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ABSTRACT
The genetic improvement of food staple crops cultivated by small-scale farmers is a well-established
route to increasing agricultural productivity and improving rural livelihoods. But in developing countries
where seed markets are commercially active or advancing in that direction, undue emphasis in both policy
and research is often placed on the adoption of improved cultivars rather than varietal turnover, or the
replacement of an already improved variety with a more recently released improved variety. Strong and
consistent rates of varietal turnover contribute to sustaining yield gains over time, protecting those gains
from both biotic and abiotic stresses, increasing the sustainability of intensive cropping systems, and
improving the quality of the commodity itself for storage, processing, and consumption. This paper
explores the importance of varietal turnover in advanced and transitional seed systems for food staples in
South Asia and Africa south of the Sahara. We first review the measurement of varietal turnover over
spatial and temporal dimensions before examining evidence on policies designed to accelerate varietal
turnover rates. We then suggest a sequence of regulatory reforms and public investments designed to
accelerate varietal turnover while drawing attention to the economic trade-offs, unintended consequences,
and operational challenges of such reforms and investments.
Keywords: modern varieties, varietal turnover, seed systems, food staples, agricultural input
subsidy programs
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1 INTRODUCTION
For many developing countries, technical change in agriculture has been a key contributor to productivity
improvement and broader efforts to promote economic growth and poverty reduction (Johnston and
Mellor 1961; Schultz 1968; Hayami and Ruttan 1971; Binswanger and von Braun 19911991). While
technical change comes in many forms, changes that result from the steady introduction of genetically
improved crop varieties 1—and the scientific investments required to develop such varieties—have been
central to this historical narrative (see, for example, Lipton with Longhurst 1989).
The genetic improvement of food staple crops is estimated to account for 20 to 50 percent of the
yield growth experienced in developing countries between 1960 and 2000 (Evenson and Gollin 2003).
For that reason alone, much has been written on the role and contribution of national development
policies and public investments in agricultural research and development (R&D) in support of variety
improvement programs (Alston, Norton, and Pardey 1995; Alston, Pardey, and Smith 1999). There is a
strong empirical case for such investments given their high social rates of return (for example, Fan and
Pardey 1997; Fan 2000; Fan, Hazell, and Thorat 2000).
Yet R&D in support of variety improvement is a necessary but insufficient means of effecting
technical change for several well-known reasons. First, successful variety improvement does not ensure
widespread adoption by the intended users. Rather, adoption depends on the complex interaction between
supply- and demand-related factors for seed, complementary inputs, credit, and the commodity that is
ultimately harvested for consumption or sale. Market uncertainty and the low or variable incomes of
smallholder farmers in developing countries pose particular challenges in this context.2 Abrupt policy
shifts that affect input-to-output price ratios, the transaction costs associated with purchasing seed or

1 Unless otherwise specified, we use the term “variety to simply denote all cultivated crop varieties (also referred to in the
literature as “cultivars”) irrespective of the crop reproductive biology associated with varietal improvement or seed production.
This includes self-pollinating and cross-pollinating crops, asexually or vegetatively propagated crops, and hybrids.
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An immense body of empirical work exists on the adoption of improved varieties beginning with that of
Rogers (1983) and Griliches (1957) in the United States, followed by paradigms developed to explain the Green
Revolution, summarized in Feder, Just, and Zilberman (1985), Feder and Umali (1993), and more recently, Sunding
and Zilberman (2001), Foster and Rosenzweig (2010), and Jack (2013).
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marketing surplus crop output, or any number of other variables can accelerate, slow, or disrupt adoption
rates. 3
Second, in our most well-known model of variety-based technical change—the Green Revolution
in South Asia—sustained productivity growth resulted not only from the adoption of improved semidwarf) varieties of rice and wheat but also from greater use of fertilizer, pesticides, and recommended
agronomic practices, and from major public investments in irrigation, roads, input subsidies, marketing
systems, price support mechanisms, and land reforms (Hazell 2010). In retrospect, attributing the region’s
food security improvements to improved varieties has proven difficult, and scholars and policymakers are
in general agreement that the combined effects of technical change and public policy made the difference.
Third, and the focus of this paper, is that the initial adoption of an improved variety does not
guarantee a continuous process of varietal turnover in subsequent periods. In the literature, varietal
turnover is defined as the replacement by farmers of an improved variety with a more recently developed
improved variety, a process that entails a genetic change. Strong and consistent rates of varietal turnover
are needed to sustain yield gains over time, to protect such gains from both biotic and abiotic stresses, to
improve the crop’s use of scarce natural resources such as soil nutrients and water, and to improve the
quality of output for storage, processing, and consumption.
But the conditions under which farmers continuously replace one improved variety with another
are constrained by several factors. For example, farmers who may have adopted improved varieties based
on large and observable yield gains may not necessarily adopt subsequently released varieties that offer
more incremental and less observable gains. Similarly, farmers who have limited access to seed markets
or credit facilities may forgo purchases of a newly released variety and recycle the seed of an adopted
variety, as might farmers who are strongly risk averse and require more complete information about the
variety’s quality or performance. Farmers’ decisions may also be shaped by what seed companies make

3 Note

that the term “varietal adoption rate” can be defined in several ways, including the percentage of farmers growing a
variety and the percentage of crop area planted to a variety. At a national scale, the second definition is more closely correlated
with total seed quantities demanded and thus is often preferred for policy decisions. At a farm scale, in early stages of adoption or
variety change, the percentage of farmers adopting lends insights into popularity.
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available in the market, and under certain industry conditions, such companies may be incentivized to
market older rather than newer varieties. Relatedly, farmers’ decisions may be influenced by policies and
regulations that affect the availability, cost, and quality of seed made available to them through market
and nonmarket channels.
These constraining factors are important where the optimal rate of varietal turnover from
society’s perspective diverges from the optimal rate from the viewpoints of individual farmers or private
seed companies. For example, society may place a greater value on preventing a plant disease epidemic
than the individual farmer who expects high returns in the short term from continued cultivation of a
susceptible, but still disease-free, variety (Heisey et al. 1997). Meanwhile, private seed companies may
place value on selling the largest possible quantities of certified seed each season at the best price
possible, even if it means selling varieties that farmers know and trust rather than selling their newest but
not-yet-popularized varieties. These examples underscore the necessary role of public policy in
addressing such divergences.
With these points in mind, this paper aims to address growing concerns over reportedly slow rates
of varietal turnover in food staples grown in many developing countries, and the potential impact that
those rates may have on efforts to enhance agricultural productivity. The paper draws on a broad literature
to (1) illustrate why varietal turnover matters, how it is measured, and what the empirical record suggests
about the impacts of varietal turnover; (2) articulate the trade-offs associated with alternative policy,
regulatory, and investment options for accelerating varietal turnover rates in developing-country
agriculture; (3) explore the relative effectiveness of those options in achieving such outcomes; and (4)
propose a sequence in which such options might be implemented. Emphasis is placed on varietal
registration procedures, quality assurance regulations, early-generation seed provision, input subsidy
programs, seed enterprises’ marketing capabilities, and antitrust policy.
The analytical issues and policy options we examine are inherently specific to each country,
market, and crop—no single set of generalizable solutions exists. Given the extensive variation this might
pose for our analysis, we focus on emerging or mature seed systems in developing countries that combine
3

public- and private-sector provision of improved varieties or hybrids of self- and cross-pollinating cereals
cultivated by small-scale farmers in South Asia and Africa south of the Sahara. Varietal turnover has far
less significance in nascent seed systems where little adoption of improved varieties has occurred and
where farmers themselves are the primary source of seed. We discuss a more detailed typology of where
varietal turnover matters—for which countries, markets, and crops—below.
The paper is structured as follows. Section 2 summarizes why and where varietal turnover
matters, the ways in which it is measured, and analytical insights from prior efforts to measure turnover.
Section 3 examines the evidence on policy and regulatory mechanisms for accelerating varietal turnover,
highlighting the pros and cons of each. Section 4 discusses feasible reform options and sequencing
strategies for developing-country governments, the donor community, and other seed system stakeholders
to consider. Concluding remarks are offered in Section 5.

4

2 BACKGROUND: UNDERSTANDING VARIETAL TURNOVER
Why does varietal turnover matter?
Farmers replace seed either to ensure the physical or genetic quality of the same variety or to obtain
improved genetic attributes in a new and different variety. Here, we are concerned only with the latter—
varietal change associated with improved genetics. Plant breeders have long emphasized the importance
of varietal turnover as a means of protecting yield from the evolution of plant disease and sustaining yield
gains over time in modern farming systems (Apple 1977; Plucknett and Smith 1986). Don Duvick, a
maize breeder, described the rate of varietal turnover as “genetic diversity in time,” or a strategy to reduce
vulnerability to plant disease epidemics (Duvick 1984).
Studies in the economics of varietal turnover by Heisey (1990), Brennan and Byerlee (1991), and
Heisey and Brennan (1991) were among the first to raise concern about the slow replacement of firstgeneration semi-dwarf wheat varieties by second-generation varieties during and after the Green
Revolution period. These studies drew attention to the importance of comparing the rate of varietal
turnover (which Brennan and Byerlee [1991] call “replacement”) with the expected longevity of disease
resistance in varieties as a means of diagnosing the vulnerability of a crop to disease epidemics. They also
led researchers to explore the relationship between varietal turnover, on the one hand, and yield and yield
variability, on the other hand (for example, Hartell et al. 1998; Smale et al. 1998, 2008; Jin et al. 2002;
Meng and Brennan 2009). Across a crop-producing region, the average speed of varietal turnover was
hypothesized to be positively related to crop productivity; variety age in farmers’ fields was thought to
negatively affect yields and contribute to variability. Economists have also emphasized the importance of
varietal turnover as a means of demonstrating the high returns to public investment in crop improvement
(Alston et al. 2000; Day-Rubenstein et al. 2005; Walker and Alwang 2015).

Where does varietal turnover matter?
When we turn our attention to the question of where varietal turnover matters in developing-country
agriculture, we tend to focus on (1) cropping systems dominated by varieties developed by plant-breeding
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programs; (2) seed systems that can supply seed of consistent quality that farmers can generally rely on;
and (3) farmers who replace seed regularly with the objective of raising yields, protecting yields, or
improving grain or fodder quality through traits targeted by plant-breeding programs. These
characteristics correlate with a seed sector in an “expansion” or “maturity” phase, which Morris, Rusike,
and Smale (1998) characterize as generally commercially oriented, primarily reliant on either improved
varieties or hybrids, and dependent on frequent if not annual seed procurement by farmers. The locus of
R&D—the source of genetic improvement—in these sectors is often a combination of public
organizations and private companies, while seed production systems similarly rely on private companies,
contract farmers, or public organizations, or a combination thereof, and regulatory systems govern the
type and nature of private investment. Selected niches of the seed sectors in countries as diverse as
Bangladesh, India, Pakistan, Kenya, the Philippines, Thailand, South Africa, and Zambia have evolved
rapidly toward the maturity phase. 4
This evolution is typically demonstrated with reference to the niche for maize seed—the singular
focus of Morris (1998). But maize is often the exception to the rule. Maize has historically attracted
significant levels of private investment in research, production, and marketing primarily due to the unique
biological and economic characteristics of heterosis, or the weakly heritable increase in yield that results
from the crossing of distinct parental lines. 5

