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HIGHLIGHTS
This study reports on the adoption and impacts of CGIAR-related maize
varieties in 18 major maize-producing countries in sub-Saharan Africa
from 1995-2015. Key findings include:
• Of the 1,345 maize varieties released in the study countries during
this timeframe, approximately 60% had a known or reported
CGIAR parentage.
• In 2015, about 34% of the total maize area in the study countries
(9.5 million ha) was cultivated with CGIAR-related maize varieties
released between 1995-2015.
• In the same year, another 13% of the total maize area was cultivated
with CGIAR-related maize varieties released before 1995.
• In 2015, the aggregate yearly economic benefits of using newer
CGIAR‑related maize varieties (released after 1994) were estimated
to be between US$0.66-1.05 billion.
• Compared to the benefits, global investment in CGIAR maize
improvement was modest. At its peak, yearly investment reached
about US$30 million.
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EXECUTIVE SUMMARY
The adoption and impacts of improved maize varieties developed and deployed by
CGIAR institutions in partnership with national agricultural research systems and the
private sector are examined here for the period 1995-2015. The study focuses on 18
countries in sub-Saharan Africa (SSA) where maize is widely cultivated. We use data
from an expert survey among maize breeders in CGIAR and partner institutions, and
secondary sources and publications. Both maize area and maize productivity showed
an upward trend in the target regions over the period studied. Regional differences,
however, were observed with respect to the total number of maize varieties released
during 1995-2015: <1 variety released per annum (p.a.) in five countries (Benin,
Madagascar, Guinea, Cameroon, and Senegal), whereas 11-12 varieties were released
p.a. in two countries (Kenya and Zambia). Of the 1,345 maize varieties released during
this period, about 60% had CGIAR germplasm in their genetic background.
We classified the target countries with respect to the area under maize cultivation into
‘large producers’ (a group of eight countries averaging >1 million ha of maize per year
during 1995-2015) and ‘small producers’ (a group of ten countries with <1 million ha).
The share of released maize varieties containing CGIAR germplasm was found to be
similar across groups. However, in the large producer group, several varieties were
developed as crosses of CGIAR and non-CGIAR germplasm (24% of all released
varieties, compared to 10% in the small producer group); this is probably associated
with a more active private seed sector and stronger domestic breeding capacity among
the large producer group of countries. In both large and small producers, there was a
pronounced increase in the rate of annual varietal releases with a CGIAR relationship.
The pace of official release of CGIAR-related improved varieties was faster than that of
non-CGIAR varieties. Especially during the last five years of the study (i.e., 2011-2015),
the number of released varieties with a CGIAR relationship was significantly larger (n
= 304) than the number of released non-CGIAR varieties (n = 60). This pattern may be
explained by the stepping-up of CGIAR breeding activities and the stronger networks
established in the region since the mid-1990s. New types of germplasm were released
that were resistant to more virulent diseases—particularly maize streak virus and gray
leaf spot—and that were tolerant to drought and low soil fertility. The share of CGIARrelated maize varieties was substantial (87%) in countries with a low varietal release
intensity (i.e., a large maize area per release p.a.) compared to countries with a high
intensity (i.e., a small maize area per release p.a.) (59%).
In addition to a new series of elite open-pollinated varieties (OPVs), the breeding
efforts by CGIAR and partnering institutions also produced a much wider range of elite
hybrids that were submitted for registration and subsequent commercialization by an
increasing number of small seed companies. Most maize varieties released in SSA
during 1995-2015 were hybrids (73%). We found that the seed type (hybrids vs. OPVs)
and CGIAR involvement in varietal development were strongly associated. Most OPVs,
which generally have less expensive seed than hybrids, had a CGIAR relationship
(84%). Hybrids accounted for 65% of all CGIAR-related releases and 88% of
non‑CGIAR releases.
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Estimates of varietal diffusion in farmers’ fields indicated that 34% of the maize area
(equivalent to 9.5 million ha) in the surveyed countries in 2015 was cultivated with ‘new’
CGIAR-related maize varieties released during 1995-2015. An additional 12% of the
maize area (equivalent to 3.3 million ha) was planted with ‘old’ CGIAR-related varieties
(released before 1995). The aggregate adoption rate of new CGIAR-related varieties
was only marginally higher in the large producer group (35% or 7.3 million ha) than in
the small producer group (31% or 2.2 million ha). On the other hand, adoption of old
CGIAR-related varieties was higher in the small producer group (28% or 2 million ha)
than in the large producer group (6% or 1.3 million ha). However, these figures should
be considered lower-bound estimates because of likely underreporting. The genetic
background of commercialized maize varieties is typically not disclosed or publicly
available, and the parentage of a substantive share of reported varieties (21% overall
for SSA in 2015) remains unidentified.
Dynamic panel-data regression models at the country-level show that a 1% increase
in the adoption of new maize varieties containing CGIAR germplasm increased maize
productivity in SSA by 28%. The effect was particularly pronounced in the small
producer group (38%) compared with the large producer group (10%), which may
be attributable to a relative lack of quality germplasm for comparison in the small
producer group. Employing equilibrium displacement economic surplus models,
we estimate that the aggregate benefits of new CGIAR-related maize varieties was
US$ 0.8-1.3 billion p.a. in 2015 for all the 18 SSA countries taken together (depending
on a homogeneous or heterogeneous yield effect for the small and large producers).
After further accounting for the parentage share of CGIAR germplasm in the adopted
CGIAR-related varieties (80.5%), the associated aggregate economic impact of new
CGIAR germplasm was US$ 0.66-1.05 billion p.a. in 2015 for the 18 study countries.
Even at the lowest bound, these estimates show a high return with a potential benefitcost ratio of 22:1 to the global investment in CGIAR maize improvement (US$ 30
million in 2015), most of which was incurred in maize improvement for SSA. The active
participation and contribution by national agricultural research systems and the private
seed sector to the development and dissemination of CGIAR germplasm are also
credited for the high returns to research investment.
Yield enhancement is only one of several improved traits of the maize varieties
containing CGIAR germplasm. These varieties have abiotic and biotic stress tolerance
(reduction of yield variance or downside risk or both) and, more recently, enhanced
nutritional quality, which are essential for the food security, income, and livelihoods of
smallholder farmers dependent on maize in stress-prone agro-ecologies. Besides traits
such as drought tolerance and disease resistance, CGIAR maize breeding programs are
the most significant sources of germplasm with nutritional enrichment traits, especially
quality protein maize (QPM), provitamin-A, and zinc. The potential economic impacts
of CGIAR investment on risk reduction and nutritional enhancement in maize have not
been examined in depth.
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INTRODUCTION

Next to an expanding area under cultivation,
maize technology innovations are at the core
of global maize production, which reached one
billion tons per annum (p.a.) in 2013, and has been
increasing at 3% per annum (FAOSTAT, 2020a).
These innovations are crucial for lower-income
countries, where about 36% of the global maize
area lies, and where changes in maize productivity
critically affect rural livelihoods by determining
subsistence consumption and farm incomes
(Shiferaw et al., 2011). Maize is consumed as
a staple in Africa, where, on average, 128g of
maize grain was available per person per day for
consumption in the year 2017 (FAOSTAT, 2020b).
In sub-Saharan Africa (SSA), the crop provides at
least 30% of people’s total calorie intake (Nuss
and Tanumihardjo, 2010). Despite the positive
trend in global maize grain production, meeting
increasing demand remains a significant challenge
for maize-producing countries across the Global
South, which are variously constrained by natural
resource depletion and degradation, input scarcity,
climate change, and poverty among smallholder
producers (Challinor et al., 2016; Tesfaye et
al., 2017; Assefa et al., 2020; de Groote et al.,
2020; Kassie et al., 2020). In response to such
challenges, maize research-and-development
(R&D) has continued to generate and disseminate
different climate-smart technologies and
innovations (Morris et al., 2003a; Makate et al.,
2017; Cairns and Prasanna, 2018; Jones-Garcia
and Krishna, 2021).
Successful maize technological innovations in the
Global South have been variously documented
through empirical research, especially in SSA
(Alene et al., 2009; Smale et al., 2011; Muzari et
al., 2012; Erenstein and Kassie, 2018; Kubitza and
Krishna, 2020; Jones-Garcia and Krishna, 2021).
There have been several compelling success
stories concerning technology development
and deployment for productivity enhancement,
stress resilience, and nutritional enrichment
of maize through crop improvement. Many of
these R&D interventions have had substantial
livelihood impacts for maize farmers and
consumers in lower-income countries (Alene
et al., 2009). Despite this, the maize breeding
programs of CGIAR and many national agricultural
research systems (NARS) have faced reduced
budgetary support since 2015. Donors have been
keen to scrutinize whether their investments are
delivering value-for‑money (Sumberg et al., 2013;
Glover et al., 2016). Documenting technology
adoption and establishing its impacts provide
a measure of the performance efficiency of
agricultural R&D. Furthermore, adoption-impact

assessments can provide valuable retrospective
lessons (Morris et al., 2003b; Walker and Alwang,
2015; Kubitza and Krishna, 2020).
Against this backdrop, the present study
examines the role of the CGIAR, specifically the
International Maize and Wheat Improvement
Center (CIMMYT) and the International Institute of
Tropical Agriculture (IITA) in maize improvement in
SSA. We focus specifically on the role of improved
CGIAR maize germplasm in 18 target countries
in SSA during 1995-2015, using data from public
and private-sector institutions. We assess the
associated impact on maize productivity and
indicate the relevance of nutritional enhancement
and risk reduction. The present study was
commissioned and financially supported by the
CGIAR Research Program on Maize Agri-food
Systems (MAIZE). MAIZE is part of a concerted
effort to implement a results-oriented strategy
in maize agri-food systems, fully exploiting the
potential of international agricultural R&D to
enhance global food security and environmental
sustainability. CIMMYT and IITA have led MAIZE
since late 2011 (MAIZE, 2016). The study
complements previous research on the impact
of CGIAR maize germplasm improvement for the
period 1966-1998 (Morris et al., 2003a), using data
from 37 developing countries (18 in Latin America,
7 in Asia, and 12 in SSA). The previous study
estimated that 54% of all publicly-bred maize
varieties released for non-temperate cropping
systems during 1966-1998 contained CGIAR
germplasm, and that 59% of the maize area under
improved varieties grew CGIAR-related varieties
(Morris et al., 2003a). In the present study, we
update these estimates for SSA.
In Chapter 2, we briefly discuss the evolution of
CGIAR maize breeding and research priorities.
Chapter 3 provides the details of data sources
(Annex 2 describes analytical methods). Chapter
4 analyzes CGIAR-related maize varietal releases
in the study countries for 1995-2015, farmers’
adoption of improved maize germplasm, and the
R&D impacts of CGIAR efforts toward germplasm
improvement. Chapter 5 summarizes the
conclusions of the study. While the focus of the
study is on germplasm originating from CGIAR
breeding programs, it must be recognized that a
much wider range of institutions, most prominently
national agricultural research and extension
systems and the private seed sector, have
contributed to the development, dissemination,
and diffusion of CGIAR maize germplasm and
the associated impact. The contribution of this
collaboration cannot be overlooked.

