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Abstract
This study relates preharvest and harvest practises to
postharvest quality of maize in Benin, West Africa.
Fungal infection and aflatoxin levels were evaluated in
300 farmers� stores in four agro-ecological zones over
2 years (1993–1995), at the beginning of storage (sample
A) and 6 months later (sample B). Aspergillus flavus
infected 10–20% of the kernels in sample A (1993–
1994). In sample B, 54–79% of the kernels were infected
with A. flavus. In 1994–1995, A. flavus infection was
higher in sample A (27–47%) than B (8–26%). Fusarium
species were found in 38–58% of the kernels in sample
A in both years, but decreased slightly to 29–51% in
sample B. Significant agroecozonal effects existed within
sampling, but were not consistent between samplings
and years. Of the total number of samples collected
(744), 38.8% were found to be aflatoxin-positive, with
an average of 105 parts per billion (ppb) and 60% of the
aflatoxin-positive samples having a contamination
approximately 20 ppb, the intervention level recommen-
ded by the World Health Organization. Factors associ-
ated with increased aflatoxin were: planting local maize
varieties in southern Benin, intercropping with cowpea,
groundnut, or cassava, use of urea-fertilizer, damage to
maize in the field, prolonged harvesting, long drying
periods in the field, and winnowing. Practices that
reduced aflatoxin contamination were: planting
improved varieties in northern Benin, mixed cropping
with vegetables, use of NPK-fertilizer, drying of harves-
ted cobs for 60–90 days, drying ears without the husk,
sorting out of poor quality ears.

Introduction
Maize is the most important cereal grown in the
Republic of Benin and it is a major staple of the

population (Bouraima et al., 1993). In 1996–1997,
maize was produced on 517 985 ha in Benin, with a
total production of 504 506 tons (ONASA, 1997). In
West Africa, postharvest losses of up to 12–13% have
been reported, rising to 30% when Prostephanus trunc-
atus (Horn) (Coleoptera: Bostrichidae) was present
(Borgemeister et al., 2003). In storage, the develop-
ment of fungi, especially Aspergillus, Fusarium and
Penicillium spp., is an unresolved problem exasperated
by the tropical climate, which promotes fungal growth
(CAST, 1989). Under certain conditions, these fungal
species can develop toxic metabolic by-products called
mycotoxins. Mycotoxins are hazardous to animal and
human health, and constitute a factor for economic
food production losses worldwide (Lubulwa and
Davis, 1994). Aspergillus flavus (Link) and A. parasiti-
cus (Speare) produce aflatoxins (Shotwell et al., 1969).
The World Health Organization has set the maximum
residue level for aflatoxin in human foods at 20 parts
per billion (ppb) (CAST, 1989). Food products that
exceed this level cannot be marketed; with intervention
levels in Europe set even lower (Miller, 1996). Growth
of A. flavus and the development of aflatoxin are influ-
enced by a combination of climatic (drought, tempera-
ture) (Diener et al., 1987), agronomic (cropping
pattern, variety, planting date, delayed drying and
storage conditions) (Jones, 1987; Rodriguez-del-
Bosque, 1996) and biotic factors (insect and bird
damage) (McMillian, 1987).
Prior to this study, no information was available in

Benin on the influence of management practises on the
quality of stored maize. Aflatoxins have been previ-
ously observed in maize sampled before harvest
(Sétamou et al., 1997) and in storage (Bouraima et al.,
1993). Maize stores were sampled in Benin with 66%
being contaminated with aflatoxin ranging from 0.54
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to 15 ppb (Bouraima et al., 1993). The current study
reports on the incidence of Aspergillus spp. and related
storage fungi of maize kept in farmers� traditional
stores in the four agro-ecological zones in Benin
Republic, as well as the incidence and regional distri-
bution of aflatoxin contamination. Agronomic and
biotic factors that influence the contamination of
maize with aflatoxin in storage were related to crop
husbandry practices by zone within and between agro-
ecological zones.

Materials and Methods
Survey questionnaires and maize sampling

Surveys were conducted in 1993–1994 and 1994–1995
in the four agro-ecological zones of Benin (Fig. 1).
The southernmost zone is the Forest Savanna Mosaic
(FSM), defined by bimodal rainfall distribution that

allowed for two maize crops, average annual rainfall
of between 1300 and 1500 mm and temperature mean
values of 25–35�C. The southern Guinea Savanna
(SGS) had two growing season, rainfall averaged from
1200 to 1300 mm with mean temperatures of 26–38�C.
The northern Guinea Savanna (NGS) had only one
growing sample from April to September with annual
rainfall of 1000–1100 mm and mean temperatures
between 28 and 40�C. The northernmost Sudan
Savanna (SS) had one growing season with annual
rainfall of less than 900 mm and temperature mean
values of 28–45�C.
Eight villages were selected per zone in the three

southern zones. Because of the relatively lower import-
ance of maize in the Sudan Savanna only six villages
were selected. At the beginning of storage 1993–1994
(October–December), 10 maize farmers per village were

