira Scheme, sorghum accounted for 24% while
vegetable gardens, ground nuts and cotton shared 39%, 33.4%, 3.6% respectively. Although
sorghum shared almost one-quarter of land, for food security reasons, cotton is no longer the
king of crops in Gezira scheme. About 73% of the area grown by sorghum is confined to
variety Wad Ahmed followed by Tabat (17%) and Dura Hagen (10%).
While the long term average production of sorghum during the period 2009-2019 was almost
375 thousands metric tonnes, the scheme annual production in season 2018/2019 accounted
for 295 thousand metric tonnes (at an average of 2.143 tonne/ha), which is 27% less than the
long term average, but still greater than production in North Kordofan. According to SGB,
the average area of land allocated for producing sorghum in season 2019/2020 is less than
previous season (128 thousand ha), nonetheless, production is expected to increase to an
average of 365 thousand metric tonnes.
The field mission for sorghum FLW case study in Gezira Scheme was conducted in early
December 2019 to capture the cropping calendar harvest time, which starts at this time and
even earlier. Four divisions that met the FAO 4S methodology criteria (Gezira centre, El
Mekashfi, El Mensi and south Gezira) were selected. In each division, a number of villages
from certain blocks were chosen. It has been revealed that, the Gezira Scheme is of high
economic importance to agriculture in Sudan and sorghum contributes largely to food security
by almost 375 thousands metric tonnes. Table 3.5 depicts the socioeconomic information
obtained during the field survey in Gezira Scheme. The table shows the main socioeconomic
indicators and farming characteristic in the four divisions and the respectively selected
villages during the survey mission (Table 3.5). Illiteracy is minimum (10 percent) compared
to other regions or states, which indicates ability of farmers to adopt extension services

more efficiently than non-educated.
The field survey assessment tried to follow the key actors in the sorghum food supply chain
in (FSC) in the four divisions (Gezira centre, El Mekashfi, El Mensi and south Gezira),
particularly farmers, transporters, traders (in Managil, Wad El Hadad, El Haj Abdalla, and
Madina Arab Crop Markets), processors/millers, small stores/warehouse managers or traders
and daily labourers. The aim is to single out any difference between irrigated and dry rain-fed
farming. Important to come across is that there are no major differences across the supply
40

Circa 55 per cent of the land is government owned; while the remainder is owned by landholders
with whom the central government has a long-term rental agreement. There have been some major
disputes between the owners and the government over rent, and cases are pending before the courts
(Salman 2013). The scheme’s assets until recently included service centres, which comprised: 14
scutchers; 18 engineering workshops; 1300km of railway; a telecommunications network; a fleet of
tractors, combine harvesters and other vehicles; 444 stores with a total capacity of 25 million metric
tons; more than 6000 residential units and 76 compounds; 200 offices; 78 schools and health centres;
53 water purification facilities; a road network; a research centre; and 150,680-km irrigation network
(Mahgoub 2013& Salman 2013).
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chain when compared to Gedaref or North Kordofan, except in some peculiarities which will
be highlighted where appropriate. In Gezira it has been found that 83% of the farmers own
their farms, while 5% are tenants, 12% are sharecropper (Table 3.5).
Table 3.5: Socioeconomics and farm characteristics of small holders in Gezira N=43
Particular item
Socioeconomic indicators
Age
less than thirty (12%); between 30-60 (72%); more than 60 (16%)
Sex/gender (Male= 79%, Female= 21%)
Education: illiterate (10%); primary (20%); secondary (42%); university (29%)
Farm ownership: 83% farmer, 5% tenants, 12% sharecropper
Farming characteristics
Total area cultivated by household (ha)
Total area cultivated by sorghum (ha)
Total sorghum quantity harvested (tonne)
Quantity consumed by household (%)
Quantity marketed (%)
Major farming technology used for sorghum farmers
Farmers using traditional seed varieties (%)
Farmers using improved seed varieties (%)
Farmers using agro-chemicals (fertilizers, herbicides, insecticides, etc. (%)
Source: Field survey data

Value
%
100%
100%
100%
100%
5
2
2.5
47%
53%
%
32
68
66

Over all, the most important food supply chains in the sorghum subsector in Gezira are found
almost typical to dry farming. It comprises Harvesting => Stacking/Drying => Threshing =>
Storage =>Rural Assemblers => Transport => Traders in Managil, Wad El Hadad, Haj
Abdalla, and Madina Arab Crop Markets => Transport => Wholesalers (Managil Crop
Market) => Transport => Retailers ==> Consumers (see Figure 2.1). Like other farming
systems, the FSC in irrigated agriculture begins with sorghum grain being produced by
smallholder farmers or tenants and ends with marketing of the grain to the consumers.
Gezira grows sorghum varieties as Wad Ahmed, Tabat and Dabar which are preferred in
Khartoum and other urban areas or big towns. The latter varieties also go through the longer
supply chain to milling by large milling enterprises as Seen flour mill and Zadna of DAL. In
this supply chain, the possibility of losses occurring at the different stages through
transportation and milling is low for the GMP followed before the commodity reaches the
consumer.
In Gezira, harvesting of sorghum is done manually by cutting the stalks with sickles and made
it in stacks. Sorghum leaves are not separated from stalks and all put into the machine.
Although farmers are aware of the combinable varieties which are tested by ARC, they still
avoid combine harvesting for the higher cost and difficulty in using harvesters in small areas.
In Gezira Scheme harvesting is usually done by men or hired labour who are also men.
Women from nearby camps usually collect the fallen heads and grain for their benefit freely.
The harvest then passes through stacking/drying stage where farmers let the heads dry further
in the field for some time until find a thresher. Greater losses occur as due to high relative
humidity and wet soil. Like in other states, threshing in the case study areas is done with a
thresher machine of different model (GIAD-photo) but also fed manually by hand to separate
the sorghum seeds from the heads. Threshing might not take longer time due to availability of
threshers during the harvest season. The harvest is then transported from field to homestead
for storage and a portion is prepared for sale. Like in everywhere, farmers use either plastic or
jute sacks to transport sorghum from the threshing fields to farmer's house using small motor
cars (three-tyre pike known as Tuktuk) or animal drawn trucks (horse/donkey). Most of the
produce (70%) is for sale while 30% for home consumption.
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Storage – small scale farmers in the study area store their sorghum mostly in a house using
various storage structures mostly built of brick or mud. In every village there are rural
assemblers who assemble sorghum to be sold in rural markets.
As in dry farming, sorghum producers in Gezira have different market outlets, the main being
rural assemblers. Rural assemblers collect the sorghum surpluses from smallholders in the
farmers’ areas or from homestead storage. These assemblers are mostly independent operators
in primary markets who assemble and transport the grain using small trucks and sell to
Madina Arab, El Managil, El Haj Abdalla, and Wad El Hadad markets or any other market in
the nearby (Fig. 3.4). Managil crop market is held on Sunday and Wednesday while Madina
Arab is held on Saturday and Tuesday. There are other markets outside the survey area as Al
Kumur and Wadi Shaeer market and 24-Elgurashi crop market. These traders sell the
sorghum to wholesalers in their area or urban centres. The wholesalers then sell to retailers
either in the intermediary or urban markets. Finally, retailers solicit sorghum from the traders
and sell to the users or consumers (Fig. 3.4).
In all survey areas, retailers play an important role in delivering the sorghum grain to the final
consumer and they usually handle about 90-95 percent of the total marketed volume of
sorghum in Gezira (photo). In nearby villages, retail traders also collect sorghum directly
from farmers to sell in village or intermediary markets as Madina Arab and 24- Elgurashi.
Assemblers usually work for wholesale traders on commission basis. Those farmers
producing sorghum in excess of their consumption often sell their surpluses either to retailers
in the village or bring it to the rural market as mentioned earlier.
Important to note in these supply chains, as in other states, is the existence of brokers who
purchase sorghum from small holder producers either at the farm gate, in a village, or in
localized markets and sell in the main daily crop market in El Managil town or periodic
market as El Madina Arab for given fees or commission. Tabat and Dabar sorghum varieties
grown in Gezira are popular to consumers in Khartoum, and agents purchase considerable
quantities for private sector milling companies as DAL and CTC for milling and sell to
supermarkets. It has also been reported that, some representatives of private sector companies
provide finance to farmers to be collected in kind form. Millers are an important group of
actors in the sorghum supply chain as they provide milling services to the community
(photos). Sorghum is sold by millers in form of flour. Milling of sorghum is performed by
small machines by villages or in rural markets. An average miller in Gezira might handle as
much as 100-150 tonnes of grain a year, mostly sorghum flour (photos and Fig. 3.4). Detailed
description of the food supply chain – Basics (Gezira Scheme) is given in Table 3.6.
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Food supply chain activity
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Fig. 3.4: Flow diagram of the selected sorghum supply chain, Gezira Scheme.
Source: Field survey data, Gezira Scheme, December 2019
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Table 3.6: Detailed description of the food supply chain – Basics (Gezira Scheme)
FSC stage1

Geographic Location2

Primary
production

Gezira Centre, El
Mensi, El Mekashfi,
southern Gezira

Harvest

Months of the
year3
From To
June
Early
July

Sorghum
grain

Farmers' village

Oct

Dec

Grain

Post-harvest
handling

Farmers' village

Nov

Jan

Storage

Farmers store

Nov

Transport
Market sales
Agroprocessing
Storage
Transport
Wholesale

Small cars
Rural market
at village level

Retail

Warehouse(s)
Vehicle
Managil/Medina Arab
Crop Market
Different sites

Quantity
(ton)

By-products

Quantity
(ton)

Duration/
Distance5

Services

Food safety and quality controls
applied by that part of the chain

sorghum Farm

3-4 month

GAP with trained farmer by ARC &
Scheme Extension staff, early
maturing and purple witch weed
(striga hermonthica) (buda)
resistant varieties be grown

Sorghum
stalks/heads

2 month

4-8

Tillage operations
by tractor, wide
level disc
promotion of
threshers by
NGOs and MoA
Family or hired
labour
Family or hired
labour, promotion
of threshers by
NGOs and MoA
Household

1.5– 5 km

Small truck

2 month

March
to Jun
Nov
Jan
Nov
Jan
Thru the year
Nov
Nov
Nov

Main
products4

Jun
Jun
Jun

Grain

Grains

sorghum of high moisture content
Frequent improper calibration or
Good handling practices

Non-exist, Improper storage
practices

Grains
Sorghum Flour

Not rigorous

Grains

Provided by SSMO

Grains for
kisra/asida
(porridge)

Not rigorous

Source: Field survey data and secondary information from various sources
1
Primary production has been inserted as one important stage in the FSC because it influences the entire FSC with losses sometimes greater than in post harvest.
2
Village/town where the FSC stage is located.
3
Timing of the stage of the FSC.
4
“Final” product produced by stage of the FSC.
5
How long does the process in the FSC stage takes/what is the distance (km) and duration (month) of transportation.
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3.2 Sorghum marketing system
The four basic objectives for the food system as a whole (efficient economic growth, a more
equal distribution of income, nutritional well-being, and food security) are analogous to the
objectives of marketing system in a society (Timmer et al. 1983). Although not efficiently
working, still agricultural marketing in Sudan is evolving and can contribute to all four
objectives if its capacity to link domestic markets to international markets has been improved
to provide timely signals to policy makers concerning food surpluses and deficits in order to
make appropriate policy decisions and interventions to impact the aforementioned four food
policy objectives including food losses.
a) Characterization of agricultural markets and marketing system in Sudan
In general terms, agricultural markets in Sudan serve as mechanisms to mobilize resources
through facilitating physical commodity flows of either inputs or crop outputs, but still with
limitations.41 In positive sense, agricultural markets in Sudan are regarded as competitive and
sensitive to the law of supply and demand and are supposed to give the correct stimulus to
farmers and consumers as well. The question posed is, however, is this really the case in
sorghum crop markets or in any other crop market in Sudan? In other words, does agricultural
marketing in Sudan play its role and contribute largely to providing appropriate policies,
means, and facilities to achieve these desired goals and objectives. The means and facilities
we mean here include basic transport, storage, processing, markets, and information and
communication infrastructures. The answer is obviously pessimistic, since the regulation of
agricultural markets in Sudan is still unclear for they belong administratively to the localities/
municipalities -according to the federal system-, which are financially, technically, and
managerially inefficient.
The overall situation for agricultural markets in Sudan, including sorghum markets, remains
as follows:







Many market policy distortions and obstacles exist and are hindering private sector
development,
Clear lack of market facilitating services (viz. marketing information and research,
advisory and extension, and training for management and personnel),
Lack of maintenance and development of infrastructure and feeder roads that are
essential to agricultural markets,
Lack of maintenance and development of market centres (institutional management
and infrastructure),
Previous government interventions have failed to establish viable private companies
for processing and storage of agricultural crops that can promote agricultural markets
(Input and output markets) (Mittendorf, 1993),
No cooperative marketing organizations are evidenced in the Sudan, so far, except
for few in agribusiness activities (recently, ZOA experience in Gedaref State through
networks of producers' organization, and the like).

In this connection, however, not all states have, so far, enacted legislations to regulate
marketing practices and services, except few, namely Gedaref Crop Market in Gedaref state
and El Obeid Crop Market in North Kordofan. The regulation of these markets has
41

wide geographical distribution and spatially separated; seasonality of supply, and periodicity i.e. held
on daily, weekly or seasonally after harvest; variability in quality of produce and poor quality measures;
perishability of products mostly with no standardizations (weights and units); poor communication,
information and management systems, and administrative and management weaknesses and
inefficiencies (Ismail, 1996)
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contributed significantly to increase farmers’ returns to a reasonable extent and tax revenues
to the local governments are credible before their abolishment by a presidential decree in year
2000. However, in January 2020, the tax on agricultural commodities was back at rate of 2
percent of the crop value.
Dark shadows of poor agricultural productivity fall adversely on the performance of
agricultural markets in general and sorghum grains in particular. Reasons for low productivity
are attributable to natural conditions viz. precipitation of rainfall, lack of appropriate
technology, poor policy formulation, inadequate and untimely supply of inputs, labour
shortage due to migration to urban centres, and lack of market for agricultural output as well
as uncoordinated research and extension services (Ismail 2004). In terms of organizational
structures, agricultural crop markets in the Sudan can be categorized in different ways
according to the structure, periodicity, location and crop kind. For most crops, including
sorghum, the present marketing structure consists of primary markets (at village level,
wholesale assembling markets, and terminal markets in cities and urban centres (Fig. 2.1).
Regarding periodicity at the villages, markets are held either on daily, weekly, twice a week
basis or extend even to every fortnight. To expose and analyze the different types of
agricultural marketing/markets, market imperfections, government interventions, and
marketing policy analysis some additional information is required though meagre. In brief,
information and literature on agricultural markets in Sudan is still little as much focus is made
on marketing costs and margins, spatial integration and little attention is given to market
structure, conduct and performance42 (Ismail 2012).
Several types of information help informing and facilitate the understanding of typical market
conditions that affect the food and income sources of the small scale farmers, particularly the
poor. These include: the geography of supply and demand for a particular commodity (for
example, sorghum) or category of commodities (for example, related staple foods); the role of
different actors in the marketing system (from small-scale producers to industrial food
processors); the seasonality of specific events or activities; aggregate import-dependence,
particularly in the case of staple foods; and key programmes and policies. These factors affect
the stability of food availability and access (food prices and income levels) and therefore
impact three of the four pillars of food security43 (food availability, access, utilization, and
stability (FEWSNET 2015).
b) Review of current situation of sorghum markets and marketing system
The sorghum marketing system in Sudan is unique, compared to other cash crops as sesame
and gum arabic where auction market is common for the latter. Marketing system is weak
same as market institutions and infrastructures as already mentioned. As seen in Fig. 2.1, the
marketed volume of sorghum passes through a number of channels before it reaches the final
consumer, all performing various activities at different scales of operations, which is a model
that can indicate relative inefficiency in the respective value chain(s). Because of the
involvement of a number of actors in the sorghum marketing system, the markets in survey
areas are highly reliable and the price differential between rural markets and the final terminal
42

