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Abstract 

Background: There is a need for better evidence for the impact of plant breeding research on nutrient-rich crops 
such as pulses to guide policy-making and investment. Mungbean (Vigna radiata (L). Wilczek) is one of the major 
pulses of South and Southeast Asia and makes an important contribution to food security and agricultural sustain-
ability. The objective of this study is to quantify impact of and returns on investment from international mungbean 
breeding research for Myanmar.

Methods: This study applies the economic surplus model, which is a widely applied method to quantify the eco-
nomic impact of agricultural technology adoption at the aggregate level. Sensitivity analysis is used to test some of 
the key assumptions underlying the method. All data come from secondary sources. Estimates of economic impact 
are combined with investment costs to quantify returns on investment.

Results: Four mungbean varieties coming out of international agricultural research and released by the national 
agricultural system of Myanmar created aggregate economic gains of USD 1.4 billion from 1980 to 2016 and this is 
projected to increase to USD 3.7 billion by 2030. International donors and the Myanmar government invested about 
USD 5 million in the country’s mungbean research and development over this period. The average dollar invested 
generated USD 92 in economic gains up to 2016 and this is expected to increase to USD 181 by 2030. The internal 
rate of return is 27%. There is a 20-year time lag between start of investment and start of economic benefits.

Conclusions: International research into mungbean improvement led by the World Vegetable Center has created 
tremendous economic impact for Myanmar, most of it accruing to smallholder farm households and laborers contrib-
uting to the mungbean harvest. The unconditional sharing of plant genetic resources between national agricultural 
research systems in Asia was a key contributor to the success. It is important that this culture of sharing is maintained. 
The finding that agricultural research investment in mungbean gives high returns supports the case for diversifying 
investments into nutrient-rich crops to address Asia’s and the world’s nutritional and environmental challenges.
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adoption
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Background
The critical role of pulses (that is, legumes harvested for 
dry grains) for agricultural sustainability, global food 
security, and healthy diets is increasingly well recog-
nized [30, 39]. Yet, average pulses consumption is much 
below recommended levels in all regions of the world 
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[39]. One reason for this is that yields of pulse crops 
have not kept pace with those of cereals and oil crops 
[8, 17]. An underlying reason is the relative neglect of 
pulses and other nutrient-rich crops in plant breeding 
research and policy [29].

Increased investments in plant breeding research of 
nutrient-rich crops such as pulses is important for food 
security and environmental sustainability [7, 9, 14]. 
Guiding such investment requires a sound understand-
ing of the impact of past investments, but there is a lack 
of evidence for the impact of plant breeding research 
on minor crops such as pulses as most previous studies 
focused on staple food grains. This paper contributes 
to filling this gap and thereby strengthens the evidence 
basis for research investments in nutrient-rich crops. 
More specifically, the objective of this study is to quan-
tify the economic impact of and returns on investment 
from mungbean (Vigna radiata (L). Wilczek) improve-
ment research in Myanmar.

The study furthermore contributes to deepening our 
understanding of the impact of international agricul-
tural research. Mungbean breeding programs in nearly 
all Asian countries are modest in size and have only 
small collections of breeding lines and genebank acces-
sions. These programs therefore heavily rely on mung-
bean material supplied by international agricultural 
research centers. A recent study estimated 89% adop-
tion of improved mungbean varieties in Myanmar with 
four of the top-five mungbean varieties coming from 
international agricultural research, accounting for 77% 
of the planted area in 2016 [34]. The economic impact 
of international mungbean breeding, as funded by 
international development aid, is likely to be substan-
tial, but has never been studied or quantified.

The study’s focus on mungbean is justified as it is one 
of the major pulse crops in South and Southeast Asia 
alongside chickpeas and lentils, and planted on about 
5.4 million hectares (ha) across India, Pakistan, Bang-
ladesh and Myanmar [34]. In Myanmar, the mungbean 
area has substantially increased from 0.04 million ha 
in 1980 to 0.74 million ha in 2000 and 1.21 million ha 
in 2016 [13]. The country produced 1.6 million tons 
(t) of mungbean in 2016, of which 92% was exported 
[27]. About 637,000 farm households in Myanmar earn 
income from mungbean [34] in addition to many land-
less households who earn income from providing labor 
to the harvest. In Myanmar, mungbean is grown as a 
single crop usually in rotation with rice. The main con-
tribution of mungbean to food security in Myanmar 
is through income generation as less than 10% of pro-
duction is consumed within the country. Such income 
is very important in a country where 30% of the rural 
population lives below the poverty line [12].

