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PM Form 4 Project Completion Report 

I. Basic Information of the Project

1. Country

The Republic of the Sudan 

2. Title of the Project

Development of climate change resilient innovative technologies for sustainable wheat 
production in the dry and heat prone agro-ecologies of Sudan and Sub-Saharan Africa 

3. Duration of the Project (Planned and Actual)

Planned: November 2019 - November 2024 
Actual: November 2019 - April 2025 

The Agricultural Research Corporation (ARC) and Tottori University signed a 
Collaborative Research Agreement on March, 2019, to conduct research on the project in 
accordance with the R/D signed between the JICA and ARC. The SATREPS was then 
scheduled to start in April, 2019. However, due to the security situation during the 
People's Revolution, the deployment of experts from Japan to Sudan was delayed until 
November 2019, when the project was scheduled to commence. The COVID-19 
pandemic in 2020 and the political turmoil in October 2021 resulted in the suspension of 
the project activities by JICA, including experts' visits to Sudan, until February 2022. 
This affected the progress of some project activities. Later, the armed conflict between 
the paramilitary Rapid Support Force (RSF) and the Sudan Army Force (SAF), which 
started in Khartoum in April 2023 and spread to Gezira in December 2023, substantially 
affected most of the activities, especially the rehabilitation of the molecular and speed 
breeding facilities and laboratory equipment procurement process. Subsequently, both 
the Japanese and Sudanese sites requested the project extension up to March 31, 2025, 
which was approved during the 5th JCC Meeting in November, 2023. 

4. Background (from Record of Discussions (R/D))

Wheat has a long history in Sudan, dating back to a thousand year BC. The 
Nubians in northern Sudan knew how to grow wheat and used it as their main food. The 
wheat cultivation in Sudan remained confined to small areas north of the latitude 17° N 
using primitive methods and traditional varieties. As a result of steady population growth, 
waves of urban migration, and changing dietary patterns, access to bread became an 
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inevitable extension of people's suffering due to its scarcity or unaffordable prices, which 
were beyond the reach of people with limited incomes.  

Until the Second World War, all attempts to expand wheat cultivation south of 
Khartoum failed due to the lack of adapted varieties and suitable technologies. Since the 
1960s, the ARC has developed more than 70 different agricultural technologies, 
including more than thirty wheat varieties suitable for the heat-stress environment in 
Sudan. This led to the expansion of wheat cultivation in areas that were classified as 
unsuitable environments, such as Gezira, New Halfa, White Nile, and others. 

Despite this expansion of wheat cultivation, the biggest challenge has been the 
substantial increase in consumption. For example, the annual rate of increase in wheat 
production from 1960 to 2016 was about 9,400 tons annually, but the annual rate of 
increase in consumption during the same period exceeded about 42,000 tons, i.e. the 
annual rate of increase in consumption is equivalent to more than 4 times the annual rate 
of increase in production. In order to bridge the gap between wheat production and 
consumption, it has been necessary to import large quantities of wheat; for example, 2.5 
million tons were imported in 2014, with a value of more than one billion dollars. To meet 
this challenge, and to bridge the wide gap between production and consumption in the 
face of climate change, which is expected to exacerbate such a challenge, it was necessary 
to think of innovative ways and methods to increase wheat productivity by providing 
appropriate technologies that can contribute positively to mitigating the adverse effects 
and risks that may result from climate change, based on agricultural research for 
development, taking into account the optimal use of natural resources. The SATREPS 
Wheat Project, “Development of climate change resilient innovative technologies for 
sustainable wheat production in the dry and heat prone agro-ecologies of Sudan and 
Sub-Saharan Africa,” was launched to achieve these and other objectives.  

The objectives of the SATREPS Wheat Project were: 1) improving the nutritional 
value and accelerating the process of improving wheat to adapt to climate changes 
through the application of modern technologies and identifying the mechanisms that lead 
to adapting wheat to abiotic stresses, 2) developing alternative scenarios and models for 
wheat production in Sudan that are appropriate to the future climate changes and use them 
to determine priorities and develop strategies for improving wheat production and 
providing information for future wheat-breeding strategies, 3) capacity building and 
development and dissemination of agricultural technologies and innovations by 
strengthening research facilities and enhancing capacities of all stakeholders along the 
wheat value chain, and implementing seed production plans. 
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Based on the minutes of the meetings on the Detailed Planning Survey for the 
SATREPS Wheat Project signed on 10 September 2018 between ARC (the Counterpart) 
and the Japan International Cooperation Agency (JICA), JICA held a series of 
discussions with the Counterpart and relevant organizations to develop a detailed plan of 
the Project.  

The record of discussions (R/D) established a mutual agreement for its 
implementation by both parties and agreed on the detailed plan of the Project, to be 
implemented within the framework of the Note Verbales exchanged between the 
Government of Japan and the Government of Sudan on 23 October 2018. The 
Counterpart took responsibility for implementing the project in cooperation with JICA, 
coordinating with other relevant organizations, and ensuring that the project's self-reliant 
operation will be sustained during and after the implementation period to contribute 
toward Sudan's social and economic development. 

5. Overall Goal and Project Purpose (from Record of Discussions

(R/D))

Overall Goal: Climate change resilient and nutritious candidate wheat varieties are 
newly developed by ARC.
Project Purpose: Climate change resilient and nutritious wheat germplasm and the 
appropriate wheat production method are developed, and that information is shared with 
the people concerned with the wheat production.

6. Implementing Agency

Sudan: Agricultural Research Corporation (ARC) and Sudan Meteorological Authority 
(SMA). 
Japan: Tottori University (TU) and Utsunomiya University (UU). 

II. Results of the Project

1. Results of the Project

1-1 Input by the Japanese side (Planned and Actual)

1-1.1 Allocation of the Japanese experts.

Although the original plan to despatch the Japanese experts was delayed due to 
the security situation during the People Revolution, following the project's kick-off, the 
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6. Revised PO was proposed and shown at the 5th JCC due to the extension of the
project period.

Copies of all versions of the PDM and PO of the project are shown in Annexes 3.1-3.6. 

4. Others

4-1 Results of Environmental and Social Considerations

Not applicable 

4-2 Results of Considerations on Gender/Poverty Reduction.

The project attempted to mainstream gender into some gender-related activities in 
Sudan. For instance, 30-50% of participants in the training workshops and courses were 
women and youth. In addition, a training course on baking and confectionery skills 
development was organized for 50 housewives. 

The project's intervention in disseminating improved technologies, including 
high-quality seeds, resulted in increased yields for farmers, thereby contributing to 
improved livelihoods and, ultimately, to poverty reduction. 

III. Results of Joint Review

1. Results of Review based on DAC Evaluation Criteria

1-1. Relevance

The relevance of the Project is evaluated as extremely high.
Sudan, with its natural resources, is considered one of the countries that can help 

ensure global food security, with 60-80% of the working population depending on 
agriculture for income and livelihood. Arable land accounts for about one-third of the 
country's land area, of which only 21% is currently cultivated. Agriculture, when 
successful, can drive economic development by creating jobs, making rural areas more 
appealing, and reducing migration.  

Wheat is one of the most important crops worldwide and the most widely grown 
cereal. Wheat, sorghum, and millet provide nearly half of the daily calories in the 
Sudanese diet. Historically, wheat was the staple food only in the north, but it is now a 
key strategic food crop due to increased consumption resulting from population growth 
and urbanization. Wheat production doubled in the 2000s compared to the 1970s, but 
imports increased from 155,000 to 1.2 million tons. In 2013, Sudan spent over US$780 
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million to import 2.2 million MT of wheat. Achieving self-sufficiency means increasing 
production and productivity.  

For these reasons, wheat production needs to be increased from the food security 
perspective and to alleviate foreign currency shortages. In all medium- and long-term 
economic reforms, such as the Five-Year Plan for Economic Reform (2015-2019), the 
Sudanese government has positioned wheat as the "most important strategic food crop". 
The economic reform program of Sudan aimed to increase wheat production by 2.7 
million tons and productivity by 0.9 tons per hectare over five years. In 2020, wheat was 
again prioritized by the government, and measures were taken to announce encouraging 
prices for locally produced wheat before the planting season, and the Agricultural Bank 
of Sudan was asked to purchase all locally produced wheat from farmers. 

Following the war in Ukraine and the related food security challenges, wheat was 
again recognized by the government and the African Development Bank as the top 
priority crop in 2022. As a result, an emergency project for wheat production was 
launched by the African Development Bank and implemented by the World Food 
Program.  

1-2. Coherence 

The coherence of the Project is evaluated as very high. 
This project was built on the long collaboration between ARC and Tottori 

University, dating back nearly 30 years. However, there was no direct collaboration 
(complementarity, harmonization, and coordination) with other JICA projects. The 
preliminary results of the previous collaborative projects between ARC and TU clearly 
laid the foundation for the development of the current project. In addition, the project also 
established one of its innovation platforms in one of the areas where JICA had an 
intervention in the River Nile State (Aliab and Kityab areas). 

On the other hand, the project had concrete cooperation (complementarity, 
harmonization, and coordination) with other projects implemented by Japan or other 
development partners, such as the Marginal Agriculture Project in collaboration with 
Tottori University, the TAAT (Technologies for African Agriculture Transformation) 
Project funded by the African Development Bank, the Sudan Emergency Wheat 
Production Project implemented by the World Food Program, the Food Security in Arab 
Countries Project implemented by ICARDA (International Center for Agricultural 
Research in the Dry Areas), etc. 

For successful implementation and efficient use of resources, the project 
established mutual relationships and worked in harmony and synergy with these projects. 
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For instance, all training workshops and courses, technical symposia, technical 
backstopping field visits, field and harvest days, etc., were jointly organized for the 
maximum efficient use of the limited resources available during the conflict. 

The project was consistence with some global goals for sustainable development 
especially SDG2. 

1-3. Effectiveness

The effectiveness of the Project is evaluated as extremely high. 
Although the project was faced with enormous challenges, such as the People's 

Revolution, COVID-19, political turmoil, and armed conflict, coupled with financial and 
political instability, the project achieved all of its purposes and, in some cases, by more 
than 100%. For instance, the project was able to establish and operate six innovation 
platforms instead of the planned five. The project also produced more than 30% of the 
available certified seeds in partnership with the private and public sectors, resulting in 
yield increases of more than 30-44% in some IP sites in Gezira State (2022/23) and 
Northern State (2023/24), compared to 20% indicated in the project document. 
Additionally, the project produced five innovative drama-based episodes that were 
broadcast through various media, including YouTube, TV, public transportation buses 
and trains, WhatsApp, Facebook, Twitter, etc. To date, these episodes have received 
more than 19,300 views on the YouTube channel, exceeding the target of 15,000 viewers. 
So far, more than 2,560 farmers, researchers, agricultural engineers, technicians, 
extension workers, seed producers, input providers, etc., have directly or indirectly 
benefited from the activities of the project at different IP sites. In synergy with other 
projects, a total of 14 training workshops and courses were organized and more than 450 
participants attended.  

1-4. Efficiency

The results of the activities have led to effective achievement, and the project 
purpose has been fully achieved or exceeded the plan. 

Due to the occurrence of many obstacles, including a civil revolution, the 
COVID-19 pandemic, political turmoil, and war, the project period was extended by five 
months. Due to the conflict, the project implementation base in Wad Medani became a 
war zone, and the staff had to be evacuated to other safe zones to continue the project 
activities. Through weekly online meetings held between Sudan and Japan, the progress 
of the project could be monitored, and activities such as training courses and workshops, 
demonstration fields, and technical guidance in the innovation platforms (IPs), seed 
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production, etc., were continued. The construction of the molecular breeding facility in 
Wad Medani had to be suspended. Instead, we agreed at the 6th JCC meeting in Cairo that 
the production of certified wheat seeds would be implemented as a more urgent and 
effective measure for food production in the insecure period. By strengthening the 
public-private partnership (PPP), it was possible to produce large quantities of seeds, 
making significant contributions to the availability of high-quality certified seed and 
increasing wheat productivity. 

1-5. Impact

The results of the activities have led to effective achievements, and the project 
purpose has been fully achieved or exceeded the plan. 

The overall goal was to develop wheat genetic resources that are adaptable to the 
hot and arid environment of Sudan, and molecular breeding techniques using selection 
markers are used to develop practical varieties. To implement this, Tottori University 
accepted seven long-term trainees, and a system was established in which ARC and SMA 
could work together to implement the project. The IPs were established to communicate 
the importance of the varieties to farmers and other stakeholders in the wheat value chain. 
Farmers at the IP sites demonstrated a 30-44% increase in wheat yield simply by using 
certified seeds of the new varieties, which motivated wheat producers to adopt the new 
technology. As a result, 1/3 of the wheat seed in Sudan is now related to the project. 
Furthermore, based on the results of this project, a collaborative project between JICA 
and WFP was initiated in the wheat value chain enhancement project in Sudan, which is 
expected to greatly contribute to food production in Sudan. 

1-6. Sustainability

The results of the activities have led to effective achievements, and the project 
purpose has been fully achieved or exceeded the plan. 

The project trained seven PhD students at the United Graduate School of 
Agricultural Sciences at Tottori University to apply their knowledge to enhance wheat 
research for development in Sudan. 

The SATREPS Wheat Project has adopted the innovation platform approach, 
where all stakeholders along the wheat value chain, including farmers and policymakers, 
are brought together to jointly identify and prioritize challenges and develop and 
implement solutions and work plans. As such, this is expected to raise awareness among 
farmers and other stakeholders, increase adoption of improved technologies, including 
improved varieties, and ultimately lead to sustainable wheat production. The innovation 
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platform approach ensures sustainability of technology dissemination and scaling upto 
new areas with support from technology transfer bodies at the Ministry of Agriculture and 
the ARC. In addition, strong public-private partnerships (PPPs) have been established, 
especially in seed production, which have contributed significantly to the availability of 
seeds of the adapted and newly released wheat varieties. Informal community-based seed 
production has also been promoted, where farmers in specific areas produce and 
distribute their seed within the community. 

When maintained and regularly updated, multimedia content will serve as an 
effective means of raising farmers' awareness beyond the IP sites. As mentioned earlier, 
ARC maintains strong relationships and networks with regional and international 
research and development organizations and could share its experience in variety 
development, technology dissemination, and PPP activities with other countries with 
similar agro-ecologies, particularly in Sub-Saharan Africa. 

The strategies and approaches used by the SATREPS Wheat Project, particularly 
IPs and PPPs, have raised awareness, contributed to the availability of high-quality seeds, 
increased technology adoption, and promoted sustainable wheat production. The support 
of the Ministry of Agriculture, ARC, and other relevant stakeholders and entities will 
ensure the sustainable dissemination and expansion of improved technologies to new 
areas. Recognizing the milestone achievement in wheat seed production, the Ministry of 
Agriculture and Forestry formed a Higher Committee for Wheat Seed Production and 
Marketing, which includes some members and partners of the project.  The plan is to 
provide all the required high-quality seeds that could lead to maximizing productivity and 
production. Besides, ARC continues to support the Wheat Research Program for 
producing the basic seed required for continuous supply of the seed production chain. 
Given the projected impacts of climate change, particularly heat stress, on agriculture, 
research on climate-resilient wheat varieties and climate-smart technologies is essential. 
Investments in localized climate modeling and research on climate change impacts on 
crop performance are also critical for accurate planning and resilient agricultural systems. 
Moreover, enabling policies are crucial to ensure food security by providing access to 
improved technologies, credit, and extension services. 

