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[a]Introduction
The pattern of crop diversity in the fields of the developing world has changed
fundamentally over the past 200 years with the intensification and commercialization of
agriculture. This process accelerated with the advent of the Green Revolution (GR) in the
1960s when public sector researchers and donors explicitly promoted the international
transfer of improved seed varieties to farmers in developing countries. Since the GR, the
germplasm that dominates the area planted to the major cereals has shifted from
‘landraces’ or the locally adapted populations that farmers have historically selected from
seed they save, to ‘modern varieties’ or the more widely adapted seed types produced by
scientific plant breeding programs and purchased by farmers.
The yield enhancing seed types enabled the intensification of agriculture in areas of the
world with high population densities. Initially they diffused through the environments

best suited for their production, spreading later—and unevenly—into less favored areas
(Pingali and Smale, 2001). Landraces continue to be grown in the latter and in regions
with lower population densities and limited market linkages.
The developing world is at the cusp of a Green Revolution 2.0 (GR 2.0), one that extends
the benefits of improved crop technologies into areas that have been by passed by the
first Green Revolution and expands the set of improved crops beyond the major three
staples – rice, wheat and maize (Pingali, 2012). Sub-Saharan Africa stands out as the
region that has benefited the least from GR technologies, despite facing chronic food
deficits for decades. The demand for intensification and hence the need for land
productivity enhancing seed varieties was low at the start of the GR in the 1960s (Pingali,
2012). Also, in the decades of the 1960s and 1970s, the GR research was not focused on
crops important to African smallholders, such as sorghum, millets, cassava and tropical
maize (Evenson and Gollin, 2003). In the last decade there has been a significant rise in
the introduction and adoption of improved varieties of these crops (Walker and Alwang,
2015). At the same time in Asia, lower potential rice lands, are witnessing the rapid spread
of improved drought and flood tolerant varieties (Pandey, 2015).
The advent of GR 2.0 has significant implications for crop biodiversity and genetic
diversity. One of the primary outcomes of the original GR was that by intensifying crop
production on favorable agricultural lands it allowed significant areas of unfavorable land
to be moved out of agriculture. Stenvenson et al. (2013) estimate that the GR saved an
estimated 18-27 million hectares from being brought into agricultural production. Would
the land sparing benefits hold as the GR 2.0 spreads into more marginal production

environments? Also, farming systems in the less favorable environments tend to be very
diverse and are home to significant numbers of landraces of traditional food crops, such
as millets. Would improved stress tolerant varieties change that system and promote
monocultures as has happened in the favorable environments?
This chapter outlines some of the implications of agricultural intensification and the
adoption of GR technologies on crop biodiversity and genetic diversity. The first part of
the paper describes the drivers of agricultural intensification and its consequences for
land use change and crop choice. The second part of the paper describes the spatial and
temporal patterns of modern variety diffusion and examines its impact on genetic
diversity across modern varieties and within varieties. The final part of the paper presents
the prospects for a Green revolution 2.0 with a focus on areas bypassed by the original
GR, and discusses its potential consequences for crop biodiversity.

[a]Agricultural intensification, land use change and crop diversity
Intensification of agriculture refers to the increase in output per unit of land used in
production, or land productivity. Population densities, expressed as the ratio of labor to
land, explain much about where and under which conditions this process has occurred
(Boserup, 1981). The transition from low-yield, land-extensive cultivation systems to landintensive, double- and triple-crop systems is only profitable in societies where the supply
of uncultivated land has been exhausted. It is no accident that the modern seed-fertilizer
revolution has been most successful in densely populated areas of the world, where