This paper shows that mungbean improvement 
research has made a tremendous impact on the incomes 
of mungbean farmers and landless laborers. Much of this 
is due to the introduction of short-duration, high-yield-
ing varieties resistant to mungbean yellow mosaic disease 
(MYMD), which is the most serious disease of mungbean 
in South Asia. Applying the economic surplus method—a 
standard and widely used method based on welfare eco-
nomics, we estimate that the average dollar invested gen-
erated 92 dollars in economic impact.

Materials and methods
International mungbean research
International research on mungbean improvement is led 
by the World Vegetable Center, which has had a mung-
bean breeding program since 1972. In its first decade, this 
program made crosses between high-yielding, disease-
resistant material from the Philippines and early-matur-
ing material from India, which led to the development 
and release of the improved breeding line VC1973A. This 
line became particularly popular in Thailand and China 
[19, 35], but was not resistant to MYMD, which was the 
main disease affecting mungbean production in South 
Asia.

After 1981 the program therefore focused on the devel-
opment of MYMD resistance. Intensive collaboration 
with the national agricultural research system of Pakistan 
led to the identification of a local Pakistani variety with 
MYMD resistance. A reciprocal cross was made with 
VC1973A and the hybrid seed treated with gamma radia-
tion. Backcrosses were made with other breeding lines 
and a large number of MYMD-resistant lines were evalu-
ated in a shuttle breeding program between Pakistan 
and Thailand in the early 1990s [4, 35]. This led to two 
superior MYMD-resistant lines: NM92 and NM94. The 
first line spread rapidly in Pakistan and 51% of mung-
bean farmers in the Pakistan Punjab had adopted NM92 
by 1994 [4]. This variety generated an economic gain of 
United States dollar (USD) 20 million in the Pakistan 
Punjab from 1992 to 1997 [4].

In Myanmar, the Department of Agricultural Research 
(DAR) has participated in international mungbean 
research since the early 1980s. DAR has released 19 
improved varieties and 12 of these came from interna-
tional agricultural research, of which 11 are unaltered 
breeding lines supplied by the World Vegetable Center. 
The main varieties are Yezin 9 (line VC1973A), Yezin 11 
(line NM94), Yezin 14, and MAS 1. Jointly, these four 
varieties were planted on 77% of mungbean area in 2016 
[34]. These varieties are early and uniform maturing, 
have erect and determinate plant types, and a high grain 
yield. Yezin 11 and Yezin 14 are MYMD-resistant. Yezin 
9 and Yezin 11 are Cercospora leaf spot resistant. MAS 
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1 does not have good disease resistance, but is large-
seeded and drought-tolerant. The existence of multiple 
mungbean varieties is an important aspect of farmers’ 
autonomy in selecting varieties suitable to their local sys-
tem [36]. The Department of Agriculture (DoA) handles 
seed production and promoted these varieties to farmers. 
These efforts in combination with attractive world mar-
ket prices have spurred variety adoption and area expan-
sion in Myanmar [13].

Economic surplus model
The economic surplus method is the most widely used 
approach to quantify the impact of crop improvement 
research (for recent applications see [10, 31, 33, 37]). 
Economic surplus refers to the aggregated difference 
between the consumers’ willingness to pay and the pro-
duction cost for the demanded quantity. This surplus can 
be conceptualized as the area between an upward slop-
ing supply curve and a downward sloping demand curve 
up to the point where demand equals supply (the market 
equilibrium). The introduction of a new technology such 
as an improved variety, shifts the supply curve down and 
to the right, thereby expanding the area between the sup-
ply and demand curves and creating economic gain.

The method is not without criticism for it is a simplis-
tic way to quantify economic gains and makes strong 
assumptions about the shape of demand and supply 
curves, the existence of a market equilibrium, and about 
the shift in the supply curve as a result of the introduc-
tion of a new technology. Yet, the method is parsimoni-
ous in its data requirements, which allows its application 
to developing countries where detailed farm-level panel 
data are generally unavailable. Furthermore, it is trans-
parent and easy to check and replicate and the assump-
tions can be tested through sensitivity analysis. The data 
and analyses are available with this publication. These 
strengths explain why the economic surplus method has 
been widely applied to quantify the impact of agricultural 
technologies (e.g., [1, 2, 10, 21, 25, 33, 38]).