Considering its achievements and given the importance of post-harvest processes 
and value addition in maximizing farmers' returns from their own produce and promoting 
agricultural resilience and sustainability, the project team recommends empowering local 
rural communities and stimulating their local economic development, integrating gender 
and youth into such entrepreneurship for better livelihoods of local communities. 
Establishing entrepreneurial, community-based post-harvest processing facilities is 
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anticipated to reduce farmers' dependence on volatile commodity markets and encourage 
them to diversify their income sources by adding value to their products through 
processing, packaging, baking, and possibly branding. 

2. Key Factors Affecting Implementation and Outcomes

During the People's Revolution in 2018/19, the security situation delayed the 
project's kick-off and prevented Japanese experts from visiting Sudan. Then, the 
COVID-19 pandemic in 2020 and the political turmoil in October 2021 resulted in the 
suspension of some project activities, including experts' visits to Sudan, which affected 
the progress of some project activities. Later, the armed conflict between the paramilitary 
Rapid Support Force (RSF) and the Sudan Army Force (SAF), which started in Khartoum 
in April 2023 and spread to Gezira in December 2023, substantially affected most of the 
activities, especially the rehabilitation of the molecular and speed breeding facilities and 
laboratory equipment procurement process. Despite these challenges and difficulties, the 
project achieved almost all research-based and capacity-building activities. The final 
symposium of the Sudan SATREPS Wheat Project, “Innovative Technologies for 
Sustainable Wheat Production”: Building Resilience through Partnerships, held at Tottori 
University, Japan on February 13, 2025, aimed to bring together project members to 
present the project achievements and milestones and draw lessons and recommendations 
for future collaboration. 

3. Evaluation of the results of the Project Risk Management

Due to the risk of insecurity in the country during various obstacles faced by the 
project, both JICA and the Sudanese sites took preventive measures against any risk. The 
JICA staff were evacuated during the insecure periods in 2021 and 2023, and their 
movement was restricted on some occasions. However, both sites, together with Tottori 
University, continued to monitor the situation and the progress of the implementation of 
the project activities through weekly online meetings. The Sudanese site continued the 
implementation of the activities all the time in order not to miss any cropping season. 
Even after the conflict spread to Gezira in December 2023, the staff was evacuated to safe 
zones and continued implementing the activities in these safe sites in New Halfa, River 
Nile, and Northern states. 

4. Lessons Learnt

The SATREPS Wheat Project has made significant strides: breeding 
climate-resilient wheat, understanding the crop's response to stress, analyzing climate 
trends, and setting future directions for wheat production. Despite setbacks caused by 
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political turmoil, the project has successfully identified heat- and drought-tolerant wheat 
germplasm, made quality seed more available, and developed innovative research 
approaches to sustain wheat production. The full commitment of the project team, their 
team spirit, their determination to continue the work despite the difficulties, the strategic 
partnerships established with different stakeholders, the nature of the ARC structure and 
the distribution of its research stations across all agro-ecological zones, the support and 
some level of flexibility from the donors, such as JICA, the synergy and cooperation with 
all other existing projects, etc., were all factors that led the project to achieve these 
milestones despite the huge financial and security challenges. The strategies and 
approaches used by the SATREPS wheat project, particularly IPs and PPPs, have raised 
awareness, increased technology adoption, and promoted sustainable wheat production. 

The project laid the foundation for future agricultural resilience in Sudan. This 
integrated strategy combines crop improvement, plant physiology, climate modelling, 
capacity building, and partnership development. Achievements highlight the need to 
invest in research, seed systems, and policy reforms to ensure food security and 
development. Lessons learned could guide future collaborations and interventions to 
restore and sustain agriculture in Sudan. 

5. Performance

Despite the difficulties faced by the project throughout its implementation time, 
the team spirit created within the project team, JICA, and JST was instrumental in 
achieving the objectives and purposes of the project. All parties established cooperative 
relationships through well-established communication channels, better understanding the 
needs for support during difficult times, showing some degree of flexibility and making 
appropriate decisions in response to changes in the situation during project 
implementation, and applying ideas that were instrumental in enhancing the effective 
implementation.

IV. For the Achievement of Overall Goals after the Project

Completion 

As indicated in the PDM of the project and despite the challenges mentioned 
above, the project achieved 100% of almost all of the indicators and in some cases 
exceeded the indicators. The challenge of insecurity resulted in the suspension of the 
rehabilitation process was beyond the control of the project and its member. Nevertheless, 
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the project team proposed an alternative plan which was adopted during the 6th JCC 
meeting in August 2024 and successfully implemented. 

1. Prospects to achieve Overall Goal

Given the projected impacts of climate change, particularly heat stress, on 
agriculture, research on climate-resilient wheat varieties and climate-smart technologies 
is essential. Investments in localized climate modeling and research on climate change 
impacts on crop performance are also critical for accurate planning and resilient 
agricultural systems. Moreover, enabling policies are crucial to ensure food security by 
providing access to improved technologies, credit, and extension services. 

In light of its achievements and given the importance of post-harvest processes 
and value addition in maximizing farmers' returns from their own produce and promoting 
agricultural resilience and sustainability, the project team recommends empowering local 
rural communities and stimulating their local economic development, integrating gender 
and youth into such entrepreneurship for better livelihoods of local communities. 
Establishing entrepreneurial, community-based post-harvest processing facilities is 
anticipated to reduce farmers' dependence on volatile commodity markets and encourage 
them to diversify their income sources by adding value to their products through 
processing, packaging, baking, and possibly branding. 

2. Plan of Operation and Implementation Structure of the Sudan side 
to achieve Overall Goal

The Agricultural Research Corporation of Sudan is the technical arm of the 
Ministry of Agriculture. As such, ARC is mandated to develop and implement research to 
develop the technologies and crop production systems needed to ensure high and 
sustainable crop productivity and food security.  Technically, in addition to the 
researchers trained in this project, ARC has qualified researchers distributed in all 
agro-ecological zones, including all research stations in the wheat production zones. 
Under normal circumstances, ARC has a plan for the new intake of young scientists every 
3-5 years, which keeps the technical capacity and capability sustainable. Financially, 
ARC is directly linked to the Ministry of Finance and Economic Planning, from where it 
secures the necessary funds for research, personnel, and social implementation by 
preparing and presenting short-, medium-, and long-term research plans and strategies. In
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addition, ARC has a strong history of collaboration with major Consultative Group on 
International Agricultural Research (CGIAR centers such as ICARDA, CIMMYT 
(International Maize and Wheat Improving Center, IITA (International Institute of 
Tropical Agriculture, etc. and regional and international organizations through the 
implementation of joint research and social implementation activities. The extensive 
network of linkages with many bilateral and multilateral development agencies and 
regional and international research institutions enables ARC to achieve its development 
goals and sustain its activities. The ARC maintains its manpower through regular intake 
of young scientists and supporting staff to sustain the human resources necessary to 
conduct research for development and social implementation activities. 

3. Recommendations for the Sudan side

Sudan ARC had a good knowledge and long experience of wheat production in 
the country. Building on its experience in managing many international collaborative 
research projects, ARC managed the project and its budget closely and implemented the 
project as contracted in all respects. From the outset, however, the project suffered from 
obstacles such as civil unrest, the spread of infectious diseases, and political turmoil. In 
the second half of the project, the war that began in April 2023 forced many organizations 
and people, including the JICA office, to flee the country amid a very serious security 
situation. However, the project maintained a weekly online meeting with the local staff 
involved in this SATREPS, who kept the project going until the end. We would like to 
express our gratitude and respect to the Sudanese staff for their enthusiasm and 
commitment to seeing the project through to the end. 

The agricultural sector in Sudan is facing an ongoing crisis due to the conflict 
between the Rapid Support Forces (RSF and the Sudan Armed Forces (SAF, 
exacerbated by climate change, biodiversity loss, and resource scarcity. The conflict has 
destroyed research infrastructure, displaced scientists, and disrupted breeding programs, 
severely impacting crop improvement efforts. The country risks long-term food 
insecurity and economic instability as key facilities are rendered non-functional. With 
food security at risk, fast-tracking breeding initiatives to restore productivity and 
resilience in the country's agricultural sector are urgently needed. 

Agricultural research institutions, notably the Agricultural Research Corporation, 
have been severely impacted, with many facilities damaged and rendered inoperable. The 
crop breeding efforts and seed supply chain of key crops such as sorghum, millet, wheat, 
sesame, faba bean, chickpea, cotton, groundnut, sunflower, and sugarcane, which form 
the food system and economic backbone of the country, have suffered from the 
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destruction of infrastructure and facilities, and the displacement of researchers and skilled 
personnel. 

Given these challenges, urgent action is needed to accelerate breeding programs 
inside and outside the country through partnerships with international research and 
academic institutions, international donors, and private seed companies. The use of 
advanced breeding techniques such as speed breeding, marker-assisted selection (MAS, 
and genome editing in foreign research facilities will enable the rapid development of 
climate-resilient, high-yielding, nutritious, and disease-resistant varieties of staple and 
cash crops in Sudan. 
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No. Item Amount Price handover

1
TOYOTA LAND CRUISER 2019

(Plate No. 114/23)
1 NA 22nd January 2026

2
TOYOTA HILUX 2019 (Plate No.

114/24)
1 NA 22nd January 2026

3

Automated metreological station

(A set  of infrared

thermometers, camera, air

temperature and humidity

sensor, and soil moisture sensor)

1 ¥4,464,900 2nd  November 2020

4 Wintersteiger Plot seed XL 1 € 30,340 1st March 2022

5
Wintersteiger Classic Plus Plot

Combine
1 € 107,645.00 6th July  2022

6
JOHN DEERE AGRICULTURAL

TRACTOR 4WD 95 HP
1 US$42,000.00 21th October 2025

7 ABOLLO , LASER LEVELER 1 US$34,000.00 21th October 2025

Annex 1-1.2. List of Machinery and Vehicles



No. Item Amount Price handover

1 A set of sensitive balance 1 ¥159,720 2nd  November 2020

2 U-600PF Porometer/Fluorometer 1 ¥3,839,999
3 HydroSense II Handheld Soil Moisture Sensor 2 ¥404,000

4 Wintersteiger Plot seed XL 1 € 30,340

5 HP EliteBook 840 1 SDG 910,000
6 Ll-3000C Portably Leaf Area Meter 1 ¥2,442,880

7 HydroSense II Handheld Soil Moisture Sensor 2 ¥404,000

8 Speakerphone    MM-MC28    and   Webcamera    CMS- V50BK 1 ¥76,560
9 Wintersteiger Classic Plus Plot Combine 1 € 107,645.00 6th July  2022

10 Container House working facility

(12 working offices with AC, sanitary facilities and

working place and table)

1 ¥3,322,905 15th  November 2022

11 PCRAC196 2 € 9,442.00
12 Microprocessor LAC-5040S0 1 € 3,983.47

13 Drying oven LDO-100E 1 € 998.00

14 Digital water bath LWB-122DL 1 € 590.00
15 Ultrapure water system DR-TOC-UF 1 € 2,240.00

16 UV lamp radiator EUV-254-HLP 1 € 102.00

17 Ultrafiltration capsule UF EU-HLP-02 1 € 405.60
18 Hydrolab Basic water deionizer DB-015-oK 1 € 940.00

19 Hydrolab Demi water tap A-KR-TOF-011 1 € 124.80

20 Silicone tubing ST 1500-8 4 € 5.12
21 Manitowoc Flake ice maker 4.667.960 1 € 3,255.00
22 Laminar Flow cabinet CR870FL 1 € 4,997.00
23 HEPA Filter FL001 1 € 798.00
24 Digital pH meter 351 001 1 € 602.00
25 pH Glass electrode 924 005 2 € 150.00

26 Nichipet EX2 2uL 00-NPX2-2  4 90,200 JPY

27 Nichipet EX2 10uL 00-NPX2-10  4 90,200 JPY

28 Nichipet EX2 20uL 00-NPX2-20  4 81,620 JPY

29 Nichipet EX2 100uL 00-NPX2-100 4 81,620 JPY

30 Nichipet EX2 200uL 00-NPX2-200  4 81,620 JPY

31 Nichipet EX2 1000uL 00-NPX2-1000 4 81,620 JPY

32 Nichipet EX2 5000uL 00-NPX2-5000 1 22,550 JPY

33 Single-stage spring 2uL 00-NX2-0200002  4 968 JPY

34 Single-stage spring 10uL 00-NX2-0200010  4 968 JPY

35 Single-stage spring 20uL 00-NX2-0200020  4 968 JPY

36 Single-stage spring 100uL 00-NX2-0200100  4 968 JPY

37 Single-stage spring 200uL 00-NX2-0200200  4 968 JPY

38 Single-stage spring 1000uL 00-NX2-0201000  4 968 JPY

39 Seal Spring 00-NX2-2205000  1 770 JPY

40 Nozzle Cylinder Set For 2uL 00-NX2-0400002 8 12,408 JPY

41 Nozzle Cylinder Set For 10uL 00-NX2-0400010 8 12,408 JPY

42 O-Ring, Seal Ring Set 20uL 00-NX2-0500020 8 6,160 JPY

43 O-Ring, Seal Ring Set 100uL 00-NX2-0500100 8 6,160 JPY

44 O-Ring, Seal Ring Set 200uL 00-NX2-0500200 8 6,160 JPY

45 O-Ring, Seal Ring Set 1000uL 00-NX2-0501000 8 6,160 JPY

46 O-Ring, Seal Ring Set 5000uL 00-NX2-05050000 2 1,540 JPY

47 Nozzle filter 00-NX2-0601000 2 3,872 JPY

48 Nozzle filter 00-NX2-0615000-20 1 682 JPY

49 Pipette Stand 00-MLT-STD2  7 39,270 JPY

50 Nichipet EX2 Multi 8 ChanneL 00-NPM-8SP  1 55,055 JPY

51 Nichipet EX PLUS2 20uL  00-NPLO-20 1 25,850 JPY

52 Nichipet EX PLUS2 100uL 00-NPLO-100 1 25,850 JPY

53 Nichipet EX PLUS2 200uL 00-NPLO-200 1 25,850 JPY

54 Nichipet EX PLUS2 1000uL 00-NPLO-1000 1 25,850 JPY

55 Nichipet EX PLUS2 5000uL 00-NPLO-5000  1 31,020 JPY

28th April 2025

Annex 1-1.3. List of Equipment
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56 Seal spring 20uL 00-LO2-0200020  1 1,936 JPY

57 Seal spring 100uL 00-LO2-0200100  1 1,936 JPY

58 Seal spring 200uL 00-LO2-0200200  1 1,936 JPY

59 Seal spring l000uL 00-LO2-0201000  1 1,936 JPY

60 Seal spring 5000uL 00-LO2-2205000  1 1,936 JPY

61 O-Ring, Seal Ring Set 20uL 00-LO2-0300020 2 5,434 JPY

62 O-Ring, Seal Ring Set l00uL 00-LO2-0300100 2 5,434 JPY

63 O-Ring, Seal Ring Set 200uL 00-LO2-0300200 2 5,434 JPY

64 O-Ring, Seal Ring Set l000uL 00-LO2-0301000 2 5,434 JPY

65 O-Ring, Seal Ring Set 5000uL 00-LO2-0305000 2 12,584 JPY

66 Nozzle Filter For l000uL 10pcs 00-LO2-0601000 1 1,936 JPY

67 Pipette Stand 00-MLT-STD2 1 5,610 JPY

68 Automatic Weather Station 2 17,140.00 Euro

69 Electric Grain Grinder Mill 4 1,508.00 Euro

70 Automatic Water Still 2 4,574.22 Euro

71 Incubator 2 8,499.20 Euro

72 Laboratory Freezer 2 3,059.38 Euro

73 Autoclave 1 4,606.00 Euro

74 Compound Microscope 1 2,265.90 Euro

75 Cabinet 1 49.00 Euro

76 Experimental Laboratory Table 1 1,955.00 Euro

77 Automatic Counter Machine Microcomputer 5 1,045.00 Euro

78 Portable Leaf Area Meter 5 6,970.00 Euro

79 Soil Nutrient Tester 4 7,934.80 Euro

80 Electronic Digital Precision Balance 4 1,336.96 Euro

81 Psychomotor 5 2,195.00 Euro

82 Chlorophyll Meter 5 2,620.00 Euro

83 Multi-rice Wheat Thresher Roller 4 4,316.00 Euro

84 Hanging Balance 9 1,499.85 Euro

85 Balance 4 6,374.40 Euro

86 Balance Scale 5 766.00 Euro

87 Handheld Crop Sensor 5 6,895.00 Euro

88 AA Current Meter 2 9,318.00 Euro

89 Portable Parshall Flume 2 9,778.00 Euro

90 HPE ProLiant DL380 Gen10 3 18,207.00 Euro

91 FSP CHAMP 6KL 2 1,998.00 Euro

92 Floor Stand Cabinet Server Rack 1 765.00 Euro

21th October 2025

  



Annex1-1.4. Training workshops and courses conducted in Sudan for different stakeholders along the wheat value chain 

No Type Title Date and place Participant

1 Training 
workshop 

Innovation platforms for sustainable wheat 
production (In partnership with AMTAAR 
CO.) 