traditional mechanisms for enhancing yields per unit area have been exhausted (Hayami
and Ruttan, 1985).
Intensive cultivation will also be observed in areas with lower population densities
provided that soil conditions are suitable and markets are accessible. Intensification
occurs in the less densely populated areas for two reasons: 1) higher prices and elastic
demand for output imply that the marginal utility of effort increases, hence farmers in
the region will begin cultivating larger areas; and 2) higher returns to labor encourage
migration into well-connected areas from neighboring regions with higher transport
costs. Examples of regions with low population density but intensive, market-oriented
production are the Central Plains of Thailand and parts of South America’s Southern Cone.
If the conditions described are not present, labour and other costs associated with
intensive agriculture are substantially higher than its incremental economic returns.
Intensification of land use and the adoption of yield-enhancing technologies have
occurred in traditional as well as modern agricultural systems (Pingali and Smale, 2001).
Agricultural intensification influences the extent of crop diversity in two ways: first
through changes in land use patterns; and second, through crop choice changes. Lands
that have high agricultural productivity potential, such as the irrigated and high rainfall
lowlands, and lands with high soil fertility tend to become the focus of intensification
efforts as population densities rise. One also witnesses the concentration of crops that
are responsive to intensification pressures, i.e., crops whose productivity can be
enhanced through increases in input use. Hence the choice of staple grain crops, such as
rice and wheat, over millets and root crops. This change in cropping pattern preceded the

Green Revolution, but the advent of high yielding varieties certainly accelerated the
process. Hence the Green Revolution induced ubiquitous monoculture systems in the
favorable production environments. The crowding out of traditional millets and pulses
from the Indo-Gangetic plains of South Asia, in favor of intensive rice and wheat
production is a classic example of such cropping pattern changes (Pingali, 2012).
The lower productive rainfed environments, on the other hand, continue to maintain
diversity of crops grown, and for individual staple grain crops, diversity in traditional
varieties and land races. Crops grown in the less favorable environments are generally
lower yielding and do not respond to higher input use as compared to those grown in the
more favorable environments and under higher levels of intensity. These crops, such as
traditional millets and sorghum, tend to be better adapted to harsher environmental
stresses, such a drought, high temperatures, or flooding, and hence are better suited to
the unfavorable environments. Unlike the monoculture systems that are prevalent in the
irrigated lands, the stress prone environments tend to have multiple crops on the same
field at the same time. The Milpa system of Mexico is a great example of inter-cropping
of maize, beans and squash in order to ensure farm household food security and diet
quality. Furthermore, milpas generate public economic value by conserving
agrobiodiversity, especially that of maize landraces, which have the potential to
contribute unique traits needed by plant breeders for future crop improvement (Birol, et
al, 2007).

[a]Spatial and temporal patterns of diffusion on modern varieties1

The change in the crop genetic landscape from predominantly traditional to largely
modern patterns of genetic variation occurred over the past 200 years and at an
accelerated rate since the 1960s with the advent of the Green Revolution (Pingali and
Smale, 2001). Evenson and Gollin (2003) show that adoption of modern varieties (for 11
major food crops averaged across all crops) increased rapidly during the two decades of
the GR, and even more rapidly in the following decades, from 9% in 1970 to 29% in 1980,
46% in 1990 and 63% by 1998. Moreover, in many areas and in many crops, firstgeneration modern varieties have been replaced by second- and third-generation modern
varieties (Evenson and Gollin, 2003).
Spatial and temporal patterns in the adoption of modern varieties are largely determined
by the economic factors affecting their profitability and by the performance of agricultural
research institutions and seed industries (Pingali and Smale, 2001). The adoption of these
varieties has been most widespread in land-scarce environments with high population
densities and/or in areas well-connected to domestic and international markets, where
the intensification of agriculture first began. Even in these areas, the profitability of
modern variety adoption has been conditioned by the potential productivity of the land
under cultivation. For instance, while modern rice and wheat varieties spread rapidly
through the irrigated environments, their adoption has been less spectacular in the less
favorable environments—the drought-prone and high-temperature environments for
wheat, and the drought- and flood-prone environments for rice. For all three cereals,
traditional landraces continue to be cultivated in the less favorable production
environments across the developing world (Pingali and Heisey, 2001).

