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ABSTRACT ARTICLE HISTORY
Application of atoxigenic strains of Aspergillus flavusto soils is the most successful aflatoxin Received 15 June 2021
biological control approach. The objective of this study was to evaluate the efficacies of native Accepted 4 September 2021
non-aflatoxin producing (atoxigenic) strains as a biocontrol agent in peanut field in China. The KEYWORDS
competitive atoxigenic A. flavus strains (JS4, SI1and SXN) isolated from different crops, in China peanut; Atoxigenic
were used for field evaluation. The strains applied during the growing season (June - October, Aspergillus flavusstrains;
2016) in the field at rate of 25 kg inoculum/hectare. The colonization of these biocontrol agents has toxigenic Aspergillus
been investigated and the population of A. flavus communities in soil were determined. The flavusstrains; aflatoxins;
incidences of toxin producing (toxigenic) A. flavus strains and aflatoxin contamination in peanuts biocontrol

were also determined. Treated plots produced significant reductions in the incidence of toxigenic

isolates of A. flavus in soil. However, the total fungal densities were not significantly different (p >

0.05) after treatments. Large percentage of aflatoxin reductions, ranging from 82.8% (SXN) up to

87.2% (JS4) were recorded in treated plots. Generally, the results suggest that the strategy can be

used to control aflatoxin contamination and continuous evaluation should be done.

1. Introduction generally carcinogenic (Liu and Wu 2010) immune
suppressor (Okoth 2016; Mupunga et al. 2017) as
well as cause growth impairments in children (Gong
et al. 2002, 2003). AFB; is the most potent and fre-
quently occurring (Kew 2013). Regulatory agencies
limit the maximum tolerable limit of AF. The upper
limit for AFB; in peanuts is 2 ng/g and 4 ng/g for total
AF (B,+ By+ Gq+ Gy) in the European Union, where as
China has a tolerance of 20 ng/g for total AF (FAO
2004), similar limit is adopted by the United States
(Wu et al. 2016).

Cyclopiazonic acid (CPA), is an iodole tetramic acid,
which was originally discovered in peanuts as a fungal
metabolite (Holzapfel 1968). A. flavus strains are major
producers of CPA, and naturally, they are found to
occur as a co-contaminant with AF resulting in impor-
tant economic losses (Bamba and Sumbali 2005;
Astoreca et al. 2014).

The world peanut production totals approximately
42.24 million metric tons in the 2016/2017 growing
season, and China was the world’s largest producer
contributing to 17 million metric tons (USDA 2017).

Members of the Aspergillus section Flavi fungal spe-
cies (Aspergillus flavus and A.parasiticus) are known to
infect important food crops (Frisvad et al. 2006).
Peanut is one of the most vulnerable host crops to
A. flavus invasion and subsequent aflatoxin (AF) con-
tamination throughout its value chain (Barros et al.
2005). A. flavus populations can be subdivided into
different groups based on sclerotia size (L-strain with
>400 um in diameter and S-strain <400 pum) (Abbas et
al. 2005). Some S-strains produce both AFBs (AFB,,
AFB,) and AFGs (AFG;, AFG,), whereas others produce
only AFBs depending on their geographic origin
(Cotty and Cardwell 1999). Other isolates with abun-
dant small sclerotia (diameter <400 um) classified as
strain SBG (Cotty and Cardwell 1999). Within the A.
flavus population some strains may produce different
ranges of AF, called toxigenic, the rest may not pro-
duce at all (called atoxigenic) (Donner et al. 2009; B.
W. Horn and Dorner 1999). Most of the atoxigenic
isolates of A. flavus belongs to L-strains. AF are
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The five provinces of China such as Guangdong
Shandong, Henan, Hebei, and Jiangsu contribute
70% of the country’s production (Yao 2004). Most of
the peanut production is located in the South and
Southeast regions, where there is relatively higher
humidity and temperature favourable for A. flavus
growth and AF contamination at pre-harvest stage
(Cotty and Jaime-Garcia 2007). Reports have revealed
higher levels of AF contamination in crops from the
southern part of China (like Guangdong province)
(Gao et al. 2007; Wu et al. 2016). One strategy that
has been developed for reducing preharvest AF con-
tamination of crops is biological control, which is
achieved by applying naturally occurring competitive
native atoxigenic strains of A. flavus to the soil (Horn
and Dorner 2009). Atoxigenic A. flavus strains interfere
with the proliferation of indigenous toxigenic strains
(Chang et al. 2012; Pitt et al. 2015; Alaniz Zanon et al.
2016). Also, soil inoculation with atoxigenic strains has
a carry-over effect and may protect peanuts from
contamination during storage (Dorner and Cole
2002).

