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Abstract

About half of the developing world’s area consists of drylands. These are the least-developed areas in the world as indicated by the Human Development Index and as reflected by World Bank data on the geography of poverty. Hundreds of millions of poor in these areas depend on agriculture (including livestock-raising) to survive. The dryland cereal crops sorghum, millets and barley (SMB) are vital to their food security and well-being (including as livestock feed). Because they are not heavily consumed outside of the drylands or exported to other countries, SMB attract relatively less attention from the private sector and from research and development agencies. This leaves the dryland poor isolated and vulnerable, in a subsistence farming mode stalked by drought and hunger. The CGIAR’s pro-poor heartland lies in poverty and hunger alleviation, and its expertise positions it ideally to step in with partners to address this research-for-development gap. The adaptive stress tolerance/resilience traits of SMB (drought, heat, poor soils) are strategic genetic assets in a world facing climate change. SMB are thus a strategic research priority that could generate high-impact spillover benefits to other CGIAR crops by improving their stress resistance as well. Such a major achievement would be celebrated by the world’s scientific community worldwide, help global agriculture adapt to climate change, and be a powerful integrating research theme for the CGIAR crop and livestock Centers (especially CIMMYT, ICARDA, ICRISAT, ILRI, IRRI). MP3 will intensively explore the gene banks and in situ resources of these crops to identify new and valuable traits and integrate these into regionally-adapted, disease/pest resistant, high-productivity genetic backgrounds, as well as to develop a genetic and genomic-level understanding of stress tolerance across CGIAR crops. Stress tolerance to increase food security is the first step in the pathway out of poverty; the next step is to generate income from these crops to motivate the use of inputs to increase yields. MP3 will also breed input-responsive germplasm and seek alternative higher-value uses for these crops to provide poor farmers with a means for connecting to markets. It will closely integrate with crop management enhancements generated by MP1. It will also work with MP2 on researching safety-net policies such as emergency food reserves and rainfall insurance. Efforts in India and on participatory plant breeding in Asia and Africa have already shown that CGIAR investment in these crops can help jump-start private sector investment in the local seed industry, particularly the creation and adoption of yield-boosting hybrid varieties – an experience which will be leveraged into Africa. All these efforts will lead to better varieties deployed by partners and used by poor farmers to increase and stabilize their yields, generating surplus production that will provide the poor with a food security buffer against drought and climate extremes.

Justification
The justification for treating the dryland cereals sorghum, millets and barley as a priority for CGIAR agricultural research-for-development is threefold:

i) Food security for the poorest and most vulnerable peoples in the world;

ii) Paucity of alternative suppliers of research targeting these survival crops in the developing world; and

iii) Value of extraordinary stress-tolerance genetic traits of these crops to a world facing unprecedented risks of climate change.

These three imperatives are elaborated below.

Food security

Dryland areas are inhabited by the poorest and most food-insecure people on earth. The bottom 1/3 of the UNDP Human Development Index is heavily populated with dryland countries, such as Yemen (140), Pakistan (141), Kenya (147), Sudan (150), Nigeria (158),  Zambia (164), Eritrea (165), Senegal (166), Ethiopia (171), Mozambique (172), Chad (175), Burkina Faso (177), Mali (178), Afghanistan (181) and Niger (last place, 182) (UNDP Human Development Index 2009). Walker (2010) analyzing data from the World Bank (2009) found that 12 out of 19 of the deepest “poverty trap” areas in sub-Saharan Africa were in the drylands (pockets where 60% - 90% of the population earn less than one dollar a day).

South Asia also contains deep pockets of poverty; although the dryland absolute poverty rate is less than in sub-Saharan Africa (34% vs. 47%) there are still twice as many dryland absolute poor in Asia than in Africa (185 vs 95 million). Furthermore, dryland Asia outpaces Africa on the disturbing statistic of childhood malnutrition (42% vs. 27%) (Walker 2010).

Semi-arid (here we use ‘dry’ or ‘drylands’ as a colloquial equivalent) areas account for about one-half of the area of the developing world, depending on the definitions used. Most of that area is too dry for crops (under 250 mm annual rainfall over three months) and therefore used as rangeland. Towards the wetter side of the continuum, mixed crop-livestock farming is common. Towards the wet edge (600 - 800 mm rainfall/year) where most inhabitants live, crops predominate. Urban centers there serve as trade hubs for the fattening and marketing of livestock to the outside world. Thus, the interplay between crops and livestock is a central theme in dryland agriculture, and a major influence on the livelihood strategies of the poor as well as on agro-ecosystem functioning.