9-11 March 2021, Ad-
Dabbah, Northern State

26 participants (extensionists, seed 
production technicians, and 
specialists  

2 Training 
workshop 

Seeds: The Cornerstone of Profitable and 
Sustainable Crop Production (In partnership 
with AMTAAR CO.) 

13-15 March 2022, Al Goled,
Northern State, Sudan.

25 participants (extensionists, seed 
production technicians, and 
specialists 

3 Training course Technological Options for Profitable and 
Sustainable Wheat Production (In 
partnership with AMTAAR CO.) 

16-17 March 2022, Ad-
Dabbah, Northern State

22 farmers from Al-Tadamon IP 

4 Training 
workshop 

Skills Development in Baking and 
Confectionery 

22 April 2024, Aliab IP, 
Sudan 

20 housewives 

5 Training course Mechanization in Wheat Production 
Operations in Sudan (In partnership with 
AMTAAR CO.) 

23-26 October 2023, Mosaad
Training Centre, Gezira
Scheme

25 field machinery operators 

6 Training course Classical and Modern Breeding 
Methodologies for Improving Crop 
Production Considering Climate Change 

10-14 December 2023, ARC,
Wad Medani, Gezira, Sudan

25 young researchers 

7 Training 
workshop 

Local compost preparation and integrated 
weed management in the field 

January 7, 12, 2023, Tayba 
and Wad Hussain IPs 

57 farmers from Tayba and Wad 
Hussain IPs 

8 Training 
workshop 

Local compost preparation and integrated 
weed management in the field (In partnership 
with AMTAAR CO.) 

January 18, 2023, Al-
Tadamon IP, Northern State 

25 farmers from Tayba and Wad 
Hussain IPs 

9 Training 
workshop 

Baking and Confectionery Skills 
Development 

23-25 April 2024, Hudeiba,
River Nile, Sudan

50 housewives and young female 



10 Training course Wheat Production Technologies in Sudan (In 
partnership with TAATII, Harvest 
Investment Co., and the Agricultural Bank of 
Sudan (ABS)) 

24-25 December 2024, New
Halfa Research Station, New
Halfa

33 Farmers, technicians, and 
agricultural engineers from public 
and private companies 

11 Training course Wheat Production Technologies in Sudan (In 
partnership with TAATII, Harvest 
Investment Co, and the ABS) 

29-30 December 2024, New
Halfa Research Station, New
Halfa

41 farmers, technicians, and 
agricultural engineers from public 
and private companies 

12 Training 
workshop 

Technical packages for Wheat crop and seed 
production (In partnership with TAATII) 

31 December 2024, Dongola 54 farmers from Northern State 

13 Training course Wheat production technologies and 
integrated technical management for crop 
seeds (In partnership with TAATII) 

5-6 January 2025, Dongola
Research Station, Dongola

21 participants (extension workers, 
see1d production technicians, and 
officers 

14 Training 
workshop 

Seed production aspects in collaboration (In 
partnership with TAATII and Harvest 
Investment Co.) 

11 January 2025, Village 13, 
Argine IP, New Halfa 

35 farmers in the IP site 

15 Training 
workshop 

Seed production aspects in collaboration (In 
partnership with TAATII and Harvest 
Investment Co.) 

31 January 2025, New Halfa 
Research Station, New Halfa 

39 farmers, extension workers, 
technicians, and agricultural 
engineers. 
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2020

Elhadi G. M. I., Kamal N. M., Gorafi Y. S. A., Yamasaki Y., Takata K., Tahir I. S. A., Itam M. O., Tanaka H. and 
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under heat and combined heat-drought stresses. ", International Journal of Molecular Sciences, 2021. 02, 22, pp. 

1830

https://doi.org/10.3390/ijms22041830 International Published

2020

Iizumi T., Ali-Babiker I. E. A., Tsubo M. ., Tahir I. S. A., Kurosaki Y., Kim W., Gorafi Y. S. A., Idris A. A. M. and 

Tsujimoto H., "Rising temperatures and increasing demand challenge wheat supply in Sudan. ", Nature Food, 
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https://doi.org/10.1038/s43016-020-
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International Published

2020

Mahjoob M. M. M., Gorafi Y. S. A., Kamal N. M., Yamasaki Y., Tahir I. S. A., Matsuoka Y. and Tsujimoto H., 

"Genome-wide association study of morpho-physiological traits in Aegilops tauschii  to broaden wheat genetic 

diversity. ", Plants, 2021. 01, 10, pp. 211

https://doi.org/10.3390/plants10020211 International Published

2021

Tanaka, H, Gorafi Y. S. A., Fujita M., Sasaki H., Tahir I. S. A. and Tsujimoto H., " Expression of seed storage proteins 

responsible for maintaining kernel traits and wheat flour quality in common wheat under heat stress conditions. 

", Breeding Science, 2021. 05, 71, pp. 184-192

https://doi.org/10.1270/jsbbs.20080 International Published

2021

Mahjoob M. M. M., Chen T., Gorafi Y. S. A., Yamasaki Y., Kamal N. M., Abdelrahman M., Iwata H., Matsuoka Y., 

Tahir I. S. A. and Tsujimoto H., "Traits to differentiate lineages and subspecies of Aegilops tauschii , the D genome 

progenitor species of bread wheat. ", Diversity, 2021. 05, 13, pp. 217

https://doi.org/10.3390/d13050217 International Published

2021

Elhadi G. M. I., Kamal N. M., Gorafi Y. S. A., Yamasaki Y., Ban Y., Kato K., Tahir I. S. A., Ishii T., Tanaka H. and 

Tsujimoto H., "Novel loci for kernel hardness appeared as a response to heat and combined heat-drought 

conditions in wheat harboring Aegilops tauschii  diversity. ", Agronomy, 2021. 05, 11, pp. 1061

https://doi.org/10.3390/agronomy110610

61
International Published

2021

Musa A. I. I., Tsubo M., Imad-Eldin A. A. B., Iizumi T., Kurosaki Y., Ibaraki Y., El-Hag F., Tahir I. S. A. and Tsujimoto 

H., "Relationship of irrigated wheat yield with temperature in hot environments of Sudan. ", Theoretical and 

Applied Climatology, 2021. 06, 145, 3-4, pp. 1113-1125

https://doi.org/10.1007/s00704-021-
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International Published

2021

David E., Serouart M., Smith D., Made S., Velumani K., Liu S., Wang X., Pinto F., Shafiee S., Tahir I. S. A., Tsujimoto 

H., Nasuda S., Zheng B., Kirchgessner N., Aasen H., Hund A., Sadhegi-Tehran P., Nagasawa K., Ishikawa G., 

Dandrifosse S., Carlier A., Dumont B., Mercatoris B., Evers B., Kuroki K., Wang H., Ishii M., Badhon M. A., Pozniak 

C., LeBauer D. S., Lillemo M., Badhon M. A., Poland J., Chapman S., de Solan B., Baret F., Stavmess I. and Guo W., 

"Global wheat head etection 2021: An improved dataset for benchmarking wheat head detection methods. ", 

Plant Phenomics, 2021. 09, 2021, pp. 9846158

https://doi.org/10.34133/2021/9846158 International Published

2021

Itam M. O., Gorafi Y. S. A., Tahir I. S. A. and Tsujimoto H., "Genetic variation in drought resilience-related traits 

among wheat multiple synthetic derivative lines: insights for climate resilience breeding. ", Breeding Science, 

2021. 08, 714, pp. 435-443

https://doi.org/10.1270/jsbbs.20162 International Published

2021

Itam M. O., Mega R., Gorafi Y. S. A., Yamasaki Y., Tahir I. S. A., Akashi K. and Tsujimoto H., "Genomic analysis for 

heat and combined heat-drought resilience in bread wheat under field conditions. ", Theoretical and Applied 

Genetics, 2021. 10, 1351, pp. 337-350

https://doi.org/10.1007/s00122-021-
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International Published

2021

Osman S. O. M., Saad A. S. I., Tadano S., Takeda Y., Konaka T., Yamasaki Y., Tahir I. S. A., Tsujimoto H. and Akashi 

K., "Chemical fingerprinting of heat stress responses in the leaves of common wheat by fourier transform infrared 

spectroscopy. ", International Journal of Molecular Sciences, 2022. 03 ,23, 5, pp. 2842

https://doi.org/10.3390/ijms23052842 International Published

2021

Balla M. Y., Gorafi Y. S. A., Kamal N. M., Abdalla M. G. A., I. S. A. Tahir and Tsujimoto H., "Harnessing the diversity 

of wild emmer wheat for genetic improvement of durum wheat. ", Theoretical and Applied Genetics, 2022. 02 

,135, pp. 1671-1684

https://doi.org/10.1007/s00122-022-

04062-7
International Published

2022

Musa A. I. I., Tsubo M., Ma S., Kurosaki Y., Ibaraki Y. and Ali-Babiker I. A., "Evaluation of WRF cumulus 

parameterization schemes for the hot climate of Sudan emphasizing crop growing seasons. ", Atmospere, 2022. 

04, 13, 4, pp. 572

https://doi.org/10.3390/atmos13040572 International Published

2022

Mohamed I. E. S., Oe H., Kamal N. M., Mustafa H. M., Gorafi Y. S. A., Tahir I. S. A., Tsujimoto H. and Tanaka H., 

"Enhancing wheat flour quality through introgression of high-molecular-weight glutenin subunits from Aegilops 

tauschii  accessions. ", Frontiers in Sustainable Food Sustems, 2022, 887795

https://doi.org/10.3389/fsufs.2022.88779

5
International Published
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International Published
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Balla M. Y., Gorafi Y. S. A., Kamal N. M., Abdalla M. G. A., Tahir I. S. A. and Tsujimoto H., "Exploiting wild emmer 
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2022

Mohamed I. E. S., Kamal N. M., Mustafa H. M., Abdalla M. G. A., Elhashimi A. M. A., Gorafi Y. S. A., Tahir I. S. A., 

Tsujimoto H. and Tanaka H., "Identification of Glu-D1 alleles and novel marker–trait associations for flour quality 

and grain yield traits under heat-stress environments in wheat lines derived from diverse accessions of Aegilops 

tauschii . ", International Journal of Molecular Sciences, 2022, 12034

https://doi.org/10.3390/ijms231912034 International Published

2022

Iizumi T., Tsubo M., Maruyama A., Tahir I. S. A., Kurosaki Y. and Tsujimoto H., "High-temperature indicators for 

capturing the impacts of heat stress on yield: lessons learned from irrigated wheat in the hot and dry 
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2020 Techinical support for sustainable wheat production in Sudan 1 (in Arabic)
https://www.youtube.com/watch?v=JAVfz

d9FYgY
Movie released

2020 Techinical support for sustainable wheat production in Sudan 2 (in Arabic)
https://www.youtube.com/watch?v=b7sP

vZl MEk
Movie released

2020 Techinical support for sustainable wheat production in Sudan 3 (in Arabic)
https://www.youtube.com/watch?v=F5Ho

TC258Hk
Movie released

2020 Techinical support for sustainable wheat production in Sudan 4 (in Arabic)
https://www.youtube.com/watch?v=HTVA

eGrW6O0
Movie released

2020 Techinical support for sustainable wheat production in Sudan 5 (in Arabic)
https://www.youtube.com/watch?v=hjW0

LSiaNQg
Movie released

2022 Introductory episode about SATREPS wheat project (in Arabic with Japanese subtile)
https://www.youtube.com/watch?v=hxAv

2FqDwbk
Movie released

(B) Original articles other than above (A) 
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Foreword 

The agricultural sector in Sudan is at a critical crossroads, facing immense challenges due 

to the current conflict, which has disrupted research, seed systems, and production 

infrastructure and is further exacerbated by climate change. The JICA- and JST-supported 

SATREPS Wheat Project, a collaboration between Sudanese and Japanese institutions, has 

made significant advancements in breeding climate-resilient wheat, better understanding the 

crop's physiological response to stress, analyzing climate data, and proposing future directions 

for wheat production, strengthening public-private partnerships, and building local research 

capacity. Despite setbacks caused by political instability and conflict, the project has 

successfully identified heat- and drought-tolerant wheat germplasm, improved the availability 

of quality seed, and developed innovative research approaches to sustain wheat production. 

The project has laid the foundation for future agricultural resilience in Sudan through an 

integrated strategy that combines crop improvement, crop physiology, climate modeling, 

capacity strengthening, and partnership building. The achievements of the project highlight 

the urgent need for continued investment in research, seed systems, and policy reforms to 

ensure food security and sustainable development. Lessons learned could help guide future 

collaborations and interventions to restore and sustain agriculture in Sudan. 

 

 

               Prof. Abdelmoneim Taha 

                                                                    Project Director 

                                            Agricultural Research Corporation, Sudan 
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Preface:  

The Final Symposium for Sudan SATREPS Wheat Project: Building Resilience through 

Partnerships 

Izzat S. A. Tahir1, Yasir S. A. Gorafi1,2, Hisashi Tsujimoto3 

1Agricultural Research Corporation, Wad Medani, Sudan 
2Graduate School of Agriculture, Kyoto University, Japan 
3Arid Land Research Center, Tottori University, Tottori, Japan 

Driven by the huge challenges of food insecurity coupled with the ensuing climate change, 

Agricultural Research Corporation and Tottori University, in collaboration with Sudan 

Meteorological Authority and Utsunomiya University, developed and implemented the 

SATREPS Wheat Project in Sudan through generous support from JICA, JST, and Sudan 

Government. Building on past experiences, the project adopted different models, strategies, 

and approaches to successfully and efficiently implement its plans and activities. First, the 

project activities were categorized into five interconnected groups: breeding, quality, 

physiology, climate change and modeling, and capacity building. Then, the project adopted 

integrated agricultural research for development and innovation systems approach to 

overcome the shortcomings of the historically used traditional linear model for research and 

extension in building strong relationships and interactions among all stakeholders. Securing 

high-quality seeds is also crucial for producing and delivering essential food crops in the 

quantities and quality needed. Therefore, recognizing the need for a sustainable strategy to 

ensure seed production and supply, and building on an earlier seed system analysis, the 

project established strong public-private partnerships (PPPs) between public and private seed 

producers.  

