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ABSTRACT

A survey of farmers’ peanut fields in Benin showed
that Aspergillus flavus Link ex Fries infection was influ-
enced by Microtermes (Isoptera: Termitidac) damage.
Field trials conducted at the ICRISAT station and a
farmer’s plot in Mali on termite damage and Aspergillus
spp. infection showed that peanut plots treated with
carbofuran at planting and supplemented with chlorpyrifos
at 40 days after planting (dap), or treated with only
chlorpyrifos at 40 dap, significantly reduced pod damage
by the termite M. lepidus Sjostédt. and colonization by
A. flavus. The cultivar ICG 10946 which had signifi-
cantly more A. flavus (P < 0.05) also had a higher
percentage of damaged pods compared with the other
cultivars at the on-station trials. The least infected culti-
var in all the trials was 47-16 which also had a compara-
tively lower percentage of termite-damaged pods, al-
though this was not significant. However, termite dam-
age was correlated with A. flavus percentage coloniza-
tion.

Key Words: Groundnut, Microtermes spp., pod dam-
age, pod scarification.

Peanut (Arachis hypogaea L.), aleguminous plant rich
in protein and oil, is grown predominantly in the semi-
arid tropics of many developing countries (FAO, 1996).
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Production in West Africa showed a continuous decline
from 1966 to 1985, followed by a period of expansion
between 1985 and 1995 due to the cultivation of more
available land (Debrah and Waliyar, 1997). In the West
African subregion, peanut is exported to earn foreign
exchange. It is also sold locally for the manufacture of
cooking oil and various domestic uses and thus generates
income for farmers.

One of the important factors that contributed to the
decline of foreign exchange earnings in peanut exporta-
tion was the problem of pod contamination by aflatoxins.
These are highly carcinogenic mycotoxins produced by
the Aspergillus group fungi (Diener et al., 1982). These
fungi produce aflatoxin B, the most potent naturally
occurring carcinogenic substance known, causing liver
damage to animals, including humans (CAST, 1979).
The consistent association of insect damage with sporu-
lation of A. flavus Link ex Fries suggests that an impor-
tant role is played by insects in aflatoxin contamination
(Widstrom, 1979). The insects carry Aspergillus spores
which come in contact with the attacked pods. Further-
more, the presence of spores and mycelium of the fungus
on the surface of kernels is likely to facilitate invasion of
kernels by fungi that are injured by insects. In some West
African countries, termites and other soil pests are major
causes of peanut pod damage and associated with As-
pergillus infection and aflatoxin contamination
(McDonald and Hackness, 1963, 1964; McDonald et al.,
1964; McDonald, 1969; Johnson and Gumel, 1981; Pollet
and Decleret, 1987; Umeh, 1997). Termite damage is
observed either as scarification or direct penetration of
pods (Johnson et al., 1981; Wightman and Wightman,
1994, Umeh, 1997), both of which favor fungal infection.
Aspergillus infection and aflatoxin contamination of pods
are favored by drought and high soil temperatures that are
characteristic of the later part of the cropping season in
many peanut production regions (Hill et al., 1983;
Blankenship et al., 1984; Cole et al., 1985; Diener et al.,


mailto:emnumea@mail.skannet.com

9 PEANUT SCIENCE

1987). These conditions also are known to increase
termite attack in the semi-arid tropics.

Aflatoxin contamination of peanuts has been recog-
nized as a serious problem for more than two decades in
West Africa. Despite numerous studies, no strategies
exist for minimising their contamination, through for
example, reducing the soil-borne insect pests that con-
tribute to the problem. There are few control options
available to resource-poor farmers whose awareness of
the dangers of aflatoxin contamination of peanut gener-
allyislimited. The present study therefore had the objec-
tives of (a) assessing the level of Aspergillus colonization
in relation to peanut damage by termites in farmers’
fields, and (b) reducing Aspergillus colonization by in-
secticide applications and use of peanut cultivars less
susceptible to termite attacks.

Materials and Methods

Survey of Farmers” Peanut Fields in Benin. Twenty-
three peanut fields belonging to farmers in Kandi, Ndali, and
Savé areas of Benin (situated between latitudes 8° and 12°S)
planted to a 90-d cultivar locally called Moto or to the 120-
d cultivar 69101 (Manga) were surveyed during harvest of
the 1997 cropping season. Fifteen plants were uprooted
along transect lines within an area of 1600 m* situated in the
middle of each farm. Plants were examined externally for
termite damage. Pods of uprooted plants were removed,
examined for termite damage (classified as scarified or
perforated), and put into paper bags. The pods were dried
under atmospheric conditions and shelled. Samples of 50
seeds were taken per field for Aspergillus spp. infection
studies.