Improved varieties for crops such as sorghum, millets, pulses and cassava, were not
available until the 1980s (Evenson and Gollin, 2003). Hence the limited expansion of the
Green Revolution beyond the favorable irrigated lands. The limited penetration of the
Green Revolution into Sub-Saharan Africa up until the 1990s was partly also due to the
lack of suitable improved varieties for the traditional staples, especially tropical maize,
millets and cassava. The situation has changed dramatically since then. Recent evidence
indicates that sub-Saharan Africa is well on its way towards adopting modern varietal
technology (Walker and Alwang, 2015).
For instance, the area planted to improved cassava varieties in sub-Saharan Africa
doubled from 18% in 1998 to 36% in 2009, and the area under improved maize varieties
was at 57% by 2009 in West and Central Africa (Alene et al, 2015). Fuglie and Marder
(2015) report that the area under improved varieties doubled from 20 to 40 million
hectares between 2000 and 2010. ‘This was achieved by deepening the pool of improved
varieties available to farmers, both in terms of their adaptability to more environments
but especially to a wider set of crops beyond the major cereal grains, including oilseeds,
legumes, roots, tubers and bananas’ (Fuglie and Marder, 2015, p356). But, Sub-Saharan
Africa still has improved variety diffusion rates that are significantly below those of
rainfed areas in other parts of the World. The converse to this statement is of course, that
sub-Saharan Africa is still home to significant diversity in traditional varieties and land
races of food crops.
In the case of rainfed environments in South Asia, Pandey et al., (2015) indicate that the
adoption of modern rice varieties, specifically targeted for those environments, increased

substantially since 1998. By 2010 modern varieties occupied over 80% of the rainfed
lowland rice growing area in the region, an average annual increase in adoption level in
the range of 1-3% between 1998 and 2010. The rapid spread of improved varieties in the
stress prone environments raises concerns about the crowding out of crop diversity in
favor of staple grain monoculture systems. A potential repeat of the Green Revolution
experience witnessed in the irrigated lowlands of Asia.

[b]Narrowing of crop genetic diversity?
Crop genetic diversity broadly defined refers to the genetic variation embodied in seed
and expressed when challenged by natural and human selection pressure. In applied
genetics, diversity refers to the variance among alternative forms of a gene (alleles) at
individual gene positions on a chromosome (loci), among several loci, among individual
plants in a population, or among populations (Brown et al, 1990). Diversity can be
measured by accessions of seed held in gene banks, lines or populations utilized in cropbreeding programs, or varieties cultivated by farmers (cultivars). However, crop genetic
diversity cannot be literally or entirely observed at any point in time; it can only be
indicated with reference to a specific crop population and analytical perspective (Smale,
1997).
Whether the changes in crop varietal adoption induced by the Green Revolution have
resulted in a narrowing of genetic diversity is an issue that remains largely unresolved due
to conceptual and practical difficulties. Scientists disagree about what constitutes genetic
narrowing or when such narrowing may have occurred. Several dimensions of diversity

must be considered in this regard, including both the spatial and temporal variation
between landraces and modern elite cultivars and the variation within modern cultivars
(Fu, 2015).
According to Smale (1997), the adoption of modern varieties has been characterized first
by a concentration on a few varieties followed by an expansion in their numbers as more
varieties became available. Porceddu et al. (1988) described two major stages of genetic
narrowing in wheat during modern times. The first occurred in the 19th century when
scientific plant breeding responded to the demand for new plant types. Farming systems
emerged that were based on the intensive use of land and labor, livestock production,
and the use of organic manure. Changes in cultivation methods favored genotypes that
diverted large amounts of photosynthates into the ear and grain. Bell (1987) reports that
the engineering innovations of the late 19th century led to the establishment of extensive
wheat-growing areas in North America, Australia and parts of South America. In other
words, mechanization of agriculture dictated uniformity in plant type.
According to Porceddu et al. (1988), a second stage of narrowing occurred in the 20th
century, when genes were introduced to produce major changes in plant type. Use of the
dwarfing genes Rht1 and Rht2, for example, conferred a positive genotype-byenvironment interaction in which yield increases proved greater given a certain
combination of soil moisture, soil fertility, and weed control. Varieties carrying these
dwarfing genes were developed by Norman Borlaug with the national breeding program
in Mexico and later by the CIMMYT. They became known as the Green Revolution wheat
or modern wheat varieties.