Impacts of CGIAR Maize
Improvement in sub-Saharan Africa

1995-2015

1

2

EVOLUTION OF CGIAR
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IMPROVEMENT RESEARCH
DURING 1995-2015
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The R&D programs of CIMMYT and IITA have more than 50 years
of maize breeding history, and they benefit from access to a vast
diversity of tropical and sub-tropical (hereinafter jointly referred
to as (sub)tropical) germplasm, modern breeding technologies,
extensive partnerships with public- and private-sector institutions
worldwide, and well-coordinated germplasm phenotyping/testing
networks in the (sub)tropics of SSA, Asia, and Latin America. The
primary focus of CIMMYT’s and IITA’s maize breeding programs
until the 1980s was the development of improved openpollinated varieties (OPVs) that were attractive to smallholder
farmers for better performance, consumer acceptance, and
their seed-recycling potential (Morris et al., 2003a). Before the
1980s, OPVs occupied almost 80% of the total maize area in
low- and middle-income countries that were characterized by
weak national research systems and little-developed private seed
sectors (Paliwal et al., 2000). During this time, CIMMYT and IITA
primarily used population improvement methods to enhance
the productivity, agronomic fitness, and adaptability of maize
pools and populations as sources of superior OPVs, which were
deployed in the target production environments.
Since the 1980s, CIMMYT and IITA have increased investments
in hybrid maize breeding. The initial focus was on higher grain
yield and regionally important pests and diseases, such as
maize streak virus and Striga in SSA and downy mildew in South
Asia. These efforts were later complemented with mainstream
breeding approaches to improve abiotic stress tolerance, such
as for acid soils (South America), drought and suboptimal soil
nitrogen (Mexico, SSA, South Asia), waterlogging (South Asia),
and high temperatures (South Asia, SSA, Mexico). Nutritional
improvements of maize mainly included improved protein
quality (from the 1970s into the early 1980s) and higher zinc or
provitamin-A content (in the 2000s). In all these efforts, specific
focus was placed on reaching smallholder farmers in SSA,
Asia, and Latin America—who often had inadequate access
to improved maize seed—and on geographies and maize crop
seasons that were often not targeted by the multinational private
sector because their market size and profit margins were too
small for investment in breeding (MAIZE, 2016).
Beginning in the mid-1990s, the two centers started forming
intensive partnerships with many small- and medium-enterprise
(SME) seed companies to commercialize improved maize
cultivars, catalyze new seed systems, and to supply highquality improved seed to smallholder farmers, first in SSA and
more recently in South Asia and Latin America. Overall, there
are still very few maize-cultivar development programs in the
private sector that are focused on the stress-prone, low-input
agro-ecologies targeted by the CGIAR. Large agricultural
input companies and the multinational private sector focus on
higher-income countries. Pray and Fuglie (2015) estimated that
approximately 95% of global private agricultural R&D spending is
by companies based in high-income countries that include only
21% of the global maize area, with some spill-over to emerging
markets through the multinational corporations’ global research
networks with subsidiaries and joint ventures.
Since 1995, CIMMYT has initiated hybrid maize trials in target
geographies in SSA, Asia, and Latin America, and used pedigree
selection to develop improved inbred lines and hybrids. Maize

biotechnology work, especially the discovery and validation of
molecular markers for key traits, began at CIMMYT in the late
1990s and has strengthened significantly since 2005 (Beyene et
al., 2016; Prasanna et al., 2020b). CIMMYT and IITA continuously
integrated novel tools and technologies; to increase genetic gains.
These included double-haploid technology, high-throughput,
field‑based phenotyping; and genomics-assisted breeding
(Prasanna et al., 2020a).
In all instances, third-party-funded projects determined where
breeding and dissemination efforts could be implemented
geographically, and at what scale. For example, CIMMYT and IITA
intensified breeding efforts and public-private partnerships from
2007 onwards to strengthen maize seed systems in SSA through
major projects, such as Drought Tolerant Maize for Africa (DTMA),
Water Efficient Maize for Africa (WEMA), and Improved Maize for
African Soils (IMAS). Major funding supporting similar activities
in Mexico was forthcoming through MasAgro starting in 2011;
however, obtaining equivalent funding at the time in South Asia
was challenging.
Besides drawing on the extensive genetic diversity in elite genetic
backgrounds, the CGIAR maize breeding programs worked with
an extensive range of R&D partners to develop products and
technologies and learn from diverse agroecological zones and
farming communities (MAIZE, 2016). For many NARS institutions
and SME companies with very limited (or sometimes no) breeding
programs, CIMMYT and IITA were the primary sources of
improved maize germplasm (Morris et al., 2003a; de Groote et al.,
2015). NARS and SMEs in the (sub)tropics with maize breeding
programs used CIMMYT and IITA’s improved maize germplasm
(e.g., drought tolerance, heat tolerance, maize lethal necrosis
(MLN) resistance, etc.) as parental lines in hybrid combinations
and as a genetic base for deriving their breeding materials.
The CGIAR maize breeding programs have also demonstrated
their strategic importance in responding to devastating biotic
stresses in the tropics. One of the major success stories in
recent years is the rapid response to the MLN epidemic in
eastern Africa, which included the establishment of an intensive
screening of maize germplasm leading to the identification and
development of MLN-resistant sources, fast-tracked breeding
and release of MLN-resistant maize hybrids, and molecular,
marker-assisted conversion of the elite but MLN-susceptible lines
into resistant versions (Prasanna et al., 2020c). The MLN case
demonstrates the importance and ability of CGIAR-led initiatives
in maize breeding to respond quickly and effectively to emerging
global challenges.
The CGIAR maize breeding programs also have unique technical
expertise and focused breeding programs on biofortification
(Prasanna et al., 2020b). These efforts have led to the
development and deployment of elite maize hybrids and OPVs
with enhanced concentrations of provitamin-A (>15 ppm), kernel
zinc (>30 ppm), and protein quality (2- to 3-fold higher lysine and
tryptophan content), with present and potential impact on the
nutritional status of the poor, especially pregnant women, nursing
mothers, and weaning and pre-school-age children (Akalu et al.,
2010; Gunaratna et al., 2010; Suwarno et al., 2019).
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Farmer adoption of improved crop varieties is a crucial component in the sustainable
intensification of agriculture. It has become a focal point of R&D initiatives in maize
agri-food systems of the Global South. In SSA, where the crop contributes about 50%
of calorie consumption in several rural communities (Lunduka et al., 2019), farmer
access to improved maize germplasm is shown to have a substantial effect on poverty
alleviation (Alwang et al., 2019). Here, we focus on the 18 major maize-producing
countries in SSA (with available data, and excluding South Africa), viz. (in alphabetic
order) Angola, Benin, Cameroon, Ethiopia, Ghana, Guinea, Kenya, Madagascar,
Malawi, Mali, Mozambique, Nigeria, Rwanda, Senegal, Tanzania, Uganda, Zambia, and
Zimbabwe. To explore the potential heterogeneity across the study countries arising
from differential seed market size for new varieties, we classified these countries into
‘small maize producers’ (with <1 million ha of maize cultivated per country p.a. during
1995-2015) and ‘large maize producers’ (with >1 million ha of maize per country p.a.).
Eight countries (Angola, Ethiopia, Kenya, Malawi, Mozambique, Nigeria, Tanzania,
and Zimbabwe) were categorized as large producers and the rest (n = 10) as small
producers. Figure 1a shows a notable increase in the combined maize area of the
18 countries during the study period, from 17.5 million ha in 1995 to 28 million ha in
2015. Expansion of the maize area was faster in the small producer countries than
in the large producer countries. Similarly, increase in grain yield was faster in the small
producer countries (varying from 1.4 t/ha in 1995 to 2.0 t/ha in 2015, as a group) than
in the large producer countries (1.3 t/ha to 1.7 t/ha) (Figure 1b).
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Figure 1. Changes in maize area and national maize grain yield in the study countries in sub-Saharan
Africa (SSA), 1995-2015.
We obtained data on varietal releases with pedigree information and on farmers’
adoption of varieties for the study period for all the study countries. These data are
crucial for conducting an impact analysis of any crop breeding program. However,
because such information is often not readily available, we conducted a comprehensive
survey of maize experts in SSA, covering both private and public breeding programs.
A semi-structured questionnaire was sent to maize scientists/managers from the 18
countries where tropical maize varieties were mostly cultivated. The questionnaire was
sent to 71 experts across SSA, and 43 answered the questions (a response rate of
60.6%: Annex 1). In addition, we compiled for each country a list of improved maize
varieties released during 1995-2015 from the seed catalogs and variety registers, and
enriched the list further using data from a literature review, project reports (e.g., the
Quarterly Bulletin of Drought Tolerant Maize for Africa Project), and CGIAR’s Diffusion
and Impact of Improved Varieties in Africa (DIIVA) project. These sources also provided
information on the parentage of the varieties (i.e., the CGIAR relationship). The
estimated area coverage of individual varieties was also obtained from these sources,
which included available adoption studies. Finally, FAOSTAT (2020a) datasets were
used for the national-level area, production, and yield statistics. The analytical methods
employed to estimate adoption and impact are summarized in Annex 2.
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4.1. MAIZE VARIETAL RELEASES AND
CGIAR CONTRIBUTION
CGIAR maize breeding focuses on tropical, and to a limited extent, sub-tropical,
agro-ecologies in SSA, Latin America, and South Asia. However, the focus of this
study is on SSA, mainly because of better data availability across the study period.
During the period from 1995 to 2015, a total of 1,345 maize varieties were released
in the 18 study countries. The number of variety releases varied widely, from
<1 p.a. in five countries (Benin, Cameroon, Guinea, Madagascar, and Senegal) to
11-12 p.a. in two countries (Kenya and Zambia) (Table 1). On average, 5.1 varieties
were released per country p.a. in the large producer group, and 2.3 varieties were
released per country p.a. in the small producer group. However, the aggregate
maize area was three times larger in the former (16.0 million ha on average) than in
the latter (5 million ha on average). As a result, the varietal release intensity – the
ratio of maize area to the number of varieties released p.a. – was greater for the
small producer group, at one variety per 216 thousand ha, compared to one variety
per 392 ha for the large producer group. The release intensity was highest for
Zambia (one variety per 64 thousand ha) and lowest for Cameroon (one variety per
1,842 thousand ha). The degree of development of the domestic seed sector was
primarily responsible for this difference. Zambia is a case in point: underpinning its
high varietal release intensity was a vibrant private seed sector, fostered through
the government’s liberalization policies and a large-scale seed subsidy program
(Blekking et al., 2020). According to the same study, “the seed subsidy program
has institutionalized hybrid-maize seeds as a key component for programs aimed
at alleviating rural poverty and agricultural development in the country.” On the
other hand, a formal, proprietary maize seed production system had historically
been missing in Cameroon, where government agencies and other farmers were
the primary sources of seed (Awotide and Tontsa, 2011).