Several atoxigenic strains of A. flavus have been
patented, registered, and commercialised. In USA,
from 2004 to 2008 two atoxigenic A. flavus strains
such as NRRL 21882 (active component of Afla-
guard ©) and AF36 (NRRL 18543) were registered and
used (Abbas et al. 2011) widely. In addition, a strain
K49 (NRRL 30797) has been patented by USDA (King
et al. 2011). Several field experiments on the efficacy
of potential atoxigenic A. flavus have been reported in
other parts of the world such as USA, Argentina,
Nigeria, Australia, and Thailand (Abbas et al. 2006;
Pitt & Hocking 2006; J Atehnkeng et al. 2008; Pitt et
al. 2015; Alaniz Zanon et al. 2016). In doing so, sig-
nificant levels of aflatoxin reduction (43% - 98%) have
been achieved.

Interest in the distribution of A. flavus species
across China has also increased because of increasing
suggestions to utilise isolates of atoxigenic strains A.
flavus to reduce aflatoxin contamination (Yin et al.
2009; Tran-Dinh et al. 2014; Wei et al. 2014; Zhou et
al. 2015) Recently, the distribution of A. flavus in dif-
ferent agro-ecological zones has been reported
(Zhang et al. 2017; Mamo et al. 2018). Molecular char-
acteristics of potential atoxigenic A. flavus strains have
been reported elsewhere (Jiang et al. 2009; Yin et al.
2009).

Very recently, the efficacy test of atoxigenic A.
flavus strains against higher aflatoxin producer strains
co-inoculated at the equal amount in the soil has
been done by group of researchers in China (Yan et
al. 2021). In this study, significant aflatoxin reduction
(84.96-99.33%) has been achieved. However, no cases
were reported before on utilising them in the field
condition against the naturally existing multiple fun-
gal strains. Moreover, no cases were reported in China
about the carry-on effects of field-applied atoxigenic
A. flavus on stored peanuts.

Our earlier work has identified 24 potential biocon-
trol A. flavus strains and characterised that all of them
were atoxigenic, non-CPA production and lack impor-
tant aflatoxin biosynthetic genes (from 5 to 17) (Mamo
et al. 2018). In the current study, three candidate atoxi-
genic strains (J54, SI and SXN) were selected for the
field test and they are lack more than 10 AF- biosyn-
thetic genes and two important CPA-biosynthetic
genes. Therefore, the efficacy of those three native
atoxigenic A. flavus strains was evaluated to reduce
AF contamination in peanuts under field conditions at
the Guangdong province, the southern part of China
and their carry-on effects at storage conditions.

2. Material and method
2.1. Strain selection

The competitive strains used were A. flavus strains JS4,
Sl and SXN. These strains are naturally occurring iso-
late obtained from crops of China (Table 1). These
strains were characterised by Mamoet al.,(2018) and
shown to produce neither aflatoxins nor cyclopiazo-
nic acid. The PCR assay revealed that they lost more
than 10 aflatoxin biosynthetic cluster genes (Figure
1,2) and none of them did not amplified two func-
tional genes in CPA biosynthesis pathway.

2.2. Inoculum preparation

The A. flavus strain inocula were produced by solid-
state fermentation on autoclaved wheat according
to (Alaniz Zanon et al. 2016) with little modifications.
Briefly, wheat seed (500 g) was soaked in water over-
night, drained, placed in a 5-litre flask, and auto-
claved. Distilled water was added to attain 35-40%
moisture content in the wheat. Starter cultures of A.