There are several versions of the economic surplus model 
[6]. Here we selected a large open-economy model because 
Myanmar exports most of its mungbean output and the 
price that farmers receive is therefore set in international 
markets. The market clearing condition is ensured in the 
model by equating excess supply and excess demand, 
which is the difference between total production and 
domestic demand. However, international price-spillover 
effects could not be estimated for the lack of data on global 
mungbean production and consumption as the crop is not 
separately listed in the statistics database of the Food and 
Agriculture Organization of the United Nations. Thus, wel-
fare effects were quantified for Myanmar only.

Producer benefits are determined by the magnitude of 
the supply shift, the decline in prices and initial rise in out-
put (see [6] p. 214–216 for model description and [5, 15, 
23] for applications). Important assumptions in the analy-
sis are the absence of technology spillover effects on other 
crops, linear supply and demand functions, a parallel sup-
ply shift, a single equilibrium world market price, and uni-
form market prices all over Myanmar. These assumptions 
are necessary for lack of data and empirical analysis on 
these aspects.

The economic gain or total welfare effects (TS) is the sum 
of two components: the producer surplus (PS), which is the 
economic gain accruing to producers, and a consumer sur-
plus (CS), which is the economic gain to consumers from 
increased availability and lower prices. Following Alston 
et al. [6], the model is specified as:

where Pt is the world market price in year t (USD/t), Qt is 
domestic production in year t, Ct is domestic consump-
tion in year t, both expressed in tons, and Ztη is the price 
effect explained below. The effect of technological change 
is captured by the supply-shift variable Kt, which is the 
per-unit and per-period cost reduction due to the new 
variety:

where ΔY is the yield gain of the new variety (in t/ha) 
over the variety it replaced, which is assumed to be con-
stant, Yt is the average yield in year t, ε is the domestic 
price elasticity of supply, and ΔX is the change in produc-
tion cost from technology adoption (USD/ha). At is the 
area planted to an improved crop variety. It is assumed 
that variety adoption profiles follow bell-shaped curves. 
The upward part of the curve was estimated using a logis-
tic regression model:

where U is the upper bound on adoption, b is the slope 
coefficient related to the rate of adoption, and a is the 
intercept related to the time when adoption begins. 
Equation (5) can be transformed into the linear form:

so that parameters a and b can be estimated using ordi-
nary least squares (OLS) regression given a minimum 

(1)�CSt = PtCtZt(1− 0.5Ztη),

(2)�PSt = PtQt(Kt − Zt)(1− 0.5Ztε),

(3)�TSt = �CSt +�PSt ,

(4)Kt = At

[(

�Y
/

Yt
)/

ε +�X
/

Pt × Yt
]

,

(5)At = U
/(

1+ e−a−bt
)

,

(6)ln
[

At

/

(U − At)
]

= a+ bt ,
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of three observations for Yt and assuming a value for U. 
Increased yields and a possible change in production 
costs, increase the market supply but exert a downward 
pressure on the market price, which is captured by  Zt:

where η is the domestic price elasticity of demand and 
ηrow is the price elasticity in international markets (ROW 
meaning “rest of the world”).

Data
Adoption curves
The adoption curves in Eq.  (6) were estimated using 
unpublished data provided by DoA for the period 2012–
2015 and combined with data from Schreinemachers 
et al. [34]. The first observation was obtained by assum-
ing a 1% adoption rate in the first year of introduction 
(Table 1). Upper bounds were based on expert estimates. 
Adoption curves were estimated separately for four 
popular mungbean varieties that resulted from interna-
tional agricultural research: Yezin 9, Yezin 11, Yezin 14 
and MAS 1. The independent estimation of four adop-
tion curves slightly overestimated the aggregate adoption 
of these four varieties by 5% in 2016 and the curves were 

(7)Zt = εKt

/

[ε + sη + (1− st)ηrow],

therefore calibrated downward to match the official data 
and avoid overstating the impact.

Area, production and consumption
Data on the planted mungbean area (ha), production (t) 
and national average yield (t/ha) were taken from official 
ministry data for the period 2000–2016 (Settlement and 
Land Records Department, 2016). Domestic consump-
tion was set at 7.7% of production as based on published 
data for 2017 from the Ministry of Commerce.