Dryland poverty is predominantly in rural areas, and the rural poor depend heavily on agriculture (here defined as including livestock-raising). To cope with the agro-climatic conditions of drylands (low & variable rainfall, heat, poor soils) and drought risk in particular, families base their farming systems on the world’s most stress-hardy cereals: sorghum, millets and barley. They use these crops to feed both humans and livestock. (See Addendum for brief facts about these crops).

Sorghum, millets and barley are largely consumed in the dryland areas themselves, mostly on-farm and by the very poorest population (those who cannot afford rice, wheat and maize which are imported from wetter areas or internationally) and by their livestock. Millets and sorghum provide 75% of the calories in the diet in tropical drylands (Obilana 2003) and are the cheapest source of energy, protein, iron and zinc among all cereals and pulses in India (Parthasarathy Rao et al. 2006). Thus, the benefits generated by improving sorghum, millets and barley are automatically captured by these poorest of the poor in the places where they live - a highly effective way to target poverty-alleviation and sustainable development investments.

The lack of strong external markets for these crops, however also deprives dryland people of income-earning opportunities. Without much cash income from these crops, farmers cannot afford to make the investments that they know are necessary in order to increase crop productivity, such as the use of fertilizer and improved seed. And without such investments, small-scale farmers are often unable to produce enough of these crops to feed their families year-round, especially in drought years. Trapped in subsistence farming, the poorest farm families simply go hungry, especially in the months preceding next year’s harvest (often called the ‘hungry season’). Women and children, who are less empowered within households, especially suffer from such hunger. 

A typical example of this syndrome is unfortunately gaining force at the present time (summer 2010) in Niger, the world’s poorest country - as it did previously in 2005, and in many drought years prior to that. Once again, we will see the hollowed eyes of toddlers staring listlessly from the front pages of newspapers worldwide, only to be forgotten afterwards. Must this never end?

There is an enormous humanitarian justification for helping to achieve higher and more stable production of these staple dryland cereal crops. With modest investments stimulating relevant innovations and supportive policies, surpluses could be produced in wetter years and stored for use in drought years at much lower cost, both financial and in terms of human suffering, than through emergency food aid. With additional uses for these crops enabling them to be sold to external markets (e.g. commercial feed products, industrial raw materials etc.) cash could be earned that would motivate yield-increasing investments. 

Indeed this transition has been witnessed in some areas, as for example indicated by a thriving sorghum and millet seed industry in India where hybrid varieties based on ICRISAT germplam have catalyzed a seed industry and boosted on-farm yields substantially. And simple technology to raise millet yields by 75% has been demonstrated on a large scale in Niger (micro-dosing with fertilizer).  It is clear that dryland cereal research-for-development can help the poor take their first, most difficult steps up the development ladder. But this work must be intensified in scope and scale in order to put an end to hunger across large geographic areas.

In addition to this core humanitarian justification, the world is well aware of the chronic political instability and conflict that seem to characterize the drylands – and sometimes spills beyond their borders. While it is difficult to unambiguously attribute poverty as a cause of instability and conflict, most would agree that increases in food security and economic prosperity are likely to be helpful towards stability and peace. If so, it would be difficult to think of a better place to start than through the improvement of the crops that are central to the survival strategies of dryland peoples.

Paucity of alternative suppliers

The second justification for CGIAR investment in the dryland crops, is that few others are doing so. A “market failure” exists in respect to these crops. The private sector understandably places priority on crops with large cash markets, such as those favored by trade subsidies (wheat, rice, maize). National government agencies in developing countries do support work on sorghum, millets and barley but it tends to be at a much smaller scale than for rice, wheat and maize. Furthermore, many of these government institutions are woefully under-financed, especially in the poorest (driest) countries.

Addressing this investment gap is directly in line with the CGIAR’s core mission. The CGIAR was originally founded with a focus on helping the very poorest and hungriest in the developing world. The CGIAR must continue and strengthen its flagship focus on the forgotten poor – those outside the mainstream of economic and political influence. It must help these poor find ways to get on their feet and grow their way out of poverty, becoming important actors in national economies and therefore mattering to decision-makers. The first and most crucial step on that development pathway is to achieve food security, leading forward from there towards market-driven development and full prosperity.

