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1. INTROOUCTION 

The common bean, Phaseolus vulgaris, is a staple crop and food in many developing 
countries. In Sub-Saharan Africa (SSA) where the number of poor remains over 50% of the 
population (Chen and Ravallion, 2008), beans are an important and cost-effective protein 
so urce. Beans play a dual role of providing food security and generating income. Harvests 
are both consumed at home and sold for c~sh to make essential household purchases (De 
Steenhuijsen Piters, 1995). Beans are especially important to women. In much of SSA, 
women cultivate, cook and sell beans. Furthermore, the capacity of beans to fix nitrogen in 
soil can help improve the productivity and resilience of many different agricultura] systems 
in Africa (Mugabe, 1994). 

lnconsistent harvests threaten rurallivelihoods in much of SSA (World Bank, 2007). Pests 
and diseases, drought and heat can reduce productivity and even cause crop failure. 
National-level statistics of inconsistent and worsening bean yields reflect persistent 
productivity challenges in many SSA countries (Figure 1). 

Figure 1. Average bean yields of study countries (kgjha}, 1985- 2007 
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To address these challenges, a partnership (PABRA) between the Centro Internacional de 
Agricultura Tropical (CIAT), National Agricultura! Research Systems (NARs), and other 
research and development partners collaboratively developed and disseminated improved 
bean varieties and cultivation practices (i.e. bean technologies). By 2005, 184 improved 
bean varieties were disseminated in over 17 countries (5-20 per country). Sorne varieties 
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have been adopted in multiple countries due to their wide agro-ecological and market 
suitability (Kimani, et al., 2008). 

The objective of this paper is to estimate the economic, social and environmental benefits 
generated from bean investments in D.R. Congo, Malawi, Rwanda, Tanzania and Uganda. 
These countries contain substantial bean cultivation areas (Wortmann, et al. 1998). 
Between 1980 and 2004, over US$16 million has invested on bean research for Sub
Saharan Africa. This paper presents: (1) analysis- of household-level impacts of new bean 
technologies, (2) extrapolation results that provide aggregate meas u res of impact, and (3) 
estima tes of the rate of return to investments in bean R&D. 

From 1986-2015, the net benefit from the US$16 million investment in eastern and central 
Africa beans is approximately US$199 million. The average return to the total investment is 
41 o/o with substantial variation across countries (DRC-Kivu 40%, Malawi 37%, Rwanda 
34%, Tanzania 25%, and Uganda 71 %). The highest R&D benefits were realized in 
countries with high annual bean output, acreage adoption, and yield gains. 

2. SEAN MARKETS IN AFRICA 

In Africa, beans have local, national and international marketability. Many farmers directly 
sell their harvest in local markets. At nationallevels, beans are used in the food industry for 
canning and as a majar ingredient in weaning foods. Cross-border trade is growing from 
seasonal supply variations and demand in specialty high val u e markets of elite consumers 
majar cities such as Nairobi, Kampala, Dar-es salaam, and Mombasa (ECABREN, 2005; 
Tchale, 2001). The growing awareness about the health benefits of beans in reducing 
cholesterol, and a source of soluble dietary fiber, has led to growing demand in export 
markets in Euro pe, America, and Asia. 

The estimated total val u e of Africa's bean output at farm gate prices is over US$800 mili ion 
per annum, out of which 95% is produced in Sub-Saharan Africa ( 
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Table 1). Compared toa purely traded cash crop, Africa's coffee earnings are US$1 billion 
per annum. Nevertheless, Africa has a bea.n trade deficit of US$95 million, which implies 

' 
additional production and market opportunities exist. 
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Table 1. Bean exports, imports, trade balance and value, (average 2002-4, x US$1000) 

Exports Imports Trade Output Val u e 
Balance at Farm Gate 

SSAfrica 26,901 67,391 ·40,490 795,288 
DR Congo 3,867 -3,867 32,517 
Malawi 336 657 -321 28,329 
Rwanda 2 2,521 -2,519 68,452 
Tanzania 5,363 2,495 2,868 83,000 
U¡¡anda 2,552 2,346 206 156,100 
Source: FAO, 2005. 

3. THE PAN-AFRICA BEAN RESEARCH ALLIANCE 

In 1996, African bean research and development organizations formalized their 
collaborative arrangement with the founding of the Pan-Africa Bean Research Alli<HlCt: 
(P/\BRJ\).1 Members include 24 National Agricultura( Research Systems (NARS) of SSA, an 
international research organization (CI/\I) and donor organizations. Since inception, CIDA, 
SDC and USAID have contributed to the alliance. The Association for Strengthening 
Agricultura( Research in Eastern and Central Africa (ASARECA), DFID of the UK and the 
Rockefeller Foundation also have supported components ofthe PABRA agenda. In addition, 
many additional partners contribute to and participate in PABRA's research and 
development (R&D) program: non-governmental organizations (NGOs), community-based 
organizations (CBOs ), selected rural communities, farmers ( seed producers and on-farm 
researchers ), traders and the commercial priva te sector. 

