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ABSTRACT
Aspergillus flavus is a soil borne, saprotrophic and pathogenic fungus. It produces mycotoxins as one of its toxic secondary
metabolites. One of the mycotoxins of human importance is aflatoxin due to its carcinogenic effects. The fungus usually
colonize groundnut crop at pod development during pre-harvest stage of crop production. A screen house experiment was
conducted to evaluate five Spanish groundnut genotypes (ICG 1122, ICG 23, ICGV 06408, JL 24 and ICGV-SM 99541) on
physical and biochemical aflatoxin resistance at Chitedze Research Station in 2013. The main objective was to investigate the
effect of gypsum application and watering regimes against A. flavus invasion in the genotypes. A 5 x 2 x 2 x 2 (genotype,
watering regime, gypsum application and A. flavus inoculation) factorial treatment structure experiment replicated twice in
Completely Randomized Design was implemented. Composite soil samples were collected at four intervals to determine A.
flavus population density and morphological characterization. Imposition of drought coupled with inoculation of A. flavus S-
strain led to high aflatoxin contamination regardless of which genotype it was. ICG 23 and ICG 1122 genotypes showed
resistance to A. flavus invasion whereas ICGV-SM 99541 showed high susceptibility regardless of treatment applied.
Population density of A. flavus colonies had a mean range from 2.44 to 6.16 Log 10+1 colony forming units g-1. It is therefore
recommended that ICG 23 and ICG 1122 be used for introgression of aflatoxin resistant trait in groundnut breeding program
and gypsum should be applied to groundnuts during flowering to mitigate A. flavus invasion.
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1.0 Introduction
Groundnut (Arachis hypogaea L) is a major food legume
crop in the world that originated from South America
(Murty and Rao 1994). In Malawi, the majority of
smallholder farmers shell groundnuts by hand which has
an advantage of allowing sorting. The process has
practical limitations in that it is tedious and labour
intensive especially when pods are very hard. Some
farmers are forced to immerse the dry pods in water to
soften the pods (Monyo, et al., 2012).  Soaking increases
the likelihood of A. flavus colonization since high
moisture levels may trigger fungal growth. A. flavus is
soil borne, saprotrophic and pathogenic fungus. Its
optimum temperature for growth is 37oC. It has two
morphotypes; Large (L) and Small (S) strains. S-strain
type has sclerotia diameter of less than 400μm and
generally produce more aflatoxin. L-strain type has
sclerotia diameter of greater than 400μm but less than
750μm, it is more aggressive but produce less aflatoxin.
The fungus grows in a range of substrate including
decaying plant and animal debris (Horn, et al., 2009 and

Uppala, 2011). It produces aflatoxins as a major group of
secondary metabolites. Three modes of aflatoxin
resistance have been developed in groundnut crop: pod
wall resistance, seed coat resistance (seed invasion and
colonization) and cotyledon resistance (resistance to
aflatoxin production) (Upadhyaya et al., 2008).
Groundnut pods are extremely important because firm
pods protect the seeds from being colonized by the
fungus, while scarified pods on the other hand facilitate
fungal invasion due to presence of microscopic cracks
that fungus utilizes (Nigam et al., 2006). Gypsum
(CaSO4-2H2O) application in groundnuts reduces the rate
of aflatoxin production (Reding and Harrison, 1994). The
recommended rate for gypsum application in groundnut is
300-500 kg/ha (Singh and Oswalt, 1995; Shah, et al,
2012). Irrigating groundnuts; equally prevents pre-harvest
aflatoxin contamination (Hill, et al, 1983). This was noted
by obtaining lower A. flavus colonization in groundnuts
from well irrigated soils which ultimately showed low
aflatoxin levels and at the same time there was a greater
aflatoxin levels in hot dry conditions. Groundnuts prefer
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sandy friable and high calcium soils (York and Colwell,
1951). Drought together with high temperature increase
aflatoxin contamination in groundnuts (Holbrook et al.,
2000). The common end- of- season drought in Malawi
(Pauw et al., 2010) is a predisposing factor to aflatoxin
contamination (Hamidou et al., 2014). Drought increases
the likelihood of A.flavus invasion particularly in the last
4-6 weeks of development (Mehan et al., 1987). So far
there is no documentation in Malawi on the effect of S-
strain of A. flavus on aflatoxin concentration in different
groundnut genotypes and the combination with other
predisposing factors such as drought and lack of gypsum.
It was imperative to conduct a study on the effect of the
pre-disposing factors such as drought, A. flavus inoculum
and lack of gypsum that affect pre-harvest aflatoxin
contamination of groundnut in Malawi using indigenous
A. flavus strain. This was done to investigate the
effectiveness of gypsum application and watering regimes
against A. flavus colonization in groundnut genotypes. A
study with such treatment combination will provide
solutions as to what exact measures need to be taken to
mitigate pre-harvest aflatoxin contamination.