Field Trial on Seed Infection by Aspergillus spp. at
Samanko in 1996. A termite-infested field at the ICRISAT
station at Samanko (latitude 12¢° 31’S) in Mali was planted
to 10 peanut cultivars of 90-120-d maturity—namely 28-
206, ICGS 11, 47-10, ICG (FDRS) 4, ICG (FDRS) 10, 55-
437, J11, 47-16, JL 24, and ICG 10946. Each cultivar was
planted in plots treated with 5 kg ai/ha carbofuran (Furadan®)
and in nontreated plots. The dimension of each plot was 4
x 4 m. The experiment was planted in a randomized com-
plete block design with four replications. Each plot was
eight rows wide with 50 ¢cm between rows and 25 cm
between plants within the rows. Single superphosphate at
100 kg/ha was applied to each plot at the time of land
preparation.

At the appropriate harvesting dates, 10 plants were har-
vested at random from the inner rows of each plot. The
number of pods scarified or perforated by Microtermes spp.
was recorded. The pods were dried and samples of 50 seeds
were taken from each plot for the assessment of percentage
Aspergillus spp. colonization.

On-Station and On-Farm Termite Damage Trials in
1997. Termite-infested plots in ICRISAT station at Samanko
and in a farmer’s plot at Kita (latitude 12°50’S) in Mali were
used for 1997 trials. The same plot dimensions and plant
spacing as in the 1996 trials were maintained. The layout was
a split plot design with the insecticide treatments as main
plots and cultivars as subplots. The treatments included the
following: (a) carbofuran granular formulation at 5 kg ai/ha
at planting, (b) chlorpyrifos (Dursban®) EC at 480 mL ai‘ha
at40 dap, (c) carbofuran at 5 kg ai/ha at planting + chlorpyrifos
at 480 mL ai‘ha at 40 dap, and (d) no insecticide treatment

(control plots).

Three of the cultivars which were less susceptible to
termite damage in the 1996 trials [55-437, 47-16, and ICG
(FDRS)10], and two relatively susceptible cultivars (ICG
10946 and J11) were used for the Samanko and Kita trials,
respectively. J11 was used only for the Kita on-farm trial due
to insufficient seeds of ICG 10946. At harvest, 10 randomly
selected plants were uprooted per plot and the number and
percentage of pods attacked by termites were recorded.

Laboratory Determination of Peanut Fungal Invasion of
the Farmers’ Plots and Field Trials. To determine the
percentage of Aspergillus-infested seeds in the survey and
field trials, 50 seeds per field or per treatment (in the trials)
were distributed in three petri dishes lined with filter paper
after being sterilized in 1% sodium hypochlorite solution for
30 sec. The petri dishes were maintained humidified for 6 d.
Records of the number of seeds infested by Aspergillus spp.
per field or treatment were recorded at the end of 1 wk of
incubation under average temperature and relative humidity
of 25 C and 65%, respectively. Identification of Aspergillus
spp. was based on conidial color by using identification
keys.

.ZN OVA was computed for all data (P = 0.05) associated
with Aspergillus spp. infections in the field trials. The means
of significant tests were separated using the Duncan Mul-
tiple Range Test. Aspergillus spp. colonization was corre-
lated with termite pod damage.

Results

Survey of Farmers’ Fields for Aspergillus spp.
Colonization. During the survey of peanut farms in
Benin, 40% of the fields observed were partly harvested.
Uprooted plants were heaped into rows in the fields for
the pods to dry. External observations made on sampled
plants showed that 5 to 31% were attacked by Microtermes
spp. in each farm. Termites also damaged peanut pods.
The percentages of damaged pods (scarified and perfo-
rated by Microtermes) per farm ranged between 12.2 and
35.8% (Table 1). Seven out of 23 fields had low percent-
ages of pods colonized by Aspergillus (0-5%), while four
fields recorded substantial levels of pod colonization (>
23%). Laboratory bioassays showed that seeds were pre-
dominantly colonized by A. flavus, with a lower occur-
rence of A. niger Van Theighem (Table 1). A positive
correlation (r = 0.6; df = 21; P < 0.002) was found
between A. flavus percentage and termite damage (a
summation of the percentages of scarified and perfo-
rated pods). No correlation was found between termite
damage and A. niger infection, or separately between the
various categories of pod damage (pod scarification or
perforation) and the identified Aspergillus spp.