PABRA functions as a forum to build and maintain R&D linkages where partners share 
research experiences and results. The alliance structure and process fosters critica( review 
and innovation. In 2002, PABRA partners designed apan-Africa research and development 
(R&D) framework based on a common vision and objectives. PABRA initiated this analysis 
of R&D impacts to inform their decisions. 

1 The alliance is a consortium oftwo regional bean networks: the Eastern and Central Africa Bean Research 
Network (ECAilJlliN) and the Southern Africa Bean Research Network CSABRN). 
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Numerous field studies revealed that a core set of widely-disseminated bean varieties 
generated significant beneficia! impacts 'to both small-scale farmers and low-income 
consumers. Research indicated high adoption rates, with 60% to 100% offarmers adopting 
new bean varieties at numerous pilot sites (Mafuru, et al., 1995; Ndakidemi, et al., 1995; 
David, 1997; Kweka, et al., 1998; David, et al., 1998; David, et al., 2000; Phiri, et al., 2000; 
Odendo, et al., 2002). Evidence also showed significant increases in household bean output 
and consumption (Odendo, et al., 2002; Phiri, et al., 2000; David, et al., 2000; David & 
Sperling, 1999; Nkonya, et al., 1998; Sperling, et al., 1994; Mushi and Edje, 1989). These 
studies, however, al so documented that degree of success was location-specific. lntensity of 
seed dissemination effort greatly affected adoption rates (Odendo, et al., 2002; David, et al., 
2002; David and Sperling, 1999). 

Based on these results, PABRA adjusted its R&D framework to emphasize scaling up and 
dissemination ofimproved bean cultivars and cultivation practices. Specifically, PABRA and 
member countries increased efforts to disseminate improved seed and strengthen seed 
systems. In 2003, PABRA initiated a 5-year R&D program, the wíder ímpact strategy, with 
the aim of stimulating more utilization of bean technologies by ensuring that by 2008 10 
million people in 17 countries were reachedand would be using improved bean varieties. 

4. DATA 

From 2004 to 2006, PABRA scientists coordinated a set of field research activities in seven 
countries in the eastern - central region qf Africa (Figure 2). This paper presents results 
from five countries: DR Congo, Malawi, ,Rwanda, Tanzania and Uganda.2 Data for the 
country studies were obtained through informal interviews and formal surveys of 1, 983 
farm households ( 

Survey questions included farmer estimates of household bean production, yields, 
consumption and sales for one year; gender relations and child nutrition resulting from 
bean consumption. Additional bean information carne from research reports and 
publications from NARS and CIAT, national Ministries of Agriculture, and the FAOSTAT 
data base. 

z These five national-level studies are listed in the appendix, along with studies not included in this paper 
(Ethiopia and Kenya). 
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Table 2). In each country, a multistage sampling procedure was used to select a sample of 
bean farmers. Selection criteria included three factors: nationally-defined agro-ecological 
zone, bean farming system, and administrative district. 

Figure 2. Map of study si tes 
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Survey questions included farmer estimates of household bean production, yields, 
consumption and sales for one year; gender relations and child nutrition resulting from 
bean consumption. Additional bean information carne from research reports and 
publications from NARS and CIAT, national Ministries of Agriculture, and the FAOSTAT 
data base. 

Table 2. Country survey sample size 

Country 
DRCongo 
Malawi 
Tanzania 
Rwanda 
Uganda 

Households Surveyed 
240 
525 
306 
383 
529 
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5. METHODS 

" Data analysis emphasized the estimation pf economic and social impacts. Economic and 
social impacts addressed changes in household food consumption, food security, and 
income generation by gender and wealth group. Although the adoption of faster-cooking 
varieties reduced fuelwood consumption, the value of this beneficia! environmental impact 
was not estimated.3 

Bean investments, adoption and impacts are estimated over a period of 30 years (1986-
2015). Economic and social impacts at household leve! were analyzed by comparing 
descriptive statistics and Analysis of Variar\ce (ANOVA). Estimates of output, consumption, 
income and food security parameters were disaggregated by gender, wealth category, and 
adoption levels. Household food security was assessed using three variables. If during the 
year the household realized an improvement in the: (a) amount ofbeans available for home 
consumption, (b) frequency of eating beans, (e) number of days the household had 
sufficient beans to ea t. 

ESTIMATING ADOPTION 

During the period 1986-2005, 184 improved bean varieties were released along with 
region-specific recommendations on improved bean management practices. Any varieties 
or crop management practices adopted prior to 1986 are considered "old" technology. 
Acreage cultivated in new improved varieties is used to estímate adoption levels. 
Nevertheless, the estimated yield gains are attributed to the adoption of both improved 
bean varieties and management practices. Farmers who adopted only agronomic practices 
are not considered adopters. Due to in

1
teractions between variety and management 

practices and the difficulty of obtaining tñe required farm-level data, the impact of new 
varieties from improved cultivation practices was not disaggregated. A household is 

3 Nkonya et al (1998) estimated the fuelwood saved by switching from Canadian wonder (variety 
with a long cooking time) to Lyamungu 85 (improved variety with a shorter cooking time). The 
authors estimated the fuelwood required for co,oking Lyamungu 85 at 188 Kg/householdfyear and 
that of Canadian wonder at 364 kg/household/year. Switching from Canadian wander to Lyamungu 
85 saves 176 kgfhouseholdfyear offuelwood. 
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considered an adopter if it had grown at least one new variety for two or more seasons and 
was continuing to use the variety. Due to intercropping of beans, standard acreage-based 
estimates of adoption could not be obtained accurately. Therefore, adoption rate was 
estimated as the quantity of new variety seed planted in ayear as a proportion of the total 
weight ofbean seed planted. 