Fig. 1 The four agro-ecological
zones of Benin with the survey sites
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individually interviewed approximately their crop man-
agement and harvest practices, to determine the link
between aflatoxin contamination measured in farmers
maize samples and their maize management practices.
After 6 months of storage (March–April), the num-

ber of farmers was reduced to five because little vari-
ation existed in farmers� practices within a village.
Maize samples were collected from each farmer’s store.
The same villages and farmers were visited each year.
Sampling from the stores was sometimes difficult
because of the size, height and form of the storage
structure. Whenever possible, cobs were taken from
different strata in the granary, but often the cobs came
from the top layer. Twenty cobs, approximately 2 kg,
were randomly selected and taken to the laboratory.
If maize was stored as grains, a composite sample of
1–1.5 kg was taken manually from several positions
inside the granary.

Fungal isolation and identification

All cobs from each farm were shelled manually, the
grains mixed, and 50 grains were randomly selected
for fungal analysis. The blotter method recommended
by the International Seed Testing Association (ISO,
1979), was used to determine the microflora. Maize
kernels were surface sterilized in 10% sodium
hypochlorite (Merck Chemicals, Darmstadt, Germany)
solution for 30 s and rinsed in sterile distilled water.
Five kernels were then placed in each of 10 Petri
dishes on moistened filter paper (Whatman filter
paper, No.1) and incubated at 27�C under alternating
12 h light and darkness. After 5 days, all fungi were
identified to genus, and Aspergillus (Klich and Pitt,
1988) and Fusarium (Watanabe, 1994) to species level.

Aflatoxin extraction

The method described by Singh et al. (1991) was used.
The whole sample from each farm was ground with a
Romer� mill (Union, IL, USA). A 50-g subsample of
the milled maize flour was mixed with 250 ml of meth-
anol/water (60 : 40, v/v) for 30 min (Lab-Line Multi-
Wrist Shaker�, Melrose, MO, USA). From the extract
125 ml were filtered (Whatman filter paper, No.1) into
a separatory funnel and 30 ml saturated sodium chlor-
ide solution and 50 ml of hexane were added. This
mixture was shaken for 2 min and left to separate. The
methanol/water layer was collected in a separatory
funnel and 50 ml of chloroform was added and sha-
ken. The lower chloroform layer was partitioned into
a beaker that contained 5 g of cupric carbonate and
filtered on a bed of anhydrous sodium sulphate (What-
man filter paper, No. 44). The aflatoxin extract was
evaporated in an extraction hood and preserved in a
plastic vial at 5�C.

Thin layer chromatography

Silica-gel precoated 20 · 20 cm plates (Sigma Chem-
ical, St Louis, MO, USA) were activated in a drying
oven and stored in a desiccator until use. The dried
aflatoxin extract was dissolved in 1 ml of chloroform

and 5, 10 and 15 ll of the sample were spotted at
1 cm intervals (10 ll Syringe, Hamilton, Bonaduz,
Switzerland) on the base line of the plate and air-dried.
For comparison 1, 5 and 10 ll of the mixed B1, B2,
G1, G2 aflatoxin standard (Sigma Chemical) were spot-
ted on the plate. The plates were developed unidimen-
sionally in a thin layer chromatography (TLC)-tank in
chloroform/acetone (96 : 4, v/v) then air-dried. The
intensity of the fluorescence of the sample spot was
visually observed in a Chromato-Vue� cabinet (San
Gabriel, CA, USA) under long-wave UV-light (365 nm)
and compared with that of the aflatoxin standard
spots. When the intensity of the fluorescence of the
lowest concentration of the sample was too intense to
match the standard, the sample extracts were diluted
and chromatographed again. The aflatoxin concen-
trations were calculated according to the following
formula:

ConcentrationðppbÞ ¼ S�Y� V/W� Z

where, S ¼ volume of the standard; Y ¼ concentration
of the standard in lg/ml; V ¼ volume of solvent in ll
required to dilute final extract; Z ¼ volume of the
sample extract in ll and W ¼ weight of the original
sample in g (Singh et al., 1991).
The confirmatory test also followed the guidelines of

Singh et al. (1991). Concentrated ethyl alcohol (95%)
and hydrochloride were mixed 90 : 10 (v/v) and
sprayed on the dried TLC-plates. The plates were
observed under 365 nm light and those spots that gave
a yellowish-green fluorescence confirmed the presence
of aflatoxin.