During the People's Revolution in 2018/19, the security situation delayed the project's 

kick-off and prevented Japanese experts from visiting Sudan. Then, the COVID-19 pandemic 

in 2020 and the political turmoil in October 2021 resulted in suspending some project 

activities, including experts' visits to Sudan, which affected the progress of some project 

activities. Later, the armed conflict between the paramilitary Rapid Support Force (RSF) and 

the Sudan Armed Force (SAF), which started in Khartoum in April 2023 and spread to Gezira 

in December 2023, substantially affected most of the activities, especially the rehabilitation 

of the molecular and speed breeding facilities and laboratory equipment procurement 

process. Despite these challenges and difficulties, the project achieved almost all research-

based and capacity-building activities. The final symposium of the Sudan SATREPS Wheat 

Project, “Innovative Technologies for Sustainable Wheat Production: Building Resilience 

through Partnerships”, aims to bring together project members to present the project 

achievements and milestones and draw lessons and recommendations for future 

collaboration. 

The breeding group evaluated wheat in Sudan and Japan and identified heat- and 

drought-tolerant lines as well as agronomically important QTLs (Quantitative Trait Loci) and 

MTAs (Marker-Trait Associations), established a platform for breeding new heat- and drought-

tolerant wheat using the identified QTLs, and produced the early-generation seeds of the 
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heat-tolerant wheat varieties. The quality group studied the end-use quality and nutritional 

value, selected several potential lines combining heat tolerance and enhanced end-use quality, 

and identified new QTLs and MTAs that control heat tolerance and enhance end-use quality. 

The physiology group explored the physiological mechanism of heat and drought tolerance 

using metabolomics and transcriptomics, identified the key physiological and biochemical 

factors underlying heat and drought adaptation, and established a new analytical platform to 

understand crop response to stresses. The climate change group analyzed Sudan's past and 

future climate and proposed the necessary measures to avoid the risk of climate change, 

developed a prototype model for wheat production under different climate scenarios, 

designed an early warning system, and conducted several field studies in collaboration with 

the breeding group, to develop innovations to mitigate the risk of climate change. The capacity 

building group conducted a baseline survey in Sudan's major wheat production states and 

identified key factors influencing the adoption of improved technologies, identified the 

intervention sites, and established and operationalized six innovation platforms (IPs) for 

technology validation and dissemination in the main wheat production states. The group 

conducted short and long-term training in Japan, conducted training workshops and courses 

for different stakeholders along the wheat value chain, including farmers, extensionists, 

researchers, technicians, and seed producers in the public and private sectors, produced 

certified seeds of the popular and recently released wheat cultivars and disseminated to 

farmers in the IPs sites, provided technical backstopping to the farmers and other stakeholders 

in the IPs through the production of drama-based episodes, manuals and pamphlets on 

technological options for wheat production.  

The strategies and approaches used by the SATREPS Wheat Project, particularly IPs and 

PPPs, have raised awareness, contributed to the availability of high-quality seeds, increased 

technology adoption, and promoted sustainable wheat production. The support of the 

Ministry of Agriculture, ARC, and other relevant stakeholders and entities will ensure the 

sustainable dissemination and expansion of improved technologies to new areas.   

Given the projected impacts of climate change, particularly heat stress, on agriculture, 

research on climate-resilient wheat varieties and climate-smart technologies is essential. 

Investments in localized climate modeling and research on climate change impacts on crop 

performance are also critical for accurate planning and resilient agricultural systems. 

Moreover, enabling policies are crucial to ensure food security by providing access to 

improved technologies, credit, and extension services. 

In light of its achievements, and given the importance of post-harvest processes and value 

addition in maximizing farmers' returns from their own produce and promoting agricultural 

resilience and sustainability, the project team recommends empowering local rural 

communities and stimulating their local economic development, integrating gender and youth 

into such entrepreneurship for better livelihoods of local communities. Establishing 

entrepreneurial, community-based post-harvest processing facilities is anticipated to reduce 

farmers' dependence on volatile commodity markets and encourage them to diversify their 

income sources by adding value to their products through processing, packaging, baking, and 

possibly branding. 
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Group 1: Breeding 

Enhancing the development of climate-resilient and nutrient-use-efficient wheat 

germplasm through modern breeding technologies 

Izzat S. A. Tahir1,2, Yasir S. A. Gorafi2,3, Masanori Okamoto4, Shun Sakuma5, and Hisashi 

Tsujimoto1 
1Arid Land Research Center, IPDRE, Tottori University, Tottori, Japan 
2Agricultural Research Corporation, Wad Medani, Sudan 
3Graduate School of Agriculture, Kyoto University, Kyoto, Japan 
4RIKEN, Yokohama, Japan 
5Faculty of Agriculture, Tottori University, Tottori, Japan 

 

Abstract: 

Despite the genetic gains achieved through the development of heat-tolerant wheat 

varieties and the expansion of wheat cultivation, the substantial increase in consumption due 

to many factors, including changes in dietary habits, population growth, and urbanization, 

posed a significant challenge to food security in Sudan. To meet this challenge and bridge the 

gap between production and consumption in the face of climate change, which is likely to 

aggravate the situation, it was necessary to adopt innovative approaches and techniques to 

increase wheat productivity. 

Wheat-related wild species have been recognized as an important genetic resource for 

wheat improvement. Functional qualitative genes found in these wild species, such as disease 

resistance, have been used in breeding programs. However, there is insufficient evidence that 

this exotic germplasm can provide useful quantitative traits such as yield performance and 

abiotic stress tolerance. The morphology of wild species, with tiny seeds in hard and brittle 

spikelets, is so different from that of cultivated wheat that evaluating the "agronomic traits" 

of the wild species could be challenging. Therefore, instead of evaluating the wild species 

themselves, we first developed a highly diverse wheat population by introducing different 

alleles from many accessions of wild species and then evaluating the agronomic traits of the 

wild alleles in the wheat genetic background. An important source for improving bread wheat 

performance and its environmental resilience is to explore the genetic diversity reservoir of 

inter- and intraspecific variation in Aegilops tauschii, the D-subgenome progenitor of bread 

wheat(Mahjoob et al., 2021a; Mahjoob et al., 2021b; Mahjoob et al., 2022). A total of 43 

primary synthetic hexaploid wheat (SHW) lines were developed utilizing 43 Aegilops tauschii 

accessions, covering its intraspecific diversity, crossed and backcrossed with a Japanese 

commercial cultivar, "Norin 61" (N61), to develop multiple synthetic derivatives (MSD) 

populations. As such, the MSD population is multigenic with an intraspecific diversity of Ae. 

tauschii in a bread wheat cultivar, N61 (Elbashir et al., 2017), and its use has been proposed 

to increase the diversity of the D subgenome (Tsujimoto et al., 2015). A total of 400 lines were 

selected from the MSD population, and each line was genotyped with genome-wide 

molecular markers to establish an "MSD panel" for genome-wide association studies 

(GWAS)(Gorafi et al., 2018). 
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The breeding group evaluated wheat in Sudan and Japan and identified heat- and 

drought-tolerant lines as well as agronomically important QTLs (Quantitative Trait Loci) and 

MTAs (Marker-Trait Associations), established a platform for breeding new heat- and drought-

tolerant wheat using the identified QTLs, and produced the early-generation seeds of the 

heat-tolerant wheat varieties.  

The MSD lines were evaluated in 16 different agroecological and management 

environments at Dongola, Hudeiba, and Gezira Research Station Farms, Sudan. At Gezira (Wad 

Medani), maximum temperatures were above 30°C during most wheat growing periods and 

sometimes exceeded 35°C, especially during the late grain filling period, whereas Dongola was 

always 5-8°C cooler than Gezira. At the Gezira Research Farm, the MSD population was 

evaluated under late sowing conditions to identify lines tolerant to excessive heat stress, 

under deficit irrigation to evaluate drought stress tolerance, and under low nitrogen and 

phosphorus conditions to identify lines with efficient nutrient use. Genotypes with improved 

heat/drought tolerance, resource use efficiency, and heat-tolerant QTLs were identified 

(Ahmed et al., 2024; Itam et al., 2021, 2022). Nitrogen use efficiency and mineral contents of 

grain harvested from heat and nutrient deficiency experiments were tested. High genetic 

variation was found for Mg, P, S, Cu, and Mn in the MSD lines, representing the diversity of 26 

Ae. tauschii accessions and several MTAs were identified for some essential minerals, which 

could be useful for improving mineral concentration in heat-stress environments. A novel QTL 

for seed dormancy was mapped on chromosome 5D using two populations of backcrossed 

recombinant inbred lines (BILs) developed by crossing and backcrossing two intraspecifically 

diverse Ae. tauschii accessions (Ahmed et al., 2023). 

The plant hormone abscisic acid (ABA) plays an important role in drought tolerance and 

water-saving traits in wheat (Mega et al., 2019). Therefore, lines sensitive to ABA were 

selected from the MSD population and crossed with N61. Several sensitive lines from the 

BC1F4 generation were also selected. Under drought stress conditions, these lines reduced 

transpiration compared to N61 and were identified as water-saving lines during drought. One 

of these lines showed higher seed productivity and larger seed size than N61. This line is 

promising for breeding drought-stress tolerant material. 

In heat-prone and drylands, such as Sudan, some wheat varieties, including the leading 

variety, Imam, tend to shatter their grain, resulting in a significant yield loss of up to 30% when 

the harvesting process is delayed. This underscores the urgent need to develop non-shattering 

varieties to reduce pre-harvest losses. The mechanism of grain shattering was elucidated, 

revealing that the horizontally curved awns resulted in the opening of the lemma and palea. 

Subsequently, a GWAS on a wheat core collection comprising 190 lines revealed significant 

marker-trait associations in multiple chromosomal regions (Sakuma et al., 2022). 

As with bread wheat, diverse populations and lines of durum wheat (Triticum durum), 

including wild tetraploid wheat genome segments, the multiple derivative lines (MDLs), were 

selected and evaluated in multi-environment trials in Sudan and Japan and found to be a 

promising source for harnessing the diversity of wild emmer wheat for durum and bread 

wheat improvement (Balla et al., 2022a). A considerable intraspecific variation among wild 

emmer wheat accessions was identified in terms of heat stress tolerance (Balla et al., 2025). 
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The genome-wide association analysis of the diverse set of multiple derivative lines harboring 

chromosome segments from nine wild emmer wheat parents for agronomic traits under 

optimum, moderate, and severe heat stress conditions identified promising MTAs, which 

provides potential genetic materials, alleles, and quantitative trait loci for enhancing wheat 

adaptation to heat stress (Balla et al., 2022b). 

Systematic evaluation of the MSD population under various abiotic stresses, including 

heat, drought, low N, and low P, revealed a wide phenotypic diversity for all traits studied and 

led to its registration as a germplasm resource for more systematic and efficient mining of 

desirable climate-smart traits or genes from Ae. tauschii (Gorafi et al., 2025) 

Our intensive and systematic phenotypic and genotypic studies have clearly shown that 

wild species harbor positive alleles for improving stress-tolerant quantitative traits. However, 

the direct use of such alleles in breeding programs remains challenging unless the additive 

and epistatic effects of these alleles have been validated. Therefore, molecular markers for 

stress-adaptive traits are used to generate near-isogenic lines (NILs) using MSD lines with 

favorable alleles as donor parents and adapted cultivars and other elite cultivars as recurrent 

parents. These NILs will be used to validate these QTLs, identify causal genes, and develop 

functional molecular markers for efficient deployment in breeding. Meanwhile, the elite 

wheat lines with the introgressed QTLs/alleles will be evaluated to assess the value of the wild 

relatives introduced QTLs/alleles and their suitability for release as commercial cultivars. 
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Group 2: Quality 

Enhancing nutritional value and end-use quality of wheat under heat-stressed 

environments  

Hiroyuki Tanaka1 and Hala M. Mustafa2 

1Faculty of Agriculture, Tottori University, Tottori, Japan 

2Agricultural Research Corporation, Wad Medani, Sudan 

 

Abstract: 

Wheat grain quality is critical in determining its suitability for food processing and its 

ultimate nutritional value. The objectives of the research conducted in this group were to 

identify and analyze genetic resources that perform well without compromising flour quality, 

particularly in terms of their effectiveness in bread-making, a process that demands dough 

strength, even under heat-stress conditions. The identified resources could then be used to 

develop new varieties. For this reason, a genetically diverse population of multiple synthetic 

derivatives (MSD) was evaluated in multi-environment trials. 

The grains of the MSD lines harvested from the experiment conducted under normal 

conditions at Tottori were used for experiments grown under heat-stress conditions in Sudan. 

Kernel weight and shape-related traits were evaluated in a panel of MSD lines, together with 

their genetic background (recurrent parent), Norin 61, grown under normal, heat, and drought 

conditions. Concurrently, genome-wide association studies were performed. Seed traits 

(shape, weight, and hardness) of the MSD lines were found to be highly diverse, and the GWAS 

identified several novel MTAs (Marker-Trait Associations) for seed traits under high-

temperature stress (Elhadi et al., 2021a; Elhadi et al., 2021b). To assess the flour quality of the 

MSD lines grown under heat stress during the grain filling, 145 MSD lines were grown under 

heat stress conditions in Sudan. The grains harvested from the field experiments in Sudan and 

Japan were milled, basic flour quality characteristics (protein content, SDS sedimentation 

volume) were investigated, and the dough strength was calculated. The dough strength of 

each MSD line was compared with the type of high-molecular-weight glutenin subunits 

(HMW-GSs), which are the main determinants of dough strength among the seed storage 

proteins (SSPs) of each MSD line. The results showed that even within the same MSD family, 

there was a wide diversity in dough strength. The results showed that the MSD lines produced 

stronger dough with better bread-making properties than the Japanese variety Norin 61, even 

under heat stress during the ripening period (Mohamed et al., 2022a; Mohamed et al., 2022b). 

The starch composition of the MSD lines showed a high diversity, with amylose content 

ranging from significantly higher to lower than that of Norin 61. Wide genetic diversity was 

found among MSD lines for Cu, Fe, Mg, Mn, P, S, and Zn and several lines with better mineral 

content were identified (Emam et al., 2025). Several MTAs for some essential minerals were 

identified, which could be used in breeding for improved mineral concentration under heat 

stress. These results suggest that MSD lines exhibit various desired flour qualities and can be 

used for various processing aptitudes. 
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The MSD lines with excellent basic data on flour quality were grown on a large scale under 

normal conditions in Tottori, and the grain was milled to flour. Detailed investigation of dough 

properties showed that the selected MSD lines were weaker in dough than commercial strong 

flours but could maintain stable dough strength even with longer mixing times. The bread-

making test showed that the bread was less puffed than strong flour and that there was room 

for improvement. Some of the MSD lines could maintain flour quality under heat stress, and 

the genes and chromosomal regions involved were identified. 

