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Ma Cynthia S Bantilan and Emmanuel S Monyo

The Tropical Legumes II (TL II) project aims to increase the productivity (yield per unit area) and 
production (total availability) of six major grain legumes – chickpea, common bean, cowpea, groundnut, 
pigeonpea and soybean in rural areas of SA an SSA. The project worked in a total of fourteen countries: 
twelve in SSA (Burkina Faso, Ghana, Mali, Niger, Nigeria, Ethiopia, Kenya, Malawi, Mozambique, Senegal, 
Tanzania, Uganda and Zimbabwe) and two in SA (India and Bangladesh) during the Phase II. Burkina Faso, 
Ghana, Uganda are new anchor countries during phase II.

The project focused on developing improved legume varieties and ensuring that smallholder farmers 
have access to seed of these varieties, in the context of ongoing environmental constraints such as 
drought, pests and diseases. In particular, efforts were targeted on the informal and formal seed sector 
and the supply of quality seed, which is a major constraint in the adoption of legumes. The expected 
increase in added value of productivity gains in the rural areas of these regions will amount to about 
$1.3 billion over the ten year period 2007 to 2017. It is expected that at least 50 new varieties, with yield 
advantages of at least 20% over the adapted checks, across the six crops will be released to farmers, with 
the seed sector (public and private) producing more than 96,000 tons of quality seed, enough to plant 
1.6 million ha through the formal seed sector and considerably more when informal distribution systems 
are added.

During the first two phases (2007 to 2014), more than 100 varieties have been released, yielding more 
than 20% over the local checks. More than 112,000 tons of seed of modern legume varieties were 
produced directly with project funds and more than 354,000 tons with project and partners’ investment. 
In addition, the total amount of seed produced during the 2 phases covered almost 2 million ha with 
the funds provided under TL and almost 6 million ha with project and partners’ investment. The average 
adoption rate of modern legume varieties in TL countries is estimated to 23.82% of area cropped with 
legumes. So far, the project has attained some of its major targets only after 7 years of implementation. 
The total gross benefits from project intervention was computed using two approaches: (1) the total 
seed produced during the years of project implementation and (2) the adoption rate data from adoption 
surveys and/or expert opinions conducted between 2010 and 2012. 

It is estimated that, since 2007, modern legume varieties (MVs) developed/disseminated under the 
TL project implemented by ICRISAT, CIAT, and IITA with NARS partners have been adopted on at least 
2 million ha and have generated more than $448 million from project funding and $976 million from 
project and partners’ investment. Even when using the adoption rates data from adoption and expert 
opinion surveys, the aggregate gross benefits from TL related modern legume varieties is estimated at 
about $978 million, which is still far above the total TL investment grossly compounded at $48 million1 
(phases 1 and 2). The returns on investment are high. In effect, for each TL dollar invested, the project 
generates $9 with direct project investment, $20 with partnership’s investment and again $20 when 
using adoption rate based estimation.

1.  Uncompounded investment is $42 million. Compound rate is about 5% as in many projects in SSA with annual investment roughly estimated 
to $7 per year
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Methods and data
In order to compute the gross benefits resulting from TL intervention, two approaches were used. One 
approach was based on the quantity of seed produced during the 7 years of project implementation, and 
the second approach was based on adoption rates estimated from adoption surveys or expert opinions.

a. Seed based estimation of total gross benefits
The concept of cumulative adoption implied by the logistic function was applied. The area planted to 
MVs (or the number of adopters) in a given year includes the new area planted to MVs (or the new 
adopters) in that year as well as the areas planted to MVs in all previous years. The area planted was 
estimated based on the quantity of seed produced each year. It was assumed that the seed produced is 
recycled every 5-6 years and improved seed generates a stream of benefits with the yield gains accruing 
beyond the year of planting of fresh seed. Thus, the annual benefits were aggregated across the years 
to derive the total benefits for the whole 2008-2013 period. The gross benefit calculation per year was 
based on the cumulative quantity of seed produced over the years, the seeding rate, the yield with the 
local varieties, the yield gains over the local check, and the producer price of the crop from FAO. The 
yield gains were obtained from survey data using econometric methods where available or adjusted 
on-farm trials where not available. The parameters used in the calculation of gross benefits from TL 
investment since 2007 include:

1.	The quantity of seed produced in year t (QSt)(tons)

2.	The seeding rate [SR] (kg ha-1)

3.	The percent yield gain over the local check [PYGOL] (%)

4.	The yields with local varieties [YLO] (tons/ha)

5.	The FAO producer price of the crop [PPCROP] ($/ton)

The gross economic benefits using the seed based approach (GEBSEED) were estimated as the value of 
additional crop production per year (t) and country as follows:

(1000 × ∑ 2013 QSt)t=2008
GEBSEED2013 = ________________ × YLO × PYGOL × PPCROP

SR
The total value of additional production was aggregated over crop, country and year.

b. Adoption rates based estimation
Adoption is an outcome resulting from increased productivity. Farmers convinced with increased 
productivity from modern varieties are likely to use more and more of the varieties. Adoption rate 
expressed in terms of percentage of area adopted along with productivity gains provide gross measures 
of additional gross benefits from using modern varieties. The gross benefit calculation was based on 
the adoption rates obtained from formal adoption surveys that are nationally representative or expert 
opinion surveys. The following parameters were used to compute the total gross economic benefits from 
TL intervention. These include the adoption rate (% area), the area under the crop (ha), the yield of the 
local varieties/local check (tons/ha), the yield gains over the local check (%), and FAO producer price of 
the crop from FAO statistics.
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The parameters are measured as follows:

6.	 The adoption rate (% area) [ADOPAREA]

7.	 The area cultivated under the crop (ha) [AREACROP]

8.	 The yields of the local varieties/local check (tons/ha) [YLO]

9.	 The yield gains over the local check [YLDGAINS] (%)

10.	 The FAO producer price of the crop [PPCROP] ($/ton)

The total gross economic benefits using the adoption rate approach (GEBADOPT) were calculated as 
follows:

ADOPAREA × AREACROP YLO × YLDGAINS
GEBADOPT2013 =

____________________  × _____________ × PPCROP
100 100

The adoption rate used was derived from adoption surveys that are representative of the major growing 
areas of the respective legumes. However, because adoption studies were not conducted for all crops 
and countries, expert opinions collected in other Bill & Melinda Gates Foundation projects such as DIVA 
and TRIPSA were used. These rates were adjusted depending on actual information one has about the 
period.

Results
Appendix 6 through 26 provide the individual calculations of gross benefits by crop, country and 
scenarios. Tables 99-101 presents a summary of gross economic benefits derived from TL related modern 
legume varieties from 2007 to 2013 under 2 scenarios on (1) seed production and on (2) adoption rate 
by crop and region scenario. Using seed production, the total gross benefits were calculated with seed 
produced using project funds and seed produced using both project and partners’ investment. The latter 
provided measures on the effect of partnering in seed production. Using the total seed produced with 
project funds, the total gross benefits were estimated at $448.884.845 compared with $1.566.362.854 
using both project and partners’ funds, indicating the significant impact of partnering in seed production. 
In effect, the total gross benefits have more than tripled. Using the adoption rates, the gross benefits 
from project intervention were estimated at about $976.730.258.

Most of the direct gross benefits were derived from chickpea in South Asia accounting for about 59% 
of the total gross benefits of the project followed by common beans in ESA (20%) and pigeonpea in ESA 
(5%). Without accounting for chickpea in South Asia, most of the gross benefits are accounted for by the 
adoption of common beans in ESA (48%), pigeonpea in ESA (11%), cowpea in WCA (10%), etc (Table 100). 
Though West and Central Africa has the largest area cultivated to groundnut and cowpea, it is noted that 
the quantity of seed produced is still very low. The search for alternative institutional arrangements to 
increase seed production in countries and crops remain essential in increasing the gross benefits from TL 
II investments and thus impacts of TL II investments in WCA.