4

See Napasintuwong (2014) on Thailand, Rana (2014) on Pakistan, and Spielman et al. (2014) on India, among others, for
recent descriptions of these systems, as well as the many policy and regulatory challenges associated with seed industry growth.
5 The productive and economic value conferred by heterosis is generally present only in the first generation (F1) of hybrid
seed, thus requiring farmers to purchase new F1 seed each season. The terms of trade under which seed is bought and sold
determine how this value is distributed between breeders and farmers. As long as the breeder (or seed company) can protect his
or her hybrid from imitation by competitors, then the hybrid maize’s reproductive biology provides a means of appropriating a
share of the gains from innovation and recouping investments in breeding. This differs from the case for many other crops where
improvements resulting from breeding are more stable across generations such that the breeder’s economic incentive dissipates as
farmers save harvested grain for use as seed in subsequent seasons, thereby allowing them to appropriate a larger share of the
returns to breeding investments without significant remuneration to the breeder beyond the initial purchase of seed. This simple
difference in reproductive biology and economic incentives has driven substantial investment in maize improvement in both
industrialized and developing countries (Byerlee and Eicher 1997; Morris 1998; Morris, Rusike, and Smale 1998; Pal, Singh, and
Morris 1998; Fernandez-Cornejo 2004). The estimated value of the global market for maize seeds and traits was approximately
$10 to $12 billion in 2012, with the associated spending on R&D ranging from $1 to $4 billion (Fuglie et al. 2011; Bonny 2014).
These figures are far greater than those for any other food staple crop. And while hybrids of sorghum, pearl millet, cotton, rice,
and many vegetable crops exist, the incentives to private R&D are small when compared to maize.
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For many other cross-pollinating and self-pollinating crops, these unique characteristics are not
observed, making the commercial development of vibrant seed markets more challenging. In some
cropping systems based on self-pollinating cereals, the relative importance of farmer seed saving and
exchange, even for improved varieties (for example, rice and wheat), may explain slow progress in raising
rates of varietal turnover. In other cropping systems based on crops with similar reproductive systems and
characterized by vertically integrated supply chains directed toward domestic manufacturing or export
markets (for example, cotton), farmers may be rewarded for uniform, quality products and, seeking to
meet market standards, may purchase seed regularly from a trusted source in the formal system. Thus, it
can be argued that the most effective route for supplying seed to farmers depends on the plant’s
reproduction system, the economic incentives associated with its reproductive biology, and the broader
production and marketing system in which the crop is cultivated.
In Table 2.1, we adapt and revise a simple typology from Smale, Minot, and Horna (2007) that
may be helpful in identifying crops and countries that allow us to explore how policy options affect
varietal turnover. Among the various types of seed marketing systems, the “best-fit” systems for testing
policy options to accelerate varietal turnover are clearly the advanced, privately managed systems (type 2)
that supply hybrids or improved varieties of cross-pollinating crops, vegetables, or industrial crops in
vertically integrated product channels. However, many of the seed industries in South Asia and most in
Africa south of the Sahara are transitional—combining elements of formal, state-managed systems and
formal, privately managed systems—and contain elements that similarly lend themselves to testing policy
options (type 3). A less promising fit for testing policy options may be the nascent systems that supply
seed of self-pollinating food crops, minor food crops, and vegetatively propagated crops almost
exclusively through state-managed systems with ad hoc or occasional introductions of new varieties (type
1). A seed system with significant, periodic infusions of emergency seed in times of crisis (type 4) would
also be inappropriate.

7

Table 2.1 A typology of seed marketing systems, industry stage of development, and crops
Type of seed
marketing system

Characteristics of farmer seed
demand

Seed industry
stage

Most common types of
crops/seed

Nascent: Formal
sector, statemanaged systems

Limited demand due to either
limited potential or actual
commercial demand for seed;
chronic seed insecurity; irregular
seed replacement and variety
change

Nascent, smallscale, traditional

Seed for open- or selfpollinated food crops; seed for
minor food crops; planting
materials for vegetatively
propagated crops

Advanced: Formal
sector, privately
managed systems

Well-articulated demand; high
seed security; regular seed
replacement and variety change

Advanced, mature

Seed for hybridized crops;
improved OPV seed of crosspollinated crops; seed for
vegetable and horticultural
crops; seed for industrial crops

Transitional: Formal
sector, mixed public
and private systems

Ineffective, latent demand;
variable degrees of seed
insecurity; irregular seed
replacement and variety change

Both nascent and
expanding; often
socially managed

Mixture of crops/seed types in
types 1 and 2

Crisis: Emergency
seed distribution

Acute seed insecurity, loss of
production inputs; involuntary
and inconsistent seed
replacement and variety change

Nascent, smallscale, traditional,
and prone to
shocks

Seed for basic staple crops

Source: Authors, adapted from Smale, Minot, and Horna (2007, 75).
Note:
OPV = open-pollinated variety.
We might consider other configurations of public and private provision of information, R&D, and seed production than the
advanced or transitional types described above. For instance, we could highlight the role and extent of the informal seed system
and its integration with the formal system. As Louwaars, de Boef, and Edeme (2013, 191) point out, the linear conceptualization
of seed industry development is built largely around stylized experiences with maize, and it has a significant “blind spot” when it
comes to important opportunities in the informal sector, leading to ineffective incentives and regulatory frameworks that may
serve as obstacles rather than instruments of development (see also Coomes et al. 2015; de Boef et al. 2010; and Almekinders and
Louwaars 2002). 6 We might also consider including a category of seed marketing system that might be called the “socially
managed seed system” or the “developmental seed system.” We can think of a socially managed system as a subcategory of a
state-managed system in that it involves not only the general goal of increasing the provision of seed to farmers but also the more
explicit goals of (1) targeting poorer farmers with improved varieties, and (2) ensuring national food self-sufficiency as a less
costly alternative to massive food imports. Examples of this include Zambia and Malawi and their input subsidy programs, or
Ethiopia, where an extensive state-run seed supply system closely manages private-sector participation (also discussed in detail
later). But irrespective of the classification criteria or country typology, our inquiry intentionally limits its scope to allow for indepth analysis of explicit policy, regulatory, and investment options available to all or most countries that host advanced or
transitional seed marketing systems.

6 Further, for many crops and countries with nascent seed industries, improved varieties have been introduced to farmers
periodically over many years but not regularly replaced, so that the varieties farmers consider their own are actually genetic
mixtures of improved and landrace materials. Enhancing options to accelerate variety change in such systems is also crucial for
food security, although these do not conform to our definition because initial adoption remains a constraint and it is likely that
farmers are not regular purchasers of seed.
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How do we measure varietal turnover?
The characterization of a given variety as “new” or “old” can be arbitrary (Johnson and Gustavson 1963;
Brennan 1984). For this reason, researchers have proposed several precise definitions that measure rates
of varietal turnover. For example, Brennan and Byerlee (1991) proposed an indicator called the (area)weighted average variety age (WA or WAVA). For a given year, the WAVA is computed as
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑡𝑡 = ∑𝑖𝑖 𝑝𝑝𝑖𝑖𝑖𝑖 𝑅𝑅𝑖𝑖𝑖𝑖 ,

(1)

where 𝑝𝑝𝑖𝑖𝑖𝑖 is the proportion of the crop’s area cultivated in variety i in year t, and R is the number of years

at time t since the variety’s release. To calculate the WAVA, the analyst (1) chooses an appropriate

geographical unit of observation (farm, village, state, province, nation, region, world) and year (or time
series) for analysis; (2) records all varieties grown and the number of years since variety release for each;
and (3) calculates the sum over all varieties of the product of the number of years since variety release
and the area share planted to the variety, for each observation of year and geographical unit. The WAVA
can also be calculated using production weights, that is, the quantity of seed produced for variety i by all
seed producers in an appropriate geographical unit of observation.
Unfortunately, given its construction, the WAVA does not enable us to separate the concept of
temporal diversity (expressed in the distribution of variety ages) from that of spatial diversity (reflected in
the distribution of variety area shares or production shares). Spatial diversity, or the distribution of
varieties across a crop-producing landscape, strongly affects susceptibility to biotic and abiotic stress. The
way that varieties grown by farmers are spatially distributed across the area of a crop-producing region is
likely to differ significantly depending on the breeding strategy—such as breeding for agroecological
niches to improve yield and other performance characteristics, as compared to breeding for broadly
adapted mega-varieties. Importantly, some policies may be more successful in influencing spatial
distributions of varieties in a crop-producing region as compared to their average variety age.
For this reason, researchers have also used separate measures to differentiate temporal and spatial
concepts. For example, average variety age (AVA) expresses the rate of variety change without assigning
area or production weights:
9

𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 = ∑𝑖𝑖 𝑅𝑅𝑖𝑖𝑖𝑖

(2)

In the ecological literature, spatial indexes such as the Simpson, Shannon, Berger-Parker and
Margalef indexes express concepts of richness and proportions of relative abundance, and are measured in
terms of population sizes and species counts (Magurran 1988). The same indices can be used to capture
varietal concentration in a given market or geography. Consider, for example, the Herfindahl-Hirschman
Index (HHI). Typically used to measure the share of a market held by firms operating in a given industry,
the HHI is an index that can capture varietal concentration in a given market. Specifically, an HHI can
measure a variety’s position in relation to the total population of varieties under cultivation or in
production at any one point in time, and is calculated as the sum of the squared market share (in
percentage terms) of each variety in cultivation or production for a given period. If measured over time,
like other spatial indices, the HHI contributes both spatial and temporal information. By tracking index
values over time, it is possible to discern changes in the prevalence of a given variety and its replacement
by other varieties.
Formally, the HHI (time series) is given as

𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡 = ∑𝑛𝑛𝑖𝑖=1 𝑠𝑠𝑖𝑖𝑖𝑖2 ,

(3)

where 𝑠𝑠𝑖𝑖𝑖𝑖 denotes the share of the 𝑖𝑖 𝑡𝑡ℎ variety of N varieties in cultivation or production at time t. Index
values between 1,500 and 2,500 indicate moderate concentration, and index values greater than 2,500
indicate high concentration. The maximum index value is 10,000 and denotes only one variety in
cultivation or production. By tracking index values over time, it is possible to discern changes in the
prevalence of a given variety and its replacement by other varieties.
However, all of these measures of varietal turnover have shortcomings. First, they depend on the
accuracy of the variety name, release date, and area or production estimates, and the completeness of the
variety list or register. Second, calculations based on area weights are feasible only if data used to
calculate variety-specific areas under cultivation are statistically representative and accurately reported.
Whether the data are extracted from expert opinion surveys, national statistics, remote sensing, or surveys
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of farm households, nontrivial concerns exist over inaccurate recording or recollection of variety names,
nonresponse bias, and other issues.
Third, turnover measures based on production weights are feasible only if variety-specific seed
production quantities are fully and accurately disclosed, which in a competitive market may constitute
proprietary information from a seed company’s perspective. Moreover, they do not paint a complete
picture of varietal turnover if they account for only that share of seed use that is supplied by the formal
market for which production quantities are disclosed. This means that calculations may overlook varieties
that are saved or exchanged locally, suggesting the possibility for downward bias in calculating average
variety age. That said, production weighting can address the potential bias introduced by inaccurate or
missing responses to questions about variety names asked in farmer surveys that are designed to provide
the necessary data for area weighting.
Fourth, it is important to recognize that turnover measures are not immediately comparable across
crop, time, and cropping system. A set of indexes that measures different dimensions of varietal
turnover—at different nodes in the supply chain—could be more useful in pinpointing problems and
highlighting potential policy trade-offs. Clearly, turnover measures are relevant only when viewed in the
wider context of the overall adoption rate for improved varieties in a given geography. Turnover measures
have little meaning for policy where adoption rates are low because the measures reflect the practices of a
minority of farmers. Without a meaningful rate of variety adoption (for example, if the national cropped
area planted to improved materials is only 10 percent or less), accelerating varietal turnover is unlikely to
have much of an impact on national productivity. In addition, a set of indices that measures different
dimensions of varietal turnover—at different nodes in the supply chain—could be more useful in
pinpointing problems and highlighting potential policy tradeoffs.
Finally, turnover measures should be viewed in the wider context of a modern variety’s “life
cycle,” which consists of three periods with different cost and benefit structures. The first period is the
time to variety release and includes only the investment costs of R&D and the regulatory compliance
costs associated with variety release procedures. This first period generates no benefits. The second
11

period is the time to adoption, or the additional time lag that follows variety release in which there may be
no further investment costs but also no benefits from investing. The third period is the time in the field—
the duration of adoption or variety longevity—when benefits accrue but investment costs have ceased.
Costs in this period involve seed production, maintenance of breeder seed, costs of meeting seed quality
assurance regulations, marketing, and compliance or monitoring costs related to any other regulations.
Our turnover measures abstract from the first period (although we recognize the importance of a more indepth treatment of the role played by crop breeding programs and R&D investment in accelerating
varietal turnover) and instead focus on the second and third periods. Note that in advanced seed markets,
the second period tends to zero—that is, there is no meaningful time lag between the release of a new
variety and its adoption. However, in more transitional seed markets, this lag is often nontrivial and does
need to be considered in the design of policies and regulations that aim to accelerate varietal turnover. Put
another way, in comparisons between countries and crops where these lags are considerable, turnover
measures may systematically underestimate the age of a variety by failing to incorporate the regulatory
delays associated with release. And omitting these R&D lags likely ignores some key policy levers for
accelerating varietal turnover.
In sum, even with the best measures available, there are significant limitations to capturing the
extent of a variety’s diffusion, the spatial and temporal patterns of diffusion, and the contribution of
various nodes of the seed value chain to that diffusion. Moreover, it is not always clear why some farmers
might want to replace improved varieties with newer varieties on a regular basis, and why other farmers
may choose to stick with the varieties they are already cultivating.

