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Insect Resistant Rice, Maize and Wheat
Cultivars in Sustainable Agriculture

E. A. Heinrichs and J. E. Foster

Department of Entomology, University of Nebraska, Lincoln, NE
68583-0816, USA

Abstract

The achievement of self sufficiency in food production is a major
objective of governments throughout the world. Insects are one of the majof
constraints that limit the production of food crops. To miﬁgate losses due to
insects, insect resistant cultivars are sought as a major tactic in the
development of integrated pest management strategies. The integration of
insect resistant cultivars with other pest management tactics contributes to
crop pest management strategies that are environmentally and_ economically
acceptable. Multiple pest resistant crop cultivars have high yield stability
when grown in pest-infested environments. Significant progress on a global
basis has been achieved in the breeding and commercial utilization of insect
resistant rice, maize and wheat cultivars and examples are discussed.
Biotechnology tools have been successfully used to overcome some of the
breeding constraints that have limited the development of insect resistant

crop cultivars and transgenic cultivars are being commercially grown.



I. Introduction

Modern plant breeding techniques have contributed to the dramatic
increase in cereal crop yields and production on a world basis. However, in
spite of the significant progress achieved, cereal crop productivity gains in
many countries have barely kept ahead of population increases. In fact,
cereal grain stocks in some countries have deteriorated to the state where
widespread famine threatens the stability of governments.

There is a diverse and complex group of constraints that limit food crop
production. Among the numerous abiotic and biotic constraints, insect pests
are of major importance. Effective pest management programs have been
developed to mitigate the importance of insects as production constraints.
The foundation of integrated pest management (IPM) programs should be
based on the conservation of natural biological control agents and crop
cultivars that are not only well adapted to the various abiotic constraints but
also have genetic resistance to insect- pests and plant diseases. The breeding
of cereal crop cultivars that have multiple resistance to pests ‘and tolerance
to abiotic stresses is essential if we are going to experience another "Green
Revolution,” which some have termed the "Super Green Revolution” (Conway
et al. 1994), or the "Gene Revolution” (Kung 1993).

A major concern in the development and dissemination of high-yielding
cereal crop varieties has been genetic vulnerability and genetic erosion. Many
of the currently planted modern wheat, maize and rice varieties are
genetically uniform. Genetic uniformity of resistance genes in modern Indian
wheat varieties was responsible for outbreaks of the shoot fly Atherigona
spp. and Karnal bunt Tilletia indica (Mitra) in the 1970s. More than 67% of
the wheat fields in Bangladesh were planted to cultivar "Sonalika” in 1983
and 30% of the Indian wheat fields to the same cultivar in 1984 (Dalrymple
1986). In 1970, more than 15%of the US maize crop was destroyed by the
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southern corn leaf blight Bipolaris maydis (Nisikado) Shoemaker as a result
of the same cytoplasmic genes being used in the breeding of all the major
varieties (FAO 1996). In China, all Fi rice hybrids -covering 15 million
hectares- have the same male sterility genes (FAO 1996 -)_ and all modern
rice varieties share the same dwarfing gene (Hargrove et al 1985). Korea
reported impressive rice grain yield increases after releasing varieties with
the semidwarf gene such as Tong-il. In 1978, about 76 of the rice area was
planted to high yielding varieties (HYVs) with the semidwarf gene but in
1979 a severe blast disease epidemic affected the HYVs more severely than
the traditional varieties. As a result, the rice area planted to HYVs decreased
and rice production declined (Figure 1) (Rural Development Administration
1985). Broadening of the genetic base is dependent on availability of diverse
germplasm. These examples point out the need to broaden the genetic base
of major crops when breeding new crop varieties.

Development of crop cultivars having genetic resistance to insects requires
an effective program of germplasm conservation, evaluation and utilization.
The status of developing insect resisfant varieties of the world’s three most
important cereal crops, rice, wheat and maize, using conventional breeding

methods and biotechnology, are herein discussed.

II. Germplasm Conservation

Rice

Rice, Oryza sativa L., is cultivated from 530 N to 400 S latitude where it
is adapted to a wide range of environmental conditions from waterlogged
lowlands to uplands. Rice is the primary staple of more than two billion
people in Asia and hundreds of millions of people in Africa and Latin
America (IRRI 1985). Among the major food crops rice is the only one that
is almost exclusively a human food. Rice provides 80% of the caloric intake
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Figure 1. Rice yields in metric tons per hectare in Korea and the world
(average of all countries) from 1965 to 1996 (FAOSTAT).



for two billion Asians and one third of the caloric intake of one billion
persons in Africa and Latin America (Chang 1984). Robert F. Chandler,
IRRI's first Director-General, stated in 1979: “so dependent upon rice are the
Asian countries that throughout history a failure of that crop has caused
widespread famine and death”. Today, rice is just as important to food
security, or more so, than it was in 1979,

There are more than 100,000 strains of rice in the world. Utilization of the
genetic diversity which exists in rice has been economically profitable
resulting in an increase in global rice yields from 2.0 m t/hectare in 1965 to
3.7 m t/hectare in 1996 (Figure 1). Korea, with a very strong breeding
program, had average rice yields increasing from 4.0 m t/hectare in 1965 to
6.1 m t/hectare in 1996 (Figure 1). During this same period, rice area has
decreased slightly from 1.2 billion hectares to 1.0 billion hectares (Figure 2).
The contribution of rice landraces from genebanks in South Aﬁa is estimated
at $150 to $200 million per year (FAO 1996). Included in the diversity which
exists in the world collection of rice is genetic resistance to numerous rice
insect species.