There is already strong evidence that the CGIAR can play an effective role in catalyzing the formation of a private sector. The vigorous millet and sorghum private seed industry in India openly credits ICRISAT with ICAR as being responsible for their success. These companies say they would not have been able to start profitable businesses without prior research having created improved germplasm, particularly hybrids. In fact, they are now funding the majority of ICRISAT’s crop improvement research in India, through annual consortium membership fees. This funding is further supplemented by a large philanthropic grant from a distinguished seedsman (The Sehgal Foundation) and funds from the Government of India to support upstream biotechnology research and partnership. These innovative partnerships have transformed the way plant breeding is done at ICRISAT and lights a pathway for similar impacts in Africa. Large seed programs such as WASA in Africa aspire to similar goals.

Value of genetic stress tolerance to the world
The third major justification for prioritizing CGIAR investment on sorghum, millets and barley is based on strategic science. The looming threat of higher temperatures and more vicious droughts due to climate change is a major concern. While climate change models are not precise, analyses generally expect the area of dryland in the developing world to significantly increase. As explained above, these areas are precisely where people are most vulnerable.

Meanwhile sorghum, millets and barley possess the most exceptional genetic traits for climate-related stress resistance that evolution has yet been able to engineer (drought, heat tolerance, salinity tolerance). At the same time, the CGIAR has unparalleled positioning on the genetics of these crops, with its extensive germplasm collections and leading global plant breeding expertise focused on the needs of the developing world. An enormous opportunity thus exists for the CGIAR and its partners to advance strategic research to understand and genetically manipulate these stress-tolerance traits. 

Such knowledge would be invaluable not only to improve climate-change resilience in sorghum, millets and barley, but also in crops of wetter areas studied by the CGIAR such as rice, wheat, and maize. One of the most impressive findings of genomics research over the past decade has been the remarkable collinearity of gene sequences among different grass species, including cultivated crops (Tang et al. 2008; Zahn et al. 2008). Such gene synteny and homology strongly suggests that collinear genes in different crops are evolutionarily related, and therefore probably functionally related. This in turn strongly suggests that genetic learning from one crop will be able to be effectively applied to another, generating large spillover benefits from investment in such research, including possible eventual inter-species gene transfers.

Since the CGIAR’s competence domain spans both the highly stress-tolerant (sorghum, millets, barley) and the less stress-tolerant cereals (rice, wheat, maize), it (with partners) is ideally positioned to generate and foster such knowledge spillovers. In addition to the scientific gains, this could be a mechanism for building stronger synergies and collaboration between the crop-focused CGIAR Centers. The Generations Challenge Programme has interest in this direction and is in the early stages of exploration; this will be consolidated and intensified with focus on dryland stresses through MP3.
Goal

The goal of MP3-Dryland Cereals is to enhance the food security of the dryland poor by genetically improving the stress tolerance, resilience, productivity and product quality of sorghum, millets and barley, while also gaining important scientific understanding of the genetic nature and utility of the extraordinary hardiness traits of these crops for potential wider use across crops.
Objectives
1. Develop genetic tolerance/resilience to drought, heat, poor soils and other environmental stresses that are strategically important for poor people and for climate change adaptation;

2.  Develop genetic tolerance/resilience to diseases and pests for security of food production by the poor;

3. Improve grain and straw yield and quality of varieties as expressed when grown with enhanced soil fertility (collaborate with MP1 and MP4-HarvestPlus);
4. Apply emerging biotechnology and genomics tools to advance learning about stress tolerance and quality traits (integrate with Generations CP);
5. Address policy needs for safety nets, food reserves and diversifying markets for these crops to ensure stable demand and supplies (collaborate with MP2);
6. Work closely with national government, private sector and other development partners to be co-responsible for capacity-building and adoption outcomes and engage with agencies to deliver pro-poor impacts on the above (links with MP1, MP4, MP5 and MP7).