What does the empirical evidence on varietal turnover indicate?
But in the absence of indicators that perfectly measure the multiple dimensions of varietal turnover at
different nodes in the supply chain, the indicators described above are a useful departure point to explore
the empirical evidence on varietal turnover rates. We begin with a brief review of work conducted by the
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International Maize and Wheat Improvement Center (CIMMYT) starting in the late 1980s, and follow
that with more recent examples where WAVAs have been used to inform policy and investment priorities.
During the late 1980s, CIMMYT was concerned with the susceptibility of modern wheat varieties
to rust diseases and the slow rate of replacement of wheat varieties after the Green Revolution in Pakistan,
especially when compared with the Yaqui Valley in Mexico and the Punjab of India. This was highlighted
in a study by Heisey (1990) that examined these dynamics of varietal replacement and spatial
diversification in Pakistan’s Punjab province. It concluded that varietal replacement has been slower than
a “reasonable target” (once every five to six years, with optimal turnover of four years) and that more
than 50 percent of the wheat area was planted to susceptible varieties. The report also found a notable
mismatch in the market: while the Punjab Seed Corporation, a state-run seed enterprise, sought to market
certified seed (that is, promote seed replacement) to farmers rather than facilitate variety change (that is,
promote varietal turnover), farmers tended to purchase seed for the purposes of varietal turnover and
relied on other farmers for seed replacement.
Heisey and Brennan (1991) then developed an analytical model of the demand for replacement
seed, depicting the economically optimal rate of varietal turnover and applying it to wheat seed demand in
Pakistan. They posited that the optimal decision to replace wheat seed for the purposes of varietal change
is jointly determined by a number of factors, including the rate of gain in yield potential of new varieties,
the rate of depreciation of retained seed, farmer learning, and seed and capital costs, as well as parameters
related to the probability of loss of effective resistance, such as the rate of mutation of disease organisms,
the structure of genetic resistance to disease in a variety (for example, based on single genes or multiple
genes), and the growing environment.
CIMMYT’s experience with calculating WAVAs for wheat illustrates how varietal turnover rates
vary widely from temporal and spatial perspectives. For example, Brennan and Byerlee (1991) compared
WAVAs for the 1970s–1980s among the Punjabs of Pakistan and India, the Yaqui Valley of Mexico, and
wheat environments in Australia, the United States, Argentina, and Brazil. WAVAs ranged from a mean
of 3.1 (in the Yaqui Valley, the testing ground of CIMMYT wheats with heavy disease pressure) to 11.1
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(in Pakistan’s Punjab), while the rate of varietal turnover was declining during the period of study. They
argued that this trend partly reflected a “return to normality” after the introduction of semi-dwarf wheats,
and expressed concern that the WAVAs in certain environments were greater than the expected longevity
of resistance to wheat rusts. Later, using provincewide data for a longer time period, Hartell et al. (1998)
similarly found that the WAVA had increased over time in the Punjab of Pakistan, rising to nearly 11
years. Interestingly, these findings have not necessarily held out over time: in a recent study of wheat
variety adoption in the same province, Nazli and Smale (2015) found an AVA of eight to nine years, and
shortly after that study, it was observed that the most popular variety grown by farmers surveyed, Seher06, succumbed to rust and was rapidly replaced by other varieties.
Following the work by Heisey (1990), Brennan and Byerlee (1991), and Heisey and Brennan
(1991), the WAVA was applied in many of the global, regional, and farm impact analyses. A study that
used data from CIMMYT Global Wheat Impacts Surveys in 1990 and 1997 reported an average WAVA
of 12 in both years for all spring bread wheat varieties released by national programs and grown in 37
countries around the developing world (Smale et al. 2002). In their in-depth analysis of the same data,
Heisey, Lantican, and Dubin (1998) concluded that varietal turnover rates did not improve from 1990 to
1997 for seven countries in Africa south of the Sahara. Most estimated WAVAs fell in the range of 10 to
16 years.
Recently, Walker and Alwang (2015) applied the concept (which they termed as the “velocity” of
varietal turnover) in a comprehensive study of multiple crops and countries in Africa south of the Sahara.
Their summary of findings from 117 crop-by-country combinations in Africa South of the Sahara
estimated an overall average WAVA of 14 years across crops, with a range from 10 to 20 years across
crops. The lowest WAVAs were found for banana and sweet potato (vegetatively propagated crops),
which they explained by the absence of earlier research or releases in the 1980s and 1990s. They further
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concluded that the rate of varietal turnover varied widely by crop reproduction system, time period of
study, plant disease pressure, and market demand for product characteristics. 7
Walker and Alwang (2015) suggest that in addition to the overall adoption rate, an average
varietal age under 10 years signals progress in plant breeding from an economics perspective, while a
WAVA approaching 20 years implies that recent releases are not competing well with older products.
Pairing high adoption rates and high varietal turnover rates as signals of successful crop improvement
programs, they found that only 16 of the 117 combinations had both above-average adoption rates
(greater than 35.5 percent, area-weighted) and high varietal turnover rates (less than 10 years, against an
area-weighted average of 14 years). These included larger-area programs in maize, cassava, and cowpea
and some smaller programs in soybean and rice. The authors also noted the similar results for hybrids in
eastern and southern Africa compared to improved open-pollinated varieties in West and Central Africa.
One caveat is that not all 1,145 varieties included in the database had variety release information, so there
is potential for measurement error.
Disappointingly, Walker and Alwang (2015) found that the vintage of maize and wheat varieties
in farmers’ fields had not changed meaningfully in Africa south of the Sahara during the past 14 years.
They estimated the WAVA for maize at 13 years throughout Africa south of the Sahara. Smale and
Olwande (2014) found a WAVA of 17 years for all hybrids and improved varieties of maize (9 percent of
which were hybrids) grown by farmers in the major maize-growing areas of Kenya in 2010 (Smale and
Olwande 2014). Initially, Kenya had adoption rates that rivalled those of the US Corn Belt in the 1930s
and 1940s (Gerhart 1975), and the adoption rate calculated from the same data source was 82 percent of
farmers. The results reported by Smale and Olwande (2014) suggest a much lower WAVA than that
reported by Hassan in 1998 (23 years). That said, Walker and Alwang (2015) cite even lower varietal
turnover rates for irrigated rice in South Asia (Pandey et al. [2015] in the same volume). Dryland crops in
South Asia also fall in a similar range to those reported for Africa south of the Sahara (10 to 20 years),

7 Interestingly, the outlier in the calculation of varietal turnover is the Russet Burbank potato in North America, with an
average age of 40 to 50 years.
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with the noteworthy exception of pearl millet—where hybrid turnover is driven by downy mildew disease
(Charyulu et al. [2015] in the same volume). Once again, this illustrates the sensitivity of the WAVA to
the time period and observational unit.
Table 2.2 summarizes the WAVAs recently calculated for several other crops, geographies,
periods, and farm sizes. These figures similarly suggest the sensitivity of the WAVA to time period and
observational unit. Nonetheless, several interesting observations are worth noting. First, findings from
earlier studies of wheat variety age in India seem to find continued support in these recent calculations.
Although production weights are not necessarily the first-best measure of average variety age, the figures
for all India in Table 2.2 indicate that the production-weighted average age has increased significantly
from 9.4 years in 1997/1998 to 2001/2002 to 13.2 years in 2006/2007 to 2009/2010. Among other
possibilities, this suggests shortcomings in the public seed supply system that underpins varietal turnover
for Indian wheat (Krishna et al. 2016).
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Table 2.2 Average variety ages for selected countries, crops, years, and weights
Country

Crop

Reference year

Average variety
age (years)

Weight

Bangladesha
Overall
Marginal farm size
Small farm size
Medium farm size
Large farm size

Rice
Rice
Rice
Rice
Rice

2011/12
2011/12
2011/12
2011/12
2011/12

20.01
20.75
20.24
20.29
19.20

Area
Area
Area
Area
Area

India (Haryana)b
Overall
Marginal farm size
Small farm size
Medium farm size
Large farm size

Wheat
Wheat
Wheat
Wheat
Wheat

2009/10
2009/10
2009/10
2009/10
2009/10

9.74
10.11
10.32
9.45
6.93

Area
Area
Area
Area
Area

Indiac
1997/98 to 2001/02
2006/07 to 2009/10

Wheat
Wheat

n/a
n/a

9.4
13.2

Production
Production

Pakistand
Overall
Overall
Overall

Wheat
Rice
Cotton

2011/12
2011/12
2011/12

7.03
6.25
2.22

Area
Area
Area

Ethiopia
Overalle
Overallf
Overall
Overall
Overall

Teff
OPV maize
Hybrid maize
Bread wheat
Sorghum

2010/11
2013/14
2013/14
2009
2009

16.0
17.7
10.6
13.9
9.9

Production
Area
Area
Production
Production

Kenyaf
Overall
Overall

OPV maize
Hybrid maize

2013/14
2013/14

12.4
13.7

Area
Area

Zambiaf
Overall
Overall

OPV maize
Hybrid maize

2013/14
2013/14

13.5
12.8

Area
Area

Ghanaf
Overall
OPV maize
2013/14
24.0
Area
Overall
Hybrid maize
2013/14
6.0
Area
a Source: Naher and Spielman (2015) based on data from Ahmed (2013). Average age denotes share of all rice-cultivated area
planted to the top-five varieties only; “marginal” farmers cultivate less than 0.2 hectares (ha); “small” between 0.2 and 0.6 ha;
“medium” between 0.6 and 1.0 ha; and “large” greater than 1 ha. b Source: Krishna et al. (2016). “Marginal” farmers cultivate
less than 1 ha; “small” between 1 and 2 ha; “medium” between 2 and 10 ha; and “large” greater than 10 ha. c Source: Krishna et
al. (2016). Figures denote arithmetic averages of production-weighted average variety age for the top-20 varieties produced in
each year. d Source: Based on data from IFPRI/IDS (2012). e Source: Spielman and Mekonnen (forthcoming). f Source: Abate et
al. (2017).
Note:
n.a. = not applicable; OPV = open-pollinated variety.

Second, findings for wheat variety age in Pakistan are considerably lower than estimates from
both previous and recent periods discussed earlier. These differences are likely related to differences in
the sampling frames used for the study, with the figures in Table 2.2 drawn from a rural household survey
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that did not explicitly sample based on wheat-growing areas or populations. This demonstrates the
sensitivity of WAVAs to the type of data used, as described earlier.
Third, the area-weighted average variety ages for rice in Bangladesh and wheat in Haryana, India,
show relatively little variation across farm-size categories, suggesting that marginal or small-scale
farmers are no less likely to cultivate newer varieties than large-scale farmers. Third, certain crops for
which one would expect rapid turnover—crops where extensive R&D investments have been made in
genetic improvement such as rice and wheat—are characterized by relatively high average variety ages.
This may again imply that recent releases are not competing well with older ones, possibly because
foundation seed production and distribution systems are poorly functioning. It may also reflect the
adoption problem discussed earlier: despite new and improved variety releases, adoption depends on
complex factors relating to market signals for seed, complementary inputs, the commodity that is
ultimately harvested for consumption or sale, and the relative wealth or poverty of the households that
produce and/or consume the commodity. Or it may imply that seed companies are resistant to incurring
the costs of changing their product offerings to farmers.
An illustration of this point is the continued dominance in Kenya of H614, a maize hybrid—a
phenomenon that has baffled observers for some time. In Kenya, Smale and Olwande (2014) found that
ownership of the hybrid by the Kenya Seed Company (KSC), a state-owned enterprise, had a very strong
positive effect on the WAVA of maize hybrids planted by farmers in 2009/2010. H614 is one of KSC’s
oldest hybrids and is grown in zones where farmers have grown hybrids the longest. In 1992, H614 was
planted on 42 percent of national maize area (Hassan 1998). In 1998, CIMMYT data show the same
hybrid representing 51 percent of maize area, and in 2010, KSC reported that it still represented 48
percent of seed sales (F. M. Ndambuki, Kenya Seed Company, personal communication, May 11, 2010). 8
Apparently, KSC has had difficulty surpassing the overall performance and popularity of this late-

