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Foreword

Rice, the daily food of nearly half the world's
population, is the foundation of national stability and
economic growth in many developing countries. It is
the source of one quarter of global food energy and—
for the world's poor—the largest food source. It is also
the single largest use of land for producing food and
the biggest employer and income generator for rural
people in the developing world. Rice production has
been described as the single most important economic
activity on Earth. Because rice occupies approximately
9% of the planet’s arable land, it is also a key area of
concern—and of opportunity—in environmental
protection.

Rice cultivation is the dominant land use in Asia,
but it is now playing an increasingly important role in
Africa as well. In West and Central Africa—the most
impoverished regions on earth according to the Food
and Agriculture Organization (FAO)—rice is grown
under subsistence conditions by about 20 million
smallholder farmers who are shackled to slash-and-burn
farming and who lack rice varieties that are appropriate
to local conditions. FAO statistics show the demand for
rice in these regions is growing by 6% a year (the
fastest-growing rice demand in the world), largely
because of increasing urbanization. As a result, current
rice imports into these regions amount to more than
US$1 billion a year.

African rice farmers face many abiotic and biotic
constraints in their quest to increase rice production.
In conjunction with the introduction of the New Rice
for Africa (NERICA), increasing yields will require a
reduction in losses to insects and other stresses. As
cropping intensity and cultural practices are changed to
meet production needs, particularly in West Africa, it
will be important to avoid the problem of increased

pest pressure. To develop effective pest management
strategies, it is essential to properly identify and to
understand the biology and ecology of insect pests and
the arthropods that help regulate their populations.

This book provides the first comprehensive
taxonomic keys of the West African rice-feeding insect
species and their natural enemies. It describes their
presence and abundance in the different climatic zones
(humid tropical zone, the Guinea savanna, and the
Sudanian savanna) and rice ecosystems (upland, rainfed
lowland [inland swamps], irrigated lowland, deepwater/
floating, and mangrove swamps) in West Africa. For
each species, the authors provide available information
on geographical distribution, description and biology,
habitat preference, and plant damage and ecology.

This book effectively utilizes the unique knowledge
and expertise of two sister institutes—WARDA—the
Africa Rice Center and the International Rice Research
Institute (IRRI). The biology and ecology section is
based on studies conducted at WARDA and articles
(much of it gray literature) published by West African
national programs and foreign scientists, mostly French.
The taxonomic keys were constructed by A.T. Barrion,
formerly of IRRI, who used the insects and spiders
collected in West Africa by E.A. Heinrichs, formerly of
WARDA. This book should prove to be an important tool
for developing effective pest management strategies
that will aid in improving rice production in West
Africa.

Dr. RoNALD P. CANTRELL
Director General, IRRI

Dr. Kanavo F. Nwanze
Director General, WARDA
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Introduction

L/ .-'.n"!l. E

Céte d’lvoire, West Africa

Rice in Africa

Rice, an annual grass, belongs to the genus Oryza,
which includes 21 wild species and 2 cultivated
species, 0. sativa L. and 0. glaberrima Steud. (Table 1).
Chang (1976a,b) has postulated that when the
Gondwanaland supercontinent separated, Oryza species
moved along with the separate land sections that
became Africa, Australia, Madagascar, South America,
and Southeast Asia. Of the wild Oryza species, 0. barthii
A. Chev., O. brachyantha A. Chev. et Roehr, 0. eichingeri
Peter, O. glaberrima, O. longistaminata Chev. et Roehr,
and 0. punctata Kotschy ex Steud. are distributed in
Africa. 0. glaberrima, until recent times, the most
commonly grown cultivated species in West Africa, is
directly descended from 0. barthii. 0. sativa—the most
prominently cultivated species in West Africa today—
was probably introduced from Southeast Asia. A
Portuguese expedition in 1500 introduced O. sativa into
Senegal, Guinea-Bissau, and Sierra Leone (Carpenter
1978). In many areas of West Africa, rice growing
began after about 1850 with expansion occurring to
the present time (Buddenhagen 1978). Many O. sativa
cultivars were introduced into West Africa during the
World War Il when rice was grown to feed the military
(Nyanteng 1987).

Although rice is an ancient crop in Africa, having
been grown for more than 3,500 years, it has not been
effectively managed to feed the number of people that
it could (I1TA 1991). Rice has long been regarded as a



Table 1. Species of Oryza, chromosome number, and original geographical distribution (Chang 1976a,b;

Vaughan 1994).

Species ::rl;obr:e\:?;)r]m:e) Distribution

Cultivated

0. glaberrima Steud. 24 West Africa

0. sativa L. 24 Asia

Wwild

0. alta Swallen 48 Central and South America

0. australiensis Domin 24 Australia

0. barthii A. Chev. 24 West Africa

0. brachyantha Chev. et Roehr. 24 West and Central Africa

0. eichingeri Peter 24,48 East and Central Africa

0. grandiglumis (Doell) Prod. 48 South America

0. granulata Nees et Arn. ex Watt 24 South and Southeast Asia

0. glumaepatula Steud. 24 South America and West Indies
0. latifolia Desv. 48 Central and South America

0. longiglumis Jansen 48 New Guinea

0. longistaminata Chev. et Roehr. 24 Africa

0. meridionalis Ng 24 Australia

0. meyeriana (Zoll. et Mor. ex Steud.) Baill. 24 Southeast Asia and China

0. minuta Presl. et Presl. 48 Southeast Asia and New Guinea
0. nivara Sharma et Shastry 24 South and Southeast Asia, China
0. officinalis Wall ex Watt 24 South and Southeast Asia, China, New Guinea
0. punctata Kotschy ex Steud. 24,48 Africa

0. ridleyi Hook. f. 48 Southeast Asia

0. rufipogon W. Griff. 24 South and Southeast Asia, China
0. perennis 24 South and Southeast Asia, China, Africa
0. schlechteri Pilger 24 New Guinea

rich man's cereal in West Africa because cultivation
technology is not efficient and production costs are
high. Even so, diets have changed and rice has become
an important crop in West Africa. Increasing demand
and consumption in West Africa have been attributed
to population and income growth, urbanization, and
the substitution of rice for other cereals and root crops.
Its rapid development is considered crucial to increased
food production and food security in the region.
Nyanteng (1987) and WARDA (2000) have reported on
the trends in consumption, imports, and production of
rice in the 17 nations of West Africa (Benin, Burkina
Faso, Cameroon, Chad, Cote d'lvoire, Gambia, Ghana,
Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger,
Nigeria, Senegal, Sierra Leone, and Togo). Rice
consumption is increasing faster than that of any other
food crop in the region. In all West African countries
except Ghana, rice is now among the major foods of
urban areas. In rural areas, rice is a major food crop in
nine countries of the region.

The quantity of rice consumed in West Africa has
increased faster than in other regions of the continent.
West Africa’s share of the total African rice
consumption increased from 37% in 1970 to 59% in
1980 to 61% in 1995 (Fig. 1; WARDA 2000). Rice
consumed in West Africa increased from 1.2 million t in
1964 to 3.5 million t in 1984 to 5.6 million t in 1997
(Fig. 2; WARDA 2000).

Average per capita rice consumption in West Africa
peaked at 27 kg yr in 1992 and settled down to 25 kg
yrt by 1997, still more than double that of 1964

(Fig. 3; WARDA 2000). Per capita consumption in 1997
was 6.4, 18.2, and 8.1 kg yr in Central, East, and
Southern Africa, respectively (WARDA 2000). Annual
per capita rice consumption in 1996 varied widely
among West African countries from 9.64 kg in Chad to
114.36 kg in Guinea-Bissau (Fig. 4; FAOQ 1999).

The increase in rice consumption in West Africa has
been partially met by increased domestic production. In
1995, 41% of African rice was produced in West Africa
(Fig. 5; FAQ 1999). Average annual production
increased in this region from 1.8 million t in 1964 to

West Africa
61%

Southern
Africa
%

Central Africa

6% East Africa
0

26%

Fig. |. Rice consumption in Africa, by region, in 1995 (WARDA
2000).
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Fig. 2. Rice consumption, in million metric t per year, in West
Africa, from 1964 to 1997 (WARDA 2000).
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Fig. 3. Annual per capita rice consumption, in kilograms, in
West Africa, from 1964 to 1997 (WARDA 2000).

2.7 in 1974 and 3.7 in 1984. By 1998, production rose
to 7.6 million t in West Africa, increasing at a growth
rate of 5.6% during the 1983-95 period. Production in
1998 ranged from 16,693 t in Gambia to 3.26 million t
in Nigeria (Fig. 6; FAO 1999).

Much of the increase in rice production is related
to an increase in area cropped to rice and some to an
increase in grain yield. In 1998, the area of rice
harvested in sub-Saharan Africa was 7.26 million ha
with 64% (4.69 million ha) of the area in West Africa

Niger
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Ghana
Benin
Burkina Faso
Nigeria

Mali

Liberia
Mauritania
Cote d’Ivoire
Senegal
Guinea
Gambia
Sierra Leone
Guinea—Bissau

40 60 80 100 120 140
Consumption (kg per yr't)

Fig. 4. Annual per capita rice consumption, in kilograms, for
West African countries in 1996 (FAO 1999).

Central Africa
(3.05%)

E(eészt é;r[;fa West Africa
(41.17%)
Southern
Africa
(1.00%)

Northern Africa
(32.11%)

Fig. 5. Rice production in Africa, by region, in 1995 (FAO 1999).

and 8, 25, and 3% in Central, Eastern, and Southern
Africa, respectively. The rice area cultivated increased
from 1.7 million ha in 1964 to 2.7 million ha in 1984,
and 3.3 million ha in 1990. West African rice area in
1998 ranged from 14,232 ha in Benin to 2.05 million
ha in Nigeria.

Rice in West Africa is grown in five general
environments categorized by water management (Terry
et al 1994). Forty percent of the rice is grown under
upland conditions, whereas rainfed lowland, irrigated,
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Fig. 7. Distribution of West African rice, by environment
(Matlon et al 1998).

deepwater rice, and mangrove swamp account for 37,
12, 7, and 4% of the rice land area, respectively (Fig. 7;
Matlon et al 1998).

Rice yields in the uplands are low, resulting in low
overall yields for all African environments: 1.62, 0.77,
1.90, and 1.05 t ha™ in West, Central, East, and
Southern Africa in 1997, respectively. Average West
African rice yields vary greatly, ranging in 1996 from
1.06 t ha? in Togo to 3.94 t ha ! in Mauritania (Fig. 8;
WARDA 2000).

To meet demand, many West African countries
import rice. The average quantity of rice imported
annually increased from 0.4 million t in 1964 to almost
1.8 million t in 1984, growing to 2.5 million t in 1995
(Fig. 9; WARDA 2000). Senegal, Cote d'lvoire, and

Togo
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Guinea
Mali

Cote d’Ivoire
Nigeria

Benin
Sierra Leone
Guinea-Bissau
Ghana
Burkina Faso

Senegal
Niger

Mauritania

0 10 15 20
Yield (t ha™)

25 3.0 35 4.0

Fig. 8. Rice yields (t ha™') of West African countries in 1996
(WARDA 2000).

Nigeria ranked among the top rice importers in the
world with more than 300,000 t annually during the
1980s. In 1990, these countries imported 336,000;
284,000; and 216,700 t of rice, respectively. In 1995,
these countries imported 420,000; 404,247; and
300,000 t of rice, respectively (WARDA 2000).

Total consumption of rice in West Africa increased
at the rate of 4.75% annually from 1983 to 1995
(WARDA 2000). Considering the levels of production
and consumption, an acute demand for rice in West
Africa continues. Thus, it is evident that demand for
rice is to be met through domestic intensification of
rice cultivation by increasing yield and the area planted
to rice. Increasing yield will require a reduction in
losses to insects and other stresses. As cropping
intensity and cultural practices are changed to meet
production needs, it will be important to avoid the
problem of increased pest pressure that can occur as a
consequence of replacing traditional practices. In Asia,
insect pest problems increased, often dramatically, with
the introduction of new plant types. At first, the
modern varieties were considered more susceptible to
pests, but later research showed that changes in
cropping systems and cultural practices were more
important. The traditional cultural practices seem to
provide a certain degree of stability in which the
natural enemies of rice pests appear to play a major
role (Akinsola 1982). It is important that changes to
modern rice culture provide for maintenance of the
current stability through an integrated approach to
pest management.
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Fig. 9. Annual West African rice imports from 1964 to 1995
(WARDA 2000).

Rice-feeding insects

The rice plant is an ideal host for a large number of
insect species in West Africa. All parts of the plant,
from the root to the developing grains, are attacked by
various species. In the world, there are about 800
insect species that can damage rice in the field or in
storage, but the majority of the species that feed on
rice are of minor importance (Barrion and Litsinger
1994). In West Africa, about 10 species are of major
importance but the economic damage caused by these
species varies greatly from country to country, from
field to field, and from year to year. These species
include the stem borers, Chilo zacconius Bleszynski
(Fig. 92), Diopsis longicornis Macquart (Fig. 98),
Maliarpha separatella Ragonot (Fig. 88), and Sesamia
calamistis Hampson (Figs. 84-85); caseworm, Nymphula
depunctalis (Guenée) (Fig. 86); African rice gall midge,
Orseolia oryzivora Harris and Gagne (Figs. 95-97);
hispid beetle, Trichispa sericea Guerin-Meneville

(Figs. 281-282); termite species, Amitermes evuncifer
Silvestri, Microtermes sp., and Odontotermes sp.;
leaffolder, Marasmia trapezalis (Walker) (Fig. 89); and
the grain-sucking bugs, Aspavia armigera (Fabricius)
(Fig. 396). In addition, species distribution and
abundance vary among rice ecosystems within a given
location. For example, some species are primarily
upland rice feeders while others are more numerous and
damaging under lowland conditions. Some species may
be abundant in all rice-growing environments. Rice-
feeding insects are dynamic and their relative

importance changes with time due to changes in rice
production practices, climate, yield, and varieties—and,
in many cases, due to undetermined factors. The
infestation of the rice crop by different species is
related to the growth stage of the plants. Insects feed
on all parts of the rice plant throughout the rice-
growing regions of the world. Rice insect communities
occurring in West Africa are very similar to those in
Asia. In fact, most of the genera that feed on rice in
Asia also occur on rice in West Africa. However, the
species, in most cases, are different.

Climatic zones and rice ecosystems
as habitats

The presence and abundance of rice-feeding insect
species vary distinctly among the different climatic
zones and rice ecosystems in West Africa. The climatic
zones consist of the humid tropical zone, the Guinea
savanna, and the Sudanian savanna (Sahel). These
areas, respectively, correspond to the southern coastal
areas with slight changes in temperature and long,
heavy monomodal rains (more than 2,400 mm
annually); the mid-region of bimodal rains (1,000-
1,200 mm per year) separated by a short dry spell and
a long dry season; and the northern zone with a strong
daily and seasonal temperature fluctuation and very
short monomodal rains (less than 800 mm per year)
(Fig. 10; Akinsola and Agyen-Sampong 1984).

Generally, insect pests are most severe in the
humid tropical and Guinea savanna zones (Table 2).
Whiteflies and locusts are not a problem in the humid
zone while several species occurring in the humid
tropical and Guinea savanna have not been reported in
the Sudanian savanna. In Nigeria (Table 3; Alam 1992),
rice bugs are more abundant in the humid tropical and
savanna zones than in the Sudanian savanna. Termites
are more common in the two savanna zones than in the
humid tropical zone. Stem borers are generally common
in all climatic zones.

The various rice ecosystems in West Africa consist
of the upland, rainfed lowland (inland swamps),
irrigated lowland, deepwater/floating, and mangrove
swamps (Fig. 7). Andriesse and Fresco (1991) describe
a classification system for rainfed rice.

Agyen-Sampong (1982) reports on the relative
occurrence of rice insect species in the different rice
ecosystems (Table 4). Stem borers are common in all
ecosystems, but the abundance of a given species
generally varies from upland to irrigated fields.
Scirpophaga spp. (Fig. 87) and Maliarpha separatella
Ragonot (Fig. 88) are most abundant in lowland fields
while Sesamia spp. (Figs. 84-85), Chilo zacconius
Bleszynski (Fig. 92), and C. diffusilineus (J. de Joannis)
(Figs. 93-94) are most abundant under upland
conditions. The caseworm and whorl maggots occur
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Fig. 10. Annual rainfall (mm) in West Africa. Be = Benin, BF = Burkina Faso, Ca = Cameroon, Ch = Chad, CI = Céte d’lvoire, Gh =
Ghana, Gc = Guinea, Gb = Guinea-Bissau, Li = Liberia, MI= Mali, Ng = Niger, Ni = Nigeria, CAR = Central African Republic, Sn =
Senegal, SL = Sierra Leone, T =Togo (modified from Akinsola and Agyen-Sampong 1984).

Table 2. Prevalence of major insect pests of rice in the climatic zones of West Africa (Agyen-Sampong

1982, Alam et al 1984).

Species Common name

Climatic zone

Humid tropical Guinea savanna Sudan savanna

White stem borer
Striped stem borer

Maliarpha separatella
Chilo zacconius

Chilo diffusilineus
Sesamia calamistis
Sesamia nonagrioides botanephaga
Diopsis longicornis
Nymphula depunctalis
Orseolia oryzivora
Spodoptera sp.
Hydrellia sp.

Trichispa sp.
Dicladispa sp.
Marasmia trapezalis
Aleurocybotus sp.
Aspavia sp.

Stenocoris claviformis

Stem borer
Pink stem borer
Pink stem borer
Stalk-eyed fly
Caseworm

Gall midge
Armyworm
Whorl maggot
Hispa

Hispa
Leaffolder
Whitefly

Stink bug
Alydid bug
Locust

Termite

++ ++ +
+ ++ ++
++ ++ +
+ + -
++ + -
++ ++ ++
++ ++ +
+ ++ ++
+ + +
++ + -
+ + -
+ + -
+ + -
- ++ ++
++ ++ +
++ ++ +
- + +
++ ++ ++

++ = abundant, + = present, — = not reported.

only in flooded fields, while aphids and Macrotermes
spp. termites only occur in upland fields.

Fomba et al (1992) and Agyen-Sampong and
Fannah (1989) reported that M. separatella was the
most predominant insect species in the mangrove
swamp environment in Sierra Leone. Taylor et al (1990)
reported grain yield losses of 82% due to rice yellow
mottle virus in the mangrove swamps, but they did not
determine the role of insects in transmission.

Deepwater rice is common in Mali, Niger, and
Nigeria and Chaudhury and Will (1977) reported stem
borers were the major insect pest noted among the
numerous constraints to production. Akinsola (1980a)
found that, in Mali, M. separatella larvae fed at 3 m

below the water surface and that they infested an
average of 60% of the stems.

In the irrigated Sahel region of Senegal, mites,
whiteflies, and stem borers are the most important
arthropod pests. Among the stem borers, M. separatella
is most common (WARDA 1981).

Constraints to rice production

There are numerous and severe abiotic and biotic
constraints to rice production in West Africa. Among
the abiotic constraints, adverse soils (mineral excesses
and deficiencies), soil structure, soil erosion, and water
(too much and too little) are common and probably



Table 3. Relative occurrences of major rice insect pests in Nigeria, by ecosystem and climatic zone

(Alam 1992).
Ecosystem Climatic zone

Species Common name Upland Rainfed  Irrigated  Humid  Guinea Sudan

lowland  lowland  tropical savanna savanna
Maliarpha separatella White stem borer +++ +++ +++ ++ ++ +
Chilo spp. Striped stem borer + ++ ++ ++ ++ ++
Sesamia spp. Pink stem borer ++ + - ++ ++ ++
Diopsis longicornis Stalk-eyed fly ++ + +++ ++ ++ +
Orseolia oryzivora African rice gall midge + ++ ++ - ++ +
Spodoptera spp. Armyworm + + - + + +
Aspavia armigera Rice bug +++ ++ ++ ++ + ¥
Stenocoris claviformis Rice bug +++ ++ ++ ++ ++ +
Nymphula stagnalis Caseworm - ++ ++ + ++ +
Chnootriba similis Epilachna beetle ++ + + + + +
Amitermes evuncifer (& others) Termite ++ + - + ++ ++
Marasmia trapezalis Leaffolder + + + + + +
Hydrellia prosternalis Whorl maggot - + ++ + + +

+++ = widely abundant; ++ = abundant ; + = present, and — = not recorded.

Table 4. Relative occurrence’ of rice insect pests in different ecosystems of West Africa (Agyen-

Sampong 1982).

Species Common name Uplands IRamed Mangrove Irrigated

owlands swamps lowlands
Scirpophaga spp. Stem borer + ++ + ++
Maliarpha separatella White stem borer ++ +++ ++
Chilo diffusilineus Stem borer ++ + + +
Chilo zacconius Striped stem borer ++ + + +
Sesamia spp. Pink stem borer ++ + + +
Diopsis spp. Stalk-eyed fly ++ + et
Nymphula depunctalis Caseworm ++ + +++
Orseolia oryzivora Gall midge ++ + +++
Nephotettix spp. Green leafhopper ++ ++ ++
Cofana spp. White leathopper ++ ++ ++
Chnootriba similis Ladybird beetle ++ + + +
Stenocoris spp. (& others) Grain-sucking bug ++ + + ++
Macrotermes spp. (& others)  Termite ++ - - -
“+++ = major, ++ = important, + = locally important/minor, — = negligible/nonexistent.

most important. Weeds, diseases, rodents, nematodes,
birds, mites, and insects are among the biotic
constraints.

Pests attack rice from the seedling stage through
to harvest and in storage. There are few studies that
quantify yield losses due to rice pests. However, Cramer
(1967) (cited by Barr et al 1975) estimated that rice
yield loss in Africa caused by a combination of insects,
diseases, and weeds was 33.7%. Insects were estimated
to contribute to 14.4% of that loss. Oerke et al (1994)
estimated losses due to rice insects in all of Africa at
18%. Losses in countries having yields less than 1.8 t
ha (which include West Africa) were estimated to be
22%. Losses attributed to rice-feeding insects in Egypt,
where yields were more than 3.5 t ha™, were estimated
to be 13%. Considering the extent of yield losses
attributed to birds, rodents, nematodes, and crabs in
West Africa, it is assumed that the total loss due to
pests is considerable and of great economic
importance. Based on annual production of 3.4 million

t of paddy rice in 1980-84 (FAO 1999), losses due to
insects, weeds, and diseases amounted to about 1.1
million t of rice with an estimated value of US$600
million. Based on projected estimates of production
increases (Nyanteng 1987), losses due to these three
pests were expected to be about 1.3 million t by 2000.
Although many insect species have been recorded to
occur on rice in West Africa, their economic importance
and role as pests are not well known. For some
environments, within certain countries, little is even
known about the species present. There is thus a need
to survey the various rice ecosystems in West Africa to
identify the species present and to determine their
economic importance. This information will guide
researchers as they develop effective integrated pest
management strategies.

The yield loss estimates of Cramer (1967) were for
Africa as a whole. Accurate information on rice yield
losses attributed to pests in West Africa is not
available. Litsinger (1991) discusses some qualifying



factors regarding Cramer’s methodology and the
insecticide-check techniques used to generate the
following loss data. Limited studies have indicated that
control of rice insects alone can cause significant
increases in rice production. Production increases of
10-20% were reported for mangrove swamp rice in
Sierra Leone (WARDA 1981). In deepwater rice in Mali,
a grain yield increase of 35% was obtained (Akinsola
1982), while protection of farmers’ irrigated rice fields
in Senegal increased yields by 3.3 t ha* (WARDA 1979).

Rice farmers in West Africa have been categorized
into two groups based on crop protection perceptions
(Akinsola 1982). Small-scale farmers (0.5-1.5 ha) are
mainly concerned with pests (usually birds and weeds)
that cause total crop loss and ignore the rest. They
resort to cultural practices that are believed to reduce
the level of infestation and shun purchased inputs such
as pesticides. Occasionally, when sporadic pests reach
outbreak proportions, these farmers seek help from
extension workers (if available in their area). Yields are
low (1.0-1.5 t ha?) for this farmer group and the yield-
depressing effect of less observable insect feeding is
often ignored. Brady (1979) stated that a 20% yield-
reduction in a 6-t ha* crop is much more noticeable
than a similar reduction in a 2-t ha™ crop.

The second group consists of large-scale private
and public sector farmers who use a middle level of
crop protection technology. Protection is often routine
and primarily consists of the application of pesticides
that are, for the most part, recommended by
manufacturers and applied on a calendar-based
schedule rather than on a need basis as determined by
economic thresholds. So, pesticides are often applied
when pest levels do not justify their use.

Species in West Africa

Comprehensive surveys of rice-feeding insects have not
been conducted in most West African countries. Most
surveys have been limited in time and geographical
range within a country. Greater elaboration of rice-
feeding insects has been limited due to few local
taxonomists and the difficulty of sending collected
material to specialists and the surveyors’ transportation
costs. Entomologists working for international
development agencies have conducted most of the
extensive surveys in West Africa. Despite these
constraints, a fairly comprehensive list of species has
been compiled and many major rice-feeding insects
have been identified.

Table 5 lists insects and mites that have been
collected on rice in various West African countries. The
comprehensiveness of the various surveys reported here
varies greatly so if a species is not reported in a given
country, it does not imply that the species is not there.
It does mean that the species has not been reported in

the literature surveyed for this report. Surveys
conducted in Cameroon, Cote d'lvoire, Guinea, Guinea-
Bissau, Nigeria, and Senegal are the most
comprehensive.