Prices
Price series of major exporting countries are good prox-
ies of world market prices [10]. We used “Free On Board” 
prices from the two major mungbean markets (Yangon 
and Mandalay) for the period from 2006 to 2017. Export 
prices were estimated from the export values and quan-
tities exported following JIRCA [20]. Export values and 
quantities were taken from the Central Statistical Office 
[13]. Export values in local currency units were con-
verted using a parallel market exchange rates using data 
from FAOSTAT [16] and deflated with the consumer 
price index with 2016 as the base year [13].

Price elasticities
There have been no reports of the domestic price elas-
ticity of supply and demand for mungbean in Myanmar. 
Masters et al. [22] wrote that the results of the economic 
surplus model are not very sensitive to the value of the 
demand price elasticity. Since the consumption of mung-
bean in Myanmar is very low, the domestic demand price 
elasticity was set to zero, meaning that lower mungbean 
prices do not increase consumption. We tested the sen-
sitivity of the results for this assumption. Previous stud-
ies suggest that the results are more sensitive to the value 
of the supply price elasticity (e.g., [33]). The mungbean 
supply elasticity was set to 0.44, which is the average of 
elasticity values reported in Ali and Abedullah [3], Hui-
jie et al. [19], and Hossain et al. [18]. Finally, the absolute 
value of the ROW price elasticity of demand was set to 
0.75 following Brennan et al. [11].

Crop yield and cost premiums
Performance data for the improved mungbean varieties 
were taken from on-farm trials conducted by DAR. The 
average yield of Yezin 9 was taken from three multilo-
cation on-farm trials conducted by DAR in 2000–2003 
and showed an average yield of 1.39 t/ha, which was 61% 
above the yield of the local check, Yezin 5, which was the 
dominant variety at the time. The average yield of Yezin 
14 was taken from three multi-location on-farm trials 
conducted by DAR in 2008–2010 and showed an average 
yield of 1.23 t/ha, which was 36% above the yield of the 

Table 1 Summary of  parameters and  variables used 
in the analysis

30-year time series data on area, production, yield, variety adoption and prices 
included in the online data annex

Parameter/variable Value

Mungbean-planted area in 2016 (million ha) 1.22

Mungbean production (t) 1.09

Mungbean yield (t/ha) 0.89

Mungbean harvest consumed domestically (%) 7.70

Introduction of improved mungbean varieties (year):

 Yezin 9 2000

 Yezin 11 2006

 Yezin 14 2008

 MAS 1 2007

Yield premiums over older varieties (proportion):

 Yezin 9 0.61

 Yezin 11 0.15

 Yezin 14 0.36

 MAS 1 0.34

Cost premium of all improved varieties (USD/ha) 0.00

Price elasticities:

 Domestic supply 0.44

 Domestic demand 0.00

 International market demand 0.75

Discount rate (% per annum) 5
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local check, Yezin-11, which was the dominant variety it 
replaced. The average yield of Yezin 11 and MAS 1 was 
calculated as the weighted average yields over 2015–2016 
from regional Department of Extension (DoE) data. It 
was determined that the Yezin 11 produced 1.27 t/ha, 
which was 15% higher than the yield of variety it replaced 
(Yezin 5), while the yield of MAS 1 was 1.49 t/ha, which 
was 34% higher than that of the variety it replaced (Yezin 
9). We note that the yields recorded in these on-farm trial 
data were close to the regional weighted average, 1.51 t/
ha for Yezin 14 and 1.26 for Yezin 9 in 2015–2016, and 
close to the national average yield 1.32 t/ha in the same 
period. This suggests that the yield premiums calculated 
from on-farm trials were representative for the yield 
premiums that the average farmer would have obtained. 
Estimates of variety-specific production costs were una-
vailable and we relied on local experts from the Food 
Legumes Section (interviewed during August 2017) who 
judged that there is no cost difference between old and 
new mungbean varieties.

Projections for 2017–2030
The projections assume that the estimated bell-shaped 
adoption curve can be extrapolated until 2030. We took 
2030 as the last year of the analysis because the four 
mungbean varieties are then expected to have very few 
users and this therefore captures the full benefits of the 
research investment. Another assumption is that the 
mungbean area follows a linear trend based on existing 
values for 2000–2016. All other parameters were kept 
constant.