Expected outcomes

1. Better understanding and use of genetic stress tolerance traits from sorghum, millets and barley to benefit the poor in the drylands and beyond
2. NARS using modern and efficient breeding approaches, integrating classical crop improvement, farmer participation and modern breeding tools

3. Development agencies disseminating new varieties in appropriate management systems that increase and stabilize yields of these crops
4. Poor farmers adopting and growing these improved varieties and experiencing higher, more stable yields and incomes

5. Dryland women and children experiencing significant food security benefits
6. Increased market demand for food, feed and industrial products (starch, bioenergy etc.) from these crops
7. Improved adaptation and resilience to climate variability and to impending climate change
Measurable results

1. Enhanced genetic resources of sorghum, millets and barley, and new sources of resistance to abiotic and biotic stresses and improved nutritional quality, productivity and product quality globally available

2. Leading edge knowledge published on genetics and genomics of stress tolerance in sorghum, millets, and barley
3. Cultivars derived from CGIAR germplasm released by NARS and grown on a large scale along with recommended management practices
4. Efficient private sector and informal seed production and delivery systems established and operating in each target country, supported by nationally reformed and regionally harmonized regulatory frameworks
5. Capacity-building and technology delivery frameworks and options enhanced to facilitate farmers’ access to validated technology such as quality seed of improved crop cultivars, crop management approaches and other farm inputs

6. Peer reviewed research articles, curated data sets and learning materials in highly granulated form to support use in multiple contexts by the partners and stakeholders published

Innovations

1. Gap analysis used to collect under-represented germplasm and Focused Identification of Germplasm Strategy (FIGS) used to select the best bet sub-sets for major constraints from the holdings of genebanks.

2. Gene mining using molecular techniques and precision evaluation techniques identifies genetic resources with valuable traits;

3. The use of spatial tools such as GIS to pursue breeding for broader adaptation /or for specific adaptation, based on genotype x environment interaction analysis; 

4. Development of alternative end uses for sorghum, millets and barley such as industrial production of feed, fodder, food processing products and bioethanol;

5. Jointly with MP1, integrating improved varieties with water and fertilizer management to enhance crop resilience and adaptation to climate change.

6. Jointly with MP4, develop innovative strategies for using sorghum, millets, and barley to improve human nutrition

7. Cross-Center collaboration at a strategic science level (comparative genomics of CGIAR crops)
Risks

1. Governments continue bias against marginal areas despite evidence of value;

2. Fertilizer supplies and access do not improve;

3. Private sector does not take sufficient interest in commercializing the improved technologies; and/or

4. National institutions not strong enough to sustain AR4D after MP ends.
Quantified impact pathway
MP3 will measure its impacts following the CGIAR Consortium Strategy and Results Framework. This Framework identifies three key stages in the outreach process: the delivery of outputs, the co-production of outcomes with those who use them, and engagement with those who deliver impacts to our ultimate beneficiaries, the poor of the dry tropics.

The outcomes and results listed in two preceding sections will be fitted into this three-step framework along a timeline. An “Adoption and Impact Evaluation” study will be built in the project activities. Baseline conditions will be documented at the beginning of MP3 and milestones will be identified and monitored. Ultimate impact will be quantified via surveys of and measurements made in target zones, comparing adopting vs. non-adopting farmers.
Monitoring and evaluation

Monitoring will proceed as per the SRF Framework described above. Mid-term and end-of-project evaluations will be undertaken by an independent panel of experts. MP3 oversight bodies will utilize this learning to improve project management and function over time.
Timeframe

An initial six-year program is planned. 

· Year 1: Stock-taking, knowledge consolidation and sharing, baseline documentation, identification of locations and partners, and workplanning

· Year 2: Initiation of research activities

· Years 3-5: Research and training activities in full swing

· Year 6: Impact assessment, preparations for sustaining the effort going forward, publishing of research findings
Gender research strategy

Women produce over half the food in many developing countries, bear most responsibility for household food security, and contribute to household well-being through their income-generating activities. Women play a critical role in agriculture accounting for about 70 to 80 percent of household food production in Sub-Saharan Africa and 65 percent in Asia (FAO, 1994). Yet, women usually have more limited access to resources and opportunities and their productivity remains low relative to their potential. Programs and projects that ignore gender-specific barriers to resources, opportunities, and benefits have a risk of excluding a large proportion of farmers (who are women) and the farming community. Men’s and women’s roles in farming will be assessed by analyzing quantitative and qualitative information during the implementation process of the MP.  
As a crosscutting issue, gender will be integrated in each of the objectives of the MP and at all stages of the project cycle.  The analysis on gender will be guided by standard gender analysis frameworks including the Harvard, and the World Bank tool kit (Feldstein et al., 1994) and female empowerment frameworks. These will be based on careful analysis and understanding of gender roles along the whole value chain, using and generating new gender disaggregated data that will inform the future direction of the MP. 