Market structure, including the relative importance of local production versus imports in aggregate
food availability and access, including the geographic distribution of production and consumption, and
key actors in the marketing chain. Market behaviour/conduct: including purchase or selling behaviour
of key actors present in the marketing chain. Market performance outcomes, including production
trends, inter- and intra-annual price variability, and regional or international competitiveness
(FEWSNET 2015).
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Civil unrest and conflicts have left the states of Darfur relatively more isolated from the national
staple food marketing system. Local production and marketing systems have been significantly
affected, resulting in major food deficits that are not always met through commercial trade flows
(FEWSNET 2015).
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urban markets is not that huge. Fig. 2.1already showed the flow diagram for the selected
sorghum supply chains in Gedaref, North Kordofan and Gezira Scheme.
During the market survey, and almost in all intermediary crop markets, it has been observed
that, small volumes (10 sacks of 90-Kg each) are handled by each trader a day. In terminal
markets (Gedaref and El Obeid Crop Market), there are brokers working for large-scale
buyers, usually absorbing the market supply. Large buyers usually procure sorghum to silos
for sieving and fumigation before storage as was the case in Gedaref. This process has been
rigorously followed by Gedaref Silo, which belongs to the ABS, usually checked by formal
quality control institutions as SSMO. Worth to note is that, sorghum inspection for quality
attributes is done manually using (small inspection device known as fatasha). This is reflected
in purchase price where good quality sorghum fetches for higher price. The domestic demand
for sorghum is limited to urban areas where the purchasing power is relatively higher.
Importantly, some retailers work outside markets (e.g. Gedaref Crop Market) and they usually
purchase small quantities, which a farmer cannot sell inside for the long regulatory
procedures. Inside the market, prices are usually set through bargaining between buyers and
sellers or brokers. In the literature, market rings exists by major crop markets as GCM.
An important note to take into account in this regard is that, some large buyers permeate
markets through trader agents or brokers and distort market price. The market field survey
investigations showed that, WFP44 purchases significant amounts of sorghum from main crop
markets, mainly through agent traders, and export to republic of south Sudan45 and other
needy areas in Sudan, particularly to camps existing in war affected areas. This is proved to
distort the market prices and exacerbate local marketing systems by creating high effective
demand, which result in increased and volatile prices (FEWS-NET 2015). On the other hand,
any cash and voucher programmes to the poor can also have positive impacts on local
marketing systems for their positive spill over effects, particularly for traders and retailers.
Another marketing experience is given by ZOA (INGO supported by WFP) to develop
farmers’ associations to stimulate local market-systems with the aim to reduce transport cost
by organizing bulk transportation (ZOA-WFP 2019). The ZOA experience encourages private
sector, Agricultural Bank of Sudan, and Farmers' Associations to invest in construction of
silos and establishment of community storage facilities in the rural areas where farmers have
no access to markets. Farmers’ associations can improve smallholder farmers’ access to
finance and markets tremendously and can generate multiple economic and social benefits for
members.
c) Sorghum prices, trade flows and exports
The government enforces trade, pricing and stock reserves policies through parastatal
institutions like the Agricultural Bank of Sudan (ABS), the Ministry of Finance and National
Economy (MFNE) and the Strategic Reserve Corporation (SRC). The government usually
declares the fiscal policy through which ABS and other private banks finance the largest
sorghum farming operations in the country. The government exerts control over pricing, trade
and exports based on the CFSAM results (VCA 2017). Prices are the most decisive factor in
this respect. Prices of sorghum grain (Feterita), mostly consumed in urban areas, continued to
rise during 2019, exasperated by the currency depreciation and coupled by price inflation
together with increased production costs. In December 2019, sorghum grain was traded at
about SDG 21,000 per metric tonne in Gedaref, about twice of price of the previous year
(Table 3.7). In El Obeid Crop Market, main sorghum-producing area, wholesale prices of
44

In fact, while WFP procures significant amounts of sorghum from the USA for local distribution in
Sudan, it worth to mention that, WFP officers in Khartoum also acknowledge the need to purchase
more sorghum locally in Sudan for their food distribution programmes.
45

Sudan recently donated sorghum to South Sudan from its national reserves as the latter experienced
severe food shortages leading to a declaration of famine in early2017 and until recent.
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sorghum are a bit higher, about SDG 26,000 per metric tonne for the substantial quantities
purchased by agents for the WFP programme to export to the war-pruned south Sudan.
Table 3.7: Sorghum prices at the time of survey in main crop markets, December 2019
Gedaref (GCM)
Price SDG/90 Kg-sack
1875
Price SDG/MT
20,833
Price USD/MT (SDG 45.1/$*)
462
Source: Field survey data, December, 2019
*At parallel market price, it may drop to half

El Obeid (OCM)
2300
25,556
567

Gezira/Managil
2200
24,444
542

However, sorghum prices in Gezira kept with low price differential from El Obeid and
Gedaref Crop Markets (24,000 SDG/tonne) for the advantage of spatial market integration
with these markets (3.7). Table 3.8 shows the sorghum inflows and outflows in two main
crop markets, Gedaref (GCM) and El Obeid (OCM). The information shows that the average
quantity traded in GCM (over the period 2015-2019) exceeds half million tonne with a total
trade volume of USD 223 million. Although volume of trade in GCM is several time that of
OCM, nevertheless, OCM is famous with other cash crops like hibiscus, gum arabic, and
water melon seeds which earn hard currency for Sudan.
Table 3.8 : Quantity of sorghum traded in two main crop markets over the period 2015-2019
Year

Inflows Gedaref
Crop Market (MT)

Outflows Gedaref
Crop Market (MT)*

Inflows El Obeid Crop
Market (MT)**

Out-flows El Obeid
Crop Market (MT)**

2015
634618
316635
54441
2016
297980
355178
8797
2017
850438
648826
102168
2018
266390
571659
55258
2019
485305
543674 NA
NA
AVG
506,946
487,194
55,166
Value 223 million USD/yr
30 million USD/year
Source: Secondary information from Gedaref and El Obeid Crop Markets, December 2019.
*For convenience, the number of 90-kg sack are converted to metric tonnes (MT)
** In El Obeid Crop Market sorghum includes Feterita, Red durra and Tabat

17317
18046
66642
37988
34,998

Sorghum produced in Sudan has limited international marketing opportunities due to the
relatively high cost of production in Sudan and due to the imposition of export controls by the
Bank of Sudan and MFNE in the form of authorizing exports based on national stocks
availability. In fact, the MFNE finances both the ABS and the SRC and plays an important
role in determining the floor/pivot price and allowing exports. Beside the government
affiliated exporters, there are also influential private business actors such as the integrated
agribusiness enterprises of Mahgoub Sons and others. Most of Sudan’s sorghum exports
originate from Gedaref area (60%) and usually go to the Arab and gulf countries and Turkey
as well. Primary destinations in the Gulf area include Saudi Arabia, Qatar, Emirates, and
Kuwait. Most of these exports are mainly used as animal feed and fodder.
Despite the good harvest in season 2018, sorghum exports contracted by about 70 percent;
mainly due to high domestic prices that promoted domestic selling (Table 3.8). In contrast,
exports of sesame and melon seeds increased significantly during the same period by 48 and
109 percent in value terms, respectively (CFSAM 2019). The exports of watermelon cash
crop originate mainly from Kordofan and cushion farmers against losses in sorghum.
However, with increase in cereal production, as in 2018 that resulted in above-average
increase in domestic supplies exceeding national utilization requirements, buffer stock are
usually build up and a small increase in exports is also expected (Fig. 3.5).
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Fig. 3.5: Quantity of sorghum exported (MT) over the period 2013-2019
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Supply chain actors' involvement, benefits, job creation and income

Gender equality and mainstreaming is crucial for agricultural development in the Sudan and
the attainment of the novel and universal MDGs and recently the SDGs. In Sudan, agriculture
creates many jobs for women, particularly in crop production, livestock rearing, and small
agribusiness enterprising; mainly in traditional rain fed farming as well as in irrigated
agriculture. Activities performed include numerous labour intensive works such as planting,
weeding, hoeing, picking, collection of crop residues, harvesting, storing and the like (Ismail,
undated book: forthcoming)46.
Adequate information was gathered on the degree and nature of involvement of sorghum
supply chain actors along the sorghum supply chain, the benefits they gain, employment by
gender and income earned whenever possible. In all of the three farming systems, women
were found to play a key role in the production, harvesting, and post-harvest handling of
sorghum, including storage, food preparation and consumption stages, but variably, and
according the norms and traditions, their house duties, age and marital status. In farms headed
by women households, they proved to be keener to reduce sorghum losses than men in all
stages. In fact the role of women is greater in production operations after land preparation
where about two-third of planting and weeding operations were carried by women in Gezira
Scheme, Gedaref and North Kordofan.
Detailed description of the food supply chain –social structures in semi-mechanized farming
in Gedaref area is described herein (Table 3.9) and information on Gezira and North
Kordofan were sent to annexes (Annex 3.1-a&b). The tables show that the role of women –as
well as children and adult girls- decreases upstream the sorghum food chain. Although milling
machines in all of the three farming system is purely operated by men, but still some hand
processing (muhraka) is heard to be practiced by the very poor.

46

Types of work performed by rural women vary by region and are subject to cultural, traditional,
sociological, and socioeconomic differences. Other activities usually have been done by women
include collection of wood/crop residues to be used as a major source of fuel for cooking besides
fetching for drinking water in areas where water is rare. In areas where livestock is dominant, rural
woman are usually responsible for keeping of livestock together with its other associated activities like
milking, milk processing, preparation of ghee, and chicken raising at household level, etc.(Ismail,
undated forthcoming book on agriculture in Sudan)
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Table 3.9: Detailed description of the food supply chain –social structures in Semi-mechanized farming in Gedaref area
Food supply
chain steps

Primary
production

Involvement of
women
Girls
Adult
women
Qualifier1 Qualifier
1
3

Involvement of men
Boys
Qualifier
2

Adult
men
Qualifier
3

Who is mainly
involved?
Women, men,
children?

Organization level
of food supply
chain actors2

Gender/ social patterns
Observations and remarks that explain the chosen qualifiers and/or give additional
information

Men

Individuals &
households

Harvest

1

3

1

3

Men & women

Individuals

Post-harvest
handling

1

1

1

3

Men

Individual

Storage 1
Transport 1

1
1

3
1

1
1

3
3

Men & women
Men

households
Individual

Market sales

1

1

2

3

Men

Individual

Agroprocessing
Storage 2
Transport 2
Wholesale
Retail

1

1

1

3

Men

Individual

Men are in charge of preparation, and harvesting. Pesticide application Limited
technology available. Intensive witch weed (buda). Men can tolerate these tough
activities.
Men dominate weeding and harvesting. Boys also participate. The qualifier is 2
due to the scarce inputs, labour intensive work, and additional work burden due to
child care and domestic loads.
Men are involved and dominating. Women mainly involved in immediate
processing as threshing & milling, done manually and with scarce technology.
This leads to a significant loss risk. When technology is available, men are more
often involved. Advisory services are scarce, and women are excluded or rarely
have access.
Both women and men are involved. Use jut bags, hermetic bags, plastic silo (tank).
Male dominated the stage because of the limited involvement of women in the
manual work of loading/downloading
Traditionally dominated by men at local markets; they fairly compete with each
other on available information on markets.
Mills

1
1
1

1
1
1

1
1
1

3
3
3

Men
Men
Men

Individual
Individual
Individual

Very short period
Nil
Nil
Largely nil

1 Qualify the equipment, conditions, access to services and training 4=excellent, 3 = good, 2 = moderately good, 1 = poor.
2f.i. Individual/household level/cooperative
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The survey assessment noted that, the gender role of women in the newly established
producers' organizations and associations in traditional and semi-mechanized farming is not
well questioned or has been partially recognized and their representation in upper executive
structures of producers' organizations/associations is often ignored though they constitute a
sizable portion of small-scale farmers/producers in traditional rain-fed agriculture.
No doubt, there are similarities and differences in the social structures across the three
farming systems this is why discussion will be focused on common features while tables shall
be annexed for space. Survey responses in Galabat locality (Tables 3.9) indicated the critical
role of women in post-harvest activities. The results show that women farmers are active
participants, either on their own or in collaboration with men, in many of the sorghum supply
chain activities. Particularly stacking and piling is by women as was the case in Shiekan in
North Kordofan (Annex 3.9-a&b). This shows the importance of targeting and involving of
women in any sorghum grain loss-reduction strategy to make a meaningful impact and bring
all efforts to reduce grain losses in all the stages of the food supply chain. In Gedaref and as
indicated in Table 3.9, women have an intermediate role in the primary production, harvest,
but minor role in sales and retail stages of the supply chain. This also applies for the other
farming systems, irrigated and traditional dry farming. However, their participation at the
later stages of the supply chain in agro-processing, storage, transportation and wholesale is
not observed.
The result of the field survey (Table 3.9) revealed further that the involvement of girls along
the food supply chain; from primary production to the retail level can be qualified as poor,
while the qualifier of women involvement in three aspects is rated as good, this include their
participation in primary production, harvest and storage activities (see also Annexes 3.9-a-b).
Similarly and for the rest of the supply chain vis a vis; post-harvest handling, transport,
market sales, agro-processing, storage 2, transport 2, wholesale and retail, even though these
adult females’ involvement is of poor qualifier. Correspondingly, boys’ involvement in the
supply chain is of poor qualifier except for primary production and a market sale is
considered as moderate. The involvement of adult men is ranked as having good qualifier
throughout the food supply chain from the primary production to the retail stage. Adult men
are solely dominating all the stages of the supply chain except for harvest and storage where
both men and women are equally involved.
The organization level of food supply chain is on individual basis along the supply chain,
except on primary production which can be performed by household or individually
organized, and at the storage stage most probably organized by the household. In brief, the
qualifier chosen for each gender or social pattern is based on the following (Table 3.9):
 At the primary production men are in charge of land preparation, and harvesting,
pesticide application. This is due to limited technologies available, therefore, most of the
work is manual, so men are more involved because they can tolerate these tough
activities more than women.
 In harvesting men are involved but women participate too in harvesting in cutting and
collection of heads, though women have additional work burden as child care and other
domestic loads.
 Men domination in post-harvest handling, because they take the burden of loading the
crop to the harvester and they also do harvester calibration. Advisory services are scarce,
and women are rarely having access to such services.
 Both women and men are involved in storage. Mostly using jute bags, polyethylene bags
and very few use hermetic bags or plastic silos (tanks).
 Male dominated transport stage because of cultural reasons and where there is limited
involvement of women in the manual work of loading/downloading.
 Market sales are traditionally dominated by men at local markets; they fairly compete
with each other on available information.
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Interesting to come across is the use of low level technology (almost traditional methods) and
lack of awareness of proper good agricultural production practices (GAPs), harvesting, postharvest handling and good processing and manufacturing practices (GPP& GMP) (Tables
3.9). This contributes to significant losses that occur along the supply chain and induce
negative impacts on the environment. Field observations, showed that, the practices in
sorghum storage, usually done in traditional stores, subject sorghum grain to hazards such as
storage insects and pests, and rodents, which in all result in significant losses.
As we all know, the heavily damaged sorghum grain is not suitable for human or animal
consumption and is usually discarded to open space. Some farmers tend to use some damaged
grain, which is a sizable losses besides other field by-products, in different purposes as
fertilization of the soil. Thus minimize their direct negative effect on the environment (e.g.
GHG emissions) and also their indirect effects. The deforestation and depletion of the
vegetation cover is mainly because farmers lack fuel and safer power source. Besides, these
localized or specific reasons, also there are other factors influencing the spoilage of sorghum
grain such as inefficient use of harvesters (improper calibration) accompanied by lack of
experience by machine operators. The increased losses in cereals, particularly sorghum, are
due to use of different varieties mostly not suitable for combined harvesting.
In a nutshell, several other factors affecting spoilage of food products are identified in the
FAO literature, and this includes:









Pre-harvest climatic conditions (e.g. excess water during the days before harvest
(locally known as Talawey47) or water stress due to shortages in rainfall.
High moisture content (% of RH <13%) identified by Harvest Index used to identify
‘physiological’ timing at which food is harvested).
Time between harvest and final use and consumption.
Temperature and moisture content of the products.
Handling, packaging and storage practices and hygiene.
Presence of (natural or foreign) hazards/ contaminants in the food.
Market access and marketing strategies.
Quality standards and regulations (FAO 2016).

Table 3.10 &11 show detailed description of the sorghum food supply chain, from environmental perspectives in Gedaref, Gezira and North Kordofan Sates. The tables provide
information on the type of production system, land preparation practices, water uses and
reservoirs, soil quality and land degradation. Table 3.10 give further information on water
regime (Gezira scheme), ecosystem impacts, and utilization of residues in the supply chain.
On the other hand, highlights on the tools, equipment, facilities, materials, chemicals, energy,
for storage transportation, and processing are given in Table 2.11.
In almost all farming systems, smallholder farmers do not own but usually hire tractor (wide
level disc) and use trailers or small truck to move inputs to the farm. During harvesting the
common tool used are sickles, of different types and lengths. Diesel/ gasoline are main inputs
required by farmers during land preparation even in irrigated agriculture (Table 3.10 & Table
3.11). In traditional and semi-mechanized rain fed farming farmers do not follow a distinct
crop rotation though some use biomass burning (harig) cultivation to retain soil fertility. This
resulted into massive soil degradation and erosions due to low land conservation techniques.
And practices followed. The ultimate end is deforestation, land degradation, overexploitation, and loss of bio- diversity.
47

Talawey: is the sorghum grains that have been hit by heavy rains (increased humidity) during the
physiological maturity and the start of grains filling stage, it affects the marketing quality of sorghum,
but physical analysis show fitness of the grains to standards.
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Table 3.10. Detailed description of the sorghum food supply chain – Environment. Gedaref &
North Kordofan States
PRODUCTION
Quantity
Unit
Tools, Equipment, Facilities Hired tractor& wide level disc, tillers
1
Set
Sickles,
Water Vessel
1
Set
Materials, chemicals
Herbicides
kg/unit area
Energy
Diesel, gasoline, electricity
l,m3, kWh
Water (Gezira Scheme)
Irrigation per ton harvested product
5 irrigations 2100m3/ton
Land
Planted per ton harvested product
ha
STORAGE
Quantity
Unit
Tools, Equipment, facilities Small store
1
4*3m
Materials, chemicals
Storage pesticides
0.2
kg/ton
Packaging jute and hermetic bags
11
piece
and plastic tanks
TRANSPORTATION
Quantity
Unit
Tools, Equipment, Facilities Truck, bike
1
individual
Material
Jute sacks or polyethylene bags
Energy
Diesel, petrol
litre
PROCESSING
Quantity
Unit
Tools, Equipment, Facilities small millers
Materials, chemicals
Jute sacks or polyethylene bags
kg/ton
Packaging( small packages)
* Quantities refer to an average household in the study area.