Returns on investment
Returns on investment were estimated by comparing 
economic gains to the cost of developing and scaling 
the improved varieties. Streams of benefits and costs 
were converted into net present values by compounding 
historical values and discounting future values at a real 
discount rate of 5% per annum as used by nearly all com-
parable studies (e.g., [2, 10, 31]). We used three standard 
financial indicators of returns on investment: net present 
value (NPV) of the benefit and cost cash flow, benefit–
cost ratio, and internal rate of return (IRR).

The starting year for the cost calculation was set to 
1980, which refers to the start of a breeding collabora-
tion that led to the release of MYMD-resistant varieties, 
chiefly NM94. The improved varieties studied here are 
related to this variety, which was created around 1994 
and released in 1996, which we assume as the final year of 
breeding research relevant to this study.

International mungbean breeding research between 
1980 and 1996 was entirely funded by core donors to the 

World Vegetable Center. Following Masters et  al. [22], 
we approximated the investment cost by multiplying 
total expenditures by the proportion of senior scientists 
involved in mungbean breeding (including the mungbean 
breeder as full-time and the pathologist, virologist and 
nutritionist as part-time). This suggests that about 9.2% 
of the Center’s annual expenditures were allocated to 
mungbean breeding.

The mungbean breeding program had a focus on Bang-
ladesh, Bhutan, China, India, Nepal, Myanmar, Pakistan, 
Sri Lanka, and Thailand with India, China, and Thailand 
being the main recipients of improved mungbean germ-
plasm. In 1980, Myanmar accounted for only 3.3% of the 
total mungbean area in these nine countries, though this 
share had increased to 33% in the early 2000s. A conserv-
ative assumption would be that one-fifth of the overall 
mungbean breeding research was directed toward Myan-
mar and we therefore include one-fifth of the costs.

Scaling efforts were project-based and funded by the 
UK Department for International Development from 
1997 to 2004. These scaling efforts primarily focused on 
South Asia (India and Pakistan) as Myanmar was largely 
closed to foreign projects at the time. However, we con-
servatively assume that one-third of the scaling funds 
was directed at Myanmar in-line with the country’s share 
in the regions’ mungbean area in the early 2000s.

The investment by national partners in Pakistan, Thai-
land and Myanmar is unknown and impossible to cal-
culate for lack of budget data. World Vegetable Center 
clearly had a leading role in the research, while partners 
had a leading role in the scaling. Some of the research 
and scaling work of the partners was also funded through 
international agricultural research. For lack of better 
data, we simply assume that the national partners them-
selves invested an equal amount of funds in mungbean 
research and development.

Results
Adoption improved mungbean varieties
The cumulative diffusion curve shows that 46% 
(556,265 ha) of the mungbean area in 2016 was planted 
to varieties that resulted from international mungbean 
research (Fig.  1). This is much lower than the 77% esti-
mated by Schreinemachers et al. [34], but here we use the 
official data because these are available for several years 
and could be considered as conservative estimates of the 
actual adoption. Experts at DAR estimated that an adop-
tion ceiling may be reached in 2017 as other improved 
varieties are soon to be released and are likely to replace 
the current varieties. Our study therefore assumes that 
the adoption of the current four varieties will gradually 
decline following a bell-shaped curve (see also [24]).
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Yezin 9 was formally released in 2000 with an adop-
tion ceiling of 5% of the planted area, reached in 2016. 
Yezin 11 was formally released in 2006, and reached its 
adoption ceiling of 17% in 2017. MAS 1 was formally 
released in 2007 and its use has declined after reach-
ing 11% in 2015. Finally, Yezin 14 was released in 2008 
and accounted for 15% of the area planted in 2016 and is 
projected to reach a ceiling of 22% in 2021. Higher adop-
tion of Yezin 11 and Yezin 14 are the result of high yield 
premiums over other varieties, which is related to their 
MYMD resistance.

Economic impact and returns on investment
Our results show that mungbean research and develop-
ment in Myanmar has created total economic gains of 
USD 1.4 billion from 2000 to 2016 (Table  2). Of these 
gains, 95% (USD 1.3 billion) accrued to smallholder farm-
ers while only 5% accrued to consumers in Myanmar 
because most of the production is exported (and thus 
benefitting consumers outside the country). Extend-
ing the analysis up to 2030, when the selected improved 

varieties are expected to have been largely replaced by 
other varieties, suggests that the total economic gains 
will be USD 3.7 billion.

Up to 2016, each of the four varieties contributed simi-
larly (17–33%) to the total economic gains as shown in 
Fig.  2. However, when extending the period up to 2030 
then 49% of the economic gains can be attributed to 
Yezin 14 because of its high and increasing adoption 
while the other varieties are expected to lose share.