On-Station and On-Farm Trials on Termite Damage
of Pods and Aspergillus spp. Infection. In all trials,
termite damage of the pods was by M. lepidus Sj6stedt.,
whereas damage by Odontotermes  spp.
(Isoptera:Termitidae) was negligible. Substantially high
percentages (> 30%) of seeds were colonized by A. flavus
in plots of the cultivars ICG 10946 (both treated and
nontreated) and nontreated 28-206 in the 1996 trial.
Apart from JL 24 (treated and untreated), untreated ICG
(FDRS) 10 and 47-10 colonization of the seeds of other
treated or nontreated cultivars seldom exceeded 23%.
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Table 1. Colonization of termite-damaged peanut pods of cultivar Moto and Manga by Aspergillus spp. in farmers’ fields in Benin.
Pods scarified Podsperforated Total Seeds with
Survey area Peanut cultivars by termites by termites damaged pods A flavus A niger
% % % %

Kandi

1 Moto 18.0 6.0 24.0 7 6

2 Moto 5.3 13.0 18.3 18 9

3 Moto 14.4 17.7 32.1 24 0

4 Manga 9.6 19.0 28.6 4 2

5 Manga 8.9 20.8 29.7 28 10

6 Manga 27.0 6.9 33.9 19 2

7 Manga 0 14.7 14.7 1 0

8 Moto, Manga 3.6 21.7 25.3 26 25
Ndali

1 Moto, Manga 12.8 16.2 29.0 13 4

2 Manga 8.7 10.0 18.7 2 0

3 Manga 6.2 11.1 17.3 7 1

4 Manga 0 18.5 18.5 2 0

5 Manga 15.0 16.2 31.2 17 0

6 Manga 117 21.3 33.0 10 10

7 Manga 2.4 24.4 26.8 7 5

8 Manga 10.2 25.6 35.8 32 18
Savé

1 Moto 10.0 5.8 15.8 14 8

2 Manga 10.7 11.5 22.2 10 6

3 Moto 15.0 3.0 18.0 18 3

4 Moto 11.2 14.0 25.5 4 5

5 Moto 4.6 79 12.2 4 2

6 Moto 10.0 55 15.5 6 4

7 Moto 12.5 12.5 12.5 3 0
Mean 9.87 14.05 23.41 12 5.2

+SE +1.29 + 1.37 + 1.56 +1.96 +1.3

However, 47-16, ICG (FRDS) 4, and treated cultivars of
47-10,1CG (FRDS) 10 and J11 had comparatively lower
percentages of seeds colonized by A. flavus, while 55-437
had the lowest percentage colonization (Table 2). As-
pergillus flavus percentage colonization was weakly cor-
related to the percentage of pods damaged by termites (r
= 0.43; df = 18; P < 0.05) in 1996. The invasion of the
seeds by other fungi such as A. niger and Fusarium spp.
was negligible.

Insecticide application, cultivar, and interactions of
insecticide and cultivar significantly (P < 0.05) reduced
Aspergillus spp. colonization of seeds in the various
treatments at Samanko in 1997. Seeds from pods of
cultivar ICG 10946 that were most damaged by termites
(Fig. 1) also were significantly more colonized than the
other cultivars (Table 3) at Samanko, while the least
damaged cultivar 47-16 (Fig. 1) was less colonized by
Aspergillus spp. at Kita. Observation of selected visibly
undamaged pods in the field trials of Samanko and Kita
showed relatively lower seed colonization by A. flavus
compared to those from damaged samples, with a lower
colonization of 47-16 and 55-437, and significantly higher

colonization of ICG 10946 cultivar at Samanko com-
pared to other cultivars (Table 3). Aspergillus flavus
colonization of J11 was only significantly higher than that
of 47-16 at Kita. Peanut seeds from plots treated with
carbofuran + chlorpyrifos at Samanko that were observed
to be less damaged by termites (Fig. 2) were significantly
less colonized by A. flavus than seeds from the control
plots and carbofuran-treated plots (Table 4). Seeds from
plots treated only with chlorpyrifos at 40 dap also were
significantly less colonized by A. flavus than those from
the control plots at Samanko. Insecticide effects on A.
niger colonization were not significant. Termite damage
(scarified and perforated pods) was positively correlated
(r = 0.58; df = 46; P < 0.001) with A. flavus occurrence
in 1997. The correlation between termite pod damage and
A. niger seed colonization was low and nonsignificant. A

separate analysis of the correlation between Aspergillus
spp. percentage colonization and the percentage of pods

scarified or perforated by termites was not significant.