Table 3.11: Factors for the Environmental Assessment, Gedaref & N. Kordofan
Factors
Description
Details (sorghum production example)
Type of production
system
Land preparation
practices
Water reservoirs
(hafirs)
Soil quality and land
degradation

Semi-mechanized Rain fed farming

Traditional

tillage, biomass burning (harig)
cultivation
4m deep, 100 m length and 50 m
Wide dig, (4*100*50m)
Massive soil degradation, erosions
low land conservation techniques

Burning of straws in the field, conventional
tillage, manure from livestock if any

Water regime

Quality, scarcity, contamination of
drinking water by Hafiers
Deforestation, land degradation,
over-exploitation, loss of biodiversity
non-energy related: methane,
degraded soils; energy-related:
chemical fertilizers ,mechanical
equipment
temperature, rainfall variability,
drought

Ecosystem impacts

Sources of GHG
emissions

Climatic factors

Utilization of
destination, purpose
residues in the supply
chain
Re-use of food losses destination, purpose
Source: Field survey data and secondary information.

Exhausted due to continuous sorghum growing,
compactness due to heavy equipment with
extensive use of wide level disc
water scarcity has been reported, brought from
far distances, most contaminated by animals faces
All exit, negative impact on range and arable
lands, afforestation available
Methane from flooded period, and manure
left in the field during dry season; energy
emissions from irrigation system
Prolonged rainfall period, increased purple witch
weed (striga hermonthica) (buda) and pests,
extreme events, in adequate distribution
utilized as animal feed and buildings, poultry feed

utilized as animal feed and building
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4

SORGHUM FOOD LOSSES: STUDY MAIN FINDINGS AND RESULTS

4.1 Description of the Sorghum food supply chain-risks factors
This section describes sorghum food supply chain, with particular emphasis on the risk factors
pertinent to the three framings systems. The field surveys revealed many similarities in the
effects of these factors on food loss across these systems. Sorghum production faces a number
of risks in traditional dry rain-fed farming system dominating in North Kordofan and the
semi-mechanized rain-fed farming prevailing in Gedaref state/area with Gezira being the least
affected. These factors include climatic variability such as shortage of rainfall, or excessive
rain that brings severe pests' infestations during the growing season and at maturity stage.
Worth to note that, some of the production risk factors impacted the farmer even more badly
that post harvest losses.
In addition to these natural risk factors appear animal and manmade hazards such as normal
theft or armed robbery in the southern parts of North Kordofan. For instance, animal
herdsmen usually attack or invade fields during crop establishment and may also during time
of harvesting causing serious damage to the crop of the smallholder farmers. In such cases,
smallholder farmers are likely to lose their production by these attacks if they tend to harvest
sorghum late.
Over and above the aforementioned production risks, there are other quantitative and
qualitative types of risks arising at- and post- harvest, which can lead to huge damage and
serious losses. Such types of losses are encountered along the supply chain of sorghum;
particularly during harvesting, stacking, threshing, transportation and storage activities.
Observations also showed that significant sorghum losses occur during harvesting either as
forgotten or fallen sorghum heads on the ground before being captured for stacking and
drying. However, sorghum losses during transportation are found uncommon and also
insignificant unless farmers do use bad quality bags subject to damage. Furthermore, the
frequent loading and unloading of jute sacks or plastic bags has its own risks, since bags may
be punctured because of rough handling or being old, however, this is still not the main
headache to farmers. This observation draws attention to bulk transportation and storage as
recommended by ZOA in Gedaref Area with the aim to reduce transport, handling and storage
costs. This is quite justified if we take into account that, a jute sack worth about USD 2.5
(SDG 90), which is about 5% of the value of the grain.
Losses at retailing are common when purchased sacks are cleaned before sell to consumers
because higher price can be charged for clean and good quality grain. According to retailers
from Galabat town, the average loss in 90-Kg sack is in the range of 6-10 Kg., which is 7 per
cent minimum. Retailers in North Kordofan and Gezira estimated the loss during activities of
sorghum unloading, cleaning, and repacking in their marketplace may reach up to 10 percent
of the total grain. On the other hand, wholesalers claim minimum losses (less than one
percent) for they usually transfer the purchased sorghum as it is to buyers who do the cleaning
on their own. Losses by warehouses are critical only when the produce is stored for a
relatively longer period. The field survey mission noticed that managers of warehouses rarely
receive extension services by respective authorities, except in Gedaref and El Obeid Crop
Markets and the warehouses in the vicinity. Such inspections are usually made by the SSMO
authorities with orientation for labourers working in warehouses to ensure proper handling of
sorghum loads during unloading and loading to reduce sorghum loss in the event bags are
torn.
In Gedaref, the service of inspection and fumigation is done upon request from traders or
wholesalers who have large stock by warehouses. However, cleaning and fumigation in
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Gedaref silo and ABS warehouses in all of three states is obligatory prior to storage in the silo
or warehouses. The authorities by Gedaref silo claimed 0.5% loss in sorghum or any other
crop they store as for instance, sesame. The only type of loss registered by silos is during
cleaning prior to storage and this is considered not a loss but in favour of the traders or
exporters. The silo management usually charges about SDG 100 per tonne (SDG 60 for
cleaning and SDG 40 for fumigation, which totals to circa $2.48
In long term storage, close to a year, huge loses usually occur by household stores and also by
large warehouses which do not strictly follow the SSMO instructions. Total grain loss (almost
100%) has been observed in almost all the warehouses/stores that undertake long term storage
(8-12 months) not fulfilling the SSMO rules49. Noteworthy is, WFP and ZOA INGO have
distributed 100-Kg hermetic bags and plastic tanks to store sorghum and other grains, but
farmers response was that, they are high in cost and impractical. The solution remains socially
and economically questionable and need to be revisited and evaluated to increase their social
and economic acceptability by the farmers. In areas where sorghum grains were qualitatively
damaged by rainfall or by insects it becomes animal feed or sold at much lower prices than
normal and loss is almost 30-40% of the market value. In few cases - across the three farming
systems- it has been noted that some rural traders and retailers tend to purchase sorghum of
poor quality from farmers at low price and mix it with good ones to resell at high price.
Although difficult to assess the interaction of the different risk factors which affect the
production volumes and influences losses along the supply chain without adequate
information, nevertheless, an attempt is made to show some of the possibilities at least in
theoretical terms (Table 4.1). Future research may be needed to estimate actual parameters of
the given variable when budget allows.
Table 4.1: Food loss risk factors
Variable

Unit

Parameter – relation to
food losses

Crop variety

count
(Wad Baku)
Yes, partial
Mm

Resistant to striga (buda)

Good Agricultural Practices (GAP)
Rainfall during production
Production supply/ demand ratio
Rainfall during Postharvest phase
Postharvest technology
Producers' associations /Coops
Processing technology
Good Manufacturing Practices
GMP)
Packaging materials and facilities
Cold chains
Transport duration
Market information
Price incentive for quality
Knowledge of FSC actors

Ratio
Mm
L/M/H
Y/N
L/M/H
Y/N
L/M/H
Y/N
Hour
L/M/H
Y/N
L/M/H

Partial
Intense quantity
distribution not optimum
>1 (except this year)
Low rainfall
M
Yes, but not wide coverage
M
Partial

Value of observed
variable in the
case study (or %)
Highly resistant
Yes in Gezira

Limited

M
Low duration
M
Y
M

(0.25 – 0.5)hr

Moderate on SSMO
measurements for
quality parameters.

Consumer access to food product
L/M/H
M
Source: Based secondary information and field survey data, December 2019.
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In Gedaref silo, storage can be up to 15 years without affecting the quality of sorghum. However,
practice showed an average storage period for up to three years.
49

For instance, Zakat Chamber in North Kordofan has lost almost all of the thousands grain sacks in its
warehouses in year 2016 due to pests' infestation.
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However, the information collected by the field survey team gives some highlights on these
risk factors and interaction in the three farming systems. Table 4.1shows the relation between
some risk factors and food loss as assessed by the survey team through intermittent FGDs,
interviews and secondary information.50 The availed information showed that, the early
maturing varieties and purple witch weed (striga hermonthica) (buda) resistant varieties
reduced losses substantially compared to late maturing ones. Moreover, trials made by ZOA
and WFP in Gedaref state as well as the achievements of the Ministry of Production and
Economic Resources (supported by the ARC and the Extension & Technology Transfer
Department) in the state of North Kordofan proved substantial increase in yield and reduction
in grain losses due to well-structured training packages, knowledge share and awareness
increase of target respondents and farmers.
Statistics by the state ministry of production also revealed that, the amount of rainfall
precipitation, good farming practices (GAP), harvest, post-harvest and storage practices, are
some of the important risk factors that contribute to reduction of food losses. In irrigated
agriculture a number of factors are crucial in determining the yield and also volume of
production and the related losses. These include, the way land is prepared and the tillage
operations, type of variety grown, sowing date, and location of the farm along the irrigation
canal, the weeding and number of weeding performed, fertilizer application as well as
application of pesticide. Against these risk factors, a number of solutions are provided for
reducing FLWs and increase production output.
Summary of the results of food losses in Gedaref are presented in a matrix displayed in Table
4.2 while those of North Kordofan and Gezira scheme are set to annexes (Annex 4.1-a&b). A
brief list of the solutions will be introduced into this matrix and the recommendations on each
shall be highlighted and detailed in the recommendations' section where appropriate. Of the
solutions at the production stage is the provision of certified HYV seeds that increase yield
vertically, together with intensive extension services for smallholder farmers. For increasing
yield, early maturing varieties and early sowing has to be encouraged through adoption of an
appropriate integrated technology packages. Seed drillers and combinable varieties,
awareness and capacity building of threshers' operators are important steps to solving the
production and post harvest problems. Small scale farmers also complain from not being
eligible for bank financing due to collateral reasons. Sufficient and timely financing permits
timely sowing and timely agricultural practices that match with crop calendar.
More research needs to be made on available threshers to select the most economically and
feasible. This includes goal trade off between the imported machine and the locally
manufactured ones by GIAD. The storage vessels and bags are of high concern to minimize
losses. Although hermetic polyethylene bags are distributed to farmers in Gedaref (Galabat
West and East) but farmers prefer to use jute sacks for economic reasons. If this argument is
economically justified, jute industry has to be revisited. The other alternative is to revise the
suggested hermetic bags in term of size and material, and also the design and size of the
plastic tanks need be revised. Poor farmers in North Kordofan purchase small polyethylene
bags of 50-75 Kg for their reasonable cost compared to jute and hermetic bags. Awareness on
fumigation and quality management aspects and standards need to be disseminated through
extension agents.
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The table is useful in understanding the risk factors and how they influence food losses in any
location. From these variables and parameters it could be possible to develop a calculator-based model
for the estimation and prediction of food losses at different locations and for coming seasons according
to this formula: FL= parameter× variable. However, it worth to note that; the cause–effect relationship
between variables and food losses cannot be generated and generalized by data of one season and one
FSC.
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Table 4.2 :Summary result matrix of food losses in Gedaref (see North Kordofan and Gezira as Annexes 4.1-a&b)
Food supply
chain stage/
process

Type of
loss
QN/QL

% loss in
the food
supply
chain
30

Cause of loss/
Reason for low
loss

QN

% lost in
this
process
(QN)
50-80

production

Harvesting
(stacking)

QN

2

3

post harvest
(threshing)

QN

3

QL
Storage

QN

13-20

processing
Retail

QN
QN

0.5
6

100

CLP/
LLP

Destination of
food loss

Birds, rodents,
insects ,striga
(buda) & other
weeds

CLP

Farm

Missing heads,
rodents, termites
Improper and
High relative
humidity
Spillage,
impurities,
broken grains due
to high relative
humidity
Rain after harvest
Rodents ,weevils

CLP

Farm,
consumed by
vulnerable
groups
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Economic
loss from
market value
(%)

CLP

Consumed,
gifted and
animal feed

30-75

CIP

Consumed,
animal feed

Nil

LIP
CLP

Impacts on
environment/ climate
change/ natural
resources
Contamination by
herbicides; soil and
water, Clearance of
natural vegetation,
depletion of soil fertility

Soil fertilization

fertilize the soil

Impact food
supply chain
actors affected
(men/ women)
Affect income,
and livelihood
of farmers

Loss
perception of
FSC actors
(men/ women)
Both highly
concerned

Suggested solutions

Affect income
of farmers

Do not care

Affect income,
of farmers

Fate/God Act

Adjustment of the
thresher, training*
awareness

Affect family
food security,
income

concerned

Affect income
of retailers and
millers

concerned

Revise size of hermetic
bags e and plastic
tanks, fumigation
HACCP awareness
All product should be
subjected to quality
standards

Early sowing date/
early maturing
varieties, adoption of
the integrated
technology packages.
Timely finance
Seed drill combinable
varieties, awareness
and capacity building
of operators

30

Negligible

4.2 Critical loss points in the Sorghum supply chain (CLPs)
A summary of the various types of losses along the sorghum food supply chain, and the
respective causes in the three farming systems will be given in this section with more focus on
the critical loss points (CLPs). The low loss points will not be ignored and shall be presented
at the end of this chapter. One of the main findings of this case study is that, losses at the
production stage are huge and smallholder farmers lose sometimes their crop almost entirely
either due to poor seed germination, heavy infestation by purple witch weed (striga
hermonthica), insects' infestation, rodents, desert locust and drought spells at the stage of crop
establishment and before harvest. This type of crop damage may reach to up to70- 80% loss
and lucky farmers may lose about 30-50 percent of area they planted.
The field survey revealed many similarities in effect of these natural enemies creating critical
loss points along the supply chain(s) across these three farming systems. For instance, in
traditional rain-fed dry farming system dominating in North Kordofan losses are even greater
compared to semi-mechanized rain-fed farming of Gedaref state/area, where shortage of rain,
and drought spells are quite common due to climate change. In Gedaref area and southern
parts of North Kordofan this season (2019/2020) experienced excessive rainfall that brought
about severe pest infestations (Dura midge (Contarinia sorghicola) during the growing season
and at maturity stage.
At the smallholder farmer
level, sorghum harvest and
post harvest losses are not
much compared to those at
crop establishment. At post
harvesting, stacking/drying,
threshing and storage losses
are reported to be moderately
low as shall be seen where
appropriate. However, minor
losses (less than 1%) exist at
wholesaling, processing and
milling and transportation.
The quantitative losses were
estimated at each respective
step in the food supply chain
and the related reductions in
market value and the causes
of losses are shown in Table
4.2 in the previous section
(Annexes 4.1-a&b).

Sorghum attacked by midges

Sorghum attacked by midges

Dead Durra midge at various stages: internet source

While smallholder farmers were reported to incur losses in harvesting and stacking stage
accounting for 2%, 3%, and 2% in Gedaref, North Kordofan and Gezira respectively;
threshing countered losses at a rate of 3%, 3-7% and 2% for the three farming systems
respectively (Annex 4.2-a, b,c). Transportation from the field to household store or to the
market was less than 1% which indicates a low loss point (LLP) in the three farming systems.
This loss is mainly due to spillage of grain from damaged bags. Storage has the greatest loss
and was reported loss equal to 13-20%, 7-20%, and 6-20% in Gedaref, North Kordofan and
Gezira respectively. This is mainly due to insect damage (weevils and termites associated
with discolouration) because they use old sacks in unfavourable store conditions as poor
ventilation and poor hygiene practices. Final results on load tracking assessment are not
readily available as initial samples were taken and final assessment will be done in March
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2019 and results shall be compared thereafter. This test will reveal both qualitative and
quantitative loss because of long term storage.
However, retailing was found to be a critical loss
point in Gedaref (6%), North Kordofan (6.5%) and
Gezira (6.6%) respectively. For instance, respondent
retailers in Galabat localities reported an average loss
of 4-6 percent loss as impurities of mud and straw.
Worth to note is that these figures remain indicative
as retailers usually give exaggerative numbers for
sympathy and showing that their profits are not that
much.

Retailer clean sorghum from debris

Interviews with wholesalers in main crop markets in
the study areas (El Obeid market representing
traditional rain-fed farming and Gedaref Crop Market
as a semi-mechanized dry farming system) revealed
minor losses (< 1percent) and as such considered as
low loss points (LLPs).
However, it has been reported by interviewed
wholesalers in Gedaref Crop Market, they usually
lose some weight from sorghum when stored in
Shuna (sun drying in open air-storage) for three
months or more. Nonetheless this is considered not a
loss but reduction in weight and volume due to
evaporation of moisture content. However, wholesalers do not think this is a major concern
since they sell on per sack basis and not in weight basis.