Insects belonging to 8 orders, 64 families, and
nearly 330 species have been collected from rice fields
in West Africa (Table 5). Orders represented by the most
species are the Coleoptera (beetles, 107), Hemiptera
(suborders Heteroptera and Homoptera, bugs, 119), and
Lepidoptera (moths, 38). The most important
Coleoptera are the defoliators such as the chrysomelids,
Chaetocnema spp. (Figs. 275-280) and Trichispa sericea
Guerin-Meneville (Figs. 281-282) and the coccinellid
Chnootriba similis Mulsant (Fig. 261). The species in the
Heteropteran suborder of the Hemiptera are mostly
grain-sucking bugs of which about 70 species have
been collected on rice in West Africa. The alydids,
Riptortus dentipes (Fabricius) (Figs. 439-440) and
Stenocoris spp. (Figs. 434-438) and the pentatomid,
Aspavia spp. (Figs. 393-396) are most common. The
order Lepidoptera also has numerous rice-feeding
species. The stem borers, Sesamia spp. (Figs. 84-85),
Chilo spp.(Figs. 90-94), and M. separatella Ragonot
(Fig. 88) and the defoliators Marasmia trapezalis Walker
(Fig. 89) and N. depunctalis (Guenée) (Fig. 86) are
considered to be the most important lepidopterous
insects in West Africa.

Three mite species have been reported to attack
irrigated rice in Senegal (Table 5). Of the three,
Oligonychus senegalensis Gutierrez and Etienne, is the
most abundant (Etienne 1987), usually during dry
periods. Tetranychus neocaledonicus has also been
reported in Benin, Céte d'lvoire, and Ghana.

Direct damage

Insects feed on—and can destroy—all parts of the rice
plant, i.e., the roots, stems (culms), leaves, and
panicles. Feeding occurs from the time of seeding
through to harvest and into storage. They also cause
indirect damage by predisposing plants to pathogens
through feeding wounds and through the transmission
of rice pathogens.

Root feeders

Root feeders are normally found in well-drained fields
and are not a problem in irrigated environments.
Because of their secretive behavior of feeding below
the soil surface, infestations often go undetected and
little is known about the economic importance of rice
root feeders in West Africa.

These insects either suck sap from the roots or
devour entire portions of the roots. The rice root
mealybug Trionymus internodii (Hall) and the root aphid
Tetraneura nigriabdominalis (Sasaki) have sucking
mouthparts and suck sap from rice roots. Removal of



Table 5. Mite and insect species collected in rice in West Africa as based on a review of conventional and gray literature® and as based on
the WARDA Arthropod Reference Collection (WARC) as of | Jul 1996.

Country?

Ben BF Cam Cl Gam Gha Gui GBi Lib Mal Nga SLe Sen Tog

MITES

Acar

Tetranychidae

Oligonychus pratensis +
Oligonychus senegalensis
Tetranychus neocaledonicus + + + +

+

INSECTS
COLEOPTERA
Alleculidae
Alogista sp. + + + +

Apionidae

Apion sp. + + +

Conapion sp. +

Cylas puncticollis +

Attelabidae

Parapoderus fuscicornis + +
Buprestidae

Sphenoptera laplumei + +

Carabidae

Aulacoryssus sp.

Calleida fasciata

Carabus sp. +
Chlaenius sp.

Colliuris sp.

Hyparpalus conformis

Hyparpalus holosericeus

Lophyra luxeri +

Lophyra sp. +
Ocybatus discicollis +
Ophionea sp.

Pachydinodes conformis

Pheropsophus cincticollis

Ropaloteres nysa

Chrysomelidae

Agonita sp.

Altica indigacea +
Apophylia chloroptera

Asbecesta cyanipennis

Aspidomorpha dissentanea i
Aspidomorpha obovata +
Aulacophora foveicollis +
Aulacophora virula +
Cassida sp.

Chaetocnema pulla

Chaetocnema pusilla

Chaetocnema sp.

Chysispa viridicyanea

Cryptocephalus sp.A +
Cryptocephalus sp. B

Cryptocephalus sp. C

Conchyloctenia nigrosparsa
Dactylispa bayoni +
Dactylispa spinigera

Diacantha albidicornis +
Dicladispa paucispina + +
Dicladispa viridicyanea +
Dorcathispa bellicosa +
Gynandrophthalma sp. +
Lamprocopa occidentalis +

Lema armata

Lema pauperata

Lema rubricollis + +
Lema sp.A +
Lema sp.B

Leptaulaca fissicollis

Medythia sp.

Monolepta sp.

+ 4+ + + + + ++ +++ o+

+ 4+ + + + +

+ + + 4+ +

+ 4+ + + + + + + + + + +

+
+

+ + + +

+ + + + +
+
+

continued on next page
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Table 5 continued.

Country®

Ben

BF

Cam

Cl

Gam

Gha

Gui

GBi

Lib

Mal

Nga

SLe Sen Tog

Ootheca mutabilis
Oulema sp.

Pachnephorus senegalensis
Paropsides sp.

Peploptera sp.

Trichispa sericea
Coccinellidae
Cheilomenes lunata
Chnootriba similis
Epilachna reticulata
Epilachna sp.

Exochomus sp.

Micraspis sp.

Scymnus sp.

Xanthadalia sp.
Curculionidae
Afroryzophilus djibai
Eugnathus sp.
Gasteroclisus sp.
Mitophorus acerbus
Sitophilus oryzae
Lagriidae

Chrysolagria cuprina
Chrysolagria nr. nairobana
Lagria villosa

Lycidae

Lycus proboscideus

Lycus semiamplexus

Lycus sp.

Meloidae

Cylindrothorax melanocephala
Cylindrothorax spurcaticollis
Cylindrothorax sp.
Cylindrothorax westermanni
Epicauta canescens
Mylabris sp.
Scarabaeidae

Adoretus sp.

Anomala sp.
Bupachytoma sp.

Gametis sanguinolenta
Geotrupes auratus
Geotrupes leaviatriatus
Heteronychus nr. licas
Heteronychus mosambicus
Onthophagus sp.A
Onthophagus sp. B
Pachnoda sp.

Schizonycha sp.

Trochalus sp.
DERMAPTERA

+ + + + +

+

+ +

+ 4+ + + + + + +

+ + + +

+

+

+ + + +

+ + + + +

Forficulidae

Diaperasticus erythrocephalus
Diaperasticus sp.

Doru sp.

DipTeERA

Agromyzidae
Cerodontha orbitona
Cecidomyiidae
Orseolia oryzivora
Chloropidae
Pachylophus sp.
Pachylophus beckeri
Chloropidae undet. gen.
Chironomidae
Chironomus sp.
Diopsidae
Diasemopsis meigenii

10
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Table 5 continued.

Country?

Ben

BF

Cam

Cl

Gam Gha Gui GBi Lib Mal Nga SLe Sen Tog

Diopsis apicalis
Diopsis collaris
Diopsis lindneri
Diopsis longicornis
Diopsis servillei
Ephydridae
Hydrellia prosternalis
Notiphila sp.
Paralimna sp.
Psilopa sp.
Muscidae
Atherigona soccata
Sciomyzidae
Sepedon senegalensis
Sepedon sp.
Syrphidae

Syrphus sp.
HEMIPTERA

-

+ + + +

+ + + +

Suborder Heteroptera

Alydidae

Mirperus jaculus
Mirperus varipes
Riptortus dentipes
Stenocoris apicalis
Stenocoris claviformis
Stenocoris elegans
Coreidae
Anoplocnemis curvipes
Anoplocnemis tristator
Clavigralla horrida
Clavigralla sp.A
Clavigralla sp. B
Cletus bifasciata
Cletus notatus

Cletus sp.
Gelastocoridae
Nerthra grandicollis
Lygaeidae

Blissus sp.

Cymodema sp.
Cymoninus seychellensis
Dieuches sp.
Eromocoris ferus
Geocoris amabilis
Pachybrachius sp.
Paromius sp.

Nysius sp.
Spilostethus rivularis
Malachiidae
Neochauliops lacinata
Miridae

Cyrtorhinus sp.
Miridae undet. gen.
Proboscidoris sp.
Nabidae

Stenonabis conspurcatus
Ochteridae
Ochterus sp.
Pentatomidae
Acrosternum sp.
Acrosternum acutum
Aethemenes chloris
Aeliomorpha griseoflava
Agonoscelis haroldi
Agonoscelis versicolor
Amaxosana punctata
Andrallus sp.

Aspavia acuminata

+ 4+ + + + +

+ 4+ + + +

+

+

+ + + +

+

continued on next page
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Table 5 continued.

Country®

Ben

BF

Cam

Cl

Gam Gha Gui GBi Lib

Mal Nga

SLe Sen Tog

Aspavia armigera
Aspavia brunnea
Aspavia hastator
Atelocera spinulosa
Carbula difficilis

Carbula pedalis
Diploxys bipunctata
Diploxys fallax

Diploxys fisa

Diploxys fowleri

Diploxys senegalensis
Dorycoris pavoninus
Euschistus servus
Mecidea af. balachowskyi
Nezara viridula
Piezodorus rubrofasciatus
Pygomenida sp.
Scotinophara sp.
Scotinophara mixta
Thyanta sp.
Plataspidae
Brachyplatys sp.
Pyrrhocoridae
Dysdercus melanoderes
Dysdercus nigrofasciatus
Dysdercus superstitiosus
Dysdercus voelkeri
Reduviidae

Coranus pallidus
Coranus sp.

Coranus varipes

Vestula obscuripes
Scutelleridae
Pharocosis annullis
Sphaerocoris sp.
Sphaerocoris annulus
Suborder Homoptera
Achilidae

Ballomarius sp.
Aleyrodidae
Aleurocybotus indicus
Aphididae
Hysteroneura setariae
Rhopalosiphum padi
Rhopalosiphum rufiabdominalis
Tetraneura nigriabdominalis
Aphrophoridae
Poophilus sp.

Poophilus costalis
Poophilus grisescens
Cercopidae

Locris atra

Locris erythromela

Locris maculata maculata
Locris rubens

Locris rubra
Cicadellidae

Balclutha sp.
Carneocephala sagitifera
Cicadulina sp.

Cofana spectra

Cofana unimaculata
Deltocephalus schmidtgeni
Doratulina remaudierei
Exitianus capicola
Macrosteles sp.
Nephotettix afer
Nephotettix sp.

+ + + +

+

+ +

+ + + + + + +

+ + + + +

+ +

+ + + +

+ +

+

+

+

+ +

+ + + +

+
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Table 5 continued.

Ben BF Cam

SLe Sen Tog

Nephotettix modulatus +
Recilia mica

Recilia sp.

Coccidae

Pulvinaria elongata

Pulvinaria saccharia

Delphacidae

Delphacoides aglauros

Nilaparvata maeander + +
Sogatella kolophon

Sogatella nigeriensis

Sogatodes (=Tagosodes) cubanus  +
Derbidae

Diostrumbus grahani

Malenia sp.

Proutista fritillaris

Dictyopharidae

Centromeriana sp.

Philotheria discalis

Pseudophanella regina

Lophopidae

Elasmoscelis etiennei

Elasmoscelis trimaculata
Meenoplidae

Nisia nervosa +
Membracidae

Leptocentrus nubianus
Pseudococcidae

Dysmicoccus brevipes

Trionymus internodii

Trionymus polyporus

IsoPTERA

+

Termitidae
Amitermes evuncifer
Microtermes sp.
Odontotermes sp.
LEPIDOPTERA

Arctiidae

Spilosoma maculosa +
Spilosoma punctulata
Spilosoma scortilla + +
Gelechiidae

Brachmia sp. +
Hesperiidae

Gegenes niso +
Parnara naso +
Pelopidas mathias +
Lymantriidae

Laelia fracta +
Psalis pennatula +
Noctuidae

Mythimna loreyi +
Sesamia calamistis + + +
Sesamia nonagrioides botanephaga

Sesamia sp. +
Spodoptera cilium

Spodoptera exempta

Spodoptera exigua +
Spodoptera triturata +
Pyralidae

Adelphura sp. i
Ancyclolomia irrotata +
Chilo diffusilineus

Chilo partellus®

Chilo sp.

Chilo zacconius + +
Diatraea saccharalis +
Eldana saccharina

+

+

continued on next page
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Table 5 continued.

Country®

Ben

BF

Cam

Cl

Gam

Gha

Gui

GBi

Lib

Mal

Nga

SLe Sen Tog

Epipages cancellalis

Maliarpha separatella

Marasmia subtoenialis

Marasmia trapezalis

Nymphula depunctalis
(=N. stagnalis)

Nymphula sp.

Saluria sp.

Scirpophaga melanoclista

Scirpophaga occidentella

Scirpophaga subumbrosa

Scirpophaga sp.

Satyridae

Melanitis leda

Melanitis leda helena

Melanitis leda ismene

ORTHOPTERA

Acrididae

Acrida sp.

Acrida turrita

Catantops melanostictus
Catantops sp.
Cyrtacanthacris aeruginosa
Duronia chloronata
Eyprepocnemis senegalensis
Gastrimargus africanus
Hieroglyphus africanus
Hieroglyphus daganensis
Homoxyrrhepes punctipennis
Ornithacris cyanea
Orthochtha af. bisulcata
Oxya hyla

Paracimena tricolor
Spathosternum nigrotaeniatum
Spathosternum pygmaeum
Trilophidia conturbata
Zacompsa festa
Gryllidae

Euscyrtus bivittatus
Gryllotalpidae
Gryllotalpa africana
Pyrgomorphidae
Atractomorpha aberrans
Atractomorpha gestaeckeri
Chrotogonus hemipterus
Pyrgomorpha vignaudi
Zonocerus variegatus
Tetrigidae

Dinotettix africanus
Paratettix sp.A

Paratettix sp. B

Paratettix sp. C

Paratettix sp. D

Paratettix sp. E
Tettigoniidae
Conocephalus longipennis
Conocephalus maculatus
Conocephalus sp.
Phaneroptera sp.

Ruspolia nitidulus

Ruspolia vicinus
Tridactylidae
Tridactylus sp.
THYSANOPTERA

+

+ + + + +

+

+ + + + +

Phlaeothripidae
Haplothrips avenae
Haplothrips gowdeyi
Haplothrips sp.

14

continued on next page



Table 5 continued.

Country?

Ben BF Cam cl Gam

Gha Gui GBi Lib Mal Nga SLe Sen Tog

Thripidae
Chaliothrips impurus
Chirothrips impurus
Chirothrips meridionalis
Exothrips monstruosus
Sericothrips sp.

+
+
+

+

°Agyen-Sampong (1977a),Alam (1992),Asanga (1992, 1995), Bleszynski (1970), Breniére (1969, 1976),].C. Deeming (pers. commun.), Descamps (1956), Emosairue and Usua
(1994), Etienne (1986, 1987), Etienne et al (1992), Heinrichs and Kassoum (1996), Imolehin and Ukwungwu (1992), Khan et al (1991), Kunjo et al (1995), Medler (1980),
Meijerman and Ulenberg (1996), Owosu-Akyaw et al (1995), Scheibelreiter (1973), Shaw and Tambajang (1995), Stephen (1977),Trinh (1980), Twumassi et al (1992), Welty (1979),
Wilson and Claridge (1991).°Ben = Benin, BF = Burkina Faso, Cam = Cameroon, Cl = Céte d’Ivoire, Gam = Gambia, Gha = Ghana, Gui = Guinea, GBi = Guinea-Bissau, Lib =
Liberia, Mal = Mali, Nga = Nigeria, SLe = Sierra Leone, Sen = Senegal, Tog = Togo. ‘It is not clear if Chilo partellus is present in West Africa. In Africa, it has been found in Kenya,

Tanzania, Malawi, Sudan, and Uganda.

plant sap causes the leaves to turn yellow and the
plants to be stunted. Root chewers include the
termites, Macrotermes, Microtermes, and Odontotermes
sp.; mole crickets, Gryllotalpa africana Palisot de
Beauvois (Figs. 123-124); and larvae of the scarab
beetles, Adoretus sp., Anomala sp., and Schizonycha sp.

Stem borers

Stem borer species as a group are generally considered
to be the most important insect pests of rice in West
Africa. All stem borer species are in the noctuid and
pyralid families in the order Lepidoptera except for the
Diopsis spp. and Pachylophus in the order Diptera. The
most common stem borer species in rice in West Africa
are D. longicornis Macquart (stalk-eyed fly; Fig. 98) and
the lepidopterous species S. calamistis Hampson (Figs.
84-85), C. zacconius Bleszynski (Fig. 92), and M.
separatella Ragonot (Fig. 88). Tunneling of stem borer
larvae severs tillers thus reducing their number through
the formation of “deadhearts” (pre-panicle formation
stages) and “whiteheads” (panicle stage). Stem borers
are difficult to control with insecticides because they
feed within the stems where they are protected.

African rice gall midge

Dipteran gall midges prevent panicle formation by
stimulating the leaf sheath to form a gall resembling
an onion leaf. The African rice gall midge O. oryzivora
Harris and Gagne (Figs. 95-97) is closely related to the
Asian rice gall midge, 0. oryzae (Wood-Mason). It is the
only known gall-forming insect in West African rice.
Although most abundant in irrigated fields, O. oryzivora
is also present in hydromorphic and upland fields.
“Hydromorphic” fields are those in which the water
table is within the rooting zone of the rice crop during
the crop growth period and is referred to as “hydro” in
the figures depicting insect numbers at various
toposequence sites. Upland fields are those that
depend on rainfall and soil moisture for rice crop
growth.

Leafhoppers and planthoppers

Leafhoppers (Cicadellidae) and planthoppers
(Delphacidae) in the order Hemiptera remove xylem and
phloem sap from the leaves and stems of rice. Excessive
feeding causes plants to wilt. Both the leafhoppers and
planthoppers act as vectors in transmitting rice viruses
in Asia and the Americas but have not been shown to
be vectors in West Africa. Cofana spp. (Figs. 366—-368)
and Nephotettix spp. (Figs. 374-375) are the most
abundant leafhoppers in West Africa. The brown
planthopper, Nilaparvata lugens (Stél), a delphacid,
became a major rice pest in Southeast Asia soon after
the adoption of high-yielding varieties and the
accompanying cultural practices of the green
revolution. Although Nilaparvata maeander Fennah
(Figs. 348-350), closely related to the Asian species,
occurs in West Africa, hopperburn has rarely been
observed. Leafhopper and planthopper populations in
Asia have increased with the increase in cropping
intensity, fertilizer, and other inputs. With the
development of more intensive rice production, these
insects can potentially become severe pests in West
African rice as well.

Foliage feeders

There are many insect species that feed on and within
the leaves of rice in West Africa. In contrast to the
leafhoppers, most of these insects have chewing
mouthparts that enable them to remove portions or
entire leaves. Extent of grain yield losses depends on
the age of the rice plant at the time of defoliation
(Oyediran and Heinrichs 2002). Leaf-feeding insects are
found in the orders Coleoptera, Diptera, Hemiptera,
Lepidoptera, and Orthoptera.

The coleopteran families Chrysomelidae,
Coccinellidae, and Meloidae feed on rice leaves. Most
common are the chrysomelids Chaetocnema spp. (Figs.
269-280) and T. sericea Guerin-Meneville (Figs. 281-
282), and the coccinellid C. similis (Mulsant) (Fig. 261).
In most cases, both the larvae and the adults are

15



foliage feeders. Larvae of T. sericea tunnel as
leafminers, leaving only a thin layer of epidermal tissue
at the top and bottom of the leaves. The adults scrape
the upper leaf surface tissue and leave white streaks of
uneaten lower epidermis between the parallel leaf veins
(Reissig et al 1986).

The genus Hydrellia, of the dipteran family
Ephydridae, is called the rice whorl maggot. The adults
are attracted to plants growing in standing water.
Larvae feed within developed leaf whorls. They eat the
tissue of unopened leaves and when the leaves grow
out, the damage becomes visible.

The whitefly (family Aleyrodidae) Aleurocybotus
indicus David and Subramaniam and the aphid (family
Aphididae) Hysteroneura setariae (Thomas) feed on rice
leaves. Both have sucking mouthparts and they remove
leaf sap. Their excreta cause leaves to become sticky.

The order Lepidoptera contains a large number of
species that defoliate. The larval stages (caterpillars) of
the families Arctiidae, Hesperiidae, Lymantriidae,
Satyridae, and some Noctuidae and Pyralidae are leaf
feeders. The armyworms, Mythimna and Spodoptera spp.,
sometimes occur in outbreak numbers. The pyralids
Marasmia trapezalis Walker (rice leaffolder; Fig. 89) and
Nymphula depunctalis (Guenée) (caseworm, Fig. 86)
may be important rice feeders in certain localized
situations. The latter is aquatic in the larval form and
only occurs in paddies with standing water.

Many grasshopper (order Orthoptera) species feed
on rice. Most are the short-horned grasshoppers (short
antennae) belonging to the family Acrididae (Figs. 129—
131, 138-142). Long-horned grasshoppers belong to
the family Tettigoniidae (Figs. 116-122). Grasshoppers
are herbivorous, feeding on many plant hosts and often
build up populations on these hosts before moving into
rice fields to feed on the foliage. Migratory locusts
generally are not a problem in most of the West African
rice-growing regions.

Panicle feeders

The earwig, Diaperasticus erythrocephalus (Olivier)
(Dermaptera: Forficulidae), has been reported to feed
on panicles in Liberia (Stephen 1977). Although
earwigs are primarily scavengers, the adults feed on
pollen, stamens, and pistils of rice when the glumes
open, causing abortion and sterility of the grain.
Blister beetle adults feed on the floral parts of the rice
plant. The panicle thrips Haplothrips spp. feed on the rice
inflorescence, damaging the lemma and the palea.

Grain-sucking bugs

Several species of true bugs in the Heteroptera
suborder attack developing rice grains. Both nymphs
and adults feed on the grain by inserting their sucking
mouthparts between the lemma and the palea. They
prefer rice at the milk stage but will also feed on soft
and hard dough rice grains. Removal of the liquid milky
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white endosperm results in small and unfilled grains.
When the bugs feed on soft or hard dough endosperm,
they inject enzymes to predigest the carbohydrate. In
the process, they contaminate the grain with
microorganisms that cause grain discoloration or
“pecky” rice. Damage from feeding at this stage reduces
grain quality rather than weight. Pecky rice grains are
prone to break during milling.

Leptocorisa, Riptortus, and Stenocoris spp. in the
Alydidae family and several species in the Pentatomidae
family are common in rice in West Africa. Among the
various pentatomids, A. armigera Fabricius (Fig. 396) is
commonly seen and has been reported from several
countries. The relative importance of grain-sucking
bugs in West Africa is not well known.

Role in disease transmission

Insect-vectored diseases of rice currently appear to be
of minor importance in West Africa compared with Asia
and Central and South America. In those regions,
numerous leafhopper- and planthopper-vectored viruses
are of extreme importance and cause severe economic
damage.

Rice yellow mottle virus

In West Africa, rice yellow mottle virus (RYMV) is the
only rice virus disease currently known to be
transmitted by insects. Hoja blanca virus, a disease
that is common in Central and South America, has been
reported from the University Farm at Suakoko, Liberia
(Stephen 1977). The vector of hoja blanca virus in the
Americas, Sogatodes (=Tagosodes) cubanus (Crawford)
has been reported from Liberia in addition to Benin,
Cote d'lvoire, Nigeria, and Senegal (Table 5). However,
the presence of this disease has not been properly
confirmed and needs further investigation.

W. Bakker first isolated RYMV from the rice cultivar
‘Sindano’ collected from a field near Kisumu, Kenya,
along the shores of Lake Victoria. His treatise (Bakker
1974), Characterization and ecological aspects of rice
yellow mottle virus in Kenya, still stands as a classic. He
proposed the name rice yellow mottle and named the
causal agent rice yellow mottle virus, a virus in the
genus Sobemovirus, which he showed to be
mechanically transmitted (Bakker 1970).

Bakker (1974) described the characteristic
symptoms of RYMV as a discoloration and stunting of
the plants. Discoloration was observed about 2-3 wk
after transplanting; but leaf color varied greatly by
cultivar—yellowish (Sindano), mild green (Basmati
217), or orange (IR8). In Basmati 217, symptoms were
not distinct but were more pronounced in fresh
ratoons. John et al (1984) reported the symptoms of
RYMV to be yellowing, mottling, necrosis, stunted
growth, partial emergence of panicles, and spikelet
sterility. Although diseased plants usually survive, they



produce few tillers and are delayed in flowering.
Panicles emerge only partially and the grains are
unfilled and discolored (Bakker 1974). The effect of
RYMV on rice grain yield depends on the time of
infection and the rice cultivar (Bakker 1974). In a 1966
outbreak in Kisumu, Kenya, the yield reduction of
variety Sindano was estimated to be 50%. Natural
infection of IR65 in an associated mangrove swamp in
Sierra Leone resulted in 17% stunting, 72% increase in
spikelet sterility, 66% increase in grain discoloration,
and 82% reduction in yield (Taylor et al 1990). In
controlled experiments conducted in a screenhouse at
WARDA, grain yields of artificially inoculated
susceptible cultivars Bouaké 189 and BG90-2 were
reduced 84 and 67%, respectively, while that of
resistant Moroberekan was only reduced 4% (Sy and
Alluri 1993).

RYMV occurs in many countries in East and West
Africa. According to the literature, rice yellow mottle
has been reported from Krasonodar Territory, Russia,
but there is some question as to whether it is the same
organism as RYMV in Africa. After RYMV was first
reported from Kenya (Bakker 1970), it was soon
reported from Sierra Leone (Raymundo and
Buddenhagen 1976); Cote d'lvoire (Fauquet and
Thouvenel 1977); Nigeria (11TA 1978); Tanzania,
Zanzibar, and Liberia (Rossel et al 1982); Burkina Faso
and Mali (John et al 1984); Niger (Reckhaus and
Adamou 1986); and Guinea (Fomba 1990). Severe
epidemics have been reported from Niger where, in
1984, infection exceeded 25%. In Mali, severe
infection was observed in the Office du Niger area and
in the Projet Hydro-Agricole Aval in southwest Mali
near Selingue (WARDA 1994). In the latter area, one
farmer reported a 100% loss of his 1.5-ha crop.