Rice germplasm collections, varying in size from a few hundred to several
thousand accessions, are maintained in various countries by national research
programs and by International Agricultural Research Centers (IARCs) of the
Consultative Group on International Agricultural Research (CGIAR). Estimates
are that 95% of landraces and 10% of the wild species have been collected
(FAO 1996). The global collection consist of approximately 420,000 accessions
including duplicates (Table 1). The largest holdings and the global base
collection are at the International Rice Research Institute (IRRI) in the
Philippines (19% of the global total). Other large holdings are located in
national programs in China, India the U.S. and at the West Africa Rice
Development Association (WARDA) in Cte d'Ivoire (FAO 1996). The rice

germplasm collection and conservation programs have been successful on a
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global basis and have provided a large number of accessions for use in

insect resistance breeding programs.

Table 1. The siz largest countries’/CGIAR Centers’ holdings of ex situ

wheat, rice and maize germplasm collections(FAO, 1996)

Country/Agency Accessions (no,) Percent
Wheat
CIMMY 101,985 13%
USA 54,915 7%
Russia 47,070 6%
India 47,070 6%
Germany 47,070 6%
Italy 39,225 5%
Others 447,165 57%
Total(world) 784,500
Rice
IRRI 79,895 19%
China 54,665 13%
India 50,460 ©12%
USA 33,640 8%
Japan 21,025 5%
WARDA 16,820 4%
Others 163.995 39%
Total(world) 420,500
Maize
Mexico 33,240 12%
India 27,700 10%
USA 27,700 10%
Russia 19,390 7%
CIMMY 13,850 5%
Colombia 11,080 4%
Others 144,040 52%
Total(world) 277,000
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Figure 2. Korean rice area in hectares from 1965 to 1996 (FAOSTAT).



Maize

Maize, Zea mays L. is believed to have first been cultivated in Mexico
and/ or South America about 7,000 years ago (Mangelsdorf 1974). Maize is
grown from northern Asia to the southern cone of South America, from
below sea level on the Caspian Plain to over 3,000 meters above in the
Andean highlands. (CIMMYT 1992a). Maize is the third most irﬁportant crop
in terms of total production, after wheat and rice and is grown on about 112
million hectares in 134 countries. Globally, yields have increased two-fold
from 2.1 m t/hectare to 41 m t /hectare from 1965 to 1996 (Figure 3).
Korean vyields have increased five-fold from 09 m t/hectare to 41 m
t/hectare during this period (Figure 3). However, area planted to maize in
Korea has decreased from 49,000 hectares in 1965 to 17,000 hectares in 1996
(Figure 4)

The greatest genetic diversity in maize occurs in the tmpiéaJ regions of
the Americas where rhany types are grown mostly for human _consurnption
(Foster et al. in presé). Maize germplasm has been systematic:é;iliy collected
and the world collection is estimated to consist of 277,000 acce;ésions (FAO
1996) (Table 1). The largest national collection (27,700 accessions) is
maintained by | the All India Coordinated Maize Improvement Programme).
The largest International Agricultural Research Center (IARC) holding is
maintained by the Centro Internacional de Mejoramiento de Maz y Trigo
(CIMMYT) in Mexico which consists of more than 13,000 accessions (FAO
1996).

Wheat

Common bread wheat, Triticum aestivum L. is considered the most
important cereal crop in the world because of the human nourishment it
provides and has become the world's fnajor human protein source. Although
it is a cool season crop it is grown throughout the widest range of environments of
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Figure 3. Maize yields in metric tons per hectare in Korea and the world
(average of all countries) from 1965 to 1996 (FAOSTAT).
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Figure 4. Korean wheat and maize area in hectares from 1965 to 1996
(FAOSTAT).



any cereal crop (Briggle and Curtis 1987). The People’s Republic of China is
the world’s current leading wheat producer with a 1994/95 harvest of 106.4
million metric tons (mmt) while the European Economic Union (82.1
mmt),and the US (632 mmt) are second and third respectively. On a
continent basis, Asia leads world wheat production at 281.2 mmt followed
by Europe (1199 mmt North America (90.3 mmt). The US is the world's
leading wheat exporter (33.1 mmt) while major importers are Japan (6.1
mmt), Egypt and Korea (59 mmt each), and Brazil (58 mmt) (Anonymous
1996). Globally, wheat yields have doubled, increasing from 12 to 25
t/hectare since 1961(Figure 5) while in West Europe they tripled, increasing
from 2 to 6 t/hectare. Korean vields have increased from 2.0 to 5.0 t/hectare
over the same period (Figure 5) However, wheat area in Korea has
dramatically decreased from 92,000 hectares in 1965 to only 2,000 hectares in
1996 (Figure 4). '

Demand for locally grown wheat has steadily increased in subtropical and
tropical developing countries in response to changing food preferences, and
urbanization (Klatt 1985). In response, both CIMMYT and ICARDA
(International Center for Agricultural Research in Dry Areas), in collaboration
with NARS, have successfully utilized the accessions in the germplasm
collection to develop material that is adapted to tropical environments.

Wheat accessions in the world’s germplasm banks total 784,500 accessions
(FAO, 1996) (Table 1). CIMMYT has the largest collection (13% or
approximately 100,000 accessions) while the US, Russia, India, Germany and
Italy follow in descending order. Only a small number of these accessions
have been evaluated for resistance to more than one arthropod pest (Smith
et al., in press).
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(average of all countries) from 1965 to 1996 (FAOSTAT).



III. Germplasm Evaluation and Utilization

The progress in breeding for resistance to insects varies among the
different crop species and depends on a number of factors including the
importance of the crop, importance of pests as constraints to production and
the availability of resistant donors to use as parents in the bt:eeding program.
Multiple pest resistant cultivars of some crop species are being grown on
millions of hectares. Some cultivars have resistance to insects, nematodes and
pathogens and tolerance to certain abiotic stresses such as drought or soil

mineral toxicity.