4.3 Load tracking and sampling methods
Load tracking and sampling methods are used to confirm previous analysis by providing
quantitative and qualitative loss indicators. As most losses occur during farm harvest and post
harvest as well as home store (identified as critical loss point) load tracking is made in two
different storage structures. One selected a household store, typically of zinc, in Gadambalya
village in Gedaref Centre Locality while the other site is chosen to be a large scale warehouse
that belongs to a trading company, and samples were taken before and later after storage.51
First stage results were reported and a second round is planned to be in late march early April
to assess the effects of a three to four-month storage period (Table 4.3-a).
Besides load tracking, samples were also selected from different stages of the supply chain in
the three farming systems. Most of the initial visual results showed that, the largest portion of
grain stored at the farmer household level for longer periods was of poor quality and
therefore, sold at a lower price or even discarded for animal according to the situation of
damage. The qualitative and quantitative results from samples drawn from the various stages
and sites are obtained and displayed in Table 4.3-b&c. Using the BLUE BOX technique, our
agronomist, used 1 kg samples collected from farmers’ stores, threshing stage, or retail level
51

Two samples of sorghum each of 2 bags of 90 kg were selected for load tracking, one sample from
whole sellers market and the other send to farmer's storage. The first sample was stored in a good
warehouse with acceptable storing conditions and the second sample was stored in a traditional small
store belongs to the farmer at a nearby village (Gadambalya). Next quality check will be on 30th of
March 2020 to evaluate the loss due to storage conditions.
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in order to estimate losses based on parameters for sorghum given in Table 4.3-b&c with
detailed results.
Table 4.3-a: Presentation of Load Tracking Results (Gedaref)
A
B
C
D

Product
Event
Duration of the event
Location
Before the event

E
F
G

Load
1st stage sample
2nd stage sample

H
I
J
K

Sample size 2nd stage
Average quality score (0-10)
Percentage unit (<2)
Percentage low quality (2-6)
After the event

L
M
N

Load
1st stage sample
2nd stage sample

O
P
Q
R

Sample size 2nd stage
Average quality score (0-10)
Percentage unit (<2)
Percentage low quality (2-6)
Quality loss
Percentage lost (E-L)/E
Quality loss
Percentage los (Q-J)
Percentage quality reduction
(R-K)

S
T
U

Sorghum
Storage
3 month (30th March 2020)
Gadambalya- Gedaref
Experimental
Weight of
No of units
Total
unit
unit
weight
Traditional store 90 kg
40
3600 kg
4 bags
90 kg
4
360 kg
4 bags
90 kg
Value (score %) Observations/ causes
5 kg
Taken from a sample of 40 bags
8
Physically the sorghum is of high quality
1
5
2
2
Experimental
Weight of
Number of
Total
unit
unit
units
weight

Value (score %)

Observations/ causes

Value (%)

Observations/ causes

Value (%)

Observations/ causes

Table 4.3-b shows results of quality visual analysis of different sorghum varieties in the three
farming systems. These varieties included Wad Ahmed, Tabat, Fetereta, Zunari, Batania, Wad
Bako, and Arfa Gadmack. The table gives a comparative assessment of different quantitative
and qualitative (nutritional) losses incurred to different sorghum genotypes in three main
production farming systems namely the irrigated system in Gezira, traditional rain fed and
semi-mechanized rain fed system. These three agricultural productions systems have –more or
less- similar causes of loss in sorghum, especially at harvest, post-harvest handling, and
storage as well as the improper loading and unloading in markets. These losses and causes
during production, harvest and postharvest, and storage are described as:
During production:
Qualitative losses in sorghum during production were observed, mainly in Gezira State due to
intensive plant population (density), which led to small heads as a result of competition
between plants and the weeds (Table 4.4-b). This resulted in smaller grains that were broken
easily during threshing by combine harvester, while excess irrigation induced losses due to
lodging. In North Kordofan State, the quality losses were seen on the broken grains, which
was not only as a result of threshing by harvester, but also by birds, where birds are small and
not able to swallow the grain at once and they have to break into parts; especially at the
maturity stage (Table 4.4-b). In Gedaref State, the observed qualitative losses were similar to
those of Gezira and North Kordofan and mainly related to high broken grains during the
threshing process by the stationary threshers.
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Table 4.3-b: Quality & visual analysis results of various varieties in the three farming systems
Quality parameters

Standard

El-Gezira State
Tabat

Fetereta

(R)

(S)

Moisture content %

Max 13%

Wad
Ahmed
(S)
9.80

North Kordofan State

11.90

9.40

6.00

8.30

8.80

8.50

Broken grains%

Max 2.0%

0.01

0.20

0.60

7.40

0.70

3.20

2.70

Insect damaged
grains%

Max 0.5%

0.01

0.70

0.10

0.50

0.05

0.05

Foreign matter%

Max 2.0%

0.01

0.30

0.05

0.50

1.00

Grain impurities%

Max 1.4%

0.05

0.05

0.05

0.80

Sprouted grains%

Max 1.0%

Nil

Nil

Nil

Live weevils

Free

Nil

Nil

Nil

Dead weevils

Max 15/kg

Nil

Nil

Protein (N x6.25)

Min. 7.00%

9.49

11.59

Fats

Max. 5.00%

1.97

Ash content

Max. 1.50%

1.3

Tannins

Max. 0.50%

0.116

W ad
Ahmed

Zunari

El-Gedaref State

Arfa
Gadamack

Batania

Load tracking-El Gedaref State

Arfa
Gadmack
(T)
7.90

Fetereta

4.50

Wad
Bako
(T)
8.50

Fetereta

Arfa Gadamack

(LT)

(LT)

0.10

7.10

2.00

8.80

8.80

8.00

1.00

1.00

1.90

0.01

0.01

0.05

0.01

0.05

0.01

1.40

0.70

0.05

0.40

0.70

0.30

0.12

0.05

0.05

1.30

0.05

0.05

0.50

0.50

0.05

0.10

0.05

0.70

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

8.25

14.86

10.32

12.94

Nil

Nil

Nil

Nil

Nil

14.01

13.33

12.83

11.53

13.60

2.52

2.05

2.33

3.16

1.4

1.33

1.44

1.64

2.34

2.40

3.17

2.50

2.10

1.94

1.55

1.71

1.55

2.53

1.55

1.86

0.150

0.141

0.113

0.110

0.220

0.200

0.123

0.11

0.183

0.213

(S)

Tabat
(Sh)

S=storage, T=threshing, Sh=Open air shuna storage, R=Retailer level, LT=Load Tracking

4.3-c: Quality scoring of sorghum food products and loss in market value
Quality score
0
1
2
3
4
5
6
7
8
9

Description of the quality
Broken grains by harvesters
Birds eating grains
Dura midge
Fungal infections

North Kordofan
Percentage reduction of market value (%)
2
30-80
70
0.5
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Description of the quality
Broken grains by harvesters
Birds eating grains
Dura midge
Fungal infections

Gezira
Percentage reduction of market value (%)
2
40
30
0.5

No other losses were observed as per the attached table. The laboratory analysis revealed
losses in the grain quality (protein content) by 25% in El-Gezira state, which may be due to
the intensive use of different chemicals compared to North Kordofan and El-Gadaref. This
also has an impact on environment.
During harvest and post-harvest handling:
In this stage, losses of quality nutritive value were affected with regard to protein content in
El-Geira state only, while on the contrast, in North Kordofan and El-Gadaref, the ash content
was very high compared to El-Gezira, it may be due to varietal difference as in the other
states such as North Kordofan, many local types of sorghum are grown. In North Kordofan
and Gedaref States, a loss of market value to sorghum was noted for the grains that subjected
to rains (Talawey) before harvest and this caused change in the normal colour of the grains,
but physical analysis did not show any inconformity to standards. However, it worth to note
that, the broken grains, Talawey, and other impurities reduces market value substantially
(Table 4.3-c).
During storage:
Stored grains are vulnerable to many stored grain pests. These stored grain insects are
responsible for huge quantitative and qualitative losses in sorghum, nevertheless, the sorghum
in these states is stored in traditional farmer stores, which are not protected and having no
specifications or standards and can easily become infested shortly after the grains are put in.
most of the farmers are storing their grains in a 90 kg jute bags and some in polyethylene
bags. Jute bags are loose and insects can enter easily, while polyethylene bags are easily
destroyed by heat.
Laboratory analysis:
Sorghum samples were tested in the SSMO (Sudanese Standards and Metrology
Organization) laboratory for four parameters including; protein content, fats, ash content and
tannin. Compared to sorghum grain standards of SSMO, the grain quality was not affected by
loss and waste factors but there was a variation between the three states in protein content.
While it was low in Gezira state as an irrigated system (9.77%), it was found to be moderately
high in both North Kordofan (12.71%) and Gedaref 13.39% in traditional rain-fed and semimechanized rain-fed system respectively as shown in Table 4.3-b. This may have relation
with the chemicals used in Gezira State (fertilizers, pesticides, herbicides) compared to North
Kordofan where no fertilizers were added and similarly in Gedaref state where limited areas
are fertilized. Loss of protein content due to agricultural practices is accounting in the general
losses in sorghum by approximately 25% between El-Gezira and the other two states.
Fat content was similar in all sorghum varieties in the three states, while ash content varied
(1.34%, 1.54%, and 1.93% for Gezira, North Kordofan and Gedaref, respectively). This is due
to varietal difference as in North Kordofan, local types are grown. All tannin content was the
same and it was not affected by loss factors.
Load tracking results were similar to those of the other analysis; the change may be expected
at the end of the load track period by 30th of March 2020. In a nutshell, the qualitative losses
due to visual parameters were critical in broken grains. The laboratory analysis completed the
idea of quality loss in sorghum at the different stages from production to retail level (Table
4.3-b).

4.4 A summary of causes of Sorghum losses and identified loss reduction measures
There are a number of causes of sorghum losses and each cause has distinct and identified
measures of loss reduction that have to be adopted to reduce the overall impact of loss on
food security, farmers' income and livelihoods. The section outlines and discusses in detail the
causes of production as well as the causes of harvest and post-harvest losses along the
different stages of the selected FSCs in the three farming systems as follows.
62

Production: Weather and environmental conditions, as drought spells, and or dumping by heavy
rains,
 Purple witch weed (striga hermonthica) locally known as buda and other weeds act as a
major enemy to sorghum in almost all of the three farming systems, but has been less
severe in Gezira irrigated Scheme for the control and preventive measures they use.
 Attacks by domestic birds and Quelea quelea ethiopica, desert locust, and umetahara
& thrips (Abu jindib) during crop establishment and prior to harvest. Dura midge

(Contarinia sorghicola) (dura maseh) and hashd worm Spodoptera frugiperda
and bio-deterioration by microorganisms (fungal and bacterial infections).

 Herds' invasion to cropped land, frequent thefts, and armed robbery by outlaw bands,
particularly in some areas of North Kordofan close to South Kordofan state where civil
unrest prevails.
 Limited finance to agricultural practices.
 Lack of extension services.
 Lack of inputs as HYV and other inputs as pesticides and herbicides which are also
costly.
Harvesting and post harvesting: – The major causes of losses at harvesting and post
harvesting are:
 Detachment of some sorghum heads off the stalks while cutting. This happens usually
when hired labourers or household family/farmers cut the sorghum heads from stalks
and carry them to stacking areas, detached heads accidentally fall onto the weedy
ground and are lost; or the loss of harvested heads during collection and transportation
to the drying and threshing area.
 Additional losses occur when it rains while sorghum field is ready for harvest, causing
grain spoilage locally known as Talawey, indicating a change in grain colour from
white to brown or greyish thus reducing the market value of the harvest.
 Few ants, rats, and domestic animals usually cause damage to sorghum heads when
stacked to dry. Although not widely practiced, but misconduct of some farmers
applying pesticides on sorghum stacks to prevent it being attacked by insects or rodents
might results in health and safety risks and hazards.
 Improper sorghum threshing using badly calibrated machine cause grain breakage and
spillage on floor, which could hardly be collected and often lost. In most of the study
areas, loss at this stage is relatively low -but still critical-because most of the farmers
use calibrated machines that reduce this type of loss.
Transport and storage: –
 Transport of sorghum bags/sacks from field to homestead is reported not to cause any
serious losses in all field survey areas as the amounts carried are small and are usually
handled with care. Nevertheless, farmers in North Kordofan tend to use small 50-Kg.,
polyethylene bags for the low costs (SDG 20 per bag) compared to 90-Kg jute sack,
widely used in semi-mechanized agriculture, which cost almost four folds the plastic
bag (circa SDG 90/sack). Unlike jute sacks, these small plastic bags can rupture easily
by mishandling during transportation and incur small losses. The small losses can be
avoided by using sound bags either of jute or triple-polyethylene bags of reasonable
size.
 Important to note is that, the so-called 'on-farm storage' does not necessarily mean
storage in the farm place -as underground pits-, but usually refer to homestead storage
in the village usually 3-4 km distant from the farm. There are many reasons as to why a
significant portion of sampled sorghum is unfit after storage at the farmer level. For
instance, traditional storage structures are of poor conditions, which expose sorghum
grain to infestation by rodents, insect pests, and other micro-organisms.
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 In large warehouses, losses are due to insect infestation as a result of poor storage
management and poor sanitation measures. Also if wet grain is stored and not dried
properly the grain will spoil. Farmers reported that this problem occurs when it rains
during harvesting, coupled with lack of sunshine to dry the grain.
Retailing, Milling and wholesaling: –
 Most of the losses at the retail level are reported as due to impurities cleaned for sale.
In Gedaref/Galabat town it was reported that losses are because of impurities, broken
and discoloured grains, immature grains and insect damage the same as in North
Kordofan and Gezira state. This is repeated almost in all areas surveyed in the other
farming systems with various levels of impurities.
 Some retailers tend to mix the previous seasons’ harvest with the new crop harvest to
compensate for losses incurred.
 Wholesaling losses are usually low but not considered as a loss since sales are on per
unit and not per weight basis. The losses were attributable to reduction in weight as a
result of further drying in open-air shunas.
 Other causes of losses result from spilled grain during loading, unloading, and
uploading as old bags may be used by the supplier, labourer’s negligence, insect
infestation and impurities. As a good practice in post-harvest loss reduction, the
wholesalers inspect the grain they buy for signs of pest infestation, moisture content,
grain colour and level of impurities particularly when goes for export or industry.
Whenever grains show symptoms of insect infestation, the bags are separated and
immediately fumigated.
 Sorghum milling/processing incurs few losses usually below one percent

4.5 A summary of the main actors and their roles in Sorghum FSCs and food losses
 Many actors play different roles in the sorghum food supply chains and food losses.
Farmers face considerable sorghum grain losses during harvesting, stacking, threshing,
transportation and storage activities because of the conventional methods of grain
handling, which need to be improved (Table 4.2.). In Gezira irrigated Scheme, where
water exists in the field during harvest and exerts some losses occur from spoilage
because of excessive moisture, as identified by farmers who responded to the survey. In
other areas farmers are keen not to harvest before maturity except few who are in a
hurry to sell and pay loans. In such case, sorghum losses occur because farmers harvest
before sorghum adequately matures. On average, about 2-3% of sorghum is lost during
harvesting.
 Broken sorghum seeds are also common because of improper threshing practices. In
addition, sorghum is exposed to pest infestation, when stored for too long, a major
cause for poor quality sorghum. Post-harvest food handlers, may play a role in the
occurrence of losses.
 Sorghum loss occurs during storage, when sorghum is stored for too long, because it
has not been treated with pesticide, or use of poor quality bags or when storage quality
is low. Farmers store in structures made of mud-plastered walls and bare ground floors,
which leaves the grain exposed to excessive moisture and pest infestation.
 Losses also occur by handlers/loaders during loading and unloading as a result of
spillage from punctured bags. Loss of sorghum during handling by sorghum traders
occurs during the collection of sorghum in small quantities. In particular, retail traders
experience sorghum losses during weighing, packing, loading and unloading.
 Labourers who might not have experience in handling bags with care are mostly
engaged in these activities. Interviewed retail traders estimated an average loss of 4-6
percent. Grain loss also occurs when customers put the grain in old bags, and when
grain handlers do not carry the bags properly. Grain loss occurs at the point of milling
by village or rural market when the grain is weighed and poured into the funnel of the
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milling machine, but amount lost is still not significant and can be considered as a low
loss point. Like wholesalers, processors/millers indicated that the losses are often
shouldered by customers who bring their grain to the millers.
 Interactions among the different actors have an impact on the sorghum FSC. For
example, if farmers by the respective producers' associations are well trained to
perform proper sorghum storage and use appropriate storage structures, the amount of
food losses can be reduced. In this regard, however, majority of survey respondents had
received no training in grain handling in the last three years, except few percent of
them assisted by a PHL programme implemented by ZOA WFP in the localities of
Galabat East and West in Gedaref State of the semi-mechanized dry farming. In North
Kordofan, much focus is in improvement of GAPs, with little attention to PHL. In

Gezira Scheme the situation in extension services is well established.
 However, networking of farmers is the basic role of the producers' associations to
reduce food loss through intensive and integrated training packages on how to store
their sorghum, use good quality bags and appropriate storage structures/vessels to
contribute to significant loss reduction in sorghum. The recently formed Producers'
Associations by the states can play an important role by providing these bags and
storage vessels by making them available to farmers at affordable prices.