The study on the expression of SSPs in well-adapted Sudanese varieties subjected to heat 

stress during the grain filling period revealed that high expression of SSPs under heat stress 

contributes to maintaining flour quality (Tanaka et al., 2021). Therefore, some Sudanese 

cultivars were crossed with Norin 61, which has the Glu-D1d gene that makes the 5+10 

subunits, one of the HMW-GSs suitable for bread flour. The Sudanese variety Bohaine was 

used as a recurrent parent for continuous backcrossing, and a line with the Glu-D1d gene was 

bred in the background of Bohaine. The plant material base for understanding how genes and 

regions affect the bread-making quality and heat tolerance of some Sudanese cultivars has 

been established. 

To search for useful genetic resources from closely related wild species other than 

Aegilops tauschii from which MSD lines are derived, a series of lines with one pair of 

chromosomes from closely related wild species were subjected to spike culture under heat 

stress, and the seeds were allowed to ripen. As a result, lines that could maintain seed traits 

(shape and weight) under heat stress were selected. From the above, it was considered that 

the selected lines possessed useful genes involved in the maintenance of seed traits under 

heat stress derived from closely related wild species chromosomes. 
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Group 3: Physiology 

Clarification of mechanisms behind heat and water-deficit stress tolerance and better 

utilization of nutrients toward the development of future breeding strategies 

Kinya Akashi1 and Abu Sefyan I. Saad2 

 

1Faculty of Agriculture, Tottori University, Tottori, Japan 
2Agricultural Research Corporation, Wad Medani, Sudan 
 

Abstract: 

Multiple synthetic derivatives (MSD) populations, in which dozens of Aegilops tauschii 

accessions were utilized for D subgenome donner, exhibit high diversity in morphology and 

agronomic traits. Several genotypes derived from the MSD population show heat stress 

tolerance and high productivity under high-temperature environments. Elucidating the 

molecular mechanism underlying the heat stress tolerance will offer new opportunities for 

developing new breeding markers as well as molecular breeding techniques. Toward these 

objectives, our research group aimed at understanding the physiological responses of various 

genotypes under high temperatures in artificial environments. In addition, to understand the 

molecular mechanism of high-temperature response and its application to breeding, we 

combined multiple omics methods to search for key metabolites and mRNAs to clarify their 

molecular mechanism. 

In research item 3.1, physiological responses of various wheat genotypes were 

comparatively analyzed, which revealed that, depending on the growth stage of plants in 

which high temperature was imposed, it has different effects on their growth characteristics, 

yield-related traits, and photosynthetic metabolism (Matsunaga et al., 2021a). Under some 

circumstances in the juvenile phase, heat stress had a positive effect on yield traits. We also 

established a new experimental system to visualize high-temperature injury and tolerance to 

photosynthetic metabolism using the temperature response of leaf tissue chlorophyll basal 

fluorescence (Fo), and found inter-genotype differences in the high-temperature adaptation 

of the photosynthetic system following stress exposure (Matsunaga et al., 2021b). 

Furthermore, we quantitatively demonstrated that various MSD lines exhibited diverse and 

characteristic physiological growth responses that differ from those of N61. In collaboration 

with Group 1, we analyzed soil moisture content and measured chlorophyll content in field 

plots in Sudan to obtain basic data on wheat physiological responses in the local environment. 

In addition, we found that when wheat plants in the ripening stage are exposed to high 

temperatures, the high-temperature tolerance of the next generation of seeds during 

germination is significantly increased. We found that changes in biomembrane composition 

and a group of heat shock proteins are involved in acquiring this tolerance. 

In research item 3.2, to identify specific metabolites associated with heat stress tolerance, 

we constructed a database based on comparative analysis of metabolomes of several MSD 

lines and control wheat lines by LC-MS/MS and ICP-MS. We found that the content of low-
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molecular-weight organic compounds and inorganic minerals in the flag leaf varied 

significantly depending on which growth period the plant was exposed to high temperature 

(Matsunaga et al., 2021b). In addition, we selected specific molecular marker candidates to 

characterize high-temperature tolerant and sensitive MSD lines based on multivariate analysis 

of metabolome behavior combined with physiological behavior and agronomic trait data, 

which resulted in the identification of β-alanine, serotonin, and putrescine as high-

temperature stress molecular markers with positive or negative correlation with agronomic 

traits, such as harvest index and number of grains per spike. Nitrogen-containing compounds 

serotonin and putrescine were shown as novel high-temperature stress molecular markers 

with positive or negative correlations with agronomic traits such as yield. Evaluation of the 

impact of Ae. tauschii D-genome introgressions on the physiological, biochemical, and 

metabolic plasticity of three wheat multiple synthetic derivative lines (MSDLs) under 

prolonged drought stress revealed that four metabolites (adenine, gamma-aminobutyric acid, 

histidine, and putrescine) were specifically and differentially accumulated in the MSDLs, 

suggesting the differential roles of these metabolites in drought resistance/avoidance (Itam et 

al., 2020a; Itam et al., 2020b) 

To analyze the behavior of high molecular compounds in the plants, which are difficult to 

analyze with LC-MS or ICP-MS, we have introduced Fourier Transform Infrared Spectroscopy 

(FTIR), an excellent tool for analyzing groups of macromolecule compounds. We developed a 

new technique to analyze changes in macromolecule composition under high-temperature 

stress in wheat leaves through chemometrics of spectral data and machine learning. Using 

this approach, we detected infrared spectral responses characteristic in high-temperature 

tolerant lines, in addition to spectral responses common in many wheat lines (Osman et al., 

2022a; Osman et al., 2022b) . We developed spectral markers based on these responses. This 

method was applied not only to wheat plants in an artificial growth chamber but also to leaves 

of wheat lines grown in Wad Medani, Sudan, which showed differential metabolome response 

under field conditions. These analyses showed that the metabolome responses of the lines 

changed significantly in response to genotypic differences and environmental conditions, 

providing fundamental data for elucidating the similarities and differences in the molecular 

responses of wheat plants in the field and in the artificial climate environment. 

The FTIR monitoring technique of chemical structures established in this study was 

applied to the research on flour quality in Group 2 research activities. Consequently, wheat 

flour of N61 derivative introduced with the Glu-D1d gene, which has excellent bread-making 

properties, was shown to be discriminated from control N61 flour by FTIR. FTIR technique has 

the advantage of simple and rapid measurement, and this is an example of the synergistic 

effect of inter-group collaborations in this project. 

Gas chromatography analysis revealed that the monosaccharide composition of the cell 

wall pectin fraction changed in response to high-temperature stress. This observation 

suggested that the cell wall of wheat leaves undergoes a massive structural change in 

response to high-temperature stress. This finding is interesting because it suggests the 

possibility of a novel tolerance mechanism that regulates the efficiency of heat dissipation 

from the leaves under high-temperature stress. 
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In research item 3.3, transcriptome comparison was conducted using six MSD lines with 

different high-temperature tolerances and a control N61 line in a growth chamber 

environment. In this analysis, heat stress was imposed for seven days after anthesis, and the 

RNAseq data comprising approximately 1.2 billion reads were obtained from the plants' flag 

leaves under high temperature or control conditions. The results showed that a considerably 

high fraction of the detected gene transcripts was significantly up- or down-regulated under 

high temperatures, which included the genes showing different expression behavior between 

the lines. The observations suggested that differentially regulated genes may be associated 

with unique high-temperature responses in the MSD lines. 

Gene ontology and pathway analyses of these heat-responsive genes indicated that 

they are involved in a variety of cellular processes, including protein metabolism (biosynthesis, 

transport, repair, and degradation), defense against oxidative stress, cell repair, signal 

transduction, primary metabolism, and plant-specific metabolism. Some of the high-

temperature-responsive genes were explicitly detected in high-temperature-tolerant MSD 

lines, which may be related to the agronomic traits of the MSD lines as described above, 

suggesting that these transcripts can be the promising mRNA markers for selecting high-

tolerant lines. We are currently mining these data for further details to elucidate the 

mechanism of high-temperature stress tolerance and develop molecular markers that will 

contribute to molecular breeding. 
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Group 4: Climate Change 

Climate-wheat interaction in hot and dry environments of Sudan 

Abuelgasim I.I. Musa1, Almutaz A.A. Mohammed2,3, Mitsuru Tsubo4 and Yasunori Kurosaki4  

1Sudan Meteorological Authority, Khartoum Sudan 
2Agricultural Research Corporation, Wad Medani, Sudan   
3Hydraulics Research Center, Wad Medani, Sudan 
4Arid Land Research Center, IPDRE, Tottori University, Tottori, Japan  
 

Abstract: 

Sudan, characterized by its diverse climatic zones and increasing vulnerability to climate 
change, faces significant challenges in sustaining agricultural productivity, particularly in 
wheat cultivation. As one of the primary staples, wheat is crucial for food security and 
livelihoods in the region. However, rising temperatures threaten the viability of wheat 
production. The climate change group synthesizes recent studies and research findings on the 
interplay between climate variables and wheat yield, emphasizing canopy temperature 
management, cultivar selection, and innovative agricultural practices. By understanding the 
relationship between temperature and yield, alongside developing adaptive strategies, 
stakeholders can work towards enhancing wheat productivity and resilience amid changing 
climatic conditions. 

1. Yield-temperature relationship 

1.1 Past 

Musa et al. (2021) investigated the relationship between irrigated wheat yields and 
temperature over 48 crop seasons across Sudan's major wheat-producing regions and 
highlighted the following. 

 Temperature trends: The study identifies significant upward trends in both annual and 
growing-season maximum and minimum temperatures across all regions. Notably, Dongola 
in the Northern State experiences the most pronounced increases. 

 Yield trends: Irrigated wheat yields showed a positive trend across all three regions owing 
to technological development such as improved cultivars, increased fertilizer application, 
and better irrigation, but this trend was not uniform and experienced interruptions in 
some years. 

 Impact of temperatures on yield: Detrended yield analysis revealed significant negative 
correlations between yields and several temperature indicators, especially minimum 
temperatures at night and maximum temperatures during key growth stages (e.g., 
flowering, ripening). The strength of this relationship varied across regions. For instance, in 
the Northern State, nighttime minimum temperatures had the strongest negative 
correlation. In Gezira State, maximum daily temperatures had the most influence. In 
Kassala State, both daytime and nighttime temperatures were negatively correlated. 

1.2 Future 

Iizumi et al. (2021) emphasized the following points about the future challenges faced by 
wheat supply in Sudan due to climate change and rising demand. 
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 Projected trends: The research indicates that Sudan's wheat-growing regions, already 
among the hottest globally, will witness a reduction in domestic production share from 16% 
to as low as 4.5–12.2% by 2050, depending on climate scenarios. 

 Demand versus Supply dilemma: With wheat demand projected to triple by 2050, 
significant annual yield improvements of 0.2-2.7% are required to meet future demand, 
particularly challenging for hotter regions. 

 Adoption of adaptation strategies: The study highlights the need for immediate adaptive 
strategies, emphasizing that breeding heat-tolerant varieties and optimizing sowing dates 
could mitigate some adverse effects. 
 

2. Canopy temperature 

2.1. Observations 

Mohammed et al. (2023a) and Mohammed et al. (2023b) signified key contributions to 
optimizing wheat cultivation in the hot, arid regions of Sudan by focusing on 
micrometeorological characteristics and energy balance in wheat fields. 

 Enhanced crop management practices: Both studies emphasize the necessity of targeted 
agricultural practices tailored to local environmental conditions. More specifically, they 
highlight that effective management strategies must consider the interplay between crop 
physiology, irrigation techniques, and local climate conditions. This is paramount in regions 
experiencing extreme temperature fluctuations, where conventional farming practices may 
not suffice. 

 Selection of heat-tolerant cultivars: The detailed examination of two heat-tolerant wheat 
cultivars, Imam and Bohaine, demonstrates the substantial impact of cultivar selection on 
managing crop temperatures during periods of heat stress. The findings indicate that 
Imam’s ability to maintain cooler canopy temperatures due to its larger leaf area and higher 
transpiration rates provides a practical blueprint for breeders and farmers aiming to 
mitigate the impacts of elevated ambient temperatures. 

 Insights into micrometeorological processes: The studies underscore the significance of 
energy balance in crop fields, particularly where latent heat flux (LE) exceeds sensible heat 
flux (H). This indicates that irrigation should not merely serve as a water supply but is a vital 
tool for temperature regulation in wheat fields. Effective irrigation practices that prioritize 
cooling can minimize heat stress and enhance crop resilience. 

2.2 Model simulation  

Iizumi et al. (2022) investigated using crop canopy temperature (Tc) versus air 
temperature (Ta) to develop high-temperature indicators for agrometeorological services. 

 Tc versus Ta: The study finds that using Tc as a high-temperature indicator significantly 
improves the prediction of yield reductions caused by heat stress compared to Ta. The 
analysis, based on data from three Sudanese regions over five decades, reveals that Tc-
based indicators are particularly effective during critical phenological periods—specifically 
vegetative and reproductive growth stages. 

 Regional specificity: The data clearly show that while Tc indicators generally perform better, 
the optimal indicators vary by region, highlighting the necessity for localized assessments. 
This supports the call for agrometeorological services to adopt Tc-based indicators for more 
precise and applicable heat stress assessments across different regions. 
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3. Yield outlook 

3.1 Downscaling 

Musa et al. (2022) evaluated various cumulus convection schemes within the Weather 
Research and Forecasting (WRF) model to enhance the simulation of Sudan's climate, 
particularly during crop-growing seasons. 

 Performance of parameterization schemes: The evaluation identifies the Betts-Miller-Janjic 
(BMJ) scheme as the best performer for modeling wet-season rainfall in hyper-arid and arid 
zones, while the improved Kain-Fritch (KFT) scheme excels in the semi-arid zone. For dry-
season temperatures (November-February), both BMJ and modified Tiedtke (TDK) 
schemes demonstrate superior performance for maximum temperatures, whereas the 
Grell-Freitas (GF) scheme is most effective for minimum temperatures. 

 Seasonal variation in modeling: The results reveal that no single parameterization scheme 
universally outperforms others across all conditions, emphasizing the need for seasonal 
and climatic zone-specific applications. The validation against satellite-based data 
demonstrates the model's capacity for accurately simulating key climate variables, 
underscoring its utility for future agricultural planning. 

3.2 Yield forecast 

Musa (2022) investigated the feasibility of forecasting wheat yield anomalies in Sudan 
using statistical models based solely on temperature data. The analysis incorporates historical 
wheat yield data alongside temperature indicators from three regions (Northern, Central, and 
Eastern). A backward stepwise multiple linear regression model is crafted to assess the impact 
of various temperature metrics on yield anomalies. 

 Model performance across regions: The findings reveal variability in model performance; 
in the Northern region, a two-variable model explains 27% of yield variance with moderate 
accuracy (0.50 for observed data); the Central region’s single-variable model exhibits lower 
explanatory power (17% variance), reflecting the model's limited effectiveness; and the 
Eastern region benefits from a more robust two-variable model, accounting for 41% of the 
variance and demonstrating remarkable forecast accuracy (0.86 for forecasted data). 

 Implications for yield prediction: These results indicate that while statistical models can 
effectively predict yield anomalies, their accuracy is influenced by the number of significant 
predictors and the extent to which temperature alone captures the variability inherent in 
yield data. Recommendations for incorporating additional factors, like irrigation practices, 
could enhance model precision. 