Table 1. Information about the competitive atoxigenic A. flavus
strains used in the field.

Radial growth

Strain Sclerotia rate Deletion
code Location Source size ? (cm/day) b pattern €
S| Sichuan Rice L 0.67 j
JS4 Jiangsu  Peanut L 0.64 |
SXN Shaanxi Peanut L 0.62 r

9Sclerotia size: L: sclerotia diameter >400 um, S: sclerotia diameter <400 um
®Radial growth rate (cm/day determined on dilute 1 x 10* CFU/ml) PDA, 3-
7 days incubation in darkness at 30 °C. € Deletion pattern

flavus were grown on PDA in 9-cm Petri dishes at 28 °
C for 5 days under continuous darkness. The auto-
claved wheat was inoculated with 1 ml of a conidial
suspension (107/ml), and incubated for 4 days at 30 °
C, the flasks were shaken daily to avoid clump pro-
duction. At the end of the incubation period, the
substrate was dried in a forced-air draft oven at
40°C over night. The dried wheat was then crushed.
The viable count (cfu/g) of A. flavus in the substrate
was determined by homogenising 10 g in 90 ml of
peptone water 0.1% (wt/v). This mixture was then
shaken and diluted to final concentrations of 1072
and 107>, From each dilution, 0.1 ml was spread in
triplicate on Dichloran Rose Bengal Chloramphenicol

wae §E§ HIRG F
SI
JS4
SXN —e=pe—m—t -4 e

MYCOLOGY 145

(DRBC) modified with 3% NaCl (Horn and Dorner,
1999). The Petri dishes were incubated in darkness
for 5-7 days at 30°C. All inoculated wheat contained
108cfu A. flavus/g.

2.3. Field assays

The field assays were done in a commercial field
with the previous history of peanut cultivation,
located within the peanut-growing region of
Guangdong province, Zhanjiang, China. The experi-
ments were established as completely randomised
design; the plot consisted of 5 m x 5 m divided
into 12 subplots, with a buffer area of 1T m
between plots. The peanut cultivar (Zhanyou 75)
was planted in rows at 70 cm distance. The plant-
ing dates were 24 June 2016. The inoculum was
added to fields manually after mixing 62.5 g of
pre-inoculated and crushed wheat with 1 kg of
sand to attain uniform distribution so that the
rate were set at 25 kg inoculum/ha. Inoculation
was done on 24 September 2016, 1 month before
harvesting (24 October 2016). Subplots comprised
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Figure 1. Aflatoxin biosynthesis pathway genes absent patterns of potential biocontrol agents.
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Figure 2. Sketch of the plots for field experiment in Zhanjiang.
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Figure 3. Aflatoxin reduction in peanut kernels harvested.

controls and treatments as follows: (1) uninocu-
lated control; Ck (2) plots inoculated with atoxi-
genic A. flavus strains JS4, SI and SXN.

2.4. Harvest and storage of peanut

Manually harvested peanuts have been dried outside
for 7 days and stored in a room in polyethylene bags
from October 2016 up to January 2017 for 4 consecutive
months. The storage conditions such as relative humid-
ity and temperature were recorded four times a day (6-h
interval) and average figures were calculated. At every
30 days of storage time, 3 kg of peanuts were taken to
the laboratory of the institute of food science and tech-
nology for fungal invasion and aflatoxin B; analysis.

2.5. -Soil mycobiota analysis

Soil fungal population analysis was done according
to (Alaniz Zanon et al. 2016) with slight modification.
Briefly, ten soil samples were taken in two diagonal
transects extending from opposing corners in each
subplot 1 month before planting and immediately
after 15 days of planting and during maturation of
the pods prior to digging to determine the soil
mycobiota and Aspergillus section Flavi (A. flavus/A.
parasiticus) populations. Each soil sample (approxi-
mately 100 g) was a pool from 5 subsamples taken
with a trowel from the top 5 cm of soil where

peanuts would be or were forming. Sub-samples of
each sample were combined in a paper bag and air-
dried for 1-2 days at 25-30°C. Samples were thor-
oughly mixed and passed through a testing sieve (2
mm mesh size).