4.6 Low loss points (LLPs)
The study identified low loss points as transportation, including loading and unloading,
milling/processing with losses below one percent. The transportation is a low loss point
observed when produce is moved to the homestead and while moving to storage and or
processing/milling along the supply chain. Losses are low during transportation because
farmers use sound bags which reduce spillage.
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5

FOOD LOSS REDUCTION STRATEGY FOR SORGHUM: CONCLUSIONS
AND RECOMMENDATIONS

5.1 Overall impact of food losses in the selected Sorghum food supply chain
The overall analysis of sorghum supply chains revealed a significant impact of food losses in
the selected sorghum food supply chain in the three farming systems and at variable degrees
and intensity. In real terms, small scale farmers expect to lose over 30-80 percent of their
sorghum at the stage of crop establishment and to nearly 7 percent during harvest and postharvest activities, an amount that considerably impacts household food security and income.
However, when farmers decided to keep a portion of his produce at home storage, then he has
to expect between 13-20 percent losses depending on the condition of the store and the length
of the storage period, which usually extends between 6-12 months. This result is expected to
be confirmed by the results of the second phase of load tracking sample analysis at the point
of village and warehouse storage of 3- 4 months. (The results are expected to show 30 percent
loss of the stored grain at village and 20 at warehouse if conditions were worse)
The results of the field survey in the three farming systems showed that, smallholder/farmers
lose significant portion of their produce for a number of reasons either by not following the
good agricultural practices for crop establishment (GAPs) and also by bad handling of the
crop during harvesting, threshing, transportation and storage. It has been proofed that
significant losses occur at threshing (3-4 percent) in surveyed sorghum-production areas. For
smallholder farmers, the critical loss, in terms of quantity and quality, occurs during storage
where the use of traditional storage facilities or structures exposes the sorghum grain to
damage and wastage resulting from pest infestation.
Sorghum grain loss reduces food availability at the household level in areas where farmers are
totally dependent on it as in Gedaref area and this increases smallholder farmers’ vulnerability
to resilience and climate change effects as reflected by frequent drought spells as is also the
case in North Kordofan. Imagine a farmer losing more than 80 percent of his sorghum during
crop establishment in North Kordofan or Gedaref area by striga and durra midge and the
remaining 20 percent will also be reduced by another 20 percent to remain in total with
malnutrition and impoverishment together with unusable food, and wasted time in farm
household labour. For example, farmers in Gedaref/Galabat allocate up to half of land for the
sorghum and other half for sesame as a cash crop to compensate for sorghum losses when
occur. Some small scale producers were heavily indebted or sent to jail because they invested
their limited financial resources in sorghum production and lose crop either by environmental
and or climatic factors, pests' infestation or being attacked by animal herders at critical times.
Overall, grain loss leaves smallholder farmers at risk and subject to food insecurity because
the losses negatively impact the amount of food available for the household and also reduces
income.
The impact of post-harvest sorghum grain loss on retailers is considerable and can be
estimated as 6 percent mainly as impurities and broken grains, immature or improperly drying
seeds resulting in changing grain colour (Talawey) or damage by storage insect pests. These
losses may reach up to 6-10% of the grain and reduce market value by at least 30 percent. The
experience of ZOA and WFP in Gedaref (Galabat East and West) showed that using
appropriate and feasible technology packages, good agricultural practices, training on wellinformed post-harvest operations (handling, processing and distribution) are the major factors
leading to reduced post-harvest losses. Unlike expected, there is an apparent lack of
awareness on PHL among farmers, agricultural personnel, policy-makers and other
stakeholders. To avoid the negative impacts of these post-harvest losses and to hinder their
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passive implication on food security, income and livelihoods, FLW reduction strategy and
action plan is to be set to address farmers' concerns, policy makers and other actors.
To address these challenges, the study recommends the introduction and promotion of proven
and affordable post-harvest technologies such combinable, drought resistant and early
maturing sorghum cultivars to increase yield and along with this distribution of appropriate
hermetic bags, multiple crop harvesters (MCH) mechanical threshers,52 and pre-storage
protectants. These technologies have been proven to provide significant benefits to farmers
worldwide based on productivity gains, quality improvement and reduced labour costs.

5.2 Environmental impact
Few literature on the impact of food loss on the environment, in terms of depletion of land
and water resources and increased GHG emissions, is currently available as it is relatively
new (FAO 2018-a & b). However, irrational use of natural resource by man has adversely
affected the environment, in different ways, which in turn impacted food security. The more
land, water and chemical fertilizers used by man, for growing food the more production
shortfalls occur resulting in part to grain loss during production, harvesting and storage, all of
which affect the environment adversely as their irrational use leads to the depletion of the
natural resource base for food and agriculture (Ibid 2018).
Typically serious effects of irrational expansion in land cultivation for growing sorghum is
exemplified in Gedaref State in 1944, where millions of hectares were depleted from
vegetation cover including grazing lands, which has declined from 78.5% of the state’s total
area in 1941 to only 18.6% in 2002 and still declining more. The remaining forests, though
some of them are kept as reserve, are subjected to severe cutting for growing sorghum and
other crops besides fuel and commercial production and selling of charcoal. All these factors
contribute to soil erosion and desertification leading to tribal conflicts over land resulting in
negative impact on climate change and affected smallholder farmers' capacity to adapt to the
climate and affected their resilience. In Gezira Scheme the situation is not that bright. The
over use of chemical pesticides and herbicides in Gezira Scheme, particularly DDT in early
70's and 80's has resulted in unhealthy foods. Similarly, air sprays of birds and desert locusts
with pesticides in North Kordofan and also Gedaref areas brought about residual effects,
particularly when water leaches the residues to the hafiers and water reservoirs (Annex 5.1).
However, in all surveyed areas, sorghum producers do not seem to be aware of or even
concerned about the environmental impact of grain loss for they do not see it directly. Most
farmers agreed that sorghum food loss has no direct negative impact on the environment.
Although farmers are aware of the variability of the weather and the changing climate, they
generally do not move to improve their farming practices not to cause or exacerbate these
changes. However, farmers use coping mechanisms to cope with lack of rainfall and variable
climate by growing short maturing varieties, shifting to high cash crop as sesame and ground
nuts, engaging in non-farm or off-farm activities.
The fact that farmers pay little attention to the impact of food loss arises from their failure to
appreciate the magnitude of grain loss during production, harvesting, threshing and storage.
This view is consistent with the results of interviews with the main respondents. The direct
environmental impact of food loss was not perceived, especially in terms of causing
environmental impact of discarded grain from storage which cannot be used as animal feed
(Annex 5.1). There is a need for capacity building and training programmes at all levels to

52

In Gedaref area, three combine harvesters are commonly tested and used by large scale farmers
namely; New Holland (TC 5070 and TC 5060), Claas (Avero 240) and Massey Ferguson (MF 2045) (
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raise awareness of the extent of grain loss and its impact on the economy, environment,
climate change and rural household food security.

5.3 Cost-benefit analysis of the food loss reduction measures identified
This section shall manipulate a simple cost-benefit analysis exercise that will identify
feasibility of the food loss reduction measures identified. The analysis depends on
information collected during the survey interviews, focus group discussions and secondary
information collated from relevant institutions. The analysis shall be confined to harvesting,
post harvesting and storage stages as they represent the most Critical Loss Points along the
sorghum supply chains (CLPs).

i)

Harvesting and post-harvest handling

Harvesting and threshing are the first steps that are presumed to be a critical loss points in the
selected sorghum supply chains, both quantitatively and qualitatively. Observations during the
field survey in the three farming systems revealed that, losses during cutting of sorghum,
stacking, drying and threshing are critical (3-4%) mainly because of mishandling and when
brought to the threshing machine53. Various companies (GIAD, CTC, DAL, etc.) are selling
or popularizing different types of diesel powered machines for sell but small scale farmers
cannot afford to purchase and they usually hire and pay on per sack basis. Two types of
threshers are currently available, one is locally manufactured by GIAD Industrial Company
and the other is imported from Turkey. Worth to note that, the combine harvester machines
are not suitable for small scale farms either for economies of size, high losses, or the cost of
operation is unaffordable. Observations showed that farmers liked the technology, though its
affordability is questionable as it costs between SDG 450 000 in additions to a tractor for
propelling that adds and additional cost of SDG 1,750,000 to the investment, other than
operating costs.
Table 5.1-a shows the costs and prices involved including the assumptions for calculating the
profitability of the investment. The budget calculation for food loss reduction are presented in
Table 5.1-b.
Table 5.1-a: Assumptions in calculating profitability of an investment (GIAD Thresher and
Tractor)
Sorghum price SDG/tonne
19,443 Output in tonne/hr
2.7
Thresher value SDG
450,000 Working hrs/day
10
Tractor value SDG
1,750,000 Working days per year/season
100
Depreciation (years)
20 Threshing cost/tonne(SDG)
1111
Source: Personal contact with GIAD and machine operator through an extension worker (Amar El
faki) in Gezira Scheme
Note: The machine cannot exceed the permitted working hours.
All operating costs including labour and fuel and salary were included

In spite of the savings realized from reduced losses, the solution is not profitable, under given
assumptions. The cost of buying and operating a thresher ($10,000) with a propelling tractor
($30,000) that accounts in total for almost USD 49,000, which is too high for an individual or
even a group of farm households. It is therefore advisable that unions and private suppliers
provide these threshing services to farmers or groups of farmers on a rental basis. Since
individual farmers cannot managed to buy a threshing machine (or a set of ploughing,
harrowing, and chiselling machines), therefore; networking of producers' associations in
53

Field experiments for loss assessment are made by Lutfi (2017) in large scale farms. Three types of
harvesters were tested over the period 2014-2016. The results showed average sorghum losses by three
types of harvesters in semi mechanized dry farming in Gedaref to about 10 % while pre-harvest losses
accounted for 15% (Annex 4.2-c).
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groups is the only possible way to get financing and purchase these production machines/
equipment to provide full-board services to a group of farmers.
Table 5.1-b: budget calculation for food loss reduction (threshers and tractor)
SDG
Item
Unit (SDG)
Calculation

USD

a.

Product quantity

ton/year

2700.27

2700.3

b.

Product value

SDG/ton

19442.5

431.1

c.

Loss rate

%

25

25

d.

Anticipated loss reduction

%

80

80

e.

Cost of intervention

SDG

f.

Depreciation

Years

g.

Yearly costs of investment

SDG/year

110000

h.

Yearly costs of operation

SDG/year

15750000

i.

Total yearly costs of solution

SDG/year

15860000

g+h

351663

j.

Client costs per ton product

SDG/ton

5873.4867

i/a

130.2

k.

Food loss

Ton/year

675.06751

c*a

675.1

l.

Economic loss

SDG/year

13125000

k*b

291020

m.

Loss reduction

ton/year

540.05401

k*d

540.1

n.

Loss reduction savings

SDG/year

10500000

m*b

232816

o.

Total Client costs

SDG/year

15860000

a*j=i

351663

p.

Profitability of solution

SDG/year

-5,360,000

n-o

-118,847

2200000

48781

20

20
e/f

2439.0
349224

Such networks can benefit from threshing services provided to other farmers on a rental basis.
Therefore, efforts should be made to encourage farmers in surplus sorghum production
regions to buy (at least in groups), through the facilitation of financial support that allows for
credit. The organization of small scale farmers into groups (producers' associations or
cooperatives) has to be a pre-requisite prior to financing. In case the private sector wants to
invest in such business, the service centres/units are to be equipped, of course, with well
trained agriculturists, extension agents and engineers for machine operation, calibration and
maintenance in reasonable geographical distribution that are accessible to small farmers.
Multiple Crop Harvesters (MCHs) may be a required option in Gezira and North Kordofan for
the machine can be adapted and used for harvesting sorghum and groundnuts.

ii)

Storage

Most of the household storage structures, in almost all surveyed areas do not comply with
recommended storage standards, because of awareness lack. A farmer tends to harvest earlier
before the crop is fully mature because he is in bad need of cash to pay back his debts. If the
farmer harvested when crop is fully mature at recommended moisture content and store fully
dried grain and keep storage areas clean, it would not incurs him any losses and further costs.
For this purpose, farmers need to be well trained in determining optimal grain moisture
content. Although not widely used in Sudan, still hermetic storage, such as metallic and
plastic silos and triple bags are globally used; particularly by small households to protect
stored grain from storage losses resulting from insect pests and rodents (FAO 2018-a, b).
Such storage structures can provide effective protection of the grain so long as they are air
tight without the use of pesticides.
An exercise was made to test the profitability of these structures to smallholder farmers.
However, plastic tanks were proved profitable under given assumptions (Table 5.2). The cost
of buying a 500 kg plastic silo is 16,500 SDG at current market price, which is too high for a
farm household to make down payment unless paid in instalments. It is therefore advisable
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that trade unions and private suppliers provide these storage services to individual farmers or
groups of farmers on concessional basis (Table 5.2).
Table 5.2: budget calculation for food loss reduction (plastic silo)
Item

Value SDG

Unit

SDG

Calculation

USD**

a.

Product quantity

ton/year

0.5

0.5

b.

Product value

SDG/ton

97212.5

2155.488

c.

Loss rate

%

20

20

d.

Anticipated loss reduction

%

98

98

e.

Cost of intervention

SDG

16500

365.854

f.

Depreciation

Years

18

18.000

g.

Yearly costs of investment

SDG/year

916.66667

h.

Yearly costs of operation

SDG/year

0

i.

Total yearly costs of solution

SDG/year

916.66667

g+h

20.325

j.
k.
l.

Client costs per ton product
Food loss
Economic loss

SDG/ton
ton/year
SDG/year

1833.3333
0.1
9721.25

i/a
c*a
k*b

40.650
0.1
215.549

m.

Loss reduction

ton/year

0.098

k*d

0.098

n.

Loss reduction savings

SDG/year

9526.825

m*b

211.238

o.

Total Client costs

SDG/year

916.66667

a*j=i

20.325

e/f

20.325
0.000

p.
Profitability of solution
SDG/year
8610.1583
n-o
Source: based on field data survey.
**USD is applicable only where USD values (and not quantities or percentages) are.

190.913

Government and NGOs should promote the use of such silos after making improvements on
the design. Such a programme has to be complemented by dissemination of knowledge on
post harvest and storage losses and also improving access to loans and financial services for
farmers to adopt the technology. Results also showed that the solution of hermetic bags under given size and price condition, are not profitable, despite the savings realized from
reduced losses54 (Annex 5.2).
Noteworthy is that, plastic tanks were distributed by WFP & ZOA in Gedaref (Galabat East
and West) to be used as grain silos, but purpose has been diverted by farmers to storage of
water when it is scarce even than grain. However, farmers showed the draw backs of the
hermetic bags as being large than needed, tedious to open and close and costly. Moreover,
plastic tanks were claimed not having appropriate outlets as shown by the metallic tanks seen
in literature. These types of storage structures are expected to address losses from individual
farmers resulting from poor storage conditions that cause spoilage, spillage and insect pest
and rodent damage.
In conclusion, the overall economic costs and losses along the sorghum value chain accounts
for 1.9 million tonnes which estimates o about USD 600 million (Table 5.3). Noteworthy is
that production losses are greater than post harvest losses which accounted for 19% in
contrast to 30% for the former.

54

Hermetic or triple bags such as PICS bags are effective in protecting grain from damage by storage
insect pests, as they create hermetic conditions that curtail insect infestation. These bags are locally not
available and if sold at current price ($ 2.5: WFP) will not be affordable by farmers unless supported.
However, farmers can reuse PICS for 2 to 3 seasons, if properly managed.
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Table 5.3:Estimated economic sorghum grain losses
Particular items
% of loss
Quantity MT
Value $
Production (anticipated):
30.0%
1,146,000
494,082,273
Harvesting
2.5%
95,500
3,705,988
Post-harvesting
2.5%
95,500
3,705,988
Transporting
0.4%
15,280
592,958
Storage
13.0%
496,600
19,271,136
Milling
0.6%
22,920
889,437
Grand Totals
49.0%
1,871,800
522,247,779
Assumptions: price 1750 SDG/sack= SDG19500/ton = 431 $/ton

5.4 Food loss reduction strategy: Conclusions and specific recommendations
Based on previous synthesis and analysis of the sorghum food supply chains, in the three
farming systems, the sorghum food loss reduction strategy in Sudan has to capitalize on six
inter-related pillars basically, awareness creation and policy advocacy; popularization and
scaling up of available post-harvest loss reduction technologies. Other supporting pillars
include developing a stakeholders’ synergetic action; strengthening institutional support;
strengthening post-harvest research; and encouraging private sector involvement for solutions
finding and mitigations. There are also some recommendations for specific improvements in
the supply chains.

a) Awareness creation and policy advocacy
The scope and extent of awareness creation and policy advocacy involves all levels from
farmers at the start/upstream of the chain down to other actors along the supply chain;
basically; policy makers, warehouse mangers, transporters, traders, processors, wholesalers
and retailers as well. Policy makers are to be aware of the economic, environmental and social
costs of food loss and its impact on food security, farmers' incomes and food security as well
as climate change and environmental degradation. To raise farmers' awareness towards the
main problems that constrain their use of modern post-harvest reduction technologies, it
requires intensive advices from the concerned institutions (Ministry of Production and Natural
Resources at the state level, the Agricultural Research Corporation, the National Food
Research centre, and the other relevant government institutions) through well structured FLW
reduction Programme that diffuses the necessary expertise and knowledge of the required
technologies to all concerned stakeholders.
The first and foremost intervention has to be, therefore; building the capacity of sorghum
farmers and other supply chain actors including policy-makers on the importance of postharvest losses, and the effect on food security and climate resilience and economy to acquaint
them with the various measures required to reduce losses. Such awareness programmes have
to involve field demonstrations, training workshops and media broadcasting. Particular
emphasis has to be given to training and capacity building in production and business
management and marketing, especially for farmers' organisations or producers' associations to
better manage supply markets including the training of farmers on issues of hygiene and
safety standards for protecting the health of producers and consumers as well.
However, no immediate and significant impact would be expected on the livelihoods of small
scale farmers unless the 'culture of awareness' on 'food loss reduction' becomes a norm and
culturally founded belief among farmers; an awareness soul that can bring substantial
reduction in post-harvest losses. Once the concept and approach runs in the blood of farmers,
it would translate directly and indirectly to reduced use of production resources (land,
ecosystem, assets, and inputs) that can directly impact the environment and therefore reduce
the negative impact of postharvest losses on it.
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b) Production increase and productivity enhancement
Most small scale farmers have low yields compared to potentials available mainly due to the
poor seed varieties they use and the traditional practices they follow regarding the crop. To
move ahead, with this issue, access to all types of inputs in terms of quantity, quality, cost,
regulation, certification, etc. has to be improved together with adequate knowledge on their
use. Moreover, adoption of good agricultural practices (GAPs) has to go legislatively in line
with using good quality seeds, early maturing and drought resistant varieties, timely
cultivation, weeding, and harvesting, etc, as well as provision of extension services. As the
purple witch weed (striga hemontheica, buda) and Dura midge (maseh) are real threat to
small farmers, a pest/ disease management plan has to be immediately initiated; particularly
for Gedaref and North Kordofan.
However, authorities have to give equal importance, to both the development of farmers’
capacities in Good Production and farm management Practices and increase access to markets
by improving the weak marketing infrastructure (vis. transport means, roads, warehouses,
handling and market information, etc. As farmers are currently aggregating in farming groups,
known as Producers Associations (PAs), instead of the dismantled farmers' unions; the
Government has to assist these producers associations by organizing them further into
networks able and capable of providing commercial farm services on rental basis such as pest
management and threshing, besides availing machinery/equipment for good practices. The
approach of good agricultural practices and market linkages has to be the basis for financing
small scale agriculture across the country.