RYMV is most commonly found in lowland irrigated
rice but was also reported in mangrove and inland
swamps in Guinea during 1982-86 (Fomba 1990) and in
upland rice in Sierra Leone during 1987 and in Cote
d'lvoire in 1985 (Awoderu et al 1987). Screening for
resistance to RYMV at I1TA (1982) indicated that all O.
glaberrima and most upland cultivars tested were
tolerant, whereas most irrigated lowland cultivars were
susceptible.

In Céte d'lvoire, upland cultivars selected from
tests in the African uplands did not show RYMV
symptoms, whereas Philippine-bred Asian cultivars,
UPLRi 5 and IR52, were infected with RYMV. Indeed,
Asian cultivars appear to be especially susceptible as
the most severe outbreaks of RYMV have occurred in
lowland cultivars introduced from Asia while local
cultivars have been less severely affected (Thresh
1991). Bouaké 189, a cultivar based on Asian
germplasm but selected in Africa, is widely grown in
Cote d'lvoire and is highly susceptible to RYMV
(Heinrichs 1997). In 1994, in Mali, the susceptible
cultivar, BG90-2 from Sri Lanka, was grown over 90% of

the Office du Niger area and was severely infected
(WARDA 1994).

Increasing incidence of RYMV in Africa appears to
be due to a change in cropping practices, especially a
change from one crop to two crops per year. This was
also observed for hoja blanca in Latin America where
the introduction of daylength-insensitive cultivars
allowed the growing of two crops per year (Thresh
1989). In Surinam, the impact of double-cropping was
apparent in the hoja blanca vector, Tagosodes orizicolus
(Muir), populations (van Hoof et al 1962). Loevinsohn
et al (1988) documented increased incidence of virus
vectors in the Philippines due to multi-rice cropping,
which allowed the disease to multiply. Natural control
was exerted by the long nonrice fallow in single rice
systems. In contrast to the above studies, experiments
conducted at WARDA indicated that there was no
evidence that RYMV incidence increases in successive
seasons under continuous cropping (Heinrichs et al
1997).

The area of the first recorded outbreak of RYMV in
Africa was associated with a newly developed irrigation
project that provided water for sequential plantings
throughout the year (Thresh 1989). Similar conditions
are suggested to be responsible for an outbreak in
southeastern Nigeria in the early 1980s (Rossel et al
1982). In Niger, the irrigated rice area increased from
571 ha in 1974 to 4,803 ha in 1984 (Reckhaus and
Adamou 1986). RYMV was not observed until 1982 but
by 1985 it occurred throughout most of Niger's
irrigated area. In 1993, severe infections of RYMV were
observed in a 300-ha irrigated rice project in Sakassou,
Cote d'lvoire (30 km southwest of Bouaké), where
farmers were planting two crops of Bouaké 189
annually (Heinrichs et al 1997). In the Office du Niger
area, in Mali, the level of incidence was reported to
have increased with a shift from direct seeding to
transplanting and with planting of BG90-2 (WARDA
1994).

Bakker (1974) cited a number of plant species that
proved to be systemic hosts of RYMV in laboratory
tests. Among these were several species of wild Oryza
spp. The grasses Dinebra retroflexa (Vahl) Panz.,
Eleusine indica (L.), and Eragrostis tenuifolia (A. Rich)
Steud. were reported as potential alternate hosts of
RYMV at the Ahero and West Kano Irrigation Scheme in
Kenya (Okioma et al 1983). These grasses occur
abundantly around the rice paddies and are believed to
serve as reservoirs during the off-season. In valley
bottoms in Sierra Leone, volunteer rice and ratoons
from previously harvested crops favor survival of the
virus during the off-season (Fomba 1988). Fomba
successfully transmitted RYMV to Eleusine indica and
Echinochloa crus-galli (L.) at Rokupr. RYMV symptoms
have been observed on Echinochloa colona (L.) on
roadways and along irrigation ditches bordering
lowland paddies on the WARDA farm at M'bé. The
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disease was mechanically transmitted from E. colona to
0. sativa and then recovered from the rice plants (D.E.
Johnson, E.A. Heinrichs, and A.A. Sy, WARDA, 1995,
unpubl. data). In areas of Mali, severely damaged by
RYMV, 0. longistaminata, a perennial species of
rhizomatous wild rice with RYMV-like symptoms, was
observed growing profusely in irrigation canals (WARDA
1994). In a study conducted by John et al (1984),
plants of O. longistaminata, reacted positively to the
RYMV antiserum and exhibited the typical symptoms of
RYMV infection. They surmised that 0. longistaminata
may be the original wild host for RYMV.

Bakker's (1970, 1971, 1974) pioneering studies on
RYMV transmission in Kenya continue to be the seminal
work on the subject. Bakker tested nematodes, mites,
and insects as potential vectors. Insects tested were
leafhoppers, cercopids, aphids, and beetles. Only the
chrysomelid beetles, genus near Apophylia, Oulema
dunbrodiensis Jac. f. nigripennnis Hze., Monolepta
flaveola Gerst., M. irregularis Rits., Sesselia pusilla
Gerst., Chaetocnema abyssinica Jac., C. pulla Chapuis,
Dactylispa bayoni Gestro, Dicladispa paucispina (Weise),
D. viridicyanea (Kraatz), and Trichispa sericea Guerin-
Meneville, and the long-horned grasshopper,
Conocephalus merumontanus Sjostedt were transmission
agents. Short-horned grasshoppers, Oxya spp. were also
reported to be vectors of RYMV (IRRI 1983). Of the
species listed by Baker (1971, 1974) and IRRI (1983)
only C. pulla (Figs. 273-274), Dactylispa bayoni,
Dicladispa viridicyanea (Figs. 283-285), and T. sericea
(Figs. 281-282) and Oxya hyla (Figs. 141-142),
respectively, occur in West Africa. Chaetochema sp.
(Figs. 275-280) was reported to be present at all
mangrove and inland swamp sites visited in Guinea
where RYMV-infected plants were present (Fomba
1990). Severe RYMV infections in the rice cultivar
Bouaké 189, at Sakassou, Cote d’lvoire, were associated
with high T. sericea populations (Heinrichs et al 1997).

Bakker (1974) studied the relationship between
the virus, insect vectors, and plant host. The test
insects were chrysomelid beetles, S. pusilla, C. pulla,
and T. sericea, belonging, respectively, to the
subfamilies Galerucinae, Halticinae, and Hispinae.
Minimum acquisition and inoculation period was 15
min and maximum retention period was 8 d.
Chaetocnema pulla was able to transmit the virus from
the nonrice grass host, Dinebra retroflexa, to the rice
cultivar Sindano. Studies at WARDA have identified
eight new vectors and alternate host plants such as
weeds, which could serve as sources of inoculum for
the spread of the disease (Nwilene 1999; F.E. Nwilene,
K.F. Nwanze, and A.K. Traore, WARDA, 2002, unpubl.
data). Natural sources of RYMV were found in grasses
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belonging to the annual and perennial species at
Gagnoa and Sakassou, Coéte d'lvoire. The role of
perennial hosts with rhizomes could be important
because they act as reservoirs for the spread of the
disease.

A novel trapping net cage technique was developed
at WARDA for monitoring and collecting live vector
populations from rice and grasses (F.E. Nwilene, A.K.
Traore, and A.N. Asidi, WARDA, 2002, unpubl. data).
The technique is simple and inexpensive and reduces
the time required for sorting, counting, and identifying
potential vectors. It also facilitates direct release of
such live vectors onto healthy rice plants for
observation.

RYMV has been observed on the WARDA research
farm at M'bé since lowland experiments were first
conducted in 1992. In 1993, a study was initiated to
determine the phenological and seasonal occurrence of
insects and RYMV on the farm. There was no
relationship between the population of the various
species and incidence of RYMV (Heinrichs et al 1997).

Pathogen transmission

Additional studies on the role of insects in rice
pathogen transmission are needed. Many additional
insect species are potential transmission agents and
should be evaluated for their activity to transmit RYMV.
Banwo et al (2001a,b) reported Dactylispa lenta Weise
and a new species of Chaetocnema to be vectors in
Tanzania. Also, numerous other virus-like symptoms
have been reported on rice in West Africa. More in-
depth studies are needed to determine the extent to
which insects play a role in their transmission.

In addition to transmitting diseases, chewing and
sucking insects predispose rice plants to infection by
pathogens. Studies conducted at IRRI have shown that
sheath blight, Rhizoctonia solani Kihn, severity/
incidence was higher in treatments where the brown
planthopper was feeding (Lee et al 1985). A positive
correlation between stem rot disease and stem borer
populations was recorded in Asia (Thri Murty et al
1980). It has been speculated that mechanical injury
by leaffolder may intensify disease infection in rice
plants (Lee et al 1985).

Pollet (1978b) studied the relationship between
feeding of the stem borer, M. separatella (Fig. 88), and
incidence of blast (Pyricularia oryzae Cav.) infection in
Cote d'lvoire. Results indicated that fungus attack is
most common in plants previously damaged by the
stem borer larvae and that there was a synergistic
interaction between the two pests resulting in total
destruction of the plants.



Yoy 3Yeleled Ecology of &=
Rice-Feeding Insects

In this section, the biology and ecology of root
feeders, stem borers, leafhoppers and planthoppers,
gall midge, foliage feeders, panicle feeders, and grain-
sucking insects are discussed. Insects feeding on rice
in storage are not included. Mites, although they do
not belong to the class Insecta, are discussed under
foliage feeders.

Under each species, we provide available infor-
mation on country and geographical distribution,
description and biology, habitat preference, and plant
damage and ecology. Distribution records are limited to
West Africa. A country’s name under ‘country
distribution’ indicates that the species has been
collected from rice and is in the WARDA Arthropod
Collection (WARC) or the species has been reported in
the literature from rice from some part of that country.
It does not necessarily mean that the species is
distributed throughout the country. Also, the absence
of a country in the list means only that a record of its
occurrence has not been found in the literature. In
most cases, the distribution is expected to be broader
than reported, as surveys in some countries have been
limited. For cross comparisons, this information is also
available in Table 5.

Under the ‘description and biology’ heading, we
provide references where information is available, the
major identifying characteristics of the various stages
of the insect species, and information on biology and
behavior as pertinent to the development of
management strategies. More explicit details on the
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morphological characters of the species are provided in
the identification section of this book. It should be
noted, that for some pests, literature on the
description and biology is limited and thus the
coverage of the different species varies accordingly.

The relative abundance of the species in the
various climatic zones of West Africa and their relative
abundance in different ecosystems from uplands to
lowlands are described under the heading of ‘habitat
preference’ The information presented is based on a
review of the literature and on surveys conducted by
the author and colleagues in farmers’ fields in the
forest and Guinea savanna zones of West Africa and
studies conducted in the transition zone between the
forest and Guinea savanna zones at the WARDA
Research Station at Bouaké, Cote d'lvoire.

Surveys of farmers’ fields were conducted in Cote
d'lvoire in July, August, and October 1995 and in
Guinea in September 1995. In the surveys, all fields
observed along selected roads were sampled. The
climatic zone, growth stage of the crop, and the
ecosystem (upland or lowland) were recorded. Sampling
consisted of taking 500 sweeps with a sweep net per
field and observing 100 hills per field for stem borer
and gall midge damage. Plant stems were dissected to
determine the percentage of tillers infested with stem
borer and gall midge larvae and to determine the
relative abundance of the various stem borer species
and the gall midge.

Studies conducted on the continuum toposequence
at WARDA determined the relative abundance of rice
insect pests in various ecosystems and as affected by
the presence of weeds. The study was conducted during
the 1992 wet season on a continuum toposequence site
with ecosystems divided into Upland 1 (upper portion
of the upland), Upland 2 (lower portion of the upland),
Hydromorphic 1 (upper portion of the hydromorphic
zone below Upland 2), Hydromorphic 2 (lower portion
of the hydromorphic zone next to the lowland), and the
lowland (continually flooded). The hydromorphic zone
in this study refers to the zone where the water table is
about 0.5 m below the soil surface from which the rice
roots can draw water. The experimental design was a
factorial with the ecosystem (toposequence site) as the
main factor and varieties (four upland and four
lowland) and weeding regime (weeded and nonweeded)
as subfactors. Treatments were replicated three times.
Sweep net samples and visual observations for insect
damage were taken five times at 2-wk intervals from 4
to 12 wk after planting. Sweep net data presented in
the figures represent a total of the five dates and eight
varieties and are based on 2,000 sweeps (50 sweeps
per plot x 5 dates x 8 varieties).

The ‘plant damage and ecology’ section contains
information on the occurrence of insect species in
relation to the crop growth stage (vegetative, booting,
flowering-ripening) as based on data from farmers’ field
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surveys. Data from a monthly planting experiment (‘rice
garden’) conducted at WARDA provide information on
the abundance of various species at different weeks
after transplanting and in crops planted on different
dates. In this experiment, the lowland rice variety
Bouaké 189 was transplanted at monthly intervals from
May 1994 to April 1995. Each transplanting date was
replicated three times by planting three randomly
arranged plots measuring 7 x 14 m. Fertilizer in the
form of NPK (10-18-10) was incorporated into the soil
at the rate of 150 kg ha! at transplanting. Urea at 75
kg ha™ was broadcast at 30 and 60 d after trans-
planting and plots were hand-weeded. Sweep net
samples and observations for insect damage were taken
at biweekly intervals from 2 to 12 wk after trans-
planting. Fifty sweeps plot™were taken. Data repre-
senting insect populations at indicated weeks after
transplanting (2-12) are based on 1,800 sweeps (12
crops [1 crop month™] x 3 plots x 50 sweeps

plot?). Data representing insect populations as per
month of transplanting are based on 900 sweeps (6
sample dates x 3 plots date™ x 50 sweeps plot?).

Root feeders

There are numerous insect species that feed on rice
plant roots in West Africa. Some are confined to the
roots, while others feed on both the roots and the
lower part of the stem at the soil level, causing wilted
tillers. Wilted plants may completely disappear from
the field by being blown in the wind or by being
consumed by saprophytic organisms. Heavily infested
fields have many missing hills. Because of their cryptic
habit, little is known about the biology and ecology of
many of the root-feeding species in West Africa. Root-
feeding insects include the mole crickets (family
Gryllotalpidae), root aphids (family Aphididae),
termites (family Termitidae), black beetles (family
Scarabaeidae), and the rice water weevil (family
Curculionidae).

The subterranean environment in which root-
feeding insects live limits mobility, especially in
locating food. As a result, root feeders have adapted by
1) being long-lived either as individuals (beetles), as
colonies of social insects (ants and termites), or as
dependent on social insects (mealybugs and aphids)
and 2) having a wide host range (all species) (Litsinger
et al 1987).

Mole crickets, Gryllotalpa africana Palisot de
Beauvois; Orthoptera: Gryllotalpidae;

Figs. 123-124

Mole cricket adults and nymphs are nocturnal and feed
on roots. This insect is readily identifiable by its large
size and enlarged front legs that are adapted for
digging in soil—hence the name ‘mole’ cricket.



Country distribution. Benin, Burkina Faso, Cote
d'Ivoire, Ghana, Liberia, and Nigeria. G. africana has been
reported from Africa, tropical Asia, Europe, and Japan.

Description and biology. Adult mole crickets are
strong fliers and are phototropic, being attracted to
lights at night. They are large insects, 25-35 mm in
length, and are light brown in color. The front legs are
enlarged and modified for burrowing in soil (Fig. 123).
The first segment of the thorax is enlarged, which helps
the mole cricket to push its way through the soil. At
night, adults make branched burrows by their digging
action in the soil or they search for food items such as
other insects or seeds above ground. They remain
underground during the day. Adults are sometimes seen
swimming in flooded fields when the paddy is being
puddled as flooding causes them to leave their burrows.
Thus, mole cricket populations are low in flooded fields
where they are mostly found in the levees.

Female mole crickets attract males by chirping. The
burrow acts as a resonator of the sound. Each species
has a unique calling signal. Males can be attracted by
playing back a recording of the mating call.

Female crickets burrow in levees of irrigated fields
and construct hardened cells below the soil surface in
which the eggs are laid. During its life span of more
than 6 mo, each female may lay several hundred eggs
in batches of 30-50. Eggs are laid in cells beneath the
soil surface and hatch in about 1 mo. Development of
the light brown nymphs occurs in the soil and lasts 3—4
mo (Reissig et al 1986, Dale 1994). Adults are highly
mobile and can leave a flooded field to locate more
suitable habitat (Litsinger et al 1987).

Habitat preference. Although mole crickets occur
in all rice environments, they are most prevalent in
upland rice when fields are damp (Dale 1994). Irrigated
fields are generally not attacked, except before flooding
or when water supply is irregular or inadequate causing
dry areas to occur (Breniére 1983). When they occur in
lowlands, they inhabit rice field levees but evacuate
them when water levels rise. Mole crickets prefer low-
lying, moist upland soils with high organic matter
(Akinsola 1984b). Sandy or light soils are preferred in
India (Chatterjee 1973).

Plant damage and ecology. Although mole crickets
have been reported as predacious on other insects
(Chatterjee 1973) and are cannibalistic, they primarily
feed on a number of plant species. In addition to rice,
they have been reported as serious pests of other
agricultural crops (Matsura et al 1985) and turf and
pasture grasses (Nickle and Castner 1984). Mole
crickets sometimes feed on germinating seedlings.
Severe mole cricket attacks of rice in nursery beds have
been reported from Asia (Kureha et al 1974). In rice
fields, the feeding of mole crickets can easily kill
seedlings with their small root systems. Older plants are
more tolerant of injury because of their larger root
systems. Mole cricket nymphs and adults dig tunnels

and attack stems and roots below the soil level.
Sometimes, only the base of one or two tillers of a
plant is cut and the damage is only evident when tillers
begin to die a few days later. When feeding is severe,
the entire plant dies. Dried plants are evident as dead
patches in the rice field. In irrigated fields, young and
newly planted seedlings are most commonly attacked in
the early part of the season before fields are flooded
(COPR 1976). Feeding activity most commonly occurs
at night. In contrast to field crickets, mole crickets do
not carry cut tillers into their burrows (Tripathi and
Ram 1968).

Root aphids, Tetraneura nigriabdominalis
(Sasaki); Hemiptera (suborder Homoptera):
Aphididae

Root aphids seldom are widespread, even within a field.
Populations are highest in light-textured soils with
high percolation rates.

Country distribution. Sierra Leone. T. nigriab-
dominalis is a widely distributed species of root aphid
having also been reported from Cuba, Fiji, India, Japan,
Malaysia, New Guinea, Taiwan, and Zambia.

Description and biology. The root aphids are soft-
bodied insects that live in colonies composed of
nymphs and adults (Reissig et al 1986). Eggs develop
and remain inside the body of the viviparous females
(gives birth to nymphs). A female produces 35-45
nymphs in a lifetime of 2-3 wk. Adult females are 3-5
mm in length, are more or less spherical in shape, and
brown. The body of the aphid is usually covered with a
thin film of white powder. The females are partheno-
genic, producing offspring without mating. The root
aphids are normally composed entirely of females.
There are winged and wingless forms of adults. Winged
adults fly into the rice field from their alternative plant
hosts at the beginning of the rice season and rapidly
produce young that become wingless adults. Several
generations occur on rice. Winged adults are produced
when the crop is near maturity and, at that time, the
aphids leave rice to seek new plant hosts.

Habitat preference. Root aphids occur in well-
drained soils in rainfed environments including upland
and rainfed lowlands (Reissig et al 1986). In Japan,
they feed on upland rice but not irrigated fields (Dale
1994). In upland fields in China, the aphids are most
abundant at the base of hills (Ding 1985). Ants harbor
the aphids in their nests over winter or during periods
unfavorable for rice plant growth. Root aphids fly to
rice plants at the beginning of the rice season and pass
through several generations. Populations build up
gradually and they become most abundant in the late
vegetative and reproductive stages of the rice crop.

T. nigriabdominalis was observed feeding on rice in
Sierra Leone during the early wet season (Akibo-Betts
and Raymundo 1978). Adults emerge and infest the
roots simultaneously with the peach aphid,
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Hysteroneura setariae (Thomas), which feeds on the
leaves and grain in April and May. Most of the
infestations observed in Sierra Leone seemed to
coincide with the infestation of rice by termites, among
which Pericapritermes nigerianus Silvestri (=socialis)
was the most abundant species.

Plant damage and ecology. Graminaceous weeds
such as Eleusine indica (L.), Pennisetum subangustum
Stapf and Hubb., Ischaemum rugosum Salisb., and
Paspalum commersonii scrobiculatum L. serve as
alternate hosts for the root aphid in Sierra Leone
(Akibo-Betts and Raymundo 1978). These grasses are
most common in upland ecosystems and are the most
important weed competitors of rice. Akibo-Betts and
Raymundo (1978) suggested removing these weed
hosts as a means of controlling the root aphid. The root
aphid has many additional hosts throughout the world.
In India, it is a pest of finger millet or ragi, Eleusine
coracana (L.), where up to 200 nymphs and adults may
feed on one plant (Gadiyappannavar and Channaba-
savanna 1973).

Both the adults and nymphs remove plant sap with
their sucking mouthparts and, as a result, the rice
leaves turn yellow and become stunted. In severe
cases, which are rare in West Africa, plants wilt and die.
Yield loss occurs mainly through reduced tillering
(Litsinger et al 1987). Yield losses due to root aphids
in West Africa have not been determined. In Japan,
Tanaka (1961) reported that rice root aphids cause
yield reductions of up to 50%.

In India, T. nigriabdominalis is one of a complex of
aphid species that attacks the roots of rice seedlings in
nursery beds during the rabi (winter) crop. Populations
vary greatly among the various rice cultivars with Jaya
having a higher infestation than IR8 (Dani and
Majumdar 1978).

Although several aphid species have been reported
to serve as vectors of tobacco vein-banding virus
(TBMV) in China, T. nigriabdominalis did not transmit
the virus in laboratory experiments (Fang et al 1985).

Termites, Macrotermes, Microtermes, and
Trinervitermes spp.; Isoptera: Termitidae
Termites are known as white ants because of their color
and they look like ants. Subterranean termites, of the
family Termitidae (subfamilies Macrotermitinae and
Nasutitermitinae), are common pests of upland rice in
West Africa where they may cause serious damage
during dry periods.

Country distribution. Various species are
distributed throughout West Africa.

Description and biology. Termites are social
insects living in colonies usually composed of a
reproductive pair (king and queen) and many sterile
workers whose activities include foraging, nest building
and maintenance, care of eggs and young, and defense.
All species maintain a symbiotic relationship with
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microorganisms, which are essential for digestion
(Logan et al 1990).

The Macrotermes and Microtermes (Macro-
termitinae) lack symbiotic protozoa to help digest
plants. Instead, they are fungus-growing termites and
depend on the breakdown of plant material in their
food through a sophisticated form of symbiosis with a
basidiomycete fungus, Termitomyces, which is
cultivated within the nests on fungus combs
constructed from fecal material (Cowie et al 1990).

The Trinervitermes (Nasutitermitinae) are
characterized by a soldier head, which is extended
anteriorly into a tube that emits an adhesive-like
repellent for chemical defense.

Habitat preference. Even though rice fields are
small and surrounded by perennial vegetation that can
serve as a food host, African termites seem to prefer
rice (Litsinger et al 1987). Termites are primarily
upland feeders but can occur in light-textured soils in
rainfed lowland areas. They cannot survive in flooded
fields (Reissig et al 1986). In farmers’ fields, surveyed
in Cote d'lvoire in the rainy season of 1995, slightly
higher levels of termite damage occurred in the
savanna zone as compared with the forest zone.
Savannas harbor more alternate grass hosts than forest
zones. Termite damage in upland rice in the forest
region of Cote d‘lIvoire is positively correlated (r =
+0.61) to the length of the fallow period, prior to
growing rice (E.A. Heinrichs, WARDA, 1994, unpubl.
data). This may be related to less disturbance in long
fallow fields, including burning and land preparation.
In studies in the northern Guinea savanna in Ghana,
Benzie (1986) reported an increase in termites as a
function of the consecutive year's protection from fire.
In Senegal, the greater abundance of Trinervitermes in
habitats not subjected to fire was considered the result
of the increased food supply in protected habitats
(Roy-Noel 1978).

Logan et al (1990) mention several generalizations
with respect to the severity of termite feeding as
affected by ecological conditions. Feeding is generally
more severe on exotic or introduced plant species or
varieties than on indigenous ones, presumably because
the latter have evolved some level of resistance.
Feeding is more severe on plants that have been
subjected to abiotic and biotic stresses such as
drought, diseases, weeds, lack of fertilizer, and
mechanical or fire damage. Crops planted at low
altitudes are more likely to be attacked than those in
highland areas because altitude often limits termite
distribution. Also, with some notable exceptions,
termites cause more severe damage in drier savanna
than in wet forest agriculture.

Plant damage and ecology. Of the approximately
2,500 termite species in the world, about 300 are
recorded as pests (Logan et al 1990). In Nigeria, 120
species have been identified, but only 20 damage crops



and buildings (Logan 1992). Although most termite
species feed on dead plant materials, a few attack
living plants in the soil. Under adequate rainfall,
termites cause little damage, but they can destroy
drought-stricken rice plants. Harris (1969), 11TA
(1971), and Malaka (1973) have reported that
Macrotermes, Microtermes, and Trinervitermes feed on
upland rice in Nigeria. Nineteen species of termites
have been associated with upland rice in Nigeria, of
which Macrotermes is the most common and destructive
genus (Obasola et al 1981).

Wood and Cowie (1988) considered termites to be
the most significant soil pests of crops in Africa. They
cited examples of damage to maize, sorghum, wheat,
barley, teff, and upland rice by Macrotermes and
Microtermes. They reported on yield losses caused to
various crops but did not include rice.

Microtermes feed on the plant's root system,
whereas Macrotermes cut seedlings at the base of the
stem just below the soil surface or just above the soil
surface. Trinervitermes are foragers that feed on green
and dry leaves and inflorescences of grasses.

