Product Platform for Agricultural Solutions (ProPAS)

Biofortified Beans for Improved Nutrition

Solution Holder is Josey Kamanda and can be contacted through
j-kamanda@cgiar.org

Summary

Poor nutrition, including deficiencies of iron and zinc, is a major concern across Sub-
Saharan Africa. Iron deficiency is expressed as anemia, impaired motor and cognitive
development, elevated risk of maternal death and premature births, and low
birthweight. Zinc deficiency results in weakened immune systems, more frequent
infection and stunting. Eating biofortified varieties of beans results in higher micro-
nutrient uptake and improved health. Biofortification is the process of increasing
nutritional value by conventional breeding, good agronomic practices or biotechnological
modification. A series of recently released biofortified high-iron bean (HIB) varieties offer
an effective technology for improving nutritional security and human health.

Technical Description

Biofortification of bean aims at increasing the concentration of dietary iron and zinc. This
approach stands in contrast to supplemental fortification and their associated costs. HIB
varieties were developed by crossbreeding elite lines adapted to local growing
conditions with American landraces of common beans that are naturally enriched in
these micronutrients using materials from the gene bank of the Alliance of Bioversity
International and International Center for Tropical Agriculture. Increasing concentrations
of iron and zinc in common bean are mutual breeding priorities, but most success was
achieved with iron because this genetic trait is more rapidly transferred and better
conserved within improved varieties. Further selection of these lines through
participatory breeding strategies has resulted in bean varieties with high yield potential,
tolerance to drought and diseases, preferred color and size, low flatulence, quicker
cooking and favorable culinary characteristics. The greater productivity, nutritional and
commercial value of HIB varieties enables small-scale farmers to allocate more
resources to this crop, making it a main agricultural enterprise and source of income. At
the same time, consuming these varieties results in substantial improvement in
household nutrition.

Uses

To date, 31 high-yielding varieties of HIB were released in major production zones across
Sub-Saharan Africa. These include: Angaza, Nyota, Faida and Metameta for Kenya;
NAROBEAN 1, 2, 3, 4C and 5C for Uganda; JESCA, Selian 14 and 15 for Tanzania; MAC 33,
RWV 1129 and MOORE88002 for Burundi; MAC 44, HM 21-7, RWR 2154, NAMULENGA



and RWV 1129 for DR Congo; MAC 44, RWV 2269, 2887, 2361 and 3316 for Rwanda;
NUA 45 and 764, Cherry and Sweet Violet for Zimbabwe; and NUA 35, 45 and 59 for
Malawi. Breeding institutions continue to make adaptations to address specific
challenges so it can be grown across many agro-ecological zones on the continent.
Breeders have also directed efforts to combining iron with tolerance against drought and
resistance to diseases such as Bean Yellow Mosaic Virus. Most HIB are used for home
consumption, but in some African countries like Kenya, Rwanda and Zimbabwe, a
recognized market is developing for high-iron precooked beans, pasta, composite flour
and processed foods.

Composition

HIB varieties contain about 44 mg more iron per kg than non-biofortified varieties,
allowing them to meet about 30% of the average daily iron requirement by consuming
200 grams per day for adults and 100 grams per day for children. The biofortified
varieties retain up to 90% of the bioavailable iron after cooking which makes it ideally
suited for boosting nutrition. Iron levels may vary as a result of growing conditions and
management practices but consistently exceed that of common lines. In addition to
greater nutritional value, HIB varieties have various other improved traits such as a high
degree of pod-filling, high yields and adaptation to environmental stresses.

Means of application

HIB varieties are produced using the same management as other varieties. Beans are
self-pollinated so farmers can save the best grains from their harvest to maintain a stock
of planting materials for the next season, although this practice is discouraged to avoid
accumulation of disease and insect pests. Usually, beans are planted on flat land, but
sowing on hills or ridges may be practiced in areas with heavy soils, slopes or where the
water table is high. Soil preparation for common bean crops includes tillage followed by
incorporation of inorganic fertilizers and seed inoculation with rhizobia. Farmers are
advised to recycle seeds not more than three times to avoid reduced productivity. Bean
is typically grown as either a monocrop or intercropped with maize, sweet potatoes,
cotton, coffee, bananas, sunflower and other crops. Seed rates are high in pure stands of
bush types, whereas for intercropping arrangements the seed rates are lower. Inter-row
distances measure 50 to 75 cm while distance within rows or between hills is 10 cm for
single seeds or 20 cm for two seeds per station.