c) Up scaling of available post-harvest loss reduction technologies
Many types of technologies are currently used and proven to reduce post harvest losses, such
as sorghum plastic tanks, metal silos and the WFP-triple-bags. However, ZOA, an active
NGO in PHL reduction, promoted plastic tanks and triple bags to the smallholder farmers, but
the observations recommend their evaluation in terms of size and structure as well as
economic acceptability. The WFP people need to commence with practical demonstrations of
the technologies for model farmers, accompanied by field day visits by as large a number of
farmers as possible and other actors to show the effect of these technologies on PHL
reduction. Along the same line of PHL reduction strategy, there has to be a programme that
tend to promote the broadening of the utilization base of sorghum through promotion of new
types of milling and processing equipment for cakes, loaf and instant nasha drinks that can
promote the sorghum industry at large.

d) Stakeholders’ Synergetic Action
Various stakeholders are supposed to work in reducing postharvest losses, but they lack the
institutional framework that brings all these institutions to work jointly. Because of this
fragmented policy action, it has not been possible to achieve the required goal of reducing
losses in the past nor would it be possible in future without a joint policy/strategy framework
that fits in the 2030 SDGs, particularly SDG 12.3 of reduction of food loss and waste. Uniting
efforts and acting in synergy with all concerned stakeholders -in both public and private
sectors- would help, no doubt, in optimizing resources and maximize efficiency of actions
towards reduction of sorghum losses. It is, therefore, highly important to bring stakeholders
from the production stage all the way through to the consumption point into a common
innovation platform where they identify problems, seek solutions, share responsibilities and
act accordingly with the utmost collaboration.
The study recommends that producers' association be grouped into networks in order to be
financially and technically able to support and service its members. Such networking
initiatives can be further grouped into regional/national networks of sorghum chain actors.
The idea is that, well-organized and financially capable actors can facilitate access to
innovative packaging and handling technologies than individual farmers who are mostly
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helpless and or hopeless. Once these structures are established, an M&E mechanism of food
losses reduction programmes and activities can be established to facilitate collaboration
between and among actors, local authorities and members.

e) Strengthen institutional support
Many financial institutions are mandatory obliged to support farmers financially while other
institutions could provide technical assistance to increase production and reduce food losses.
However, small scale farmers are rarely supported by the banking system because they lack
collaterals as a guarantee to pay back their loans. Also because of the high costs of the postharvest loss reduction technologies (threshers, storage structures, etc.), most of the smallholder farmers are unable to purchase machinery and equipment. Therefore, institutional and
financial support is necessary in facilitating credit for farmers to buy technologies by linking
actors to markets that pay premium prices for quality aspects. Such institutional support is
found effective in hastening the uptake of available technologies and simultaneously enhances
the PHL reduction efforts.

f) Strengthen post-harvest research
The results of the field survey revealed that, little research has been done so far to reduce food
losses and actors are not in harmony or under one umbrella to challenge food losses reduction,
a missing platform which could have strongly assisted and improved the status of research in
PHL, particularly food grains and generate appropriate technologies for problems' mitigation.
The study, therefore, recommends an inclusive research and development action plan to
improve traditional storage structures used for grain storage in contrast to new technologies
which are costly. Recently, PHL received special attention by the government and institutions
such as the SSMO & ARC for developing a research and adoption policy to address such
issues. The Sudan Zero Hunger Strategic Review (2017-2030) has casted a vision and
strategic plan for post-harvest research through SDGs 2017-2030 but this has not yet been
translated into programmes and actions. The National Food Research Centre, the Agricultural
Research Corporation and the universalities related to the Agricultural Research System have
to be strengthened to enable the generation of timely solutions to prevent postharvest
bottlenecks.

g) Encouragement of private sector involvement
The private sector has to be involved and mainstreamed to contribute more to the reduction of
post-harvest losses; particularly through participating in the production and distribution of
improved harvesting, transportation, and threshing, cleaning, storage and preservation
technologies. Beside the food loss reduction strategy, a market development strategy is to be
enhanced with the aim to create effective market demand through encouragement of the
private sector in business entrepreneurship. The private sector has to play an advanced role in
supplying the necessary consumable inputs to the post-harvest value chains. Private sector
enterprises (e.g. CTC, DAL, and Mahgoub Brothers are already in the pipeline and need to be
encouraged by government through holiday incentives and other exemptions.
The government has to support capacity development of both public and private sector for
attaining effective food loss reduction strategy in the sorghum grain food chain. Formulation
and implementation of food loss reduction solutions vis a vis training modules, enabling
environment, improve processing practices (HACCP, GMP & GHP), skills in use and
maintenance of harvesting machinery are among many others to be done. In this concern, the
private sector could contribute to value-addition and diversification in sorghum food supply
chain through specialized SMEs and market development. Additionally, private sector
entrepreneurs could invest in improving access to appropriate technology and equipment for
small stakeholders (threshers, processing mills, and packaging material as jute sacks, which
has once been an established industry in Sudan until 1980's.
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5.5 Follow-up Action Plan
For a thorough follow-up of the sorghum food loss and waste issues a practical action plan is
needed preceded by a concept note that describes how to go about it and the costs related. A
twin track approach that simultaneously focuses on production and post harvest losses has to
be followed in designing this action plan.
As loss during harvesting, stacking threshing and storage are critical, and estimated to exceed
20% on average; a Post Harvest Loss Programme (PHLP) has to be initiated and has to be
embedded in all government food security and development programmes. although sorghum
food losses during milling/ processing, transportation, wholesaling are low (<1 percent) but
collectively they add up to about 2 percent, which is significant to be considered with
precautionary measures to in order improve the means and efficiency of the facilities,
particularly grain/flour spillage during transportation and milling. However, the highest losses
farmers suffer (20 percent) is during household homestead storage, mainly because of insect
and rodents damage. This occurs sorghum is kept for a long period typically 6-9 months.
These losses are because of poor storage structures, lack of ventilation and post-harvest
handling that attract insect infestation. This stage of the selected food supply chain is found
the most critical loss point and intervention at this stage would make a significant difference.
Retailers also encounter losses resulting from presence of impurities and broken grains by
threshers, which may reduce the selling price and impact retailers’ income. As indicated
above, wholesalers in the study areas encounter less losses (<1 percent) of the sorghum grain
because storage period is not long or because they use comparably better storage facilities
with relative good storage measures usually inspected by SSMO. However, the estimated
economic losses by actors in the supply chain accounted for almost one-third of harvest,
which is circa USD 330 million per annum.

i) Sorghum threshers: Search for a better and improved technology
In the three farming systems sorghum production is mostly manual, except land preparation
and threshing. Majority of farmers do not own threshing machines and threshers are not
always timely available as farmers usually hire the machine from the nearby. In Gezira
scheme where crop calendar is fixed, it is always a problem to find threshers and schedules
bring some delay that causes losses. Worth to note is that, sorghum varieties are not uniform
in height therefore non-combinable. The study recommends organizing farmers in networks
that can provide services to farmers including threshing of sorghum at timely and lower cost.
On the other hand, new harvesters are tested by Agricultural Research Corporation (ARC) but
the adoption is not widely observed for the high cost. The Governmental and nongovernmental organizations (NGOs) can play a role in popularizing the demonstrated machinery.
Lutfi (2017) showed average sorghum losses by three types of harvesters in semi mechanized
dry farming in Gedaref to about 10 % while pre-harvest losses accounted for 15% (Annex
4.2-c). Observations showed that farmers liked the technology; though whether farmers could
afford the technology is questionable. On the other hand, the few farmers who managed to
buy a harvester usually hire the services to other farmers on a rental basis.
The only possible way to help farmers in sorghum production regions is to buy threshers in
groups or through cooperatives. Facilitation of financial support on a credit basis, where
needed, is worth considering. Youth and the younger might join the sorghum threshing
service business after technical training and financial support as a long-term loan, coupled
with arrangements for machine calibration and maintenance centres that would be accessible
to the farmers.

ii) Metal or plastic silos for grain storage
In many parts of the world, small metal silos of different capacities (300, 500 and 1000 kg)
are available by well trained artisans. In Sudan WFP went into plastic tanks of same size, but
74

still on limited scale. Farmers need to be encouraged to use this technology to protect their
produce by popularizing the technology through loans. Producers associations can organize
themselves in networks and contract with private suppliers. GIAD Industrial Corporation can
take the lead in this business and provide these services to farmers or groups of farmers on a
loan basis. This is to be accompanied by a promotion programme that provides both training
and knowledge-dissemination on the agreed upon technology. The size, technical and
economic feasibility can be examined prior to dissemination of the appropriate technology.
Concerned authority has to facilitate access to financial services for farmers and small
entrepreneurs to start such a business.

iii) Hermetic sacks (Triple layer plastic) for grain storage
One of the grains storage technologies is the production of the Purdue Improved Crop Storage
(PICS) bags that are a simple and also cost-effective way of storing grains and seeds without
using chemicals preservatives to control insect pests. The technology improves food security
as it can help preserve grains and seeds for long durations without damage. Hermetic or triple
bags are effective in protecting grain from damage by insect pests, as they create hermetic
conditions that kill insect infestation. Farmers can reuse PICS bags for 2 to 3 seasons, if
properly managed. Hence a PICS bag that is bought for about USD 1.751 (WFP price) and
serving for an average of 3 years is profitable and worth promoting. Required is to test for its
social, economic acceptability in terms of size. Manufacturers have to work with agro-dealers
across the country so as to scale up the use and training on appropriate and safe ways to store
grains.
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GLOSSARY AND DEFINITIONS

FAO Definitional Framework of Food Loss (FAO 2016)
1. Food : Any substance, whether processed, semi-processed or raw, which is intended for
human consumption, and includes drink, chewing gum and any substance which has been
used in the manufacture, preparation or treatment of "food" but does not include
cosmetics or tobacco or substances used only as drugs. (Codex Alimentarius
Commission, Procedural Manual, 2013)
2. Food loss and waste (FLW): The decrease in quantity or quality of food.
3. Quantitative food loss and waste: The decrease in mass of food.

4. Qualitative food loss and waste: The decrease of quality attributes of food
without decrease in mass.
5. Food plants and animals (FPA): Plants, animals and their derived products for food.
6. Non-food parts of food plants and animals: The parts of food plants and animals which
are not intended to be consumed by humans.
7. Food supply chain (FSC): The connected series of activities to produce, process,
distribute and consume food.
8. Crop-livestock-fish product loss or Post-harvest loss: All quantity losses (food and
non-food) along the FSC for all utilizations (food, feed, seed, other) up to but excluding
the retail to consumption level.
Supplementary notes to the definitions
1

‘Consumption’ refers to the ingestion of food by the final consumer at household level
or in a food serving facility such as a restaurant or a cafeteria.

2

‘Intended’ refers to the original purpose for the product in the food supply chain, even if
certain actors in the FSC may intentionally discard a wholesome part of the product or
divert it to a non-food supply chain. Example: the whole peeled potato is food, even if a
french-fry manufacturer disposes of a fraction when slicing the product into uniform
sizes; this fraction is then food waste.

3

Food loss (FL) in the production to distribution segments of the FSC is mainly caused
by the functioning of the food production and supply system or its institutional and legal
framework.

4

Food waste (FW) refers to the removal from the FSC of food which is fit for human
consumption, by choice, or which has spoiled or expired, mainly caused by economic or
social behaviour, poor stock management or neglect.

5

The difference between FL and FW is not always sharply defined. However the
distinction is made because the underlying reasons, economic framework and motivation
of the FSC actors for wasting food are very different from the unintended food loss, and
subsequently the strategies on how to reduce food waste are conceived in a different,
targeted manner..

6

Quantitative FLW can also be referred to as physical FLW. It is food which is
incinerated, disposed as landfill or used in industry for non-agricultural application. It
does not include the reduction of mass resulting from food processing operations such as
drying, heating, ripening, and fermentation. It does however include the removal of food
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for cosmetic or other market reasons by food processing operations such as grading and
sorting.
7

It is important to know the alternative use or destination of lost or wasted food, in order
to assess the economic loss and the impact on the use of resources when producing this
food. If food loss and waste are used for non-food consumption (as animal feed, as
compost), then the economic and environmental impact could be reduced.

8

Qualitative FLW: All the produce is still eaten by people, but has incurred decrease of
quality attributes resulting in the reduction of nutritional value, economic value, and/or
food safety.

i) Nutritional value refers to macro and micro nutrients such as proteins (including
essential amino acids), fats (including essential fatty acids), carbohydrates (including
dietary fibres), vitamins, and minerals and trace elements, as well as non-nutrient
bioactive compounds found in plant-based foods such as phytochemicals (e.g.
flavonoids, phytoestrogens, and tannins, etc), in a way that it affects the nutritional
status and health of the consumer.
ii) Economic value refers to the price that any supplier in the FSC receives from its buyer,
in a way that it affects the revenue of the supplier.
iii) Food safety refers to the absence, or presence in acceptable levels, of microbiological,
chemical or physical hazards in food to minimise risks to the health of the final
consumer. It is noted that food with a compromised food safety should not be eaten at
all, but that in reality it still may be eaten if people are not aware of the risk or
underestimate it.

77

REFERENCES
1. AOAD (2018). The Arab Agricultural Statistics Year Book –Vol. No. 37. Arab Organization
for Agricultural development (AOAD).
2. CBoS (2017). Annual Report No. 57. Central Bank of Sudan. CBoS, P.o. Box 313. Khartoum,
Sudan.
3. CFSAM (2018). Annual Crop and Food Supply Assessment Mission Sudan, (17 November –
15 December 2017, January, 2018
4. Ebtehag H. Babiker, Lotfie A. Yousif and Khalafalla A. Ali (2018). Economic Analysis of
Sorghum Production under Conservation Agriculture and Conventional Farming Systems in
small-scale Farms in Rain-fed Areas Southern Gedaref State, Sudan. SUST Journal of
Agricultural and Veterinary Sciences (SJAVS. Vol. 19 No.( 2), December 2018
5. European Commission (2011). The African Postharvest Losses Information System
(APHLIS). An innovative framework to analyse and compute quantitative postharvest losses
for cereals under different farming and environmental conditions in East and Southern Africa.
By F. Rembold, R. Hodges, M. Bernard, H. Knipschild and O. Léo. European Commission.
Joint Research Centre, Institute for Environment and Sustainability
6. FAO (2018-a). Food loss analysis: causes and solutions - Case study on t he maize value
chain in the Federal Democratic Republic of Ethiopia. Rome. 46 pp. Licence: CC BY-NC-SA
3.0 IGO.
7. FAO (2018-b). Food loss analysis: causes and solutions - Case study on t he chickpea value
chain in the Republic of India. Rome. 52 pp. Licence: CC BY-NC-SA 3.0 IGO.
8. FAO-SDN (2018). Preliminary Screening of Food Losses and Wastes in Sudan. An Inception
Report for Developing National Food Losses and Wastes Strategy and Action Plan.
Programme #: TCP/SUD/3701/C1. El Fadil Ahmed Ismail. Food and Nutrition security
Consultant
9. FAO (2016). Food Loss Analysis: Causes and Solutions: Case studies in the Small-scale
Agriculture and Fisheries Subsectors: Methodology; under -Save Food- by Global Initiative
on Food Loss and Waste Reduction., Strategic Objective 4, Output 2.2 Develop tools,
methodologies and indicators for assessment of the magnitude of food losses in various
subsectors. May 2016
10. FAO SIFSIA (2011). Large-Scale Warehouse Facilities and Impact on Markets’ Mechanisms
and Food Security. By El fadil Ahmed Ismail, FAO & the Food Security Technical Secretariat
of the Ministry of Agriculture.
11. FAO SIFSIA (2010). Price and Market-Structure Analysis for some Selected Agricultural
Commodities in Sudan: Marketing Costs and Margins. By El fadil Ahmed Ismail. Study made
for SIFSIA N, FAO, EU and (MoAF) Ministry of Agriculture General Administration of
Planning & Agricultural Economics Department of Agricultural Economics, 2010
12. FAO 2004. Strengthening the institutional capacity for planning, economic and policy
analysis (PEPA) for the agricultural sector in the Sudan. By El Fadil Ahmed Ismail. FAO
Sudan. TCP/SUD/2906(A) Project. Ministry of Agriculture and FAO, 2004.
13. FEWSNET (2015). SUDAN Staple Food Market Fundamentals. Famine Early Warning
Systems Network. USAID, 2015
14. GoS-UNDAF (2018). Sudan United Nations Development Assistance Framework (UNDAF)
2018-2021. UN Khartoum, Sudan.
15. Graham , G. G., William C. Maclean, Jr., Enrique Morales, Bruce R. Hamaker, Allen W.
Kirleis, Edwin T. Mertz Andjohn D. Axtell (1986). Digestibility and Utilization of Protein
and Energy from Nasha, a Traditional Sudanese Fermented Sorghum Weaning Food.Instituto
de InvestigaciÃ³n Nutricional, La Molina (Lima),Peru and 'Department of Food Science,

78

16.
17.