Table 1. Maize area and varietal release indicators for the study countries in SSA, 1995-2015.
Large producers: maize area >1 million ha on average p.a.
Average number of Maize area (‘000 ha), Maize varietal release
Country
varieties released
1995-2015 yearly
intensity (‘000 ha/
(n=8)
(p.a.,1995-2015)
average
release p.a.)a
Nigeria
4.48
4,324
966
Tanzania
6.57
2,643
402
Ethiopia
2.95
1,799
609
Kenya
11.52
1,749
152
Malawi
4.52
1,508
333
Mozambique
2.05
1,489
727
Zimbabwe
7.67
1,471
192
Angola
1.14
1,059
927

Overall

40.90
(5.11 per country)

16,042

392

Small producers: maize area <1 million ha on average p.a.
Average number of Maize area (‘000 ha), Maize varietal release
Country
varieties released
1995-2015 yearly
intensity (‘000 ha/
(n=10)
(p.a.,1995-2015)
average
release p.a.)a
Ghana
1.76
828
470
Uganda
3.71
826
222
Benin
0.95
747
784
Zambia
11.43
735
64
Cameroon
0.33
614
1,842
Mali
2.33
426
183
Guinea
0.57
337
590
Madagascar
0.24
222
932
Rwanda
1.14
140
123
Senegal
0.67
126
189
23.14
5,001
216
Overall
(2.31 per country)

Note: Varietal release intensity is the ratio of average maize area (‘000 ha) by number of maize varieties (both CGIAR-related and unrelated) released annually (1995-2015). Maize area figures were
sourced from FAOSTAT (2020a). a: Maize area per number of releases is one of the many ways of representing varietal release intensity. Walker (2015) estimated the release intensities as the
number of releases per quantity as well as per value of production.
Impacts of CGIAR Maize
Improvement in sub-Saharan Africa

1995-2015

7

100

80

60

40

20

Cumulative number of maize varieties
released (1995-2015)

800

Varieties with CGIAR relation

700

Varieties with no known CGIAR relation

600

Varieties with unknown parentage

500
400
300
200
100
0
1995

1997

1999

2001

2003

2005 2007
Year of release

2009

2011

2013

2015

2009

2011

2013

2015

2009

2011

2013

2015

Cumulative number of maize varieties
released (1995-2015)

(b) Large producers (maize areas >1 million ha)
600

Varieties with CGIAR relation

500

Varieties with no known CGIAR relation
Varieties with unknown parentage

400
300
200
100
0
1995

1997

1999

2001

2003

2005 2007
Year of release

(c) Small producers (maize areas <1 million ha)

300

Varieties with CGIAR relation
Varieties with no known CGIAR relation
Varieties with unknown parentage

250
200
150
100
50
0
1995

1997

1999

2001

2003

2005 2007
Year of release

Figure 3. Releases of improved maize varieties in the study
countries in SSA, 1995-2015.

Number of released maize varieties (1995-2015)

Percentage of all released maize varieties (1995-2015)

The cumulative number of maize varieties released
over time is shown in Figure 3. In both large and small
producer categories, there was a pronounced increase
in the rate of annual varietal releases with a CGIAR
relationship after 2007, which aligns with the facts that
substantially more resources became available to support
the development and dissemination of stress-tolerant
hybrids and OPVs, and that those hybrids and OPVs
demonstrated superior performance compared with
established varieties (Bänziger et al., 2006). Especially
during the last five years of the study (i.e., 2011-2015), the
number of released varieties with a CGIAR relationship
was substantially higher (n = 304) than the number of
non-CGIAR varieties released (n = 60). During the study
period, the rate of new variety releases with a CGIAR
relationship grew faster (15.6% p.a.) than the rate of
release of non-CGIAR varieties (10.9% p.a.). The increase
in new CGIAR releases was more pronounced in the large
producer group (Table 2).

(a) Overall

Cumulative number of maize varieties
released (1995-2015)

The share of varietal releases with a CGIAR relationship
is shown in Figure 2. Among all the maize varieties
released between 1995 and 2015, about 60% had
CGIAR parentage or germplasm relationship, i.e., they
either had CGIAR inbred line(s)/parent(s) directly in their
pedigree or had parental lines with some CGIAR origin.
During this period, 859 maize varieties were released in
the large producer group and 486 in the small producer
group. Nevertheless, the share of released maize varieties
containing CGIAR germplasm was similar across these
groups. There is most likely a degree of under-reporting
of varieties’ CGIAR parentage, especially in the large
producer group, where 11% of maize varieties had
unknown parentage; by contrast, in the small producer
group only 4% of varieties had unknown parentage.
Furthermore, in the large producer group, a large share of
varieties was developed as crosses of CGIAR and nonCGIAR germplasm (24% of all released varieties), which
indicates more substantive breeding efforts in the national
public and private seed sectors with maize breeding
programs, as well as CGIAR’s conscious effort to
strengthen domestic breeding capacity. Only 10% of such
varieties were released in the small producer countries.

1,400

Unknown parentage
Non-CGIAR (0% CGIAR parentage)
1-49% CGIAR parentage
59-99% CGIAR parentage
100% CGIAR parentage

1,200
1,000
800
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Large producers

Small producers

0

Overall

Large producers

Small producers

Figure 2. Maize varietal release indicators by CGIAR parentage classes in the study countries in SSA, 1995-2015.
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Table 2. Changes in cumulative release of CGIAR and non-CGIAR varieties (% p.a.) in the study countries in SSA, 1995-2015.
Small producers
Large producers
Overall
(maize area <1 million ha)
(maize area >1 million ha)
Changes in cumulative release of varieties released with CGIAR relation (% p.a.)
15.6
13.3
17.2
(0.6)
(0.7)
(0.8)
Changes in cumulative release of varieties released without known CGIAR relation (% p.a.)
10.9
10.7
11.1
(1.2)
(1.1)
(1.3)

Cumulative number of maize varieties
released (1995-2015)

Note: Reported are the b coefficients (std. errors) of year variable in the regression model Dep. Var. = a + b(Year) expressed as % to denote the annual change in percentage terms (based on
natural log). All coefficients are statistically significant with p ≤ 0.01. N = 21 years (1995-2015).
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The growth in the cumulative number of releases of maize hybrids
and OPVs, with and without a CGIAR relationship, is shown in
Figure 4. Most maize varieties released in SSA during 1995-2015
were hybrids (73%). The share of hybrids was 65% in releases with
CGIAR germplasm and 88% in releases with no known or reported
CGIAR germplasm. Most improved OPVs had a CGIAR relationship
(84%), with only a limited number of non-CGIAR OPVs. A number
of farmers continued to use OPVs rather than adopt hybrids. This
is likely associated with several factors, including the inherently
low yield-variability of OPVs, which makes investing in hybrid
seeds comparatively risky, with the possibility of not recovering the
investment (Pixley and Banziger, 2004; Pixley, 2006). Under such
conditions, saving OPV grain from the previous crop for use as seed
for the following crop might be more profitable, albeit lower-yielding
than hybrids. As such, CGIAR has been a vital source for elite OPVs.
However, this situation might result in the failure of private investment
and a slow evolution of a more dynamic formal seed sector.

Year of release

Figure 4. Releases of hybrids and open-pollinated
varieties (OPVs) of maize in the study countries in SSA,
1995-2015.
Note: Only those varieties with known parentage (89.5% of all releases) are included
in the analysis. The growth rate in the cumulative number of hybrids released
with CGIAR relation is 18.9%, that of OPVs with CGIAR relation is 12.5%,
hybrids with no known CGIAR relation is 10.9%, OPVs with no known CGIAR
relation is 11.7% p.a. All rates are derived from the regression model ln (Cum.
Releases) = a + b(Year). All coefficients are statistically significant with p ≤ 0.01.
N = 21 (number of years; 1995-2015).

The CGIAR parentage classes of maize varietal releases from
1995 to 2015 are shown by country in Figure 5 (a and b). There is
an apparent negative relationship between the number of overall
maize releases and the share of CGIAR-related releases. Across the
study countries, the share of CGIAR-related varieties to the total
variety releases reduced by 0.24% (p < 0.01) for each unit increase
in varietal releases. In other words, the share of CGIAR-related
releases was higher in countries with few aggregate releases and
decreased as the number of total releases increased. For example,

(a) Number of maize varieties released by CGIAR parentage class

(b) Share of maize varieties released by CGIAR parentage class (%)
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Figure 5. CGIAR parentage class of maize varietal releases from 1995-2015 in SSA, by country.
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in Senegal (14 releases) and Benin (20 releases), almost all new maize varieties had
CGIAR parentage. Nonetheless, even in countries with a large number of maize variety
releases, which is most likely associated with a relatively active and well-developed
private seed sector, the share of CGIAR-related releases was substantial (e.g., in
Tanzania and Kenya).
Table 3 presents the share of CGIAR-related releases in different countries for
1995-2015, cross-tabulating countries based on their varietal release intensity rank
and maize area rank. Such a classification is helpful for highlighting the relative
importance of CGIAR germplasm across SSA countries that are diverse with respect
to the institutional environment. The share of CGIAR-related releases was high
(87%) in countries with small varietal release intensities (i.e., large areas per release
p.a.), compared to those with greater varietal intensities (59%). Large producer
countries had a somewhat larger share of CGIAR-related releases (67%) than small
producer countries (62%). However, once we exclude Zambia – an outlier in the small
producer group with respect to the intensity of varietal releases – the share becomes
significantly larger for the remaining small producers (95%). The largest share of
CGIAR-related releases (95%) occurred in small producer countries with low varietal
release intensities (mostly western and central African countries such as Benin,
Ghana, and Madagascar). In short, CGIAR maize germplasm played a key role in both
large and small producer countries, but the prevalence of CGIAR germplasm is highest
in countries with the presence of a limited formal seed sector.