Rice

Rice Insects occur in all rice growing environments and cause substantial
yield reductions, especially in Asia (Heinrichs 1994b). Although rice insect
outbreaks have been recorded over the last 1300 years, they have become
more frequent, and the insect complex involved has changed, in the last three
decades. Certain insects, such as the leaf- and planthoppers have increased
in severity, whereas others, such as certain stem borer species, have declined
in importance (Loevinsohn 1994). The increased pest problems accompanying
the green revolution have sparked a movement toward an integrated approach
to the management of rice insect pests. Insect resistant cultivars have served
as a key component in these IPM programs and in the development of
sustainable rice production systems.

The status of the screening and breeding for resistance to rice insects in
Asia is presented in Table 2. Resistance to 19 insect species has been
identified through the screening of germplasm- collections and numerous
insect resistant rice cultivars are being used as components in pest
management. systems throughout Asia (Heinrichs 1992). The greater yield
stability of multiple resistant cultivars has helped stabilize rice production at
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higher levels than previously achieved.

The All India Coordinated Rice Improvement Project (AICRIP) through the
screening of rice germplasm at 20 sites has identified sources resistant to
seven rice insect species. More than 40 cultivars with multiple resistance to
as many as four insect species have been commercially released (Singh et al
1993).

Table 2. Status of screening and breeding for wvarietal resistance to rice
insect pests in Asia (modified from Heinrichs and Quisenberry, in press).

Screening Resistance Resistant Genes for
methods sources  cultivars  resistance
developed identified released identified

Common name Scientific name

Asian rice gall midge  Orseolia oryzue + + + +
Brown planthopper Nilaparvata lugens + + + +
Whitebacked planthopper Soguatella furcifera + + + +
Green leafhopper Nephotettix virescens + + + +
Zigzag leathopper Recilia dorsalis + + + +
White leafhopper Coama spectra + + - -
Blue leafhopper Empoascanara macudifrons + + - -
Striped stem borer Chilo suppressalis

Yellow stem borer Scripophaga incertulas

Whorl maggot Hydrellia philippina

Seeding fly Atherigona exigus

Armyworm Mythimma separata

Thrips Stenchaetothrips biformis + + + -
Rice bug Leptocorisa oratorius + + = -
Black bug Seotinophara latiusaula + + + =
Caseworm Nymphula depunctalis + + N =
Leaffolder Craphalocrocis medinalis + + T %
Leaffolder Marasmia patralis + + = -
Hispa Didladispa armigera + + = -

The first hybrid rice developed by Chinese scientists was released in 1976
and by 1991 the area under hybrid rice cultivation reached 17.6 million



hectares (556% of China's total rice area) and contributed to 66% of the
country’s rice production (Xizhi and Mao 1994). They have 15% vyield
advantage compared with open pollinated cultivars, possess good grain quality
and have multiple disease and insect resistance (Anonymous 1994).

Advances in rice breeding in Korea have been exceptional and Korean
rice yields are among the highest in the world. High yielding, multiple pest
resistant cultivars have been utilized as a major component in rice IPM
programs in Korea (Lee 1992). An example of such a cultivar is
Namyeongbyeo which has the desirable agronomic characteristics and is
resistant to five diseases, bacterial leaf blight, Xanthomonas oryzae (Uyeda
and Ishiyama), black-streaked dwarf virus, blast, Pyricularia oryzae Cavara,
dwarf virus and stripe virus; three insects, Nilaparvata lugens, Nephotettix
cincticeps (Uhler), and Laodelphax striatella (Fallen) and a nematode,
Aphelencoides besseyi Christie. Namyeongbyeo yields in multi-location trials
were 569 t/hectare (10% higher than the highest yieldiné check) and it is
adapted to the single-cropping area in the southwestern coastal and
southern plain in Korea (Sohn et al. 1987).

The IRRI rice improvement program emphasizes the development of
germplasm with multiple resistance to key diseases and insects (Khush 1989).
Emphasis in screening and breeding activities has been on the major insect
pests including the Asian gall midge, brown planthopper, green leafhopper,
yellow stem borer Scirpophaga incertulas (Walker), and the striped stem
borer Chilo suppressalis (Walker) (Heinrichs et al. 1982). Cultivars with
multiple resistance to these pests and the diseases blast, bacterial leaf blight,
sheath blight Rhizoctonia solani Kuhn, tungro virus (spherical form =
ribotungrovirus; bacilliform= badnavirus), and grassy stunt virus (tenuivirus),
have been developed (Brar and Khush 1995).

In Asia, where rice is mostly grown under irrigated conditions, modern

cultivars have rapidly spread and have had a significant economic and social



impact (Khush 1995). The availability of rice cultivars with multiple
resistance to insects and diseases has minimized the need for pesticides and
has promoted the adoption of IPM practices. Indonesia’s national IPM policy
resulted in the banning of 57 rice insecticides (Heinrichs and Adesina, in
press). Because of pest resistance, early sprays of insecticides are seldom
necessary and pests are maintained at sub-economic level by biological
control agents. As a result there has been an upward trend in rice yields and
the reduced insecticide use is improving environmental quality and human

health of the farming community (Khush 1995).

Maize

Maize is cultivated in a multitude of ecologically diverse niches, exposing
it to many biotic and abiotic stresses Among the important biotic stresses
are the insects and diseases. The number-one insect enemy of maize farmers
in the tropics is the stem borer group. Feeding by these insects on maize
leaves, tassels, stems, and ears results in stunted, broken, unproductive plants
riddled with borer holes and tunnels. In developed countries, borer damage is
mitigated ‘through integrated pest management practices including insecticide
use. Farmers in tropical developing countries have limited access to similar
controls and may lose a third or more of their harvest to borers, armyworms
and the corn earworm Helicoverpa zea (Boddie) (CIMMYT 1992a). The
development of maize IPM programs for the tropics requires the breeding of
insect and disease resistant varieties as a major tactic in insect management.