As the process of modernization proceeded and the offerings of scientific breeding
programs expanded, the pattern of concentration declined in many European and North
American countries (Lupton, 1992; Dalrymple, 1988, cited in Smale, 1997). Similarly in the
early years of the GR, the dominant cultivar occupied over 80% of the wheat area in the
Indian Punjab, but this share fell below 50% by 1985. By 1990, the top five bread wheat
cultivars covered approximately 36% of the global wheat area planted to modern varieties
(Smale, 1997).
Comparing counts of landraces and modern varieties over time may not provide a
meaningful index of genetic narrowing. They also imply that even if reliable samples of
the landraces originally cultivated in an area could be obtained, analyses comparing their
genetic diversity might provide only part of the answer regarding genetic narrowing.
While the landrace in the farmers’ field is a heterogeneous population of plants, it is
derived from generations of selection by local farmers and is therefore likely to be local
in adaptation (Pingali and Smale, 2001).
Evenson and Gollin’s (1997) summary of the history of rice breeding suggests a process
of continual expansion and narrowing of the genetic pool. Organized breeding efforts
probably date earlier than A.D. 1000 in China. Modern efforts can be traced to the late
19th century in several parts of Asia. In temperate East Asia, the first significant advance
were made by Japanese farmers and scientists when they developed relatively shortstatured and fertilizer-responsive cultivars. Known as the rono varieties, these belonged
to the japonica class of rice and were widely cultivated in Japan as early as the 1890s.
During the Japanese occupation of Taiwan in the early part of the 20th century, Japanese

scientists sought to adapt these varieties to the more tropical conditions of Taiwan. At
the same time, researchers in tropical Asia were seeking more productive varieties of rice
from the indica and javanica classes of rice. After World War II, the Food and Agriculture
Organization of the United Nations (FAO) initiated a program to cross indica rice with
japonicas as a means of increasing rice yields, culminating in the formation of IRRI and
the GR varieties of rice.
To Vaughan and Chang (1992), genetic narrowing in modern rice began early in the 20th
century. Development projects, population increases, and forest clearing in Asia were the
primary causes of the loss of wild and cultivated rice landraces. In the Mekong Delta, the
replacement of traditional deep water rice by irrigated rice occurred with drainage and
irrigation schemes that were introduced during the French colonial period. On the other
hand, Ford-Lloyd et al. (2008) argue, based on their analysis of data of 33 years of rice
land race collections from 1962 to 1995, that they have not detected any significant
reduction of actual genetic diversity of traditional rice land races in use by farmers. They
assert that it is possible to conclude that genetic diversity in rice maintained in situ has
continued to survive throughout South and Southeast Asia through their study period.
Part of the reason for high prevalence of land races is that modern variety use is very
limited in the low productive rice lands, such as drought prone and flood prone
environments, in these areas traditional rice varieties continue to be used.
Goodman (1995) reports that the major portion of the variability now found in maize
developed before European contact (c. 1500), and several of the most widely grown races,
including the commercially important Corn Belt dents, developed later. During the ‘corn

show era’ in the 19th century US, farmers exhibited their open-pollinated varieties locally
and emphasis was placed on uniformity and conformity to an ‘ideal type’. By the early
1950s, essentially all of the maize grown in the Corn Belt was double-cross hybrid. After
the late 1950s, more and more farmers in the US Corn Belt grew single-cross rather than
double-cross hybrids. Because single-cross seed must be produced on an inbred line, this
type of selection contributed to a marked loss of variability in US breeding materials. To
Goodman, a countervailing influence during the past 25 years has been the emphasis by
public researchers on development of improved maize populations.
Not all scientists agree about what constitutes genetic narrowing or precisely when such
narrowing has occurred. For instance, in contradiction with Porceddu et al. (1988),
Hawkes (1983) cites the introduction of Rht1 and Rht2 genes into western wheat breeding
lines as an example of how diversity has been broadened by scientific plant breeders. The
Japanese line Norin 10 carried the dwarfing genes from the landrace Daruma, believed to
be of Korean origin. Similarly, the efforts to increase rice yields by crossing japonica and
indica classes of rice extended the gene pool accessible to rice breeders. As these
examples suggest, in modern agriculture, today’s broadening of the genetic pool in a plant
breeding program may lead to a narrowing of the breadth of materials grown by farmers
precisely because such innovations often produce varieties that are popular.