Table 3. The role of CGIAR in maize varietal parentage (% of releases) when classifying the study
countries in SSA by varietal release intensity and maize area, 1995-2015.
Maize varietal release intensity (rank)
High (i.e. low area per
release p.a. [lowest 9])
Country categories
with respect to area
under maize cultivation
(1995‑2015 average)

Kenya (82%)4,3
Large producers
[>1 million ha]

Zimbabwe (34%)

Mozambique (61%)6,13

Malawi (41%)5,8

Angola (92%)8,15

Tanzania (81%)

2,9

Zambia (28%)

Rwanda (91%)17,2
Senegal (100%)18,5
Mali (100%)

14,4

Cameroon (100%)13,18
Guinea (83%)15,11
Madagascar (100%)16,16
Benin (100%)11,14

##a

Sub-group (95%)***,###

(59%)

(67%)

Ghana (95%)9.10

Uganda (91%)10,7
Sub-group (54%)
Overall

Nigeria (91%)1,17
Sub-group (84%)***

12,1

Overall

Ethiopia (80%)3,12

7,6

Sub-group (61%)

Small producers
[<1 million ha]

Low (i.e. high area per
release p.a. [highest 9])

(87%)***

(62%)##
(65%)

Notes: Varietal release intensity rank is derived from the ratio of average maize area of 1995-2015 (‘000 ha) by the total number of maize varieties released
p.a. during this period (cf. Table 1). We have included only those maize varieties with known parentage. Figures in parentheses show the proportion of
CGIAR-related maize varieties to the total number of maize varieties released during the study period. Number superscripts: Rank with respect to average
maize area and rank with respect to maize varietal release intensity, respectively.
***
The difference in the proportion of CGIAR-related maize varieties across the two release intensity groups (high vs. low) is statistically significant at p =
0.01.
### ##
, The difference in the proportion of CGIAR-related varieties across the two groups of countries with regard to maize area (large vs. small producers) is
statistically significant at p = 0.01 and p = 0.05 respectively.
a
The mean value is strongly influenced by the high rate of varietal release in Zambia, excluding which the proportion of CGIAR varieties of this sub-group
(small, high intensity) would increase from 54% to 95%. The sub-group difference in proportion of CGIAR varieties (with small, low intensity group)
would be significant at p = 0.01.
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4.2. FARMERS’ ADOPTION OF RECENT
CGIAR-RELATED MAIZE VARIETIES
(a) Overall

60
Old, unknown parentage
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(b) Large producers (maize areas >1 million ha)
The estimated adoption of new maize varieties with CGIAR
germplasm was similar for the large producer countries
(35% of the maize area in 2015) and small producer countries
(31%) (Figure 6b and c). An additional 12% of the maize area
(3.3 million ha) was cultivated in 2015 with old CGIAR‑related
varieties released before 1995. During the entire study period,
the old CGIAR-related varieties, remained popular in the small
producer countries, where they still covered 28% of the maize
area in 2015. By contrast, the old CGIAR varieties were planted
on only 6% of the maize area in the large producer countries,
where new varieties were more prevalent. The new non-CGIAR
varieties were more widely adopted by large producers (16%)
than by small producers (7%).
In Table 4, we present adoption estimates by country for 2015
for various categories of CGIAR-related varieties, including by
seed type (OPV and hybrid) and varietal age (overall, post-1995
releases, and ‘most recent’ post-2005 releases). The table
also includes the unweighted averages of country groupings
(whereas Figure 6 is weighted by area) and shows:
• A marked divergence between large and small maize
producers in terms of the relative preference for OPVs vs.
hybrids, with hybrids being much more widespread in large
producer countries. The ‘most recent’ post-2005 releases
were also more common in large producer countries,
whereas post-1995 releases covered a similar percentage
of the area in both small and large producer countries. The
aforementioned widespread use of pre-1995 varieties by
small producers is indicative of a scarcity of resources to
disseminate newer varieties among maize farmers, which
could be mainly due to a less-active private seed sector.
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(c) Small producers (maize areas <1 million ha)
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• The area under CGIAR-related improved maize varieties
(post-1995 releases), 34%, equivalent to 9.5 million ha, and;

Share of maize area

80

• The area cultivated with ‘old’ varieties (including local
varieties, landraces, and improved maize varieties that were
released before 1995, whether CGIAR-related or not), 31%,
equivalent to 8.7 million ha;

• The area planted with new (post-1995 releases), non-CGIAR
varieties (14%) and varieties with no parentage information
(21%), together equivalent to 9.8 million ha.

100

Share of maize area

Improved maize varieties released during 1995-2015 –
irrespective of parentage – have progressively increased their
estimated area share in the study countries. The share reached
69% of the maize area by 2015 (i.e., 19.3 million ha) (Figure 6a).
By 2015, at the end of the study period, the maize area could
be divided into three groups, comparable in size:

20
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Figure 6. Estimated adoption of improved maize varieties
in the study countries in SSA, 1995-2015.
Note: “New” varieties include only releases for 1995-2015, separating with and without
known/reported CGIAR germplasm relationship. “Old” varieties include releases
pre‑1995 and landraces.
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• The overall estimated adoption rates of CGIAR-related varieties were similar for
Eastern and Southern Africa (ESA), relative to West and Central Africa (WCA).
However, ESA relied markedly on hybrids, while OPVs prevailed in WCA, and ESA
planted a larger proportion of post-1995 releases, and particularly ‘most recent’
post-2005 releases, than WCA.

Table 4. Estimated adoption (% area) of CGIAR-related maize varieties in 2015 in the study countries in SSA.

Country
Angola
Benin
Cameroon
Ethiopia
Ghana
Guinea
Kenya
Madagascar
Malawi
Mali
Mozambique

CGIAR OPVs
CGIAR
CGIAR germplasm
adoption
hybrids
Adoption (OPV +
(%)
adoption (%)
Hybrid, %)

‘New’ CGIAR
germplasm (1995+
releases) adoption (%)

6.8
54.3
80.4
4.4
86.1
12.8
9.0
26.0
13.0
19.1
16.9

0.3
0.0
8.8
44.0
2.0
0.0
66.4
0.0
58.0
0.2
8.8

7.1
54.3
89.2
48.4
88.1
12.8
75.4
26.0
71.0
19.3
25.7

7.1
34.7
7.8
41.4
13.8
12.2
61.7
26
69
2.8
22.1

5.6
1.2
0.0
37.9
12.2
0.0
9.6
0.0
27.6
0.9
8.7

Nigeria
45.6
Rwanda
58.5
Senegal
50.9
Tanzania
8.2
Uganda
27.5
Zambia
19.5
Zimbabwe
3.5
Unweighted average of country averages:

0.9
28.6
0.0
9.7
42.7
35.9
30.3

46.5
87.1
50.9
17.9
70.2
55.4
33.8

40.8
68.3
50.9
8.7
68.1
55.4
33.8

15.0
34.6
0.0
2.7
26.7
37.8
27.1

Large maize producers (>1M ha)
Small maize producers (<1M ha)
Eastern & Southern Africa
West & Central Africa

27.3
11.8
29.5
1.7

40.7
55.3
47.1
51.6

35.6
34.0
42.0
23.3

16.8
11.3
19.8
4.2

13.4
43.5
17.6
49.9

In Table 5, we present the estimated growth rate in adoption of CGIAR- and nonCGIAR-related maize varieties. The data reveal that both maize area and yield
markedly increased during the study period. The adoption of new, improved maize
varieties increased significantly at 3.5% p.a. overall, but adoption of CGIAR-related
improved maize varieties was faster than that of non-CGIAR varieties (2.2% vs. 0.9%,
respectively). There was no significant difference in the adoption rate of CGIAR-related
varieties between the small and large producer groups; however, the adoption of nonCGIAR varieties was faster in the large producer group than in the other group. Hybrid
maize adoption was growing at a rate of 1.8% p.a. overall, with a faster rate in the large
producer group (2.8%) (Annex 3 & 4). . Detailed adoption estimates of (a) CGIAR-related
and non-CGIAR germplasm, and (b) hybrids and OPVs are presented in Annex 5.
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‘Most recent’ CGIAR
germplasm (2005+
releases) adoption (%)

One should note that a crucial limitation of varietal adoption estimates is that they
are partially dependent on expert surveys, although in reality most global evaluations
of germplasm improvement or agricultural research investments are indeed heavily
dependent on expert surveys (Manyong et al., 2003; Gabre-Madhin and Haggblade,
2004; Kleinwechter et al., 2015; Lantican et al., 2016). Nationally representative data
on varietal adoption are rarely available in lower-income countries, and it is expensive
and time-consuming to carry out primary data collection from farmers or seed
dealers across different study nations. One important advantage of the present study
is that we could build on data from the recently completed DIIVA project (Walker
et al., 2014). Recent studies using DNA fingerprinting for some crops, including
maize, have shown that adoption surveys using farmer recall may be insufficiently
reliable for estimating varietal adoption. A recent DNA fingerprinting study in Ethiopia
highlighted that maize CGIAR-related germplasm was grown by 63% of maizegrowing households in 2019 (translating into 4.1 million adopters in Ethiopia alone). In
contrast, self-reported data from farmers would have underestimated such adoption
by 15% points (Kosmowski et al., 2020).
For now, it appears nearly impossible
Table 5. Changes in total cropped area, maize area, grain yield, and adoption
to conduct nationally representative
of new (1995+) maize CGIAR-related, non-CGIAR, and hybrid varieties (% p.a.)
and comparable studies with DNA
in the study countries in SSA, 1995-2015.
fingerprinting across all lower-income
countries simultaneously and regularly.
Small producers
Large producers
Overall
(maize area <1M ha) (maize area >1M ha)
However, supporting micro-level varietal
adoption studies in selected keyChanges in total cropped area in ‘000
1.7***
1.5**
1.9*
intervention countries/regions using
(% p.a.)
(0.6)
(0.6)
(1.0)
***
***
***
DNA fingerprinting where possible
3.8
4.7
2.6
Changes in maize area in ‘000 (% p.a.)
would be valuable for obtaining more
(0.8)
(0.6)
(0.8)
robust information on farmers’ adoption
2.3***
1.0*
Changes in maize grain yield in kg/ha
1.7***
of varieties, which would help CGIAR
(0.3)
(0.3)
(0.6)
(% p.a.)
and NARS ameliorate constraints in the
Adoption of ‘new’ (CGIAR-related
3.5***
3.1***
4.0***
seed value chains.
and others) maize varieties (1995+,
(0.2)
(0.2)
(0.3)
Share, 0-1), %
Adoption of ‘new’ CGIAR-related maize
2.2***
2.2***
2.1***
varieties (1995+, Share, 0-1), %
(0.1)
(0.1)
(0.2)
0.5***
1.5***
Adoption of ‘new’ non-CGIAR maize
0.9***
(0.1)
(0.1)
(0.2)
varieties (1995+, Share, 0-1), %
1.1***
2.8***
Adoption of hybrid maize varieties
1.8***
(0.2)
(0.2)
(0.3)
(Share, 0-1), %
Note: Reported are the b coefficients (std. errors) of year variable in the regression model Dep. Var. = a + b(Year)
expressed as % to denote the annual change in percentage terms (based on natural log). *: p ≤ 0.10; **: p ≤ 0.05;
***
: p ≤ 0.01. N = 21 years (1995-2015).
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4.3. ECONOMIC IMPACTS OF RECENT
CGIAR-RELATED MAIZE VARIETIES
In this section, we examine whether the estimated
adoption of new CGIAR-related varieties generated a
significant yield effect compared to other existing varietal
alternatives for maize cultivation in SSA. We estimated
the grain yield effects of the CGIAR-related germplasm,
using panel data regression analysis with country‑level
fixed effects. We used national-level maize yield as
the dependent variable, and the estimated share of
maize area under new CGIAR-related varieties as the
key independent variable for the panel data models. It
should be noted that the comparison is made against all
alternative varieties (i.e., older varieties, new non-CGIAR
varieties, and varieties without parentage information).
The reference category varieties occupied nearly twothirds of the maize area in the study countries in 2015.
We considered only the yield effect and not the non-yield
traits, such as enhancement of nutritional quality.