A trapezoidal adoption trend estimates the use of new varieties over time. The adoption 
rate is estimated for a 30 year period (1986 to 2015). For each country, the year of initial 
variety release was obtained from ClAT. Household survey and historical data on seed 
dissemination were used to estimate annual adoption and the expected adoption ceiling 
(Table 3). 

Table 3. Estimated adoption rates for new bean varieties 

Y ear when first Bean area planted 
Location new varieties with new varieties 

were released (%in 2005) 
DRC-Kivu 1989 70 
Malawi 1993 70 
Rwanda 1985 40 
Tanzania 1985 60 
Uganda 1994 45 

! !1 
ESTIMATING AGGREGATE BENEFITS OF BEAN R&D 

Adoption ceiling 
(% bean acreage 
in new varieties) 

80 
80 
60 
80 
60 

Expected year 
when adoption 
ceiling reached 

2007 
2007 
2008 
2008 
2008 

Total benefits to society are estimated using an economic surplus model (Alston, et al. 
1998). Aggregate net research benefits (NRB) are calculated as the aggregate gross 
research benefits (GRB) to bean producers and consumers less research and development 
costs (RDC), and less any change in costs of production (C) incurred by farmers. 

Gross research benefits are the sum of net profits accruing to bean producers (producer 
surplus) who adopt the new bean technologies; and the benefits to consumers (consumer 
surplus) usually in form of lower-price beans. Gross producer benefits are calculated by 
multiplying the area planted to an improved variety by the yield gain, the market price, and 
the adoption rate. The yield gain is calculated as the difference in yield between the local 
and improved variety under similar farm conditions. The market price is the farm gate 
price received by farmers in ea eh year. The calculation of the number of beneficiaries was 
determined by similarity of the areas sampled to wider areas of the country. Therefore, 
extrapolation domain was all of Malawi and Rwanda, northern Tanzania, multiple zones in 
Uganda and the Kivu Province in the DRC (Figure 2). 
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The economic surplus model is estimated on the assumption that beans are largely a non
traded commodity. Most local output consu¡ned at home or traded in the domestic market. 
Although sorne countries export or import'beans, the quantity is assumed insufficient to 
influence regional bean prices. While anecdotal evidence exists of spill-over effects arising 
from international trade in beans and germplasm exchange with countries not included in 
this analysis, these spillovers are not included dueto the limited seo pe of the study. 

Numerous African studies have employed economic surplus estimation techniques to 
calculate benefits and rates of return to R&D investments (Sanders, 1994; Thirtle & Van 
Zyl, 1994; Ahmed et al., 1995; lsinika, 1995; Khatri et al., 1996; Milis and Karanja, 1997; 
and Kaliba et al., 1999, Kalyebara, 2ó01) .. A few of these studies examined bean impact. 
Evidence on other similar commodities is used for comparison. For example, in Uganda, 
Laker-Ojok (1994) estimated rates of return (ROR) to research of maize and oilseeds. 
Wessler, et al. (1999) estimated interna! rates of return to research and extension. 

ESTIMATING COSTS 

Adoption costs per hectare were estimated from cost of production estimates 'with' and 
'without' new technologies. Data on cost of production of beans was obtained from the 
survey as well as bean network research reports. The change in marginal cost per ton (k) as 
a result of the new technology is calculated by dividing the proportionate yield gain ( dY) by 
the supply elasticity, net ofthe adoption cost per ton (e). 

k= {(proportional increase in production (dYjY)jsupply elasticity (E,)} - adoption cost per 
ton (e) 

Research and development costs include apministration and overhead expenditures, staff 
'1 

salaries and benefits, the cost of development and testing of varieties and cultivation 
practices. Extension costs are included of various seed multiplication and dissemination 
projects, the government extension system and NGOs, and investments by private seed 
companies. 

R&D costs were calculated using historical data from NARS Bean Research Programs and 
Ministry of Agriculture reports and records. Collaborating scientists from each country 
collected data on governments funding of staff salaries, overheads, research and seed 

li 

dissemination; and other funding received 
1
by bean program from development agencies. 

The CIAT Africa region office provided data on funding provided to each African NARS, pro
rated spending on CIAT headquarter staff supporting Africa research (Johnson, et al., 
2003), and support provided to the CIAT' Africa office, PABRA, ECABREN, and SABRN. 
Administrative and overhead costs were estimated at 20% of total R&D costs. 
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Other extension costs were estimated by: doubling seed and other technology 
dissemination costs incurred by the NARS and"CIAT. Annual R&D costs were adjusted for 
inflation to equivalent values at 2005 prices using consumer price índices obtained from 
National Statistics and the World Development Report (World Bank, 2005). Historical bean 
output data for each country was obtained from FAO and complemented with national 
statistics. Projections for the period 2006-2015 were made by estimating a moving average 
of the previous three years. 