 

4. Conclusions 

The cumulative findings from the above studies underline the critical need for strategic 
interventions in wheat production systems in Sudan. As climate change intensifies its impact 
on agricultural practices, it has become increasingly evident that adaptable, evidence-based 
approaches are essential for ensuring food security and agricultural resilience. 

 Rising temperatures and heat stress: Significant upward trends in temperature and their 
adverse effects on wheat yields have been consistently identified. The historical correlation 
between temperature indicators and yield anomalies highlights the urgency of addressing 
these environmental challenges. 
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 Importance of heat-tolerant cultivars: The investigations stress the importance of 
optimizing cultivar selection and management practices to enhance crop resilience against 
heat stress, supporting the development of new wheat varieties that withstand extreme 
climatic conditions. 

 Adaptation strategies are essential: Research indicates that without proactive adaptation 
strategies, including improved irrigation management, breeding programs, and optimized 
sowing schedules, future wheat production in Sudan could face severe challenges. 

 Precision in climate modeling: Effective climate adaptation necessitates accurate climate 
modeling; thus, adopting region-specific parameterization schemes and integrating canopy 
temperature indicators in assessments are recommended for precise agricultural planning. 

 

5. Recommendations 

Based on the findings of the climate analysis, the following are recommended to the 
stakeholders. 

 Invest in heat-tolerant wheat varieties: Agricultural research should prioritize the 
development of wheat cultivars that exhibit heat tolerance traits, enhancing their 
performance under stress conditions projected for the future. 

 Optimize irrigation techniques: Implement innovative and strategic irrigation practices that 
maximize cooling effects in wheat fields, thereby reducing temperature stress and 
improving crop yields during hot months. 

 Utilize canopy temperature as an indicator: Encourage the adoption of canopy temperature 
(Tc) as a primary indicator in agrometeorological services to enhance predictions regarding 
heat stress impacts on yield in various Sudanese regions. 

 Enhance climate modeling practices: Foster investments in localized climate modeling 
efforts that utilize appropriate parameterization schemes to accurately forecast rainfall and 
temperature inputs essential for wheat cultivation planning. 

 Promote adaptive agricultural practices: Provide training and resources to farmers on 
adaptive practices such as adjusted sowing dates, diverse crop rotations, and integrated 
pest management, all tailored to respond to climate variability. 

 Strengthen R&D initiatives: Increase funding for agricultural research focused on 
understanding the impacts of climate change on crop performance, which will pave the 
way for resilient agricultural systems in the face of evolving environmental challenges. 

 Support policy development for food security: Advocate for comprehensive agricultural 
policies that promote food security initiatives, including technology access for farmers, 
research funding, and infrastructure improvements. 
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Group 5: Capacity Building 

Building strategic partnerships and establishing and operationalizing innovation platforms  

Amani A. M. Idris1, Yasir S. A. Gorafi1,2, Izzat S. A. Tahir1 
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Abstract: 

Increased technology adoption can contribute to economic growth and poverty reduction 

among farmers, provided that successful strategies to address constraints to technology 

adoption are identified and solutions are implemented (Ibrahim et al., 2024). Before 

implementing the project activities in Sudan, a study was conducted to assess the level of 

adoption of improved technologies and management practices and to identify the key factors 

influencing their adoption in the major wheat-producing areas of Sudan. Access to quality 

seeds, financial credit, and extension services were the most critical determinants of farmers' 

adoption of the improved technologies (Ibrahim et al., 2024). 

Traditionally, the transfer of new technologies, including new varieties, to farmers has 

followed the traditional linear model of research and extension. This linear model lacks the 

necessary interaction and feedback learning among stakeholders along the crop value chain. 

The integrated agricultural research for development and innovation system approach was 

introduced to overcome this shortcoming and build strong relationships and interactions 

among all stakeholders. Following this approach, the project established six innovation 

platforms (IPs) in four major wheat-producing areas in Sudan: Gezira (2 IPs), New Halfa (2 IPs), 

River Nile (1 IP), and Northern State (1 IP). The IPs allowed different stakeholders in the public 

and private sectors, including policymakers, to interact to understand each other better, learn 

and develop shared priorities, identify challenges, create opportunities and solutions, define 

roles, and agree on joint actions and work plans to realize agricultural revitalization and 

development (Tahir et al., 2020). A series of activities were carried out within the IPs, including 

technology dissemination and scaling up, technical backstopping, capacity strengthening, 

seed production and distribution, field and harvest days, etc. 

The availability of high-quality seeds is critical to the sustainable production and supply 

of essential food crops in the required quantity and quality. Seeds are the foundation of any 

good agricultural practice that seeks to provide food security for an ever-growing population 

in the face of climate change. To ensure continued, economically viable seed production and 

supply, a sustainable and balanced strategy is needed. Building on an earlier comprehensive 

analysis of the seed system, the project established strong public-private partnerships (PPPs) 

between public and private seed producers.  

Plans were made to produce breeder, pre-basic, and basic seeds of all commercial, heat-

tolerant bread and durum wheat varieties and provide them to the public and private seed 

producers for certified seed production. These strong PPPs enabled the production of certified 

seeds of heat-tolerant wheat varieties and their dissemination to farmers at the IP sites and 
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beyond. The quantity of seed produced through the project in partnership with the public and 

private sectors increased from 41.7 tons in the first season (2020) to 5,411 tons in the third 

season (2022) and to more than 13,600 tons in the fourth season (2023). These amounts 

represented only 0.12% of the total national seed production in the first season; however, the 

percentage increased to 1.5, 18.7, and 34% in the second, third, and fourth seasons, 

respectively (Tahir et al., 2023, 2024). Even under the extremely insecure conditions in 2024, 

the project, with its partners, produced more than 10,000 tons of seed for the commercial 

and recently released varieties. It is important to emphasize that the ongoing conflict 

threatened the availability of seeds for the current wheat season (2024/25). Nevertheless, the 

project was able to directly or indirectly contribute about 50% of the available seed for the 

current season. 

A direct comparison between participating farmers (PF) in project activities and non-

participating farmers (NPF) in 2021/22 showed a 33% increase in the productivity of PF 

compared to NPF, mainly due to the use of high-quality seeds (Tahir et al., 2023). In 2023/24, 

another direct comparison between the PF and NPF in the project activities showed a 44.6% 

increase in productivity of PF compared to NPF. For instance, feedback from farmers at the 

annual review and planting meetings and the field days in one of the IPs showed a 

considerable increase in areas and productivity of wheat at the IP sites. Coupled with the 

capacity strengthening of the farmers and all other stakeholders along the wheat value chain, 

the increased productivity has increased the motivation of IP stakeholders and those outside 

the IPs to adopt improved technologies and further increased the demand for high-quality 

seeds.  

Long-term training for seven graduate students (PhD) and short-term training for five 

researchers were conducted in Japan. Training and technical backstopping to the farmers and 

other stakeholders in the IPs were provided through training workshops, farmers' field schools, 

technology validation and dissemination plots, technical symposia, field and harvest days, and 

several TV and radio training programs, as well as the publication of booklets, manuals, and 

pamphlets on technological options for wheat production. A total of 498 participants attended 

15 training workshops and courses. Over 1350 people participated in 18 field and harvest days 

at various IP sites. Moreover, five innovative drama-based episodes were produced and 

broadcasted via different media, including YouTube, TV, public transportation buses and trains, 

WhatsApp, Facebook, Twitter, etc. These episodes have received over 19,275 views on the 

YouTube channel alone (https://www.youtube.com/@-satrepswheatprojectsudan-

5600/videos). More than 2,560 farmers, researchers, agricultural engineers, technicians, 

extension workers, seed producers, input suppliers, etc., have directly or indirectly benefited 

from the project's activities at various IP sites. 

The establishment and adoption of the PPPs inspired strong interactions among 

stakeholders and resulted in the production of over 90% of the seed produced by the project, 

compared to only about 6% produced directly by the project fund. Our experience in efficient 

seed production through strong PPPs could be shared with countries with weak seed systems 

in Sub-Saharan Africa. 
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The innovation platform approach and the strong PPPs adopted by the project are 

expected to ensure the sustainability of technology dissemination and upscaling to new areas, 

with support from the ARC and the technology transfer bodies at the Ministry of Agriculture.  
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Fiscal 
Year

Date Name Place
Number of perticipants 

(No. of Sudanese)
Open/ 
Cosed

Contents

2019 2020/3/6

TAAT Wheat compact Sudan 
irrigated wheat seed production 
and technology scaling up 
traveling workshop

Gezira State, 
Sudan

(ca. 100) Open

The workshop was led by ARC, the 
project's counterpart agency. Progress 
and effectiveness of irrigated agriculture 
in Gezira Scheme were reviewed. 
Exchanged views on wheat cultivation.

2019
2020/3/9-

12
Wheat harvesting technologies and 
reducing harvest loss workshop

Gezira State, 
Sudan

(ca. 50) Open

The workshop was led by ARC, the 
project's counterpart agency. The 
workshop aimed to improve harvesting 
techniques to avoid harvest losses. 
Personnel in charge of the project 
participated from all over the country. 
Participated in the opening ceremony and 

2019 2020/8/3
みどり「適塾」第9回デザイン思考
勉強会

⼤阪⼤学産業科
学研究所（⽇

本）
30 Open

「アフリカ固有植物群の遺伝資源の探索」
のテーマで、スーダンサトレップス事業を
紹介

2020
2021/2/25-

3/14

乾燥地研究センター設⽴30周年記念
パネル展「⿃取砂丘から世界の乾燥
地研究へ」

⿃取砂丘ビジ
ターセンター

不明（⾮常に多いと思われ
る）

Open
SATREPSの解説とともに開発のコムギ標本
を展⽰した。

2021 2021/12/11
近畿作物育種研究会公開シンポジウ
ム「気候変動への対応を⽬指した作
物⽣産」

オンライン
不明（⾮常に多いと思われ

る）
Open 招待を受け、SATREPSの成果を発表した。

2021 2022/1/22 気候変動についてみんなで考えよう
栃⽊県那須塩原

市(⽇本)
19名 Open

気候変動が農作物に与える影響と対応策の
市⺠向けワークショップ

2022 2023/1/12
Organic Fertilizer Preparation and 
application

Gezira State, 
Sudan

(57) Open
ARC, the project's counterpart agency, 
took the lead in conducting the workshop.

2022 2023/1/18
Organic Fertilizer Preparation and 
application

ゲジラ州
Northern State

(25) Open
ARC, the project's counterpart agency, 
took the lead in conducting the workshop.

2023 2023/10/27

東京理科⼤学 ⽣物環境イノベー
ション研究部⾨・公開シンポジウム
｢コムギにおけるアブシシン酸受容
体を介した乾燥ストレス応答と病害
応答の分⼦機構｣

東京都葛飾区
(⽇本)

約100名 Open
招待を受け、SATREPSおよびコムギの耐乾
性に関わる研究成果を発表した。

2023 2023/12/4
植物科学シンポジウム｢乾燥と病気
に強いコムギの開発｣

東京都⽂京区
(⽇本)

オンサイトとオンラインの
ハイブリッド不明（⾮常に

多いと思われる)
Open

招待を受け、SATREPSおよびコムギの耐乾
性に関わる研究成果を発表した。

2023
2023/12/10

-14

WFP Cooperation Field Machinery 
Operator Training “Mechanization 
of Wheat Production Operations in 
Sudan”

Gezira State, 
Sudan

(25) Open
In cooperation with the WFP, a training 
course was held for on-site machine 
operators.

2024 2024/8/7

ODA70周年、JICAスーダン事務所
開設35周年 
⿃取⼤学とハルツーム⼤学がオンラ
イン交流

エジプトカイロ
市/⿃取⼤学乾
燥地研究セン

ター

ハイブリッド
(エジプトおよび⽇本約30
名、オンライン約15名)

Open
⿃取⼤学とスーダンの学術交流、および、
SATREPSおよびコムギの耐乾性に関わる研
究成果を発表した。

2024 2025/2/13

 y    
SATREPS Wheat Project: 
Innovative Technologies for 
Sustainable Wheat Production: 
Building Resilience through 
Partnerships

Arid Land 
Research 

Center

ca20
(ca20)

Open
The final research results of SATREPS 
were presented in a symposium style.

Annex 2-2.5. Workshop and outreach





































Annex 3-6.1. Project Design Matrix ver. 5 Version 2                                               Annex 2

Target Group: Researchers and Technicians of ARC, SMA and farmers
Period of Project: 5 years

Experimental Site: Hudeiba, Dongola, New Halfa

Narrative Summary Objectively Verifiable Indicators Means of Verification Important Assumption Achievement Remarks 

Overall Goal

Project Purpose
Climate change resilient and nutritious wheat germplasm and the appropriate
wheat production method  are developed, and that information is shared with
the people concerned with the wheat production

Outputs

2. Nutritional value and end use quality of wheat are enhanced under the heat-
stressed environments of Sudan

Germplasm with enhanced nutritional value is identified 1. The publication and Project reports
2. The Project impacts assessment survey

3. Mechanisms behind heat and water-deficit stress tolerance, and better
utilization of nutrients are clarified and information is made available to be
utilized in future breeding strategies

3.1. Two (2) or three (3) mechanisms behind heat and
water-deficit stress tolerance, and better utilization of
nutrients are clarified and information are made available
3.2. Data-server for the analysis of at least ten (10) sets of
omics data are made available

1. The publications and project reports

4.1. Wheat production scenarios in Sudan  for future climate change are
developed
4.2. Sustainable, environmentally friendly and appropriate wheat production
technologies are developed

4.1.  Alternative scenarios and models for wheat
production are made available
4.2. Two wheat production technologies are developed

1. The publications and project reports
2. The  project reports and the Proceedings of the National
Husbandry committee of the Sudan Ministry of Agriculture

5. Capacity of researchers and farmers are strengthened and interaction among
different stakeholders are enhanced for increased and sustainable wheat
production

(Innovation Platform (IP)) *
5.1. Five (5) IPs are established
5.2. Five hundred (500) farmers in total are directly
involved in IP activities
5.3. Productivity of directly participating farmers increases
by 20%
5.4. The xx viewers of the contents provided by the Project
are reached
(Capacity Development)
5.5. Six (6) MSc or PhD degrees are obtained

1. The project reports

Implementing Agency: Agricultural Research Corporation (ARC),  Sudan Metrological Authority (SMA)
Project Title: Project for Development of climate change resilient innovative technologies for sustainable wheat production in the dry and heat prone agro-ecologies of Sudan and Sub-Saharan Africa

Project Site: Wad Medani

Climate change resilient and nutritious candidate wheat varieties are newly
developed by ARC

1. The seminar on the results of the Project is organized
2. At least three (3) reports related to the Project are
published by the international journals

1. The proceeding of the seminar on the results of the
Project
2. The Project completion report
3. International journals

ARC secures enough budget and continues to
develop the new wheat varieties using the wheat
germplasm identified by the Project

Two (2) or three (3) new candidate varieties are developed Annual Report of ARC
Ex-Post Evaluation of the Project

Ten (10) elite wheat lines with enhanced tolerance to heat
and water deficit stress with better nutritional value and
more efficient in resource utilization are made available

The publications and project reports Something uncontrollable that would delay the
activities of the Project will not happen

* Innovation Platform: Virtual space where different stakeholders interact to better understand each other, learn and develop shared priorities, define roles and agree on joint actions towards realization of the agricultural revival and development

1.  Heat, water deficit tolerant and nutrient-use efficient wheat lines are
developed using modern technologies



The Japanese side The Sudanese side
1.1. Multilocation evaluation for selection and confirmation of the desired lines
1.2. Development of RILs for each of the desired traits, genotyping and QTLs
identification
1.3. Development of PCR markers for the identified QTLs
1.4. QTLs pyramiding in the Background of N61 and Sudanese cultivar
1.5. Initiate and establish MAS  to transfer the desired QTLs to Sudanese
wheat genetic background
1.6. New lines registration
1.7. Produce officially categorized seeds
1.8. Establish future breeding strategies based on climate analysis output
1.9. Selection of ABA hyper-sensitive line for drought tolerance and QTL
analysis

1.1 Multilocation evaluation conducted for two seasons for different sets of
genotypes.The 1st and 2nd Elite SATREPS Yield Trials have been sent to
Nigeria and DRC, respectively.
1.2  Four RILs populations developed, genotyped and being evaluated.
Additional three RILs were developed.
1.7 Breeder and basic seeds necessary for the IP seed production made
available.
1.9.1 Potential lines have been selected and crossed to develop the QTL
mapping population.
1.9.2 The F2 generation was genotyped for QTL analysis.
1.9.3 Metabolome analysis has been conducted using GC-MS.