Table 6. Factors affecting maize grain yield in the study countries
in SSA, 1995-2015: Dynamic panel data models at national level.

The regression estimates of two model variations are
presented in Table 6 (see Annex 2 for the detailed
methodology). The dynamic panel data Model 1 showed
that the new CGIAR-related varieties (released post-1995)
had a significant effect when all data across the countries
were combined. A 1% increase in farmers’ adoption of
these varieties increased the average annual national
grain yield by about 0.28%, ceteris paribus. In Model 2,
an interaction term with the large producer group
dummy variable was introduced, and the results showed
significant spatial heterogeneity. The new CGIAR-related
maize varieties had significant grain yield effects in small
producer countries (+0.38% p.a.). On the other hand,
a 1% increase in the area under new CGIAR-related
varieties in the large producer group increased national
annual maize yields by only +0.10%.1 One of the reasons
for the heterogeneous impact between small and large
producers relates to the counterfactual and the relative
development of the seed sector. As mentioned above, the
impact of CGIAR-related maize germplasm is assessed
against all alternative varieties. The small producers
thereby stand out for their more widespread use of old or
pre-1995 varieties and low hybrid maize use, whereas the
large producer countries have better-developed domestic
seed markets and rely more on hybrids and more recent
varieties. Therefore, the counterfactual in small producer

Percentage share of maize area in the total cropped area (0-100)

1
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In Model 2, the net effect of adoption of CGIAR-related maize varieties in large countries is the
sum of coefficients of the adoption dummy and the interaction term, i.e., +0.384 and -0.288.

Model 1 Model 2
Lagged dependent variables
Grain yield lagged by 1 year [natural log(Grain yieldt-1, kg/ha)]
Grain yield lagged by 2 years [natural log(Grain yieldt-2, kg/ha)]

0.457***
(0.041)
0.048
(0.040)

0.458***
(0.040)
0.055
(0.039)

0.277***
(0.086)

0.384***
(0.097)

Technology adoption
Adoption of ‘new’ CGIAR-related maize varieties (1995+, Share, 0-1)†

-0.288**
(0.125)

Large maize producers (Dummy) x Adoption of ‘new’ CGIAR maize
varieties (1995+, Share, 0-1)†
Other country-specific variables
0.098*
(0.053)
-0.002
(0.002)
0.003
(0.010)
0.317***
(0.075)

0.021
(0.044)
-0.005***
(0.002)
-0.002
(0.007)
0.253***
(0.066)

0.025
(0.022)

0.036*
(0.020)

Period 2002-2008 (Dummy)

-0.011
(0.029)

0.002
(0.028)

Period 2009-2015 (Dummy)

0.051
(0.036)

0.079**
(0.034)

0.448
(0.755)
407.44

1.511**
(0.632)
441.56

Crop area [natural log(Total area under crops, ‘000 ha)]

Percentage share of irrigated area in the total cropped area (0-100)
Rainfall [natural log(Annual rainfall in mm)]
Chemical fertilizers [natural log(Chemical fertilizers used in
agriculture in ‘000 tons)]
Time variables

Model intercept
Wald c2

Notes: Dependent variable is the natural logarithm (ln) of annual maize grain yield of the study country
measured as kg/ha. The subscripts t-1and t-2 represent the lagged dependent variable by one and
two years, respectively. Coefficients are shown with standard errors in the parentheses. †Variables
considered as endogenous in the estimation. ***: p ≤ 0.01; **: p ≤ 0.05; *: p ≤ 0.10.

countries has a lower base compared to large producer countries, reflected inter
alia in relatively more rapid maize yield growth compared with that of the large
producer countries over the study period.
We employed the impact magnitude(s) from the regression models to estimate
the economic surplus figures. Hence, the question of the reliability of these
estimates arises. To get external validity, a comparison of our impact estimate
is made with the documented impacts of drought-tolerant (DT) maize. Droughttolerant (DT) maize is improved maize germplasm developed and popularized
predominantly by CGIAR institutions for SSA during the study period (Bänziger et
al., 1999; Bänziger and Araus, 2007; Cairns and Prasanna, 2018). Most existing
studies have shown a significant positive impact on mean grain yield on-farm, but
the percentage impact varied widely from 13% (Wossen et al., 2017) to >200%
(Obayelu et al., 2019; Martey et al., 2020). However, large impact magnitudes are
often associated with small sample sizes. The weighted average yield gain from
DT maize adoption (considering the sample size) was 27%. Only two studies
(Holden and Fisher, 2015; Olagunju et al., 2019) indicated an insignificant yield
impact: Holden and Fisher (2015) reported findings from Malawi during a survey
year with a severe drought early in the cropping season; and a study by Olagunju
et al. (2015) in Nigeria found the yield effect of DT maize adoption to be significant
and substantial (+56%) only at the lower tail of the yield distribution (lowest
15% quantile). Considering that the impact of climate-resilient varieties will be
prominent mostly during drought years, the positive impact estimates of DT
maize obtained from empirical studies also indicate that CGIAR-related climateresilient maize varieties can have significant positive effects on yield stability and
smallholder farmers’ livelihoods in SSA (Cairns and Prasanna, 2018).
To quantify the aggregate impact of CGIAR-related germplasm in SSA, we
applied an equilibrium displacement model to evaluate the benefits of CGIAR
maize breeding. Table 7 presents the aggregate maize area, production, adoption
of new CGIAR-related varieties, and value of economic benefits for the 18 study
countries in SSA for 2015. Under the assumption of a homogenous impact
of the technology across the group of countries at 28% (Model 1), the annual
benefits for 2015 accrued to US$1.3 billion. There was significant inter-country
variation: about 85% of the benefits accrued to six countries – Ethiopia, Kenya,
Malawi, Nigeria, Uganda, and Zambia. Most of these countries fell in the large
producer category. Inter-country inequality is even more pronounced in West and
Central Africa (WCA), with a single country – Nigeria – accounting for most of the
economic benefits in the region in 2015. Several factors, including existence of
a dynamic seed sector and extension system (both public and private), influence
the benefit distribution across countries.
Model 2 accounts for the heterogeneous impact of CGIAR-related germplasm
(38% yield increase in small producer countries and 10% increase in large
producer countries). The aggregate economic surplus is thereby reduced to an
aggregate US$ 0.82 billion p.a. – reflecting both the lower yield effect in large
producer countries and their larger aggregate maize area. Considerable intercountry variation prevailed, with Nigeria, Uganda, and Zambia among the major
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Table 7. Estimated economic benefits of CGIAR’s maize improvement efforts in the study
countries in SSA, 2015.

Country
Angola

Maize grain
Maize area
production
(million ha) in (million metric
2015
tons) in 2015
1.67
1.88

Estimated adoption
of ‘new’ CGIARrelated maize
varieties (1995+, %
maize area) in 2015
7.1

Estimated economic surplus in 2015
(million US$ p.a.)
Assumption I
Assumption II
(homogeneous effect (heterogeneous effect for large
of CGIAR germplasm)
and small maize producers)
10.46

3.76

Benin

1.00

1.29

34.7

33.65

44.84

Cameroon

1.19

2.07

7.8

12.66

17.11

Ethiopia

2.11

7.88

41.4

243.66

90.46

Ghana

0.88

1.69

13.8

18.15

24.45

Guinea

0.58

0.73

12.2

6.91

9.33

Kenya

2.10

3.83

61.7

169.89

64.34

Madagascar

0.20

0.33

26.0

6.54

8.76

Malawi

1.68

2.78

69.0

136.99

52.28

Mali

0.90

2.28

2.8

5.03

6.82

Mozambique

1.57

1.26

22.1

21.42

7.81

Nigeria

6.77

10.56

40.8

322.78

119.78

Rwanda

0.24

0.37

68.3

18.10

23.63

Senegal

0.20

0.30

50.9

11.40

15.05

Tanzania

3.79

5.90

8.7

40.21

14.47

Uganda

1.13

2.65

68.1

129.44

169.05

Zambia

0.86

2.62

55.4

106.57

140.27

Zimbabwe

1.11

0.64

33.8

16.45

6.06

Overall SSA

27.98

49.06
(29% from small
producers)

33.9
(weighted average;
31% in small
producers)

1,310.32
(27% from small
producers)

818.27
(56% from small producers)

(26%
from small
producers)

Notes: Estimated economic surplus represents the benefits associated with the adoption induced production increase and excludes the research costs.
Supply elasticity is assumed as 0.60.2
Assumption I: A 28% increase in maize yield due to adoption of ‘new’ CGIAR-related varieties (1995+, when replacing alternative varieties, including
‘new’ non-CGIAR or ‘old’ varieties), which occurs uniformly across the countries (Model 1, cf. Table 6).
Assumption II: A 10% increase in maize yield due to adoption of ‘new’ CGIAR-related varieties (1995+, when replacing alternative varieties) for large
maize producers (>1M ha), and a 38% increase for small producers (<1M ha, Model 2 cf. Table 6).

2
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The supply elasticity is obtained from a review of literature. Alemu et al. (2003) estimated the supply elasticity of maize
grains in Ethiopia as 0.38 in short-run and 0.50 in long-run. Mose et al. (2007) estimated these parameters as 0.53
and 0.76 respectively in Kenya, which is close to what Kiori and Gitu (1992) had estimated earlier. Lately, Vitale et al.
(2009) indicated that the response of maize acreage to its own price in Mali is 0.58. The average of three of these studies
comes about 0.60 as long-run supply elasticity, which is used in the estimation. In comparison, Alene et al. (2009) used
the supply elasticity of 0.45 in their economic surplus model of maize research in West and Central Africa. If supply
elasticity of 0.45 is used in the calculation, the aggregate economic surplus would increase to US$ 1.75 billion p.a. under
Assumption 1, and US$ 1.09 billion p.a. under Assumption II.

beneficiaries. After accounting for the parentage share of CGIAR germplasm in the
adopted CGIAR-related varieties (80.5%), the associated aggregate economic impact of
new CGIAR germplasm falls in the range between US$ 0.66 and 1.05 billion p.a. in 2015
for the 18 study countries (according to Model 2 and Model 1 estimates respectively).