2.6. Soil fungal isolation and identification

From each soil sample 10 g was diluted with 90 ml of
peptone water 0.1% (w/v). This mixture was shaken
for 20 min and decimally diluted. A 0.1 ml aliquot of
each dilution per sample was spread on the surface of
solid media: Dichloran Glycerol 18% (DG18). The
plates were incubated in darkness for 5-7 days at
30°C. The results were expressed as colony forming
units per gram (cfu/g) of soil. Fungal colonies that
resembled Aspergillus section Flavi were sub cultured
on malt extract agar medium (MEA) for further identi-
fication according to Klich (2002).

2.7. Soil toxigenic profile

A. flavus isolates were screened for aflatoxin produc-
tion on coconut cream agar. A modified version of
the medium described by (Degola et al. 2011) was
used for its efficacy as a diagnostic medium for afla-
toxin production: a commercial coconut milk, avail-
able from local markets was diluted to 40% (v/v) with



distilled water and 15 g agar powder was added,
sterilised by autoclaving. Strains inoculated at the
centre, after incubation at 30°C for 3 days, media
dishes were placed upside down and a drop
(0.2 ml) of 25% ammonia solution was placed into
the lid of each culture dish to release ammonium
vapour (Saito and Machida 1999).Colour develop-
ment (pink pigmentation) upon contact with ammo-
nium vapour was indicative for aflatoxin synthesis.
Consequently, absence of colour development was
indicative for absence of aflatoxin development. The
plates were scored as positive or negative and iso-
lates were grouped as either toxigenic or atoxigenic
(Fani et al. 2014).

2.8. Mycobiota analysis from peanut samples

Harvesting and drying were done in October 2016,
according to the common practices by the farmers in
the area. After drying, four trials of mycobiota analysis
were done at each month interval (October 2016 -
February 2017). From each subplot, approximately 3
kg of kernels were used. This sample was mixed thor-
oughly, and 60 kernels (3 replicates) were selected for
fungal infection determination. The remaining sample
was ground to obtain a subsample of 25 g (3 repli-
cates) for aflatoxin analysis. Peanut kernels from each
sub plot were surface disinfected for 1 min in 1%
sodium hypochlorite solution, rinsed three times in
sterile distilled water and transferred to Petri dishes
containing Dichloran Rose Bengal Chloramphenicol
agar (DRBC) modified with 3% NaCl (Alaniz Zanon et
al. 2016). Plates were incubated at 25°C for 7 days. The
incidence of toxigenic isolates of A. flavus/A. parasiti-
cus in peanuts was determined by testing all the
isolates for toxigenicity as described above for soil
samples.

The aflatoxin analysis was performed using the
kit following the manufacturer’s instructions (Romer
Labs, Getzersdorf, Austria). Briefly described as fol-
lows, 25 g of peanuts were ground and put into a
150-ml flask and mixed with 100 ml of the extrac-
tion solvent, 84:16 (Acetonitrile: Water, v/v). The
mixture was shaken for 60 min at a high speed at
180 rpm in a shaker incubator and filtered with an
analytical filter paper. ROMER Aflatoxin clean up
column was used for cleaning; 2 ml of the extracted
supernatant mixed with 23 ml of phosphate buffer
Saline (PBS) modified with 1% tween 20 and passed
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through the solid-phase extraction column (SPE); on
a vacuum manifold at a flow rate of 1-3 drops per
second. After column loading, the immune affinity
SPE column was washed with 10 ml of PBS before
being eluted with 0.5 x 2 ml and 0.5 x 2 ml of
water and methanol respectively. The elute was
filtered with 0.22 micro litre filter and filled into
HPLC vials for HPLC analysis. One hundred micro
litres of the extract were injected into the HPLC
apparatus (Agilent 2600, Series,  Agilent
Technology, Germany) with post-column photoche-
mical reactor for enhanced detection (HUAAN,
MAGNECH, Beijing, China) with a full loop injection
system. The analytical column was an Agilent STC-
C1812/250 x 4.6 mm. The column was thermo sta-
ted at 30°C. The mobile phase consisted of a mix-
ture of water: methanol (70:30, v/v) eluted at a flow
rate of 1.0 ml/ min. The fluorometric detector was
set at wavelengths, ex = 365 nm, em = 435 nm.
Aflatoxins B;, were measured by comparing peak
areas with a calibration curves obtained with afla-
toxin standard solutions (Sigma-Aldrich, St. Louis,
MO, USA). The detection limit was 1ppb.