Both CIMMYT, in Mexico and IITA in Nigeria, are developing tropical
maize varieties with resistance to borers. The IITA program has developed
three maize populations with moderate resistance to Eldana  saccharina
(Walker) and two populations with moderate resistance to Sesamia calamistis
Hampson. These populations are intended as sources of resistance to be used

by NARS breeding programs, and not as final products for release to farmers.



by IITA (N. Bosque-Perez, IITA, pers. comm.).

The CIMMYT program has been successful in developing sources of
insect resistance to single and multiple pest species and these sources are
provided to the NARS for further development to fit local conditions, and for
commercialization (CIMMYT 1992b). A multiple insect resistant tropical
(MIRT) population 390 was developed for the lowland tropics and has have
high levels of resistance to the major tropical borers and armyworms and to
maize streak virus, a major pathogen of maize in Africa (Mihm 1985).
Sources identified as resistant to insects at CIMMYT have also been utilized
in the USA. A population from Antigua Group 2 was used to develop
resistance to the southwestern corn borer Diatraea grandiosella (Dyar).
Several lines and one population with resistance to D. grandiosella and the
fall armyworm Spodoptera frujiperda (J. E. Smith) have been released to the
public. Some inbred lines from the Mississippi, USA progrﬁm are highly
resistant to Chilo partellus (Swinhoe) an African stem borer while other lines
are resistant to the Asian corn borer, Ostrinia furnacalis (Guene). Because
these sources possess multiple insect resistance they can be incorporated into
hybrids and varieties for use by farmers around the world (Davis et al
1988).

In spite of the progress achieved in breeding borer resistant maize
cultivars, area planted to such cultivars is still limited as satisfactory insect
resistant maize cultivars have not been made available to farmers (Hess
1997). This is partially due to the lack of high levels of borer resistance.
Biotechnology approaches to breeding hold promise of raising the level of

resistance and thus accelerating the commercialization of maize cultivars.

Wheat
The major insect pests of wheat in the tropics and subtropics are the
wheat stem sawflies, Hessian fly, Sunn pests and aphids (Miller 1992).



Disease and insect resistance have been as important as yield potential in
determining the impact of wheat germplasm in the developing world
(CIMMYT 1992b). Insect resistance is a major objective of the CIMMYT and
ICARDA wheat breeding programs. Historically, CIMMYT has given
significantly less emphasis to breeding for insect resistance in wheat than its
sister institute, ICARDA, because the major wheat pests, the Hessian fly,
Mayetiola destructor (Say), and the wheat stem sawflies are found in West
Asia and North Africa which are in ICARDA’s mandate zones. However,
with the increasing pest status of the Russian wheat aphid, Diuraphis noxia
(Mordvilko) in South Africa and its movement from Asia Minor into the
Americas, Mediterranean countries, Middle East, and Ethiopia both CIMMYT
and ICARDA are breeding for insect resistance in wheat in collaboration with
NARS. The use of resistant varieties of wheat will form the keystone of
some of the pest management programs in the Mediterranean region because
of their low cost to farmers. The wheat stem sawfly, Hessian fly, and aphids
are the insects with the greatest potential for control by the strategic release
of resistant germplasm (Miller 1992). .

Cephus pygmaeus L. is the most important wheat stem sawfly species in
the Middle East. In Morocco, wheat stem sawfly compounds the damage
done by the Hessian fly resulting in 100% losses on some farms. The
ICARDA bread wheat and durum wheat breeding programs are incorporating
the solid stem characteristic for sawfly resistance into improved genotypes
suitable to the West Asia and North Africa (WANA) region. One bread
wheat line possessing both wheat stem sawfly and Hessian fly resistance
has been released for use by farmers (Miller 1992).

The sawfly Cephus cinctus Norton is a major pest of wheat in the
northern Great Plains of North America and in Canada (Weiss and Morrill
1992). In 1989 this pest reduced wheat yields by 80% in the state of
Montana, USA. Currently grown spring wheats with sawfly resistance, have



medium to high yields, good baking quality and disease resistance (Smith et
al., in press).

The Hessian fly Mayetiola destructor (Say) is a major pest of wheat
throughout the most of the world’s wheat production areas of North
America, Europe, North Africa, and Russia (El Bouhssini et al. 1988, Everson
and Gallun 1980). In the USA, feeding of the larvae between the leaf sheath
and the stem causes about US$ 100 million per year (Smith et al in
press).

Screening for resistance to the Hessian fly in the tropics is conducted by
the Moroccan national program (El Bouhssini et al. 1992). In 1989 the first
bread wheat carrying the H5 gene was deployed in Morocco. Because the
Moroccan Hessian fly appears to be more virulent than the Hessian fly in
the US, more durable sources of resistance, such as that from wild species
of Triticum, must be exploited. '

Twenty seven genes for Hessian fly resistance have been identified in
common wheat, T. aestivum in North America. Between 1950 and 1983, 60
Hessian fly resistant cultivars were released and by 1984 more than 10
million ha of Hessian fly resistant wheats were grown in 30 US states.
About 70% of the cultivars currently grown in the US are resistant to the
Hessian fly and this resistance has been estimated to be worth about US$
60 million in reduced losses (Smith et al., in press).

The Russian wheat aphid, Diuraphis noxia (Mordvilko) is a major wheat
pest in Mexico, South Africa, and Lesotho. It has recently immigrated to the
Great Plains of North America where it is a severe pest (Smith et al , in
press). A single feeding can kill a tiller and leaves attacked by as few as
one aphid show yellow striping and curling within 24 hours. Estimated losses
in small plot studies in Ethiopia were 60% in some regions (Miller 1992).
Losses in the US from 1986 to 1993 were estimated to be US$ 850 million
(Legg and Amosson 1993).