The cost of mungbean research, extension and promo-
tion in Myanmar from 1980 to 2016 is estimated to be 
USD 5.0 million, of which USD 2.5 million was invested 
by the international research center and the other half 
by the national agricultural system. These costs are small 
against benefits of USD 1.4 billion. The net present value 
of the project was USD 1.7 billion and the internal rate of 
return was 26.7% for the period up to 2016. Each dollar 
invested into mungbean research and development gave 
USD 92 in returns. Extending the project period up to 
2030, increases this to USD 181 and gives an internal rate 
of return of 27.5%.

Figure 3 shows the net present value of the economic 
gains and cost of research, extension and promotion. It 
illustrates the large time-lag between the start of invest-
ment in 1980 and the start of economic benefits, 20 years 
later in 2000. It also shows the enormous size of the eco-
nomic benefits as compared to the research and develop-
ment costs.

Sensitivity analysis
We evaluated the sensitivity of the results to variations in 
key parameters such as the demand and supply elasticity 
and discount rates (Table  3). The supply elasticity typi-
cally ranges from 0.2 to 1.2 according to Alston et al. [6]. 
Lower values indicate little expansion potential whereas 
higher values are used for crops with more potential to 
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Fig. 1 Adoption profiles of four mungbean varieties in Myanmar, 
2000–2030 (projected values for 2017–2030)

Table 2 Returns to  investment of  mungbean research 
and development in Myanmar

A 5% discount rate to benefits and costs was applied. In constant 2016 USD 
values

Financial indicators 1980–2016 1980–2030

Economic gain (in million USD) 1391.8 3655.3

 Consumers (%) 4.7 4.7

 Producers (%) 95.3 95.3

Research and development costs (in 
million USD)

5.0 5.0

Internal rate of return (%) 26.7 27.5

Net present value (in million USD) 1729.4 3431.7

Benefit–cost ratio 91.5 180.6

Total of 4 
varie�es
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Fig. 2 Annual economic gain of four mungbean varieties in 
Myanmar, 2000–2030 (projected values for 2017–2030), in constant 
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expand. The fact that mungbean expanded by about 10% 
annually from 1980 to 2016 suggests that the value should 
not be too low. The baseline scenario assumed a value of 
0.44, which is the average used by previous mungbean 
impact studies in South Asia. We test the model using 
lower and upper bounds as used by these previous stud-
ies. The results show that the results are sensitive to the 
supply elasticity. Setting the supply elasticity to 0.22, the 
lowest value reported, would increase economic gains to 
USD 3.4 billion, the benefit–cost ratio to 222.3 and the 
IRR to 31.5%. However, setting the supply elasticity to 

0.70, which is the highest value reported, would reduce 
economic gains to USD 0.7 billion, the benefit–cost ratio 
to 48.0 and the IRR to 23.3%. In contrast, the results are 
not sensitive to alternative values for the demand elastic-
ity or discount rate.

Discussion
The economic surplus model is not without criticism 
for it makes relatively strong assumptions as stated in 
the “Methods” section. We addressed this by making 
conservative assumptions for those parameters with a 
large degree of uncertainty such as the adoption rate 
of improved varieties. Other assumptions were tested 
through sensitivity analysis, the results of which suggest 
an interval for the economic impact estimates. We also 
have made all data and analyses publicly available for 
scrutiny. We believe that this careful application of the 
economic surplus model justifies its use, while noting 
that there are no real alternatives to this method in a data 
scarce situation such as mungbean in Myanmar. We also 
note that economic gain is in itself not a good indicator 
of changes in food security as it is not a household-level 
indicator and it is important to take into account several 
aspects of food security [32].

In terms of results, our study shows that the collabo-
rative work of World Vegetable Center and DAR gener-
ated large economic gains in Myanmar, of USD 1.4 billion 
up to 2016 and returns on investment of 27%. The eco-
nomic gain is projected to increase to USD 3.7 billion by 
2030, which does not account for newer mungbean vari-
eties that are currently being prepared for release. The 
economic gains are impressive when considering that 
mungbean only occupies about 6% of the cultivated area 
in Myanmar and the crop is just 60-70 days in the field, 
requiring little fertilizer or irrigation.