3. Statistical analysis

Completely randomised designs with three to four
replicates were used in all experiments. Means
separation and comparison were made by Tukey-
Kramer HSD test at a probability level of p = 0.05.
ANOVA was performed with JMP statistical software
(version 13; SAS Institute, Cary, NC). Mean differences
in aflatoxin levels of peanut (percent difference
between inoculated plot and untreated plots) were
calculated as [1 - (total aflatoxin content in peanut
from inoculated plots/total aflatoxin content in pea-
nut from untreated plot)] x 100.

4, Results

The density of total mycobiota before the applica-
tion of the bioproducts in the field was homoge-
neous across all soil samples, with an average
count 1 x 10*cfu/g. The inoculum levels of native
Aspergillus section Flavi before treatment was also
homogenous and similar among plots (1 x 10% cfu/
g of soil). A. flavus counts were uniform (5 X
10%cfu/g) as well.
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After treatment, counts of total mycobiota and
Aspergillus section Flavi were not significantly differ-
ent compared with the control plot, both after 15 and
30 days of inoculation (Table 2.). However, a signifi-
cantly (p < 0.05) higher incidence of (40.8%) of toxi-
genic A. flavus strains was observed in control
compared to biocontrol treated plots (Table 2.).
Generally, the incidence of toxigenic A. flavus
decreased in all biocontrol treated plots after
30 days of incubation. All treated plots showed
lower incidence of toxigenic A. flavus after 30 days
of inoculation than 15 days of inoculation.
Numerically, JS4 treated plot showed a slightly lower
incidence of toxigenic strains in comparison to other
treatments both after 15 and 30 days of inoculation
(Table 2.).

At harvesting, there were no significance differ-
ences (p> 0.05) both on the peanut infection rate
(PIR) and incidence of toxigenic A. flavus among all
the biocontrol treated plots. Peanut infection rate
generally was below 10% in all plots. Across storage
time, the incidence of peanut kernels infected with
A. flavus was higher in treated plots than in the
control. PIR shows increment across the storage
time from October to January (Table 3). In January,
the relatively highest infection rate ranged from

40.0% to 46.1% were seen on the peanuts collected
from biocontrol treated plots. However, these values
were not significantly different (p> 0.05) (Table 3.).
The maximum PIR (35%) by the natural A. flavus
inoculum was seen in January followed by
December (24.4%) (Table 3.). In October and
November relatively smaller PIR (10% and 16.1%)
were recorded by the natural A. flavus. Comparing
to control plots, significant reductions in incidence
of toxigenic isolates were observed in peanut kernels
from biocontrol treated plots across the course of
storage time. Stored peanut kernels treated with JS4
show reduced incidence of toxigenic A. flavus in
December (9.2%) and January (11.8%). On the con-
trary, the highest 89.9% and 90.7% toxigenic A. flavus
strains were isolated in peanuts collected from
untreated plots during the above storage times,
respectively (Table 3.).

No AFB; was detected at harvesting time and the
first 2 months of storage. It was detected in peanuts in
December and January. Significantly (p < 0.005)
higher AFB; content (27.3 ppb) was detected in pea-
nut kernels from the untreated plot than biocontrol
treated plots at December (Table 3). Significantly
lower levels (p < 0.05) AFB; content ranged from 3.5
to 4.7 ppb was detected in peanut kernels from