Studies have indicated that sources of resistance from lines originating
from the geographic origins of the aphid are most promising. Thus, the
ICARDA screening program is concentrating on landraces, wild relatives and
advanced lines originating within West Asia and North Africa.

CIMMYT entomologists have screened several thousand spring wheats,
triticales, ryes, and barleys for resistance. Only a small number of resistant
sources among the wheats have been found. Thus, alien sources, involving
both close and distant relatives, such as Triticum dicoccum Schrank and wild
wheats are being evaluated (M. van Ginkel, CIMMYT, pers. comm.). In the
bread wheat program CIMMYT breeders are using sources of resistance
from Turkey, Eastern Europe, Russia, Iran, Afghanistan, Tunisia, South
Africa and the USA. Russian wheat aphid resistant wheat cultivars were
first commercially grown by farmers in the US and the South African Free
State Province in 1996 (Smith et al., in press).

IV. Biotechnology as a Tool to Enhance Resistance

Several biotechnological approaches are employed in the development of
insect resistant rice cultivars. Tissue and anther culture techniques are
utilized to increase the level of resistance, and wide hybridization and
transformation contribute to the generation of novel genetic variation by
increasing the gene pool available to breeders. Biotechnology holds promise
as a useful tool in the development of multiple insect resistant rice varieties.
IRRI scientists in cooperation with the Rockefeller Foundation Biotechnology
Network are incorporating novel genes for resistance into rice through
transformation (Potrykus et al 1995). Novel genes such as the Bt (Bacillus
thuringiensis) gene coding for toxic proteins, inhibitors of digestive enzymes
such as protease inhibitors and ribosome inactivating genes are being
transferred to rice.
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Wide Crosses

Where screening of the rice germplasm collection has failed to identify
adequate levels of resistance to certain rice insects, wild species have
provided resistance sources (Heinrichs et al. 1985, Medina et al. 1986, Wu
1986). Although wild species are often incompatible with O. sativa in
conventional breeding, they can be used as donor parents using wide
hybridization and embryo rescue techniques (Heinrichs 1992). In studies at
IRRI, genes from seven wild rice species have been transferred to O. sativa
for resistance to the brown planthopper Nilaparvata lugens (Stl), whitebacked
planthopper Sogatella furcifera (Horvath), and the yellow stem borer
Scirpophaga incertulas (Walker).

Transgenic Plants
Rice

The transgenic approach to enhancing resistance to rice insects s
attractive because it provides access to non-rice genes, allows purified rice
genes to be returned to rice after modifications that give enhanced
performance not attainable through mutation and recombination in vivo, and
allows the addition of specific characters into rice without the linkage drag
and the requirement for backcrossing that accompany sexual hybridization
(Bennett et al. 1997). Scientists at IRRI and at other locations linked by the
Rockefeller Foundation Biotechnology Network are incorporating novel genes
for resistance into rice through transformation. The genes include the
Bacillus thuringiensis Berliner (Bt) genes crylA(b) and crylA under the
control of various promoters and several proteinase inhibitor genes. The rice
insects controlled by these genes include the yellow stem borer (Potrykus et
al. 1995), striped stem borer (Bennett et al. 1997) and the leaffolder
Cnaphalocrocis medinalis (Guene) (Fujimoto et al. 1993).

Genetic engineering of rice with toxin genes from Bt has the potential to



provide effective and environmentally safe control of several rice insect pests.
Of major concern, however, is its potential lack of stability (Bottrell et al.
1992). Numerous strategies have been proposed to delay the evolution of rice
pest resistance to Bt toxins in transgenic rice plants (Bottrell et al. 1992,
Cohen et al. 1996) One strategy is the use of spatial refuges in association
with the combination of multiple Bt toxins that bind to different receptors.
Proposed spatial refuges consist of tissue specific expression, within field
mixtures of Bt and non-Bt rice plants, and field-to-field mixtures of Bt and
non-Bt rice. Cohen et al. (1996) reported that the genetic engineering of rice
is progressing rapidly and Bt genes may soon be in agronomic backgrounds
suitable for use by farmers. They caution that genetic engineering is
proceeding at a faster pace than the development of resistance management
strategies.

Maize

Maize, the most important commercial seed species, is considered the
"Holy Grail” of crop genetic engineering because it potentially offers
enormous financial rewards to the global seed industry. In the USA and
Western Europe farmers spend US$ 350 million annually for insecticides that
are only 50% effective against the European corn borer Ostrinia nubilalis
(Hbner) (RAFI 1991). In the USA the European com borer, is estimated to
cause US$ 1 billion in maize crop losses annually. (Losses in the state of
Nebraska, USA are US$ 48 million. Losses are about 10% per borer per
stalk and populations of 3 borers per stalk are common (Bullock and Sollod
1996). Larval feeding reduces yields by damaging the plant’s vascular
system which reduces the flow of minerals, sugars and starches in the
stalk. About 3 million hectares of maize in the US are annually treated with
insecticides to control this pest (Bullock and Sollod 1996).

Transgenic hybrids with the Bt genes, which encode insect-specific toxic



proteins in maize (Koziel et al. 1993) have been field tested and are now
being marketed in the US for protection against O . nubilalis (Foster et al.
in press). 1996).Two types of technology have been developed. The
Monsanto technology provides season-long, throughout the plant technology
while the Mycogen/Ciba technology does not last the entire season and the
expression is limited to the green tissue. Results from field tests conducted
in 1994 indicated that Bt hybrids had a 890 kg/hectare increase (10%)as
compared to conventional hybrids without the Bt gene (Bullock and Sollod
1996).