NET RESEARCH BENEFITS & RETURNS ON INVESTMEI'if 

·• 

Net Research Benefits (NRB) for each year is calculated as Gross Research Benefits (GRB) 
minus R&D costs (C). The NRB is converted into present values for 2005 by compounding 
past values and discounting future values. A 20% real interest rate is estimated for each 
country basing on an average 10% interest rate for long term treasury bilis anda 10% risk 
premium. A net present val u e (NPV) of R&D benefits is computed for each country, as well 
as a rate of return (ROR) to investment and interna! rate of return (IRR). Sensitivity 
analysis is conducted by adjusting the research ~osts and yield in creases. 

SCENARIO ANALYSIS 

Establishing causality and appropriately attributing benefits to an intervention ( e.g. new 
bean technologies) are essential steps in accurately estimating impacts. Impact studies that 
estímate the value of 'upstream' research (e.g. germplasm conservation and breeding 
trials) often have tenuous links or confounding factors (e.g. competing initiatives or 
spillover effects). In contrast, this analysis estimates the value of bean research both 
'upstream' and 'downstream' (e.g. targeting and dissemination). Therefore, the cause and 
effect relationship between PABRA R&D investments and impacts is relatively 
straightforward. In SSA, the use of farm inputs, especially fertilizers or irrigation, remains 
mini mal. Furthermore, few organizations research and develop beans outside of PABRA. 

Benefits attribution requires differentiating the effects of the new research technologies 
from the contribution of other ( exogenous) factors. Major exogenous factors that affect 
supply are acreage expansion due to population growth, and yield declines due to various 
pests, diseases, drought and worsening soil fertility. The effect of acreage expansion is 
accounted in the analysis by applying the yield gain to historical production data. 

The specification of 'with' and 'without' research scenarios isolated the R&D effects from 
other causes of observed impact. The 'with' R&D case corresponds to the observed supply 
and demand specification at bean industry levels over years with the new bean 
technologies in use as defined above. 
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For a crop often consumed at home, estimating the 'without R&D' scenario is not 

straightforward. Since supply and demand situations without R&D are not observable, they 

need to be derived by estimating the leve! ofbean yields, prices, and quantity supplied if no 

new bean technologies were developed and disseminated. The bean 'without R&D' 

production leve! is derived by estimating the average yield of the most popular traditional 

varieties, multiplied by the historical bean acreage in each year. The supply and demand 
1' 

elasticities and all other factors are assumed the same in the 'with' and 'without' scenarios. 

6. RESULTS 

FARMERS REACHED ANO ADOPTION 

PABRA networks have been effective in reaching interested small farmers. A majority of 

farmers testing varieties have subsequently adopted them. The proportion of households 

that adopted is generally high (over SO%). Data extrapolation shows that 37 million 
farmers (S.3 million households) are growing new varieties. In terms of are a planted, new 

varieties covered on average 49 percent of the total bean area planted. The lowest area is 

31% for Uganda and highest is 68% for DRC ( 

Table 4). 

Table 4. Adoption and beneficiary estimates 
F . 

lmproved Adoption o/o of total Estimated Estimated number 
Location 

seed for at rate* bean area in 
number of of farm-household least one (% of new varieties beneficiaries** beneficiaries" 

season (%) households) in 2003-5 
DRC 88 82 68 2,673,364 381,909 
Malawi 61 SS 46 5,068,250 724,036 
Rwanda 74 64 43 4,847,360 692,480 
Tanzania 86 81 56 11,495,520 1,642,217 
Uganda 58 53 ~¡ . 31 10,601,590 1,514,513 
Average¿Total 73.4 67.0 

1 

48.8 34,686,084 4,955,155 
• Adopters are those farmers who grew improved varieties > 2 seasons 
** The share of total population engaged in agriculture was obtained from FAOSTAT ( www. fªQ&~:g). The 
adoption leve! was obtained from the impact surveys. The average farm household size was assumed to be 7 
persons. 

Results indicate considerable success in disseminating new varieties; however little has 

been achieved in disseminating bean management technologies. In five countries, over 
SO% of farmers had accessed and plagted new varieties for at least one season. 
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Nevertheless, only 1% to 12% of farmers reported having been trained in use of bean 
management technologies. 

CHANGES IN BEAN YIELD 

Average bean yield increases differed per country. Analysis of survey data revealed yield 
gain estima tes of each country for the period 1986-2005: DRC 35%, Malawi 32%, Tanzania 
30%, Rwanda 29%, and Uganda 41%. Survey results indicate that yield improvements of 
new varieties is still limited, and confirms that production increases has partly been 
realized through acreage expansion. 

Although sorne national-level bean yield improvements are modest, the effect of R&D is 
more significant when yield stabilizing effects are considered. This aspect of R&D impact is 
rarely considered, due to difficulty in measureinent (Johnson and Klass, 2003; Mather, et 
al., 2003). Yield stabilizing effects ha ve been particular! y important in countries afflicted by 
severe land degradation and drought such as DR Congo, Malawi, and Rwanda. Differences 
from 1998 estimated yield gain (Johnson, et al. 2003) are attributable to distinct harvest 
periods considered. 