In Africa, both Trinervitermes and Macrotermes
build mounds. Macrotermes build large epigeal nests
(mounds), which house many thousands or even up to
2 million termites (Collins 1981), and construct shallow
subterranean foraging galleries radiating from the nest
for distances up to 50 m (Darlington 1982). The main
galleries give rise to a network of smaller galleries from
which foraging parties exploit potential food resources
over extensive areas. Their usual food is dead wood,
grass, and dung. They forage on the surface, often
under the cover of earthen runways that protect them
against desiccation and predators. Normally, crops are
not affected, but under dry conditions and when
alternative food is scarce, crops can be damaged
(Kooyman and Onck 1987).

Macrotermes feed on plants at the seedling stage,
attacking them at the base of the stem. Usually, the
seedlings are completely severed, resulting in low plant
populations (Wood and Cowie 1988). Farmers in areas
where Macrotermes damage is prevalent use higher than
recommended sowing rates to compensate for the
expected loss of seedlings. Macrotermes occasionally
cut the base of older, well-established plants, but this
is insignificant compared with the seedling damage.

Microtermes, which are strictly subterranean, do
not build mounds. Their nests consist of a diffuse
network of galleries and chambers. The chambers, in
which the fungus combs are located, have a subsphe-
roidal shape and a diameter of 2—4 cm. Galleries have
a circular cross-section of 800-1,200 cm. Both the
chambers and galleries are plastered with clay and
saliva and have a glossy appearance (Kooyman and
Onck 1987).

Plant damage by Microtermes occurs late in the
crop growth stage when they attack maturing plants. In

contrast to the readily observable damage by
Macrotermes, damage by Microtermes has no immediate
observable effect on the plant. Microtermes enter and
consume the large roots and continue their excavations
into the stem, hollowing it out and frequently filling it
with soil. Evidence of these subterranean attacks is
when plants fall over due to weakened root systems or
weakened stems. Yield losses due to lowered
translocation of water and nutrients depend on the
timing of the attack in relation to grain development.
Lodged plants suffer further damage from ground-
dwelling pests, including termites, ants, and rodents
and from saprophytic fungi and bacteria. Excessive
wind and rain increase lodging (Wood and Cowie 1988).

Trinervitermes build small mounds from which they
forage on a wide range of grass species (Cowie et al
1990). The Trinervitermes genus in Nigeria is composed
of two groups: those that store grass fragments in their
mounds and those that do not (Sands 1961). The grass
storers are T. ebenerianus Sjostedt, T. carbonarius
Sjostedt, and T. suspensus Silvestri. The nonstorers are
T. oeconomus (Tragardh) and T. auriaterrae Sjostedt. T.
ebenerianus emerges from holes in the mound or from
subterranean tunnels and forages at night in about a
10-m radius around the mound. Foraging in northern
Nigeria ceases during the wettest months (July to
September) and during the cold, dry months (November
to February). High foraging activity occurs at the
beginning and end of the rainy season, March to May
and September to October, respectively. Little
information is available regarding the extent of termite
damage on rice and its overall economic effect in West
Africa. Damage is extremely variable in space and time
and is apparently dependent on the level of rainfall and
subsequent drought stress. In a study on the
relationship between length of fallow period and insect
damage conducted in upland fields in the forest zone
near Gagnoa, termite-damaged plants in upland fields
ranged from 0 to 78% with an average of 14% for 20
farms (E.A. Heinrichs, WARDA, 1995, unpubl. data).
Such levels are considered to be of significant
economic importance.

Termites also have some positive attributes in
enhancing soil fertility. However, there is little
information on the overall value of termites to the
small-scale farmer and on the extent that the beneficial
value of termites outweighs the damage that they
cause (Logan 1992). Termites process 8% of the annual
litter production in the sahelian dry savannas of
Senegal and 28% of the litter production in the humid
savannas of Cote d'lvoire. In studies conducted in the
humid savanna zone in Cote d'lvoire, the food habits
result in the preservation of energy and nutrients from
fire and thus, termite foraging activities are beneficial
for the savanna ecosystem (Lepage et al 1993).

Termites have been referred to as “the earthworms
of the tropics” for their role in soil aeration. Some
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farmers in Burkina Faso manage termites to improve
the physical properties of soils (Logan 1992). Manure is
put in shallow holes near newly planted millet seed to
attract termites. The farmers believe that termite
tunnels allow rainwater to accumulate in the holes and
percolate into the soil. According to Wardell (1990),
soil enrichment occurs around termite sites due to the
biological wastes associated with the termites and the
fact that they bring in nutrients from a wide
surrounding area. However, there is conflicting
information on the fertility of soils in termite mounds
(Logan 1992).

In some cases, crop growth on mounds or in soil
from mounds is enhanced; in others, growth is
inhibited. The effect of termite mounds on soil fertility
depends on the termite species, type of mound, soil
type, depth of the water table, and crop grown. Azande
farmers in the Congo have found that cowpea, white
sorghum, and rice grow better on termite mounds, but
groundnuts grow better on the surrounding soil (De
Schlippe 1956). In Africa, termites are a popular
human food that provides protein and energy when
other foods are scarce. In some regions, termites are a
delicacy eaten only by tribal chiefs (Logan 1992).
Women and children in Nigeria collect winged
reproductives and queens of Macrotermes natalensis
Haviland for eating by all age groups (Fasoranti and
Ajiboye 1993). In Bouaké, Cote d'lvoire, the author has
observed hordes of people frantically catching
swarming termites under street lights after the first
rains of the rainy season.

There is little known regarding the ecology of
termites despite their importance as pests in tropical
and subtropical habitats (Benzie 1986). Termite faunas
have been reported to change with land use. When
forests are cleared for agriculture, mound-building
species (e.g., Trinervitermes spp.) and species
dependent on wood and woody litter (e.g., Macrotermes
spp.) decrease, while those with deep subterranean
nests and the ability to live on crops and crop residues
(e.g., Microtermes spp.) increase (Cowie et al 1990).

Black beetles, Heteronychus mosambicus
Peringuey (= H. oryzae Britton); Coleoptera:
Scarabaeidae: Dynastinae
The Scarabaeidae family is divided into two groups: the
‘chafers’ or ‘white grubs' (subfamilies Melolonthinae
and Rutellinae), in which adults feed on tree leaves
and the larvae feed on roots of living plants; and the
‘black beetles’ (subfamily Dynastinae), in which the
adults feed on roots of living rice plants and the larvae,
or grubs, feed on organic matter in the soil but do not
feed on living plants. The black beetle feeds on
numerous crop species including upland rice.

Country distribution. Nigeria, Senegal, Sierra
Leone, and Togo.
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Other black beetle species from rice in Cote
d‘lvoire in the WARDA Arthropod Reference Collection
(Table 5) are Onthophagus spp., Geotrupes auratus
Motschulsky, G. leaviatriatus Motschulsky, Schizonycha
sp., and Bupachytoma sp. (Figs. 315-316). Litsinger et
al (1987) list the following species as occurring in
upland rice in Africa: Heteronychus andersoni Jack, H.
bituberculatus Kolbe, H. licas (Klug), H. mosambicus, H.
arator (Fabricius), H. plebejus (Klug), H. pseudo-
congoensis Ferriere, H. rugifrons Fairmaire, and H.
rusticus niger (Klug).

Description and biology. The larvae of the scarab
(Scarabaeidae family) beetles can be distinguished
from other soil-inhabiting larvae by the swollen end of
their abdomens. The adult black beetle, H. mosambicus,
is about 10 mm long and reddish-brown to black with
reddish-brown legs. The beetle breeds in decomposing
plant material such as rotting weeds. Eggs are
deposited singly. The larvae are typical grubs with a
brown head and a white body. The life cycle of this
species is long, taking several months to pass through
the egg, larval, and pupal stages before they become
adults. The adult black beetle adults can live up to 1 yr
(Reissig et al 1986).

Habitat preference. Larvae feed only on organic
matter in dryland fields and do not feed on rice.
Feeding by the adults is restricted to nonflooded
environments. Adults are highly mobile and, although
sensitive to flooding, invade rice fields soon after they
drain (Litsinger et al 1987). An outbreak in Rokupr,
Sierra Leone, occurred in direct-seeded rice near a
mangrove swamp (Agyen-Sampong 1977a).

Plant damage and ecology. The beetle attacks
newly sown rice up to the age of 6 wk (COPR 1976). At
Rokupr, the adults began feeding on rice at the two-
leaf stage. The adults feed on rice stems and roots a
few centimeters below the ground level. The first sign
of damage is wilting of the central leaves, followed by
the progressive wilting of outer leaves. Finally, the
entire plant withers, turns brown, and dies. The beetles
move below the soil surface, leaving behind a raised
track as they move from one seedling to another.
Severely damaged fields have to be resown. Damage is
most severe when the rice plants are exposed to
drought when they are less able to replace the eaten
roots. Another Heteronychus species, H. arator, causes
similar damage to rice in South Africa (COPR 1976) and
H. lioderes Redtenbacher feeds on rice in India
(Kushwaha 1981). H. lioderes damages both the
seedlings in the nursery and the transplanted crop in
irrigated fields. In Bangladesh, feeding at the base of
the rice stem by H. lioderes causes whitehead
development (Shahjahan et al 1983). In Madagascar, H.
plebejus damages rice growing in humid soil during the
dry season and H. mosambicus feeds on rice roots in
Malawi (Grist and Lever 1969).



Rice water weevils, Afroryzophilus djibai Lyal;
Coleoptera: Curculionidae

In the late 1980s, S. Djiba of the Institut Sénégalais de
recherches agricoles, Djibelor, Senegal, found that
water weevil larvae were causing damage in flooded
fields adjacent to mangrove swamps and the Casamance
River (Djiba 1991). Using specimens collected in
Djibelor, C.H.E. Lyal of the Natural History Museum,
London, described Afroryzophilus djibai as a new
species (Lyal 1990).

Country distribution. Distribution in West Africa,
outside of Casamance, Senegal, has not yet been
determined.

Description and biology. Afroryzophilus djibai was
originally thought to be the rice water weevil,
Lissorhoptrus oryzophilus Kuschel, one of the major
pests of rice throughout the southern USA rice belt and
in California. This native North American insect has, in
the last few decades, become established in Japan and
Korea and might therefore be expected to occur in
other rice-growing areas of the world. However, the
West African weevil has proved not to be Lissorhoptrus
but, as described by Lyal (1990), is a previously
unknown genus and species.

A long-nosed weevil in the phanerognathous
subfamily Erirhininae, this species belongs to the same
group as Lissorhoptrus and other Gramineae-feeding
Erirhininae, including Echinocnemus and Hydronomidius.
In India, these latter two rice water weevils cause
damage similar to that of L. oryzophilus in North
America (Pathak 1969). Allied Lissorhoptrus species are
also pests of rice in South America.

The larvae of A. djibai are very similar in
appearance to those of Lissorhoptrus species, differing
only in having dorsomedial spiracles on abdominal
segment | and conical dorsal projections on the
terminal abdominal segment. Pupae are similar to those
of Lissorhoptrus, differing only in their smaller size and
elongate shape. Adult Afroryzophilus differ from all
other Erirhininae in that their mandibles are toothed
externally.

The biology of A. djibai is not well known;
however, Lyal (1990) provides a brief description. In
general, it is similar to that of L. oryzophilus, which has
been studied extensively in the USA (Bowling 1967)
and Japan (Okada 1982). The adults feed on the rice
leaves and oviposit within the leaf sheath. Larvae,
upon hatching, move down to the rice roots where they
feed. The presence of the dorsal spiracular hooks
indicates that the method of obtaining oxygen, when
submerged in flooded paddies, is similar to that in
Lissorhoptrus. Although not confirmed by research, it is
most likely accomplished by the piercing of inflated
cells of submerged rice roots.

As in Lissorhoptrus and other members of the
group, the pupa develops in a case that is thinly

covered with soil and is attached to the rice roots.
Adult weevils have been collected from rice plants and
in light traps. Further detailed studies on the
distribution and biology of this insect are needed.

Habitat preference. A. djibai has been found in
flooded rice fields adjacent to mangrove swamps and
the Casamance River in Senegal (Djiba 1991). It is
aquatic as a larva and the larva is only found in flooded
fields.

Plant damage and ecology. The adults make
longitudinal feeding scars on the leaves. However,
major damage is caused by the larvae that feed on the
roots. The reduced root volume affects plant growth
and heavy infestations most likely delay maturity and
reduce yield (S. Djiba, Institut Sénégalais de recherches
agricoles, 1996, pers. commun.). Based on yild loss
studies and the known economic importance of L.
oryzophilus in the USA, Lyal (1990) suggests that A.
djibai may have potential to cause serious damage to
rice in West Africa. Thus, rice entomologists should be
aware of its occurrence and should conduct research to
determine its importance.

Stem borers

Stem borers are key pests of rice in West Africa as they
are in other rice-growing regions throughout the world.
Rice stem borers in West Africa belong to two orders,
the Diptera (flies) and Lepidoptera (moths). The
dipterous stem borers consist of the Diopsidae and
Chloropidae families and the lepidopterous stem borer
complex consists of the Noctuidae and the Pyralidae
families (Table 5). Meijerman and Ulenberg (1996)
developed a taxonomic key to the African noctuid and
pyralid stem borer larvae and gave the geographical
distribution of the various species.

Although there is a number of species that feed on
rice in West Africa (Table 2), four are considered to be
of major importance: the dipterous stalk-eyed fly
(Diopsis longicornis) and the lepidopterous white stem
borer (Maliarpha separatella; Fig. 88), striped stem
borer (Chilo zacconius; Fig. 92), and pink stem borer
(Sesamia calamistis; Figs. 84-85) (Akinsola 1975, 1979;
Alam 1988; Alam et al 1985a). Although Busseola fusca
(Fuller) and Eldana saccharina Walker (Noctuidae) occur
in rice (Khan et al 1991) and have been observed in
rice grown as an intercrop with maize in Cote d'lvoire
(Fig. 11), their populations in rice are generally low.
They are more important as pests of maize, millet,
sorghum, and sugarcane (Betbeder-Matibet 1981;
Gasogo 1982; Kaufmann 1983; Sampson and Kumar
1983, 1985, 1986; Khan et al 1991; Conlong 1994).

Plant damage caused by the dipterous and
lepidopterous stem borers differs. The dipterous borers
occur early in the crop season and cut the internal
portion of the stem in a slanting fashion about 10 cm
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Fig. I 1. Relative abundance of six genera of stem borers in
maize in a maize monocrop; in maize in a maize/rice mixed
crop; and rice in a rice/maize mixed crop. Farmers’ fields,
forest zone, Cote d’lvoire, November 1994 (Heinrichs and
Schulthess 1994).

above the ground level, which causes ‘deadheart’
symptoms (Breniére 1983). The lepidopterous borers
feed on young plants at the tillering stage, which also
causes deadhearts. However, at flowering, they feed a
few centimeters below the panicles, resulting in white
or dry panicles called ‘whiteheads. In addition, when
mature larvae lodge in the lower parts of the stems,
they may reduce or interrupt panicle growth. When this
occurs during the milk stage, the drying of one or more
spikelets occurs, reducing the number of harvestable
grains. This damage, although much less visible than
deadhearts or whiteheads, reduces grain weight. Stem
borer feeding is most damaging when it occurs after
tillering because plants cannot produce any more
tillers.

The general biology of the lepidopterous species is
similar. Nocturnal adults oviposit on rice leaves or
between the leaf sheath and the stem. Newly hatched
larvae move on the plant surface and to neighboring
plants by means of a silk thread that they attach to
leaf tips. Larvae feed at first on the leaf but shortly
thereafter penetrate through the leaf sheaths into the
interior of the rice stems. Pupation occurs in the stem
or in the folds of leaf sheaths or, occasionally, in the
soil. There are generally two generations on a given
crop and five to seven generations annually in a given
area, depending on the availability of suitable host
plants (Breniére 1982).

Percentage species composition of stem borers
varies among the climatic zones of West Africa. In a
survey conducted in Guinea (C. Williams and E.A.
Heinrichs, WARDA, 1995, unpubl. data), Diopsis
longicornis adults were more abundant than D. apicalis
Dalman adults. However, for each Diopsis species, there
was no difference in the number of adults between the
two climatic zones, the forest and Guinea savanna. In
July, August, and October surveys conducted in Cote

26

d'lvoire in 1995, percentage species composition of
stem borer larvae in the forest and Guinea savanna, as
based on rice stem dissections, varied depending on
the date. In July, Diopsis spp. and Chilo spp. were the
predominant species in both zones (Fig. 12). In
August, Sesamia was most abundant in the forest and
Diopsis the most abundant in the savanna, while in
October, Sesamia was again the most abundant in the
forest and Sesamia and Chilo the most abundant in the
savanna. Scirpophaga was the least abundant, being
present slightly more in the savanna than in the forest.

The relative abundance of rice stem borers is
influenced by micro-environmental conditions (Akinsola
1990) and plant growth stage. Maliarpha separatella
has been reported to be abundant in both upland and
lowland environments. Sesamia spp. predominate in
upland rice. Chilo spp. are most abundant in lowland
rice. However, surveys conducted in July, August, and
October in Cote d'lvoire indicated that the relative
abundance of the different stem borers in upland and
lowland rice varies, depending on the month and thus
the plant age. All borers occurred in both the upland
and lowland rice ecosystems. The abundance of Diopsis
compared with that of other borers was highest in the
uplands in July (Fig. 13), whereas Sesamia was the
most abundant in the uplands in August and Chilo the
most abundant in October. Diopsis was equal to
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Fig. 12. Relative abundance of five stem borer genera and gall
midge in the forest and savanna zones in Céte d’lvoire, July
1995 (E.A. Heinrichs, WARDA, 1995, unpubl. data).
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Fig. 13. Relative abundance of five stem borer genera and gall
midge in upland and lowland environments in Céte d’lvoire,
July 1995. Data based on a composition of both forest and
savanna zones and all crop growth stages (E.A. Heinrichs,
WARDA, 1995, unpubl. data).
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Fig. 14. Relative abundance of five stem borer genera and gall
midge, Orseolia oryzivora Harris & Gagne in three crop growth
stages in Cote d’lvoire, July, 1995. Data based on a composition
of both forest and savanna zones and lowland and upland
environments (E.A. Heinrichs, WARDA, 1995, unpubl. data).

Maliarpha in the lowland in July (Fig. 13) and the most
abundant in August, while Sesamia was the most
abundant in October.

These genera also differ in their preferred stage of
plant growth. In general, lepidopterous stem borers are
rare in nurseries and during the early vegetative stage
of rice development, while feeding by the dipterous
stem borers occurs early during plant development.

Results of studies on the relative abundance of
stem borers and the African gall midge O. oryzivora in
farmers’ fields in Céte d'lvoire in July (Fig. 14), August,
and October 1995 indicated that Diopsis was the most
abundant genus in the vegetative stage, but by the
flowering-ripening stage, its abundance had severely
decreased. In the July survey (Fig. 14), Chilo was most
abundant in the flowering-ripening stage but in the
August and October surveys, Sesamia was relatively the
most abundant genus at the flowering-ripening stage.

At this point, the stalk-eyed flies warrant a special
mention. Adult diopsid flies are easily recognized by
their characteristic eyes and small antennae on the tip
of stalks; hence their name. Several species of Diopsis
have been reported as feeding on rice. Descamps
(1956, 1957a) reported D. longicornis, D. tenuipes
(Westwood), D. collaris Westwood, and D. serveillei
Macquart as stem borers in rice in West Africa. In
addition, we have also collected D. lindneri Feijen and
Diasemopsis meigenii (Westwood) in rice in Cote
d’'lvoire (Table 5). Diopsis thoracica Westwood and D.
macrophthalma Dalman are synonyms of D. longicornis
(Fig. 98) and D. tenuipes Westwood is a synonym of D.
apicalis Dalman (Fig. 99; Feijen 1986).

Based on feeding behavior, larvae of Diopsis can be
divided into two groups: those having obligatory
phytophagy such as D. longicornis and those with
optional phytophagy, such as D. apicalis (Scheibelreiter
1974). Feijen (1986) believes that a future systematic

revision of the genus Diopsis will include additional
species occurring on rice. Because D. longicornis and D.
apicalis appear to be the most important species of the
complex, and the most studied, they are the ones we
emphasize.

Stalk-eyed fly, Diopsis longicornis Macquart;
Diptera: Diopsidae; Fig. 98

Of the various Diopsis species that have been collected
in rice, D. longicornis Macquart has been reported as
being the most abundant and most important
(Vercambre 1982, Cocherau 1978).

Country distribution. Benin, Burkina Faso,
Cameroon, Cote d’lvoire, Ghana, Guinea, Guinea-Bissau,
Liberia, Mali, Nigeria, Senegal, Sierra Leone, and Togo.

Description and biology. The adults (Fig. 98),
which are the largest of the various Diopsis species
observed in rice, have a distinct black thorax and
reddish-orange abdomen. The flies are found in areas
with water throughout the year and occur in swarms in
shady areas near streams and canals and on weeds
along levees in fallow lowlands during the dry season.

In studies at M'bé, Cote d'lvoire, adults were
observed in lowland fields throughout the year. Adult
populations in a monthly planting study (Fig. 15) were
highest in the plots planted in November and lowest in
May. In the same study, flies appeared shortly after
transplanting and reached a peak at 8 wk after
transplanting (WAT; Fig. 16). By 12 WAT, there were few
flies left in the field. Thus, based on the 8-WAT peak for
flies, the highest population for the November planting
occurred in December-January.

Alghali (1984b) described mating behavior, which
occurs on the rice plant. The male flies toward the
female that is on the rice plant. The male holds the
female at the thoracic region with its tarsi. The female
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Fig. 15. Number of Diopsis longicornis Macquart and D. apicalis
Dalman adults collected by sweep net in lowland rice (variety
Bouaké 189) plots transplanted at monthly intervals
throughout | yr, May 1994 to April 1995. Numbers represent
adults collected at biweekly intervals from 2 to 12 WAT over
six sample dates (E.A. Heinrichs, WARDA, M’bé, 1995, unpubl.
data).
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Fig. 16. Number of Diopsis longicornis Macquart adults
collected by sweep net at the indicated weeks after
transplanting of lowland rice (variety Bouaké 189) plots.
Numbers represent a total of 12 monthly transplanting dates
throughout | yr, May 1994 to April 1995 (E.A. Heinrichs,
WARDA, M’bé, 1995, unpubl. data).

stretches its middle and hind legs, spreads its wings
and curves the abdominal tip so that copulation is
possible. Mating takes about 5-8 min after which the
male flies away. Occasionally, flies mate several times
with the same partner or with a new partner after a few
minutes.

Age of the rice plant affects both the number of
eggs laid and the oviposition substrate (Alghali 1983).
Gravid females lay eggs singly on the upper surface of
young leaves, normally in the midrib groove of the
subterminal leaf (Fig. 17). In older plants, the eggs are
placed on the leaf sheath (Alghali and Osisanya 1981,
Alghali 1983). Peak of oviposition on the leaf blades
occurs about 30 d after transplanting (DT), while
oviposition on leaf sheaths occurs about 10 d later.
Boat-shaped, striated eggs, 1.7 + 0.4 mm, with a
characteristic anterior projection, are attached to the
leaf with a glue-like substance that prevents them from
being washed off in heavy rains (Hill 1975). Eggs are
creamy white when laid but later turn to tan. Each
female lays about 30 eggs over a 20-d period at the
rate of a maximum of four eggs day™ (Breniére 1983).
Peak oviposition occurs at 30-40 DT and practically
terminates by the end of the tillering stage (Alam
1988, Umeh et al 1992). Virtually no eggs are laid and
no deadhearts develop on 60-d-old plants (Alghali and
Osisanya 1981).
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The eggs hatch 2-3 d after oviposition. About 60 d
are required from hatching of the larvae through to the
maturation and mating of the adults and egg-laying for
the next generation. Two long extensions on the
abdomen that end in black hooks pointed forward make
the larvae easy to recognize. The larvae are yellowish
maggots, about 18 mm long and 3 mm wide. Upon
hatching, they move down inside the leaf sheath and
feed above the meristem on the central spindle of
young leaves, causing deadhearts. Larvae move readily
from one tiller to another. One larva can destroy up to
10 neighboring tillers (Feijen 1979). Later generations
feed on the developing flower head. The larval stage
lasts for 25-33 d (Cocherau 1978). Prior to pupation,
the larvae move to new tillers within the same rice hill
or stay on the damaged tillers and move to the outer
leaf sheaths.

Pupation normally occurs in the first three leaf
sheaths (Alghali 1984c) of healthy tillers, generally one
pupa per tiller. Pupa-bearing tillers remain healthy. The
pupae, which are red with brown dorsal bands, are flat
and almost triangular because of the compression
inside the stem. During the later stages, the winged
adult can be seen inside the pupal case. After a 10- to
12-d pupation period, adults emerge and mating occurs
on the rice plant. Between 15 and 20 d of maturation
are required after emergence before the females begin
laying eggs. Two principal generations occur between
June and October and a third less prominent generation
during the off-season.

Habitat preference. Diopsis longicornis is equally
present in the three climatic zones (humid tropical,
Guinea savanna, and the Sudanian savanna) according
to the literature (Table 2). Adult populations based on
sweep net counts in the three surveys conducted in
Cote d'lvoire and in a survey conducted in Guinea in
1995 are illustrated in Figure 18. The date of the survey
had an effect as D. longicornis adults were more
abundant in the savanna in the July Cote d'lvoire
survey but more abundant in the forest in the August
and October surveys (E.A. Heinrichs and C. Williams,
WARDA, 1995, unpubl. data). In a survey conducted in
Guinea in September, D. longicornis adult populations
were similar in the forest and the Guinea savanna (C.
Williams and E.A. Heinrichs, WARDA, 1995, unpubl.
data).