[b]Genetic diversity within modern varieties
Part of the concern for genetic narrowing is based on the perception that, with time,
conventional plant breeding practices inevitably restrict the genetic base of modern

varieties. The evidence from studies on the parentage of modern varieties of the major
staples lends little support to this view (Witcombe, 1999). In an analysis of genealogies of
1,709 modern rice varieties, Evenson and Gollin (1998) found that while a variety released
in the 1960s had three landraces in its pedigree, more recent releases have 25 or more.
The complexity of rice pedigrees, in terms of parental combinations, geographical origin
and number of ancestors, has expanded over time. A similar pattern has been shown for
about 800 wheat varieties released in the developing world since the 1960s (Smale, 1997).
The average number of distinct landraces found in bread wheat pedigrees grew from
around 20 in the mid-1960s to about 50 in 1990.
Skovmand and de Lacy (1999) analyzed the distance among coefficients of parentage for
a historical set of CIMMYT wheat varieties over the past four decades. Their results show
a rate of increase in genealogical diversity that is positive, but decreases over time, with
marked expansion in genealogies from 1950 to 1967 and gradual flattening through the
1990s. If progenitors were recycled and reused, the distance among them would decrease
over time and the slope of the line would be negative. Kazi et al. (2013) provide evidence
that bringing genes from wild relatives of wheat into breeding populations more recently
has enhanced the gene pool and its utilization for managing various biotic and abiotic
stresses.
Smale (2000) further points out that evidence from a number of studies does not support
the pessimistic view that genetic base of modern wheat varieties is restricted and tends
to decline with the introduction of modern varieties. She argues that genealogical
analyses show a significant positive trend in the number of distinct land race ancestors in

the pedigrees of over a thousand varieties of spring bread wheat released in the
developing world since the start of the Green Revolution in 1966.
Less evidence is available worldwide on trends in the pedigrees or ancestry of maize
varieties than for rice and wheat, in part because that information is confidential in an
increasingly privatized industry. Following the epidemic of corn blight in the US crop in
1970, the National Research Council (1972) concluded that the genetic base of maize in
the US was sufficiently narrow to justify concern. Duvick (1984) found that during the ten
years following the 1970 epidemic, breeders had broadened their germplasm pools.
Molecular markers, like genealogies, can be used to construct indicators of the latent
diversity in a set of crop populations. Using molecular markers, Donini et al. (2005),
compared changes in genetic diversity between ‘old’ (1930s) versus ‘modern’ (1990s) UK
bread wheat varieties and concluded that there is no objective evidence to support the
assertion that modern plant breeding has reduced the genetic diversity of UK wheat.
Molecular evidence for a set of CIMMYT wheat varieties indicates that genetic distance
has been maintained among major parents and popular varieties over the past 30 years.
Since many of the varieties of spring bread wheat grown in the developing world have a
combination of CIMMYT and locally-bred materials in their ancestry (Heisey et al, 1999),
these data represent a lower bound on actual genetic diversity. Furthermore, the genetic
diversity that is accessible to conventional plant breeders today includes not only spring
bread wheat, of course, but also wheat types with different growing habit, close relatives
and wild grasses (Smith, et al, 2015). Techniques of biotechnology may traverse the
species barriers faced by conventional breeders (Moreta et al, 2015).