2.0 Materials and methods
2.1 Soil profile for planting genotypes
A soil mixture of 40% clay, 40% loam, and 20% sand was
created and sterilized with moist heat at 950C for one hour
to eliminate mesophillic microorganisms using Wagtech
soil sterilizer.  The soil mixture was transferred to wooden
plant boxes (100 cm long by 45 cm wide and 60 cm deep)
in which black plastic polythene sheets with few
perforations at the base were laid inside the boxes to
avoid creating hydromorphic conditions.

2.2 Genotypes for screening
Five genotypes (ICG 1122, ICG 23, ICGV 06408, JL 24
and ICGV-SM 99541) constituted genotype treatment.
They were obtained from ICRISAT headquarters, Andhra
Pradesh, in India. Nine seeds per genotype were planted
in each plot and eventually nine plants were harvested.

2.3 Experimental design
A 5 x 2 x 2 x 2 (genotypes, gypsum application, water
regime and A. flavus inoculation) factorial treatment
structure experiment with two replicates in a Complete
Randomized Design was implemented. 2.5 tonnes/ha of
gypsum was applied at 35 and 65 days after planting
(Nigam et al., 2006) as gypsum application treatment.
Fifty millilitres(ml) of irrigated water per week (Brouwer
1989) versus two weeks dry spell during the last four to

six weeks (Mehan et al., 1987) were applied as watering
regime treatment. A. flavus inoculum at a concentration of
105 600 cells/ml was applied in soils for respective plots
at eighty days after planting with the aid of sorghum as a
substrate.

2.4 Laboratory analysis
2.4.1 Mixon Screening
Three sets of twenty seeds per genotype were tested using
(Mixon, 1986) physical aflatoxin screening method. The
seeds were incubated at 28oC for five days. Counting of
colonized seeds was done and proportions were estimated.
Genotypes with 15% or fewer seeds colonized were
regarded as resistant.
2.4.1.1 First set
Seeds were surface sterilized with 1% chlorox for about
three minutes, rinsed in three changes of sterile distilled
water for three minutes to hydrate them.  Blotter paper
was laid at the base of 90 mmФ Petri dishes and
moistened with about 2ml of sterile distilled water. The
seeds were transferred into Petri dishes with the aid of
forceps and incubated at 28oC for five days. The 90 mmФ
diameter petri dishes could accommodate a maximum of
ten seeds per genotype so two petri dishes were used per
set.  On daily basis, about 2ml of sterile distilled water
was applied to maintain moist conditions.
2.4.1.2 Second set
Seeds were surface sterilized as control and immersed in
toxigenic strain of A. flavus inoculum at the concentration
of 105,600 cells/ml; the concentration was adjusted with
the aid of haemocytometer and then plated and incubated
as was explained in the control set.
2.4.1.3 Third set
Seeds were first pin-pricked using 5 cubic centimeter
sterilized needles to inflict wounding then surface
sterilized, immersed in the inoculum and incubated as in
the control set.
2.4.2 Enzyme Linked Immuno-sorbent Assay (ELISA)
2.4.2.1 Sample extraction
20 g of seeds per genotype were ground into fine powder
and triturated with 100 ml of 70% methanol (v/v 70 ml
absolute methanol in 30 ml distilled water) containing
0.5% potassium chloride in Waring Commercial blender
up until homogeneity was reached. The extract was
transferred into a 250 ml conical flask and shaken on a
Gallenkamp orbital shaker for 30 minutes. Filtration was
done using Whatman filter paper number 41 and the
sample was later diluted in 1:10 phosphate buffer saline in
Tween 20 (1 ml of extract and 9 ml of buffer).
2.4.2.2 Sample analysis
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AFB1-BSA antigen was coated unto an ELISA plate.
Specific antibodies available in sample or standard
competed with the bound AFB1-BSA antigen with the
help of immune-globulins. Para-Nitrophenylphosphate
substrate was added which helped in color development.
AFB1 levels were quantified using a spectrophotometer
by giving optical density values at a 405 nm wavelength.
Linear regression curve was plotted for optical density
values and a standard curve was extrapolated with a
known correlation coefficient thereby giving AFB1