8 Estimates reported by De Groote et al. (2015) indicate 26 percent of area in 2009, though these were based on a sample that
probably included areas outside the major maize-growing areas.
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maturing hybrid that uniquely suits the growing conditions in Kenya, though numerous hybrids have been
developed and released since H614’s introduction.
But this explanation is unlikely after 50 years of maize breeding in Kenya. Rather, it is much
more likely that the company is not making the costly investments associated with replacing this premier
product. Product replacement usually reduces the net returns of seed companies unless they risk losing
market share by failing to replace, or unless the new variety has a lower cost of goods. Until very
recently, KSC faced no competition in the Kenyan highlands, and new hybrids, which will be three-way
or single crosses, are likely to be somewhat more expensive to produce than H614 (Gary Atlin, Bill &
Melinda Gates Foundation, personal communication, July 16, 2016).
Ultimately, however, we are interested not in average variety age in isolation but in the
relationship between variety age and yield. To that end, researchers have sought to directly test the effects
of varietal turnover on yields in farmers’ fields using econometric models and an array of the indices
described above. With respect to the effect of varietal age on productivity, the evidence appears fairly
supportive of the hypothesized positive relationship between variety turnover rates and yield growth,
although there are exceptions.
Smale et al. (2008) examined the effects of area-weighted variety age and similarity of parentage
on wheat productivity in the Punjab of India during the post–Green Revolution period. They found that
slow variety change in farmers’ fields partially offset the yield gains from diversification of parentage. A
decade earlier, estimating a productivity model for the Punjab of Pakistan, Hartell et al. (1998) found
significant, negative effects of variety age on wheat yields, but positive impacts of greater concentration
of crop area in fewer varieties in the irrigated areas. In other words, variety age increased yield variability.
Jin et al. (2002) found large, statistically robust effects of varietal turnover on total factor productivity
across provinces in Chinese wheat farming from 1982 to 1995. 9 Smale and Olwande (2014) explored

9 Jin

et al. (2009) also explored the determinants of varietal turnover rates in their modeling of Chinese wheat production and
found significant effects for yield potential and research investments on varietal turnover in wheat, but they noted different
results for rice and maize, which they explain by farmer preferences for quality or nonyield traits in the latter two crops during
the time period of study.
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similar relationships for maize in Kenya, and find that yields were significantly and negatively correlated
with variety release year, suggesting that some older releases (many of which were later-maturing and
thus higher-yielding) may still be showing an advantage.
With respect to the effect of spatial dimensions of varietal turnover on productivity, the evidence
appears to suggest that spatial distribution often has the strongest effects on yield and yield variability
(Smale et al. 2008, 2003; Hartell et al. 1998). Smale et al. (2003) explicitly tested the relationship
between spatial and temporal diversity in wheat production systems of Australia and China between 1982
and 1997. Econometric models showed that higher area-weighted average variety age was positively
related to spatial diversification. In those instances, older varieties occupied minor shares as farmers
gradually replaced them, leading to lower area concentration. In the Australian model, a more rapid rate
of variety release and a higher proportion of locally bred material was associated with greater spatial
diversification of varieties. In the Chinese model, the effect of market liberalization, as compared to the
period of the household reform system, was associated with similar spatial diversification. Moreover,
these results suggested a potential trade-off between spatial and temporal diversification as policy goals:
they are imperfect substitutes, and the ideal combination of the two likely depends on agroecology and
changes over time. These are examples of the inherent complexities of policymaking to accelerate varietal
turnover.
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3 POLICY OPTIONS TO ACCELERATE VARIETAL TURNOVER
This section examines policy options designed to accelerate varietal turnover. We define policy as the
laws, regulations, and guidelines as well as the taxes, subsidies, market interventions, and public
investments designed and executed by government to achieve some social or economic goal. In the
context of developing-country agriculture, we assume that the goal is sustained productivity growth in
food staple production.
Each subsection explores a single policy option, beginning with varietal registration procedures
and continuing through quality assurance regulations, early-generation seed provision, input subsidy
programs, seed enterprises’ marketing capabilities, and antitrust policy. The policy option is defined,
illustrated, and analyzed in terms of whether it incentivizes farmers to continuously replace—and benefit
from the replacement of—improved varieties with newer releases. As noted earlier, this is distinct from a
policy option that encourages farmers to make a one-off switch from one improved variety to another.
Broad conclusions are then drawn around the likelihood that the option will influence varietal turnover
either directly or indirectly.
Note that the policy and regulatory options explored here are largely focused on improving the
supply of improved varieties to accelerate varietal turnover. This should not be viewed as disregard for
policy options that encourage greater demand. Rather, we address only supply constraints here for the
following reasons. First, many of the options discussed below can be readily influenced by public
policymakers, policy advisers, and associated organizations in a manner that can directly affect the supply
of improved varieties available to farmers.
Second, we assume that such individuals and organizations have better information, stronger
foresighting capabilities, and clearer incentives to make policy decisions that address the inherent tradeoffs between an optimal rate of varietal turnover from society’s perspective and the rate that is
economically optimal for an individual farmer or private seed company. In other words, it is the
policymakers’ job to invest in increasing the availability of new varieties to address a range of challenges
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that individuals themselves may not respond to. These may be the evolving threats posed by biotic and
abiotic stresses, including those associated with climate change; systemic changes in the economics of
farming linked to demographic transitions, income growth, urbanization, and changing consumer diets; or
global changes in commodity trading patterns that affect the returns on specific crops and agricultural
products.
Third, policies and investments pertaining to demand generation require much more thorough
treatment, recognizing that the demand for seeds and traits is derived from demand for the final product
and is determined by variables such as weather, seed prices, the price of substitutes (for example, saved
seed), the price of complementary inputs (for example, fertilizer), the genetic attributes and physical
quality of the seed, and farmers’ expectations and preferences for specific traits and varieties. Policies and
investments to generate demand for quality seeds and traits are many, and include such examples as
strengthening of agricultural extension and advisory services to increase awareness of new varieties
through popularization campaigns; providing credit facilities to farmers to encourage seed purchases; and
enhancing the informational and financial services provided by input retailers who sell new varieties to
farmers. Each deserves separate and detailed treatment.

Accelerating varietal registration and release
A logical starting point for policy reform is to examine the rules and guidelines that govern the release of
new varieties (Tripp and Rohrbach 2001; Tripp 1997; Tripp and Louwaars 1997). Here, the logic is that
regulatory procedures represent a direct and costly impediment to the release of new varieties and thus
increase the total time required to move from development through adoption of varieties that are
promising replacements for those already grown by farmers. Concerns tend to revolve around industryarticulated concerns about (1) the crops that are subject to testing under varietal registration rules and
guidelines; (2) the time required to conduct tests for distinctness, uniformity, and stability (DUS); (3) the
number of seasons and locations required for national performance tests of value in cultivation and use
(VCU); (4) the criteria and counterfactuals (the “check” varieties) used to determine VCU; (5) whether
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such tests may be conducted by the applicant (that is, a breeder or seed company) itself or whether
proprietary germplasm must be handed over for testing to the public regulators or research agencies, the
latter of which may constitute potential competitors; and (6) whether registration (and the associated test
results) provides a credible signal of genetic quality to farmers.
Varietal registration regulations and procedures were originally designed to ensure that varieties
distributed to farmers were superior in their performance to existing varieties on the market, and to
prevent the cultivation of varieties that might have a negative impact on the environment or were
susceptible to pest and diseases (FAO 2011; Bishaw and van Gastel 2009). Today, however, it might be
argued that these regulations and procedures are simply vestiges of systems that were wholly reliant on
public breeding programs, in which state-owned seed companies depended on the handoff of improved
germplasm from public breeding programs, and VCU and DUS testing procedures were a means of
imposing quality controls at this upstream point in the system (for example, Gisselquist et al. 2013). Such
regulations may have lost their capacity to generate the social value envisioned in the original regulations,
and they may instead be a critical constraint on more rapid release of new varieties to farmers. With the
entry of private-sector breeding programs and private seed production and marketing operations in many
countries—or seed policies that aim to encourage private-sector entry—the importance of these testing
procedures is worth revisiting.
Strict DUS and VCU testing regulations remain in place in many developing countries and for
many crops (Setimela, Badu-Apraku, and Mwangi 2009; Langyintuo et al. 2010). But the array of
exceptions to testing regulations in many of these same countries indicates the potential for regulatory
reform. Exceptions include requiring testing only for publicly developed varieties or publicly developed
varieties that are to be promoted or subsidized by public programs; allowing for varieties under
development to be tested widely among farmers without prior registration; allowing for voluntary or
automatic registration of varieties through simple, low-cost application procedures; and exempting crops
that are not central to national food security from strict testing.
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Several examples of regulatory reforms are worth noting. Turkey loosened its variety release
regulations in 1982 by reducing VCU testing to one to two years and allowing companies to conduct and
report on their own tests, and the subsequent decade saw a rapid increase in the number of seed
companies doing business in Turkey and the number of field crop and vegetable varieties released on the
market (Gisselquist and Pray 1999). Bangladesh, India, Philippines, and Kenya, among others, do not
require variety registration or associated testing for many nonstaple crops, while in China and South
Africa, registration is automatic and testing is voluntary for most or all crops (see, for example,
Goldschagg 2016; Gisselquist 2016; Ar-Rashid, Ali, and Gisselquist 2012). To further accelerate the
release of new varieties, countries are also exploring regional harmonization of their registration
procedures or mutual recognition of registrations. Recently, Bangladesh, India, and Nepal took steps to
address these nontariff barriers by signing an agreement that harmonizes rice varietal registration
procedures and mutual recognition of registrations among the countries, paving the way for lower
regulatory burdens and more rapid release of improved varieties developed in any of the three countries
(IRRI 2014). Agreements along similar lines (but across a wider range of crops) have also been forged
among members of the various regional economic communities in Africa south of the Sahara, although
actual progress has been slow in reducing national regulatory burdens and accelerating variety releases
through regional exchanges of data and material (Herpers et al. 2017). Ultimately, these illustrations
suggest that regulations governing varietal registration and release are not singular or monolithic across
developing countries. Table 3.1 illustrates this with indicators extracted for selected countries with mature
or transitional seed systems from the World Bank Group’s (2016) Enabling the Business of Agriculture
report.
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Table 3.1 Selected indicators on varietal registration procedures from the World Bank/IFC
Enabling the Business of Agriculture 2016
Indicator

Ethiop
ia
Yes

Kenya

Tanzani
a
Yes

Zambi
a
Yes

Banglad
esh
Yes

Nepal

Ghana

Yes

Yes

Yearly

On
deman
d

Twice a
year

Twice
a year

On
demand

Yearly

Does
not
meet

If there is a legally mandated release
committee what is the composition of the
committee? (no. of private-, public-sector
representatives on the committee)

0, 3

4, 3

3, 11

4, 8

3, 17

4, 11

5, 13

Can a variety be commercialized
immediately after the recommendation of
the variety release committee?

Yes

Yes

No

No

Yes

No

Yes

Does the country have a variety catalog
listing new varieties? Is the variety
catalog available online?

Yes,
No

Yes,
Yes

Yes, No

Yes,
Yes

Yes, Yes

Yes,
Yes

No, n.a.

Annual
ly

Annual
ly

Annually

Annual
ly

Annually

Annual
ly

Yes

Yes

Yes

No

Yes

Yes

No
catalog
yet
n.a.

4

6

6

5

2a

5

6

544

3a

611

757

652.1

1,045

0b

0

No data

70.10

59.4

0.0

0.0

No data

Does the country’s law establish a
variety release committee?
How often does the legally mandated
variety release committee meet in
practice?

How often is the catalogue updated?