Statistical analysis

Data from fungal evaluation and aflatoxin (ppb) were
transformed by log10(x + 1) before analysis. SAS
(Version 6, SAS Institute, Cary, NC, USA) statistical
package was used to examine agroecological differ-
ences in percentage fungal infection, ppb aflatoxin and
the mean ppb of positive stores per zones. Mean tests
(Fisher’s LSD) were conducted on the ppb aflatoxin
and percentage of maize stores that were aflatoxin-pos-
itive per zone. A general linear models (GLM) proce-
dure was used to determine the effects and interactions
of sampling period, ecological zone, and village on
ppb aflatoxin and percentage A. flavus in grain. The
Variance components (VARCOMP) procedure was
used to estimate the contribution of each effect to the
variance of the dependent variables.
A principal components analysis (PRINCOMP, SAS

Institute) was used on the survey questionnaire data to
select the variables that explained most of the variance
and that were not autocorrelated. These were
employed in a stepwise linear regression analysis (P £
0.05) with aflatoxin (ppb) as the dependent variable
(SPSS Inc., Version 7.5, Chicago, IL, USA). Answers
to the questionnaire (Table 1) were entered as either
binary values (yes ¼ 1, no ¼ 0) or hierarchical rela-
tionships (e.g. good, moderately good and bad in a
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scale of 1–3). The data from the different zones were
analysed separately then pooled. The zones were
entered as separate codes for the analysis across
agroecozone.

Results
Fungal contamination

Across years Of all Fusarium spp. detected, 62.8%
were F. verticillioides (Nirenberg) (ex F. moniliforme
Sheldon), 25.7% were F. proliferatum (Matsushima)
Nirenberg, 8.6% were F. oxysporum (Matsushima)
Nirenberg, and 2.9% were F. poae (Peck) Wollenw. Of
the Aspergillus species observed, 82% were A. flavus
group, 12% were A. niger van Tieghem, 2% were
A. tamarii Kita, and 4% were not identified.
There were significant differences in percentage ker-

nel infection with Aspergillus spp. among the two sur-
vey years, the different sample dates, and their

interactions (Table 1). Zonal differences existed for
infection by Aspergillus, but the interactions with year
and sampling were not significant. There were differ-
ences for percentage kernel infection with Aspergillus
spp. between the villages within one ecozone. The big-
gest variance was found between individual farms,
with sample date, and the interaction of year · sample
date · zone also contributing to the overall variance
(Table 1).

1993–1994 At the beginning of storage, an average of
16.8% of the kernels were infected with A. flavus, with
contamination levels significantly higher in the SGS
and NGS than the FMS (Table 2). The kernels in the
FSM and SGS were infected with 48.7 and 56.5% of
Fusarium spp. Cobs in the SGS had significantly
greater infestation with Penicillium spp. than in the
other zones.
The incidence of Aspergillus spp. after 6 months of

storage was higher than at the beginning of storage
with significantly higher percentages observed in the
SGS than the SS. Infection levels of Fusarium spp.
were lower in the southern zones after 6 months of
storage than at the beginning of storage, with signifi-
cantly higher levels in the NGS (Table 2). Percentages
of kernels contaminated with Penicillium spp. after
6 months of storage did not differ by zone.

1994–1995 In sample A, infection of kernels with
Aspergillus spp. averaged 35.5% across zones with
infection in the SGS significantly higher than in the
NGS (Table 2). In the NGS, Fusarium spp. increased
to 57.9% of the kernels, significantly higher than in all
other zones and samplings. Percent incidence of Peni-
cillium spp. was significantly higher in the SGS than
the NGS and SS.
In Sample B, infection levels had dropped from the

beginning of storage to 20.5% with percentage kernel
infection by Aspergillus significantly lower in the FSM
(Table 2). Infection with Fusarium spp. was signifi-
cantly higher in the FSM, whereas infection with Peni-
cillium spp. was significantly higher in the SGS.

Table 1
Effect of year, time of sampling (at beginning and after 6 months of
storage), zone, and village (nested within zone) on aflatoxin content
(ppb) and incidence of Aspergillus spp. (%) in stored maize in
30 villages in Benin

Source df

Aspergillus spp. Aflatoxin

F-value1
Var.
(%)2 F-value1

Var.
(%)2

Year 1 12.62*** 0.55 0.66 ns 1.13
Sampling date (sample) 1 63.02*** 11.06 11.90** 2.76
Year · sample 1 231.10*** 2.08 22.29*** 8.09
Zone 3 7.35*** 1.60 7.94*** 0.42
Year · zone 3 1.77 ns 0.00 3.51* 0.00
Sample · zone 3 0.61 ns 0.00 3.91* 0.00
Year · sample · zone 3 4.79** 32.32 6.07** 1.76
Village (zone) 27 2.29** 5.78 1.56* 1.81
Year · village (zone) 26 1.39 ns 0.00 2.24** 0.00
Sample · village (zone) 26 1.64 ns 0.00 2.30** 0.00
Year · sample · village
(zone)

24 2.75*** 4.45 1.08 ns 7.49

Farms (within village) 625 42.17 76.53

1General Linear Models Type III SS; P > F ¼ ns (not significant);
*significant at £ 0.05; **significant at £ 0.01; ***significant at
£ 0.001; n, 744.
2Percentage of total variance represented by each effect.