Hybrid maize seed with the Bt gene was first commercially sold to
growers in 1996 by Ciba Seeds and Mpycogen. Monsanto’s "YieldGard" Bt
maize technology was provided commercially to growers in 1997 through
seed companies such as Pioneer, DeKalb and Northrup-King. About three
million acres were planted to YieldGard in 1997. Mycogen began selling its
Bt hybrids under the name of “NatureGard.” in 1996. NatureGard hybrids
have both the Bt gene and native resistance genes in the same plant
(Bullock and Sollod 1996). In the US cornbelt about 5% of the area was
planted to Bt maize seed in 1997 and it is projected that area planted to Bt
seeds will increase to 25% in the 1998 season.

The next breakthrough expected in the use of Bt genes in the
management of maize insects in the USA involves the corn rootworm
complex consisting of the western corn rootworm Diabrotica virgifera
virgifera LeConte, and the northern cormn rootworm D. barberi Smith and
Lawrence (Coleoptera: Chrysomelidae). Economically, the corm rootworm
complex poses the most important insect problem in maize in the USA
cornbelt. Crop losses due to rootworm damage and cost of insecticidal
control annually amount to millions of dollars (Meinke et al. 1997 ).

Com rootworm larvae damage the plants by feeding on the roots.
Extensive feeding weakens root systems and injured plants cannot take up



water and nutrients and the plants are susceptible to lodging. Corn rootworm
management involves crop rotation and insecticide applications to control
adults or larvae (Pike et al. 1995). Crop rotations, generally, are not practical
and the major rootworm species, D. virgifera virgifera, is developing
resistance to insecticides (Meinke et al. 1997). Because of the economic
importance of developing new management strategies there is a great deal of
commercial interest in developing Bt transgenic maize hybrids for rootworm
control and seed companies are expected to release commercial Bt varieties
for rootworm control in the next five years (J. E. Foster, personal

communication).

V. Conclusions

A global pursuit food self-sufficiency has been underway since the 1960s.
With the widespread cultivation of the modern rice, maize and wheat
cultivars there has been a temporary respite, in some countries, in the race
to prevent hunger, as cereal production has more than doubled, outracing the
80% leap in the world's population.

Taking rice as an example of future food crop production requirements, it
has been stated that population growth, in rice growing countries, is so
intense, that 80 to 100 million additional people must be fed each year (IRRI
1990). Resource-poor farmers are being forced to till highly erodible and
marginal land. These less favorable areas now produce only 25% of the
world’s rice, but within the next two decades, they must sustain hundreds of
millions of farmers who have yet to realize the benefits of new technology.

Agricultural scientists face a tremendous challenge to develop technology,
that will increase the productivity of existing land resources, and

simultaneously maintain soil fertility, and to develop crop pest management



strategies that are environmentally and economically acceptable. Plant
resistance is a principal component and plays a vital role in integrated pest
management systems in many crops (Heinrichs 1994a). It serves as a
foundation stone on which pest management programs are established. Both
conventional plant breeding and biotechnology methods will contribute to

improved crop protection technology of future rice, maize and wheat cultivars.

References

1. Anonymous. 1994. Hybrid seed controversy in India, pp. 9-11 In:
Biotechnology and Development Monitor, no. 19, June 1994. University of
Amsterdam, Netherlands.

2. Anonymous. 1996. Agricultural Statistics 1995-96, Wheat, National
Agricultural Statistics Service, U, S. Department of Agriculture,
Washington, DC,

3. Bennett, J., M. B. Cohen, S. K. Katiyar, B. Ghareyazie, and G. S. Khush.
1997. Enhancing insect resistance in rice through biotechnology. pp. 75—
93 In: Carozzi, N. and M. Koziel (eds.), Advances in Insect Control: The
Role of Transgenic Plants, Taylor Francis, London.

4. Bergstrom, G. C. & H. D. Thurston. 1988. Integrated pest management
practices relevant to tropical wheat environments. pp. 321-329 In: Klatt,
A. R. [ed], Wheat Production Constraints in Tropical Environments.
Proceedings of the International Conference, January 19-23, 1987, Chiang
Mai, Thailand. CIMMYT, Mexico.

4. Bottrell, D. G, R. M. Aguda, F. L. Gould, W. Theunis, C. G. Demayo, and
V.F. Magalit. 1992. Potential strategies for prolonging the usefulness of
Bacillus thuringiensis in engineered rice. Korean J. Appl. Entomol., 31:
247-255,



5. Brar, D. S. and G. S. Khush. -1995. Wide hybridization for enhancing
resistance to biotic and abiotic stresses in rainfed lowland rice, In: Proc
International Rice Research Conference, International Rice Research
Institute, Los Baos, Philippines.

6. Briggle, 1. W. and B. C. Curtis. 1987. Wheat worldwide. pp. 1-32 In:
Wheat and Wheat Improvement, Agron. Monograph 13, ASA, CSSA, and
SSSA, Madison, WI, USA.

7. Bullock, W. O. and C. Sollod. 1996. The business side of Bt products: a
market analysis. In Information Systems for Biotechnology, NBIAP News
Report. World Wide Web (htttp://www.nbiap.vt.edu/news/specials/news95.
dec.html).

8. Centro Internacional de Mejoramento de Maiz y Trigo (CIMMYT). 1992a.
CIMMYT 1991 Annual Report. Mexico, D. F..CIMMYT.

9. Centro Internacional de Mejoramento de Maiz y Trigo (CIMMYT). 1992b
CIMMYT.. Improving the Productivity of Maize and Wheat in Developing
Countries: An Assessment of Impact. CIMMYT, Mexico.

10. Chang, T. T. 1984. Conservation of genetic resources: luxury or
necessity? Science 224 251-256.

11. Cohen, M. B, R. M. Aguda, A. M. Romena, G. K. Roderick, and F. L.
Gould. 1996. Resistance management strategies for Bt rice: what have we
learned so far? In: Khush,G. S. (ed.), Rice Genetics III: Proc. of the
Third International Rice Genetics Symposium, International Rice Research
Institute, Los Baos, Philippines.