[a]Green Revolution 2.0 and crop biodiversity
GR 2.0 is already beginning to take place, and it is happening in low-income countries as
well as in emerging economies (Pingali, 2012). Low-income countries, many of them in
sub-Saharan Africa, that have been bypassed by the Green revolution, still face chronic
hunger and poverty. They continue to be plagued by the age-old constraints to enhancing
productivity growth, such as the lack of technology, poor market infrastructure,
appropriate institutions and an enabling policy environment (Binswanger and McCalla,
2010). Emerging economies, including much of Asia where gains from the first GR were
concentrated, are well on their way towards agricultural modernization and structural
transformation (Timmer, 2007). The challenge for agriculture in the emerging economies,
is to integrate smallholders into value chains, maintain their competitiveness, and close
the inter-regional income gap (Pingali, 2010).
Pingali (2012) argues that a confluence of factors has come together in recent years to
generate renewed interest in agriculture and spur the early stages of GR 2.0. In the lowincome countries, continued levels of food deficits and the reliance on food aid and food
imports, have reintroduced agriculture as an engine of growth on the policy agenda.
African leaders have acknowledged the critical role of agriculture in their development
process and that lack of investment in the sector would only leave them further behind.
The CAADP declaration of 2006 and resulting pledges by African Heads of State to increase
agricultural investments demonstrated their commitment to improve the agriculture
sector. (The Comprehensive Africa Agriculture Development Programme (CAADP) is the

agricultural program of the New Partnership for Africa’s Development (NEPAD), an
initiative of the African Union). There is also an increasing awareness of the detrimental
impacts of climate change on food security, especially for tropical agriculture systems in
low-income countries (Byerlee et al, 2009).
In the emerging economies, growing private sector interest in investing in the agricultural
sector has created an agricultural renaissance (Pingali, 2010). Supermarkets are spreading
rapidly across urban areas in emerging economies and are encouraging national and
multi-national agri-business investments along the fresh produce value chains in these
countries (Reardon and Minten, 2011). Consequently staple crop monoculture systems
popularized by the Green Revolution are diversifying into high value horticulture and
livestock production. Despite these positive developments, inter-regional differences in
productivity and poverty persist in many emerging economies. Rising demand for feed
and biofuels, as well as technological advances in breeding for stress tolerance could
result in a revitalization of the marginal areas. The rapid rise of hybrid maize production
in Eastern India is a case in point (Gulati and Dixon, 2008). Finally, at the global level, the
food price crisis of 2008, sustained high prices, and more recent peaks observed in 2011
and 2012 have brought agriculture back onto the global and national agendas (FAO, 2011).

[b]What are the implications for crop biodiversity?
As the Green Revolution 2.0 spreads to regions that have been by passed by the original
Green Revolution, familiar concerns about the consequence for sustaining crop
biodiversity will emerge. In order to meet the unabated rise in demand for food due to a

growing population and rising incomes, the GR 2.0 would need to enhance productivity
both on the favorable lands as well as the more marginal production environments.
Continued focus on yield enhancing technical change is the primary mechanism for
ensuring that lands will continue to be spared for non-agricultural uses, including for
biodiversity conservation. Balmford et al. (2005) state that ‘Conservationists should be as
concerned about future agricultural yields as they are about population growth and rising
per capita consumption’. Agricultural R&D can help in the quest for sustainable
biodiversity conservation.
Rising incomes and the consequent decline in per capita consumption of staple
cereals, such as rice and wheat, provide an opportunity for moving away from
monoculture systems and towards more diversified cropping systems (Pingali, 2015). This
would be particularly true in the favorable production environments given their better
market connectivity and irrigation and power infrastructure. However, we may see the
reverse for the less favorable environments, the movement towards monoculture
systems, with the advent of improved stress tolerant varieties, especially when there are
only a few successful ones. Pandey et al. (2015) point to the spread of ‘mega’ varieties, in
other words single varieties of rice that cover large areas in South Asia. One such variety,
‘Swarna’, has spread widely throughout the rainfed rice lands in India, to the extent of
30% acreage in some Eastern Indian states. The successful spread of a few rainfed
varieties extend the concern about the narrowing of crop genetic diversity from the
favorable environments to the unfavorable ones.