Discussion
The high pod damage caused by termites in farmers’
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Fig. 1. Cultivar effects on termite damage of peanutpods in field trials at Samanko and Kita during the 1997 cropping season.
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Fig. 2. Effect of insecticides on termite damage of peanut pods in field trials at Samanko and Kita during the 1997 cropping season.
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fields in Benin (up to 35%) may have contributed to the
high A. flavus population colonization observed in bioas-
says because the percentage of damaged pods was posi-
tively correlated with A. flavus percentage colonization.
The latter species was more predominant than A. niger
which showed a relatively low infection of peanut seeds
and no correlation with termite damage. The farmers’

Table 2. Cultivar and insecticide effects on A. flavus infection of
termite-damaged peanut pods in Samanko during 1996 in an on-
station field trial.*

A. flavus Damaged

Cultivars Treatment colonization pods
% %

ICG 10946 None 463 a 315b
ICG 10946 Carbofuran 34.7 ab 275b
28-206 None 34.3 ab 5.0
JL 24 None 28.7 be 400 a
47-10 None 26.8 bed 285D
JL 24 Carbofuran 26.0 bed 22.5 cde
ICG(FDRS)10  None 25.7b-e 30.0b
ICGS 11 Carbofuran 23.0 b-e 23.0 cde
ICGS 11 None 22.3 b-e 235 cd
47-16 None 14.3 cde 1.0k
47-10 Carbofuran 13.0 cde 12.5h
28-206 Carbofuran 12.0de 8.5 hi
47-16 Carbofuran 11.7de 1.0k
ICG (FDRS) 10  Carbofuran 11.0de 18.5fg
55-437 Carbofuran 10.7 de 10.0 h
ICG (FDRS) 4 None + 10.0de 16.0 g
J11 None * 10.0de 25.0 be
ICG (FDRS)4  Carbofuran ~ ~ 8.0ef 175¢g
J11 Carbofuran 7.0 ef 25.5 be
55-437 None 57f 21.0 ef
Mean 19.05 194
SE (1) 2.57 2.41

“Means in the same column followed by the same letters are not
significantly different at P = 0.05.

Table 4. Insecticide effect on Aspergillus spp. colonization of
termite-damaged peanut pods in 1997 on-station trials at
Samanko and on-farm trials at Kita.

Seeds with the indicated
Aspergillus spp.” (data from 50 seed)

A. flavus A. niger
Treatment Samanko Kita  Samanko Kita
% %
Control 20.7a 125a 84a 85a
Carbofuran 20.1ab 12.1a 70a 65a
Chlorpyrifos at 40 dap 152be 10.7a 71a 57a
Carbofuran + chlorpyrifos 14.7¢ 11.7a 10.0a 52a
Mean 17.67 11.7 812 64
SE (1) 0.89 0.44 059 0.60

*Mean percentages of colonization in the same column fol-
lowed by the same letters were not significantly different (P =
0.05).

practice of heaping uprooted peanut plants in the fields
for pods to dry, as observed during the survey in Benin,
also may have contributed to high termite infestation and
damage because these heaped plants may have acted as
food reservoirs for termite colonies (Umeh and Ivbijaro,
1997) and subsequent colonization by Aspergillus spp.
Interviews with farmers in the surveyed areas (V. C.
Umeh et al., unpub. data) indicated termite damage has
been a perennial problem. Incidences of more than 50%
pod damage have been recorded on some farms. There is
likely to exist a relationship between termite damage and
A. flavus colonization because it has been established
that insects physically move conidia adhering to their
bodies onto plant parts during feeding (Urban et al.,
1987). Reports indicated that, although damage is not a
prerequisite for A. flavus formation, the incidence of A.
flavus and levels of aflatoxin contamination were higher
in damaged kernels than in sound mature kernels (Hill et
al., 1983; Blankenship et al., 1984; Bowen and Mark,
1993).