Does the catalog specify agroecological
zones suitable for plantation of each
listed variety?
Seed registration procedures (no.)
Seed registration time (days)

620

Seed registration cost (US$)

488.9

Seed registration cost as a share of
income per capita (%)

88.9

Yes

321
1,798.
5
140.5

333

Source: World Bank Group (2016).
Note:
n.a. = not applicable.
a Registration is not available for maize varieties. Private companies can, at their discretion and at no cost, list maize varieties in
the national catalog. This is what the procedures and time capture.
b Registration is not mandatory, therefore nonmandatory costs are not accounted for here
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But despite the regulatory reform space suggested by these exceptions, some analysts still suggest
that there is greater scope for regulatory reform but that efforts are impeded by vested interests in the
broader political economy (Spielman and Kennedy 2016; Gisselquist et al. 2013). For example, regulatory
agencies themselves rarely advocate for reform if those reforms entail disassembling their infrastructure,
reducing their staffing, or decreasing their influence. See Rana, Spielman, and Zaidi (2016) for an
illustration with Pakistan’s Federal Seed Certification and Registration Department. Similarly, stateowned seed enterprises rarely advocate for reforms if changes in varietal registration procedures allow
competitors to enter the market, chip away at an enterprise’s market power, or compromise its
overarching social objectives such as improving national seed security. Domestic seed companies may
similarly view such procedures as a barrier to entry that protects against foreign competition and from the
introduction of foreign varieties that may compete well in local markets. Such may be the case with
respect to rice and wheat varieties released in India but not officially released in Bangladesh, resulting in
either cross-border seed smuggling or the annual issuance of seed import permits to Bangladeshi
companies that opened the door to rent-seeking behavior (D. Gisselquist, personal communication, July 7,
2016).
The reduction or elimination of varietal registration and release procedures is attractive for
several reasons. First and foremost, VCU testing in many countries tends to focus simply on a narrow set
of criteria (typically yield gains and stress tolerance) without reference or guidance on how to consider
other (typically nonyield) attributes—grain quality, taste, or storage and cooking characteristics—despite
the potential importance of those attributes to farmers and consumers. Second, VCU testing is typically
conducted in comparison with a check variety that may or may not be the most relevant comparator for
farmers—or heterogeneous populations of farmers—who ultimately decide to cultivate the variety or not.
Third, both DUS and VCU tests can be costly procedures, especially when regulations require extensive
duplication in multiple agroecologies for extended periods of time. Fourth, committees mandated to
review testing results and recommend (or reject) the release of a variety have come under scrutiny in
recent years over concerns about ad hoc decision making, insufficiently frequent meetings, excessive
26

bureaucracy, intrusion of nonscientific considerations, and insufficient representation of seed industry
stakeholders in the decision-making process. Finally, tests are only as useful as the regulatory system’s
throughput capacity: for crops where new varieties are released every season or every few seasons,
multiyear testing procedures can substantially slow the rate of variety release.
This should not be taken to suggest that across-the-board deregulation of seed markets or the
abandonment of varietal registration procedures is a desirable or socially beneficial goal in and of itself.
To be sure, many of the agricultural policy reforms promoted in developing countries—particularly in
Africa—during the 1980s tended to equate market liberalization with seed system deregulation and
privatization (Tripp and Rohrbach 2001; Tripp 1997; Tripp and Louwaars 1997). Yet the inherent market
failures that characterize seed markets in such countries persisted, causing private companies to shy away
from investment and leaving farmers without sufficient access to new varieties.
Varietal registration and testing may still have a place. Varietal registration lists can be a useful
source of information for policymakers, seed providers, and even farmers on available traits if such
information is detailed and warehoused in a manner that provides broad access. There is also scope for
thinking about registration—or more specifically, deregistration—as a mechanism to remove varieties
from the market and encourage the distribution and adoption of newer varieties. Deregistration or a
notification system that flags obsolete varieties is particularly relevant in cases where specific varieties
are identified as susceptible to pest and disease pressures, and where the rapid replacement with less
susceptible varieties is deemed critical to food security.
However, experience suggests that deregistration itself does not necessarily remove a variety
from production or encourage varietal change. Farmers may retain and exchange seed of a deregistered
variety among themselves, and may do so in response to strong variety-specific market signals from
consumers such as preferences for taste or cooking quality. Moreover, deregistration or withdrawal of a
variety without a credible, ready-for-market successor could lead to economically or socially inferior
outcomes relative to, say, a strategy that rewards public or private breeders for developing and
distributing newer, better varieties. Relatedly, the costs of implementing a deregistration strategy—
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identifying and credibly penalizing farmers who grow the variety or seed producers who multiply it—
could exceed the strategy’s benefits. 10
To illustrate the difficulties in planning and implementing varietal succession strategies, consider
Pakistan’s experience with wheat rust during the second half of the Green Revolution. Heisey et al.
(1997) showed that there are potential economic trade-offs associated with pursuing a policy goal of
reducing expected yield losses from wheat rusts in Pakistan by (a) greater spatial diversification of
varieties, (b) use of a temporally changing list of resistant varieties, and (c) promoting more diversified
genetic backgrounds in varieties. They found that during the study period (1978–1990), the average yield
of recommended varieties in Pakistan’s province of Punjab was similar to that of varieties that had been
banned due to wheat rust susceptibility. The tendency for many farmers to grow a few preferred varieties
appears to have had greater yield effects than growing banned (as compared to recommended) varieties.
In most years (11), maximizing spatial diversification would have resulted in annual yield losses (an
average of 65 to 70 kilograms per hectare per year) that cost US$50 to $80 million (in constant [1990]
terms) during the later years when wheat area in Punjab was concentrated in fewer varieties.
The analysis by Heisey et al. (1997) suggested two obvious reasons why farmers do not choose to
grow wheat varieties with the level of rust resistance that would be socially desirable: (1) farmers choose
to grow high-yielding varieties irrespective of whether they are known to be susceptible to rust, and (2)
farmers choose to grow high-yielding varieties irrespective of whether they have the same basis of genetic

10 An alternative to deregistration might be to use negative incentives to discourage companies from producing and
marketing specific varieties. Such incentives can take the form of penalties, fines, or taxes on a company that produces an
obsolete variety or the withdrawal of subsidies, credit concessions, or other financial arrangements otherwise provided to that
company. In theory, the revenue generated or saved from such an approach could be used to offset the social costs associated
with continued cultivation of undesirable varieties. For such incentives to work, however, the companies in question must be
responsive to financial signals—an assumption that may not hold in the case of state-owned seed enterprises where operating
losses are regularly covered by public resources. Moreover, the impact of these incentives depends partly on the extent to which
seed companies can pass additional costs on to their farmer-clients, that is, whether demand is inelastic relative to supply. Such
may be the case where there are a limited number of seed providers in a given market or where the seed market is characterized
by monopolistic competition where producers sell products that are slightly differentiated from one another (for example, by
traits, branding, or packaging) and are not perfect substitutes. In such situations, it is possible for a seed company to simply pass
on the costs associated with a penalty, fine, tax, or subsidy withdrawal to the farmer. And when the monitoring and enforcement
costs of monetary incentives are further considered, the outcome may again be a socially inferior policy that would be a secondbest alternative to rewarding seed companies for selling newer, better varieties and to supporting such companies with effective
breeding and R&D programs.
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resistance as those grown by other farmers. They further noted that while efforts to influence the rate of
varietal turnover by adding and removing varieties from a recommended list was the primary tool used by
the public research and administrative agencies to protect against the threat of known rust pathogens, the
strategy had serious shortcoming. First, recommended lists are imperfect because pathogens evolve and
the genetic base of resistance is also modified by plant breeders (that is, varieties can carry different types
of resistance), meaning that the resistance threshold at which a variety should be withdrawn from
circulation is difficult to ascertain with scientific accuracy. Second, as recalled more recently by Heisey
(personal communication, June 16, 2016), recommended variety lists (or, under more extreme
circumstances, variety bans) can be the subject of vested interests. 11 Perhaps most important for this
review, Heisey (personal communication, June 16, 2016) argued that banning varieties was just not very
effective because farmers sourced seed from other farmers or from their own saved seed—until they lost
their crop to wheat rusts. They continued to grow banned varieties because the disease-free yield of many
of them was higher than that of the varieties that were meant to replace them.
In summary, there is likely considerable potential in accelerating varietal turnover—or at least
accelerating the number of varieties available to farmers—by reducing the regulatory burdens associated
with varietal registration. Low-cost and readily implementable regulatory reforms include (1) removing
food staple crops from strict notification lists that mandate extensive testing additional to the testing
conducted by the breeding organization; (2) allowing the final multilocation testing stages of the breeding
organization’s pipeline to serve as the trials on which release decisions are based, avoiding unnecessary
duplication of tests by multiple organizations; and (3) introducing voluntary or automatic registration
procedures that require submission of a minimum dataset characterizing the agronomic performance and
other relevant characteristics of the variety. Deregistration of varieties is likely a weakly second-best
option given the costs of implementation and the wider social and economic costs.

11 In the late 1980s, the decisions to ban rust-susceptible varieties were made following the annual “traveling wheat
seminar” that included extensive farm and trial visits by wheat scientists and wheat program administrators. But while rust
susceptibility was the foremost concern emerging from those visits, it was also determined that a ban would be imposed on any
variety of Indian origin—suggesting a strong political motivation to the decision that may have had nothing to do with pathogen
or productivity concerns.
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Improving quality assurance systems
Irrespective of varietal registration and release procedures, issues related to the regulation of seed quality
are much more proximate to the concerns shared by industry and farmers. The market failures discussed
earlier are most evident in the actual exchange of seed between seed providers and farmers—the point at
which farmers buy seed and are often unable to assess ex ante the identity or quality of seed based solely
on visual inspection, and where the seed provider may possess such information. This allows for the
possibility of an inefficient market exchange with potentially welfare-reducing outcomes for the farmer.
Thus, seed quality assurance systems have emerged in most countries to specifically address the
inefficiencies created by asymmetries of information in seed markets. In the context of varietal turnover,
quality assurance systems that provide farmers with a credible signal of genetic and physical quality can
increase the willingness to switch from one improved variety to another.
Policy and regulatory reforms to improve seed quality systems can be viewed in terms of quality
control systems that are internal to the seed provider and quality assurance systems that are external to the
seed provider (Gildemacher et al. 2017). Internal quality control systems require investment in seed
providers’ capacity to manage seed production in a systematic manner. These systems fall outside the
direct purview of public policy and regulation, and they are more of a topic for discussion of investments
in technical capacity required to develop a robust seed industry. External quality assurance systems, on
the other hand, are a matter of public interest, particularly where farmers rely on regulation because
quality signals garnered from the market, from peers, or from other sources do not correlate well with
actual seed quality.
As a case in point, consider seed certification as the highest standard of quality assurance. Seed
certification is a common method of signaling to farmers that their seed—particularly for major field
crops—is of a high and consistent quality in terms of genetic purity, physical purity, germination rate, and
moisture content. Certification is typically provided based on point-by-point inspections designed to
monitor and document seed production from field to bag. But there is also evidence—some anecdotal,
some documented—to suggest that seed certification systems in many countries allow significant
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quantities of off-type materials into the market, which may not be any better than farmer-saved seed (Deu
et al. 2014; Biemond et al. 2013; Bishaw, Struik, and van Gastel 2012; Bonger, Ayele, and Kumsa 2004).
Other studies suggest that certified seed itself does not provide farmers with the kind of quality signal it is
intended to provide, causing them to rely on other seed sources to obtain better-quality seed, improved
genetics, or information on either (Diallo 2009; Rana 2014). Despite this, strengthening seed certification
systems and increasing the rate at which farmers purchase certified seed seem to have emerged as key
policy goals in certain developing countries (Spielman and Kennedy 2016).
Yet alternatives exist. Gildemacher et al. (2017) describe four alternatives to standard state-run
certification systems: self-control systems, group control systems, quality-declared seed (QDS), and
truthful labeling. The first two are forms of firm- and industry-level self-regulation and are susceptible to
moral hazard, principal–agent problems, and other social and economic issues. QDS and truthful labeling,
on the other hand, may offer more scope for seed markets in developing countries.
QDS refers to a quality assurance standard that is less rigorous than conventional seed
certification but still based on external and independent assessment and verification. See FAO (2006) for
QDS guidelines. Such systems exist in a range of countries. In Tanzania, QDS has been in place since
2000. Ethiopia places the distribution of QDS prominently in its seed sector development strategy. A
similar consideration for QDS finds mention in India’s National Food Security Mission, Nepal’s Seed
Vision, and strategies being developed in other countries where rapid seed system development is a topic
of policy discourse.
Importantly, QDS systems can be less costly than conventional certification systems.
Gildemacher et al. (2017) estimate that the real costs of QDS amaranth seed in Tanzania amount to just
44 percent of certified seed. Where farmers’ willingness to pay for quality seed is limited, lower-cost
QDS seed may bring prices more in line with farmers’ expectations.
Rather than fixate on certified seed distribution, many developing countries might do well to
invest in these alternative quality assurance mechanisms. This could include the introduction of QDS
systems that provide a lower standard of quality at a lower cost that is more commensurate with farmers’
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existing expectations. Or it could include more incremental changes in procedures, such as allowing tests
to be conducted by accredited private seed-testing laboratories rather than public seed quality assurance
agencies or simply providing greater or more transparent information on procedures, testing criteria, fees,
and testing timelines (Table 3.2). It may also involve the introduction of traceability systems for seed to
help determine where quality issues occur between the production and distribution points in the supply
chain. Point-of-sale monitoring for quality assurance also offers a lower-cost alternative to standard
“field-to-bag” inspections. Similar cost savings could be achieved with digital solutions such as the everification system piloted in Uganda in which scratch-off labels are affixed to genuine agricultural inputs
(seed and fertilizer packages) to provide farmers with a product code that can be validated via SMS to
authenticate the product (FTF 2015; Ashour et al. 2015).
That said, there may be unintended consequences in any quality assurance system that seeks to
formalize what is otherwise a functional informal seed system. Bringing small-scale seed producers under
regulatory scrutiny—even with relatively lenient QDS standards—changes the cost structures of seed
production. And if such changes reduce the returns to seed production by small-scale producers, then one
might expect seed supply to decrease as producers exit the market. 12 The scale of this impact depends on
the length and breadth of the adjustment period in which informal seed systems become more integrated
into formal systems.