Table 2
Mean percentage of contamination by Aspergillus1 spp., Fusarium1 spp. and Penicillium1 spp. in the different ecoregions2 of Benin in the two
survey years

Zone Survey3 Aspergillus Fusarium Penicillium Survey3 Aspergillus Fusarium Penicillium

FMS 93–94 10.8 a 48.7 b 14.6 b 93–94 62.8 cb 28.8 a 12.3 a
SGS Sample A 21.8 b 56.5 c 20.1 c Sample B 78.5 a 29.4 a 12.4 a
NGS 20.1 b 41.2 a 7.3 a 67.7 ab 50.6 b 7.2 a
SS 14.6 ab 38.2 a 7.2 a 54.4 c 38.1 a 8.1 a
F-value 3.96 (P £ 0.009) 6.99 (P £ 0.001) 19.13 (P £ 0.001) 4.58 (P £ 0.004) 11.2 (P £ 0.001) 2.23 (P £ 0.087)
FMS 94–95 34.7 ab 44.8 a 23.4 ab 94–95 8.3 a 47.1 b 11.3 a
SGS Sample A 47.0 b 43.8 a 32.1 b Sample B 23.6 b 34.2 a 27.9 b
NGS 27.1 a 57.9 b 20.9 a 24.4 b 41.3 a 4.0 a
SS 33.3 ab 40.0 a 15.7 a 25.5 b 29.5 a 3.7 a
F-value 3.85 (P £ 0.011) 4.03 (P £ 0.009) 4.87 (P £ 0.003) 4.11 (P £ 0.008) 3.70 (P £ 0.013) 7.45 (P £ 0.001)

Mean values followed by the same letter are not significantly different from each other (LSD, P ¼ 0.05).
1Data presented untransformed.
2FMS, Forest Mosaic Savanna; SGS, Southern Guinea Savanna; NGS, Northern Guinea Savanna; SS, Sudan Savanna.
3Sample A, beginning of storage; sample B, after 6 months of storage.
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Aflatoxin contamination

Across years There were no differences in aflatoxin
contamination between years, but differences between
sampling dates and zone existed and their interactions
were significant (Table 1). A high variance of 76.53%
existed between farms within a village. The range of
aflatoxin did not change much between sampling dates
and years (Table 3).

1993–1994 Mean ppb aflatoxin in sample A was signi-
ficantly higher in the SGS than the other zones
(Table 3), with 52.5% of the stores contaminated with
a mean of 77.9 ppb. In sample B, both percentage of
stores contaminated and aflatoxin concentration in the
maize samples had increased in all zones, except for
the SGS where the percentage of stores decreased, and
was significantly higher in the SS. The percentage ker-
nels infected with Aspergillus spp. was significantly

correlated with aflatoxin content of the samples
(r ¼ 0.33, P £ 0.001).

1994–1995 At the beginning of storage, no significant
differences in mean ppb aflatoxin were found
between agro-ecological zones (Table 3). Percentage
stores with contaminated maize varied between 27.5
and 72.5% with mean positive aflatoxin levels of
12.6 ¼ )155.6 ppb, with the significantly higher levels
in the SGS. After 6 months of storage, mean ppb
aflatoxin across all stores were generally lower than
the first sampling period, except for the SS. Signifi-
cantly lower contamination was observed in the
FSM with 2.2 ppb, than in the other agro-ecological
zones (Table 3). Percentage of contaminated stores
was between 22.5 and 65.0% with average aflatoxin
levels ranging from 9.7 to 33.8 ppb in the different
zones.

Table 3
Mean values and range of aflatoxin1 (ppb), percentage aflatoxin-positive stores (%) and percentage of samples >20 ppb (%, mean positives)
in the different ecoregions2 of Benin in the two survey years (93–94, 94–95)

Zone Survey3
Mean
aflatoxin

Range
aflatoxin

Percentage
stores
positive

Mean
positives Survey3

Mean
aflatoxin

Range
aflatoxin

Percentage
stores
positive Mean positives

FMS 93–94 12.7 a 17.0–375.0 20.0 125.3 a 93–94 30.0 a 1.7–250.0 25.0 122.7 a
SGS Sample A 20.3 b 7.0–375.0 52.5 77.9 a Sample B 28.4 a 2.0–250.0 32.5 87.3 a
NGS 12.2 a 13.0–563.0 20.0 120.3 a 44.0 a 3.1–250.0 35.0 125.8 a
SS 4.6 a 10.0–206.0 10.0 94.3 a 125.5 b 5.0–500.0 56.7 221.4 b
F-value 4.77 (P £ 0.003); N ¼ 80/none, 60/zone in SS 4.60 (P £ 0.004); N ¼ 40/zone, 30/zone in SS
FMS 94–95 4.6 a 10.0–54.0 27.5 12.6 a 94–95 2.2 a 8.3–33.3 22.5 9.7 a
SGS Sample A 23.1 a 6.7–348.04 55.0 155.6 b Sample B 18.7 b 16.7–180.0 60.0 31.9 a
NGS 19.0 a 3.3–280.0 72.5 26.2 a 9.1 ab 16.7–80.0 65.0 15.0 a
SS 12.9 a 2.0–104.0 56.7 22.8 a 18.5 b 52.0–217.0 56.7 33.8 a
F-value 1.21 (P £ 0.309); N ¼ 40/zone, 30/zone in SS 3.99 (P £ 0.009); N ¼ 40/zone, 30/zone in SS

Mean values followed by the same letter are not significantly different from each other (LSD, P ¼ 0.05).
1Data presented untransformed.
2FMS, Forest Mosaic Savanna; SGS, Southern Guinea Savanna; NGS, Northern Guinea Savanna; SS, Sudan Savanna.
3Sample A, beginning of storage; sample B, after 6 months of storage.
4Outlier of 2500 ppb was removed before analysis.