Table 3. Effect of cultivar and termite damage to pods on Aspergillus spp. colonization in on-station trials at Samanko and on-farm trials at

Kita in 1997.
Seeds with the indicated Aspergillus spp. (data from 50 seed)"
A. flavus A. niger
Samanko Samanko Kita

Cultivar Damaged Undamaged  Damaged Undamaged Damaged Undamaged Damaged Undamaged

% %
55-437 14.7b 0Ob 13.7a 6a 6.7b 0b 83a 0b
ICG 110946 22.7a 8a — — 126 a 6a — —_
J11 — — 13.7 a 8a — — 72a 6a
ICG (FDRS) 10 174b 4b 16.0 a 6a 73b 4 ab 92a 2b
47-16 159b 2b 3.7b 2b 6.6 b 0b 12b 0b
Mean 17.67 3.5 11.7 55 8.3 2.5 6.4 2
SE (+) 0.79 0.92 1.17 0.79 0.85 0.86 0.95 0.84

*Mean percentages of colonization in the same column followed by the same letters were not significantly different (P = 0.05).
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In the 1996 on-station field trial, termite damage
partly contributed to higher incidence of A. flavus in
some cultivars as evidenced by the positive correlation
obtained between pod damage and A. flavus. However,
since no additional insecticide treatment was applied
after carbofuran was administered at planting, most of
the termite control achieved in terms of reduced pod
damage may be attributed to low susceptibility of the
cultivars to termite attack. An additional insecticide ap-
plication may have further reduced termite damage and
clearly expressed the effect of cultivar on A. flavus colo-
nization. The correlation between termite damage and
A. flavus colonization in 1996 was therefore low.

In the subsequent trials conducted in 1997 at the
various sites (on-farm and on-station trials), with addi-
tional insecticide and application periods, the results
indicated that the correct timing of insecticide applica-
tion reduced termite damage and contributed to lower A.
flavus invasion of seeds. The application of chlorpyrifos
at 40 dap, or carbofuran at planting + chlorpyrifos at 40
dap, significantly reduced colonization of seeds by A.
flavus in the on-station trial compared to the nontreated
control. Chlorpyrifos has enough residual activity (Mack
et al., 1991) to reduce termite damage and consequent
infection by aflatoxigenic fungi from the time of applica-
tion through pod formation and maturity. The same
effectiveness was observed in the on-farm trial (farmers’
plot) except that the percentages of colonization were
not significantly different and probably due to differ-
ences in environmental factors such as rainfall and the
time of harvesting. However, a positive correlation was
established between the percentage of pods damaged by
termites and A. flavus colonization in this study. This
relationship did not exist when the various categories of
pod damages—i.e., percentages of scarified or perfo-
rated pods were correlated separately with A. flavus
colonization, probably due to low colonization observed
compared to the situation where percentage damage was
a summation of all categories of pod damage. Bowen and
Mack (1993) observed a positive correlation between
pod scarification by the lesser corn stalk borer
Elasmolomus lignosellus (Zeller) and A. flavus contami-
nation in four trials. Although A. flavus can attack visibly
undamaged kernels, increased incidence is enhanced by
insect injury (Hill et al., 1983; Lynch and Wilson, 1991)
that allows easier penetration of fungal pathogens into
pods and seeds. This was similar to observations made in
the present study whereby pod injury was caused by
termites. Insects have been noted as one of the major
causes of pod or kernel injury and have been directl
implicated with carrying propagules of A. flavus whicﬁ
are deposited on a suitable substrate (Diener et al.,
1987). Further investigations will be needed to increase
the choice of insecticides and cultivars and to establish
treatment thresholds for Microtermes-infested peanuts
in the West African subregion.

Literature Cited

Blankenship, P. D., R. J. Cole, T. H. Sanders, and R. A. Hill. 1984.
Effect of geocarposphere temperature on pre-harvest coloniza-
tion of drought-stressed peanuts by Aspergillus flavus and subse-
quent aflatoxin contamination. Mycopathologia 85:69-74.

Bowen, K. L., and T. P. Mack. 1993. Relationship of damage from the
lesser cornstalk to Aspergillus flavus contamination in peanuts. J.
Entomol. Sci. 28:29-42.

CAST. 1979. Aflatoxin and other mycotoxins: An agricultural perspec-
tive. Council of Agric. Sci. Technol. Rep. 80, Ames, IA.

Cole, R.]J.,T. H. Sanders, R. A. Hill, and P. D. Blankenship. 1985. Mean
geocarposphere temperatures that induce pre-harvest aflatoxin con-
tamination of peanut under drought stress. Mycopathologia 91:41-
46.