Percentage of the stem borer larval population
consisting of Diopsis spp. in the 1995 Cote d'lvoire
survey was highest in both the savanna and the forest
in July (Fig. 12) and highest in the savanna in the
August survey. The percentage of tillers infested by
Diopsis spp. larvae in the July and August surveys was
slightly higher in the savanna.

Diopsis longicornis is reported as a major pest of
rice in many parts of tropical Africa. Severe damage has
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Fig. 17. Chronological development of stalk-eyed fly, Diopsis longicornis Macquart, attack on the rice
plant from egg to pupa (modified from Pollet 1977).

been reported in Sierra Leone and the Benue Valley of
northern Cameroon. In Senegal, it only occurs in the
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Fig. 19. Relative abundance of Diopsis longicornis Macquart
adults collected by sweep net in weeded and nonweeded plots
at five toposequence sites on the continuum. Data based on a
total of five sampling dates and eight rice varieties (E.A.
Heinrichs, WARDA, M’bé, 1995, unpubl. data).
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Fig. 20. Relative abundance of stalk-eyed fly adults collected by
sweep net and percent of stems infested with stem borer
larvae (including D. longicornis Macquart) at five toposequence
sites on the continuum. Bars within a parameter (number or
percent infested) with the same letter are not significantly
different at the 0.05 probability level by Duncan’s multiple
range test (E.A. Heinrichs, WARDA, M’bé, 1992, unpubl. data).

nonweeded plots. In another study conducted at M'bé
(E.A. Heinrichs, WARDA, 1995, unpubl. data), adult

populations were very low in the uplands but increased
sharply in the hydromorphic zones and were highest in

the lowlands. Percentage of stems infested with stem

borer larvae (including Diopsis spp.) was also low in the
upland sites and high in the hydromorphic and lowland

sites (Fig. 20).

In a 1995 survey conducted in Cote d'lvoire, based

on percent species compaosition of stem borer larvae,
Diopsis spp. larvae in rice stems were the most
abundant of the various stem borer species in the

uplands in July (Fig. 13). They were the most abundant
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Fig. 21. Relative damage caused by five stem borer genera and
gall midge in lowland and upland sites in farmers’ fields in
Cote d’lvoire, July 1995. Data based on a composition of all
crop growth stages and the forest and Guinea savanna zones
(E.A. Heinrichs, WARDA, 1995, unpubl. data).
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Fig. 22. Relative percentage genera composition of three rice
stem borers and gall midge larvae at each of five
toposequence sites on the continuum as based on tiller
dissections (E.A. Heinrichs, WARDA, M’bé, 1992, unpubl. data).

species in the lowlands in the August survey. Percent of
tillers infested by Diopsis spp. in the two surveys was
similar for the lowlands and uplands. Percent of tillers
infested with Diopsis spp. larvae was 11 and 15% in the
lowlands and uplands, respectively, in the July survey
(Fig. 21) and 13 and 12% in the August survey.

Figure 22 shows the percentage larval composition
of stem borer species in rice stems on the continuum
toposequence sites at M'bé. Diopsis spp., including D.
longicornis and D. apicalis, are the predominant species
in the hydromorphic sites.

In mangrove swamps in Gambia, Diopsis spp. make
up 7% of the larval population in stems. The lepidop-



terous borers—M. separatella, Chilo spp., and S.
calamistis—make up 82, 5, and 4%, respectively, and
the dipterous gall midge, O. oryzivora, 2% (Jobe 1996).

Nitrogen level affects D. longicornis density. In
tests conducted at M'bé, populations were lowest at 0
kg N ha (0.4 sweep™) and reached a peak at 150 kg N
ha (1.2 sweep™). Populations then decreased at 200
kg N ha (0.8 sweep™) and 250 kg N ha™ (0.7 sweep™)
(E.A. Heinrichs, WARDA, 1994, unpubl. data).

Plant damage and ecology. The survey conducted
in Cote d'lvoire in 1995 indicated that Diopsis spp.
were the most abundant group in the stem borer
complex, based on a total of collections in all climatic
zones, ecosystems, and plant stages (Fig. 23). Diopsis
longicornis has been reported to be primarily a rice
feeder but may feed on crop plants other than rice such
as wild rices and grasses. Cyperus difformis, a weed
commonly found in rice fields, on which eggs, larvae,
pupae, and adults have been found, may be a host
plant during nonrice cropping seasons (Alghali 1979).
In addition to the Cyperaceae, many of the grasses of
the Poaceae family have been reported as hosts by
Descamps (1957b), Zan et al (1981), and Alghali and
Domingo (1982).

Although Diopsis larvae are present in stems
throughout the crop growth period, they are most
abundant in younger plants (Joshi et al 1992), possibly
because of low silicon deposits. This pest attacks rice
plants early in the crop growth stage (usually under 10
cm), shortly after emergence in direct-seeded fields or
shortly after transplanting. Percent tiller infestation by
Diopsis spp. in the July (Fig. 24) and August 1995 Cote
d’'lvoire surveys was highest in the vegetative stage,
intermediate in the booting stage, and low in the
flowering-ripening stages.

In irrigated rice in Ibadan, Nigeria, adults appear
before 20 DT and peak at 40 DT, at the beginning of
panicle initiation (Alam 1988). Alghali (1983) reported
oviposition in irrigated rice beginning at 10 DT and
peaking at 30 DT. Deadhearts caused by D. longicornis
appeared by 10 DT, peaking at 30 DT, and terminating
by 60 DT. Oviposition on upland rice at M'bé continued
from 3 to 10 wk after sowing (WAS) with a peak
occurring 4 to 5 WAS (Dankers 1995). Deadhearts
caused by Diopsis feeding were observed to occur by 6
WAS with a peak at 9 WAS. In mangrove rice in Gambia,
Diopsis spp. were the most abundant of the five stem
borers found in rice stems at the tillering stage, while
M. separatella became the most abundant at flowering
and maturity (Jobe 1996).

Descamps (1957a), Jordan (1966), Grist and Lever
(1969), Breniere (1969, 1983), Pollet (1977), Feijen
(1977, 1979), Cocherau (1978), Vercambre (1982), and
Umeh et al (1992) have reported on damage in rice
caused by D. longicornis. Generally, only one larva
occupies a stem. The larva, feeding within the stem,
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Fig. 23. Relative percentage composition of larvae of five stem
borer genera and gall midge in farmers’ fields in Cote d’lvoire,
July 1995. Data based on a composition of both forest and
savanna zones, all crop growth stages, and lowland and upland
environments (E.A. Heinrichs, WARDA, 1995, unpubl. data).
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Fig. 24. Percent of rice tillers infested with five stem borer
genera and gall midge at three rice growth stages in farmers’
fields in Céte d’lvoire, July 1995. Data based on a composition
of both forest and Guinea savanna zones and lowland and
upland environments (E.A. Heinrichs, WARDA, 1995, unpubl.
data).

makes a slanted cut, usually about 10 cm above the
ground. Feeding of the larvae on the central shoot
results in a deadheart. Most authors report that each
infested tiller is destroyed. However, Feijen’s studies
indicated that larval feeding kills the last emerged leaf,
but the stem is not killed and produces new leaves to
compensate for the damage. The same larva feeds on
the newly developed leaves and thus one larva can
produce up to four deadhearts in succession on one
plant.
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In studies conducted in Malawi, Feijen (1979)
found that larvae remain in the same stem to pupation,
except when small seedlings are attacked. Other
authors have reported from 3 to 10 stems attacked by
one larva. Pollet (1977) reported that larvae leave the
stem at the first sign of necrosis and thus only 40% of
the deadheart-damaged tillers examined were infested
with a larva.

There is a great variation in the yield losses
reported as caused by D. longicornis. Several estimates
of infestation levels and yield loss have been reported
from Ghana. Schréder (1970) reported 35-60% hills
infested in a survey. In a wet-season survey, 66% of
the tillers and 100% of the hills were infested
(Scheibelreiter and Apaloo 1972). Abu (1972) reported
that D. longicornis could cause 9% yield loss in the
Volta Region, Ghana. Morgan and Abu (1973) reported
on the importance of diopsid stem borers in rice
production on the Accra Plains, Ghana. In a
screenhouse test conducted in Badeggi, Nigeria,
Akinsola (1980b) reported yield losses of 5-19% when
plants were infested at the nursery stage. Morgan
(1970) reported severe damage by D. longicornis of rice
grown in reclaimed mangrove swamps in Sierra Leone.

Alghali and Osisanya (1984) conducted detailed
studies on the effect of D. longicornis damage on rice
yield components. The feeding of the larva significantly
decreased the number of panicles produced (both total
and mature), the percentage of tillers with panicles,
grain weight, and the total yield of unprotected plants,
and increased the number of immature panicles and
time to 50% flowering. Compensation occurs through
the production of new tillers, so yield reductions may
not be directly related to percentage of damaged
tillers. Production of new tillers, however, did not fully
compensate for damaged tillers in most cultivars
tested. Photoperiod-sensitive cultivars were better able
to compensate for pest damage than photoperiod-
insensitive cultivars. Compensation tillering may not
contribute significantly to grain yield because of
delayed and heterogeneous maturity within a field
(Akinsola and Agyen-Sampong 1984).

According to Feijen (1979), Diopsis attack can
have negative or positive effects on a rice plant
(number of stems, height, maturation time, number of
panicles, and yield), depending on level and time of
attack and general growing conditions such as soil
quality, fertilizer rates, hill spacing, and variety. He
suggested that, under normal conditions, the influence
of feeding larvae is positive or neutral and only
becomes negative when poor growing conditions are
combined with a late and heavy attack. Alghali and
Osisanya (1982) studied the effects of rice varieties—
with different levels of resistance—on the biology of D.
longicornis. Varieties that prolonged the period between
egg hatch and adult emergence were the most severely
damaged.
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Plant density has an effect on extent of D.
longicornis damage. Ukwungwu (1987a) reported
damage increasing with an increase in stand density:
14.6% deadhearts at 1 seedling hill* to 20% at 7
seedlings hillX. Alghali (1984a) reported that wider
spacing resulted in more tillers per hill and
subsequently more eggs per tiller and per hill. However,
the number of eggs m= decreased slightly. The number
of D. longicornis collected with a sweep net was highest
at close spacing, ranging from 29 adults per 30 sweeps
at a 10- x 10-cm spacing between hills to 12 adults at
a 40- x 40-cm spacing (Fig. 25; E. A. Heinrichs,
WARDA, 1994, unpubl. data). In the same study, the
relative percentage of Diopsis spp. larvae in relation to
M. separatella and Scirpophaga sp. larvae was highest
at the closest spacings (10 x 10 and 20 x 20 ¢cm) and
lowest at the widest spacing between hills (30 x 30
and 40 x 40 cm).

Stalk-eyed fly, Diopsis apicalis Dalman;
Diptera: Diopsidae; Fig. 99

Diopsis apicalis Dalman (= Diopsis tenuipes Westwood)
only occurs in West Africa where it is the dominant
species in the genus with apical wing spots. It
commonly occurs in fields along with D. longicornis, but
it is easily identified, as it is much smaller.

Country distribution. Benin, Burkina Faso,
Cameroon, Chad, Cote d'lvoire, Gambia, Ghana, Guinea,
Guinea-Bissau, Liberia, Mali, Mauritania, Nigeria,
Senegal, Sierra Leone, Togo.

In East, Central, and Southern Africa, there is
another closely related diopsid with apical wing spots
that occurs on rice, maize, and other gramineous crops
(Feijen 1985). Feijen states that, until the group is
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Fig. 25. Number of Diopsis longicornis Macquart and D. apicalis
Dalman adults collected by sweep net in lowland rice plots
transplanted at different spacings between hills. Bars within a
species, with the same letter, are not significantly different at
the 0.05 probability level by Duncan’s multiple range test (E.A.
Heinrichs, WARDA, M’bé, 1994, unpubl. data).



revised, it is best to refer to Diopsis flies with apical
wing spots as species belonging to the apicalis
complex.

Description and biology. Dalman in 1817 originally
described and Feijen (1986) redescribed the species
based on specimens from Burkina Faso and Nigeria.
Diopsis apicalis is characterized by apical wing spots.
However, there are about 10 apicalis-like Diopsis found
in rice according to Feijen (1985). Diopsis apicalis is a
polyphagous species that is often seen in rice fields.
Adults, larvae, and eggs are similar in appearance to D.
longicornis, but smaller. Adults have an apical, smoky
spot at the tip of each wing (Fig. 99). This character is
absent in D. longicornis (Fig. 98).

According to Abu (1972) and Scheibelreiter
(1974), D. apicalis oviposits exclusively on stems
infested with D. longicornis. In a similar fashion to D.
longicornis, eggs are deposited on the last emerged leaf
(Pollet 1977; Fig. 17). Scheibelreiter (1974) found that
three-fourths of the eggs were attached to the
withering terminal leaf or were laid in the basal groove
of the mid-vein of the subterminal leaf. The remaining
eggs were laid on the stem below.

The life cycle is similar to, but shorter than, that
of D. longicornis (Cocherau 1978). In the tropics, days
from egg to adult are 15-17 compared with 44 for D.
longicornis. Egg, larval, and pupal stages are 36 h, 8—
10 d, and 6 d, respectively, compared with 50 h, 25-33
d, and 10-12 d, respectively, for D. longicornis. In
contrast to D. longicornis, the larvae complete their
development within one stem (Morgan and Abu 1973).

Habitat preference. In the dry season, the flies are
abundant in wet areas such as along rivers. In the rainy
season, they move to rice fields (Feijen 1986). In three
1995 surveys conducted in Cote d'lvoire, adults were
more abundant in the Guinea savanna zone than in the
forest zone in July, but were most abundant in the
forest zone in August and October. There was no
difference between zones in Guinea (Fig. 26; E.A.
Heinrichs and C. Williams, WARDA, 1995, unpubl.
data.).

The distribution of adults on the continuum
toposequence (Fig. 27) is similar to that of D.
longicornis (Fig. 19), except that D. apicalis populations
are higher in the upper slope. Diopsis apicalis adult
populations are also higher in the nonweeded than in
the weeded plots (Fig. 27; E.A. Heinrichs, WARDA,
1992, unpublished data).

Nitrogen levels affect the populations of adults in
rice field plots. Sweep net collections in plots treated
with rates of 0-250 kg N ha™ indicated a peak
population at 50 kg N ha=. This is in contrast to D.
longicornis, which peaked at 150 kg N ha (E.A.
Heinrichs, WARDA, 1994, unpubl. data).

Plant damage and ecology. The larvae feed on
healthy plants or on decomposed tissue that occurs
after stem borer attack. According to Descamps
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Fig. 26. Abundance of Diopsis apicalis Dalman adults as
collected with a sweep net in farmers’ fields in two climatic
zones in Cote d’lvoire, in July (JI), August (Au), and October
(Oc) and in Guinea in September (Sp) 1995. Asterisks indicate
statistical significance between the two zones at the 0.05
probability level (E.A. Heinrichs and C.Williams,WARDA,
1995, unpubl. data).
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Fig. 27. Number of Diopsis apicalis Dalman adults collected by
sweep net in weeded and nonweeded rice plots at five
toposequence sites on the continuum (E.A. Heinrichs,
WARDA, M’bé, 1992, unpubl. data).

(1957h), the larvae exist as phytophages on healthy
plants, as saprophytes on damaged plants, or as
predators of larvae of other species in rice stems.
Deeming (1982) records eight alternative host plant
species for D. apicalis in northern Nigeria.
Scheibelreiter (1974) observed D. apicalis feeding on
dead larvae of D. longicornis. So, D. apicalis may be
considered at times to be a beneficial insect, although
Breniére (1983) believes its role as a predator does not
make up for the damage it causes to the rice crop.
Chiasson and Hill (1993) studied the population
density, development, and behavior of D. longicornis
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and D. apicalis in Guinea. At the beginning of the crop
season, the adults of D. apicalis were as abundant as
those of D. longicornis. Thereafter, they decreased until
the end of the season when the D. apicalis numbers
were half those of D. longicornis.

Similar to D. longicornis, adult populations, in a
monthly planting study (Fig. 15), were high in the
plots planted in November and lowest in the May
planting. In contrast to D. longicornis, populations were
much higher in the January to March plantings. In the
same study, as based on an average of 12 planting
dates (months), flies appeared shortly after
transplanting and reached a peak at 6-8 WAT (Fig. 28).
By 12 WAT, there were few flies left in the field. Thus,
based on the 8-WAT peak for flies, the highest
population for the November planting occurred in
December-January, in the middle of the dry season and
harmattan period. The “harmattan” is an annually
occurring period of strong winds coming from the
Sahara Desert and relatively low temperatures.

In Ghana, larvae were found to infest plants later
than those of D. longicornis (Morgan and Abu 1973).
Adults were found in the fields throughout the cropping
period but peaked at about 8 WAT. Eggs and larvae were
observed at about 40 DT, with eggs reaching a peak at
about 60-70 DT and larvae reaching a peak about 2 wk
later. In the seedling density experiment conducted at
M’bé, adults were most numerous at 4 WAT. Cocherau
(1978) reported similar results for lowland rice growing
near Bouaké.

In studies in Guinea (Chiasson and Hill 1993),
transplanted and direct-seeded rice had similar adult
populations, but the number of larvae was 10 times
greater in the direct-seeded fields as compared with
the transplanted fields. Adult populations in studies at
M'bé were dependent on the spacing of transplanted
seedlings and the seeding rate of direct-seeded fields
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Fig. 28. Number of Diopsis apicalis Dalman adults collected by
sweep net at the indicated weeks after transplanting of
lowland rice (variety Bouaké 189) plots. Numbers represent a
total of 12 monthly transplanting dates throughout | yr, May
1994 to April 1995 (E.A. Heinrichs, WARDA, M’bé, 1995,
unpubl. data).
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(E.A. Heinrichs, WARDA, 1994, unpubl. data). High
plant populations, such as in the close spacing of
transplanted seedlings (14 x 14 cm) and in the high
seed rate (120 kg ha™?) in direct seeding, had the
highest D. apicalis populations.In a transplanting study
where five spacings were compared, the number of D.
apicalis collected with a sweep net was similar at both
10- x 10- to 30- x 30-cm spacings, decreasing only at
the 40- x 40-cm spacing (Fig. 25; E.A. Heinrichs,
WARDA, 1994, unpubl. data.).

Stem borer, Pachylophus beckeri Curran;
Diptera: Chloropidae

Pachylophus beckeri Curran is a minor feeder of rice and
among the least studied of the various rice stem borers.
It is the only other reported dipteran stem borer
besides the diopsids in West Africa.

Country distribution. Cameroon, Céte d'lvoire,
Gambia, Mali, Nigeria, Senegal, Sierra Leone. This
insect was originally described from Zaire and has been
reported from Zimbabwe as well (J. Deeming, National
Museum of Wales, U.K., pers. commun.).

Description and biology. Deeming (1973) and
Moyal (1982) have reported on the biology and ecology
of P. beckeri Curran in Nigeria and Cote d'lvoire,
respectively, and have described the morphological
features for the various stages. This insect is apparently
ovoviviparous, i.e., bears live young, as eggs have
never been seen. The larva is similar in appearance to
that of the whorl maggot, Hydrellia prosternalis, and
the stalk-eyed flies but differs in that it does not have
two spinelike structures at the extremity of the
abdomen. The third-instar larva is about 9 mm in
length and 2 mm in width.

Habitat preference. Pachylophus beckeri occurs in
both the humid tropical and the Guinea savanna zone
in Cote d'lvoire where it feeds in irrigated lowland
fields (Moyal 1982).

Plant damage and ecology. Pachylophus beckeri
attacks rice throughout the year, having been reported
in Cote d'lvoire from February to December. At Korhogo,
in north Céte d'lvoire, this insect is most abundant in
the second cycle of rice (Moyal 1982). It occurs in rice
throughout all crop growth stages. In Moyal’s study, it
was the most abundant of the various stem borer
species in the later growth stages of the second crop
(October). Plant damage is similar to that caused by
diopsids in that feeding causes deadhearts. The number
of stems destroyed by one larva has not been
determined (Moyal 1982). There are two generations
within one rice crop. Peak populations of the larvae
occur at 75-90 DT.

African striped rice borer, Chilo zacconius
Bleszynski; Lepidoptera: Pyralidae; Fig. 92
Chilo zacconius Bleszynski (Fig. 92) is the predominant
rice stem borer in West Africa. The larvae of 43 Chilo



species have been reported as stem borers in various
crops (Bleszynski 1970). Chilo constitutes one of the
major lepidopteran genera of stem borers in Africa
(Akinsola 1990). The existence of several similar
species caused problems for earlier rice entomologists.
Although Bleszynski's publication in 1970 resolved
some of the taxonomic problems, there is still some
confusion in the literature.

Chilo zacconius along with C. diffusilineus (J. de
Joannis) (Figs. 93-94) and C. aleniellus (Strand) are
reported as rice pests in West Africa (Tavakilian 1977,
Moyal and Tran 1992). They are among the major rice
stem borer species reported occurring in the humid
forest and savanna zones according to Akinsola (1990).
Chilo zacconius, C. diffusilineus, and C. aleniellus are
similar in appearance and in the plant damage that
they cause. Bordat and Pichot (1978) and Vercambre et
al (1990) report that C. zacconius prefers irrigated rice,
while C. diffusilineus prefers upland rice fields.

Chilo aleniellus is widely distributed in Africa and has
been reported from Cameroon, Ghana, Nigeria, Cote
d'lvoire, and Sierra Leone in West Africa and Congo,
Ethiopia, Uganda, and Zaire (Bleszynski 1970, Bonzi
1982, Akinsola and Agyen-Sampong 1984). It is also a
pest of maize in Cote d'lvoire, but its distribution there
is limited (Moyal and Tran 1992) between latitudes 6°
and 8° N. Appreciable populations in maize are found
only in the western part of the forest area, particularly
in Man where C. aleniellus regularly represents 10-20%
of the maize borers. Its distribution on rice in Cote
d’'lvoire has not been established. Based on a survey
conducted in Cdte d'lvoire in 1995, Chilo spp. were the
second most abundant group based on all collections in
all climatic zones, ecosystems, and plant stages

(Fig. 23).

Chilo zacconius (Fig. 92) and C. diffusilineus
(Figs. 93-94) are similar in appearance. Vercambre
et al (1990) described the subtle morphological
characteristics that distinguish the two species. They
differ in the genitalia of the adults, crochets on the
prolegs of the larvae, and spines on the cremaster of
the pupae. Also, the eggs of C. diffusilineus are larger,
being 0.76 mm in length and 0.60 mm in width,
whereas eggs of C. zacconius are 0.60 x 0.48. Chilo
diffusilineus is a pest of maize, millet, and sorghum in
Burkina Faso. Other hosts in addition to rice are the
wild rice species Oryza longistaminata, Panicum sp.,
and Paspalum scrobiculatum (Bonzi 1982).

Chilo partellus (Swinhoe) (Figs. 90-91) is the
predominant rice stem borer in East Africa. Chilo
agamemnon Bleszynski is predominant in North Africa
(especially Egypt) according to Akinsola (1990).

Chilo spp. are important rice pests because 1) they feed
on plants at critical stages of plant development, 2)
their feeding occurs within the stem, 3) a large number
of plant species serve as hosts, 4) the biological
plasticity between the two sympatric species (C. zac-

conius and C. diffusilineus) allows them to inhabit
diverse environments (Vercambre et al 1990), and 5)
they are difficult to control.

Country distribution. Benin, Cameroon, Cote
d'lvoire, Ghana, Liberia, Mali, Mauritania, Niger,
Nigeria, Senegal, Sierra Leone.

Description and biology. The adult has pale yellow
fore wings with small, distinct, irregular black spots at
the tip of the fore wings (Akinsola 1990; Fig. 92).
Males are darker than females. The body length of
adults ranges from 11 to 13 mm in the female and 9 to
11 mm in the male. Moths are nocturnal and hide from
flying predators during the day. They begin oviposition
about 24 h after emergence (Bordat and Pichot 1978).
Under laboratory conditions, the females live from 4 to
7 d.

Oviposition occurs in the upper or middle leaves
(Dale 1994). Pale yellow eggs are laid in two or three
overlapping longitudinal rows (Breniére 1976). Eggs are
oval, flat, and imbricate like fish scales. (See Breniere
[1976] for illustrations and a key to eggs produced by
rice insects in West Africa.) The number of eggs laid
per female varies considerably (ISRA 1989, Akinsola
1990) but averaged 250 and 350 female in two
laboratory studies (Bordat and Pichot 1978, Coquard
and Breniere 1979). The majority of the eggs are laid
on the third day. At 3 d after oviposition, the eggs turn
orange and the embryo becomes visible. On the fourth
day, the black head capsule is visible through the
chorion (Bordat and Pichot 1978). Eggs hatch in 4-6 d
after oviposition.

Upon hatching, the larvae move actively on the
plant, feed for a short time on the leaf, and then enter
the stem by penetrating the leaf sheath. Feeding
occurs at the upper internodes. The larvae can move
from one stem to another when the stem decays and no
longer provides nourishment. Pupation occurs inside
the stem after the larva cuts an exit hole for its later
emergence as an adult. Larval and pupal periods are
about 28 and 6 d, respectively (Akinsola 1979).

Breniére (1976) has illustrated and described C.
zacconius larvae and Meijerman and Ulenberg (1996)
have developed a taxonomic key to separate the larvae
from those of other African stem borers. The larva,
which passes through five or six instars, has an ivory-
colored body with seven longitudinal pink stripes.
Stripes near the ventral part of the body are incomplete
and less distinct. The head and prothoracic scutellum
are dark brown. The pupa is dark brown and 11-12 mm
long. The head bears two protrusions and the abdomen
ends in a four-pointed crest.