Table 4
Agronomic practises affecting aflatoxin levels (Y) in maize grain at (a) the beginning of and (b) after 6 months of storage across and within
agro-ecological zones (AEZ) in Benin during 93–94

AEZ2 Regression equation R N F1

(a) Across zones Y ¼ 0.01 + 2.08x1 + 0.69x2 + 0.39x3 0.13 300 14.38**
FMS No variable entered ) 80 )
SGS Y ¼ 0.96 + 2.78x4 0.06 80 4.89*
NGS Y ¼ 0.82 ) 2.40x5 ) 0.38x6 0.22 80 10.55**
SS Y ¼ 0.76 + 2.20x7 ) 0.76x8 0.33 60 13.91**
x1, x5 and x7, maize/cowpea intercrop; x2, field located in the SGS; x3, harvest takes more than 5 days; x4, dehusking at harvest; x6, maize
field rotation; x8, improved variety

(b) Across zones Y ¼ 0.15 + 0.74x1 + 0.44x2 + 0.35x3 + 0.58x4 0.17 150 7.48**
FMS Y ¼ 0.74 + 2.00x5 ) 0.81x6 + 0.51x7 0.33 40 5.80**
SGS No variable entered ) 40 )
NGS Y ¼ 1.83 + 1.08x8 ) 1.78x9 + 0.57x10 0.38 40 9.09**
SS No variable entered ) 30 )
x1, field located in SS; x2, harvest in August; x3, urea-fertilizer applied; x4, preharvest damage by animals; x5, stalks cut at harvest and laid
on the ground; x6, local variety; x7, continuous maize planting; x8, harvest in August; x9, winnowing before storage; x10, drying in the field
for more than 30 days

1F test: *significant at £ 0.05; **significant at £ 0.01.
2Agro-ecological zones (AEZ): FSM, Forest Savanna Mosaic; SGS, Southern Guinea Savanna; NGS, Northern Guinea Savanna; SS, Sudan
Savanna.
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Factors affecting aflatoxin contamination during storage

The relationship between aflatoxin and maize manage-
ment practices varied between agro-ecological zone,
sample, and year. Across zones, aflatoxin was signifi-
cantly more prevalent in the SGS (Table 4) and the SS
(Tables 4 and 5). Toxin levels were also associated
with time of harvest, i.e., maize harvested in August
(Tables 4 and 5) was linked with higher toxin levels
and maize harvested in December (Table 5) was rela-
ted with lower ppb aflatoxin.
Aflatoxin contamination was associated with maize

variety, but the effect on toxin expression varied with
agro-ecological zone, time of sampling, and year. In
the NGS (sample B, Table 5) and SS (sample A,
Table 4; sample A, Table 5) negative relationships
were found between improved maize varieties and
aflatoxin levels, whereas in sample B in the SGS
improved maize was related to higher toxin levels
(Table 5). In the FSM, ppb aflatoxin was negatively
related with local maize varieties in sample B (Table 5).
Poor huskcover, which differed between varieties, was
related to higher toxin contamination in sample A
(Table 5).
In sample B, in 1993–1994 positive relationships

were found between aflatoxin and insect damage
(Table 4). Aflatoxin contamination in the maize sam-
ples was positively related to damage by animals and
birds (sample B, Table 4; sample A, Table 5). Inter-
cropping of maize with cowpea, cassava, or groundnut
(sample A Table 4 and Table 5) or the rotation with
sorghum and cowpea (Table 5) was associated with
higher aflatoxin levels. In the NGS (sample A
Table 5), planting of maize in a mixed cropping system
(e.g. with cassava, tomato and hot pepper) was related
to lower aflatoxin development. Continuous cropping

of maize significantly increased maize aflatoxin levels
whereas lower toxin was observed when maize was
cropped on newly cleared land (Table 5). The use of
urea-fertilizer increased and NPK-fertilizer decreased
the risk of toxin development (Tables 4 and 5).
Farmers in the different agro-ecological zones of

Benin had diverse harvest-management practices.
There was a positive relationship between aflatoxin,
dehusking maize at harvest, and harvest period longer
than 5 days (Tables 4 and 5). In the FMS, when the
whole maize plant was cut at harvest, laid on the
ground and the cobs were collected later, there was a
higher risk for the development of aflatoxin (Table 4).
Across zones, the harvest of maize cobs with the husk
was related to lower toxin levels (Table 5).
In the NGS and SS, maize that was dried in the field

for more than 30 days after maturity, was related to
higher aflatoxin contamination (Tables 4 and 5)
whereas postharvest drying of maize outside the field
in the SGS or SS, was associated with lower toxin
levels (Table 5). Toxin development was reduced when
maize was dried for 1 week outside the field (Table 5).
When damaged maize was sorted at harvest or before
storage, lower toxin levels were observed (Table 5). In
the SS, when maize was winnowed before storage less
aflatoxin was found, whereas across ecozones winnow-
ing was related to higher aflatoxin levels (Table 5).