concentrations in parts per billion.
2.4.3 Enumeration of Aspergillus colonies
Four sets of composite soil samplings were collected from
experimental units at specific intervals. First collection
was done before inoculation treatment and second
collection was done two weeks after inoculation treatment
and third sampling was done two weeks after second
sampling and the sequence continued up to fourth
sampling. The objective was to track population density
of A. flavus and to conduct morphological
characterization in association with aflatoxin levels in the
seeds. Formula (1) as documented by (Stefan, 2003) was
used for enumerating colonies:
CFU/g of soil = A x 10n / V (1)
Where A = number of colonies;
10n =level of dilution at which the counting was carried
out;
V =Volume of inoculum.
AFPA base dehydrated culture media was used to
enumerate A. flavus colonies in the soil. 1 g of soil was
suspended in 9 ml of 1% peptone water; serial diluted to
reach 10-5 and then plated (Pitt, et al, 1983). Czapex Agar
was used for morphological characterization (Domsch et
al., 2007) and Agra Quant lateral flow test strips were
used for detecting of Aflatoxin B1 in the colonies.

2.5 Data analysis
Multiple regression models were used for both pod yield
(g) and aflatoxin B1 concentration levels. Full as well as
reduced model ANOVA tables were produced using
backward method through removal of least significant
treatments in Genstat version 16. Main treatment means
were compared using Bonferroni’s test in Genstat 16. A
generalized linear model with Poisson logarithmic
distribution was used in SPSS version 21 to summarize
the enumerated colony data. Wald Chi Square was used
for hypothesis testing

3.0 Results and discussion

3.1 Treatment effects on physical aflatoxin screening
of the five genotypes
Genotypes with less than 15% colonization rate were
designated resistant  and those with at least 15%
colonization rate were designated susceptible as such a
cut-off point was set at 15%. Forty one percent of
wounded seeds showed susceptibility to A.flavus
colonization as opposed to control treatment in which
only 13% of seeds showed susceptibility (Figure 3.1).

Figure 3.1 Proportions of colonized seed from the five
genotypes

Seventy five percent and 50% of samples from ICG 1122
and ICG 23 fell below the cutoff point while 75% of
samples from ICGV-SM 99541 and JL 24 were above the
cutoff point. This was an indication that ICG 23 and ICG
1122 showed resistance to A. flavus invasion whereas JL
24 and ICGV-SM 99541 showed high susceptibility
(Figure 3.2).

Figure 3.2 Proportions of wounded seeds from five
genotypes colonized by A. flavus
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Table 3.1 Effect of genotypes (i=5) on aflatoxin B1 concentration (ppb)

Genotype name AFB1(ppb)

ICG 23 13.8 a

ICGV 06408 14.4 a

ICG 1122 21.7 a

JL 24 35.9 a

ICGV-SM 99541 104.0 b

Mean 38.0

SEM 59.1

FPr <.001

CV% 155.7
a-b Means with same letter in the column are significantly different

Table 3.2 Effect of gypsum (j=2) and watering regime (l=2) treatment on pod yield (g)