CGIAR maize improvement R&D expenditures (million US$ p.a.)

CGIAR investment in maize breeding was estimated to be US$ 30 million in 2015
at the global level (Figure 7), albeit with the lion’s share of the investment in SSA.
Corresponding estimates from other institutions involved in maize breeding, including
NARS and the private sector, were not available. The CGIAR investment in maize
improvement, therefore, does not include complementary non-CGIAR partner
investments in developing and disseminating CGIAR-related maize varieties. Crop
breeding is a pipeline with continuous annual investments and annual returns.
There is a lag between the investment cost and the returns—i.e., current research
costs are associated with future benefits, and current benefits reflect past research
investment. In other words, one needs to be careful in making a direct comparison of
benefits and costs for a specific year or period. A comparison of these only gives a
rough approximation of the potential returns, and benefit cost ratios (BCR) are to be
interpreted with caution. Considering only the investment in CGIAR maize breeding,
even the lower-bound annual benefit estimated for 2015 (US$ 0.66 billion) results in a
potential 22:1 BCR, which is significantly higher than the median BCR of 10:1 recently
estimated by Alston et al. (2020) for overall annual CGIAR investments, and the median
BCR of 12:1 that was reported for CGIAR investments in maize. An earlier study (Alene
et al., 2009) on maize research in nine countries in WCA for the 1971-2005 period (35
years) also showed high returns (with a benefit-cost ratio of 21:1), albeit most of the
economic benefits accrued to Nigeria (71%). However, one cannot directly compare
these numbers, as the underlying assumptions vary. For example, Alston et al. (2020)
attributed only one quarter of the estimated benefits to the CGIAR and the rest to
the national partners and found a benefit-cost ratio of 7.5:1. On the other hand, we
apportioned the benefits based on the share of CGIAR germplasm in the parentage.
Had we attributed only one-quarter of the benefits to the CGIAR, the benefit-cost ratio
would have reduced to 6.8:1 (Model 2), which is comparable to the BCR estimated by
Alston et al. (2020).
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Figure 7. Annual investment in CGIAR maize improvement research-anddevelopment (R&D), 1995-2015.

Source: Authors’ calculation with maize improvement R&D expenditures (including related seed systems/production research)
estimated as 75% of CGIAR total maize program expenditures for CIMMYT Global Maize Program and IITA Maize
Research Program. All costs are nominal/current prices.
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African smallholders face several constraints in
maize production, including the increased frequency
of abiotic and biotic stresses, and poor access to
improved seeds and other vital inputs. Adapting to
the effects of a warming climate is one of the most
critical challenges, in conjunction with the increasing
occurrence of devastating diseases and insect pests.
CGIAR maize breeding continues to play a critical
role in addressing these challenges, including
accelerating the development and dissemination of
climate-resilient maize germplasm for the benefit
of smallholders (Cairns and Prasanna, 2018). In
the present study, we show significant economic
benefits from CGIAR maize breeding to the tune of
US$ 0.66-1.05 billion p.a. in 2015 (and a potential
BCR of 22–35:1) for the 18 African study countries
after accounting for the CGIAR parentage share
(i.e. 80.5% parentage of the estimated US$ 0.8-1.3
billion per annum). Our aggregate benefit estimates
from CGIAR maize breeding concern the increase
in grain yield alone. While yield improvement is a
key performance indicator, there are several other
less-easily quantifiable performance indicators,
which would add to the estimated impact of
international R&D in maize breeding. CGIAR’s efforts
typically complement public and private sector R&D
investments in developing and disseminating improved
(sub)tropical maize germplasm with key traits of
interest to smallholders (e.g., drought tolerance, heat
tolerance, pest and disease resistance), besides
developing the capacities of NARS and SME seed
companies. These complementary aspects are often
inadequately accounted for in a yield-orientated
impact assessment. CGIAR maize programs have
also been intensively engaged in actively developing
and disseminating biofortified or nutritionally enriched
maize varieties (Prasanna et al., 2020b), such as
provitamin-A enriched maize, quality protein maize
(QPM), and high-zinc maize, mainly for human
consumption. Although the efficacy of biofortified
maize has been demonstrated for QPM and
provitamin-A enriched maize (Gunaratna et al., 2010;
Gannon et al., 2014), the realized impacts of these
traits on target populations, e.g. the reduction and
the value of the reduction in disability-adjusted life
years (DALYs), and the BCR vis-à-vis the investment
in CGIAR maize breeding are difficult to quantify and
have yet to be studied and documented in detail.
Assessment of the contribution and impact of
CGIAR‑related improved maize varieties should
also consider yield stability in the stress-prone
agro‑ecologies of the (sub)tropics. Besides focusing
on increasing grain yield under optimal environments,
the CGIAR maize improvement programs in SSA
typically focus on providing yield stability (mainly
through abiotic and biotic stress tolerance), thereby
contributing to the reduced downside risk of climateinduced effects on smallholders (Cairns and Prasanna,
2018). Drought tolerance is one of the main traits,
especially for stress-prone (sub)tropical maize
agro-ecologies. The contribution of CGIAR maize

R&D investment in breeding for stress tolerance
in (sub)tropical maize genetic backgrounds is
unparalleled. The effect of drought-tolerant varieties in
ensuring yield stability—reducing unforeseen variance
and downside risk—has also substantial welfare
implications (Kostandini et al., 2013). Byerlee and
Moya (1993) highlighted, taking the case of wheat,
that yield maintenance (e.g., by maintaining disease
resistance) could by itself contribute more gains
to farmers than improving potential yield. Because
the non-yield outcomes of CGIAR germplasm
improvement are not accounted in the estimation, one
may consider the economic surplus estimates shown
in Table 7 as lower bound values.
A narrow productivity focus also ignores the broader
systemic impacts of maize germplasm improvement.
Enhancement of productivity and resilience makes
maize more competitive and attractive vis-à-vis other
uses of land. The area under maize cultivation is
rapidly expanding in many parts of the developing
world, primarily due to its relative profitability over
competing crops (Erenstein, 2010; Timsina et al.,
2010; Jakobsen, 2019). Area expansion could have
positive impacts on farm profitability and farmer
economy, but might also create several environmental
and social externalities (Keophosay et al., 2011;
Behera et al., 2016; Kayatz et al., 2019; Santpoort,
2020). The nature and magnitude of these impacts
will most likely differ across maize production regions,
calling for more micro-level socioeconomics and
systems research. Instead of a single evaluation
at the continental level, several coordinated case
studies across maize production systems could
generate more robust estimates for policy-makers
(Krishna et al., 2019).
In summary, intensive efforts are being made by
CGIAR and partner institutions in developing and
deploying improved maize varieties suitable for
the tropical agro-ecologies in SSA. The estimated
economic benefits and impact of CGIAR investments
in maize germplasm improvement were indeed
impressive through 2015, with potential BCR
estimates between 22:1 and 35:1, and a net
annual value between US$ 0.66 and 1.05 billion
(after accounting for the 80.5% CGIAR parentage
share). Nevertheless, there is room for further
improvement, especially in terms of reaching more
smallholder farmers with nutritionally enriched maize
varieties, and by accelerating varietal turnover
(Cairns and Prasanna, 2018). Many smallholder
farmers are still growing relatively old varieties,
particularly in countries with small maize areas
(e.g., Benin, Cameroon, Madagascar) and relatively
underdeveloped maize seed sectors. Our study
suggests that there is significant scope to strengthen
further public-private partnerships for improved
maize varietal deployment in SSA, especially where
deployment of improved genetics is limited by real or
perceived insufficient market potential.
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We provide here a brief update on the present status (2019-2020) of CGIAR-related maize
breeding impacts in SSA, considering:
• Progress made with regard to varietal releases, commercial seed production, and
adoption of CGIAR-related improved maize varieties the region;
• Evidence for increasing replacement of climate-vulnerable and old/obsolete varieties
with recently developed, climate-adaptive, disease-resistant, and nutritionally enriched
maize varieties in SSA;
• The weighted average age of CGIAR-related maize varieties in target countries in the
region, and;
• The unique value that CGIAR maize germplasm has offered in recent years in SSA.
A particularly noteworthy R&D effort in recent years was the Stress Tolerant Maize for
Africa (STMA) project, which focused on 13 countries across SSA: Ethiopia, Kenya,
Tanzania, Uganda, Malawi, Mozambique, South Africa, Zambia, Zimbabwe, Benin, Ghana,
Mali, and Nigeria. Project partners officially released a total of 218 new stress-tolerant and
productive improved maize varieties derived from CIMMYT and IITA germplasm during
2016-2019 (76 in 2016, 44 in 2017, 54 in 2018, and 44 in 2019) for commercialization,
promotion and wide-scale dissemination (Prasanna et al. 2021).
In 2019, the total certified seed production of CGIAR-related stress-tolerant improved maize
varieties in the 13 aforementioned countries was 111,713 tons, compared to 72,337 tons in
2016. This takes into account only those stress-tolerant varieties released post-2007, when
the Drought Tolerant Maize for Africa (DTMA) project was launched. In 2020, an estimated
5 million hectares were covered by CGIAR-related stress-tolerant varieties, benefiting nearly
8.7 million households (over 52 million people) (Prasanna et al., 2021). The climate resilience
of CGIAR-related maize varieties was strongly evident during the 2015-2016 crop season in
southern Africa, when CIMMYT-derived drought-tolerant maize hybrids yielded two times
more than key commercial hybrids in on-farm trials, despite severe El Niño-induced drought
and heat stress conditions (Setimela et al. 2018).
If we broaden the definition of CGIAR-related improved maize varieties to include stresstolerant and nutritionally-enriched varieties, as well as release dates before and after
2007, the certified seed production volume across eight countries in eastern and southern
Africa (Ethiopia, Kenya, Tanzania, Uganda, Malawi, Mozambique, Zambia, and Zimbabwe)
was 110,528 tons in 2019 (68,252 tons in eastern Africa and 42,277 tons in southern
Africa); this was estimated to cover 5 million hectares in 2020. Of this, 65% were varieties
released after 2007.
The achievements in terms of varietal releases, seed production, and broad deployment
of climate-adaptive improved maize varieties in SSA can be attributed to the close
partnerships of CIMMYT and IITA with nearly 100 local or regional seed companies and
national agricultural research organizations. For instance, in 2019-2020, more than 55
seed companies across ESA were actively involved in scaling and commercializing seeds
of 132 CIMMYT-related improved maize varieties. Of these, 20 varieties were improved
open‑pollinated varieties (OPVs), and the rest were hybrid varieties.
In addition to providing improved maize germplasm, CIMMYT and IITA also support seed
company partners in SSA, especially small and medium enterprises (SMEs), by supplying
early generation seed (breeder and pre-basic seed) of CGIAR-related maize varieties
and technical backstopping on hybrid seed production, market segmentation, territory
planning, seed business management, and varietal replacement (Prasanna et al. 2021).
The accelerated replacement of climate-vulnerable, old/obsolete varieties with new
varieties (with improved genetic qualities) by farming communities is critical to climate
adaptation efforts, as it can help effectively counter the impacts of devastating diseases
and insect-pests, and lead to higher yields. Based on a survey of maize cultivars grown
in the 2013/14 crop season in 13 countries across SSA, Abate et al. (2017) indicated the
weighted average age of maize varieties in eastern, southern, and West Africa was 13.8,
15.4, and 16.4 years, respectively, and the overall weighted average age of maize varieties
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in SSA was 14.9 years. The study also found that the average age of hybrid maize cultivars
for SSA was 13 years, whereas OPVs were more than 18 years old. Updated analysis of
the weighted average age of CIMMYT-related improved maize varieties in eight countries
across Eastern and Southern Africa (ESA) reveals that the overall weighted average age
has decreased in 2020 to 10.2 years (Table 8). This progress in accelerating the rate
of variety turnover, and hence in capturing the benefits of improved genetics—climate
resilience, nutritional-enhancement, and grain yield—under the challenging conditions
in ESA is a testimony to the strength of maize seed systems work by CIMMYT, NARS,
and seed company partners. Despite these achievements, much more work is needed
to reduce the average age of varieties across SSA.
Since 2015, several old and climate-vulnerable maize varieties have been replaced with
newer stress-tolerant varieties in ESA. One such example from Ethiopia is the replacement
of the hybrid BH660 (released in 1993) with a new climate‑adaptive hybrid BH661 (released
in 2012). BH661 is a “combination hybrid,” i.e., including parental lines developed by
CGIAR as well as its partner institutions (in this case, the Ethiopian Institute of Agricultural
Research). In 2019, certified seed production of BH660 was less than 1,300 tons, down
from 5,778 tons in 2012, while commercial seed volume of drought-tolerant BH661
reached 8,433 tons (Ertiro et al. 2019).
Tackling devastating transboundary diseases and insect-pests by breeding and deploying
resistant varieties is another unique strength of the CGIAR maize breeding program. This
is best exemplified by the rapid response to maize lethal necrosis (MLN) in eastern Africa,
including accelerated development and deployment of elite, CIMMYT-derived maize
varieties with MLN resistance (Prasanna et al. 2020a). Similarly, CGIAR is at the forefront
in developing elite maize varieties with native genetic resistance to fall armyworm (FAW;
Spodoptera frugiperda), which has emerged as a major challenge to maize producers in
Africa since 2016 and in Asia since 2018. Sustainable control of FAW requires an integrated
pest management (IPM) strategy, including effective integration of host plant resistance,
environmentally safer pesticides, biological control, agroecological management, and good
agronomic practices (Prasanna et al. 2018a). FAW-tolerant/resistant varieties, whether
derived through naturally occurring “native” genetic resistance or through transgene(s),
provide a practical and economical way to minimize crop losses due to the pest (Prasanna
et al. 2018b). CIMMYT and IITA have been intensively working on native genetic resistance
to FAW. After three years of systematic evaluation, CIMMYT announced the first set of
three FAW-tolerant maize hybrids for ESA in December 2020. The work on native genetic
resistance to FAW needs to be significantly geared-up in both Africa and Asia in the
coming years.
CGIAR’s breeding program on maize biofortification has led to the development and
deployment of an array of elite maize varieties with enhanced levels of provitamin A
(proVA), zinc (Zn), and protein quality in grain, with demonstrated and potential impact