18.

19.

20.
21.

22.

23.
24.

25.

26.

27.

28.

29.
30.
31.
32.

Purdue University,West Lafayette, IN 47907(Downloaded from jn.nutrition.org by on March
17, 2010) p.977-984.
ICRISAT, (2007). An Open Access Journal published by ICRISAT. SAT eJournal|
ejournal.icrisat.org December 2007 | Volume 3 | Issue 1
IMF (2012). IMF country Report. International Monetary Fund No. 12/298, International
Monetary Fund Publication Services 700 19th Street, N.W. Washington, D.C. 20431
Telephone: (202) 623-7430 Telefax: (202) 623-7201 E-mail: publications@imf.org Internet:
http://www.imf.org November 2012
Ismail, E. A. (2012). Crop Auction Markets in Sudan: Their Role, Market Mechanisms and
Performance. Published paper in: African J. of Economic and Sustainable Development
(AJESD) Vol. 1 No.4, 2012) by Inderscience Publishers 2012
Ismail, El Fadil Ahmed (2010). The economics and marketing of sorghum grains & its
products: from self sufficiency to commercialization. A working paper on: optimum industrial
utilization of sorghum in Sudan. Regional workshop organized by the Industrial Research
and Consultancy Centre. Sponsored by Sayga Food Industries. Venue: Bader Eldin Suliman
International Conference Hall. April 18th – 19th 2010. Khartoum Sudan.
Ismail, E. A., (1996). Spatial Organization of Food grain Storage Facilities in Sudan”.
Published Ph. D. ISBN 3-86186-135-6. Publisher: Verlag Ulrich E. Grauer Stuttgart, 1996.
Koester, Ulrich (2014). Food Loss and Waste as an Economic and Policy Problem. ZBW –
Leibniz Information Centre for Economics. Ulrich Koester, University of Kiel, Germany; and
Leibniz Institute of Agricultural Development in Transition Economies (IAMO), Halle
(Saale), Germany.
Lotfie A. Yousif and Ebtehag H. Babiker (2017). Performance of Combine Harvesters for
Sorghum (Sorghum bicolor (L.) Moench) in the Mechanized Rain Fed Schemes of Eastern
Sudan U. of K. J. Agric. Sci. 25(1), 126- 142, 2017
Mahgoub, Farida (2014). Current Status of Agriculture and Future Challenges in Sudan.
Current African Issues 57. Nordiska Afrikainstitutet, Uppsala, 2014
Mittendorf, H. J. (1993). Organization of Viable Agricultural Marketing and rural Financial
Systems with Particular Reference to Least developed Countries. A Paper prepared for the
international symposium “regional Food security and Rural Infrastructure” May 1993. JustusLiebig- University Giessen.
MoAF (2017). Marketing costs and margins for food and horticultural crops, season
2016/2017 (p.11, in Arabic). Marketing section, Department of agricultural economics.
General Directorate of Planning and Agricultural Economics (September, 2017)
Republic of the Sudan (2017). Upgrading the Sudanese Sesame seeds value chain STDF
Project Grant Application Form United Nations Industrial Development Organization
(UNIDO), July 2017
Republic of Sudan (2013). Food safety situation in Sudan. National codex alimentarius
committee, prepared in honour of the 50th anniversary of the codex alimentarius commission.
June 2013, republic of the Sudan
Salman, S. M. A. (2013). The Gezera Scheme: Historical Background and DevelopmentsPromulgated in Arabic. Algrar. Khartoum, Algrar Company. Cited by Farida Mahgoub
(2014).
The Friesian (2016). Dairy quick scan Sudan. Report for: Rijksdienst voor Ondernemend
Nederland. The Netherlands, October 2016
Timmer, C. P., Falcon, W. P. and Pearson, S. R.(1983). Food Policy Analysis. A World Bank
publication. John Hopkins University Press, 1983.
Taylor, J R N (2009). Overview: Importance of Sorghum in Africa. Department of Food
Science, University of Pretoria, Pretoria 0002, South Africa, E-mail: jtaylor@postino.up.ac.za
UNDP (2010). Socio-economic and opportunity mapping Assessment report f or North
Kordofan State. Joint mission (NSDDRC NKS-SC / UNDP11th – 13th May 2010
79

33. WFP (2017). Sudan Zero Hunger Strategic Review 2017-2030. By Abdalla Ahmed Abdalla –
Convener Ahmed Ali Ahmed Geneif – Team Leader, Zuhair Mubarak Abdalla, Saad
Elmedani Ahmed Daak, Hamid Hussein Mohamed Faki, Sumaia Mohamed Alfadil , Elfadil
Ahmed Ismail, and Omer Abdalla M. Ejaimi World Food Programme, 2017
34. WFP-FAO (2011). Crop and food security assessment mission to the 15 northern states of
Sudan. Special Report, Government of Sudan and FAO/WFP, January 2011
35. World Bank (2011). Missing Food: The Case of Postharvest Grain Losses in Sub-Saharan
Africa. Report No. 60371-AFR 2011 The International Bank for Reconstruction and
Development / The World Bank
36. ZOA-WFP (2019). Post-Harvest Losses Management Project. Final Progress Report In East
& West Galabat Localities - Gedaref State, February 2019

80

ANNEXES

Review of Secondary Data & Key-Informants (Experts) Interviews
Annex 1.1: List of Experts Consulted.
Mobile
or Institution
Title/ position
Expert name
email
}Interviews with officials & KIIs in irrigated farming system Gezira Scheme, Gezira state{1-6/12/2019
0123273081
مشروع الجزيرة
المدير الزراعي مشروع الجزيرة
مصطفي ابراهيم مصطفي
1.
0123909090
مشروع الجزيرة
مدير التخطيط و السياسات
عادل صالح عبد الرحيم
2.
0123273023
مشروع الجزيرة
مدير إدارة االرشاد ونقل التقانة
عبد الرحيم إبراهيم محمد
3.
0123271301
مشروع الجزيرة
نائب مدير إدارة االرشاد ونقل التقانة
عمار الزين محمد الفكي
4.
0123273020
مشروع الجزيرة
مدير قسم الماطوري
جمال الدين بشير النوراني
5.
0123273080
مشروع الجزيرة
نائب مدير قسم وسط-المدينة عرب
كابتين فاروق قمر
6.
0123270027
مشروع الجزيرة
باشمفتش مكتب ود الحداد
عز الدين عبد المنعم
7.
باشمفتش تفتيش الكريمت-قسم المنسي مشروع الجزيرة
فيصل حسن
8.
باشمفتش تفتيش الكمر –القسم االوسط مشروع الجزيرة
كمال احمد عبد هللا
9.
0123870800
مشروع الجزيرة
باشمفتش تفتيش الجديد-قسم المنسي
عبد الكريم البشير القدال
10.
والية الجزيرة
الحجر الزراعي وزارة الزراعة
سمية احمد محمد علي
2200062290
11.
0906037122
سكرتير جمعية ترعة ام دوالليق – مشروع المناقل
الطيب احمد الزاكي
12.
المناقل
0912823099
رئيس الجمعية القاعدية للمنتجين المناقل
عبد الحي العطايا احمد بشير
13.
بترعة العقليين مكتب مراد 09
المدينة عرب 0122167867
تاجر قطاعي بسوق المدينة عرب
يوسف حسن إدريس
14.
0913777608
مدينة المناقل
مطحن دقيق بسوق الكالكلة بالمناقل
صالح االمين محمد خير السيد
15.
0910003700
رئيس التنظيم النوعي لتنظيمات قرية ود بكومة
احمد المكي محمد
16.
المنتجين
رئيس تنظيمات المنتجين ترعة ود تفتيش الكمر القسم االوسط
عبد هللا ابو عاقلة
17.
رمضان محلية الجزيرة
هيئة البحوث الزراعية 0123298061
منسق برنامج بحوث الذرة
عبد هللا حسن
18.
مدني
هيئة البحوث الزراعية 0918087636
رئيس قسم اإلقتصاد الزراعي
علوية حسن عبوش
19.
مدني
0916177700
جامعة الجزيرة-قسم الدراسات البيئية جامعة الجزيرة
أحمد الطيب عبد هللا
20.
}Interviews with officials & KIIs in traditional rain-fed farming system in North Kordofan{8-12/12/2019
0918072303
مدير عام وزارة االنتاج و الموارد والية شمال كردوفان
محمد الحافظ الشريف
1.
االقتصادية
0122069787
وزارة االنتاج ش .ك
مدير الخدمات الزراعية
أسامة آدم خاطر
2.
وزارة االنتاج 0122600007
مدير التخطيط و السياسات
ازهري حنفي الشيخ
3.
0111180779
وزارة االنتاج
التخطيط و السياسات IPC ،
إعتزاز محمد خير
4.
إدارية أبو حراز محلية
شيخ حلة العيارة
الشيخ الطيب
5.
شيكان
إدارية أم صميمة محلية
شيخ قرية أم إندارة
محمود أحمد السعيد
6.
شيكان
0911827233
إدارية كازقي محلية
شيخ فرية فارس
أحمد آدم محمود
7.
شيكان
0917668398
سوق محصول االبيض
مدير مكتب تحصيل الذرة
ابراهيم عبد هللا آدم
8.
0122200670
سوق محصول االبيض
رئيس شعبة تجار الذرو
محمد مصطفي زايد
9.
0113670011
سوق محصول االبيض
امين شعبة تجار الذرة
حسن زكريا ابراهيم
10.
0912806199
سوق محصول االبيض
مراقب السوق
محمد ابراهيم بلة
11.
0122077061
سوق محصول االبيض
مدير بورصة االبيض
مالك عيسي محمد احمد
12.
0122298611
سوق محصول االبيض
شيخ العتالة
محمد اسماعيل محمد ادم
13.
0918388290
قسم المحاصيل كلية الموارد الطبيعية جامعة كردفان
احمد الناعم
14.
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15.
16.

الجيالني ادم عبد هللا
حاتم جمعة المرضي

17.
18.
19.
20.
21.

الريح الصادق احمد
شرف الدين صالح محمد
آدم أبراهيم آدم
سامية سليمان علي
مكي عبد هللا آدم

22.
23.

ابراهيم مركز ابراهيم
هند عبد الرحمن

مدير محطة بحوث االبيض
أخصائي وقاية محاصيل ،محطة
بحوث االبيض
مدير ادارة االنتاج و الموارد
ادارة الغابات و المراعي
قسم إستصالح االراضي
إدارة الموارد الطبيعية
مدير مشروع التسويق المتكامل
باإليفاد
مدير الشركة العربية السودانية للبذور
الضابط الوطني للبرامج

24.

عباس محمد علي العوض

الهيئة السودانية للمواصفات

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

هيئة البحوث الزراعية
هيئة البحوث الزراعية

0123297831
0123257816

وزارة االنتاج محلية الرهد
وزارة االنتاج محلية الرهد
وزارة االنتاج محلية الرهد
وزارة االنتاج محلية الرهد
منظة االيفاد

0918296100
0911123316
0917213783
0910677076
0918072671

العالمي

0912908728
0912177908

ASSO
برنامج
االبيض
قطاع االبيض

الغذاء

0123070871

}Interviews with KIIs in semi-mechanized farming system Gedaref state{15-19/12/2019
0912333808
والية القضارف
وزارة االنتاج و الموارد االقتصادية
مصطفي محمد عثمان (العربي)
09126168820 FAO-FSPS Gedaref
منسق مكتب الفاوFAO-FSPS
عبد الرحيم محمد سليمان
0118012030
وزارة االنتاج القضارف
مدير نقل التقانة و اإلرشاد
ناهد علي محمد
0912027710
نائب المدير التنفيذي لمحلية القالبات القالبات الغربية -والية
ابو بكر علي محمد أحمد
القضارف
الغربية
0917738289
القالبات الغربية -والية
مدير المجمع الزراعي ق .غ.
الرشيد عبد القادر احمد
القضارف
0908918060
القالبات الغربية -والية
االرشاد و نقل التقانة ق .غ.
عوض السيد بشير عوض السيد
القضارف
0121089930
القالبات الشرقية -والية
مدير المجمع الزراعي ق .ش.
علي يوسف زكريا
القضارف
0116708230
والية القضارف
مدير وقاية النباتات
جمال عثمان مصطفي
0121870922
مدير تنظيمات مهن االنتاج الزراعي والية القضارف
عثمان أحمد فاضل
و الحيواني-صغار المنتجين
ممثل محلية القالبات
عضو مجلس إدارة صغار المنتجين
موسي أحمد الكريدة
الغربية
ممثل محلية باندغيو
عضو مجلس إدارة صغار المنتجين
قمر عبد الرحمن عبد هللا
ممثل محلية وسط
عضو مجلس إدارة صغار المنتجين
إسماعيل حسن
0912173319
منظمة زوا-القضارف
ZOA Programme Director
عبد الحفيظ سكراب
0112300300
والية القضارف
منسق برنامج  SIDAمحلية الفشقة
عاطف حسن النعيم
خبير وقاية محاصيل وتاجر و مزارع ق .شرقية والية القضارف 0912373727
عبد اإلله صالح أحمد
0123089303
والية القضارف
مدير اسواق المحاصيل بالقضارف
مصطفي احمد الحسين
0918837279
مدير أدارة التسويق بسوق المحصول والية القضارف
بكري رحمة هللا ابو عاقلة
0912061270
رئيس شعبة وكالء التجار بسوق والية القضارف
النور يونس محمد
المحصول
0123871716
مدير الموصفات و المقاييس قطاع الهيئة السودانية
عثمان عبد هللا أحمد
للموصفات و المقاييس
القضارف
البنك الزراعي -القضارف 0123992720
المسئول الزراعي بالبنك الزراعي
فضل المولي محمد احمد
مدير صومعة القضارف
مبارك عيس يحي
0123682229
هيئة البحوث الزراعية
محطة بحوث القضارف
بكري صالح
0122130719
هيئة البحوث الزراعية
محطة بحوث القضارف
أيمن االمين
0121377769
هيئة البحوث الزراعية
محطة بحوث القضارف
لطفي عبد الرحمن يوسف
0117787707
والية القضارف
مدير هيئة الزراعة اآللية -القضارف
الطيب محمد أحمد
Source: Field survey interview, December 2019.
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Annex 2.1: Trends of area (000 Fed.)and production t(000 MT) over
the period 2009-2018
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Annex 2.2: The Economic importance of food supply chains for smallholder actor
Food
supply
chain
Gedaref

Gender

Percentage of produce
by:
Small holders
Other
Female
40
Male
60
N.
Female
30
Kordofan
Male
70
Gezira
Female
40
Male
60
Source: based on field survey data, December 2019
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Annex 2.3: Summary of food standards issued by the Sudanese Standards and
Metrology Organisation following codex recommendations
No.
Name of the Standard
Serial Number
Year of Issue
05
Sorghum grains
SDS 2481
2008
06
Sorghum flour
SDS 2482
2008
21
Canned sweet sorghum
SDS 4444
2009
31
Sorghum flour
SDS 2482
2009
22
Cereals ( sorghum, millet, wheat,
SDS 2013
2007
maize, rice, rye)
Source: Compiled from Republic of Sudan (2013). Food safety situation in Sudan. National codex
alimentarius committee, prepared in honour of the 50th anniversary of the codex alimentarius
commission. June 2013, republic of the Sudan
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Annex2.4: List of literature and available studies, researches on sorghum FLW in Sudan(chronologically dated)
# Document title
1. Post-Harvest Losses Management
Project. Final Progress Report In East
& West Galabat Localities - Gedaref
State
2. Annual Crop and Food Supply
Assessment Mission Sudan
(CFSAM)
3. Economic Analysis of Sorghum
Production under Conservation
Agriculture and Conventional
Farming Systems in small-scale Farms
in Rain-fed Areas Southern Gedaref
State, Sudan
4. Preliminary Screening of Food Losses
37.
and Wastes in Sudan. An Inception
Report for Developing National Food
Losses and Wastes Strategy and
Action Plan
5. Performance of Combine Harvesters 38.
for Sorghum (Sorghum bicolor (L.)
Moench) in the Mechanized Rain Fed
Schemes of Eastern Sudan
6.
Sudan Zero Hunger Strategic
Review 2017-2030

Author(s)
ZOA-WFP

Institution, year
World food programme in collaboration with ZOA,
February 2019

Remarks
PHL &
Development
project

GoS, FAO & WFP(2019)

January, 2019

Annual report

Ebtehag H. Babiker, Lotfie A. Yousif and
Khalafalla A. Ali

SUST Journal of Agricultural and Veterinary Sciences
(SJAVS. Vol. 19 No.( 2), December 2018

Paper

El Fadil Ahmed Ismail. Food and
Nutrition security Consultant

FAO-SDN (2018). Programme #: TCP/SUD/3701/C1

FLW project

Lotfie A. Yousif and Ebtehag H. Babiker
(2017).