From five to seven generations can occur within a
year. The number of generations is limited by the
length of the dry season and the availability of suitable
host plants (Breniere 1982). Generally, two successive
generations occur in a given rice crop.
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Habitat preference. Chilo zacconius occurs in the
humid tropical, Guinea savanna, and Sudanian savanna
zones of West Africa but is most abundant in the latter
two zones (Table 2). Considering all ecosystems and
both the savanna and forest climatic zones, Chilo spp.
were next to Diopsis spp. in abundance in the July
1995 survey in Coéte d'lvoire (Fig. 23). In three surveys
conducted in Cote d’lvoire in 1995, the Chilo
(predominantly C. zacconius) portion of the larval stem
borer population was similar in the savanna and forest
in July (Fig. 12) and August but rose to about 50% of
the stem borer population in the savanna zone in
October. Percent of tillers infested by Chilo in the July
survey was similar in the savanna and the forest while,
in the August survey, tiller infestation was highest in
the forest zone.

Chilo zacconius occurs in all ecosystems, but is
generally most abundant in the uplands (Table 4). It
occurs in the mangrove swamps, but it is of much less
importance than M. separatella. Studies in Gambia
indicated that C. zacconius made up only 5% of the
stem borer composition in irrigated and mangrove
swamps while M. separatella (82%) was the most
abundant species (Jobe 1996). In the three surveys
conducted in Cdte d'lvoire in 1995, the percentage of
the stem borer population consisting of C. zacconius
larvae in stems was similar in the lowlands and uplands
in the July survey (Fig. 13), but was two and five times
higher in the uplands in August and October,
respectively. Percentage of stem borer-damaged tillers
infested with Chilo (predominantly C. zacconius) larvae
was slightly more in the lowlands than the uplands in
the July survey (Fig. 21) but increased in the uplands
in August.

Figure 29 shows the number of Chilo (predomi-
nantly C. zacconius) larvae compared with other stem
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Fig. 29. Number of stem borer and gall midge (Orseolia
oryzivora Harris & Gagne) larvae in 90 hills of rice at three
continuum toposequence sites (E.A. Heinrichs, WARDA, M’bé,
1995, unpubl. data).
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borers on the continuum toposequence at M'bé in
1995. Chilo made up a small portion of the stem borers
and was only observed in the uplands.

Plant damage and ecology. Chilo zacconius is a
polyphagous pest of rice attacking both cultivated and
wild gramineous plants. These plants serve as alternate
hosts on which the larvae survive during the off-season
when rice is not available and that serve as a reservoir
from which they invade rice fields (Akinsola 1990).
Other host plants include 0. barthii, Echinochloa crus-
galli (L.), E. pyramidalis (Lamarck) Hitchcock and
Chase, Pennisetum spp., Rotthoellia cochinchinensis
(Loureiro) W.D. Clayton, Saccharum officinarum L.,
Sorghum arundinaceum (Desv.) Stapf., and Zea mays L.
(Sampson and Kumar 1986, Akinsola 1990, Dale 1994).

Collections of adult Chilo spp. in light traps at M'bé
indicate that there are two generations per year. Peak
populations occurred from April to May and again in
October (Fig. 30). Identification of a sex pheromone
(Zagatti et al 1983) has facilitated studies on the
seasonal occurrence of C. zacconius. In Niger, C.
zacconius adults were collected in sex pheromone traps
from February to June and again from September to
December. Peak populations occurred in May and
November (Abdou 1992). In Djibelor, Senegal, adults
were collected from June to October with highest
populations occurring in August (Djiba 1996).

The percent stem borer species composition of C.
zacconius, M. separatella, and S. calamistis throughout
1 yrin upland and irrigated rice ecosystems was
determined at Ibadan, Nigeria (Alam 1988). Maliarpha
separatella predominated in both ecosystems. Chilo
zacconius populations were higher in irrigated rice than
in upland rice. Chilo zacconius larvae were present from
February to December with the highest percentage
occurring in June.
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Fig. 30. Number of Chilo sp. adults collected in a kerosene light
trap over 10-d periods from | Jan to 31 Dec 1995.The trap was
located in a hydromorphic rice plot, about 100 m from low-
land rice (E.A. Heinrichs, WARDA, M’bé, 1995, unpubl. data).



In the irrigated Sahel region, C. zacconius is a
major stem borer species (Akinsola 1990). Dry-season
crops grown from December to April are almost free of
borers, while the main-season crop, grown from July to
November, is heavily attacked. Figure 31 illustrates the
relationship between month of transplanting and larval
populations in the Sahel. The crops planted in July had
the highest larval population with the number of larvae
peaking at 79 DT. Lowest populations were observed in
March and November plantings.

Larval populations of C. zacconius in a monthly
planting experiment of lowland rice at M'bé were
generally the lowest of four stem borer species as based
on percent genera composition (E.A. Heinrichs, WARDA,
1994, unpubl. data). As based on number of larvae per
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Fig. 31. Number of Chilo zacconius Bleszynski larvae in lowland
irrigated rice stems at the indicated days after transplanting
at Kogoni, Mali. Treatments consisted of four transplanting
dates (March, April, July, and November) (Heinrichs and
Hamadoun 1995).

Larvae (no. 90 hills™)

90 hills, C. zacconius populations in rice stems were low
throughout the year (Fig. 32). The highest population
was observed in the May planting with lower
populations in the August, October, and December
plantings. No larvae were observed in the other
months. Monthly plantings at Badeggi, Nigeria,
indicated that crops planted from January to June had
higher C. zacconius larval populations than those
planted from July to December (Ukwungwu 1984).

Chilo zacconius larvae or pupae are present in rice
stems throughout most of the crop period (Fig. 33).
Oviposition by adults and feeding of larvae in rice
stems in Mali begin in the tillering stage and continue
to maturity of the rice crop (Toure 1989). Peak
populations at Kogoni, Mali, occur at the end of
tillering through panicle initiation to booting
(Heinrichs and Hamadoun 1995). Genera composition
studies on stem borer in irrigated rice in Casamance,
Senegal, indicate that Chilo spp. are the only species
present before 10 DT and are the predominant species
until 50 DT when M. separatella predominates (Fig. 34)
(Vercambre et al 1990). The second Chilo spp.
generation peaks at 80 DT but is less abundant than M.
separatella. In surveys conducted in Céte d'lvoire in
1995, based on percentage genera composition, Chilo
occurred in all stages of rice growth but was most
abundant in the flowering-ripening stages (Fig. 14).
Percentage of stem borer-damaged tillers infested with
Chilo larvae in the Cote d’Ivoire surveys was highest in
the flowering-ripening stages in both July (Fig. 24) and
August.

Plant damage caused by C. zacconius is similar to
that of other lepidopterous stem borers. Feeding inside
the stem during the vegetative stage prevents the
central leaf whorl from opening; instead, it turns brown
and withers. Although the lower leaves remain green,
the apical reproductive portion of the tiller is destroyed
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Fig. 32. Number of larvae of four stem borer genera in lowland rice (variety Bouaké 189) as affected by month of transplanting, May
1993 to April 1994 (E.A. Heinrichs, WARDA, M’bé, 1994, unpubl. data).
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Fig. 33. Phenological occurrence of stem borer larvae in lowland irrigated rice at Kogoni, Mali, as related to five rice growth stages
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Fig. 34. Relative percentage of stem borer genera composition
at different dates after transplanting of lowland irrigated rice
in the Casamance, Senegal (modified from Vercambre et al
1990).

and the tiller fails to produce a panicle. Larval feeding
at the panicle initiation stage or thereafter prevents
the development of the panicle, resulting in a
whitehead.

Although larvae, upon hatching, quickly establish
themselves within the stem, the appearance of damage
symptoms occurs gradually. Akinsola (1990) reported
that when plants were artificially infested with larvae,
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the maximum number of deadhearts occurred 20 d after
infestation (DAI). The particular internode in which
feeding occurs is a factor in the rate at which damage
symptoms appear—the higher the internode, the
sooner the appearance of the deadhearts. The number
of larvae per tiller also affects the percentage of tillers
that show deadheart symptoms. Akinsola (1990) found
that 4 larvae tiller were required to attain 85%
deadhearts. In nature, several larvae can be found in
one tiller a few days after hatching. However, they
disperse to other tillers after a few days and usually
only one larva remains in a tiller to maturity.

The first generation causes mainly deadhearts,
whereas damage by the second generation results in
whiteheads. During the dry season, larvae may feed on
weeds or in off-season rice fields. They can, however,
live without food for several months (December to April
in the Casamance, Senegal).

In a screenhouse experiment, Ukwungwu and
Odebiyi (1984) studied the effect of C. zacconius larvae
on rice plants. Larval infestation caused a reduction in
plant height. Degree of plant height reduction appeared
to be related to degree of susceptibility to borers.
Larval infestation caused an increase in tiller produc-
tion in most varieties studied, indicating a tendency to
compensate for damage to primary tillers. The number
of panicles produced per hill by infested and uninfested
plants differed little. Damage tends to produce more



secondary tillers that produce panicles but which may,
or may not, mature, depending on time of harvesting of
primary tillers. Infestation of susceptible varieties
resulted in reductions in the number of filled grains per
panicle. There was a positive correlation between
percentage of deadhearts and reduction in filled grains
per panicle and reduction in weight of grains. Thus,
varieties that had more deadhearts sustained higher
grain yield losses.

Rice varieties differ in their susceptibility to C.
zacconius (Ukwungwu and Odebiyi 1985a,b) and the
level of resistance affects the development of C.
zacconius. Breniére (1971) observed strong differences
in the susceptibility of upland varieties to C. zacconius
in Senegal. Introduced varieties were the most
susceptible. Also, in irrigated rice, the Asian varieties
Taichung, Tainan, and IR8 were more susceptible than
local varieties.

Larval survival and larval weight are affected by
the level of silica in resistant varieties (Ukwungwu
1990). The hardening of the stem tissue through
increased silica content appears to be an important
factor of resistance to C. zacconius as larvae feeding on
highly siliceous rice cultivars exhibit typical effects of
antibiosis.

Sauphanor (1985) studied the factors involved in
upland rice tolerance for stem borers. In artificial
infestation tests, C. zacconius caused a high reduction
in panicle weight on some cultivars but only a small
reduction on others. On IRAT 13, a susceptible cultivar,
larvae caused a 9% panicle weight reduction and a 23%
yield loss. Sauphanor (1985) reported that the
apparent higher tolerance of lowland irrigated varieties,
as compared with upland varieties, was due to the
higher tillering rate of irrigated varieties that allowed
them to compensate for borer-damaged tillers. Another
factor involved in tolerance for C. zacconius attack was
the ability of infested stems to produce fertile panicles.
Cultivars with thick stems, such as Moroberekan,
possess this character but Moroberekan produces tillers
poorly and thus does not compensate for damaged
tillers.

Ukwungwu and Odebiyi (1984) used the insecticide
check method to determine yield losses due to a
mixture of M. separatella and C. zacconius in a field
experiment at I1TA in Ibadan, Nigeria. Yield losses
ranged from 15% (694 kg ha) in a resistant line,
IR2035-120-3, to 55% (1467 kg ha?) in a susceptible
variety, FARO 11. A detailed survey of rice fields in
Casamance, Senegal, indicated that extent of damage
due to insect pests was variable according to the level
of cultural management (Etienne 1987). In intensive
agriculture, yield losses reached 25% and were caused
mainly by Chilo spp. Sauphanor (1985) predicted that if
the uplands are intensively cultivated in Cote d'lvoire,
yield losses due to stem borers could amount to 10%,

the level that was recorded on experiment station trials
in Bouaké.

African white borer, Maliarpha separatella
Ragonot; Lepidoptera: Pyralidae; Fig. 88
Maliarpha separatella Ragonot is one of the most
common stem borers occurring in rice throughout West
Africa and has been extensively studied. Its feeding
damage is unique among the rice stem borers as it
seldom causes deadhearts or whiteheads. The genus
Maliarpha has been revised and what has been referred
to in the literature as the African rice borer, M.
separatella, is actually a complex of three closely
related stem borer species (Cook 1997).

Geographical distribution. The African white borer
is widely distributed in Africa. It has been reported
from Asia (China, India, Myanmar), but it is not
considered as a rice borer there. Bianchi et al (1993)
believe that, based on the descriptions given for M.
separatella (‘green-striped borer’) on sorghum in India
by Sandhu and Chander (1975) and by Li (1985) on
sugarcane in Papua New Guinea, they were reporting on
another species. They believe that M. separatella is
monophagous and its distribution may be restricted to
sub-Saharan Africa. According to Lever (1975),
although M. separatella was described in 1888, its first
report as a pest appears to be when Hall (1955) found
it feeding on irrigated rice in Swaziland. Dale (1994)
and Delucchi et al (1996) have reported it to be a
common pest of rice in Madagascar.

Description and biology. Reports on the biology
and ecology of M. separatella have been published by
Breniére (1969, 1982) and Pollet (1981) in Céte
d'lvoire, Akinsola (1975, 1979) and Akinsola and
Agyen-Sampong (1984) in Nigeria, Diop (1979) in Mali,
and Appert (1970) and Delucchi et al (1996) in
Madagascar. Breniére (1976,1983) has described the
eggs, larvae, and pupae.

The slender adult moth has fore wings that are
yellowish or straw-colored with a prominent reddish
brown line along the front edge (Fig. 88). The hind
wings are pale yellow with a metallic sheen and fringed
with long yellow hairs. The body is covered with
yellowish scales. At rest, the V-shaped wings cover the
body. Body length is 11-13 mm in the male and 13-15
mm in the female. The female produces a sex
pheromone, which attracts the male for mating (Ho and
Seshu Reddy 1983, Cork et al 1991). Ho and Seshu
Reddy (1983) reported that moths fly at night and that
peak flight activity in Kenya was between 2300 and
0300. In West Africa, 82% of the moths were caught
between 1900 and 0100 and rainfall appeared to induce
flight activity (WARDA 1979).

Eggs are laid during the night on preferably large,
vertical leaves of tillering plants (Fig. 35). Sometimes
eggs are deposited in the youngest unfolded leaf. Eggs
are laid in parallel rows on the upper side of the leaf
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Fig. 35. Chronological development of attack of stem borer, Maliarpha separatella Ragonot, on rice (modified

from Pollet 1977).

and are attached by a cement-like substance that, on
drying, causes a characteristic pinching of the lamina,
completely enclosing the eggs. Females deposit from
one to six egg masses consisting of from 30 to 95 eggs.
Total number of eggs laid can reach 300. On the second
night after its emergence, the female lays the first egg
mass and then may continue for two to three nights
more. From two to three egg masses may be deposited
each night.

After an incubation period of 7-10 d, larvae hatch
at about 0700. Newly hatched larvae, which are white
with dark brown heads that later turn yellow, are very
active. Some move to the tip of a leaf blade where they
suspend themselves from silken threads, which they
produce. Suspended from the silken threads, the larvae
drift in the wind and attach themselves to adjacent
leaves of the same (or a neighboring) plant. First-instar
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(L1) larvae move down the leaf to the leaf sheath and
the stem (Fig. 35).

After spending about 4-5 d in the leaf sheath,
they have sufficiently large enough mandibles to
penetrate the stem at the internode. It is believed that
the larvae begin feeding in the stem about 4-5 d later.
The larval stage lasts about 35-50 d during which it
passes through five to seven instars. There is usually
only 1 larva stem.

Pupation occurs at the internode nearest the plant
base (Fig. 35). Prior to pupation, the larva cuts an exit
hole in the stem through which the adult will later
emerge. A conical silky channel is prepared to connect
the inner wall of the stem to the adult exit hole. The
larva then pupates with its head just below the exit
hole. The pupal period lasts from 32 to 65 d.



Diapause occurs during the sixth instar at the base
of dried stubble. The larva resumes activity with the
return of humid conditions and rapidly completes its
life cycle. Larval diapause may last as long as 251 d
(Akinsola and Agyen-Sampong 1984). In southern
Nigeria, diapause starts in July and lasts until March of
the next year. Diapause usually occurs before the rice
plant starts drying and—in sub-Saharan Africa—is
believed to be triggered by decreasing daylength and
modulated by temperature (Delucchi et al 1996).
Diapausing larvae are sluggish, milky white, and have a
wrinkled body, while nondiapausing larvae are agile,
yellowish white, and have a smooth body.

Habitat preference. Maliarpha separatella occurs in
all climatic zones in West Africa but it is more
abundant in the humid tropical and Guinea savanna
than in the Sudanian savanna zone (Table 2). In the
three 1995 Cote d'lvoire surveys, percentage of total
stem borer larval population composed of M. separatella
was similar in both the forest (humid tropical) and
Guinea savanna zones (Fig. 12). Percentage of stem
borer-damaged tillers infested with Maliarpha larvae
was slightly higher in the savanna in the July survey
and higher in the forest zone in the August survey.

Maliarpha separatella is abundant in all rice
ecosystems (Delucchi et al 1996). It is more abundant
in the rainfed lowland and irrigated ecosystems than in
the uplands and is the most abundant stem borer
species in the mangrove swamps (Table 4). Surveys
conducted in Cote d'lvoire in 1995 indicated that about
35% of the stem borer larvae in the lowlands in the
July (Fig. 13) and August surveys were M. separatella,
whereas in the uplands only about 5 and 15%,
respectively, were M. separatella. Populations were low
in both ecosystems in the October survey when Sesamia
spp. predominated in the lowlands and Chilo spp. in the
uplands. Percentage of stem borer-damaged tillers
infested by Maliarpha larvae was highest in the
lowlands in both the July (Fig. 21) and August surveys.

Maliarpha separatella larvae are distributed
throughout all toposequence sites in inland valley rice
fields at M'bé (Fig. 22). It was the most abundant stem
borer species in the drought-prone uplands and in the
lowlands as based on percentage species composition.
Based on number of larvae per 90 hills, it was the most
abundant species in the uplands and in lowlands
(Fig. 29).

Plant damage and ecology. In studies conducted
by Breniére (1969) in Céte d'lvoire, highest M.
separatella populations occurred in Yamoussoukro where
two crops of rice were grown annually. He reports that
the same condition exists at the Richard Toll Station in
Senegal where double cropping is practiced. He
concludes that an increase in cropping intensity is
expected to increase the level of damage caused by M.
separatella.

Maliarpha separatella is mainly a rice pest and its
alternate hosts are limited. Rice ratoons serve as a
residual population between rice crops (Joshi and
Ukwungwu 1993). Host plants reported in West Africa
other than rice are Andropogon tectorum Schum. &
Thonn. (WARDA 1977), Sorghum bicolor (L.) Moench.,
and the wild rices 0. barthii, O. longistaminata, and O.
punctata (Khan et al 1991). According to Delucchi et al
(1996), reported hosts other than Oryza spp. in West
Africa are doubtful.

Rice plants are usually attacked during the later
stages of their growth cycle. Infestation generally
begins in the panicle initiation to booting stages and
continues to harvest (Fig. 33; Toure 1989). In studies
in irrigated rice in Mali, very low larval populations
were observed in the early tillering stage (Heinrichs
and Hamadoun 1995). Populations peaked at the
panicle initiation to booting stages and again near
maturity. Low larval populations in Nigeria were
observed by 30 DT and increased with crop age,
reaching a peak at 90 DT (Ukwungwu 1987c). In Kenya,
larval populations were highest in the ripening stage
(Njokah and Kibuka 1982, Njokah et al 1982).

Figure 14 shows the percentage of total stem
borers related to M. separatella larvae in the various
plant growth stages in the July 1995 Céte d'lvoire
survey. In the July and August surveys, the population
consisted of about 30% M. separatella larvae in both
the booting and flowering-ripening stages, while in the
vegetative stage it made up less than 5% of the stem
borer population. In the October survey, the species
composition in the vegetative stage consisted of
primarily Diopsis and Maliarpha. Percentage of stem
borer-damaged tillers, infested with Maliarpha in the
July (Fig. 24) and August surveys, was highest in the
flowering to ripening stages.

In studies by Vercambre et al (1990) in the
Casamance, Senegal (Fig. 34), M. separatella was only
about 1% of the species present at 15 DT. However, by
60 DT, it consisted of 80% of the larvae collected and
by harvest about 94%, whereas the combined Chilo,
Sesamia, and Scirpophaga populations were about 6%.

Data from a light trap located near lowland fields
at the WARDA research station at M'bé indicated that
M. separatella adults are present through most of the
year with three possible peaks occurring in March,
June, and November (Fig. 36). In monthly
transplanting date studies at M'bé, M. separatella
larvae, based on percent stem borer composition, were
the most abundant of the stem borer species from
February to July, and in the September and November
plantings. Total number of larvae in studies at WARDA
followed a similar pattern (Fig. 32), being least
abundant at the peak of the wet season, August to
October. In a monthly planting study in Nigeria, larvae
were found in rice stems throughout the year but were
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Fig. 36. Number of Maliarpha separatella Ragonot adults
collected in a kerosene light trap over 10-d periods from | Jan.
to 31 Dec. 1995.The trap was located in a hydromorphic rice
plot, about 100 m from lowland rice (E.A. Heinrichs, WARDA,
M’bé, 1995, unpubl. data).

most abundant in the February to April plantings
(Ukwungwu 1987c¢). In irrigated rice at the Office du
Niger Project in Kogoni, Mali, where the winter season
is very dry, M. separatella light trap catches indicated
adults were flying throughout the summer season, May
to November (Heinrichs and Hamadoun 1995). Peak
populations occurred in October in 1991 and in
November in 1993.

Maliarpha separatella damage to the rice plant is
unique among the various rice stem borer species. Most
authors report that it seldom causes the development
of deadhearts or whiteheads because of its habit of
dwelling at the lower internodes. This is a similar
situation to that of Rupella albinella (Cramer) in Latin
America. However, there may be varietal differences
that affect whitehead development. Malinga (1985)
reported that, in tests in Kenya, there was a positive
correlation, especially in the lowland Asian cultivars BG
34-8 and BG 90-2, between number of egg masses and
whiteheads. This was a field experiment, however, and
the whiteheads could have been caused by another
borer species. Bianchi et al (1993) reported only a
slight effect on the number of whiteheads at
infestation levels up to 68%. Based on the literature, it
is apparent that M. separatella rarely causes
whiteheads.

Akinsola and Agyen-Sampong (1984) reported that
at the vegetative stage of rice growth, early-, middle-,
and late-instar larvae are found in the first basal
internode. During later crop growth stages, some larvae
migrate up to the second or third internode, depending
on the height of the plant. No larvae were found at the
topmost internode. The larvae complete their
development in one or two internodes and do not
migrate from one tiller to another once they have
lodged themselves within the stem.

In upland rice, the larvae are located toward the
base of the plant while in flooded and swampy fields,
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the larvae tend to be located in the upper portion of
the plant. Once they bore into the first or second
internode, larvae feed on the inner stem tissues at a
site above the node (Fig. 35). Feeding activity of the
larvae results in small circular cavities in the stem,
which is not pierced. The larvae pass from one
internode to another by penetrating the node and, once
established, they spend the entire larval stage in one
stem and do not migrate from one tiller to another.
They are not voracious feeders and throughout the
larval stage, they limit their feeding to one or two
internodes. The larvae generally cannot survive on
young plants without elongated internodes.

In deep water rice, initial infestations are believed
to occur before flooding. In Mopti, Mali, it was
observed that tillers infested with M. separatella were
detached at their base (Akinsola 1980a). Plants in deep
water have a whitish, fragile portion at the base. Thus,
stem borer feeding, plus the water pressure at a 3-m
depth, leads to the detachment of the damaged portion
of the plant. As a result, M. separatella-infested stems
were observed floating on the water surface in the very
deep zones (3 m) and 60% of the hills were missing
due to M. separatella damage.

In addition to the direct damage caused by feeding
of the larvae, Pollet (1978a,b) has reported a
synergistic relationship between M. separatella and the
rice blast fungus, Pyricularia oryzae. After M. separatella
adults have emerged and left the stems, the fungus
attacks the neck of the panicles and affects grain
development. This insect-fungus combination can cause
a complete grain yield loss.

There is a critical period of the rice plant's
development—about 42-65 DT, depending on variety
(Delucchi et al 1996)—when M. separatella infestation
causes Yyield loss. Before this period, larval mortality is
too high to cause serious damage and the plant
compensates for the damage. After this period, the
severity of injury caused by the larvae decreases until
it becomes negligible.

Feeding by M. separatella at the tillering stage
causes a reduction in plant height and number of filled
grains (Akinsola 1984a). When infested at the booting
stage, plant height is not affected but total number of
grains per panicle, number of filled grains per panicle,
and grain weight are significantly reduced. In studies of
Ho et al (1983), plants were infested with M. separa-
tella moths at 45 DT and feeding damage by the larvae
only caused a reduction in 1000-grain weight and an
increase in percentage of empty grains. Harvest index,
number of panicles m2, grains panicle?, and percent of
reproductive tillers were not significantly affected by
the feeding of M. separatella.

Pollet (1979) reported that, in studies in central
Cote d'lvoire, M. separatella only reduced the number of
grains panicle. Based on a comparison of the panicle
development of infested and uninfested stems of



lowland Asian cultivar IR5, estimated grain yield losses
were 19 kg ha™ at Kotiessou and 48 kg ha™ at
Yamoussoukro.

Bianchi et al (1993) reported that in Madagascar
tiller infestations up to 68% did not have any influence
on the number of panicles produced or on the number
of empty grains panicle. However, they did observe an
increasing number of immature panicles and a decrease
in the 1000-grain weight. They concluded that, because
of competition among larvae when they enter the
internodes of the rice plant (causing high mortality),
high population densities in stems do not occur, even
at high infestation levels. Because of this and the fact
that the larvae complete their life cycle inside the
lower internodes without destroying the conducting
vessels, the economic importance of M. separatella is
minimized.