Table 2. Total mycobiota, Aspergillus section Flavi, A. flavus and incidence of toxigenic A. flavus from soil samples before and after

treatments.
Before treatments 15 days after treatment 30 days after treatment
TMB ASF T™MB Af TMB ASF Af
TR (cfu/g)?® (cfu/g)® Af (cfu/g)® AF+(%)°  (cfu/g)®  ASF (cfu/g)?®  (cfu/g)® AF+ (%) ° (cfu/g?®  (cfu/g®  (cfu/g)®  AF+ (%)°
K 1x10* 1x10° 5x10? 70 13%x10°% 1.5x10%°a 620 ¢ 28.4a 1.6x10%a  1.7x10%a  250.3b 40.8a
sS4 - - - - 26x 10°ab  2.7x10%a 2.3x10%ab 4.9b 23x10%a  2.1x10%a 2x10% 4.7b
sl - - - - 1.2x 10°ab  7x10%*a 7x10%b 5.5b 17x10°a  1.0x10°a 1.0x10% 6.1b
SXN - - - - 14x 10°ab  7.6x10%a 83x10%ab  123ab  1.1x10°a 9.6x10% 1.5x10% 4.8b

All the data represent the average values of three replicates.
The counts are expressed as colonies forming units per gram of soil (cfu/g).

bThese data are expressed as the percentage of the toxigenic strains (AF+(%)).

Abbreviations: TR-refers treatments, CK- control, ASF- Aspergillus section Flavi, TMB-total mycobiota, Af- A. flavus strains
Means in a column followed by the same letter are not significantly different (Tukey-Kramer HSD test, p > 0.05).

Table 3. Infection of peanut kernels by total A. flavus, percentage of toxigenic A. flavus and aflatoxin contamination during the course

of storage time.

October-2016 November-2016

December-2016 January-2017

Treatments PIR(%)? AF+(%)° PIR(%)? AF+(%)° PIR(%)? AF+(%)P AFB; (ppb)° PIR(%)? AF+(%)P AFB; (ppb)°
Control 10.0bd 77.8a 16.1b 62.5a 24.4b 89.9a 27.3a 35.0a 90.7a 42
154 23.9ab 13.3b 28.9a 13.4b 37.4ab 92¢ 35¢ 41.6a 11.8b ND
Sl 23.3ab 6.5b 32.2a 19.3b 38.3a 122¢ 4.6b 40.0a 12.0b ND
SNX, 27.2a 10.1b 30.0a 7.2b 37.8ab 19.1b 4.7b 46.1a 21.8b ND

All the data represent the average values of three replicates.

Peanut infection rate (PIR) is expressed as the percentage of peanut kernels infected with A. flavus.

PAF-+, these data are expressed as the percentage of the toxigenic strains.

“Aflatoxin levels (AFB,) are expressed as parts per billion (ppb) (ND = not detected; < 1 ppb).
Within a column, values not sharing a common letter are significantly different (Tukey-Kramer HSD test, p < 0:05).
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Figure 4. Natural storage conditions of harvested peanuts.

treated plots (Table 3). JS4 treated plot showed the
least (3.5 ppb) at this time. In comparison to the
uninoculated control plot, large average AFB;reduc-
tion, ranged from 82.8% (SNX) up to 87.2% (JS4) were
recorded (Figure 3). During the last month of storage;
in January, no AFB; was detected from all the treat-
ments. However, in average 4.2 ppb AFB; was
observed in the control plot (Table 3).

5. Discussions

This study provided the first report on the efficacy of
A. flavus biocontrol strains applied in the peanut field
in one of the major peanut-producing regions of
China (Guangdong province), Zhejiang. In this field
experiment, the native inoculum level (50 cfu/g) and
the incidence of toxigenic isolates of A. flavus (>50%)
were uniform among plots (Average 5 x 10? cfu/q).
Similarly, the inoculum level of native Aspergillus sec-
tion Flavi in the soil prior to planting was also homo-
geneous among plots (1 x 10 cfu/g). Among
members of Aspergillus section flavi, A. flavus was
the dominant species (93%). These data are consistent
with the previous study done in China (Zhang et al.
2017). However, it is lower compared with another
study in Argentina (Alaniz et al. 2013).