Discussion
Fungal contamination of stored maize in Benin varied
with agro-ecological zones, time in storage and year.
In the first year, incidence of Aspergillus spp. observed
on maize rose from the beginning of storage to the sec-
ond sampling at 6 months of storage. Increase in fun-
gal contamination over time was observed by Katta

Table 5
Agronomic practices affecting aflatoxin levels (Y) in maize grain at (a) the beginning and (b) after 6 months of storage across and within
agro-ecological zones (AEZ) in Benin during 94–95

AEZ2 Regression equation R2 N F1

(a) Across zones Y ¼ 0.33 + 0.32x1 + 0.61x2 + 0.60x3 ) 0.52x4
) 0.29x5 ) 0.71x6 ) 0.43x7 ) 0.70x8 ) 0.48x9
+ 1.00x10 + 0.37x11 + 0.55x12

0.40 15 6.12**

FMS Y ¼ )0.21 + 1.10x13 + 0.48x14 + 0.4x15 0.78 40 12.91**
SGS Y ¼ 2.12 ) 0.95x16 ) 0.96x17 + 1.38x18 0.49 40 11.53**
NGS Y ¼ 0.51 + 1.94x19 + 1.20x20 + 1.43x21 ) 1.29x22 ) 0.41x23 0.63 40 11.71**
SS Y ¼ 0.85 + 0.01x24 + 1.92x25 ) 0.59x26 ) 0.46x27 0.52 30 6.76**
x1, preharvest damage by birds; x2, x18 and x21, maize/groundnut intercrop; x3 and x20, preharvest damage by insects; x4, x16 and x23, harvest-
ing with husk; x5 and x27, improved variety; x6, NPK-fertilizer applied; x7, field located in SS; x8, cropping on new land; x9, postharvest
drying for 1 week; x10, maize/sorghum rotation; x11 and x25, bad huskcover; x12, winnowing before storage; x13 and x19, maize/cassava inter-
crop; x14, maize/cowpea rotation; x15, preharvest damage by rats; x17 and x26, postharvest drying for more than 30 days; x22, mixed cropping;
x24, sorting out of damaged cobs

(b) Across zones Y ¼ 0.55 ) 0.35x1 ) 0.43x2 0.09 150 6.98**
FMS Y ¼ 1.11 ) 0.98x3 0.28 40 15.00**
SGS Y ¼ 0.56 + 0.66x4 + 0.56x5 0.24 40 5.68**
NGS Y ¼ 1.81 ) 1.20x6 ) 0.43x7 ) 0.43 x8 0.45 40 10.58**
SS No variable entered 40
x1, harvesting in December; x2, maize field rotation; x3, local variety; x4, harvesting in August; x5 and x6, improved variety; x7, drying for
more than 30 days; x8, harvesting in September

1F test: **significant at £ 0.01.
2Agro-ecological zones: FSM, Forest Savanna Mosaic; SGS, Southern Guinea Savanna; NGS, Northern Guinea Savanna; SS, Sudan
Savanna.
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and Bullerman (1995). Fungal contamination in stor-
age can also be related to levels in the field. Sétamou
et al. (1997) found in 1994 and 1995 that A. flavus was
in over 60% of Beninese maize fields with highest inci-
dences in SGS and NGS. These were also the zones
that showed higher contamination levels at the begin-
ning of storage in the present study. These results are
consistent with the idea that aflatoxin development
starts in the field (Gorman et al., 1992). The predom-
inant fungal species found in the maize samples from
Benin was F. verticillioides. This species produces
fumonisin, with potentially harmful effects on human
and livestock health (CAST, 1989; Miller, 1996).
Development of multiple toxins in stored produces can
be a problem in tropical environments (Yamashita
et al., 1995), with increased health risks for the con-
sumers (Miller, 1996). In Benin, the co-occurrence of
fumonisin and aflatoxin on maize has been reported
by Hell et al. (1996).
Aflatoxin levels in this study varied between years