Debrah, S.K.,and F. Waliyar. 1997. Groundnut production and utilisation
in West Africa: Past trends, productions and opportunities for
increasing production. Summary Proc. 5% ICRISAT Regional
Groundnut Meeting for West and Central Africa, 18-21 Nov. 1996,
Accra, Ghana. Int. Crops Res. Inst. for the Semi-Arid Tropics,
Patancheru, India.

Diener, U. L., R.]. Cole, T. H. Sanders, G. A. Payne, L. S. Lee, and M.
A. Klich. 1987. Epidemiology of aflatoxin formation by Aspergil-
lus flavus. Ann. Rev. Phytopath. 25:249-270.

Diener, U. L., R. E. Pettit, and R. J. Cole. 1982. Aflatoxin and other
mycotoxins in peanuts, pp. 486-519. In H. E. Pattee andC.T. Young
(eds.) Peanut Science and Technology. Amer. Peanut Res. Edue.
Soc. Inc., Yoakum, TX. .

FAO. 1996. Production Year Book. Vol. 50. Rome, Italy.

Hill, R. A,, P. D. Blankenship, R. J. Cole, and T. H. Sanders. 1983.
Effects of soil moisture and temperature on pre-harvest invasion of
peanuts by the Aspergillus flavus group and subsequent aflatoxin
development. Appl. Environ. Microbiol. 22:629-634.

Johnson, R. A., and M. H. Gumel. 1981. Termite damage and crop loss
studies in Nigeria—The incidence of termite-scarified groundnut
pods and resulting kernel contamination in field and market samples.
Trop. Pest Mgmt. 27:343-350.

Johnson, R.A.,R.A. Lamb, and T. G. Wood. 1981. Termite damage and
crop loss studies in Nigeria—A survey of damage to groundnuts.
Trop. Pest Mgmt. 27:325-334.

Lynch, R. E., and D. M. Wilson. 1991. Enhanced infection of peanut,
Arachis hypogaea L., seeds with Aspergillus flavus group fungi due
to external scarification of peanut pods by the lesser cornstalk
borer, Elasmopalpus lignosellus (Zeller). Peanut Sci. 18:110-116.

Mack, T. P., R. E. Funderburk, and M. G. Miller. 1991. Efficacy of
selected granular insecticides in soil in “‘Florunner’ peanut fields to
larvae of lesser cornstalk borer (Lepidoptera: Pyralidae). ]. Econ.
Entomol. 84:1899-1904.

McDonald, D. 1969. Aspergillus flavus on groundnut (Arachis hypogaea
L.) and its control in Nigeria. J. Stored Product Res. 5:275-280.

McDonald, D., and C. Harkness. 1963. Growth of Aspergillus flavus and
production of aftatoxin in groundnuts. Part I1. Trop. Sci. 5:143-154.

McDonald, D., and C. Harkness. 1964. Growth of Aspergillus flavus and
production of aflatoxin in groundnuts. Part I11. Trop. Sci. 6:12-27.

McDonald, D., C. Harkness, and W. C. Stonebridge. 1964. Growth of
Aspergillus flavus and production of aflatoxin in groundnuts. Part
IV. Trop. Sci. 6:131-154.

Pollet, A., and C. Decleret. 1987. Condition and extent of aflatoxin
contamination of local groundnut stocks in Cote d’Ivoire. Prelimi-
nary data (1985-1986 season). Oléagineux 42:327-336.

Umeh, V. C. 1997. Soil pests of groundnut in West Africa—Case study
of Mali, Burkina-Faso, Niger, and Nigeria. Summary Proc. 5%
ICRISAT Regional Groundnut Meeting for West and Central Af-
rica, 18-21 Nov. 1996, Accra Ghana. Int. Crops Res. Inst. for the
Semi-Arid Tropics, Patancheru, India.

Umeh, V. C., and M. F. Ivbijaro. 1997. Termite damage in traditional
maize intercrops of Nigeria and some factors influencing their
spread. Insect Sci. and Its Applic. 17:315-321.

Widstrom, N. W. 1979. The role of insects and other plant pests in
aflatoxin contamination of corn, cotton and peanuts: A review. J.
Environ. Qual. 8:5-11.

Wightman, J. A., and A. S. Wightman. 1994. An insect, agronomic and
sociological survey of fields in southern Africa. Agric. Ecosystems
Environ, 51:311-331.