12 We thank Margaret McEwan and colleagues from the CGIAR Research Program on Roots, Tubers, and Bananas program
for raising this issue in the context of vegetatively propagated crops.
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Table 3.2 Selected indicators on seed quality assurance procedures from the World Bank/IFC
Enabling the Business of Agriculture 2016
Indicator

Ethiopia

Kenya

Tanzania

Zambia

Bangladesh

Nepal

Ghana

No

Yes

Yes

Yes

n.a.

n.a.

Yes

Is there an official fee
No
schedule for seed
certification activities
carried out by the public
sector?
Source: World Bank Group (2016).
Note:
n.a. = not applicable.

No

Yes

Yes

n.a.

n.a.

No

Can the private sector
be accredited to carry
out the certification
process?

Despite these unintended consequences, such countries might still consider formal regulation of
the seed system as a long-term goal. As such, many are likely to consider the introduction of truth-inlabeling laws as an end point in that process. Truth-in-labeling laws require seed providers to label key
attributes of their seed products (for example, moisture content, purity level, and germination rate) and
accept liability for products that do not contain such attributes. However, truthful labeling systems require
investment in the judicial infrastructure necessary to provide effective recourse against those seed
companies that fail to comply. Most countries have ample experience with lower quality assurance
standards in the market for vegetable seed and other horticulture crops where quality is assured by truthful
labeling, whether by local or multinational companies selling branded products or by virtue of the
packaging on imported seed. But few have experience with judicial recourse specific to the complex
issues related to seed quality.
Necessarily, no system is perfect. It is possible that inspection-intensive systems can produce
certified seed that is of a lower genetic or physical quality than farmer-saved seed. It is also possible for
truth-in-labeling regulations to provide insufficient inducements for companies to produce quality seed,
especially if judicial infrastructure is weak. But given that seed certification systems may have outlived
their usefulness, more practical quality standards may need to be considered if only to improve farmers’
confidence in the ability of the market to provide new genetics embodied in seed. Whether this
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accelerates varietal turnover is, however, an empirical question given the indirect nature of the impact
pathway relative to, say, other mechanisms discussed in this paper.
Ultimately, several pragmatic approaches to improving quality assurance systems emerge. First, a
sensible quality assurance system is likely to be crop-specific and appropriate to the quality expectations
of farmers who cultivate that crop. Second, there is scope for decentralizing quality assurance systems
and functions to a subnational level that, depending on the crop, is related to the geographic proximity
between seed producers and farmers. Third, there is a role for independent quality inspection services,
including private testing laboratories, certified inspectors, and other services that be subcontracted by
public regulatory agencies.

Increasing access to early-generation seed and improved genetics
Another commonly discussed means of accelerating varietal turnover is the introduction of new or more
effective mechanisms to distribute publicly improved germplasm to private companies. This includes both
breeder/prebasic and foundation/basic seed (collectively referred to as early-generation seed [EGS]) that
crop breeders and seed multipliers use to produce finished products for farmers (BMGF/USAID 2015;
Heemskerk et al. 2017b). We explore here several mechanisms designed to increase access to EGS: (1)
increasing private companies’ nonexclusive access to EGS; (2) increasing private companies’ access to
EGS on an exclusive basis; and (3) strengthening intellectual property rights regimes more generally.
There is considerable variation among developing countries in the public policies and regulations
governing genetic resources and intellectual property rights. This is illustrated in Table 3.3 with indicators
extracted for selected countries with mature or transitional seed systems from the World Bank Group’s
(2016) Enabling the Business of Agriculture report.
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Table 3.3 Selected indicators on genetic resources policy and intellectual property rights from the
World Bank/IFC Enabling the Business of Agriculture 2016
Indicator

Ethiopia

Kenya

Tanzania

Zambia

Bangladesh

Nepal

Ghana

Does the country currently
have an implemented
regulation governing plant
breeders’ rights?

Yes

Yes

Yes

Yes

No

No

No

Are private enterprises
eligible to produce
breeder/prebasic seed of
local public varieties for use
in the domestic market?

Yes

Yes

Yes

Yes

No

Yes

No

Are private enterprises
eligible to produce
foundation/basic seed of local
public varieties for use in the
domestic market?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Can the private sector access
germplasm from your national
genebank?

No

Yes

Yes

Yes

Yes

Yes

No

Is there an established
system for licensing public
varieties to private seed
enterprises for production and
sale in the domestic market?

No

Yes

Yes

Yes

Yes

No

No

Are private companies
allowed to import materials
for research and development
of new varieties without
further government field
testing (that is, germplasm or
seed varieties not listed in the
national catalog of the
importing country)?

No

Yes

No

No

Yes

No

Yes

Source: World Bank Group (2016).
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As a starting point, consider India as the archetype of EGS management. The country’s extensive
reliance on self-pollinating crops (rice, wheat, and pulses) has led to the development of a largely
nonmarket EGS allocation system involving public research programs, state agricultural universities,
state-owned seed enterprises, private seed companies, and farmer cooperatives (see, for example, Pal and
Tripp 2002). Each season, seed producers submit requests (“indents”) for EGS to their respective state
agricultural universities or research centers along with prepayment for the material. The Indian Council of
Agricultural Research’s All-India Coordinated Research Projects compile these indents and analyze them
against demand forecasts before allocating EGS to the seed producers through the Ministry of
Agriculture.
Though much larger in scale than similar systems in other countries, India’s system is particularly
effective in producing seed for self-pollinating crops that populate the high-volume, low-margin end of
the seed market. It is also a system that allows the participation of many small domestic seed companies
as well as several of India’s large industrial conglomerates, both of which are keenly reliant on public
breeding programs and the public supply of EGS. And while these companies may not have exclusive
rights to the varieties they access from these public breeding programs, they nonetheless compete on
nonprice attributes such as timeliness of delivery, quality of seed, packaging quality, sales of fertilizers
and crop protection chemicals, geographic segmentation, and after-sales support.
Unfortunately, there are few successful replications of the Indian system in other countries and
for other crops—at least in terms of the breadth and depth of participation from private companies and
farmer cooperatives. For example, Bangladesh’s 1993 National Seed Policy aimed to relegate the
Bangladesh Agricultural Development Corporation (a state-owned enterprise) to the role of foundation
seed producer for non-notified crops, thereby creating a financially viable public supplier of high-quality
material to small- and medium-sized seed enterprises that could produce and market improved varieties
directly to farmers (Naher and Spielman 2015). Similar designs were formulated for the Ethiopian Seed
Enterprise, also a state-owned enterprise, but they have yet to be realized. Other countries such as
Tanzania have long-standing policies that impede the provision of EGS to private seed providers.
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Yet a strong argument can be made for a transition from public-sector-led seed retailing to public
provision of EGS for multiplication and retailing by private companies and farmer cooperatives
(Heemskerk et al. 2017b). Public breeding programs can use an EGS handoff system to retain their focus
on breeding rather than seed multiplication for retail purposes, a function observed in many developing
countries. They can also use EGS sales as a means of financing research activities.
In some contexts, however, nonexclusive access to public varieties may not be incentive enough
for private actors to invest in seed production and distribution in a manner that accelerates varietal
turnover. In theory, intellectual property rights (IPRs)—plant patents and plant variety protections—
encourage private investment in the development of new varieties by providing the IPR owner with a
temporary monopoly that allows it to appropriate the gains from innovation and recoup the R&D costs
associated with variety development. So long as society is willing to allow for the efficiency losses and
private gains associated with a temporary monopoly as compensation for innovation, then IPRs can be a
powerful tool in fostering technical change.
Empirical evidence of IPRs’ contribution to agricultural productivity growth is mixed, and in
developing-country agriculture the evidence is largely ambiguous (Naseem, Spielman, and Omamo 2010)
or specific to the crop and the technology embodied in the seed (Spielman and Ma 2016). 13 Ultimately, it
may be the case that IPRs do not matter to developing-country agriculture because companies with
significant intellectual property portfolios—typically, multinational crop-science firms—are unlikely to
seek IPR protection for their technologies in most developing countries, thus giving developing-country
researchers and farmers unimpeded freedom to operate (Binenbaum et al. 2003). 14

13 Several studies suggest that the United States’ Plant Variety Protection Act of 1970 boosted cotton and wheat yield
growth rates (Kolady and Lesser 2009; Naseem, Oehmke, and Schimmelpfennig 2005; Perrin, Kunnings, and Ihnen 1983),
although confounding evidence was found for wheat and tobacco yields (Alston and Venner 2000; Babcock and Foster 1991).
Similarly positive evidence for canola and wheat yields from Canada’s Plant Breeders’ Rights Act of 1990 also exists (Carew and
Devadoss 2005; Carew, Smith, and Grant 2009).
14 That said, there are also concerns that strong IPR regimes such as those based on the 1991 standards established by the
International Union for the Protection of New Varieties of Plants would have strong negative impacts on farmers’ ability to save,
exchange, and sell seed in informal networks and markets that also constitute a means of accelerating varietal turnover (De Jonge
and Munyi 2017).
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Nonetheless, some thought has been given to the possibility of extending exclusive rights—via
agreement terms and conditions on restricted use, limited exclusivity, registration rights, or fee-based
access—over newly released public varieties to private seed companies as a means of promoting their
distribution, popularization, and adoption (Heemskerk et al. 2017a). Assuming profit-maximizing seed
companies have a stronger incentive to distribute and market new varieties than their state-owned
counterparts, it may make sense to grant these companies exclusive rights or licenses for new varieties
released from public breeding programs. Such rights or licenses could be expansive across both
geography and duration, or more limited. They could be priced up-front (for example, on a per line basis),
priced on a royalty-based formula, or priced through auctions, sealed bids, or other processes. Innovations
along these lines have been explored in the international agricultural research system, for example, in the
hybrid parent line consortia for sorghum, pearl millet, and pigeonpea at the International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT) and for maize at CIMMYT. However, they also open the
door to questions about whether exclusive rights (whether de facto or de jure) cut against a public
institute’s fundamental public goods provision mandate, and whether private firms may use exclusive
rights to suppress the release of new varieties and defend their market position. Moreover, the ability of a
company to profit from an exclusive rights arrangement is likely dependent on the size of the market in
terms of seed volumes (and, relatedly, seed replacement rates) and value.
Taken together, these mechanisms—increasing nonexclusive or exclusive access to EGS, and
strengthening IPR regimes more generally—can incentivize the distribution and marketing of new
varieties by private actors. To date, however, insufficient evidence exists to suggest where, or under what
conditions, these arrangements might work to accelerate varietal turnover. Further experimentation along
these lines is desirable, as is closer analysis of the revenue-generating potential of these arrangements for
public breeding programs, the role for standard and transparent licensing agreements, the viability of endpoint royalty systems, and other mechanisms (see, for example, Heemskerk et al. 2017a; GRDC 2011).
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Leveraging input subsidy programs
Public subsidies and transfers are often viewed as an attractive way of encouraging both varietal adoption
and turnover particularly where farmers may be liquidity- or credit-constrained, risk averse, or otherwise
constrained in their decision space. Subsidies may take several forms, including the free provision of
small starter kits and handouts of sample packets at seed fairs; retail discounts on large seed consignment
purchases; implicit subsidies on credit, transport, warehousing, and seed production costs incurred by
seed providers; the inclusion (and exclusion) of specific varieties in (from) an input subsidy program; or
tying the introduction of a new variety to benefits distributed in a social protection program. Subsidies on
improved varieties are often built into larger input subsidy programs that aim to increase the availability
and affordability of costly fertilizers, with seed being a relatively incidental part of the overall package in
terms of cost and volume, though not in terms of the expected impacts on productivity.
Such programs may be administered as universal subsidies across given geographical or
administrative units. For example, universal programs were pursued by newly independent African
nations that emulated policies they observed in Asia during the Green Revolution, although many of these
African policies were gradually dismantled during the structural adjustment programs of the late 1980s
due to their considerable fiscal burden. In the early 2000s, fearing the high costs of food imports in the
face of stagnating yields, a number of African nations reinstated so-called “smart” subsidies.15 A
common vehicle for implementing these programs has been input vouchers, typically targeted to specific
beneficiaries using tools such as means testing, targeted voucher distributions, community-based
identification, self-selection, market segmentation, or combinations thereof. However, an extensive
literature demonstrates with increasingly rigorous methods that “smart” input subsidies are not as smart as
had been hoped. For instance, they tend to crowd out the commercial seed and fertilizer industries, are
often captured by local farming elites, and serve as means of incumbent politicians to garner constituents’