Published papers
        Kamal et al. doi: 10.3390/ijms20235837
        Mahjoob et al. (a) http://doi.org/10.3390/plants10020211
        Mahjoob et al. (b) http://doi.org/10.3390/d13050217
        Itam et al. (a)  http://doi.org/10.3390/agronomy11061061
        Itam et al. (b) http://doi.org/10.1007/s00122-021-03969-x
        Balla et al. https://doi.org/10.1007/s00122-022-04062-7

1.1 70%
1.2 90%
1.3 20%
1.4 10%
1.5 5%
1.6 5%
1.7 80%
1.8  10%
1.9 50%

2.1. Examine the seed characters and quality parameters of lines grown under
heat and stress conditions
2.2. Analysis of protein content and bread making quality
2.3. Analysis of the mineral contents and nutritional value
2.4. Cross the lines which possess the desired traits with the N61 and Sudanese
cultivars to identify the QTLs and develop molecular markers for MAS
2.5. Introduce the high quality gene (Glu-D1d) to the genetic background of a
Sudanese cultivar (Bohain) that maintain high bread making quality even
under high temperature

2.1. Two papers are published.
        Elhadi et al. (a) http://doi.org/10.3390/ijms22041830
        Elhadi et al. (b) http://doi.org/10.3390/agronomy11061061
2.2. One paper is ready to published and another is being prepared for
submission.
2.3. Materials for analysis are examed.
2.4. One paper is published.
        Tanaka et al.  http://doi.org/10.1270/jsbbs.20080
2.5. Breadings are ongoing.

2.1: 100%
2.2: 90%
2.3: 75%
2.4: 80%
2.5: 80%

3.1. Detailed physiological evaluation for the tolerant and sensitive lines in the
field and growth chambers
3.2. Analyze metabolites produced specifically in tolerant lines under stressed
condition and identify the metabolites to reveal the mechanism of the tolerance
to be used for selection
3.3. Identify genes usable for selection from the profile of tolerant lines mRNA

3.1. Physiology and agronomic traits of of tolerant and sensitive lines were
evaluated, and four papers are published.
        Itam et al.(c) https://doi.org/10.1038/s41598-020-74303-6
        Itam et al.(d) https://doi.org/10.3390/agronomy10101588
        Matsunaga et al.(a) https://doi.org/10.3390/ijms22136942
        Matsunaga et al.(b) https://doi.org/10.3390/ijms222313139
        Osman et al. http://doi.org/10.3390/ijms23052842
3.2. Metabolic profile of the representative tolerant line were analyzed and
the databases were constructed.
3.3. Data was taken on the mRNA transcriptome of the reference line under
heat stress.

a) Molecular mechanisms for heat stress tolerance by (i) metabolic regulation
of unique set of tolerance related amino acids and (ii) alteration of cell wall
component were identified.
b) Eight (8) sets of omics data for the heat stress responses were constructed.

3.1: 80%
3.2: 80%
3.3: 40%

4.1. Predict the climate of Sudan in 2050 from the past and present climate
observation and rising CO2 concentration
4.2. Develop crop model for wheat production in different climate scenarios
4.3. Analyze the economic impact of the wheat production on the national
economy in different climate scenario
4.4. Examine the response of the developed germplasm to the future climate
scenarios
4.5. Develop climate smart agricultural crop production technologies (CSA)

4.1. Two papers are published.
        Iizumi et al.  http://doi.org/10.1038/s43016-020-00214-4
        Musa et al.(a) http://doi .org/10.1007/s00704-021-03690-1
4.2. The prototype model has been developed.
4.5. The early warning system has been designed.
        One paper is published.
        Musa et al. (b) https://doi.org/10.3390/atmos13040572

4.1. 100%
4.2. 50%
4.3. 5%
4.4. 10%
4.5. 60%

Remarks 

1. Allocation of the Japanese experts
2. Machinery and Vehicle procurement and maintenance
3. Establish molecular and speed breeding facility
4. Equipment's for molecular and speed breeding
5. Twenty-Five (25) Short and medium-term specialized
trainings in Japan and Sudan for Project counterparts and
other IP stakeholders
6. Local cost for the activities for the different activities of
the Project

1. Allocation of the counterpart personnel
2. Provision of offices and necessary space for the Japanese
experts
3. Local cost (salary of the personnel, utilization of existing
machinery and equipment, maintenance and running cost
of the machinery)
4. Provision of  postgraduate degree assistantship in local
universities
5. Provision of experimental farms and laboratory space at
all sites

・ Electricity, Water, Basic Infrastructure,
Materials necessary for the experiments (regents,
chemicals, samples in the processing of mRNA to
cDNA in the molecular genetics study) are
available

Achievement
Inputs

Activities Important Assumption



5.1. Conduct base line survey to determine the Project intervention areas
5.2. Conduct a monitoring and impact assessment studies
5.3. Produce officially categorized seeds
5.4. Establish Project website, multimedia contents for technology
dissemination, communication and awareness among the stakeholders
5.5. Establish innovation platform for all stakeholders among the wheat value
chain
5.6. Conduct degree and non-degree trainings in Japan and Sudan

Pre-Conditions
・The vision and  the mission of the ARC and
Sudan government strategic plan to increase wheat
production and realize self-sufficiency will be
continued
・ Public security and political situation are not
drastically deteriorated
・ Climate condition is not drastically changed

5.1. The baseline surveys were conducted and achieved.
5.2. Two progress meetings were conducted online. (ongoing activity)
5.3. Seeds necessary for the IP operation produced. (ongoing activity
5.4.1. Website, YouTube channel, and SNS are published.
5.4.2. Four TV and radio interviews were conducted. About 5000 people
reached.
5.5.1.Six  IP sites have been established.
5.5.2. Three training workshop conducted.
5.5.3. Five field and harvest days organized
5.6.1. Two short-term trainees were trained.
5.6.2. Seven long-term trainees (Ph.D. students) have been enrolled in Tottori
University.

Documents:
https://www.youtube.com/channel/UCX19GxvyXSWFpLwj08ym0WA/videos
-Anonymous: Technological Options for Sustainable Wheat Production in
Sudan. Agricultural Research Corporation, Wheat Research Program. Wad
Medani, Sudan, p24 (2020). Financially supported by SATREPS Wheat
Project funded by JICA/JST.

5.1  100%
5.2  50%
5.3  70%
5.4 100%
5.5  120%
5.6  60%



Version 2 (12/2020) Annex 3

Dated: 5/2022

Equipment
1. Due to the Covid-19 and Army coup in Sudan, all the construction and
procurement activities had been delayed.

Training in Japan

In-country/Third country Training

Activities
Sub-Activities Japan GOS

Output 1: Heat, water deficit tolerant and nutrient-use efficient wheat lines are developed using modern technologies

Annex 3-6.2. Plan of Operation ver. 5

Remarks Issue  Solution

Responsible Organization

1. After army coup, people's demonstration is ongoing on the street continuously.
2. There is a big concern about security situation.
3. Travel to Sudan had been halted due to covid-19 and army coup, however, it has
been resumed in March 2022.

1. A  contract between Tottori University and ARC has been signed.
2. Construction of container house was finished in Oct. 2021.
3. A contract of glasshouse between Tottori Univ. and supplier has been signed.
construction process is ongoing.
4. Refurbishment of Molecular Breeding Facility has been started and consultant for
constriction has been nominated.

1. List of equipment have been completed.
2. Procurement process have been started.

1. Seed drill was purchased and delivered to Sudan in May 2021.
2. Combine harvester have been purchased and delivering process is ongoing.

1. Two vehicles were purchased and delivered to ARC Wad Medani.
2. Two vehicles are utilizing for the project activities.

The purchase of necessary equipment have been started.

1. Experiments were conducted and data was collected.
2. Promising lines selected and will be advanced.
3. New experiment was conducted in Nigeria.

1. Four RILs populations were developed, genotyped and evaluated.
2. Additional three RILs were developed and will be genotyped and evaluated.

Lines were genotyped and analysis in being conducted.

1. MAS system initiated by developing database for the identified QTLs and detrition
of the targeted QTLs and donor parents.
2. MAS system initiated by developing database for the identified QTLs and
determination of the targeted QTLs and donor parents.

Officially categorized seeds were produced in 19-20 and 20-21 seasons for the
activities of the innovation platform in Wad Medani.

Monitoring

Inputs 
Year 2019 2020 2021 2022

Ⅰ Ⅱ Ⅲ Ⅳ Ⅰ

2023 2024

ⅢⅣ

Issue & Countermeasures

Ⅰ Ⅱ Ⅲ Ⅳ ⅠⅡ Ⅲ Ⅳ Ⅰ Ⅱ Ⅲ

Expert
ⅣⅡ Ⅲ Ⅳ Ⅰ Ⅱ

Actual
Prof. Hisashi Tsujimoto (Output 1)

Plan 

Plan 
Dr. Yasir Sereg Alnor Gorefi (Output 5)

Dr. Takafumi Konaka (Project Coordinator)

Plan 

Actual

Dr. Hiroyuki Tanaka (Output 2)

Prof. Kinya Akashi (Output 3)

Plan 

Actual

Plan 

Actual

Actual

Plan 

Actual

Construction of molecular and speed breeding facility

Plan 

Machinery (Combine plot harvester, Seed drill)

Plan 

Other equipment

 Vehicle
Plan 

Plan 

Actual

Molecular and speed breeding facility equipment

Plan 

Actual

Actual

Actual

Actual

Actual

Training for Counterpart Personnel

Plan 

Actual

2022 2023

to be determined
Plan 

Ⅳ Ⅰ Ⅱ Ⅲ Ⅳ ⅠⅠ Ⅱ Ⅲ Ⅳ Ⅰ Ⅱ Ⅲ

2024Year 2019

Ⅳ Ⅰ Ⅱ Ⅲ ⅣⅡ Ⅲ Ⅳ Ⅰ Ⅱ Ⅲ

2020 2021

1.3. Development of PCR markers for the identified QTLs

1.6.  New lines registration
Plan 

1.7. Produce officially categorized seeds

1.9. Selection of ABA hyper-sensitive line for drought tolerance and QTL analysis

Plan 

Plan 

Actual

Actual

Plan 1.2. Development of RILs for each of the desired traits, genotyping and QTLs
identification

Plan 

1.4. QTLs pyramiding in the Background of N61 and Sudanese cultivar
Plan 

1.5. Initiate and establish MAS  to transfer the desired QTLs to Sudanese wheat
genetic background

Plan 

Actual

Actual

Actual

Actual

Actual

Actual

1.1. Multilocation evaluation for selection and confirmation of the desired lines

Plan 

Project Title: Project for Development of climate change resilient innovative technologies for sustainable wheat production in the dry and heat prone agro-ecologies of Sudan and Sub-Saharan Africa

Prof. Mitsuru Tsubo (Output 4)

Actual

1.8. Establish future breeding strategies based on climate analysis output
Plan 

1. Potential lines have been selected and crossed to develop the QTL mapping
population.
2. The F2 generation was genotyped for QTL analysis. Metabolome analysis has
been conducted using GC-MS.

1. Two short-term trainees were trained in the period 1- 28 September 2019.
2. Four long-term trainees (Ph.D. students) have been enrolled in the United
Graduate School of Agricultural Sciences, Tottori University in October 2019.
3. Two long term trainees (Ph.D. students) have been enrolled in the United
Graduate School of Agricultural Sciences, Tottori University in April 2021.
4. One long term trainee (Ph.D. Student) have been enrolled in the United Graduate
School of Agricultural Sciences, Tottori University in Oct. 2021.

Achievements



Output 2:

Output 3:

Output 4: 

Output 5: 

Monitoring Plan

Monitoring
Joint Coordinating Committee

Solution

1. Home page and YouTube channel has been established.
2. Instructional videos about wheat production technologies published through
project YouTube channel. 16000 views as of November 2021.
3. Booklet of wheat farming in Sudan was published.
4. Four TV and radio interviews conducted. About 5000 people reached

1. IP in Gazira has been established in Nov. 2020.
2. IP in Northern state has been established in Mar. 2021.
3. IP in New Halfa has been established in Oct. 2021.
4. IP in River Nile state has been established in Oct. 2021
4. Three field and harvest days organized involving 150 stakeholders.

3.1. Detailed physiological evaluation for the tolerant and sensitive lines in the field
and growth chambers

Plan 

3.3. Identify genes usable for selection from the profile of tolerant lines mRNA
Plan 

Actual

Plan 

2.4. Cross the lines possess the desired traits with the N61 and Sudanese cultivars
to identify the QTLs and develop molecular markers for MAS

Plan 

Actual

2.5. Introduce the high quality gene (Glu-D1d) to the genetic background of a
Sudanese cultivar (Bohain) that maintain high BMQ even under high temperature

Plan 

Actual

Mechanisms behind heat and water-deficit stress tolerance, and better utilization of nutrients are clarified and information is made available to be utilized in future breeding strategies

Plan 

Actual

Ⅱ

4.1. Predict the climate of Sudan in 2050 from the past and present climate
observation and rising CO2 concentration

Plan 

Nutritional value and end use quality of wheat are enhanced under the heat-stressed environments of Sudan

Actual

3.2. Analyze metabolites produced specifically in tolerant lines under stressed
condition and identify the metabolites to reveal the mechanism of the tolerance and
to be used for selection

Plan 

Actual

2.1. Examine the seed characters and quality parameters of lines grown under
heat and stress conditions

2.2. Analysis of protein content and bread making quality

2.3. Analysis of the mineral contents and nutritional value

Plan 

Actual

Actual

Plan 

4.3. Analyze the economic impact of the wheat production on the national economy
in different climate scenario

Issue

Actual

Actual

Actual

Plan 

Actual

Actual

Actual

Plan 

Plan 

Actual

Plan 

Actual

Actual

Ⅰ Ⅱ Ⅲ Ⅳ Ⅰ Ⅱ

2023

Ⅲ Ⅳ ⅠⅣ

2024

ⅡⅡ

Year

5.3. Produce officially categorized seeds

5.4. Establish project website, multimedia contents for technology dissemination,
communication and awareness among the stakeholders

5.5. Establish innovation platform for all stakeholders among the wheat value chain

Plan 

Plan 

Plan 

4.4. Examine the response of the developed germplasm to the future climate
scenarios

4.5. Develop climate smart agricultural  crop production technologies (CSA)

2019 2020 2021 2022

Ⅰ Ⅲ Ⅳ

Actual

Actual

Ⅲ Ⅳ ⅠⅢ Ⅳ Ⅲ

Crop model simulation for the developed cultiver is under preparation.