NET ECONOMIC BENEFITS ANO RETURNS TO INVESTMENT 

This section presents the estimates of the net benefits to farmers and consumers from 
increased in bean yields. Analysis of survey data that increasing yields generated higher 
cost associated with increased labor for staking, harvesting and winnowing. No other 
additional inputs required to achieve the yield increases. 

Table 5. Net reduction in marginal cost per ton dueto new bean technologies 

Country Proportional Proportional Proportional Net proportional 
yield increase in input increase in input reduction in cost per 
increase costs ~er Ha cost ~erTon ton (k,) 

DRCongo 0.35 0.10 0.07 0.63 
Malawi 0.30 0.12 0.09 0.51 
Rwanda 0.30 0.15 0.12 0.48 
Tanzania 0.30 0.09 0.07 0.53 
U¡¡anda 0.41 0.10 0.07 0.75 

Bean prices are expected to decrease as a result of increase in bean supply following 
widespread adoption ofimproved technologies~'This reduction in equilibrium bean market 
prices is predicted by converting the proportional decrease in cost of production per ton 
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(kt) in year t into an equivalent reduction in bean price (Z1). The proportional change in 
supply is the downward reduction in industry costs given by the difference between the 
without R&D price and the cost per additional ton of beans if they adopt the new 

" technologies. In practice this is the margin ln.ade by farmers assuming they continue selling 
at the original price. The demand and supply elasticities in the formula account for the 

response by producers and consumers to price changes. 

(Zt) = 
(Pro portian al Supply Shiftyear t) x {Supply Elasticity/(Demand Elasticity + Supply Elasticity)} 

The price elasticity of supply is an estimate of the supply shift due to new technologies. 

This measure helps estimate the price charge response to a as a result of increased bean 
output in a given year. An approximate 0;5 supply elasticity is used as recommended in 

litera tu re (Pardey, et al., 1998). 

Table 6. Estimated market prices reduction for beans at maximum adoption 

Supply Elasticity Demand Elasticity Proportional 
reduction in price 

DRCongo 0.80 0.50 0.18 
Malawi 0.80 0.50 0.14 
Rwanda 0.80 o.5Q. 0.11 
Tanzania 0.80 0.50 0.29 
Uganda 0.80 0.50. 0.14 

The investment in R&D by each country, CIAT and other partners is estimated at US$16 
million. International research by CIAT accounted for approximately 56% of the costs, 

while NARS and other partners contributed 44% ( 

Table 7). 

Table 7. Total investments in bean R&D, 1986-2015 

Country PV ofTotal PVofTotal CIAT R&D Total R&D Costs Share ofR&D 
National R&D Investment (2005 USD) Costs (o/o) 
Investment 

Uganda 1,706,410 1,517,024 3,223,434 20 
Tanzania 1,869,433 1,897,090 3,766,523 23 
DRC-Kivu 1,127,978 1,897,090 3,025,068 19 
Rwanda 1,422,818 1,897,090 3,319,908 21 
Malawi 948,545 1,897,090 2,845,635 18 
TOTAL 7,075,184 9,105,384 16,180,568 100 
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From 1986-2015, the net benefit realized froin the US$ 16 million bean investment is 
nearly $199 million with an average annual net benefit of $6.6 million (Table 8). The 
Average rate of return on investment was 41%. Individual country benefits range from an 
average of NPV US$0.95 to 2 million per annum. The estimated ROR indicate that the 
lowest return is 25% for Northern Tanzania, while the highest is 71% for investment in 
Uganda's bean R&D. The differences in NPV and ROR for the countries are largely 
accounted for by the bean acreage and the average yield gain for each country. 

Table B. Net Benefits and Rutes of Return to Jnvestments in Bean R&D, 1986-2015 

Country NPV IRR Average ROR 
(2005 US$) (%) NPV¿Year (%) 

Uganda 68,312,482 60 2,277,083 71 
Tanzania 28,356,702 90 945,223 25 
DRC 36,625,509 90 . 1,220,850 40 
Rwanda 33,629,692 111 . 1,120,990 34 
Malawi 31,695,834 56 1,056,528 37 
Total¿ Avera¡¡e 198,620,219 81 6,620,674 41 

The interna! rates of return similarly indicate that investments in bean R&D were attractive 
and robust despite high market interest rates (20%). Compared to similar empirical 
studies of other crops in Africa (The returns to bean technologies are nearly equal to the 
average of other estimates of agriculture R&D. A meta-analysis of the returns to 
agricultura! R&D revealed annual rates of return average 73 % overall: with ROR of 88 % 
for research only, and 45% ROR for research and extension (Alston, et al., 1998). 