15 Among other criteria, input subsidies are considered to be “smart” if (1) crop productivity and food security benefits
outweigh what might have been achieved through alternative investments; (2) they stimulate investment in input distribution by
private suppliers and agro-dealers; and (3) they are accompanied by a clear exit strategy (Morris et al. 2007).
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support. On the other hand, much of the evidence also confirms strong positive effects on crop yields,
farmer income, and poverty rates. 16
Chirwa and Dorward (2013), Mason and Ricker-Gilbert (2013), and Mason and Smale (2013)
found evidence of crowding out in the seed industries of Zambia and Malawi, while Mason and Smale
(2013) found positive impacts of subsidized seed use on indicators of household well-being. Chirwa and
Dorward (2013) reported that 84 percent of Malawian farmers who benefited from the input supply
program stated that they obtained “the hybrid variety they wanted,” but they did not name hybrids. While
rigorous estimation of causal impacts still poses a challenge for many studies in this vein, there is a clear
indication that input subsidy programs, seed market development, and varietal turnover are inextricably
linked.
For the purposes of this paper, the key issue is how these programs affect the change from one
improved variety to another. Despite a burgeoning literature on the impacts of fertilizer subsidies in
Africa and Asia, there is little research on the impacts of seed subsidies on varietal turnover. We know of
no published analysis about (1) whether and how specific seed varieties are selected for inclusion in a
given subsidy program, or (2) how input subsidies influence variety choice—let alone whether the
subsidies had an impact on the turnover of specific varieties.
That said, several recent studies from Malawi and Zambia shed some light on these questions.
With respect to the inclusion of specific varieties in Zambia’s input subsidy program, concerns have been
expressed about the appropriateness of recommended inputs including varieties. Although the district
agricultural coordinators report which varieties their district would like to receive to the Coordination
Office at the Ministry of Agricultural Headquarters, not all requests are necessarily obliged. Anecdotally,
farmers surveyed in areas with short growing seasons reported receiving late-maturing varieties (Nicole

16 In many countries that are host to advanced or transitional seed systems, subsidies on seed and fertilizer remain a fairly
common tool used to increase food staple production, and they represent a substantial share of public spending on agriculture
(Shively and Ricker-Gilbert 2013). According to Jayne and Rashid (2013), in Africa south of the Sahara as of 2011, 10 African
countries spent 28.6 percent of their public expenditures (US$1.05 billion) on input subsidy programs (universal subsidy
programs in Mali, Burkina Faso, Ghana, Senegal, and Nigeria; more targeted programs in Kenya, Malawi, Tanzania, Zambia, and
Ethiopia). Note that Jayne and Rashid (2013) classify Ethiopia’s input subsidy program as neither universal nor targeted given
the unique nature of its design.
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Mason, personal communication, June 28, 2016). With respect to the impact of Malawi’s input subsidies
on varietal turnover, Holden and Fisher (2015) report that Malawi’s program played a significant role in
accelerating the adoption of drought-tolerant (DT) maize varieties—presumably replacing hybrids or
improved varieties already being cultivated by farmers—between inception in 2005/2006 and 2011/2012;
however, farmers they interviewed stated that commercial supplies remained inadequate to meet
demand. 17,18
At face value, the input subsidy program in Zambia (and maize cultivation patterns more
generally) does not seem to induce the concentration of area in fewer varieties, but no analysis has been
conducted to test this hypothesis explicitly. Baseline research conducted by HarvestPlus and CIMMYT
showed that no single maize variety dominated in the major maize-producing zones of the country, and no
individual variety accounted for more than 10 percent of total area under maize cultivation (De Groote et
al. 2014). As a result, Zambia’s maize seed industry is competitive and no single variety occupies more
than a minor percentage of maize area, although in reality, the major client of the maize seed industry is
the Zambian government (Kassie et al. 2013).
In fact, the maize seed industry is relatively competitive in eastern and southern Africa. This is
indicated by the presence of several large companies and an even larger number of smaller companies,
though their major clients are typically national governments via input support programs (Langyintuo et
al. 2010; Kassie et al. 2013). Further, companies readily state that the input subsidy program now offers
them a guaranteed market that includes poorer smallholder farmers, who are not reliable clients. This does
not, however, fully address the question of whether competition in the maize seed market is causally
linked to accelerated varietal turnover, suggesting the need for further research.

17 Compared

with Ethiopia, Zambia, Zimbabwe, Uganda, and Tanzania, Malawi had the highest share of maize plots planted
to DT maize.
18 In the Philippines, David (2006) makes a strong case for scaling down a program to promote hybrid rice partly because the
hybrids (totaling between just one and six hybrids during the first years of the program) promoted under the program were poorly
adapted to the targeted agroecologies and needs of the farmers, thereby distorting farmers’ decision making about appropriate
variety and input choices.
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A possible starting point to test this relationship is the flexible e-voucher system piloted in
Zambia during 2015/2016 in 13 districts (which initially appears to function alongside the input support
program). The program is intended to save government resources by shifting the burden of transactions to
agro-dealers while enabling farmers to purchase the input of their choice directly. This same e-voucher
system could provide an opportunity to observe whether, if supplied by local agro-dealers with a range of
varieties, including newer releases, farmers choose to purchase a more diverse portfolio compared with
the previous subsidy program—and observe how this portfolio changes over a period of years.
With respect to choice, one informed observer reported that farmers primarily used the flexible
voucher system to obtain fertilizer rather than seed because it is the costlier input (Eliab Simpungwe,
International Center for Tropical Agriculture, personal communication, August 20, 2016). Kuteya et al.
(2016) report that 61 percent of farming households redeemed vouchers for fertilizer and 24 percent used
them for maize seed, while the remaining 15 percent obtained a diverse range of other inputs. They
perceive the e-voucher as having great potential to diversify farming relative to the input subsidy
program, also recommending a number of improvements in its implementation. Considering specific
varieties, the input support program and the flexible system are both being used to introduce vitamin A–
fortified (“orange”) maize. If implemented simultaneously, these two programs provide a natural
experiment for testing effects of subsidy form on variety choice and variety turnover.
Ethiopia’s seed system may offer similar opportunities for experimentation. With its implicit
subsidies on the distribution of seed through a government-supervised network of rural administrative
offices, credit providers, and cooperatives, Ethiopia’s system exemplifies a highly controlled form of a
state-managed seed system (Louwaars, de Boef, and Edeme 2013; Spielman et al. 2010). In a system of
this type, influencing or accelerating varietal turnover may be relatively easy to achieve at scale.
Moreover, such efforts may allow for the testing of alternative levels of private-sector engagement
ranging from the subordinate role that companies currently play to the state as outgrowers and suppliers to
the public supply system, to the possibility of direct seed marketing to farmers by those same companies
(see Benson, Spielman, and Kasa 2014). However, the hidden costs of Ethiopia’s subsidized system are
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not well understood, although trying to increase efficiency in the distribution of new varieties of wheat,
teff, and maize (along with fertilizer, credit, and agronomic advice) has been central to efforts of the
Agricultural Transformation Agency (ATA) and the Ministry of Agriculture and Natural Resource
Management (MoANRM) for the past five years.
An alternative way of using subsidy programs to accelerate varietal turnover is by targeting
subsidies on a variety-specific basis, with the goal of removing older varieties from production once they
have been succeeded by newer varieties with higher yields or other competing traits. Although this could
also be achieved through deregistration of varieties (discussed earlier) or banning their production, sale,
or cultivation, the inclusion (or exclusion) of specific varieties in an input subsidy program may offer a
less draconian approach to encouraging varietal turnover. The advantage of variety-specific subsidies is
that they can reduce the cultivation of varieties that are susceptible to identified pest and disease
pressures, and they create the conditions for rapid replacement with less susceptible varieties.
However, the challenges associated with such measures are nontrivial. A variety-specific subsidy
strategy requires careful calculation of the economic costs, benefits, and trade-offs associated with the
threat posed by continued cultivation of an older variety and its replacement with a new variety. It is
exceptionally difficult to identify threshold values at which susceptibility of a specific variety becomes
economically or socially unacceptable, particularly when the probability of an adverse event over a large
area is low and the incidence and losses associated with that event are not uniformly distributed across
farm types or geographies. A variety-specific subsidy strategy also requires careful accounting for factors
such as consumer preferences for older varieties with production, processing, cooking, or taste qualities or
other attributes that are particular to a specific market niche; the costs of implementing a variety-subsidy
or variety-replacement scheme across geographically dispersed smallholder farms and highly fragmented
seed markets; and the possibility that seed companies and farmers themselves may choose to keep older
varieties in circulation if demand exists.
Still another way of using subsidy programs to accelerate varietal turnover is through advance
purchase commitments or large-scale public procurement of a specific variety or varieties for distribution
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to farmers through input subsidy programs, social protection programs, or other public investments. Such
approaches have been discussed in the contexts of seed enterprise financing, emergency seed relief, and
incentivizing breeders (Minneboo et al. 2017; Naseem, Spielman, and Omamo 2010). But the risks, tradeoffs, and unintended consequences associated with these approaches are similar to many of those
described earlier, and in the absence of credible evaluations, their impact on varietal turnover remains
unknown.
In summary, the impact of input subsidies on varietal turnover is still unknown. Evidence about
their direct impact on variety choice, varietal turnover, and the spatial and temporal diversification of
varieties is virtually nonexistent. However, innovative mechanisms that direct public resources through a
range of subsidy and transfer mechanisms—input subsidy programs, social protection programs, advance
purchase commitments, or public procurement programs—offer new opportunities to investigate their
impact on varietal turnover.

Strengthening seed enterprises’ marketing capabilities
Next, we turn our attention to the role of state-owned seed enterprises, farmers organizations,
cooperatives, and other quasi-commercial entities. 19 These are typically entities with a public service
mandate, established and sustained in recognition that certain crops will continually require public
intervention because the private returns to developing and marketing seeds and traits will never exceed
the social returns. To what extent would investments aimed at improving their marketing capabilities lead
to acceleration in varietal turnover among the farmers they target?
There is a strong case for investing more in these types of entities where crop-specific market
failures are persistent. Public investments that improve their capabilities in assessing client demand,
marketing their products, and building profitable, commercially oriented retail networks may be the most
cost-effective way of accelerating varietal turnover where market failures are persistent and commercial

19 Efforts to strengthening marketing capacity in more commercially oriented small- and medium-scale seed enterprises is
also a topic for further exploration. For example, this has been the focus of efforts such as the Program for Africa's Seed. Systems
under the Alliance of a Green Revolution in Africa. An assessment of such initiatives is, however, beyond the scope of this paper.
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incentives are weak. While investments along these lines can crowd out private investment in hybrid
maize seed markets and other markets where private firms have a clear path toward profitability, these
investments have been historically central to the promotion of improved varieties for wheat, rice, and
other self-pollinated crops in both industrialized and developing countries.
Farmers’ organizations are often similar in terms of mandate, balancing public service with
private, profit-making incentives. That said, few state-owned seed companies or farmer organizations
invest significantly in demand assessment and product marketing. Meanwhile, tools for analyzing market
conditions and farmer preferences—for example, participatory plant breeding and varietal selection
programs—are not designed to operate at a scale that can sufficiently inform marketing strategies to
accelerate varietal turnover. And even with such investments, demand assessment and market analysis are
challenging in seed markets where demand for the final product derives from demand for the final
commodity, where markets for both may exist under less than perfectly competitive conditions, where
both production and marketing are fraught with risk and uncertainty, and where high-resolution, varietyspecific data may not be readily available.
A novel effort to improve marketing capabilities in state-owned seed enterprises is illustrated by
the Ethiopian ATA and MoANRM. Together with other actors in Ethiopia’s seed system, these
organizations have worked with the Ethiopian Seed Enterprise (ESE), the regional seed enterprises, and
regional extension services to popularize new varieties with improved data management, market analysis
tools, information and communications technologies, and other novel ideas (see Benson, Spielman, and
Kasa 2014; Spielman and Mekonnen 2012; Dalberg 2012). Given that ESE and the regional enterprises
are key sources of improved seed supply throughout Ethiopia, and that extension services are the key
sources of information about these varieties, it is expected that these investments in capacity will improve
the accuracy of demand assessment dramatically, thereby leading to an increase in the adoption of modern
varieties and an acceleration of varietal turnover for crops such as wheat and teff, as well as maize.
Although evidence is emerging of rapid varietal turnover for teff in the last five years in several districts
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(Minten, Taffesse, and Brown, forthcoming), further analysis is needed to causally link this turnover to
actions taken by state-owned seed enterprises, extension services, and other actors in the seed system.
Realistically, however, it is difficult to imagine a state-owned seed company, farmer organization,
or cooperative running a savvy marketing operation or retail network, or an extension system
transforming itself into a cutting-edge sales force. Even market leaders with extensive distribution
networks like KSC and the Bangladesh Agricultural Development Corporation rely on product portfolios
based on varieties that were released more than 20 years ago and require little marketing (for example,
H614 hybrid maize in Kenya and BR28 and BR29 rice in Bangladesh). There is probably little incentive
for these companies to introduce new varieties because of the fixed costs associated with marketing them
to farmers and the conflicting goals of ensuring national food security and maximizing profit (or, at the
very least, minimizing losses).
Thus, the prospects for companies becoming a means to accelerate varietal turnover remain
limited without changes in how public agency incentives are structured and how competition policy is
applied in seed markets dominated by state-owned enterprises. There is some evidence to suggest that
state-owned seed companies in China have carved out a niche in increasingly commercial and competitive
markets where varietal turnover is relatively high for some crops (Hu et al. 2011). However, the
replicability of China’s experience in other countries may be limited given the unique attributes of its
agricultural innovation and product markets.
This leaves us with unanswered questions. Can state-owned enterprises or extension services be
transformed into more dynamic and responsive marketing operations? Can they adapt their products and
services to the needs of a diverse clientele? Most importantly, do they have any control over the pricing of
their products or services to generate the revenues needed not only to cover recurrent costs but also to
meet the costs of marketing new varieties and accelerating varietal turnover in a sustained manner? Stateowned seed enterprises and extension services are not likely to disappear or to be privatized anytime
soon, so these questions warrant further consideration.