Table 8. The weighted average age of CIMMYT-related improved maize varieties being commercialized in the
ESA (based on 2020 estimates)
Country

Certified seed production (tons) in 2019

Estimated area (in ha @22kg/ha seed
rate) in 2020

Weighted average age (in years)

Ethiopia
Kenya
Tanzania

32,831
8,009
10,478

1,492,315
364,043
476,266

10.36
9.59
12.02

Uganda
Eastern Africa

16,933
68,251

769,668
3,102,292

10.53
10.62

Malawi
Mozambique
Zambia
Zimbabwe
Southern Africa
Overall-ESA

8,200
2,856
16,874
14,347
42,277
110,528

372,727
129,818
767,000
652,137
1,921,682
5,023,974

9.59
8.31
11.15
9.91
9.74
10.18
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on the nutritional status of consumers, especially nutritionally-vulnerable populations
(pregnant women, nursing mothers, and weaning and pre-school children) (Prasanna et al.
2020b). No large, private sector maize breeding program anywhere in the world is targeting
these important traits, which are crucial for achieving sustainable development goals
in SSA, Asia, and Latin America. Biofortification is an effective approach and valuable
component of strategies to overcome global nutrition challenges (obesity and overweight
and hidden and chronic hunger) in maize-dependent populations in SSA, Latin America,
and Asia. High Zn and proVA are important for healthy immune systems, which are
crucial to healthy lives and of special concern given the Covid-19 pandemic. Provitamin
A-enriched maize varieties also offer the opportunity to reduce aflatoxin exposure
(Suwarno et al., 2019).
In partnership with HarvestPlus, CIMMYT and IITA have incorporated high proVA content
into elite, stress-tolerant maize germplasm adapted to SSA. This has led to the release
of several proVA-enriched maize varieties over the last decade, which are increasingly
being adopted in SSA. In 2019, certified seed of IITA-derived proVA-enriched maize
synthetics and hybrids, produced by NARS, community-based seed producers and seed
companies, was estimated to be 3,300 tons, and was marketed in Ghana, Mali, and
Nigeria. This is estimated to cover a total of about 148,000 hectares in these countries.
Several CIMMYT-derived proVA-enriched maize varieties have been released by partners
in Zambia, Zimbabwe, Malawi, and Tanzania and are being commercialized. In 2019-2020,
over 1,270 tons of certified seed of 14 proVA-enriched maize hybrids were produced and
commercialized in Zambia, Zimbabwe, Malawi, and Tanzania by 11 seed companies,
covering an estimated 57,736 hectares.
There is increasing evidence of the potential of improved maize varieties to stabilize
production under climate change, reduce downside risks, and improve livelihoods in the
stress-prone (sub)tropical environments of SSA (e.g., Wossen et al., 2017; Lunduka et
al. 2019; Simtowe et al., 2019). Further strengthening the partnerships between CGIAR
and national maize breeding programs, building capacities, and fostering an enabling
environment for accelerated adoption of new, improved maize varieties are essential for
increasing and protecting genetic gains against emerging threats (Cairns and Prasanna,
2018; Prasanna et al., 2020a; 2021).
CGIAR breeding has a demonstrated track record and continues to be highly impactful
in improving climate resilience, and food and nutritional security of resource-constrained
farmers in the stress-prone environments of SSA, Latin America and Asia. If one-half the
value of all the reported agricultural total factor productivity (TFP) growth from 1960–2016
in developing countries is taken as a measure of the benefit from research investments by
both CGIAR and public agencies in developing countries, a benefit:cost ratio on the order
of 10:1 is implied for research by the CGIAR and national partners combined (Alston et al.,
2020). Despite a steeply declining budget since 2015, the intensive maize breeding and
seed systems work undertaken by CGIAR, together with public and private sector partners,
has built a strong momentum in adoption of climate-adaptive improved varieties, besides
rapid response to emerging threats like MLN and FAW in the maize agri-food systems
in the tropics. However, there is no room for complacency. Increasing genetic gains and
accelerating the process of delivering high-quality, climate-adaptive, disease/pest-resistant
and nutritionally enriched maize seed is more critical than ever to sustain CGIAR’s role as a
key provider of improved germplasm and as a contributor to food and nutritional security.
This will be achieved in the coming years by:
• Co-designing and implementing impactful breeding programs with NARS and SME
seed company partners in SSA, Asia and Latin America to achieve synergies, and to
enhance sustainability of increased genetic gains.
• Increased focus on nutritional quality and end user-preferred traits that add value –
nutritional, ecological, economic, social/gender – to the product profiles.
• Implementing continuous improvement plans, in partnership with Excellence in
Breeding (EiB) platform, to enhance breeding efficiency and to increase genetic gains in
breeding pipelines in the target market segments.
• In active partnership with the public and private sector institutions, further strengthening
the maize seed systems, including accelerated varietal turnover and translation of
increased genetic gains from on-station to on-farm.
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ANNEXES
ANNEX 1. DETAILS OF THE EXPERT
SURVEY CONDUCTED IN SSA
Large producers (> 1 million ha maize area)
Number of
questionnaires
sent