When including partners’ investments, it is noted that more than 65% of the gross benefits is realized 
through chickpea in SA, followed by groundnut in ESA (9%), common bean in ESA (6%), and soybean 
WCA (4%). Total gross benefits are 3.5 times higher due to strong partnership. 

The significant drop in the share of common beans in ESA in total gross benefits may be explained by the 
weak partnership in seed production when compared to groundnut or chickpea in ESA. 

When using the adoption rate estimates, the share of the gross benefits significantly changes. In fact, 
chickpea accounts for about 25% of total gross benefits followed by groundnut in ESA (23%), cowpea in 
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Table 99. Total gross benefits derived from TL II related modern legume varieties from 2007-2013 from 
direct funding from TL II; including partners’ funding and with adoption data.

Crop Region

Additional production

Direct TL II funding 
(Seed)

Including partners’ funding 
(Seed) With adoption data

Value 
($)

Percent of 
total

Value 
($)

Percent of 
total

Value 
($)

Percent of 
total

Common bean ESA 87,729,042 19.54% 93,218,739 5.95% 97,118,775 9.94%
Cowpea WCA 18,106,550 4.03% 52,530,800 3.35% 171,848,588 17.59%

ESA 2,013,900 0.45% 3,208,275 0.20% 8,775 0.00%
Groundnut ESA 249,624 0.06% 140,938,849 9.00% 220,393,530 22.56%

WCA 11,780,249 2.62% 15,667,599 1.00% 59,911,053 6.13%
SA 2,826,623 0.63% 32,531,282 2.08% 10,871 0.00%

Pigeon pea ESA 20,894,784 4.65% 49,634,696 3.17% 37,467,104 3.84%
SA 6,210,978 1.38% 30,085,440 1.92% 65,097,080 6.66%

Chickpea ESA 7,875,685 1.75% 44,479,455 2.84% 43,516,886 4.46%
SA 266,330,610 59.33% 1,019,913,136 65.11% 248,146,829 25.41%

Soybean WCA 10,605,000 2.36% 59,841,250 3.82% 33,173,095 3.40%
ESA 14,261,800 3.18% 24,313,333 1.55% 37,672 0.00%

Total gross-benefits ($) 448,884,845 100.00% 1,566,362,854 100.00% 976,730,258 100.00%

Table 100. Total gross benefits derived from TL II related modern varieties from 2007-2013 from direct 
funding from TL II; including partners’ funding and with adoption data (excluding chickpea in SA).

Crop Region

Additional production

Direct TL II funding 
(Seed)

Including partners’ funding 
(Seed) With adoption data

Value 
($)

Percent of 
total

Value 
($)

Percent of 
total

Value 
($)

Percent of 
total

Common bean ESA 87,729,042 48.06% 93,218,739 17.06% 97,118,775 13.33%
Cowpea WCA 18,106,550 9.92% 52,530,800 9.61% 171,848,588 23.59%

ESA 2,013,900 1.10% 3,208,275 0.59% 8,775 0.00%
Groundnut ESA 249,624 0.14% 140,938,849 25.79% 220,393,530 30.25%

WCA 11,780,249 6.45% 15,667,599 2.87% 59,911,053 8.22%
SA 2,826,623 1.55% 32,531,282 5.95% 10,871 0.00%

Pigeon pea ESA 20,894,784 11.45% 49,634,696 9.08% 37,467,104 5.14%
SA 6,210,978 3.40% 30,085,440 5.51% 65,097,080 8.93%

Chickpea ESA 7,875,685 4.31% 44,479,455 8.14% 43,516,886 5.97%
Soybean WCA 10,605,000 5.81% 59,841,250 10.95% 33,173,095 4.55%

ESA 14,261,800 7.81% 24,313,333 4.45% 37,672 0.01%
Total gross-benefits ($) 182,554,235 100.00% 546,449,718 100.00% 728,583,429 100.00%
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Table 101. Total gross benefits derived from TL II related modern varieties from 2007-2013 from direct 
funding from TL II and direct and indirect funding from TL II by region and country.