and zonal differences were probably due to climate.
The effect of environment on aflatoxin contamination
in maize is well established (Fortnum, 1987; Payne,
1992). Cotty et al. (1994) stated that higher contamin-
ation of aflatoxin was found under dry and hot condi-
tions. This could be an explanation for the high levels
found in sample taken after 6 months of storage from
the SS of Benin in 1993–1994. In the SS, which bor-
ders the Sahel, aflatoxin production can be influenced
by stress factors-like poor soil fertility, heat and
drought stress, and the parasitic weed Striga hermon-
thica (Del.) Benth., The effect of this weed on maize is
similar to drought stress. Cultural factors that stress
the maize plant, such as drought, increase susceptibil-
ity to fungal infection (Diener et al., 1987). Most of
the variance for aflatoxin was found at the farm level,
probably because of different management practises of
individual farmers. One of the factors that could have
influenced this large variance was sampling, since sam-
ple size and sampling method is a major source of
variation when testing for aflatoxin (Whitaker et al.,
1994). Like reported previously, sampling position in
the granary had no influence on resultant toxin levels
(Hell, 1997). Interactions between different variables
were not taken into account in the present study, so
that some of the relationships described here could be
much more complex.
Influence of humidity on A. flavus and aflatoxin. The

prevailing climatic conditions during harvest may play
a role in the development of aflatoxins. In regions with
bimodal rainfall patterns, if rains resume too quickly
in August or rain continues falling during the dry per-
iod, farmers would be forced to store maize that is still
wet. Maize planted late, which matures during the
rainy season, could also face the same risk. Soil sam-
ples collected in India during the rainy season con-
tained the highest amount of A. flavus spores (Bilgrami
and Choudhary, 1993). By contrast, maize harvested
in the dry season in the same region showed no afla-
toxin (Asanuma and Vayuparn, 1985). Consequently,

maize harvested in December in Benin when climatic
conditions were dry and relative humidity was low was
associated with low aflatoxin concentrations.
Maize varieties in Benin showed considerable differ-

ence in huskcover. Generally, local varieties have a
tighter huskcover and store better than improved vari-
eties (Kossou et al., 1993; Meikle et al., 1998). Husk-
cover plays a role in the protection of cobs against
insects pests (Kossou et al., 1993; Vowotor et al.,
1994). Differences between maize varieties in infection
with A. flavus and aflatoxin expression corroborated
results by various authors (Zuber et al., 1983;
Widstrom et al., 1996), huskcover is one of the varia-
bles that differentiates maize varieties susceptibility to
A. flavus (Barry et al., 1986; Cardwell et al., 2000). In
this study, improved maize varieties in the NGS had
lower aflatoxin levels. Improved varieties are usually
planted on more productive soils with fertilizer appli-
cation. Fertilizer reduces the risk contamination with
aflatoxin, as plants can better resist the impact of
stress factors (Cotty et al., 1994).
Management practices can play a role in the devel-

opment of fungi and aflatoxins in maize (Jones, 1987;
Barney et al., 1995). In this study, effects of continu-
ous maize cropping or intercropping with other crops
on increased aflatoxin contamination were found.
Griffin et al. (1981) detected a population build-up
with A. flavus in soils continuously cropped with a
maize/groundnut rotation. McGee et al. (1996) recov-
ered A. flavus at greater frequencies from maize resi-
dues in plots with continuous maize cropping than
from fields with a soybean/maize rotation. In this
study, maize/cowpea intercrop or rotation was mostly
related to higher aflatoxin levels. Aspergillus spp. has
been isolated from cowpea in Nigeria (Gill et al., 1983;
Umechuruba, 1985) so that this association might
enhance the development of A. flavus by providing a
greater amount of inoculum (Diener et al., 1987).
Other intercropping effects (maize/sorghum and maize/
cassava) observed in this study have not been previ-
ously reported and necessitate further investigations.
Aflatoxin was negatively related with application of

NPK-fertilizer. In the study by Jones (1987), high
levels of aflatoxin in maize were associated with low
nitrogen. In a 2-year study in North Carolina (Payne
et al., 1989), aflatoxin concentration in maize, wound-
inoculated with A. flavus, was negatively correlated
with maize yield, nitrogen in leaves at silking and
nitrogen in grains at harvest. In contrast to NPK, the
application of urea was related to higher toxin levels
in maize in the present study. Cotty and Cardwell
(1999) observed that Aspergillus strains from Benin
produced seven times more aflatoxin when the
N-source was urea than with NHþ

4 . Further studies are
needed to clarify the role of the source of nitrogen and
other nutrients in the expression of aflatoxin in maize
in Benin.
Damage to maize in the field is one of the most

important factors associated with A. flavus infection
and aflatoxin development (McMillian, 1987; Barry
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et al., 1992). In the regression analysis, damage by
birds, animals, rats or insects were associated with
increased development of aflatoxin in maize in the
field. In similar studies in Benin, Sétamou et al. (1998)
found that M. nigrivenella-damage predisposed maize
for A. flavus attack and development of aflatoxin.
When maize is harvested late, after a long field-drying
period, more aflatoxin occurred, corroborating the
results of Scott and Zummo (1994). Late harvest
is likely to increase time of exposure to field-born
inoculum, also the number of insect damaged kernels
is likely to increase. A high infestation rate with
P. truncates, significantly higher losses and a higher
percentage of kernels contaminated by Aspergillus
fungi, were found in maize harvested 7 weeks after
physiological maturity when compared with maize har-
vested 3 weeks after physiological maturity (Borgeme-
ister et al., 1998).
Harvest method affects aflatoxin expression. When