At its simplest, gender analysis in MP will be asking questions about the differences between men’s and women’s activities, roles, and resources to identify their developmental needs. Assessing these differences makes it possible to determine men’s and women’s constraints and opportunities within the sorghum, millets and barley farming systems. This will ensure the provision of agricultural services that are needed by men and women farmers and are appropriate to their circumstances. 

Capacity development strategy

Capacity building will be integrated into all components of this MP cluster. All research activities will include specific capacity building-related milestones. Provision of degree and non-degree training, workshops and conferences by ICARDA and ICRISAT contribute to enhancing the research capacity of NARS. There is a need to enhance capacity building of scientific staff and technical personnel working on sorghum, millets and barley improvement and crop management programs at the national level. While we are observing that a growing number of scientists from the national program are being trained in biotechnology or biotechnology related topics, there has been a decline in staff trained in conventional breeding, agronomy, field techniques and statistical methods of design, data flow and analysis. Therefore, the MP will design training activities (including encouraging and facilitating the participation of NARS scientists in workshops and conferences) to make sure that there is a balance between the various types of expertise required in a modern and dynamic breeding program.

Necessary research and development partners
Sorghum 

ICRISAT, NARS partners in India and sub-Saharan Africa, advanced research institutions, farmer organizations, national development projects, NGOs, CORAF, ASARECA and SADC, SAB Miller, bioethanol producers, feed manufacturers, INTSORMIL, ILRI, seed industries.
Barley 

ICARDA, ASARECA and other regional organizations, advanced research institutions, NARS partners in developing countries in WANA, SSA, CAC, LA, seed enterprises, industries.
Pearl Millet 

ICRISAT, NARS/SRO partners in India and Africa, CORAF, ASARECA and SADC, ILRI, INTSORMIL, seed enterprise.
Finger millet 

ICRISAT, NARS/SRO partners in India and East and Southern Africa, ASARECA and SADC, food manufacturers.
Integration with other MPs

Farmers living in drought-prone dryland environments also need risk-mitigating options such as highly stress-resistant varieties and management systems that are resilient to such shocks. Megaprogram 3 (MP3) working jointly with MP1, MP2 and MP5 will deliver this combination of synergistic innovations.

The dependence of improved varieties on fertile soils to express their genetic potential will be addressed through close joint work with MP1 on crop management strategies that the poor can afford. This joint work will include the whole process cycle, including joint strategy and planning, rich knowledge-sharing and joint priority-setting.
The MP on Dryland cereals will link with most of the other MPs, specifically MP1, MP2, MP4, MP5 and MP7. Specific linkages are indicated in the preceding sections. The MP is contributing to the MP1 on integrated agricultural systems for the poor and vulnerable and in situ conservation of dryland agrobiodiversity. It is anticipated that MP2 will be informed by the science based findings from this MP and this will contribute to mitigating the impacts from climate change in MP7. Integration with the MP3 on Grain legumes is critical as the cereal-legume cropping system is practiced in most parts of the world to ensure sustainable soil health.

CGIAR Centers and Challenge Programs involved
ICARDA and ICRISAT have interdisciplinary teams of scientists with well developed methodologies for screening against the key biotic and abiotic stresses and have established excellent collaboration with the NARS partners where adaptation and selection activities are conducted.

ICRISAT’s (www.icrisat.org) holds the CGIAR mandate for sorghum, pearl millet and finger millet; and operates South Asia (SA), Eastern and Southern Africa (ESA) and West and Central Africa (WCA). These crops support the livelihoods of the poor people in the semi arid tropics encompassing 48 countries by providing food and incomes. ICRISAT has pioneered in innovating and testing a number of farmer-participatory research and delivery methods to facilitate technology development and impact. ICRISAT brings to MP3C expertise in sorghum and millet breeding, biotechnology, agronomy, entomology and plant pathology, seed systems and participatory approaches for technology development and dissemination.  ICRISAT has close ties with the Sub Regional Organizations such as ASARECA, CORAF and SADC in SSA and with Indian national programs responsible for these crops.