Number of
questionnaires
returned

Nigeria

15

15

Tanzania

4

Ethiopia

Small producers (<1 million ha maize area)
Number of
questionnaires
sent

Number of
questionnaires
returned

Ghana

6

6

1

Uganda

3

2

4

1

Benin

3

2

Kenya

4

1

Zambia

5

2

Malawi

2

1

Cameroon

2

1

Mozambique

3

1

Mali

4

3

Zimbabwe

4

2

Guinea

2

1

Angola

3

1

Madagascar

2

1

Rwanda

3

1

Senegal

2

1

32

20

Country

Total

24

39

23

Country

ANNEX 2. ANALYTICAL METHODS
A2.1. Estimating the CGIAR role in recent
maize varietal releases
Parentage/pedigree information for different improved maize varieties released during
1995-2015 was used to determine the CGIAR germplasm contribution or relationship.
However, some pedigree data were only partial, and others were not available or
disclosed. The genetic backgrounds of commercialized maize varieties, especially
from the private sector, are not typically disclosed or made publicly available (Morris
et al., 2003a). In some cases, the responding institutions may be fully aware of the
CGIAR maize germplasm used in the development of their released varieties but may
not be willing to divulge it for various reasons. Thus, the estimates for the contribution
of CGIAR maize germplasm to varietal releases reported in this study are likely
underestimated and are, at best, a lower bound for the true figure. Furthermore, in a
cross-pollinated crop like maize, it is not always possible to calculate the percentage
of germplasm contribution from CGIAR/non-CGIAR sources, nor is it possible to
provide exact credit for the breeding efforts of the different institutions involved in a
varietal release. In the absence of detailed pedigrees and due to the compounding
factors presented above, we focused on the “reported CGIAR contribution.” The maize
varieties released during the study period were put into five groups based on the CGIAR
contribution:
(1) Varieties with 100% CGIAR parentage (that is, all parents were from CGIAR or
based on CGIAR germplasm; so, basically CGIAR products),
(2) Varieties with significant CGIAR parentage (50-99%),
(3) Varieties with some CGIAR parentage (1-49%),
(4) Varieties with no known/reported CGIAR parentage,
(5) Varieties with unknown parentage.
The categorizations “no known/reported CGIAR parentage” and “unknown parentage”
relate to the lower bound mentioned earlier, as some of the newly released varieties
may have contained CGIAR parentage, but this was simply not reported or known.
Varieties, for which only qualitative information was obtained (e.g., some sources
revealed CGIAR germplasm parentage as “mostly,” “limited,” etc.), are included in
the best corresponding categories of (2) or (3). CGIAR-related varieties comprise the
aggregate of (1)-(3).
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A2.2. Estimating maize varietal adoption
Released maize varieties are variously adopted by farmers, inter alia, based on seed availability,
affordability, and farmers’ preferences (e.g. acceptance of varietal traits). Factors such as
the type of seed company that develops and disseminates the variety (public vs. private,
multinational vs. national, etc.), varietal characteristics and performance, the suitability of the
variety to the agroecological conditions, the market price, and the quality of the seed, etc.
co-determine the variety’s acceptability by farmers. Additional supply- and demand-side
dimensions affecting the use of new varieties include awareness/knowledge of the variety,
availability, and access to the seed through agro-dealers (Rutsaert and Donovan, 2020).
We compiled snapshots of maize varietal adoption in the study countries based on expert
surveys, existing literature, project reports and, where available, certified maize seed volumes
for in-country use in the subsequent year. The expert surveys focused on varietal adoption in
the most recent year (2015), whereas the other reported adoption figures variously covered
the study period. The analysis called for estimating the diffusion and adoption pattern over
the study period to estimate the CGIAR contribution to the varieties being grown each year. For
this, we estimated the temporal adoption patterns by extrapolating data from different points in
time for each released variety in use. Basically, we assumed a linear increase from zero in the
year of release to the first observed (average) adoption rate, interpolated between subsequent
years with adoption rates, and assumed the last observation to hold for five years and then
decline to zero over the next five years. The estimated rates of diffusion were uniformly rescaled
as needed to ensure the aggregate estimated adoption in any year did not exceed 100%.
We acknowledge that one may consider the assumptions behind the extrapolation of temporal
adoption patterns across sources as rather strong. The sources indeed vary in robustness
and representativeness over the period and between countries. Still, they represent a
comprehensive compilation of data from available sources, typically include multiple sources
in addition to the expert estimate per country, and are reasonably consistent.

A2.3. Estimating the impacts on maize yield
The present study estimates the grain yield effects of germplasm with CGIAR parentage. Such
an analysis has particular relevance for maize, as the maize seed market is very vibrant in
several SSA countries and includes the active involvement of the private sector. We used panel
data regression analysis with country-level fixed effects to understand the effect of acreage
share of maize varieties with CGIAR parentage on grain yield. The conventional fixed-effects
models control for cross-section heterogeneity and time-invariant unobservable factors, while
improving the efficiency of parameter estimates. However, to estimate the relationship between
maize yield and CGIAR contribution in varietal development controlling for unobserved timevariant heterogeneity, we used a dynamic panel data model with a balanced dataset between
1995 and 2015. Arellano and Bond (1991) developed a Generalized Method of Moments (GMM)
estimator to model dynamic panel data model, using the first difference of the equation.
k

Dln (yit) = a+ l1 Dln (yit-1) + l2 Dln (y it-2) + b2 DCGIARit-j + ∑ gk Citk + h (T) + (eit-eit-1)

(1)

k=1

where yit is national maize productivity (kg/ha) in the country i in year t, CGIARit is the share
of CGIAR-related varieties in the national maize acreage, Citk is the set of k country-specific
variables (including total cropped area, percentage share of maize area, percentage share of
irrigated area, annual rainfall, chemical fertilizer use in the country), T is the dummy variable
standing for the time of observation, and eit is the remainder disturbance that can vary
over time and countries. Our primary focus is to estimate b2, the effects of CGIAR-related
germplasm on maize yield. However, the effect of germplasm could vary drastically across
regions, especially between large and small producer country groups. To test this hypothesis,
we ran another fixed-effects model adding the Big.CGIARit interaction term, where Big is a dummy
variable for large maize country producers (maize area >1 million ha on average). That gives a
regression model as follows:
k

Dln (yit) = a+ l1 Dln (yit-1) + l2 Dln (y it-2) + b2 DCGIARit-j + b3Big.DCGIARit-j + ∑ gk Citk + h (T) + (eit-eit-1)
k=1
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(2)

The sum (b2 + b3) in eq. 2 provides the effect of CGIAR varieties in the large maize producer
countries, while b2 stands for the effect of CGIAR varieties in small maize producer
countries in SSA.
Estimation of Eq. (3) requires an instrumental variable to correct for endogeneity,
especially with variable CGIARit and Big.DCGIARit-j and the correlation between the lagged
differences of the dependent variable and eit-1. Under additional assumptions, it is possible
to construct an alternative GMM estimator that overcomes this problem. Here we follow
the Arellano–Bover/Blundell–Bond estimation (Arellano and Bover, 1995; Blundell and
Bond, 1998), which is a linear dynamic panel-data model with lags of the dependent and
key explanatory variables. Similar models are used by several researchers of agricultural
economics to avoid endogeneity and to generate robust impact estimates (Klomp and
Haan, 2013; Castriota and Delmastro, 2015; Krishna et al., 2015).

A2.4. Estimating the economic benefits of
CGIAR maize breeding
As expressed by Lantican et al. (2016), “crop breeding is a continuous process wherein
costs are incurred, and benefits obtained over time.” The investments and returns
flow over time, and estimating the benefits of a crop breeding program is far from
straightforward. It is completed by challenges in (1) measuring farmers’ adoption of
improved varieties; (2) estimating the economic benefits to the farmers from the improved
varietal use; and (3) attribution (Morris and Heisey, 2003). The previous sections already
addressed aspects related to the first two challenges – whereas in terms of attribution,
we focus on CGIAR-related varieties without disaggregating the relative contributions of
the R&D partners.
To estimate the benefits of CGIAR maize breeding through yield enhancement, we
employed an equilibrium displacement model. The partial equilibrium framework has long
been used in evaluating commodity-related technological progress in agriculture for both
ex post and ex ante impact assessments (Krishna and Qaim, 2008; Alene et al., 2009;
Alene et al., 2018). The economic benefits of an intervention are estimated based on a
parallel downward shift in the supply curve of the commodity. The economic benefits
from maize germplasm improvement are estimated separately for each country, within
a framework for the small-open economy adapted for ex post impact evaluation (Alston
et al., 1995; Masters et al., 1996). The economic surplus attributed to maize germplasm
improvement at time t (ESt) is estimated using the equation:
ESt = Pt Qt Kt (1-0.5Ktε)		
(3)
where Pt and Qt are the average real-world market price of maize and the total maize
production of the country in year t respectively. For the present analysis, we used the
international price of maize grain in 2015 and estimated the surplus values. The shift in
supply function due to per-unit cost reduction is shown by Kt, and ε is the price elasticity
of supply of maize. The supply shift is calculated as:
Kt =

(

)

(DY⁄Y)		 DC⁄C
.At			
ε		 1 + DY⁄Y

(4)

DY⁄Y and DC⁄C are the average proportional change in yield per ha and average
proportional change in the variable costs associated with the technology adoption. We
assumed net yield gain for recent CGIAR-related varieties over others (including old
CGIAR-related varieties, recent and old non-CGIAR related varieties, and landraces) from
the regression estimates (E.q. 1 and 2, and DC = 0.).
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Share of hybrids in total releases

ANNEX 3. RELATIONSHIP BETWEEN THE NUMBER
OF MAIZE VARIETIES RELEASED AND SHARE OF
HYBRID MAIZE VARIETIES, 1995-2015
Uganda

1.00

Malawi
Rwanda
0.80

Zambia
Kenya

Tanzania
Zimbabwe

Ghana
Mozambique

Ethiopia

0.60

Nigeria

Mali
0.40

Cameroon
Angola

0.20

Senegal Madagascar
Benin
0 Guinea
50

0.00

100
150
Number of maize varieties released

200

250

Note: Red dots and blue dots represent countries with large (>1 million ha) and small area under maize, respectively.
The logarithmic trendline shows a positive and significant relationship between number of varieties released and
share of maize hybrids, with a correlation coefficient of +0.69 [p ≤ 0.01].

Share of maize area (%)

ANNEX 4. ESTIMATED ADOPTION OF HYBRID MAIZE
VARIETIES IN STUDY COUNTRIES IN SSA, 1995-2013
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ANNEX 5. ESTIMATED FARMER ADOPTION OF
MAIZE GERMPLASM CATEGORIES IN THE STUDY
COUNTRIES, 2015 (% NATIONAL MAIZE AREA)
New (released after 1994)
Country

CGIAR-related

Non-CGIAR

Old (Released before 1995)

Unknown
parentage

CGIAR-related

Combined (New + Old)

Unknown
parentage

Hybrid

OPV

Unknown
type

Angola

7.1

0.0

0.0

0.0

92.9

0.3

99.7

0.0

Benin

34.7

0.0

0.0

19.6

45.7

0.0

100.0

0.0

7.8

0.0

10.7

81.5

0.0

8.8

80.4

10.8

Ethiopia

Cameroon

41.4

22.0

1.0

7.0

28.5

69.0

29.9

1.1

Ghana

13.8

0.0

0.0

74.4

11.8

2.0

97.9

0.1

Guinea

12.2

18.0

17.6

0.6

51.6

30.0

52.4

17.6

Kenya

61.7

18.3

1.0

13.0

6.0

83.2

16.5

0.3

Madagascar

26.0

0.0

0.0

0.0

74.0

0.0

100.0

0.0

Malawi

69.0

18.3

6.1

2.0

4.7

74.7

19.3

6.0

2.8

0.0

49.9

16.5

30.7

0.2

49.8

50.0

Mozambique

Mali

22.1

28.1

6.6

3.6

39.5

35.8

57.5

6.7

Nigeria

40.8

0.4

50.2

5.7

2.8

1.0

48.7

50.3

Rwanda

68.3

13.0

0.0

18.8

0.0

41.6

58.4

0.0

Senegal

50.9

0.0

46.1

0.0

3.0

0.0

53.9

46.1

Tanzania

8.7

28.5

31.7

9.2

22.0

38.3

30.1

31.6

Uganda

68.1

1.8

21.7

2.1

6.2

44.5

33.7

21.8

Zambia

55.7

42.6

0.0

0.0

1.7

78.4

21.1

0.5

Zimbabwe

33.9

56.1

4.4

0.0

5.6

90.0

5.4

4.6
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