1. A climate early warning system is being developed to help farmers decide their
options during the cropping season.
2. The downscaling of climate data has been successfully carried out and will be
used for the early warning system.

This activity achieved. A survey was conducted in Gezira, New Halfa, Northern, and
River Nile states.  The intervention sites were determined in principal.

Two progress meeting were conducted online.

Seeds were produced in 2019-20 and 2020-21 seasons.

Plan 

Wheat production scenarios in Sudan and SSA for future climate change are developed

Sustainable, environmentally-friendly and appropriate crop production technologies and innovations are developed

Capacity of researchers and farmers are strengthened and interaction among different stakeholders are enhanced for increased and sustainable wheat production

Ⅰ Ⅱ

Plan 

4.2. Develop crop model for wheat production in different climate scenarios

Plan 

5.6. Conduct degree and non-degree trainings in Japan and Sudan

5.1. Conduct base line survey to determine the project intervention areas

5.2. Conduct a monitoring and impact assessment

1. Seed characters of all the MSD lines grown under normal condition in Japan has
been measured.
2. Seed characters of 140 selected MSD lines gown under stress conditions in
Sudan has been analyzed. These 140 lines do not require vernalization treatment
and are adapted to Sudanese conditions.
3. All the MSD lines were genotyped using the DArT-seq platform. GWAS conducted
and new QTLs have been identified.
On these three points, we have completed our experiments and published two
papers.

Protein content and bread making quality have been measured in 103 selected MSD
lines. These 103 lines have high-molecular-weight glutenin subunits derived from
Aegilops tauschii .
We have completed our experiments, one paper is under peer review and another is
being prepared for submission.

Analysis of starch composition, which is the main component of seed and greatly
affects seed characters like Activity 2.1, has been started.
We have completed a study of the starch composition of major Sudanese varieties
under normal conditions and heat stress.

Promising genetic resources in Sudanese cultivar were found. Crossing and
experiments have been started.
We have published one paper on promising Sudan varieties. We are also continuing
to breed lines using these varieties.

Bohain has been crossed with the Glu-D1d  gene donor, and the generation are
being advanced.
We are continuing to breed lines.

Experiments were conducted under growth chamber condition and the tolerance of
some MSD lines to heat stress has been confirmed.

Metabolome analysis was conducted, and we identified some potential metabolites
related to heat stress adaptation.

1. Two short-term trainees were trained in Japan in the period of 1-28 September
2019.
2. Four students  (Ph.D. course) have been enrolled in United Graduate School of
Agricultural Sciences, Tottori University in October 2019.
3. Two students  (Ph.D. course) have been enrolled in United Graduate School of
Agricultural Sciences, Tottori University in April 2021.
4. Trainings for extension officers were conducted in Gezira and Northern States.
5. One long term trainee (Ph.D. Student) have been enrolled in the United Graduate
School of Agricultural Sciences, Tottori University in Oct. 2021.

1. First JCC meeting was held in March 2020.

Experiments were conducted, and samples were sent for sequencing.

Data for different climate scenarios were received, and the data analysis was carried
out to confirm increasing temperature in the future.

1. Agrometeorological station and temperature sensors have been installed in the
filed to monitor the crop canopy temperature in response to the stress. The data
analysis shows difference in canopy temperature depression between culivars.
2. Wheat yield estimated using the past climate data was compared with the actual
yield data and the points to improve the crop model were identified, i.e. the
relationship of the crop growth to its canopy temperature.

Analysis have been started.

The COVID-19 and Army coup measures
prevented the on country training and
restricted the IPs training activities



Submission of Monitoring Sheet 

Monitoring Mission from Japan

Reports/Documents
Project Completion Report

Public Relations
1. All the public relations has been halted due to the army coup since November
2021.

Actual

Plan 

Plan 

Actual

Actual

Actual

Plan 

Actual

Plan 

1. First monitoring sheet was submitted in August 2020.
2. Second monitoring sheet was submitted in December 2020.
3. Third monitoring sheet was submitted in June 2021.
4. Fourth monitoring sheet was submitted in Nov. 2021.
5. Fifth monitoring sheet was submitted in May 2022.

2. Second JCC meeting was held in November 2020.
3. Third JCC meeting held in October 2021.



















 

 

Development of Climate Change Resilient Innovative Technologies for 

Sustainable Wheat Production in the Dry and Heat Prone Agro-ecologies of 

Sudan and Sub-Saharan Africa   

The First Joint Coordination Committee (JCC) meeting, 1st March, 2020,   

Agricultural Research Corporation Hall, Khartoum North, Shambat 
 

Minutes 

Objectives: 

The objectives of this meeting are to revise and update the project design matrix 

(PDM), revise and update the plan of operation (PO), revise and approve the first-

year activities plan, and check the project progress and other related issues. 

 

Attendance: 

The meeting was attended by almost all JCC members except the leaders of 

groups 2 & 3, the counterpart leader of group 4, and a representative of the DG, 

international Cooperation Directorate, Ministry of Agriculture and Natural 

Resources.  (the attendance sheet is attached together with the list of JCC 

members). 

Program of Meeting and Remarks: 

Opening remarks: 

Director General, ARC 

The DG of ARC, Prof. Abdelmoneim Taha, gave the opening remarks and welcomed 

all committee members and observers. The DG also remarked on how ARC 

appreciates the assistance provided by this project to the Wheat Research Program 

of ARC., which will ultimately promote wheat production in Sudan and Africa. He 

stressed the readiness to support the fulfillment of this project’s final goals and 

objectives since it has a tangible contribution to the agricultural research quality, 



the capacity building of young scientists, and hopefully, the genetic improvement 

of the wheat crop considering the different stresses faced in Sudan and the 

development of a model and the contribution that could be done in sub-Saharan 

Africa.  

Representative of JICA Office in Sudan: 

Mr. M. Takahashi, JICA country representative in Sudan addressed the meeting. His 

speech was focused on three points: the significance of the project's contribution 

to climate change, Sudan's food security, and spillover in Africa and other regions. 

The second point is the project's uniqueness compared to other SATREPS projects, 

mainly due to the strong relationship between the project’s partners, which formed 

a strong foundation. The third point is the sustainability of the project outputs since 

it focuses on human resources and capacity building. 

Director General, SMA 

Dr. Hanan expressed her belief in the importance of this project and its contribution 

to improving wheat production technologies considering climate change. The 

project has made an excellent contribution to the capacity building of the SMA 

staff. She also expressed their commitment to providing historical metrological 

data that contributes to the development of crop modeling scenarios. 

Introduction of the Project and its objectives: 

Prof. Tsujimoto gave a short presentation as an introduction, giving information 

about what SATREPS is and who are the funding agencies (JICA & JST). He also gave 

an idea about the project’s ultimate goal (Sustainable wheat production in hot, dry 

environments in Sudan and sub-Saharan Africa). He also gave a general idea about 

the project's direct objectives, emphasizing the breeding part and the search for 

novel genes in the new material used (MSD &LSD). 

Project PDM, PO, and monitoring sheet: 

In this part, Dr. Izzat started by presenting a somewhat more detailed introduction 

about the project’s design matrix (PMD) and the plan of operation (PO) based on 

the five groups of the project in terms of narrative summary, verifiable indicators, 

and means of verification. 



Dr. Izzat has also given a good idea about the activities and timelines of the PO 

based on all five groups. The activities of first group 1 (Breeding) are nine activities 

starting at different times within the project duration (2018-2022), and they all end 

by 2024. The second group (Quality) stated that the activities are within 2019-20, 

while the finishing time varies from 2020 to 2023. As for the Physiology and 

Mechanism group (3), three activities were listed for execution within a time frame 

that started in 2019 and ended in 2023. Five activities were listed for the fourth 

group (Climate Change), with some starting in 2019, some will end in 2020, and 

others will end in 2022. Some activities for this group will start in 2021-22 and finish 

by 2023. Finally, the Capacity Building group (5) has a list of five activities that start 

between 2019 and 2021 and all end by 2023.  

Dr. Izzat also gave insight into the contribution of both the Japanese (JICA & JST) 

and Sudanese sides in terms of finance, expertise, equipment, office space, and 

other facilities that would ensure the project's success. For instance, the Japanese 

side is contributing by an amount of 287 million JPY in terms of technical 

backstopping, machinery, and vehicles, establishing and equipping a molecular 

breeding laboratory and a speed breeding facility, degree and short-term training 

in addition to covering the cost of local activities of the different groups. The budget 

is complimented by an amount of 39.7 million SDG from the Sudanese (local 

component), which will cover the expenses of part of the operational and 

construction cost of the facilities, field operational expenses of the heat research 

platform, local capacity building, IT, customs, office supplies and local cost of travel, 

salaries, and perdium. 

Dr. Izzat has also highlighted some preconditions and assumptions that would 

ensure the success and sustainability of the post-project activities, including the 

commitment of the ARC and the Sudanese government to provide all facilities that 

would help operate this project successfully. 

Mr. Konaka, the project coordinator, listed the equipment purchased for FY2019 

and the budget allocation plan for FY2020, which has 9.3 million JPY for 

management and maintenance. He also pinpointed the plan for construction and 

laboratory equipment in addition to the human resource development plan for 

degree training and short training. 

 



Activities of the First Year: 

Dr. Yasir presented the activities and the timeline for the detailed activities of this 

first year for the four components as follows: 

Component 1:  A total of four major activities have already been initiated this 

season, 2019-2020: 

1. Multi-environment evaluation is done for selection confirmation of the 

desired lines under different thermal regimes and water and nitrogen 

deficits. 

2. Initiation of the development process for at least 3 RILs for heat tolerance, 

yield potential, and phosphorous utilization efficiency. 

3. Initiation of the work on establishing a database for wheat important QTLs 

and markers for quality, rust resistance, and heat tolerance. 

4. Initiation of evaluating 4-8 ABA hypersensitive lines selected from the MSD 

population under drought conditions and conduct QTL analysis. 

Component 2 mainly focuses on the enhancement of the nutritional value and 

end-use quality under heat-stressed environments, and to achieve these 

objectives, four activities are executed this season, which are: 

1. Examination of seed characters and quality parameters focusing on seed 

hardness and shape as affected by heat stress, drought, and nitrogen 

deficiency. 

2. Analysis of protein content and use end-use quality for 150 MSD lines 

affected by drought and nitrogen deficiency under Sudan and Japanese 

conditions. Another activity is analyzing protein content and end-use quality 

for 150 MSD lines + 70 elite genotypes under different thermal regimes. 

3.  Analysis of mineral content and nutritional value for the same lines as above 

under the same conditions. 

4. Activities to introduce the high-quality gene in the genetic background of 

the Sudanese cultivars (Bohaine) using crossing and backcrossing and the 

development of RILs. 

Component 3 aims to understand the mechanisms behind tolerance to heat and 

water-deficit stress and those underlying improved utilization of the nutrients 

through 3 main activities: 



1. Detailed physiological evaluation for 5-10 genotypes (sensitive + tolerant) 

under field and growth chamber conditions. 

2. Analyze metabolites produced specifically in tolerant lines under stressed 

conditions (heat and drought) and identify the metabolites to reveal the 

tolerance mechanism for selection. Also, an activity was conducted to 

evaluate the metabolite profile for the 5-10 genotypes in the first activity of 

this component. 

3. The third activity focuses on Identifying usable genes for selection from the 

profile of tolerant lines mRNA. 

Component 4 aims at developing wheat production scenarios in Sudan for future 

climate change and the generation of sustainable, environmentally friendly, and 

appropriate wheat production technologies. Three activities are ongoing to 

achieve this are as follows: 

1. Predict the climate of Sudan in 2050 from the past and present climate 

observation and rising CO2 concentration 

2. Develop crop model for wheat production in different climate scenarios 

3. Develop climate-smart agricultural crop production technologies (CSA) 

Component 5 is mainly focused on strengthening the capacity of researchers and 

farmers and enhancing interaction among different stakeholders for increased 

and sustainable wheat production. A total of five activities are ongoing in this 

component: 

1. A preliminary survey was conducted to determine the Project intervention 

areas 

2. Efforts to establish the project website and multimedia content for 

technology dissemination, communication, and awareness among the 

stakeholders 

3. Ongoing degree training and non-degree training in Japan and Sudan 

4. Breeder and pre-basic seed production for IP operation 

5. Establishment of the speed breeding facility, which this year focused on 

establishing the new workstation facility, the preparation of the design, 

specifications, and company for the laboratory renovation and glass house 

construction, the preparation of the bidding for the consultation and 

construction companies, working on making contracts between Tottori 



University and ARC and finally the decision on the company for the 

laboratory design and equipment procurement 

Dr. Yassir, as a leader of group 5, also gave a detailed progress report on the 

activities to be achieved this year: 

• Establish the new workstation facility 

• Prepare the design, specifications, and company for the laboratory 

renovation and glass house construction  

• Prepare bidding for the consultation and construction companies 

• Make contracts between Tottori University and ARC 

• Decide the company for the laboratory design and equipment procurement 

 Finally, Dr. Yassir has also presented the planned vs. actual timeline for the PDM 

and PO, which clearly showed some activities are ahead of schedule and others are 

delayed, which encouraged the suggestion of changing the timeline of execution of 

the planned activities to have maximum utilization of resources and time. 

Discussion: 

Prof. Taha started the discussion on the breeding log frame, suggesting using “at 

least ten lines….” Instead of “10 lines…”. He also suggested putting the laboratory 

establishment and equipment within the capacity-building activities. Another 

suggestion is not to target researchers and farmers only but to include all 

stakeholders in the wheat value chain. 

Dr. Hanan inquired about whether the budget is approved year by year or for the 

whole duration of the project. She also inquired about the number of Automatic 

Weather Stations and possibly increasing one station to four instead of three. She 

also inquired about the timeline to expect the servers within the SMA. 

Dr. Yassir suggested opening the degree and non-degree training in Japan for all 

stakeholders in the wheat value chain rather than for the partners only. Dr. Yassir 

also suggested rearranging the timeline line due to the delayed budget opening for 

the project. 

Prof. Tsujimoto suggested a logo for the project, and after discussion, the initial 

idea was approved. It was suggested that a professional designer get the final logo 

of the project. 



Closing Remarks: 

The JICA representative was pleased to learn that some POs were executed this 

season despite the delayed budget release. He also approved the general idea of 

the project logo suggested by Prof. Tsujimoto, which insinuates that the dream of 

the project is to spread wheat to Africa from the Heart of Africa (Sudan) 

Dr. Hanan of SMA expressed her thanks for the project and its contribution to the 

capacity building of SMA in terms of human resource development and the 

provision of AWS and powerful servers. 

Prof. Taha, DG of ARC, has expressed his gratitude for the project and reinstated 

the commitment of the ARC and the Sudanese government to avail themselves of 

everything possible to facilitate the course of this project and its success and 

sustainability.  

Recommendations: 

Finally, the meeting recommended: 

1. The 1st week of September 2020 for the second JCC meeting. 

2. Modify the timeline in the document and re-sign it to all partners to be 

approved, as well as the new document of the project.  

3. The project logo is to be finalized with a professional designer. 

Attachments: 

• JCC members list 

• 1st meeting agenda 

• Attendance sheet 

 








































































