12. Conway, G., U. Lele, ]J. Peacock, and ]. Pineiro. 1994. Sustainable
agriculture for a food secure world, a vision for the Consultative Group
on International Agricultural Research  Consultative Group on
International Agricultural Research, Washington DC

13. Dalrymple, D. G. 1986. Development and Spread of High-Yielding Wheat
Varieties in Developing Countries, 7" ed. US Agency for International



14.

15.

16.

17.

18.

19.

2L

Development, Washington, DC.

Davis, F. M., W. P. Williams, J. A. Mihm, B. D. Barry, J. L. Overman, B.
R. Wiseman and T. J. Riley. 1988. Resistance to multiple lepidopterous
species In tropical derived corn germplasm. Miss. Agric For. Exp. Stn
Tech Bull. 157.

El Bouhssini, M., M. A. Amri and J. H. Hatchett. 1988. Wheat genes
conditioning resistance to the Hessian fly (Diptera: Cecidomyiidae) in
Morocco. J. Econ. Entomol. 81: 709-712.

El Bouhssinii M. ]J. H. Hatchett, S Lhaloui & A. Amri.  1992.
Suppression of Hessian fly (Diptera: Cecidomyiidae) populations in
Morocco by the use of resistant wheat cultivars. Al Awamia, Revue de
Recherche Agronomique Marocaine 77 129-145.

Everson, E. H. and R. L. Gallun. 1980. Breeding approaches in wheat. In:
Maxwell, F. G. and P. R. Jennings (eds.), Breeding Plants Resistant to
Insects. John Wiley, New York. 513 p.

FAO (Food and Agriculture Organization of the United Nations). 1996.
The State of the World’s Plant Genetic Resources for Food and
Agriculture. Background documentation prepared for the International
Technical Conference on Plant Genetic Resources, Leipzig, Germany,
17-23 June, 1996. FAO, Rome, Italy.

FAOSTAT (Food and Agriculture Organization of the United Nations,
Agriculture  Production Statistics Database). World Wide Web
(http://apps.fao.org/)

. Foster, J. E, R. L. Wilson, F. M. Davis, B. D. Barry and B. R. Wiseman.

( in press). Insect resistance in maize germplasm. In: Clement, S, L. and
S. Quisenberry, Global Plant Genetic Resources for Insect Resistant
Crops, CRC Press, Boca Raton FL, USA.

Fujimoto, H.,, K. Itoh, M. Yamamoto, J. Kyozuka, and K. Shimamoto.
1993. Insect resistance generated by introduction of a modified—-endotoxin



22.

gene of Bacillus thuringiensis. Biotechnology 11: 1151-1155.

Heinrichs, E. A. 1992. Rice insects: the role of host plant resistance in
integrated pest management systems, Korean J. Appl FEntomol., 3l1:
256275,

Heinrichs, E. A. 1994a. Development of multiple pest resistant crop cultivars.

23.

J. Agric. Entomol. 11: 223-253.

Heinrichs, E. A. (ed.). 1994b. Biology and Management of Rice Insects.
Wiley Eastern, New Delhi. 779 p.

Heinrichs, E. A. and A. A. Adesina. (in press). The contribution of
multiple pest resistance to . tropical crop production, Thomas Say
Publications, Entomological Society of America.

Heinrichs, E. A., F. G. Medrano, L. Sunio, H. Rapusas, A. Romena, C.
Vega, V. Vigjante, D. Centina, and I. Domingo. 1982. Resistance of IR
cultivars to insect pests, Int Rice Res. Newsl. 7(3): 9-10.

Heinrichs, E. A. and S. S. Quisenberry. (in press). Germplasm evaluation
and utilization for insect resistance in rice. In: Clement, S, L. and S.
Quisenberry, Global Plant Genetic Resources for Insect‘Resistant Crops,
CRC Press, Boca Raton FL, USA.

Heinrichs, E. A., V. D. Viajante, and A. M. Romena. 1985. Resistance of
wild rices, Oryza spp. to the whorl maggot Hydrellia philippina Ferino,
Environ.

Hess, D. C. 1997. Foreword. pp. vii-viii In: Mihm, J. A. (ed.), Insect
Resistant Maize, Recent Advances and Utilization; Proc. of an
International Symposium held at the International Maize and Wheat
Improvement Center (CIMMYT) 27 November-3 December, 1994. Mexico,
D.F.: CIMMYT

IRRI. 1985. International Rice Research, 25 Years of Partnership.
International Rice Research Institute, Los Baos, Philippines.

Khush, G. S. 1989. Multiple disease and insect resistance for increased



31.

32.

yield stability in rice. pp. 79-92 In: Pollard, L. R. (ed.), Progress in
Irrigated Rice Research, International Rice Research Institute, Manila,
Philippines, 390 p.

Khush, G. S. 1995. Modern cultivarstheir real contribution to food supply
and equity, Geojourn., 35(3): 275-284.

Klatt, A. R. 1985. Introduction to the symposium on wheats for more
tropical environments. pp. 21-23 In: Wheats for More Tropical
Environments. CIMMYT, Mexico.

Koziel, M. G., G. L. Beland, C. Bowman, N. B. Carozzi, R. Crenshaw, L.
Crossland, J. Dawson, N. Desai, M. Hill, S. Kadwell, K. Launis, K.
Lewis, D. Maddox, K McPherson, M. R. ' Megh;ji, E. Merlin, R. Rhodes,
G. W. Warren, M. Wright and S. V. Evola. - 1993. Field performance of
elite transgenic maize plants expressing an insecticidal protein derived
from Bacillus thuringiensis. Bio/Technology 11: 194-200.

Kung, Shain-dow. 1993. Introduction: from hybrid plant to transgenic
plants. pp. 1-12 In: ‘'Kung, Shain-dow and R. Wu (eds.), Transgenic
Plants, Volume I, Engineering and Utilization. Academic Press, New
York. 383 p.