U. of K. J. Agric. Sci. 25(1), 126- 142, 2017

Paper

World Food Programme, 2017

WFP, Review study

7. Marketing costs and margins for food
and horticultural crops, season
2016/2017 (p.11, in Arabic).

Abdalla Ahmed Abdalla – Convener
Ahmed Ali Ahmed Geneif – Team Leader;
Zuhair Mubarak Abdalla; Saad Elmedani
Ahmed Daak; Hamid Hussein Mohamed
Faki; Sumaia Mohamed Alfadil; Elfadil
Ahmed Ismail; Omer Abdalla M. Ejaimi
Bakhita M. Elshafie et al., Hassab El
Rasoul Seed, Adiba El Sir, Sumia Ibrahim,
AbdelGadir Mubarak.

MoAF . Marketing section, Department of agricultural
economics. General Directorate of Planning and
Agricultural Economics (September, 2017)

Annual Report
MoAF

8. Storage Development and

Mirfet Mohmed Salih & Mawada

IFAD, Butana Integrated Rural Development Project.

Report
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Management undated (Arabic). برنامج
تأسيس وإدارة المخزونات
9. SUDAN Staple Food Market
Fundamentals.

Kassala Coordination Unit مشروع البطانة للتنمية الريفية
. وحدة تنسيق والية كسال.برنامج تأسيس وإدارة المخزونات المتكاملة
)(بدون تاريخ

Mohmed Salih

39. FEWSNET (2015).

40. Famine Early Warning Systems Network. USAID,
2015

Bulleting report

10. Quality Evaluation of Three Sudanese
Sorghum Cultivars for (Asida)
Porridge Making

Saifeldin Mohamed Khair Abdelrahim
Hassan A. Mudawi; Omar Bashir Ahmed

International Journal of Life Sciences Research
Vol. 4, Issue 1, pp: (133-137), Month: January March 2016, Available at: www.researchpublish.com

Paper

11. Current Situation of Agriculture and
Reform Challenges.

Dawelbeit, Mamoun (2015).

A paper presented to Workshop 2 of a Series of
Workshops on: Towards a Shared Vision on Economic
Reform in Sudan. UNICONS Consultants, Ltd., 2015

Working paper

12. Food safety situation in Sudan.
41. Republic of Sudan (2013).
National codex alimentarius
committee, prepared in honour of the
50th anniversary of the codex
alimentarius commission
13. دراسة أثر معاملة المخازن (التعفير) في تقليل
تفرير قدمه الرشيد الدومة فضل لرئاسة المشروع
. نسبة الفاقد من المحاصيل المخزنةEffect of
El Rasheed El Doma Fadul
fumigation of stored crops in reducing
post harvest losses
14. Crop Auction Markets in Sudan: Their Elfadil Ahmed Ismail
Role, Market Mechanisms and
43.
Performance
15. Towards strategic planning in foodgrain warehousing: The role of largescale grain warehouse facilities on
markets’ mechanisms and impact on
food security
16. Marketing Costs And Margins Price
And Market-Structure Analysis For
Some Selected Agricultural

Elfadil Ahmed Ismail

El Fadil Ahmed Ismail
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42. June 2013, republic of the Sudan

Committee

 مشروع دعم صغار المنتجين بالقطاع المطري التقليدي بوالية سنار.
Technical report
(IFAD, 2013 (
Supporting small scale farmers /producers in
traditional rain fed farming. Sennar state, 2013. Project
financed by IFAD
44. African J. of Economic and Sustainable Development Published paper in
(AJESD) Vol. 1 No.4, 2012) by Inderscience
Publishers 2012
Sudan Integrated Food Security Information for
Action (SIFSIA) funded by European Union (EU) and
jointly implemented by the Government of Sudan
(MoA) and the Food and Agriculture Organization of
the United Nations (FAO) Khartoum Sudan, June
2011
Sudan Integrated Food Security Information for
Action (SIFSIA) funded by European Union (EU) and
jointly implemented by the Government of Sudan

FAO Study
Food Security
Technical Secretariat
of the Ministry of
Agriculture (FSTS)
FAO Study Report

Commodities In Sudan

17. The economics and marketing of
45. Ismail, El Fadil Ahmed
sorghum grains & its products: from
self sufficiency to commercialization.
A working paper on: optimum
industrial utilization of sorghum in
Sudan
18. Agricultural Marketing In the Sudan:
Current Situation and Future
Prospects: Results and Findings
TCP/SUD/2906 (A)
19. Spatial Organization of Food grain
Storage Facilities in Sudan.

El Fadil Ahmed Ismail

El Fadil Ahmed Ismail

(MoA) and the Food and Agriculture Organization of
the United Nations (FAO) Khartoum Sudan, October
2010
Workshop paper
46. Regional workshop organized by the Industrial
Research and Consultancy Centre. Sponsored by
Sayga Food Industries. Venue: Bader Eldin Suliman
International Conference Hall. April 18th – 19th 2010.
Khartoum Sudan.
FAO, prepared for the Ministry of Agriculture and
Forestry , Ministry of Animal Resources and Fisheries
and the Ministry of Irrigation August 2004
Verlag Ulrich E. Grauer Stuttgart, 1996.
ISBN 3-86186-135-6.
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A working paper

Published Ph D

Annex 2.5: Number of farmers in Gedaref state (Demarcated areas) by MFC 2018
accumulative
number of
Accumulative
Farm Size category
number of farmers
area in Feddan farmers
area (Feddan)
1-100
11470
360437
101-250
2604
439838
14074
800275
251-500
1944
775046
16018
1575321
501-1000
2864
2461318
18882
4036639
1001-5000
1151
1886370
20033
5923009
5001-20000
29
261557
20062
6184566
TOTALs

20062
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6184566

Annex 3.1-a: Detailed description of the food supply chain –social structures in North Kordofan (Traditional rain-fed farming)
Food supply
chain steps

Involvement of
women
Girls
Adult
women
Qualifier1 Qualifier
3
3
2

Post-harvest
handling

Involvement of men

Organization level of
food supply chain
actors2

Gender/ social patterns
Observations and remarks that explain the chosen qualifiers and/or give
additional information

Qualifier
2

Adult
men
Qualifier
3

men

3

2

2

Men & women

Individual
&households
Individual

1

1

2

3

Men

Individual

Storage 1

1

1

1

3

Men

household

Transport 1

1

1

2

3

Men

Individual

Market sales

1

1

1

3

Men

Individual

Agroprocessing
Storage 2
Transport 2
Wholesale
Retail

1

1

1

3

Men

INDIVIDUAL

Men are in charge of preparation, and harvesting. Pesticide application Limited
technology available. Buda and limited tech to combat birds
Men dominate weeding and harvesting. Boys also participate. The qualifier is 2
due to the scarce inputs, labour intensive work, and additional work burden due
to child care and domestic loads.
men are involved. Women mainly involved in immediate processing as
threshing milling, done manually and with scarce technology. This leads to a
significant loss risk. When technology is available, men are more often
involved. Advisory services are scarce, and women are excluded.
Both women and men are involved. Use jut bags, hermetic bags, plastic silo
(tank).
Male dominated the stage because of the limited involvement of women in the
manual work of loading/downloading
Traditionally dominated by men at local markets; they fairly compete with each
other on available information on markets.
Mills

1
1
1

1
1
1

1
1
1

3
3
3

Men
Men

Individual
Individual
Individual

Very short period
Nil
Nil
Largely nil

Primary
production
Harvest

Boys

Who is mainly
involved?
Women, men,
children?

1 Qualify the equipment, conditions, access to services and training 4=excellent, 3 = good, 2 = moderately good, 1 = poor.
2f.i. Individual/household level/cooperative
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Annex 3.1-b: Detailed description of the food supply chain –social structures in Gezira irrigated farming
Food supply
chain steps

Primary
production

Involvement of
women
Girls
Adult
women
Qualifier1 Qualifier
1
3

Involvement of men
Boys
Qualifier
2

Adult
men
Qualifier
3

Who is mainly
involved?
Women, men,
children?

Organization level
of food supply
chain actors2

Gender/ social patterns
Observations and remarks that explain the chosen qualifiers and/or give additional
information

Men

Individuals &
households

Harvest

1

3

1

3

Men & women

Individuals

Post-harvest
handling

1

1

1

3

Men

Individual

Storage 1
Transport 1

1
1

3
1

1
1

3
3

Men & women
Men

households
Individual

Market sales

1

1

2

3

Men

Individual

Agroprocessing
Storage 2
Transport 2
Wholesale
Retail

1

1

1

3

Men

Individual

Men are in charge of preparation, and harvesting. Pesticide application Limited
technology available. Intensive witch weed (buda). Men can tolerate these tough
activities.
Men dominate weeding and harvesting. Boys also participate. The qualifier is 2
due to the scarce inputs, labour intensive work, and additional work burden due to
child care and domestic loads.
Men are involved and dominating. Women mainly involved in immediate
processing as threshing & milling, done manually and with scarce technology.
This leads to a significant loss risk. When technology is available, men are more
often involved. Advisory services are scarce, and women are excluded or rarely
have access.
Both women and men are involved. Use jut bags, hermetic bags, plastic silo (tank).
Male dominated the stage because of the limited involvement of women in the
manual work of loading/downloading
Traditionally dominated by men at local markets; they fairly compete with each
other on available information on markets.
Mills

1
1
1

1
1
1

1
1
1

3
3
3

Men
Men
Men

Individual
Individual
Individual

Very short period
Nil
Nil
Largely nil

1 Qualify the equipment, conditions, access to services and training 4=excellent, 3 = good, 2 = moderately good, 1 = poor.
2f.i. Individual/household level/cooperative
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Annex 4.1-a: Summary result matrix of food losses in North Kordofan
Food supply
chain stage/
process

Type of
loss
QN/QL

% loss in
the food
supply
chain
30

Cause of loss/
Reason for low
loss

QN

% lost in
this
process
(QN)
70

production

Harvesting
(stacking)

QN

2.5

2.5

post harvest
(threshing)

QN

3

QL
Storage

QN

7-20

processing
Retail

QN
QN

0.5
6

CLP/
LLP

Destination of
food loss

Birds, rodents,
insects ,striga
(buda) & other
weeds

CLP

Farm

Missing heads,
rodents, termites
Improper and
High relative
humidity
Spillage,
impurities,
broken grains due
to high relative
humidity
Rain after harvest
Rodents ,weevils

CLP

Farm,
consumed by
vulnerable
groups

90

Economic
loss from
market value
(%)

CLP

Consumed,
gifted and
animal feed

30-75

CLP

Consumed,
animal feed

Nil

LLP
CLP

Impacts on
environment/ climate
change/ natural
resources
Contamination by
herbicides; soil and
water, Clearance of
natural vegetation,
depletion of soil fertility

Soil fertilization

fertilize the soil

Impact food
supply chain
actors affected
(men/ women)
Affect income,
and livelihood
of farmers

Loss
perception of
FSC actors
(men/ women)
Both highly
concerned

Suggested solutions

Affect income
of farmers

Do not care

Affect income,
of farmers

Fate/God Act

Adjustment of the
thresher, training*
awareness

Affect family
food security,
income

concerned

Affect income
of retailers and
millers

concerned

Revise size of hermetic
bags e and plastic
tanks, fumigation
HACCP awareness
All product should be
subjected to quality
standards

Early sowing date/
early maturing
varieties, adoption of
the integrated
technology packages.
Timely finance
Seed drill combinable
varieties, awareness
and capacity building
of operators

30

Negligible

Annex 4.1-b: Summary result matrix of food losses in Gezira Scheme
Food supply
chain stage/
process

Type of
loss
QN/QL

% lost in
this
process
(QN)

% loss in
the food
supply
chain

production

QN

75

30

Harvesting
(stacking)

QN

2

3

post harvest
(threshing)

QN

3

QL
Storage

QN

13-20

processing
Retail

QN
QN

0.5
6

100

Cause of loss/
Reason for low
loss

Birds, rodents,
insects ,striga
(buda) & other
weeds
Missing heads,
rodents, termites
Improper and
High relative
humidity
Spillage,
impurities,
broken grains
due to high
relative humidity
Rain after harvest
Rodents ,weevils
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Economic
loss from
market value
(%)

30

CLP/
LLP

Destination of
food loss

CLP

Farm

CLP

Farm,
consumed by
vulnerable
groups

CLP

Consumed,
gifted and
animal feed

30-40

CIP

Consumed,
animal feed

Nil

LIP
CLP

Impacts on
environment/ climate
change/ natural
resources
Contamination by
herbicides; soil and
water, Clearance of
natural vegetation,
depletion of soil fertility
Soil fertilization

fertilize the soil

Impact food
supply chain
actors affected
(men/ women)
Affect income,
and livelihood
of farmers

Loss
perception of
FSC actors
(men/ women)

Both highly
concerned

Suggested solutions

Early sowing date/ early
maturing varieties,
adoption of the
integrated technology
packages. Timely
finance, rotation
Seed drill combinable
varieties, awareness and
capacity building of
operators

Affect income
of farmers

Do not care

Affect income,
of farmers

Fate/God Act

Adjustment of the
thresher, training*
awareness

Affect family
food security,
income

concerned

Affect income
of retailers and
millers

concerned

Revise size of hermetic
bags e and plastic tanks,
fumigation
HACCP awareness
All product should be
subjected to quality
standards

30

Negligible

Annex 4.2-a: CLPs and LLPs in North Kordofan
Food supply
<Sheikan and El Rahad locality
chain
Step in the food
Expected critical loss points
Comments/
supply chain
Remarks
Quantitative
Qualitative
Production
70-80%
 تلوي = متليو وتعني الذرة التي تأثرتMostly loss by weaver birds, high
 بالمطر وتغيرت قبل او بعد الحصاد مماextended rainfall, weeds (striga),
 قلل نوعيتها وقيمتها السوقيهpoor vars, and sorghum midge. )
Harvesting
2-3%
n/a
No drying on the farm due to
factors *
Post-harvest
3-4%
Storage
7-20%
CLP
For long storage period. Pp bags
more cheap but damages easily due
to heat
Transport
0.8
LLP
Whole seller
0.5
LLP
retailer
7
CLP
High impurities and talawi
Annex 4.2-b: CLPs and LLPs in Gezira Scheme
Food supply chain
Step in the food
Expected critical loss
supply chain
points
Quantitative Qualitative
Production
20-30%
n/a

Harvesting
Post-harvest
Storage
Whole seller
Retailer

2%
3%
13-20%
0.5
6%

n/a
CLP
LLP
CLP

<Gezira Scheme
Comments/
Remarks
Mostly loss by birds, worms, high humidity due to
over irrigation, weeds , practices (Annex table of
analysis)
Loss due to cutting manually…
For long storage

Annex 4.2-c: Average machine harvesting losses for different combine harvesters, three seasons 20142016
Combine make
Header loss
Threshing loss
Cleaning loss
Machine loss
(%)
(%)
(%)
(%)
New Holland
7.0
0.82
0.38
08.20
CLAAS
10.0
1.0
1.44
12.44
Massey Ferguson
7.6
1.06
0.56
09.22
Average
8.2
0.96
0.79
9.95
Source: Yousif and Ebtehag H. Babiker (2017).

Source: Lotfie A. Yousif and Ebtehag H. Babiker (2017). Performance of Combine
Harvesters for Sorghum (Sorghum bicolor (L.) Moench) in the Mechanized Rain Fed
Schemes of Eastern Sudan U. of K. J. Agric. Sci. 25(1), 126- 142, 2017
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Annex 5.1: summary of environmental assessment in Gezira Scheme
Factors
Description
Type of production system
Irrigated system
Land preparation practices
Soil quality and land degradation

Tillage, harrowing, leveling
Soil fertility exhaustion

Water regime
Ecosystem impacts

Quality, contamination
Land degradation

Sources of GHG emissions
Climatic factors

Water shortage in some areas

Utilization of residues in the
Animal feed (stalks & husks)
supply chain
Re-use of food losses
Source: field observations and various information sources

Details
Sorghum production by
irrigation
Straw burning in the field
Soil erosion, exhaustion
controlled by crop rotation
Contaminants can be seen
Use of fertilizers and other
chemicals
Yield is affected and hence
quality of grain filling and
nutritional value of the grains
and crop residues
After drying the farmers feed
animals from the crop residue
Used as animal feed

Annex 5.2: budget calculation for food loss reduction (hermetic bag)
Item
Unit
USD

Calculation

a.

Product quantity

ton/year

0.1

b.

Product value

$/ton

2.5

c.

Loss rate

%

20

d.

Anticipated loss reduction

%

99

e.

Cost of intervention

$

2

f.

Depreciation

Years

3

g.

Yearly costs of investment

$/year

0.667

h.

Yearly costs of operation

$/year

Negligible

i.

Total yearly costs of solution

$/year

0.667

g+h

j.

Client costs per ton product

$/ton

6.667

i/a

k.

Food loss

ton/year

0.02

c*a

l.

Economic loss

$/year

0.05

k*b

m.

Loss reduction

ton/year

0.0198

k*d

n.

Loss reduction savings

$/year

0.0495

m*b

o.

Total Client costs

$/year

0.667

a*j=i

p.

Profitability of solution

$/year

-0.617

n-o
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e/f