Region Country

Additional production

Direct funding (seed) Including partners’ funding (seed)

Value ($) Percent of total Value ($) Percent of total

ESA Kenya 8,844,033 2.01% 22,272,886 1.42%
  Tanzania 12,890,619 2.94% 103,122,340 6.59%
  Malawi 18,265,442 4.16% 98,439,364 6.29%
  Uganda 32,874,159 7.49% 33,811,252 2.16%
  Zimbabwe 257,775 0.06% 3,858,316  0.25%
  Ethiopia 36,337,778 8.28% 72,537,956 4.63%
  Mozambique 13,592,324 3.10% 21,751,232 1.39%
WCA Mali 4,830,688 1.10% 10,201,088 0.65%
  Niger 4,038,504 0.92% 9,349,404 0.60%
  Nigeria 31,098,426 7.09% 107,963,705 6.89%
  Burkina Faso 267,294 0.06% 267,294 0.02%
  Ghana 254,768 0.06% 254,768 0.02%
  Senegal 2,119 0.00% 3,391 0.00%
SA India 275,210,205 62.70% 1,081,977,988 69.10%
  Bangladesh 158,007 0.04% 55,187 0.00%
Total gross-benefits ($) 438,922,141 100.00% 1,565,866,171 100.00%

WCA (18%), and 10% for common beans. If one excludes chickpea in SA, groundnut accounts for 30% of 
the total gross benefits followed by cowpea in WCA (24%), common bean in ESA (13%), pigeonpea in SA 
(9%), groundnut in WCA (8%), etc.

Country-wise, with direct project funding, the total gross benefits from TL II related modern varieties 
is dominated by India accounting for 62%, followed by Ethiopia (8%), Uganda (7%), Nigeria (7%), etc. 
Similar trends are observed with project and partners’ investments with India accounting for 69% now 
followed by Tanzania and Nigeria (7% each). The lowest shares are recorded in West Africa countries 
except for Nigeria. With direct project investments, when examining the gross benefits per hectare of 
legume cropped area, it is noted that Ethiopia has the largest benefit $211.74 /ha of legume cropped 
area, followed Mozambique ($27 /ha), Uganda ($23 /ha), Malawi ($19 /ha), Kenya (15%), India (14%). As 
for the case of total gross benefits, the lowest values of gross benefits per cropped area are recorded in 
West African countries. Region-wise, SA accounts for 54%, followed by ESA (38%) and lastly WCA with 8% 
of the total gross economic benefits.

Conclusions and caveats
The results showed that the gross benefits from TL II intervention are very high under different 
scenarios. Using direct project funding, the total gross benefits are estimated at a little more than $513 
million. With partnership investment, the gross benefits increase by more than threefold. These results 
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follow the same trend when using adoption data. The returns on investment are high. In effect, for each 
TL II dollar invested, the project generates $9 with direct project investment, $20 with partnership’s 
investment and again $20 when using adoption rate based estimation. 

There are however severe disparities between regions where SA and ESA accounts for about 90% of the 
total gross benefits. This calls for more research investments in appropriate institutional arrangements to 
enhance seed production and uptake in WCA. Investments in irrigation facilities for off-season cropping 
and breeder seed production may be highly necessary.

This analysis relies heavily on the total quantity of seed produced and does not account for farmers’ 
recycling of seed and improved seed generates a stream of benefits with the yield gains accruing beyond 
the year of planting of fresh seed. Thus, the annual benefits were aggregated across the years to derive 
the total benefits for the whole 2008-2013 period. This analysis may suffer from attribution issues when 
using both the total quantity of seed production or adoption rates. This is likely to be refined as more 
adoption studies with nationally representative samples are undertaken.
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