Lee, S. C. 1992. Toward integrated pest management of rice in Korea.

35.

Korean J. Appl. Entomol. 31: 205-240.

Legg, A. and S Amosson. 1993. Economic impact of Russian wheat aphid
in the western United States: Great Plains Agricultural Council
Publication 147,

. Loevinsohn, M. E. 1994. Rice pests and agricultural environments. pp.

488-513 In Heinrichs, E. A. (ed.). Biology and Management of Rice
Insects. Wiley Eastern, New Delhi. 779 p.

. Mangelsdorf, P. C. 1974. Corn’ its Origin, Evolution and Improvement.

Harvard University Press, Cambridge, MA, USA.

. Medina, E. B,, A. M. Romena, and E. A. Heinrichs. 1986. Screening wild



4]1.

42.

43.

rices for resistance to Marasmia patnalis Bradley, Int. Rice Res. Newsl.,
11(2): 12.

Meinke, L., B. Siegfried, R. Wright and L. Chandler. 1997. Western corn
Proc. 1997 Illinois Agric. Pesticides Conf.

Mihm, J. A. 1985. Breeding for host plant resistance to maize stemborers.
Insect Sci. Applic. 6: 369-3717.

Miller, R. H. 1992. Insect pests of wheat and barley of Mediterranean
Africa and West Asia. Al Awamia, Revue de Recherche Agronomique
Marocaine 77: 3-19.

Pike, D. R.,, K. L. Steffey, M. E. Gray, H. W. Kirby, D. 1. Edwards and
R. H. Hombaker. 1995. Biologic and Economic Assessment of Pesticide
Use on Corn and Soybeans. National Agricultural Pesticide Impact
Assessment Program Report no. 1CA-95, United States. Department of
Agriculture.

Potrykus, I, P. K Burkhardt, S. K. Datta, ]J. Ftterer, G. C.
Ghosh-Biswas, A. Klti, G. Spangenberg and J. Wnn. 1995. Genetic
engineering of Indica rice in support of sustained production of
afffordable and high quality food in developing countries. Euphytica 85:
441-449.

Rural Advancement Foundation International (RAFI). 1991. In: Genetic
engineering of maize: a report on work in progress. RAFI Communique,
October 1991, RAFI-USA, Box 655, Pittsboro, North Carolina, 27312,
USA.

Rural Development Administration. 1985. Rice Varietal Improvement in

Korea. Suweon, Republic of Korea: Rural Development Administration.

. Singh, J., G. S. Dhaliwal, and G. S. Sidhu. 1993. Advances in insect

resistance in rice, In: Dhaliwal, G. S. and V. K. Dilawari (eds.),
Advances in Host Plant Resistance to Insects. Kalyani Publishers, New
Delhi.



47.

49.

Sl

Smith, C. M., S.. S. Quisenberry and F. du Toit. (in press). The value of
conserved wheat germplasm evaluated for arthropod resistance. In:
Clement, S, L. and S. Quisenberry, Global Plant Genetic Resources for
Insect Resistant Crops, CRC Press, Boca Raton FL, USA.

Sohn, J. K., S. K. Lee, J. C. Koh, H. Y. Kim, S. ]J. Yang, H G. Hwang,
D. Y. Hwang, and G. S. Chung. 1987. A new rice variety with multiple
resistance to diseases and insect pests “Namyeongbyeo”. Research
Reports of the Rural Development Administration (Crops) 29: 18-28. (in
Korean with English abstract).

Weiss, M. J. and W. L. Morrill. 1992. Wheat stem sawfly (Hymenoptera:
Cephidae) revisited. Amer. Entomol. 38: 241-245.

Wu, Jung-Tsung, E. A. Heinrichs, and F. G. Medrano. 1986. Resistance
of wild rices, Oryza spp. to the brown planthopper, Nilaparvata lugens
(Homoptera: Delphacidae), Environ Entomol., 15: 648-653.

Xizhi, L. and C. X. Mao. 1994. Hybrid Rice in China- a Success Story.,
Asia-Pacific Association of Agricultural Research Institutions, FAO
Regional Office, Bangkok, Thailand.



A%H 9L AP AZAAY W, 255, 2 9 EF A

E. A. Heinrichs and ]J. E. Foster

Department of Entomology, University of Nebraska, Lincoln, NE
68583-0816, USA

x 5

4% AFAEL AA 27 AR TTHA 72 BEo|T. H3e N34
AE B2ATNE FR AR [2olth HBd @ 4G BRI AT 3
2AYY EFY YL A2 TR P4 AFY F2Y $U0E YFYn
sith. HEAYY EFE TAHE 3 FUY PA A% VAol ®
¢ ZAAY RO WlEAANT Utk ofe Aol el AYYE U
By Agy EFe A% BAAGel AusaE AFHA YA e
o

AAdozs Hge A2APH EES0) 4FHoz ST, AL 44
Hoz o882 Y o7t ool 1 AFAdd Wty =HnZ @ ok
g o AEAYY EEL SE5=d o} ABHY 945 IBY £ g
£ 4voz METRAA 7WSe] 4o AgHw gow, AN
Adg gAABE H2AYY FFS) AF YYHo2 AuMn L Yck



E. A. Heinrichs, J. E. Foster.1997. Insect resistant rice, maize and wheat. In: International Symposium: Molecular Genetics and
Breeding of Crops and Animals, November 14, 1997, Korean Association of Science Societies for Agriculture, Forestry and
Fisheries, and National Instrumentation Center for Environmental Management, 31 pages.

Keywords: review paper, rice Oryza sativa, maize, wheat, host plant resistance to insects, plant breeding programs, germplasm
conservation, average crop yields in Korea,



	Insect Resistant Rice, Maize and Wheat Cultivars in Sustainable Agriculture
	tmp.1608233481.pdf.Ydifd