46

Leveraging competition policy and antitrust regulations
A relatively unexplored policy approach to accelerating varietal turnover is the application of competition
policy and the enforcement of antitrust regulations in the market for seeds and traits. Concerns related to
market structure, competition and innovation are raised by Pray and Ramaswami (2001), Pray et al.
(2001), and Ramaswami (2002) in the context of India’s seed market.
It has been observed, for example, that markets for maize seed in parts of eastern and southern Africa are
dominated by single firms that, as a result of their market power, tend to promote tried-and-true varieties
and hybrids at the expense of newer ones. Thus, Langyintuo et al. (2010) argue that without the provision
of credit to private investors in eastern and southern Africa, the region’s seed markets will remain highly
concentrated.
Sure enough, South Africa’s courts demonstrated their concern with these issues in 2012 when
reviewing a proposed merger between Pannar Seed and Pioneer Hi-Bred International. The merger’s goahead was approved on appeal (following similar decisions made by competition authorities in other
eastern and southern African countries). This approval may have occurred partly because the potential for
innovation a Pannar–Pioneer merger could bring to farmers outweighed concerns about the consequences
of economic rent extraction in a market controlled by just two firms. But it is unknown whether either
outcome has been realized, suggesting the need for more empirical analysis of seed industry structure,
conduct, and performance and the impact of changes in industry attributes on sustained varietal turnover.
This may suggest that while there is scope to use competition policy and antitrust regulations to increase
seed market competition, the impact on innovation—new seeds and traits—and varietal turnover may be
indirect and inconclusive at best.
Related to this is the question of whether antitrust regulations can be used to induce companies to
withdraw obsolete varieties and introduce new ones on the market. The answer depends partly on whether
the country in question has the requisite antitrust regulations on the books and the capacity to enforce
them, and partly on whether the predicted increase in competition resulting from reductions in a
company’s market power will lead to the introduction of new varieties and an acceleration in varietal
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turnover. There are no studies explicitly focused on developing-country seed systems that explore the link
between market concentration and varietal turnover.20 Moreover, economic theory and evidence from
other markets and countries often point to a complex, often inconclusive relationship between competition
and innovation.

20 Studies of seed industry structure, conduct, and performance conducted in the United States include Fuglie et al. (2011),
Brennan et al. (2005), and Fernandez-Cornejo (2004), among others, particularly in response to the growth of agricultural
biotechnology in the 1990s. The topic has been explored much less in Asia and Africa, with the exceptions of Spielman et al.
(2014) and Langyintuo et al. (2010). None, however, explicitly analyze the relationship between industry attributes and varietal
turnover.

48

4 A SEQUENCING OF POLICY REFORMS
It is difficult to formulate an overarching policy reform agenda—a generalizable blueprint—to accelerate
varietal turnover. Solutions are specific to the crop, country, and market in question and are likely to
change over time as opportunities and threats to the seed system evolve. That said, there are several short, medium-, and long-term policy reforms that are worth exploring across many countries where low rates
of varietal turnover are a concern to policymakers, researchers, and farmers.
In the short term, there is scope for introducing policy reforms that focus on regulatory changes
and strategic investments that strengthen seed providers’ ability to market and distribute new varieties to
farmers. These include withdrawing costly, time-consuming, or otherwise onerous varietal registration
and release procedures; curating and warehousing varietal registration information on a broadly accessible
platform; and designing and implementing regional harmonization agreements for varietal registration or
mutual recognition of registered varieties. The social and economic benefits of these legal, regulatory, and
administrative changes are likely to far outweigh their costs.
A next step in the short term is to explore alternative quality assurance systems, possibly reducing
the reliance on field-to-bag inspection systems for certified seed in favor of quality-declared and
truthfully labeled seed. That said, such systems must be accompanied by commensurate investments in
the capacity of seed quality assurance agencies to monitor seed market activities across the supply chain,
and the capacity of judicial and administrative bodies to review allegations of, and enforce penalties on,
seed providers who distribute substandard seed. The pursuit of both reforms in tandem is a complex
undertaking. And while it may lead to the more rapid release of new varieties, it does not necessarily
guarantee an acceleration in varietal turnover.
Another short-term reform requiring a more innovative or experimental approach is the inclusion
(or exclusion) of specific varieties in input subsidy programs. This approach provides policymakers with
a potentially direct and immediate lever to affect varietal turnover, although the fiscal costs, economic
trade-offs, and unintended consequences of such programs are nontrivial considerations. For this reason,
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this option should be accompanied by rigorous evaluation not only of a program’s impact on varietal
turnover rates but also of overall productivity, welfare, and cost-effectiveness.
In the medium term, there is scope to transform the role of public breeding programs, national
research systems, and state-owned seed enterprises into suppliers of EGS for use in retail seed production
by private seed providers including domestic seed companies, farmer associations, cooperatives, and
other organizations. This approach requires substantial investment in building the production capacity and
business acumen of smaller-scale seed producers in what are often fragmented and highly dispersed
markets for a broad range of crops. Again, the success of this approach in accelerating varietal turnover
hinges on the emergence of a well-integrated, vibrant, and competitive seed system.
Alternatively, there is some scope to transform state-owned seed enterprises into more
competitive market agents themselves by investing in their capacity to assess demand, market their
products, and expand their distribution networks. This option is, however, an unlikely route to
accelerating varietal turnover without sufficient changes in public-agency incentives and competition
policy in the seed market, and it may lead to crowding out of other seed providers.
In the long term, focus may best be placed on developing consensus around country- and cropspecific visions for how seed systems and markets should evolve to accelerate varietal turnover. In few
developing countries does a strong consensus exist among seed system actors and stakeholders about how
to accelerate varietal turnover. As a result, policies are continually formulated without complete
recognition of their trade-offs and unintended consequences. There is likely no single set of rules or
regulations that will lead a country directly to accelerated varietal turnover, and no single strategy that can
satisfactorily address all crops at once. Nonetheless, this paper has tried to suggest possible policy and
regulatory levers that could increase smallholders’ access to the latest improved varieties—improved
genetics—and accelerate the rate of varietal turnover in smallholders’ fields. These levers are invariably
specific to the crop, market, and country, and this report focuses primarily on major field crops in
transitional or mature seed systems in developing countries.
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Among all the countries discussed in this paper, several offer an opportunity for further
experimentation with crop-specific policy reforms designed to accelerate varietal turnover. Zambia
emerges as a leading candidate given the introduction of its flexible e-voucher system piloted in
2015/2016. Malawi’s input subsidy program may similarly offer opportunities for policy innovation in the
near future. In Asia, there is also scope to explore these issues in the context of policy and regulatory
reforms that may be leading countries down more risk-prone paths, including protectionist policies that
can militate against the introduction of new varieties—as in Nepal—or state-led policies that may be
crowding out private investment—as in Bangladesh. Other countries offer similar opportunities to
experiment around innovative financing arrangements such as advanced market commitments,
introduction of quality-declared or truthfully labeled seed systems, or the investigation of antitrust issues
in seed markets.
Importantly, a number of policy directions being pursued by several countries warrant closer
reconsideration. A key example is the policy prioritization of increased seed replacement rates in India,
which is being advanced without commensurate emphasis on accelerating varietal turnover. Only in the
case of hybrid crops does this make immediate sense, and for most other crops the emphasis on only seed
replacement is a misplaced policy priority. Similarly, policy discussions around variety-specific bans are
unlikely to succeed given the experiences discussed earlier.
Finally, in exploring ways to accelerate varietal turnover, it is important to be continually
reminded of two points. First, the success of a policy change, regulatory reform, or public investment
depends not on its ability to encourage a one-time switch from one improved variety to another, but on its
ability to encourage a continuous or repeated process of varietal turnover by farmers. Second, the
improvement and release of new varieties is just one step along the pathway to varietal turnover and
broader technical change and productivity growth in agriculture. Third, productivity- and welfareimproving outcomes depend on widespread changes in the behaviors and practices of individual farmers
and farm households whose decisions are shaped by complex interaction between supply- and demandrelated factors, individual circumstances, preferences, and expectations.
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5 CONCLUDING REMARKS
A considerable body of analysis on varietal turnover emerged from concerns that farmers who had
initially adopted higher-yielding varieties during the Green Revolution in South Asia were not replacing
them with higher-yielding varieties embodied with newer sources of disease resistance. This concern has
grown in other countries in South Asia and in Africa south of the Sahara that are host to relatively
advanced or transitional seed systems and markets. Policymakers and researchers in these countries are
(or should be) turning their attention not only to increasing adoption rates but also to accelerating varietal
turnover. In a modern agricultural sector, varietal turnover protects and sustains yields over time, and it
should thus be a policy goal and a closely monitored indicator of the potential for agricultural productivity
growth.
As breeders and other agricultural scientists improve their breeding techniques and foresighting
abilities, it is expected that a continuous stream of improved varieties will emerge to address the threats of
biotic and abiotic stress associated with climate change, as well as changes in the economics of farming
associated with demographic transitions, income growth, urbanization, and changing consumer diets and
preferences. For some crops in some countries, this is already happening, but the absence of sufficient
attention given to reforming policies, regulations, and investments that influence varietal turnover could
constrain the impact of this stream of benefits.
Conversely, better breeding systems and foresighting abilities could allow for planning and
priority setting that account for the inherent trade-offs between an optimal rate of varietal turnover from
society’s perspective as a whole and the rate that is economically optimal for an individual farmer or
private seed company. Public policy is a key element in this planning process, particularly in advanced
and transitional seed systems, and particularly where noncommercial staple crops are concerned. This
suggests that opportunities exist to accelerate the rate of varietal turnover for many of these crops and
countries through a range of carefully designed and well-sequenced policy and regulatory reforms.
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Several points emerge from this paper. First, there is considerable scope in many countries to
reduce the regulatory costs and burdens associated with varietal registration and release. Second, there is
scope to reduce the regulatory costs and burdens associated with seed quality assurance, but only to the
extent that such reforms are accompanied by parallel investments in the infrastructure needed to improve
seed providers’ credibility as purveyors of quality genetics that, in turn, may accelerate varietal turnover.
Third, policies that extend either nonexclusive or exclusive access to public germplasm for private
companies are a possible means of accelerating the distribution and marketing of new varieties, but they
require further analysis to suggest the conditions under which these arrangements might accelerate
varietal turnover. Finally, although inclusion of new varieties in input subsidy programs may help
promote varietal turnover, these gains need to be carefully weighed against the opportunity costs of such
programs and, in particular, the difficulties faced when withdrawing such subsidies.
Ultimately, this returns us to a well-articulated first-best option for promoting varietal change:
strategic investment in an effective research system and policies that encourage the development of
commercial seed markets. Investments and incentives that support the breeding and commercialization of
new varieties are likely the most effective means of accelerating varietal turnover. Investments can take
the form of increased public spending on the physical, scientific, and human capital required by public
breeding programs, or on the structural, organizational, and management reforms required to improve
their performance. Incentives can take the form of credit concessions, tax breaks, or research subsidies for
companies developing and marketing successor varieties. Many of the policy options discussed in this
paper complement these investments and incentives.
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