PABRA-CIAT 



lmproved Bean Varieties ond Cultivotion Practices in Enstern-Centrol Africo 

Table 9), the results indicate that investments in bean R&D generate more benefits to 
society than many other staple and cash crops in the region. The returns to bean 
technologies are nearly equal to the average of other estima tes of agriculture R&D. A meta
analysis of the returns to agricultura! R&D revealed annual rates of return average 73 % 
overall: with ROR of 88 % for research only, and 45% ROR for research and extension 
(Alston, et al., 1998). 
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Table 9. Estimates of Rutes of Return to Agric~ltural R&D lnvestments 

Country So urce Commodity and Empírica! 
I!eriod estimates 

IRR 
Uganda Laker-Ojok (1994) Maize 27% 

Groundnuts 23% 
S esa me 27% 

Uganda Wessler et al., (1999) Maize 34% 
Beans 45% 
Cassava 44% 
Bananas 15% 

ROR 
Africa Evenson, 1987 Maize & staple crops 30-40% 
Africa Norgaard, 1988 Cassava, 1977-2003 149% 
Africa (10 countries) Aghib and Lownberg-DeBoer, undated Sorghum, 1985-2009 58% 
East Africa Ewell, 1992 Patato, 1978-1991 91 o/o 
Kenya Karanja, 1996 Maize, 1955-88 53-61 o/o 
Kenya Makanda and Oehmke, 1996 wheat, 1921-1990 0-12% 
Kenya Akgnungor, et al., 1996 wheat, 1921-1990 14-30% 
Malawi Smale & Heisey, 1994 Maize, 1957-1992 4-7% 
Namibia Anandajayasekeram, et al.., 1996 Millet, 1988-99 11% 
South Africa Khatri, Thirtle and van Zyl, 1995 aggregate agriculture 44% 
Sudan Ahmed, Masters and Sanders, 1995 sorghum, 1979-1992 53-97% 
Tanzania Moshi et al., 1997 Maize, 1980-94 19% 
Uganda Laker-Ojok, 1994 Maize 27-58% 

Sunflower 10-66% 
Soybean 1985-1996 <0-20% 

Zimbabwe Kupfuma, 1994 Maize, 1932-1940 43.5% 
Zimbabwe Anancta¡a~asekeram, et al., 1996 Sor¡¡hum, 1980-99 22% 

Sensitivity analysis was conducted by varying the average yield gain, and total R&D costs. 

The yield gain was increased to 50% and 75% respectively; while total R&D costs were 

increased by 25%. The sensitivity analysis shows that the NPV, IRR, and RORare relatively 

stable when subjected to adjustments in research and extension costs ( 
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Table 10). 
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SOCIAL BENEFITS OF NEW TECHNOLOGY ADOPTION 

N ew bean varieties contribute to rural household incomes. Of bean household income in 
2004-5, new varieties contributed 72% in DRC, 63% in Northern Tanzania, 44% in Malawi, 
42% in Uganda, and 38% in Rwanda. lmproved varieties have high marketability in all 
countries of the region. Farmers described numerous benefits resulting from the 
introduction of new bean technologies. Beans as an enterprise ha ve wide-ranging impacts 
on rural livelihoods. Sorne benefits ha ve been modest ( such as new clothes ), while others 
have been sufficient to enable farmers to make a radical shift and expand their livelihoods 
( e.g. opening a new business, ability to send children to secondary school, building a new 
house, etc.). 

Nearly 60% of adopters report an improvement in food security as a result of improved 
varieties (Table 13). Despite the modest gains in per capita bean consumption, insights 
gained on the role of beans in child nutrit[on indicate a more critica! role of beans in the 
diet. Analysis in Rwanda revealed that bea,n consumption by children under 6 years had a 
significant positive effect on their weight for age (Andima, 2005). 

Table 13. Proportion ofhouseholds reporting an improvement infood security 

Location 
DRC-Kivu 
Malawi 
Rwanda 
Tanzania 
Uganda 
Mean 
Source: Survey data. 

o/o of adopters 
78 
61 
57 
46 . 
58 

58.3 

Wealth-rankings provide insights into who were adopting the new varieties. Rankings, 
done by farmers themselves, indicated that the poor in their communities (and the very 
poor in the case of Rwanda) are just as likely to adopt the new bush beans as the more 
wealthy (Table 14). Hence, bean technologies are wealth-neutral - as little bias is apparent 
in terms of access to new seed. 

Climbing beans can be considered less wealth neutral. Because the wealthy can afford to 
take risks with new technologies, such households can more easily use climbing bean 
varieties. N evertheless, survey results al so show high adoption among poorer farmers 
(Dymphina, 2005). 
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Table 14. Adoption levels ofnew bean varieties by wealth class (%) 

Location Poor Medium Rich 
DRC-Kivu 80 82 91 
Malawi 93 92 93 
Rwanda* Very poor 60 78 nja 

Poor 64 
Tanzania 74 76 80 
U anda 54 so so 
* higher adoption of climbing beans in high altitude zones 

New bean varieties produce gendered effects .. Generally, in the PABRA region (with the 
exception of Ethiopia), women take lead decisions in bean production and selection. 
Nevertheless, the gendered effects of expanded new bean cultivation are both positive and 
negative. Expanded bean cultivation brought more income in the household and enabled 
more women to generate their own income. Nevertheless, additional bean production 
created challenges ofrequiring more labor- often ofwomen. 

