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Summary

The productivity of legumes is often limited by the availability of soil nitrogen (N), a

condition that may be addressed not only through application of mineral fertilizers and

organic resources but also of symbiotic Biological Nitrogen Fixation (BNF). This process

occurs in root nodules where rhizobium bacteria transform plant sugars and nitrogen gas

into amino acids. Inoculating planted seed with elite strains of rhizobium (such as CIAT

899) that have been selected for high plant compatibility and N fixation ability increase

the transfer of N. These bio-fertilizers are available as dry or liquid formulas for seed

inoculation from private companies, national agricultural systems and research

laboratories. Seed inoculation with elite rhizobium has demonstrated to be a cost-

effective technology for increasing legume production on small-scale farms in Africa that

depend on it for food, nutrition and income.

Technical Description

Seed inoculation involves coating elite rhizobial bacteria onto seed just before planting,

a practice that warrants effective symbiosis and high levels of nitrogen fixation. As

legumes germinate, the beneficial microorganisms colonize the roots by developing

nodules where the host bean plant supplies carbohydrates in exchange for readily-

available N fixed by the rhizobium that the crop uses for assimilating proteins and other

compounds. Nodules are visible on root surfaces and when actively fixing N their interior

is pink or red. Rhizobium bacteria are specific as to which type of legumes and crop

variety they effectively associate with and this forms the basis of matching strains with

hosts like common bean. Because many agricultural soils in Africa lack highly effective

native rhizobial in their soils, it is recommended that farmers introduce elite rhizobia.

The manufacturing of high quality inoculants enables widespread deployment of this

technology in production across African countries. Improvements to formulations and the

advent of inoculants’ quality control systems have played an important role in this

commercialization.

Uses

Seed inoculation with elite rhizobia is a financially and environmentally sustainable

approach to increase N availability for common beans. The low cost of the BNF

technology compared to inorganic fertilizers makes it attractive to both small-scale

farmers with limited resources and commercial farmers who seek to reduce costs of



production. N fixation is sensitive to soil pH (the optimal being 5-8), low phosphorus

availability, extreme temperatures, drought and excessive moisture. There is large scope

for inoculation of legumes on soils that suffer from nutrient depletion but requires

accompanying inputs of phosphorus, micronutrients and lime to effectively harness its

benefits for enhancing production. The technology however needs to be carefully

implemented since the presence of large numbers of less effective native rhizobia in

soils may reduce the benefits of inoculation, confusing those who adopt it.

Composition

Inoculant products for common beans typically contain single or mixed strains of

rhizobium such as USDA 9030 or CIAT 899, strains with widely proven abilities for

nitrogen fixation. The exact strain that is used for inoculation may vary between

particular regions since it needs to out-compete native populations with lower N fixing

ability. Solid formulation inoculant products also contain a carrier material that protects

rhizobia during storage and transport, and allows for ease in handling and application.

These inoculants are mixed with adhesives such as gum Arabic solution to coat the

inoculant onto seeds just before planting. There are also liquid formulas that can be

applied to seed that are better suited for mechanized planting.

Means of application

Banks of elite rhizobia strains are conserved by dedicated laboratories and transferred to

commercial manufacturers who produce inoculant products by culturing them under

controlled conditions. Proper storage and handling of these inoculants is key to

protecting their efficacy for seed treatment. This includes protection from direct sunlight

and overheating. Dry inoculants may be applied using either the two-step or slurry

methods, with the latter approach preferred for larger quantities of seed. Liquid formulas

are sprayed onto seed or applied within mechanical seed hoppers. Inoculated bean seed

is planted in a manner that restricts direct exposure to sunlight and it is best to inoculate

and plant the seed during the same day.

Agroecologies Highlands,  Humid forest,  Moist savanna.  

Regions Africa South of Sahara.  

Developed in

Countries

Zimbabwe,  Kenya,  Zambia,  Malawi,  Rwanda,  Uganda,  

Ethiopia,  Mozambique,  Democratic Republic of the Congo,  

Burundi,  Ghana,  Nigeria,  Benin,  Tanzania.  

Available in Zimbabwe,  Kenya,  Zambia,  Malawi,  Rwanda,  Uganda,  

Ethiopia,  Mozambique,  Democratic Republic of the Congo,  

Burundi,  Ghana,  Nigeria,  Benin,  Tanzania.  

Solution Forms Input Supply.  



Solution

Applications

Soil fertility management.  

Agricultural

Commodities

Soybean,  Common bean.  

Target

Beneficiaries

Agro-dealers,  Commercial farmers,  Small-scale farmers.  

Commercialization

Commercialization Category

Commercially available

Startup Requirements

Bringing inoculant products to agricultural input markets and realizing widespread

adoption by farmers requires a set of actions: 1) Sensitization about the benefits of

inoculation on common bean yields and input use efficiency, 2) Manufacturing of proven

effective inoculant products that meet quality standards, and 3) Providng access to the

biofertilizer technology and related agronomic advisory for farmers through agrodealer

networks.

Production Costs

The isolation, identification and field testing of elite rhizobia for legume crops suitable

for specific growing areas demands significant investments from the public or private

sector. The total cost of manufacturing one ton of dry inoculant is about US $15,000 with

40% going to equipment and materials and 60% to labor and packaging. Market prices

for one sachet of 100 g dry formula inoculant are US $2.5 to $4, and this suffices to

dress 10 to 15 kg of seed.

Customer Segmentation

Seed inoculation of bean is suitable for both small-scale and commercial farmers.

Manufacturing and marketing of the biofertilizer products involves commercial input

suppliers and agro-dealers.

Potential Profitability

Seed inoculation with rhizobia reduces the cost of production owing to the fact that BNF

replaces the use of mineral fertilizer while achieving the same or higher yield. In this

respect, farmers save about US $50 per ha on fertilizer and US $30 ha on labor. High

levels of N fixation in common bean realized through inoculation moreover reduce N

fertilizer requirements for cereal crops grown in rotation, substituting 30 to 80 kg of N

fertilizer per hectare (i.e., US $32 to $86). Seed inoculation presents a cost-effective and



sustainable approach for intensifying the production of legumes in farming systems

across Africa.

Licensing Requirements

Developers of inoculants for common bean issue commercial licenses to private

companies or national programs for its production and marketing, and quality control is

conducted by regulators.

Innovation as Public Good

Elite strains of Rhizobium that are provided by research institutions are Regional Public

Goods, and both ABC and IITA assist in this area.
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Accompanying Solutions

Climbing Bean with High Yield and N Fixation

Biofortified Beans for Improved Nutrition

Specialty Fertilizer Blends for Common Bean

https://propas.iita.org/en/solutions/climbing-bean-with-higher-nitrogen-fixation-potential/81/details/
https://propas.iita.org/en/solutions/high-iron-bean-hib/80/details/
https://propas.iita.org/en/solutions/specialty-fertilizer-blends-for-common-bean/94/details/
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