The total gains may appear high compared to previous 
impact studies on mungbean for Pakistan and Bangla-
desh [4, 18], but the mungbean area in Myanmar is more 
than three times that of Bangladesh and Pakistan com-
bined. Furthermore, these earlier studies were conducted 
relatively early in the diffusion of MYMD-resistant varie-
ties. For instance, the study of Ali et al. [4] was conducted 
just 2 years after their release.

The estimated economic gains are conservative and are 
likely to underestimate the true impact for several rea-
sons. First, the true adoption rates might be higher than 
what we have used in our analysis. A previous adoption 
study using expert elicitation methods estimated a com-
bined adoption of 77% for 2016, but this study assumed 
that this was only 48% as we fitted logistic curves to the 
official data. Official data rely on government extension 
staff while our estimates relied on a diverse set of mung-
bean experts (lead farmers, government staff, traders) 
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Fig. 3 Net present value (NPV) of costs and benefits of mungbean 
research and development in Myanmar, 1980–2030. Projected values 
for 2017–2030. Values for 1980–2016 were compounded to 2016 
levels and values for 2017–2030 were discounted to 2016 levels. 
Includes all four improved varieties studied

Table 3 Sensitivity of results to changes in key parameters

All values in 2016 USD

NPV net present value, IRR internal rate of return

Scenario (baseline 
values in brackets)

Economic 
gain (USD 
billion)

NPV 
(USD 
billion)

IRR (%) Benefit–
cost ratio

Baseline 1.4 1.7 26.7 91.5

Supply elasticity (0.44)

 0.22 3.4 4.2 31.5 222.3

 0.32 2.1 2.6 28.9 139.1

 0.50 1.2 1.5 25.8 77.0

 0.70 0.7 0.9 23.3 48.0

Demand elasticity (0.00)

 0.20 1.4 1.7 26.7 92.2

 0.40 1.4 1.8 26.7 92.9

 0.60 1.4 1.8 26.8 93.5

Discount rate (5.0%)

 3.0% 1.4 1.6 26.7 142.7

 10.0% 1.4 2.2 26.7 30.5
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and applied a delphi method for creating consensus. We 
therefore believe that the government data are likely to 
underestimate the adoption of improved varieties and the 
impact estimates reported here are likely to underesti-
mate the true impact.

Second, we did not quantify the economic gains for 
consumers outside Myanmar, particularly in India which 
is the main importer of mungbean. These additional gains 
will be large as 92% of the harvest is exported. Third, it 
is well-known that pulses like mungbean give secondary 
benefits in term of improved human nutrition and soil 
fertility improvement, which were not considered in the 
analysis.

Past accomplishments and projections of future impact 
do not imply that we can be complacent with the sta-
tus-quo. Average mungbean yields in Myanmar are low 
at just 1.3 t/ha and yields are even lower in South Asia. 
There are problems with seed quality and current varie-
ties do not offer comprehensive resistance to a range of 
diseases such as powdery mildew, Cercospora leaf spot 
and MYMD. Also, there is evidence that current sources 
of MYMD resistance in Myanmar may not be sufficient 
to withstand other strains/species of the virus [26]. Dry 
root rot [28], heat stress, salinity and the need for mecha-
nized harvesting are other challenges that require the 
development of new varieties.

Importantly, the results show that research investments 
in nutrient-rich crops that are minor in terms of global 
acreage, provide comparable returns on investment when 
compared to staple food crops (e.g., [1, 38]). This finding 
is important in light of the need to diversify food systems 
to meet contemporary nutrition challenges as diversify-
ing agricultural investments into minor crops will not 
reduce returns on investment.

Conclusion
International mungbean breeding, involving the World 
Vegetable Center and national agricultural research and 
extension systems, has generated tremendous economic 
impact in Asia. Our study estimates that the impact for 
Myanmar alone was USD 1.4 billion until 2016 and this 
will increase to USD 3.7 billion by 2030. However, the 
time lag between the start of research investment and 
the start of impact was 20  years. Investment in agri-
cultural research needs to diversify into nutrient-rich 
crops and this study provides evidence that such diver-
sification will not reduce returns on investments. Key 
to the success was a culture of germplasm sharing and 
international collaboration. The varieties that made an 
impact contained germplasm supplied by the national 
agricultural research programs of India, Pakistan, Thai-
land, the Philippines, and perhaps also other countries. 
This is important to consider as this culture of sharing 

is currently under threat as countries increasingly try to 
claim ownership over their genetic resources.
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