Agroecologies Highlands, Moist savanna, Humid forest.

Regions Africa South of Sahara.

Developed in Burundi, Democratic Republic of the Congo, Tanzania,
Countries Ethiopia, Zambia, Zimbabwe, Malawi, Uganda, Rwanda,

Kenya.



Available in Burundi, Democratic Republic of the Congo, Tanzania,
Ethiopia, Zambia, Zimbabwe, Malawi, Uganda, Rwanda,

Kenya.
Solution Forms Genetics.
Solution Improved variety.
Applications
Agricultural Common bean.
Commodities
Target Agro-dealers, Small-scale farmers, Commercial farmers,
Beneficiaries Women.
Commercialization

Commercialization Category

Commercially available

Startup Requirements

Entering into production of HIB simply requires farmers to replace seed from common
varieties with that of the biofortified ones. To achieve widespread deployment of this
innovation several steps are taken: 1) Raise awareness with bean-growing communities
about the benefits of HIB and how to access seed, 2) Provide community-based seed
banks, farmer groups and commercial multipliers with quality HIB varieties seeds, 3) Link
producers of HIB to buyers and food processors for ensuring sustainable market
demand, 4) Enhance demand for iron-rich beans through promotional campaigns that
target different consumer groups, and 5) Establish financial incentives for farmers’
adoption of HIB varieties.

Production Costs

Breeding HIB varieties first involves advanced techniques in the laboratory and
greenhouse, followed by extensive testing in the field. These steps bear a significant
investment which is typically borne by research institutions. Once available, the
commercial costs associated with multiplying seed of iron-rich beans are similar to other
improved varieties. Producers must recognize that HIB is not a stand-alone technology
and that accompanying technologies and management practices are also needed.

Customer Segmentation



Adoption of HIB involves a diverse array of stakeholders including small-scale and
commercial producers, national research and extension systems, private seed
companies, traders and food processors.

Potential Profitability

Under optimal management, HIB generates comparable returns to cereal crops because
of its higher value. HIB varieties are well-suited for manufacturing into flour and pre-
cooked beans as products traded in domestic and regional markets. Many business
opportunities are created by iron-rich beans, ranging from seed multiplication, grain
production, grain distribution, trade, processing and consumption. The total value of HIB
varieties that has been created in Rwanda over the period 2010-2018 by productivity
gains, improved diets and reduced health risks is close to US $25 million. Moreover, by
2025 the scaling of iron-rich beans in Rwanda is expected to generate benefits worth up
to US $100 million.

Licensing Requirements

HIB varieties are sometimes marketed under a commercial license and often a
certification is required following national regulations of seed systems. Once released
the diffusion of the varieties also proceeds through community-based and informal seed
systems owing to the crop’s reliable trait of self-pollination.

Innovation as Public Good

The iron-rich varietal technology exists as a Regional Public Good by The Alliance of
Bioversity International and CIAT in collaboration with the international program
HarvestPlus. National research centers and private companies also take part in breeding
and evaluation of materials prior to release as well as promoting the HIB at country
level.
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Some common bean varieties cultivated in Uganda
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The rapid scaling potential for iron biofortified beans in
Rwanda (Source: Vaiknoras et al. 2019)
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Accompanying Solutions

Seed dressing of Seed with Fungicide and Insecticide

Seed Inoculation with Rhizobia

Specialty Fertilizer Blends for Common Bean



https://propas.iita.org/en/solutions/seed-dressing-of-common-bean-with-fungicide-and-insecticide/93/details/
https://propas.iita.org/en/solutions/seed-inoculation-with-rhizobia/82/details/
https://propas.iita.org/en/solutions/specialty-fertilizer-blends-for-common-bean/94/details/
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