The economic threshold for M. separatella as
developed in Madagascar (Appert 1970) is based on
number of egg masses. Bianchi et al (1989, 1993)
developed a sampling procedure for egg masses. Egg
masses are distributed at random. They found that
sequential binomial sampling is cost-efficient and
decision making with respect to the action threshold is
possible with 12 quadrats. According to the action
threshold developed by Appert (1970), insecticide
application is economical when the number of egg
masses per sampling unit of 1 m x 1 m, computed
every 10 d from 20 DT, is higher than 3.5. Studies by
Delucchi et al (1996) in Madagascar in the 1980s
indicated that the economic threshold for a 2-t ha™
rice yield should be 8.6 egg masses 100 tillers. This is
equivalent to an infestation of 59% at the end of the
critical period and corresponds to a yield loss of 22%.
As the yield increases, the threshold decreases; for a
yield of 4 t ha™, the threshold is 6.6 egg masses 100
tillers™.

Scirpophaga spp.; Lepidoptera: Pyralidae;
Fig. 87

Scirpophaga spp. are among the minor rice stem borers
in West Africa. There are 33 species in this genus
throughout the world. Three species have been reported
from rice in West Africa (Table 5).

Country distribution. S. melanoclista Meyrick:
Cameroon, Cote d'lvoire, Mali, Nigeria, Senegal; S.
occidentalla (Walker): Cote d'lvoire, Nigeria, Sierra
Leone, Senegal; S. subumbrosa Meyrick: Ghana, Guinea,
Mali, Togo.

The distribution and the taxonomic nomenclature
of this genus are in need of revision (Breniére 1983)
and thus much of the discussion in this section refers
only to the genus Scirpophaga and not to species.

Description and biology. Pollet (1977), Ly (1978),
and Breniere (1976, 1982, 1983) report on the
description and biology of Scirpophaga spp. The adult
has satin-like white wings that are folded roof-like

when at rest. The female has a wing span of 30-35
mm, a long slender body, and a black thorax covered
with white scales and white legs (Fig. 87).

Adults oviposit on young rice plants primarily
during the tillering and booting stages. Breniére (1976)
describes the eggs and larvae in detail. Eggs are laid in
a group of two or three layers and are covered with a
hairy mass composed of brownish scales from the
abdomen of the female. The egg masses, which are 8—
10 mm long and 4 mm wide, are stuck to the upper or
lower surfaces of the leaves. A female lays 100-180
eggs. Eggs hatch in about 8 d.

The first-instar larvae (L1), upon hatching, move
down the leaf on the leaf surface (Fig. 37). The L1
larvae penetrate the leaf sheath near the ligule and
bore into the central vein of the leaf sheath. They later
penetrate the stem above node 5 (panicle node) and
bore spiral-like galleries. Fine brown hairs cover the
larvae. The larval period lasts from 28 to 44 d.

Pupation occurs in the internode nearest the plant
base (internode 1). The pupae are transparent pearly
white and about 20-22 mm in length. They are located
at the base of the stem in the median cavity
constituted by the lower internodes. Only one pupa is
found per stem. The pupal period is from 12 to 14 d.

Habitat preference. In surveys conducted in Cote
d'lvoire in 1995 covering all ecosystems, climatic zones,
and rice growth stages (E.A. Heinrichs, WARDA, 1995,
unpubl. data ), Scirpophaga was the least abundant (2%)
of the five lepidopterous stem borer genera found in rice
stems (Fig. 23). Although Scirpophaga populations were
low in the Cdte d'lvoire surveys, based on percentage
composition of the stem borer genera, they were slightly
more abundant in the savanna of Cote d'Ivoire than in
the forest zone (Fig. 12). Similar results were obtained
when stem borer-damaged tillers were examined for stem
borer larvae.

Populations of Scirpophaga vary according to
ecosystem. According to Agyen-Sampong (1982),
Scirpophaga is most abundant in the rainfed and
irrigated lowland ecosystems and less abundant under
upland conditions and in the mangrove swamp (Table 4).
In the Cdte d'lvoire surveys (E.A. Heinrichs, WARDA,
1995, unpubl. data), low populations were found in both
the upland and lowland ecosystems. In the July survey,
populations in the two ecosystems were about equal
(Fig. 13), while in the August and October surveys,
Scirpophaga was only collected in the lowlands.

Plant damage and ecology. Studies in irrigated
rice at Kogoni, Mali, showed that Scirpophaga fed on
rice primarily during the panicle initiation to booting
stages (Toure 1989). In the 1995 Céte d'lvoire survey
(E. A. Heinrichs, WARDA, 1995, unpubl. data), based on
percentage stem borer species composition, popula-
tions were only observed in the vegetative and booting
stages (none in the flowering-ripening stage) in July
(Fig. 14) and August. In the October survey, larvae
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Fig. 37. Chronological development of attack of stem borer, Scirpophaga spp., on rice (modified from Pollet 1977).

were only found in plants in the vegetative stage.
Calculations based on percentage of Scirpophaga in
stem borer-damaged tillers at various plant growth
stages indicated low populations in the vegetative and
booting stages in July and August and no larvae in the
flowering-ripening stage (Fig. 24).

Low populations of Scirpophaga have been
observed in the monthly planting experiment (based on
stem dissections made at 30, 50, and 70 DT) on the
WARDA M'bé farm. Of the four major borers found in
rice stems, from May 1993 to April 1994, Scirpophaga
and Chilo populations were the lowest on most
transplanting dates (Fig. 32). Scirpophaga larvae were
only observed in crops planted in May, June, November
to February, and April. The population was the highest
in the crop transplanted in May (plants dissected in
June and July) with 25 larvae 90 hills™ observed.
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Percentage of the stem borer complex consisting of
Scirpophaga was second highest in May (18% compared
with 63, 14, and 5% for Maliarpha, Diopsis, and Chilo,
respectively), but lower thereafter.

Even when adult Scirpophaga populations are high,
rice plant damage by this genus appears to be minimal.
In Mali, Scirpophaga composed 78% of the stem borer
adults collected in light traps, while in the rice field,
Scirpophaga only made up 3% of the larval population
with 91% being M. separatella (Akinsola and Agyen-
Sampong 1984).

The first-instar larvae bore through the leaf sheath
and then into the stem. According to Breniére (1982),
the larvae pass from one internode to another and
some times cut the stem in two places to form a 4-cm-
long section of stem in which they lodge. Protected by
this stem section, they float on the water surface and



may pass from one tiller to another tiller that they then
penetrate. The larvae are semiaquatic and, in the case
of floating or deep water rice, they can reach a stem
below the water level from the piece of stem in which
they live. Breniére (1982) reports that one larva can
destroy up to four stems but most destroy only one
stem. Kumar and Sampson (1982) assert that S.
subumbrosa larvae do not appear to be as serious as
Chilo spp. because the S. subumbrosa larvae feed inside
only one tiller. Feeding damage by Scirpophaga spp.
causes deadhearts and whiteheads.

Plant density has a minor effect on the relative
percentage of Scirpophaga larvae in the stem borer
population at M'bé. The percentage of Scirpophaga in a
transplanting experiment increased at the wider hill
spacings of 30 x 30 and 40 x 40 cm.

African pink borers, Sesamia calamistis
Hampson (Figs. 84-85) and S. nonagrioides
botanephaga Tams and Bowden;
Lepidoptera: Noctuidae

Sesamia spp. are the most polyphagous among the rice
stem borers. Five Sesamia species have been reported
to feed on rice in West Africa; S. calamistis Hampson,
S. nonagrioides botanephaga Tams and Bowden, S.
nonagrioides penniseti Tams and Bowden, S. eretica
Led., and S. poephaga Tams and Bowden. Sesamia
calamistis is the most common species and occurs
throughout West Africa, East Africa, Madagascar, and
South Africa (Breniere 1982) and Reunion, Maurice, and
Comores Islands in the Indian Ocean (Appert and
Ranaivosoa 1970). Sesamia nonagrioides botanephaga is
probably the next most common Sesamia species in rice
and is limited to the tropical and equatorial areas of
Africa. Sauphanor (1985) considers S. calamistis to be
the main stem borer of upland rice in Cote d'lvoire.

Country distribution. Sesamia calamistis: Benin,
Burkina Faso, Cameroon, Cote d'lvoire, Gambia, Ghana,
Mali, Niger, Nigeria, Senegal, Togo; S. nonagrioides
botanephaga: Céte d'lvoire, Ghana, Liberia, Nigeria,
Senegal, Togo.

Description and biology. Breniéere (1976, 1983),
Akinsola and Agyen-Sampong (1984), and Dale (1994)
have described the various stages and the life cycle of
S. calamistis. Appert and Ranaivosoa (1970) have
described the morphology of the various stages and
Meijerman and Ulenberg (1996) have described the
larval morphology, host plants, and distribution. The
adult moth is light brown with brown stripes. The
margin of the fore wings is wide, whitish, and partly
smoky. The rest of the fore wings are speckled with dark
patches (Fig. 84). The hind wings are pearly white with
a yellowish margin. The pronotum is covered with long
hairs (Fig. 85). The moths are nocturnal and are
capable of flying long distances. Mating of adults takes
place as early as the first night after emergence and
oviposition begins the same night.

The female lays up to 300 eggs. Eggs are laid
loosely between the leaf sheath and the stem
surrounding the upper internodes. Eggs are
subspherical, flat at the poles, and have numerous
longitudinal striations. Eggs are yellow and are laid side
by side, without any specific alignment. Eggs hatch in
7-10 d after oviposition.

Sesamia calamistis larvae are smooth, uniformly
yellowish-pink on the dorsum, with grayish lateral and
dorsal stripes, and a dark brown head. First-instar
larvae (L1) on hatching are gregarious. Larvae first
feed within the tissues of the leaf sheath, causing a
brownish yellow discoloration, and then enter the stem
through a horizontal cavity and move downward,
sometimes through several internodes. The frass, which
fills the vertical galleries, is partly pushed out through
openings in the leaf sheath. The duration of the larval
period is from 28 to 35 d.

The larvae pupate within the base of the stem or
in folds of withered leaf sheaths. The pupation period
is 10-14 d. The reddish brown pupae are about 17 mm
long. The tip of the abdomen bears two dorsal horns
(cremaster).

In wet, tropical regions, the life cycle is practically
continuous throughout the year. Drought or cold
temperatures may slow development. Mature larvae
become inactive from the start of the dry season and
remain so until the rains begin. On crops that are
irrigated out of season, development continues
uninterrupted. Where rice is grown throughout the year,
there may be at least six generations annually.

Akinsola and Agyen-Sampong (1984) and Pollet
(1977) described the life history of S. nonagrioides
botanephaga. Eggs are laid on the leaf near ligules
(Fig. 38). The incubation period is 57 d. The L1 moves
toward the leaf tip upon hatching and hangs from a
silken thread. It is then blown to another leaf of the
same plant or to another plant. After aerial transport,
the L1 moves onto the stem and penetrates the nearest
internode and feeds within the stem. There are six
larval instars and the larval period lasts from 40 to 50
d. Pupation occurs within the lumen of the internode
nearest the plant base. There is only one pupa per
stem. The pupal period is from 10 to 12 d.

Habitat preference. Sesamia calamistis and S.
nonagrioides botanephaga occur in the humid tropical
and the Guinea savanna zones in West Africa (Table 2).
Of the two species, S. nonagrioides botanephaga is
most abundant in the forest zone where the dry season
is short, while S. calamistis is most abundant in the
savanna where the dry season is long (Appert and
Ranaivosoa 1970, Akinsola and Agyen-Sampong 1984).
Neither Sesamia species was found on irrigated rice in
the Sudanian savanna in the Sahel at Fannaye, Senegal
(Akinsola 19087). In surveys conducted in Cote d'lvoire
(E.A. Heinrichs, WARDA, 1995, unpubl. data), of the
stem borer larvae collected, Sesamia spp. were the
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Fig. 38. Chronological development of stem borer, Sesamia nonagrioides botanephaga Tams & Bowden, attack on rice

(modified from Pollet 1977).

third most abundant group in the forest in July (Fig.
12) but the most abundant in the August and October
surveys and the most abundant in the Guinea savanna
in October. Of the five lepidopterous borer genera,
Sesamia was fourth most abundant in the complex
when considering all climatic zones, ecosystems, and
plant growth stages (Fig. 23).

Sesamia spp. occur in all ecosystems (Table 4).
Populations are highest in the uplands with low
populations occurring in the rainfed lowland, mangrove
swamp, and irrigated ecosystems. Populations are
especially high in upland rice fields near maize, which
is actually the preferred host plant (Ho et al 1983). In
mangrove rice at Rokupr, Sierra Leone, 18% of the
larvae in rice stems were Sesamia spp., while 68% were
Maliarpha, 8% Chilo, and 6% Diopsis (Akinsola 1987).
In a monthly planting experiment at the International
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Institute of Tropical Agriculture, Ibadan, Nigeria, S.
calamistis was the most abundant species of the stem
borer complex in the uplands, during February, August,
and September (Alam 1988). In irrigated fields, S.
calamistis larval populations were low and were only
observed in 7 of 12 mo, during which they composed
less than 5% of the stem borer species complex
consisting of S. calamistis, M. separatella, and C.
zacconius. In Cote d'lvoire, Sesamia spp. were relatively
the most abundant of the various stem borer species in
the uplands in the August 1995 survey. However, they
were relatively less abundant in the uplands in July
(Fig. 13) and October, when Diopsis and Chilo,
respectively, predominated. Percent of stem borer-
damaged tillers infested with Sesamia was distinctly
greater in the uplands than in the lowlands in both the
July (Fig. 21) and August surveys.



Plant damage and ecology. Sesamia calamistis has
many plant hosts in addition to rice. These include
species in the genera Andropogon, Cenchrus,
Chrysopogon, Coix, Cyperus, Echinochloa, Eleusine,
Lepturus, Lolium, Hyparrhenia, Kyllingia, Panicum,
Paspalum, Pennisetum, Phalaris, Rotthoellia, Saccharum,
Setaria, Sorghum, Tripsacum, Triticum, Vetiveria, Vossia,
and Zea. Sesamia calamistis is an important pest of
rice, maize, millet, and sorghum in Africa and
Madagascar (Appert and Ranaivosoa 1970, Khan et al
1991, Schulthess et al 1991, Hamadoun 1992, Dale
1994). In Ghana, Echinochloa pyramidalis (Lamarck)
Hitchcock and Chase provides a potential source for the
S. calamistis infestation on sugarcane (Sampson and
Kumar 1986).

Sesamia nonagrioides botanephaga is also an
important maize pest in West Africa (Shanower et al
1993). In Ghana, it causes such extensive losses in
second-season maize (August-November) in the
rainforest zone that farmers are reluctant to plant
maize during that season (Tams and Bowden 1953). In
a survey conducted in the rainforest region of Cote
d'lvoire in 1994 (Heinrichs and Schulthess 1994),
Sesamia larvae were present in maize as a monocrop
and as a mixed crop with rice and in rice when grown
as a mixed crop with maize (Fig. 11).

Infestation of the rice crop by S. calamistis is
highest at the latter part of the crop growth stage
occurring from the end of the booting stage to maturity
(Fig. 33). In irrigated rice in the Sahel at Kogoni, Mali,
S. calamistis larval numbers in rice stems were first
observed in the booting stage. Larval populations in
both 1986 and 1987 peaked twice, at the end of the
panicle initiation stage and again at maturity
(Hamadoun 1992). The surveys in Cote d’lvoire (E.A.
Heinrichs, WARDA, 1995, unpubl. data) indicated that
Sesamia spp. larvae were present in rice stems in the
vegetative, booting, and flowering-ripening stages
(Fig. 14). Their portion of the total stem borer complex
in the flowering-ripening stage was highest in the
August and October surveys. In the vegetative stage,
Diopsis predominated in the three survey dates.
Percentage of stem borer-damaged tillers infested with
Sesamia larvae increased with crop age, reaching a
peak in the flowering-ripening stage in both the July
(Fig. 24) and August surveys.

Both light and pheromone traps have been used to
study the seasonal occurrence of S. calamistis moths in
irrigated rice at Kogoni, Mali (Hamadoun 1992). Rains
in this part of the Sahel begin in June after a long,
harsh, dry season and continue to December. In 1987,
there were three major flights. Moths began flying in
early August, reaching a peak in mid-August, and again
peaking in mid-September and mid-October and
terminating in early November.

Because the rice plants are generally attacked at
the later growth stages (Fig. 33) by Sesamia spp.,

whiteheads are the primary result. Young larvae occupy
the stalk at the base of the panicle causing whitehead
development, but they feed lower in the stem as they
become older.

The effect of feeding damage by S. nonagrioides
botanephaga on rice development has been described
in detail by Akinsola (1984a). Infestation by larvae in
the tillering stage of crop growth resulted in the
development of deadhearts. Feeding damage caused a
significant increase in number of tillers. However, at
harvest, uninfested plants had higher numbers of
productive tillers. This indicated that the initial
increase in tiller numbers in infested plants did not
result in a corresponding increase in productive tillers
at harvest. Thus, it appeared that the compensatory
tillers produced contributed little to ultimate yield
because they do not produce mature panicles at
harvest. Feeding of the larvae also caused a significant
reduction in the number of filled grains.

Larval infestation of plants at the booting stage
caused yield loss by reducing the number of productive
tillers through the formation of whiteheads. Infestation
at this stage also caused the growth of compensatory
tillers but these were too young to produce panicles
before harvest.

Rice plant density and fertilizer level effects on
rice plant damage caused by S. calamistis were studied
under lowland rice conditions in Kenya (Ho and Kibuka
1983). Plant damage was similar at plant spacings of
10 x 20 and 20 x 20 cm, but there were significantly
more empty grains that resulted from S. calamistis at
120 kg N than at 0 or 60 kg N ha™.

African rice gall midge

Orseolia oryzivora Harris and Gagne;
Diptera: Cecidomyiidae; Figs. 95-97

The African rice gall midge, Orseolia oryzivora Harris
and Gagne, was until recently misidentified and referred
to as 0. oryzae (Wood-Mason), which is the Asian rice
gall midge. Harris and Gagne (1982) reported that the
two species are morphologically distinct in the larval,
pupal, and adult stages. They can be separated most
easily in the pupal stage by the antennal horns, which
are simple and terminate in a point in O. oryzivora but
are bifid and terminate in two strong spines in O.
oryzae.

The occurrence of distinct species of Orseolia on
rice in Africa and Asia may be linked to the separate
development of African and Asian cultivated rice. The
Asian rice species, 0. sativa, probably arose along the
foothills of the Himalayas and associated mountain
ranges in Southeast Asia and southwestern China and
has been cultivated for about 9,000 yr. The African rice
species, 0. glaberrima, probably originated in the
swampy basin of the upper Niger River about 3,500 yr
ago (Chang 1976b).
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Country distribution. Benin, Burkina Faso,
Cameroon, Cdte d'lvoire, Ghana, Guinea, Guinea Bissau,
Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone,
Togo.

Orseolia oryzivora was first observed as a pest of
rice in Nigeria in the early 1950s, but at that time was
thought to be the Asian species, 0. oryzae (Harris
1960). As a result of the clarification of the taxonomy,
Harris (1990) stated that the African rice gall midge
had first been reported in Sudan in 1947, in Malawi in
1973, and in Senegal and Burkina Faso in 1980. He
goes on to state that this simply reflects the level of
entomological interest and not the spread of the
species, which must have been present on rice in Africa
for thousands of years. It seems likely that the species
originated on O. glaberrima in West Africa and it is
therefore endemic to that area.

Orseolia oryzivora is widely distributed in West
Africa and has also been reported from Zambia (Alam et
al 1985b), Sudan (Harris 1987), and Malawi (Feijen and
Schulten 1983). It also occurs in Tanzania where severe
outbreaks were reported in the Kapunga Irrigated Rice
Project, shortly after rice was first grown in the early
1990s (E.A. Heinrichs and A.R. Masawe, WARDA, 1995,
unpubl. data).

Description and biology. The African rice gall
midge is similar in appearance, behavior, and biology
and in the plant damage caused to that of the Asian
gall midge. The Asian gall midge is a severe pest of rice
especially in India, Sri Lanka, Thailand, and Indonesia.
It is well known for population variability as indicated
by biotypic reactions to differential varieties (Heinrichs
and Pathak 1981).

The description and biology of the African rice gall
midge are published in Bouchard et al (1992), Breniere
(1983), Umeh and Joshi (1993), and Dale (1994). The
adult midge is similar in appearance to a mosquito
(Fig. 95). It is 4.8 mm in length and has a bright red
abdomen; dark antennae, pronotum, and thorax; and
black eyes. The adult is attracted to artificial lights and
they can be used to increase the level of midge
populations in field evaluations of rice germplasm for
gall midge resistance.

Mating of the adults takes place soon after
emergence and oviposition begins within a few hours.
The adults live about 2-4 d during which the female
lays 100-200 eggs, either isolated, or in groups of
three to five at the base of stems, on the ligule, near
the base of rice leaves, or on leaf sheaths.

Eggs are elongated (cigar-shaped) and shiny white.
With development, they turn yellow and then amber
with red spots that appear just before hatching. Eggs
require extremely high humidity for hatching, which
may be a reason that they are pests during the rainy
season and are most serious on rainfed lowland and
irrigated rice. The incubation period is 3—-4 d. Newly
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hatched larvae are green-white and stout with a
pointed posterior end. Larvae have two pairs of distinct
spines, which disappear at the third larval instar, when
the larvae become milky-white with brown spiracles
and distinct mouth hooks. The larvae, upon hatching,
wiggle down the leaf blade in a film of dew and move
between the leaf sheath and the stem until they reach
the opening point of the apical or side bud at a node.
Oviposition, egg development, and penetration into the
stem take about 5 d. The larvae feed within the
developing bud, which is a zone of differentiation for
new tillers.

A hollow chamber called a ‘gall’ forms around each
larva. Galls form from 16 to 18 d after hatching. There
is only one larva per gall and the entire larval stage is
spent within the gall. As the larva feeds, the gall
enlarges at the base and elongates, having the tubular
appearance of an onion leaf. The gall consists primarily
of leaf sheath tissue with a small leaf at the tip.
Because the leaf sheath tissue is light green, the gall is
sometimes considered to be ‘silvery, hence the name
‘'silver shoot. There are three larval instars and the
larval period is from 15 to 20 d.

Pupation occurs within the gall. When galls are
observed, the insect is already in the pupal stage. The
pupa has several rows of abdominal spines that enable
it to move up to the tip of the gall before adult
emergence. The pupa makes a hole at the gall tip. The
pupal period varies from 2 to 8 d. The adult, upon
emergence, exits the gall through the hole, leaving the
pupal skin sticking out of the hole. Emergence of the
adult takes place at night or in the early morning. The
entire life cycle from egg to adult is 25-38 d. There
may be several generations within a crop season.

Parasitism is extremely important in the natural
control of the African rice gall midge (Nacro et al
1995). Dakouo et al (1988) reported larval parasitism
up to 77% in Burkina Faso. However, parasitism was
mainly due to the microhymenopterans, Platygaster
oryzae Cameron (Synonym: Platygaster diplosisae
Risbec) and Aprostocetus procerae (Risbec) (synonyms:
Tetrastichus pachydiplosisae Rishec and Aprostocetus
pachydiplosisae Risbec), both of which are established
late in the crop cycle. Ukwungwu and Joshi (1992)
reported P. diplosisae, A. pachydiplosisae, and
Aphanogmus spp. as parasitoids of the gall midge in
Nigeria, with P. diplosisae being the dominant species.
According to Harris (1987), further research should be
conducted on the biology and ecology of the African
rice gall midge with special emphasis on the parasite
and predator complexes, which could possibly lead to
an effective classical biological control program (Harris
1987).

Habitat preference. Orseolia oryzivora is reported
to occur in the humid tropical and Guinea and Sudanian
savanna zones of West Africa, but is more abundant in



the savanna (Table 2). In Nigeria, where the African
rice gall midge occurs in both the savanna and forest
zones, it is most common in the southern portion of
the Guinea savanna region of the country (Ukwungwu
and Joshi 1992). Stem dissections in three surveys
conducted in Cdte d'lvoire in 1995 indicated that gall
midge infestation was low, but populations were higher
in the Guinea savanna than in the humid forest region
(Fig. 12). In surveys conducted in Cote d'lvoire and
Guinea (Heinrichs et al 1995), tiller infestation was 0.9
and 0.6% in the savanna and forest, respectively, in
Cote d'lvoire and 1.3 and 0.0% in the savanna and
forest zones, respectively, in Guinea.

Williams et al (1994) studied seasonal changes in
African rice gall midge populations at four contrasting
sites in Nigeria (Fig. 39). They found gall midge larvae
in 0. longistaminata or 0. sativa from May to December
in the Guinea savanna zone, August to December in the

Gadza, Niger State
(Guinea savanna zone)

Galls (no. m™)

forest/savanna transition zone, and February to
December in the single- and double-cropped forest
zone sites. The host plant species observed varied with
locality and cropping pattern. In the forest zone, the
gall midge survived on O. sativa ratoons, but in the
savanna zone, wild perennial rice O. longistaminata was
the key dry-season host, with 0. sativa ratoons and
volunteers providing bridges between it and the rice
crop. In a wet-season study in Nigeria, gall midge
damage on ratoons was higher than on the main crop
(Joshi et al 1990).