Beninese farmers cut and laid the maize plants on the
soil and collected the cobs later, aflatoxin content in
the kernels was increased. This practice establishes
contact between the cobs and the soil, the primary
source of A. flavus inoculum (Diener et al., 1987). The
harvest of maize with the husk was associated with
reduced aflatoxin contamination. The husk impedes
rapid drying of cobs, but at the same time the husk
protects the cob against infection with A. flavus and
insect damage (Vowotor et al., 1994). Thus, in zones
with high postharvest insect pressure, i.e. Southern
Benin, maize should be stored with the husk, whereas
in zones with low insect pressure, i.e. Northern Benin
the husk should be removed to facilitate drying.
In Benin, postharvest contamination with aflatoxin

increased when harvesting took more than 5 days and
drying was delayed. Paz et al. (1989) reported that
delayed drying could lead to a rapid increase in afla-
toxin from 14.0 ppb at harvest to 93.8 ppb, if maize
was not dried for 5 days after the harvest. The 20 ppb
limit was reached within 2 days after harvest without
further processing.
In this study, sorting reduced postharvest aflatoxin

level, equally postharvest pest losses are reduced
(Borgemeister et al., 1994). Pelletier and Reizner
(1992) reported that hand sorting of peanuts was more
effective in reducing aflatoxin contamination.
Several preharvest and postharvest factors related to

either increased or reduced aflatoxin levels in stored
maize in Benin were identified. Trials will determine
which of these management practices (such as variety,
harvest timing, drying, insect control and storage con-
dition) can effectively decrease levels of this health-
threatening toxin under Beninese rural conditions.
These measures will be assembled into technology
packages that will be disseminated in the subregion.
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M. Koubé for their technical assistance. We are especially grateful to

the farmers that cooperated with us during the surveys. This is

IITA-Manuscript No. 03/JA/15.

References

Asanuma, K., S. Vayuparn (1985): Contamination of aflatoxin on
maize kernels in Thailand. Proc. Jap. Assoc. Mycotoxicol. 21,
17–23.

Barney, R. J., B. D. Price, J. D. Sedlacek, M. Siddiqui (1995): Fun-
gal species composition and abundance on stored corn as influ-
enced by several management practices and maize weevil
(Coleoptera: Curculionidae). Crop Protection 14, 159–164.

Barry, D., E. B. Lillehoj, N. W. Widstrom, W. W. McMillian, M. S.
Zuber, W. F. Kwolek, W. D. Guthrie (1986): Effect of husk tight-
ness and insect (Lepidoptera) infestation on aflatoxin contamin-
ation of pre-harvest maize. Environ. Entomol. 15, 1116–1118.

Barry, D., N. W. Widstrom, L. L. Darrah, W. W. McMillian, T. J.
Riley, G. E. Scott, E. B. Lillehoj (1992): Maize ear damage by
insects in relation to genotype and aflatoxin contamination in pre-
harvest maize grain. J. Econ. Entomol. 85, 2492–2495.

Bilgrami, K. S., A. K. Choudhary (1993): Impact of habitats on
toxigenic potential of Aspergillus flavus. J. Stored Prod. Res. 29,
351–355.

Borgemeister, C., C. Adda, B. Djomamou, P. Degbey, A. Agbaka,
F. Djossou, W. G. Meikle, R. H. Markham (1994): The effect of
maize cob selection and the impact of field infestation on stored
maize losses by the larger grain borer (Prostephanus truncatus
(Horn) Col., Bostrichidae) and assorted storage pests. In: Highley,
E., E. J. Wright, H. J. Banks and B. R. Champ (eds), Proceedings
of the 6th International Conference in Stored-Product Protection,
pp. 906–909. Canberra, 17–23 April, 1994. CAB International,
Wallingford, UK.

Borgemeister, C., C. Adda, M. Sétamou, K. Hell, B. Djamamou,
R. H. Markham, K. F. Cardwell (1998): Timing of harvest in
maize: effects on post harvest losses due to insects and fungi in
central Bénin, with particular references to Prostephanus truncatus
(Horn) (Coleoptera: Bostrichidae). Agric. Ecosyst. Environ. 69,
233–242.

Borgemeister, C., N. Holst, R. J. Hodges (2003): Biological control
and other pest management options for larger grain borer Pro-
stephanus truncates. In: Neuenschwander, C. and J. Borgemeister
Langewald (eds), Biological Control in IPM Systems in Africa P,
pp. 311–328. Cabi-Publishing, Wallingford, UK.

Bouraima, Y., L. Ayi-Fanou, I. Kora, J. Setondji, A. Sanni, E. E.
Creppy (1993): Mise en évidence de la contamination des céréales
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