Gypsum application Gypsum No gypsum

Means 58.1a 43.6b

Watering regime adequate Stressed

Means 61.4a 40.3b

a-b Means followed by the same letter in a row are not significantly different

3.2 Effect of genotypes, gypsum, inoculation and
watering regime treatments on Aflatoxin B1

contamination in parts per billion and pod yield (g)
There were significant differences in aflatoxin B1

contamination levels from the genotypes (FPr<.001).
ICGV-SM 99541 had the highest contamination rate with
a mean of 104 ppb whereas ICG 23 and ICGV 06408
were least contaminated with 13.83 and 14.35 ppb,
respectively ( Table 3.1). In Table 3.2, gypsum and water
regime treatments had significant impact on yield
(P<.001). A mean of 58.1g against 43.6g were obtained
from gypsum applied and gypsum deprived plots. This
might be attributed to that fact that gypsum contains
calcium which prevents development of pops as
articulated by Singh et al., 1985 that lack of calcium in
groundnuts lead to development of pops.  Significant
differences were also noted on adequate water and water
stressed treatments with means of 61.4g and 40.3g,
respectively. This agrees with (Rao et al., 1985) who
attributed kernel yield reduction in groundnuts due to
water stress during seed development.

3.3 Biochemical aflatoxin screening of the individual
genotypes (i=5)
Malawi Bureau of Standards set 10 ppb as upper limit of
groundnuts to be consumed in Malawi (Based on verbal
response from one of the researchers in Malawi), hence in

the context of this research, 10 ppb was set as the cutoff
point. Figure 3.3 shows that 50% of samples from ICG
1122, ICG 23 and ICGV 06408 were below the cutoff
point. At least 60% of samples from ICGV-SM 99541 and
JL 24 were above the cutoff point.
.

Figure 3.3 Aflatoxin B1 results from the five genotypes

From physical and biochemical aflatoxin screening, it has
been noted that there is positive correlation between the
two. For instance, 75% and 50% of samples from ICG
1122 showed resistance to physical and biochemical
aflatoxin resistance, respectively.

3.4 Population density of A. flavus in the soil
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Bright orange colonies in AFPA media (Figure 3.4 a)
confirmed the presence of Aspergillus species in the soil
(Pitt et al., 1983). Colony diameter of up to 7cm of bright
orange colony isolates cultured in Czapex Dox Agar
media (Figure 4 b) verified that the isolates were
Aspergillus flavus (Domschet al., 2007). Aflatoxin
positive results in Agra strips (Figure 4 c) with 4 ppb as a
cutoff point confirmed that A. flavus was toxigenic. A
digital ruler in Assess 2.0 package was used to measure
sclerotia diameter, confirming that s-strain of A. flavus
(Figure 4d) was used in the research. An average colony
diameter was less 314 μm was obtained. Under the
Olympus microscope, the conidial heads were biseriate
which proved to be A. flavus (Domsch et al., 2007).

Figure 3.4a A. flavus colonies

Figure 3.4b Aspergillus species colonies

Figure 3.4c S-strain of A. flavus

Colony Forming Units (CFU) per gram of soil were
enumerated from all experimental units. There was an

increase in number of colonies after subsequent sampling
as can be shown from the box and whisker plots in Figure
3.5. The control had a mean of log10+1 2.44 and means of
log10+1 6.16, 5.32 and 6.07 were obtained after subsequent
samplings.

Figure 3.5 Colony forming Units data experimental units

4.0 Conclusion
More than 50% of samples from ICG 1122 and ICG 23
showed resistance to aflatoxin from physical and
biochemical assays. Gypsum application during flowering
as well as adequate water supply during pod development
significantly reduced A. flavus colonization which
ultimately reduces aflatoxin production in groundnuts. All
enumerated colonies recovered from the treatments were
toxigenic It is therefore recommended that ICG 1122 and
ICG 23 genotypes should be incorporated as sources of
aflatoxin resistance in the groundnut breeding program.
Gypsum should be applied to groundnut crop at flowering
stage to strengthen pods and avoid pops which can easily
be colonized by A. flavus.
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