Survey data shows that the use of bean harvests, home consumption or market sale, differs 
per country (Table 15). On average, farm households in Congo, Malawi and Rwanda 
consumer a higher percentage of their bean crop. Ethiopia and Tanzania more bean 
production is sold. In Uganda, similar amount~ are consumed and sold. Ethiopian farm 
household consume the least (19%) while Rwandans consume the most (70%). The 
contribution of beans to the incomes of rural farmers is 24-4 7%, which indicates that beans 
are an important cash crop, especial! y for poor farmers. 

Table 15. Mean percentage ofhousehold bean output consumedjsold 

%Consumed %Sold Contribution ofbeans to 
household income (%) 

DRC-Kivu 62 23 37 
Malawi 54 48 24 
Rwanda 70 13 
Tanzania 26 59 46 
U anda 39 38 
Mean 45 42 39 
So urce: Survey data 

Per capita bean consumption estimates indicate wide variation between countries but no 
significant difference between adopters and non-adopters of new varieties within countries 
(Table 16). Therefore, despite an improvement in food security, it appears that per capita 
consumption gains due to new varieties are small. 
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Table 16. Mean per capita daily bean consumption by adopters and non-adopters of 
new varieties 

Per Capita Daily Bean Consumption (kg) 
DRCongo 
Malawi 
Rwanda 
Tanzania 
Uganda 

Adopter 
0.45 
0.22 
0.43 
0.13 
0.22 

Non-Adopter 
0.42 
0.23 
0.40 
0.13 
0.21 

7. DISCUSSION . 

F-test (p-value) 
0.439 
0.488 
0.259 
0.677 
0.352 

At the time PABRA partners designed the·'wider impact strategy in 2001, impacts in the 

partner countries were geographically inconsistent. By 2005, adoption results show 
continued difference between countries and within countries (Table 17). Within-country 

differences in adoption are likely a result of wide variation in the effectiveness of NARS. 
8oth low investment in seed dissemination and a lack of suitable improved varieties well

adapted to high stress drought conditions rema in challenges. 

Table 17. Minimum and maximum adoption rutes within countries 

Location Minimum Maximum 
DRC-Kivu 37 98 
Malawi 37 83 
Rwanda 43 86 
Tanzania 57 96 
Uganda 10 91 

Patterns of improved bean variety and culbvation practice adoption raise three concerns. 
One, high adoption occurred only in areas with explicit dissemination efforts. Majar 
successes such as the 96 % adoption levels in northern Tanzania were achieved due to 
concerted team efforts for severa! years by NARS, CIAT, extension staff and farmers groups. 
In Uganda, adoption rates in districts where NGOs promoted seed dissemination and 
training in seed production are double those where such activities are lacking. Local 
seedjgrain markets are an effective mechanism for new variety dissemination - only if 
seed has already been introduced. 

Seed availability is a well known factor oe successful technology dissemination. Evidence 
from country studies (Appendix 1) shows that adoption is highly correlated with the 
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intensity of seed dissemination effort. Widespread adoption & utilization of bean varieties 
can be achieved only if: new varieties are, highly demanded by both farmers and 
consumers, sufficient quantities of improved seed & agronomic knowledge are available to 
farmers; and the economic environment provides incentives for farmers to maximize the 
area planted. 

Seed availability affects adoption patters because farmer use in seed markets is very low. 
Most farmers rely on home saved seed (Table 18). The data shows that 7 4% of farmers rely 
on home saved seed, while only 2% bu y certified seed. 

Table 18. Main sources ofnew variety seed by farmers (% ofhouseholds) 

Main source of seed 
Home saved seed 
Market/Shop (Not certified) 
Certified seed seller 
Government 
NGOs 
Other 

% of households 
74 
24 
2 
2 
1 
1 

Although rural seed systems can be improved with public support, a challenge lies in 
overcoming a market failure. Most poor farmers are unlikely to purchase expensive seed, 
unless the perceived profits from using cert'ified · seed outweigh the costs and risks 
associated with low and unpredictable farm gate prices and bean yields. Areas where CIAT, 
NARS, NGOs and other partners have assisted communities to establish community based 
seed production and dissemination activities exhibit sorne of the highest adoption rates. 
Consequently, PABRA member countries have dedicated additional resources to improve 
access to quality declared seed by creating capacity for seed production and marketing at 
community leve!, and training farmers in agro-enterprise skills. 

A second concern is that only a small number of varieties are being adopted. Farmers 
commonly select 1 to 5 varieties out of the "10 to 20 varieties released per country. 
Cultivation of a narrow set of bean varieties could compromise future production stability 
in the face of biotic and abiotic stresses. Nevertheless, acceptance of such a small set 
suggests a significant 'untapped production poten tia!' may exist. Promotion of a varied and 
Iarger set of new varieties could genera te additional gains. 

Third, although a majority of farmers have been exposed to new varieties, the potential 
acreage allocation has not been achieved. Although improved varieties have generally 
performed better than local varieties in count~ies, more impact can likely be realized by 
increasing acreage, and adopting better management practices. 
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Until recently, most varieties emphasized agro-ecological adaptation; however recent R&D 
efforts address market niches as well. Addressing both farmer and consumer preferences 
are a difficult challenge. Although research systems have continuously developed an 
increasing number of new varieties with di verse traits, the selection process of identifying 
the best varieties to test and cultivate can be difficult. Easily-used agronomic and market 
trait information of new varieties could help improve selection processes. 