What about genetic diversity within varieties, will it rise or fall? The integration of cereal
land races into modern breeding programs could alleviate some of the risk of loss in
genetic diversity within improved varieties (Smith et al, 2015). It could also lead to the
incorporation of positive traits into new varieties or breeding populations for more
sustainable agricultural production. In particular their potential as sources of novel genes
for disease and abiotic stress resistance, or for enhancing nutrient use efficiency and
improving the nutrition quality of staple grains (Newton et al, 2010). Continued genetic
improvement does not necessarily lead to loss of genetic diversity in areas where modern
varieties dominate—especially when access to germplasm is relatively unrestricted and
innovative plant breeding strategies may be employed. Access to diverse sources of
germplasm, including land races and wild relatives, is therefore of great importance to
the success of public and private breeding programs and the supply of varieties in modern
agriculture (Pingali and Smale, 2001).
What, then, is the future of land races/traditional varieties? The coexistence of varieties
and landraces of particularly crops may persist where market-based incentives exist. For
example, in Asia, traditional varieties are generally of higher quality and fetch premium
prices in the market. Thailand still grows low-yielding traditional rainfed varieties
extensively for the export market. Basmati rice production has expanded significantly in
India and Pakistan, both for domestic as well as export markets. Traditional japonica rices
have risen in popularity across East Asia and are sold at a substantial premium. Quinoa a
crop native to the Andean Mountains has become very popular in the developed world
due to its nutritional qualities. Once a neglected crop, it is now receiving a lot of attention

from Andean farmers as an income growth opportunity (Massawe et al, 2016). Teff from
Ethiopia has been making recent inroads into developed country diets. See Massawe et
al. (2016) for a review of under-utilized crops that have become or could become
attractive to western consumers due to their nutritive qualities. Market based incentives
could play a major role in reviving the prospects for under-utilized crops and ensuring
their in situ conservation.

[a]Conclusions
Agricultural intensification, and the adoption of modern varieties of the major staple
crops led to the ubiquitous monoculture systems in the favorable production
environments across the developing world. The lower productive rainfed environments,
on the other hand, continue to maintain diversity of crops grown, such as traditional
millets and root crops. These environments have also sustained the cultivation of
landraces of rice, wheat and maize. Narrowing of crop genetic diversity in the GR areas
has been averted to some extent by the replacement of the first generation modern
varieties with second and third generation varieties in more recent decades. The
expansion in the numbers of varieties available through crop breeding programs has
reduced the risk that intensive production systems would concentrate on a few dominant
varieties. Modern plant breeding has also helped expand the genetic base of modern
varieties by incorporating genes from landraces and wild relatives of staple grains into the
breeding populations.

This chapter argues that areas that have been bypassed by the original GR are now
witnessing intensification and agricultural productivity growth. This GR 2.0 is being
observed in parts of sub-Saharan Africa as well as in the unfavorable environments of
South Asia. Improved varieties of sorghum, millet, cassava and tropical maize, are being
increasingly adopted by African smallholders. In South Asia, rice varieties that are tolerant
to drought, and to flooding, have made major inroads into the stress prone environments
that were bypassed by the original GR.
While the food security benefits of the GR 2.0 are obvious, there are significant concerns
about the consequences for crop biodiversity. The spread of improved varieties of the
traditional African crops could lead to the encroachment of monoculture systems in areas
where multi crop farming systems sustain diversity and landraces. In South Asia, the
spread of small numbers of ‘mega’ varieties of rice that are stress tolerant could lead to
the risk of genetic narrowing in rainfed environments where multiple landraces are
cultivated today. As GR 2.0 proceeds it would be important to learn from original GR in
terms of the appropriate mechanisms to balance food security and crop biodiversity
concerns.

[a]Footnotes
1

This section builds on material presented in Pingali and Smale (2001).
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