According to Agyen-Sampong (1982), the African
rice gall midge is most abundant in the irrigated and
rainfed lowland ecosystems (Table 4) and does not
occur in the uplands. However, upland infestations are
not uncommon (E.A. Heinrichs, WARDA, 1994, personal
observation). In Burkina Faso, the African gall midge
was reported to feed on upland, lowland rainfed, and

Nauba, Enuga State
(forest/savanna transition zone)
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Fig. 39. Seasonal changes in population densities of African rice gall midge, Orseolia oryzivora Harris and Gagne, and parasitism by
Aprostocetus procerae (Risbec) and Platygaster diplosisae Risbec at four contrasting Nigerian sites. Gall densities are site averages,
including all main habitats. Lines under months indicate when rice crops were available. Percentages show average tiller infestation
levels for sampled rice crops. Host plants other than rice, on which galls were found, are indicated: OL = Oryza longistaminata A.
Chev. et Roehr, OSR = O. sativa L. ratoons, OSV = O. sativa volunteers (Williams et al 1995).
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lowland irrigated rice (Dakouo et al 1988). In the forest
region of Cote d'lvoire, severe feeding was observed in
rice, growing in hydromorphic environments, that was
planted late in the 1991 rainy season (E.A. Heinrichs,
WARDA, 1992, personal observation). Upland and
hydromorphic rice fields were attacked at M'bé in 1992,
during the peak of the rainy season, when misty rains
occurred almost daily. In surveys conducted in Céte
d’'lvoire in 1995, populations were low and were only
found in the lowland in the July (Fig. 13) and October
surveys, but larvae were present in both the upland and
lowland in August. However, as in Asia, the rice gall
midge appears to be of most serious economic
importance as a pest of lowland rice in Africa.

Taylor et al (1995) first reported the rice gall
midge in Sierra Leone in 1994. They observed rice
plants damaged by gall midge in upland nurseries,
hydromorphic areas, and in transplanted lowland fields
at the Rice Research Station, Rokupr. Typical onion
leaf-like symptoms were also observed on wild rices O.
longistaminata and O. barthii.

Plant damage and ecology. Orseolia oryzivora
shows more extreme variations in abundance, both
spatially and temporally, than other rice insect pests in
West Africa. It is the only rice insect pest in West
Africa for which there is evidence of a long-term trend
of increasing abundance over the last few decades. Gall
midge attack can result in heavy yield loss under
rainfed lowland conditions even at moderate
infestation levels (Williams 1997).

Orseolia oryzivora has risen to the status of a major
rice pest in certain regions of Nigeria (Ukwungwu et al
1989). Since it was first observed as a pest of rice in
Nigeria in the early 1950s (Harris 1960), it has
continued to increase in importance (Umeh et al 1992).
Recent surveys have given an indication that gall
midge infestations in other West African countries
appear to be less than in Nigeria. In 1995, when the
gall midge was first observed in Sierra Leone,
infestations in farmers’ fields reached 27% of hills
attacked (Taylor et al 1995). A 1995 wet-season survey
conducted by Hamadoun (1996) at six sites in the
central and southern portion of Mali indicated percent
tiller infestation levels ranging from 0.5% at Klela to
17 and 24% at Longorola and Baguineda, respectively.
In a survey conducted in lowland fields of Céte d'lvoire,
Guinea, and Guinea Bissau during the 1995 wet season
(Heinrichs et al 1995), tiller infestation was 1.6, 0.9,
and 2.0%, respectively. In the July, 1995 Céte d'lvoire
survey, 0. oryzivora was the least abundant of the
larvae feeding in rice stems (Fig. 23).

The African gall midge has been reported on the
weeds Paspalum polystachion (L.) and P. scrobiculatum
L. and the wild rice O. longistaminata in Burkina Faso
(Bonzi 1980). However, Harris and Gagne (1982)
examined the larvae and pupae collected on Paspalum
from Vallée du Kou in Burkina Faso and reported that
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the specimens represented an undescribed species of
Orseolia and not 0. oryzivora. Thus, it is likely that O.
oryzivora hosts are restricted to the Oryza genus (Harris
and Gagne 1982), and that 0. longistaminata is an
important host during the dry season. In studies
conducted in Nigeria (Williams et al 1994), host plant
species important for the dry-season survival of the gall
midge varied according to locality and cropping
pattern. In the forest zone, the insect survived on rice,
0. sativa ratoons, but in the savanna zone, wild
perennial rice O. longistaminata was the dry-season
host, with 0. sativa ratoons providing bridges between
it and the rice crop.

The Asian gall midge occurs in weeds such as
Cynodon, Echinochloa, Leersia, Panicum, Paspalum, and
wild rice 0. barthii during the dry season (Dale 1994).
With the onset of the monsoon rains, the midge
becomes active and completes one or two generations
in grasses before it moves to the rice crop (Reddy
1967). Early planting of the rice crops before the midge
emerges from the weeds is a cultural means of control
in Asia.

Rice gall midge attack occurs from the nursery or
seedling stage to the end of the tillering stage of crop
growth. Young larvae cannot survive in the plants past
the vegetative stage, as there are no actively growing
apical buds for them to infest. In the 1995 Céte
d’lvoire surveys, larvae or pupae were found in rice
stems only in the vegetative and booting stages of rice
growth (Fig. 14).

In studies conducted in Burkina Faso (Dakouo et al
1988), galls in field plantings were first observed at 30
DT and became most abundant at 70-90 DT of a 135-d
(seeding to maturity) variety. In a later study
conducted at the irrigated rice project in Karfiguela,
Burkina Faso (Nacro et al 1995), galls were first
observed at 42 days after sowing (DS) of the nursery
(27 DT) during the wet season and at 70 DS (55 DT)
during the dry season.

Rice gall midge damage occurs primarily during the
rainy season. At IITA, Ibadan, Nigeria, the rainy season
occurs during the months of June to November and
peak damage occurs in July (Fig. 40). However, gall
midge damage at I1TA was observed during the dry
season, November 1993 to January 1994. According to
Williams et al (1995), the gall midge was probably able
to reproduce through the dry period because low night
temperatures, typical of the ‘harmattan, produced dew
on the leaves, allowing some eggs and newly hatched
larvae to survive.

Date of transplanting of irrigated rice at Edozhigi,
Nigeria, had a distinct effect on gall midge infestation
of the rainy season crop (June to October) (Ukwungwu
1987b). Gall midge attack increased from about 10%
infested tillers when transplanted 25 Aug to about 30%
when transplanted 25 Oct.
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Fig. 40. Relationships between transplanting date, African rice
gall midge, Orseolia oryzivora Harris and Gagne, infestation
(line) and parasitism and predation levels within galls at 60 DT,
as indicated by percent mortality (bars). Parasitism and
predation were only determined if galls exceeded 7 per 100
hills. Parasitism due to Platygaster diplosisae Risbec and
Aprostocetus procerae (Risbec) was separated. IITA, Ibadan,
Nigeria (Williams et al 1995).

The rice gall midge produces a distinctly
characteristic plant damage symptom—a gall
resembling an onion leaf. Size of the gall varies,
depending on the host plant, but is usually about 3 mm
wide and 10-30 cm long. In studies in Nigeria, gall
length was reported to be from 26 to 41 mm. Abnormal
galls (spiral and twisted) were also observed
(Ukwungwu and Joshi 1992).

Larval feeding suppresses leaf primordial
differentiation at the growing tip and induces the
development of radial ridges from the innermost leaf
primordium followed by an elongation of the leaf
sheath (Perera and Fernando 1968). Galls appear within
a week after the larvae reach the growing point.
Feeding on seedlings leads to profuse tillering and
stunting of plants. A late infestation of the plants at
the reproductive shoot apex causes a malformation of
the leaves and panicles. Each gall represents a tiller
that will not produce a panicle. After adult emergence,
the gall turns yellow and then dries. The plant responds
by producing new tillers that may in turn be attacked
by the gall midge. If they are not attacked, they may
produce a panicle but maturity will be severely delayed.

In West Africa, Nigeria is reported to be the ‘hot
spot’ for gall midge infestation. Severe gall midge
incidence in Nigeria was reported in the states of
Plateau and Niger (Ukwungwu et al 1984). In 1988,
there was a severe outbreak in the Guinea savanna zone
(Ukwungwu et al 1989). Most severe damage was in
Abakaliki in Anambra State where up to 80% tiller
infestation was observed. About 50,000 ha of rice were
damaged and total grain losses were recorded in
severely infested fields. Outbreaks also reached

catastrophic proportions in the forest zone in Cross
River State in 1989 and in Akwa Ibom State. These
outbreaks attracted national attention because they
came at a time when rice importation had been
prohibited. Suggested reasons for the outbreaks were
1) favorable weather with high rainfall, extensive cloud
cover, and high humidity; 2) staggered planting of
highly susceptible varieties that provide a continuity of
favorable host plants; 3) the sale and exchange of gall
midge-infested rice seedlings; and 4) the use of
insecticides that have adverse effects on natural
enemies (Ukwungwu et al 1989).

Few experiments to determine gall midge-caused
grain yield losses have been reported in Africa. Studies
over a 5-yr period using the insecticidal check method
were conducted in the irrigated rice area in Karfiguela,
southwestern Burkina Faso (Nacro and Dakouo 1990).
Yield losses in 1982, 1983, 1984, 1986, and 1987 were,
respectively, 19, 17, 11, 11, and 3%.

Williams (1997) in Nigeria conducted on-station
and on-farm gall midge yield loss trials. In on-station
trials, he observed a yield loss of 0.5% for every 1%
increase in infested tillers at 84 DT. Results suggested
that under the fertile conditions of experiment station
fields, plants compensated well for gall midge attack
and this compensation continued even after the time
at which uninfested tillers would have passed the
panicle initiation stage. In on-farm trials, yield losses
were 2.3 (favorable site) and 3.1% (unfavorable site)
per 1% increase in tillers with galls at 63 DT. This was
considerably higher than in the on-station trial. Thus,
one gall per five tillers at 49-63 DT caused 40 and 60%
yield losses, respectively.

Nacro et al (1996) studied the relationship
between gall midge adult populations and yield losses
in 1-m? plots of caged rice seedlings. Yield losses
ranged from 22% at one midge pair to 65% with 25
pairs m2. The infestation by the insects on the plants
resulted in compensatory tillers that developed in
response to the damage. However, the compensation
was not sufficient to make up for the loss of yield due
to the damaged tillers. One percent of tillers damaged
resulted in 2% grain yield loss. In Asia, Israel et al
(1959) reported that a 1% increase in infested tillers
caused a 0.5% loss in grain yield. Israel et al (1959)
also report that infestations are most severe when the
first rains are early and are followed by a relatively long
drought, which delays rice planting. The first
generation occurs on grasses and, when rice becomes
available, it is attacked. The extent of damage is
related to the availability of host plants, the amount of
rain (especially at the beginning of the season), and
the cropping pattern in a locality. Wide varietal
differences exist in the effect of gall midge infestations
on yield losses.

Certain cultural practices affect population levels
of the Asian gall midge. Incidence decreases with high
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levels of phosphate in combination with nitrogen and
increases with high levels of potash (Israel et al 1963).
Close spacing of transplanted rice resulted in a greater
number of tillers and more leaves per unit area, an
increase in the relative humidity within the canopy and
a subsequent increase in gall midge incidence (Prakasa
Rao 1975). In Nigeria, nitrogen and close plant spacing
increased the number of gall midge-infested tillers
(Ukwungwu 1987d).

Leafthoppers and planthoppers

Rice leafhoppers (Cicadellidae) and planthoppers
(Delphacidae) have become important pests in Asia
where, in recent decades, infestations have assumed
epidemic proportions coterminous with the Green
Revolution. The genera occurring in Asia are also
present in West Africa but the species are different. The
West African species are similar in appearance to Asian
species but they are of only minor importance. In Asia,
their importance has escalated with the intensification
of rice production, especially the use of insecticides.
Asian species not only cause direct plant damage, by
removing the sap from leaves and stems, but several
are also efficient vectors of rice viruses. No West
African species has been shown to be a rice virus
vector.

Leafhoppers attack all aerial parts of the plant but
planthoppers occur primarily on the basal portion of
the plant (Dale 1994). Oman (1949) classified the
types of damage caused by leafhoppers and
planthoppers into four categories: 1) removal of plant
sap from the xylem or phloem, 2) damage to plant
tissue and deformation of leaves and stems through
oviposition, 3) transmission of pathogens, and 4)
predisposition of the plants to pathogens that
penetrate the oviposition and feeding punctures left by
the hoppers in plant tissue. In Asia, leafhoppers are a
threat to production mainly because of their efficiency
in vectoring rice viruses, but generally do not cause
direct damage by the removal of plant sap. The brown
planthopper, Nilaparvata lugens (Stél), however, is a
serious pest because it causes direct damage through
the removal of large amounts of plant sap, and as a
vector of several serious rice viruses (Heinrichs 1979).

In Asia, the sudden increase in the importance of
these pests in the 1970s was attributed to the changes
in cultural practices accompanying the intensification
of rice production during the Green Revolution. It
appears that high levels of nitrogen fertilizer,
monocultures, continuous cropping, and mainly the
application of insecticides that cause hopper
resurgence are some of the intensification practices
contributing to leafhopper and planthopper outbreaks
(Heinrichs and Mochida 1984). In West Africa, where
these insects are not known to carry viruses and where
rice production intensification has been limited, the
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hoppers are still considered as only potential pests,
which should be closely monitored as production
practices are intensified.

Intensive surveys of the leafhoppers and
planthoppers inhabiting West African rice environments
are lacking. Also, their role as vectors of rice viruses in
West Africa has not been determined. Based on the
examination of museum specimens, Wilson and Claridge
(1991) described the rice leafhoppers and planthoppers
occurring on rice in the region south of the Sahara and
have developed taxonomic keys for the identification of
adults.

Wilson and Claridge (1991) list three planthopper
species of the Delphacidae family that occur on rice in
West Africa, Nilaparvata maeander Fennah (Fig. 348),
Tagosodes cubanus (Crawford), and Sogatella kolophon
(Kirkaldy) (Fig. 351). The literature and the WARDA
Arthropod Reference Collection add Delphacoides
aglauros and Sogatella nigeriensis to the delphacid
species list in West Africa (Table 5). Closely related
species attacking rice in Asia are the brown
planthopper, N. lugens (Stal) and the whitebacked
planthopper, Sogatella furcifera (Horvath). Sogatella
kolophon is widely distributed in the world, occurring
in West Africa, Australia, the Orient, the Atlantic
Islands, the Pacific, the Ethiopian region, the New
World, and the eastern Palearctic. It is most commonly
found in the tropics. Tagosodes cubanus also occurs in
South and Central America where it is a vector of the
hoja blanca virus of rice, which can cause up to 50%
yield loss (King and Saunders 1984).

Nisia nervosa (Motschulsky) is the only member of
the Meenoplidae family attacking rice. The preferred
host plant appears to be sedge species (Cyperaceae),
but rice is frequently used as a host (Wilson and
Claridge 1991). Grist and Lever (1969) mention it as a
minor pest of rice and Huang and Qi (1981) have
recorded it on rice and sugarcane in China.

Locris spp. (Cercopidae) are confined to Africa.
They are easily recognized by their large size and red,
orange, or brown coloration and patterning of the fore
wings and head. Little is known about the biology of
Locris spp. Akingbohungbe (1983) records Locris rubens
Erichson, L. maculata maculata F., and L. rubra F. as
minor pests of cereals in Nigeria. The most common
Locris spp. occurring on rice are L. erythromela
(Walker), L. maculata maculata, L. rubra, and L. rubens
(E.A. Akinsola, WARDA, 1992, pers. commun.). They
prefer irrigated and lowland rice to upland rice. Severe
plant damage caused by Locris spp. is not common but
leaf bronzing and wilting can occur.

Wilson and Claridge (1991) list five species of
cicadellids in West Africa. Fourteen Cicadellidae species
have been reported in the literature (Table 5).
Nephotettix spp. are severe pests of rice in Asia where
N. virescens (Distant), N. cincticeps (Uhler), and N.
nigropictus (Stal) are vectors of the virus diseases



tungro, rice transitory yellowing, rice dwarf virus, rice
gall dwarf, and yellow dwarf. In West Africa, N.
modulatus Melichar and N. afer Ghauri are, so far, of
only minor importance, as they are not known to be
virus vectors and populations seldom reach levels where
feeding injury causes economic damage to rice.

Two other cicadellid species, Cofana spectra
(Distant) and C. unimaculata (Signoret) occur on rice in
West Africa. Both are widely distributed in the Old
World tropics from Africa to Australia. Cofana spp. are
not known to be virus vectors in any region of the
world. There are several cicadellid species of the genus
Recilia that are found on rice throughout the world. Of
these, the zigzagged leafhopper, R. dorsalis
(Motschulsky), is an important rice pest in Asia where
it transmits tungro, rice dwarf virus, rice gall dwarf
viruses, and orange leaf (Wilson and Claridge 1991).
Recilia mica Kramer (Fig. 376) has only been recorded
from West Africa (Kramer 1962) where it has been
reported on rice (Zakra et al 1986), but evidence of
crop damage has not been reported.

Little is known about the biology and ecology of
planthoppers and leafhoppers that occur on rice in
West Africa. However, the known literature and research
conducted at WARDA on Nephotettix, Cofana,
Nilaparvata, Nisia, and Locris spp. are reported below.

Green leafhoppers, Nephotettix afer Ghauri
(Fig. 374) and Nephotettix modulatus
Melichar (Fig. 375); Hemiptera: Cicadellidae
The Nephotettix genus in West Africa is represented by
two species, N. afer and N. modulatus (Ghauri 1968).
Nephotettix modulatus has also been recognized as N.
africanus Emeljanov (Wilson and Claridge 1991).

Country distribution. N. afer: Céte d'lvaire,
Guinea, Guinea-Bissau, Nigeria; N. modulatus: Benin,
Cote d'lvoire, Ghana, Guinea, Guinea-Bissau, Liberia,
Nigeria, Senegal, Togo.

Nephotettix modulatus is believed to be widely
distributed in sub-Saharan Africa, extending southward
to Tanzania and Angola, and in North Africa and the
Middle East (Ghauri 1971). Nephotettix afer may be
more widely distributed in West Africa than in the four
countries listed in Table 5. It has a more southerly
distribution than N. modulatus, having been found in
South Africa. In contrast to N. modulatus, N. afer is not
found in North Africa or the Middle East (Ghauri 1971).
Like N. modulatus, it has been reported in Angola,
Ethiopia, Kenya, Madagascar, Sudan, Tanzania, Uganda,
and Zambia (Dale 1994). In countries where both N.
modulatus and N. afer occur, they may be found
together in the same rice fields.

Description and biology. Information regarding
the biology of Nephotettix spp. in West Africa is scanty.
More research is needed to determine the distribution,
biology, and ecology of these species and their possible
role as virus vectors in West Africa.

Nephotettix modulatus (Fig. 375), being green with
black markings on the wings and head, is similar in
appearance to N. nigropictus, an Asian species, with
which it is often confused. Nephotettix afer (Fig. 374)
differs from N. modulatus in that it has a distinct,
complete submarginal black band on the vertex of the
head, while in N. modulatus, the black band is
separated or reduced in the middle (Wilson and Claridge
1991). Also, N. modulatus is lighter in color than N.
afer, slightly larger, and differs in that the ovipositor is
longer, and the dorsal setae of male pygofers are longer
(Dale 1994). The color pattern of N. afer is even more
similar to that of N. nigropictus than is N. modulatus.
Three transverse marginal and submarginal black bands
on the vertex are well developed.

Both the nymphs and the adults of Nephotettix
spp. suck sap from the leaves and leaf sheaths. Eggs
are deposited in groups of 10-25 in slits made by the
ovipositor in leaf sheaths of growing rice plants. The
incubation period is 4-10 d. Nymphs, upon hatching,
suck the sap from leaves. High mortality occurs in the
nymphal stage due to the predatory activity of spiders
(E.A. Akinsola, WARDA, 1992, pers. commun.).

Habitat preference. In the three surveys
conducted in Céte d'lvoire in 1995, Nephotettix spp.
populations were similar in the forest and savanna
climatic zones in the July and October surveys.
However, they were significantly higher in the forest
zone in the August survey being 11.4 per 500 sweeps
compared with 5.8 per 500 sweeps in the savanna (E.A.
Heinrichs, WARDA, 1995, unpubl. data). In the 1995
survey in Guinea, Nephotettix populations were not
significantly different in the two climatic zones, being
12.0 per 500 sweeps in the forest zone and 16.9 in the
savanna (C. Williams and E.A. Heinrichs, WARDA, 1995,
unpubl. data).

Nephotettix leafhoppers are distributed throughout
the toposequence from the uplands to the lowlands.
However, populations are generally higher in the
lowlands. Agyen-Sampong (1982) reported higher
populations in rainfed lowland, mangrove swamp, and
irrigated ecologies than in upland rice (Table 4). In the
1995 surveys in Cote d’lvoire, sweep net counts were
3.5 and 8.0 per 500 sweeps in the uplands and
lowlands, respectively, in July, and 7.1 and 11.4,
respectively, in August. In studies conducted on the
WARDA M'bé Farm, the highest Nephotettix populations
were found at the lower portion of the toposequence;
the lower hydromorphic zone and the lowland (Oyediran
et al 1999a) (Fig. 41). Also, nonweeded plots had
higher populations than weeded plots in WARDA studies
(Afun et al 1995).

Plant damage and ecology. Host plants of N.
modulatus, other than rice, are Rottboellia
cochinchinensis (Loureiro) Clayton, L., Ischaemum
rugosum Salisb., and Paspalum vaginatum Swartz.
Alghali and Domingo (1982) reported that N. modulatus
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Fig. 41. Number of Nephotettix spp. adults collected by sweep

net in weeded and nonweeded rice plots at five toposequence

sites on the continuum (E.A. Heinrichs, WARDA, M’bé, 1992,
unpubl. data).

Number of adults 1,800 sweeps
180

160~
140
120 -
100
80
60 [
40
20
0

2 4 6 8 10 12
Weeks after transplanting

Fig. 42. Number of Nephotettix spp. adults collected by sweep
net at the indicated weeks after transplanting of lowland rice
(variety Bouaké 189) plots. Numbers represent a total of 12
monthly transplanting dates throughout | yr, May 1994-April
1995 (E.A. Heinrichs, WARDA, M’bé, 1995, unpubl. data).
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Fig. 43. Number of Nephotettix spp. adults collected by sweep
net in lowland rice (variety Bouaké 189) plots transplanted at
monthly intervals throughout | yr, May 1994-April 1995.
Numbers represent the total number of adults collected at
biweekly intervals from 2 to 12 WAT over six sample dates
(E.A. Heinrichs, WARDA, M’bé, 1995, unpubl. data).
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nymphs were found on R. cochinchinensis and 1.
rugosum in the mangrove swamps of Mawir, Sierra
Leone, when rice was at the heading stage and on P.
vaginatum in mangrove swamps at Rokupr, Sierra Leone,
when rice was at the vegetative stage.

Nephotettix leafhoppers in irrigated rice on the
WARDA M'bé Farm are present from shortly after
transplanting to near harvest. Peak populations occur
from 4 to 8 WAT (Fig. 42).

Nephotettix spp. are present in irrigated rice at
WARDA throughout the year (Oyediran and Heinrichs
1999). Populations in monthly plantings were lowest in
plots transplanted during the dry season and harmattan
period, December to January. Highest populations
occurred during the rainy season when about 0.14
hoppers sweep were collected in the August
transplanting (Fig. 43).

Feeding on rice is mostly confined to the leaf and
leaf sheath. Low infestation levels may reduce vigor of
the plant and the number of productive tillers. Heavy
infestation levels, which are not common, cause
withering and complete drying of the crop.

Length of the fallow period, prior to the sowing of
upland rice, has an effect on leafhopper populations.
Studies conducted in the forest region of Cote d'lvoire
indicated that leafhopper populations in rice, planted
after a fallow period, increase as the length of the
fallow increases (Heinrichs et al 1993a).

White rice leafhoppers, Cofana spectra
(Distant) (Fig.367) and C. unimaculata
(Signoret) (Fig.366); Hemiptera:
Cicadellidae

Two species of the Cofana genus are common in West
African rice fields. Wilson and Claridge (1991) regard
Cofana spectra (Distant) to be a pest.

Country distribution. C. spectra: Benin, Burkina
Faso, Cote d'lvoire, Guinea, Guinea-Bissau, Mali,
Nigeria, Togo; Cofana unimaculata: Benin, Burkina Faso,
Cote d’lvoire, Guinea, Guinea-Bissau, Liberia, Mali,
Nigeria, Togo.

Cofana spectra and C. unimaculata probably occur
throughout West Africa (Descamps 1956, Breniére
1969) and have a wide distribution in the Old World
tropics from Africa to Australia (Wilson and Claridge
1991).

Description and biology. Cofana spectra (Fig. 367)
and C. unimaculata (Fig. 366) are the largest of the
leafhoppers occurring on rice in West Africa. They are
easily distinguished. Cofana spectra is characterized by
its larger size; the presence of a large, central, black
spot on the vertex of the head toward the posterior
margin (Fig. 367); and the brown lines on the fore
wing.

Adults of C. spectra are found on the lower surface
of the leaves or at the base of the plant. Adults are
attracted to light at night. Females oviposit by making



a cut parallel to the long axis of the leaf with their
saw-like ovipositors. The eggs are laid in rows of 10-15
across the slit at the base of the plant above the water
level. The number of eggs laid per female is about 50
and they hatch in 5-12 d.

Both Cofana species are parasitized by the
strepsipteran parasite, Halictophagus sp. In a survey
conducted in farmers’ fields throughout Céte d'lvoire,
parasitism of C. spectra averaged 21%, while that of C.
unimaculata averaged 12% (Heinrichs 1994). In a
survey conducted in Guinea, strepsipteran parasitism of
Cofana spp. averaged about 18% (C. Williams and E.A.
Heinrichs, WARDA, 1995, unpubl. data). In lowland
rice, on the WARDA Mbé Farm, C. spectra parasitism by
Halictophagus australensis Perkins reached 100% at 65
DT, while C. unimaculata peaked at 45% at 75 DT
(Oyediran et al 2000a).

Habitat preference. Cofana spp. are more abundant
than the Nephotettix spp., particularly in upland rice.
Populations of C. unimaculata in Céte d'lvoire are
generally two to three times those of C. spectra in the
various climatic zones and ecologies. Both species are
abundant in the forest and savanna zones. In the three
1995 surveys conducted in Cote d'lvoire,