The impact analyses of DRC, Kenya and Tanzania all showed local markets as the primary 
source for new seeds. Many farmers, especially early adopters, beco me seed sellers. Market 
opportunities also exist at larger scale. \rternational trade opportunities arise due to 
differences in supply and demand for b~ans, and capability to respond to production 
opportunities. Africa has a $95 million bean trade deficit, which implies that it imports 
beans. lnternational trade between African countries also presents a market opportunity 
for many producers. For example, Rwanda, Burundi, Malawi and Kenya are regular net 
importers while Uganda, Ethiopia, and Tanzania are net bean exporters. 

Without R&D, it can be argued that many African countries would have experienced bean 
harvest declines. Due to the resulting shortages, bean prices would have increased. 
Therefore, the 'without' R&D price estima te. of beans is likely underestimated in the model 
and additional gains to consumers are likely. 

The impact study was advanced despite no existing baseline data from a monitoring and 
evaluation (M&E) system. Few NARS have M&E systems, consistent M&E data on bean 
R&D. The establishment of regional coordination frameworks by PABRA and the sub
regional networks has presented an opportunity to consolida te and strengthen M&E. Given 
that ClAT and PABRA have established a regional M&E framework and set baselines, 
regular outcome and impact studies can ,be more easily advanced. The leadership and 
technical capacity established at the PABRA and ASARECA secretariats and ClAT's 
expertise are resources that can help harmonize national and regional M&E systems. 
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8. CONCLUSIONS 

From 1985-2015, the net benefit from the US$16 million investment in SSA beans is 
approximately US$199 mili ion. The average return to the total investment is 41% with 
substantial variation across countries (DRC-Kivu 40%, Malawi 37%, Rwanda 34%, 
Tanzania 25%, and Uganda 71 %). The highest R&D benefits were realized in countries 
where annual bean output, acreage adoption, and yield gains were high. Both IRR and ROR 
of investments are comparable to results from studies of other food and cash crops. Despite 
the modest gains in harvest yields, the actual impact of research in Sub-Saharan Africa is 
likely much higher- dueto the yield stabilizing effect of improved technologies. 

Beans are often incorrectly considered as being only a subsistence staple crop and food. 
Des pite this perception, farm households sell 42% of their bean output, on average. Beans 
contribute 24% - 4 7% of the income of a typic~l rural household. Many farmers indicated 
that the 'marketability' of new variety attributes is a priority for adoption. Market 
preferences influence variety choice dueto the 'increasing bean trade in both domestic and 
export markets. 

Cultivating beans are typically a wealth-neutral agricultural activity. Farmers in several 
countries, particularly Rwanda, reported that poor or very poor members of the 
community were as likely to adopt the new climbing varieties as wealthier farmers. Many 
adopters are women, who have seen their incomes rise substantially. To reduce the risk 
that men will try to appropriate the income gains by taking over what is traditionally a 
women's crop, PABRA has sought to build the capacity of women's groups and associated 
service providers in starting and running agro-enterprises. Other social benefits realized by 
participating bean farmers include exposure to new services providers (credit and input 
supplies) as well as new information on health and nutrition. 

As part of the H~rvestPius initiative, PABRA researchers are continuing to develop 
biofortified beans with a focus on increasing the concentrations of iron and zinc in the 
grain of agronomically-superior varieties. Efforts to enhance the contribution of beans, 
particularly for those affected by the continuing spread of HIV 1 AIDS, require coordination 
with organizations outside the agricultural sectors. Besides developing and disseminating 
new nutritionally-rich varieties, promotional campaigns will need to involve community
based health and nutrition workers. 

Beans are vital to Africa's struggle and start moving towards the Millennium Development 
Goal targets, such as halving hunger and poverty by 2015. PABRA's focus on seed-based 
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technologies has been effective. Plant breeding, as the so urce of new varieties will continue 
to be a key activity. Since new threats constan ti y arise, the fight against pests and diseases 
must intensify and broaden. Besides bean root rot, other critica! diseases that need 
attention include angular leaf spot, anthracnose, leaf rust, common bacteria! blight and 
bean mosaic virus. Priority pests include aphids, bean stem maggots and cutworms. In 
addition there will be continued focus on low soil fertility and drought. Selection and 
breeding for resistance or tolerance will, a~now, be combined with IPDM approaches that 
maximize the gains to farmer and ecosystem health. Additional bean production increases 
will require developing and scaling up dissemination of high yielding stress-adapted 
varieties and remain a key R&D priority in Sub-Saharan Africa. 
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APPENDIX 2: AVERAGE FARM GATE PRICES FOR LOtAL ANO 1M PROVEO VARIETIES (US $/KG) 

Local variety Improved variety Average 

DRC 0.34 0.47 0.40 

Malawi 0.50 0.44 0.47 

Uganda 0.19 0.17 0.18 

Rwanda 0.21 0.21 0.21 

Tanzania North 0.22 0.23 0.23 

Average 0.29 0.31 0.30 
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