ICARDA’s (www.icarda.org) has global mandate for the improvement of barley in developing countries. ICARDA barley improvement has three principal themes: 1) breeding for stressful environments – with focus on adaptation to abiotic stress such as drought, cold, heat, and salinity, and associated biotic stresses; 2) breeding for favorable high potential areas; 3) breeding for cold winter areas – with focus on winter hardiness, and other associated abiotic and biotic stresses. The Center has developed participatory plant breeding methodologies to build on the indigenous knowledge of farmers, and to make them full partners in research. ICARDA has a fully established molecular marker laboratory and the capacity to undertake field evaluation under different environmental conditions; it also has one of the largest global collections of barley germplasm.

ILRI (www.ilri.org) is the livestock research center of the CGIAR headquartered in Nairobi, Kenya. An ILRI scientist has been based at ICRISAT headquarters in India for many years jointly investigating fodder quality issues, especially of SAT crops, with ICRISAT staff.

Generation Challenge Program (GCP, www.generationcp.org) is supporting research projects in sorghum. This project and other projects in this MP will benefit from the GIB Service. This service coordinated by the GCP will be a one-stop-shop providing access to genetic stocks, pre-breeding materials, high throughput services for marker and trait evaluation, informatics tools, support services, capacity development and community support for conducting genomics research and integrated breeding projects. 

Management arrangements for implementation

ICARDA and ICRISAT will enter into a joint venture agreement to co-lead the project. Effective and efficient management of the dryland cereal research partnership will be via a Management Committee composed of a senior research director from each CGIAR Center, the GCP, and 2-3 key non-CGIAR partners. A chair will be elected by the committee and will serve for a defined period. Research and funding contracts will be established either between the Consortium Board and the MP Joint Venture or the two Centers. Contracts with all other partners will be established between the MP Joint Venture and/or the two Centers, depending on the most efficient arrangement.

Budget

Based on the 2010 baseline of the participating CGIAR Centers (ICARDA, ICRISAT and ILRI) and the Generation Challenge Program, and 5% increase per year, a budget of USD 43.62 M can be estimated over 2011-2013. We feel this is a minimal budget estimate and it is expected that a higher 2011 budget will be proposed as the full project R4D activities and partners are further developed. In addition, a higher yearly increase (~20%) will be required to enable the rapid progress required to deliver all outputs and to achieve maximum outcomes.
Below: MP3 budget consolidated across Centers (next page: broken down by Center).
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Detail note: About sorghum, millets and barley

Sorghum is grown on 40 million ha in tropical and subtropical Asia and Africa. It is a staple cereal in sub-Saharan Africa, its primary center of genetic diversity. It is best adapted to the moist end of the dryland rainfall spectrum (600-800 mm). The cultivated species is diverse with five major races identified, many of them with several subgroups. This reflects farmer’s selection pressure applied over millennia for adaptation to diverse niches. In addition to food and feed it is used for a wide range of industrial purposes including starch for fermentation and bioenergy.

Pearl millet is the toughest cereal in the tropical latitudes and is grown on 26 million ha. It is a crop of the sandy desert margins such as the world’s poorest areas on the fringes of the Sahara and Kalahari deserts in Africa and the Thar desert in South Asia. It is a staple food for 90 million of the world’s poorest people.

Barley is grown annually on 18 million hectares in developing countries, often at the fringes of deserts and steppes or at high elevations with modest or no inputs. Barley is an important food source for 60% of the population in the highlands of Ethiopia. It is also the staple food for impoverished farmers in the Andes at altitudes of 2,200 - 4,000 meters above sea level due to its tolerance of cold temperatures and poor soils including high salinity tolerance. Barley grain and straw are both important livestock feeds as well. Barley grain is rich in zinc (up to 50 ppm), iron (up to 60 ppm) and soluble fibers, and as a higher content in Vitamin A and Vitamin E than other major cereals.
Finger millet plays an important role in both the dietary needs and incomes of many rural households in Eastern and Southern Africa and South Asia, accounting for 10% of 38-50 million ha sown to all the types of millet globally. Finger millet is richer in fiber, iron and calcium (40 times more calcium than maize and rice, and 10 times more than wheat).
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