In the soil samples, no significant changes were
observed in the total fungal colony, Aspergillus sec-
tion flavi as well as A. flavus counts both after 15 and
30 days of inoculation (Table 2). This implies that,
there was no major change on the total fungal popu-
lation of the field because of the addition of atoxi-
genic A. flavus to the field. Similar results observed in
USA (Dorner 2002). Analyses of soils taken prior to

December

80

mm RH(%0)
—T(*C)

- 60

(=}
N
Relative humidity; RH (%)

r 50
January

2017

harvest showed that the treatments resulted in an
increase in the incidence on atoxigenic A. flavus in
treated plots. The mean A. flavus population density
in soils before treatment was 5 x 10% cfu/g, of which
70% of isolates tested were toxigenic. The mean A.
flavus population densities in plots treated with atoxi-
genic strains at harvest were (JS4, 2 x 10 * cfu/qg), (S|,
1 x 10 * cfu/g), (SNX, 1 x 10 * cfu/g) but only 4.0%,
6.1%, and 4.8% of isolates tested were toxigenic for
each treatments, respectively. Therefore, application
of biocontrol agents had the desired effect of chan-
ging the composition of the A. flavus soil population
to greatly favour the atoxigenic strain.

At harvesting time, peanut infection rate (PIR) by
total A. flavus population from both treated and
untreated plots was lower (<10%) and no detectable
aflatoxin observed. The infection rate increased across
the storage time for all plots. Relatively, higher peanut
infection was recorded in December and January
(Table 3.). The infection rate observed at these times
(December and January) were not significantly
(p> 0.05) different between untreated and treated
plots. These data suggest that generally, treatment
of soil with atoxigenic strains did not increase total
infection of peanuts by A. flavus, but rather, it resulted
in the preferential invasion of peanuts by atoxigenic
strains compared with native toxigenic strain (Dorner
and Cole 2002).

At these storage times, the highest incidence
(89.9%, 90.7%) of toxigenic A. flavus were observed in
kernels from the control plot. However, significantly
lower incidence of toxigenic (9.2% - 21.8%) A. flavus
was recorded in kernels from the atoxigenic treated
plots. Significant displacement by competitive
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atoxigenic A. flavus strains was occurred. For instance,
the strain JS4 showed the highest displacements (from
88.2% to 90.8%) of toxigenic A. flavus at the above
storage times (Table 3.). This implies that the strain
JS4 had profound competitive performance in the field.

Detectable aflatoxin contamination was not
observed at pre-harvest and during the first 2 months
of storage time. Delayed aflatoxin contamination is
possible because of climatic conditions at pod
maturations and natural defence by the peanut ker-
nel. Fungal growth, host invasion and as well as afla-
toxin contamination occur when there is optimum
environmental condition (Wu et al. 2016). Despite,
the mean environmental temperature and humidity
registered were 30°C and 79%, respectively. the last
period of peanut growth (Figure 4). However, there
was continuous rain (266.7 mm) for more than
20 days during this time according to World
Weather and Climate Information, data from nearest
weather station: Haikou, China (129.8 KM).
Furthermore, the natural defence mechanisms of the
peanut must be minimised after fungal invasion.
Hence, certain periods of time are required for afla-
toxin contamination to occur on surface of kernels
following penetrating the pod (Diao et al. 2014).

After 2 months of storage AFB;, was detected
from kernels. Significantly higher AFB, concentra-
tion (27.3 ppb) was obtained at December in ker-
nels from untreated plots; this value is by far higher
than the national aflatoxin limits (15 ppb) of stan-
dards (Wu et al. 2016). However, samples from
atoxigenic strain treated plots showed relatively
lower (3.5-4.6 ppb) AFB; content at this storage
time. This implies that atoxigenic strains reduces
AFB; from 82.9% to 87.2%. Similarly, atoxigenic A.
flavus; JS4 strain demonstrates the highest (87.2%)
aflatoxin reduction on storage. Furthermore, except
kernels from control plots, no detectable aflatoxin
was recorded in January (Table 3). This implies that
all atoxigenic (JS4, SI, and SNX) A. flavus strains
achieved 100% of aflatoxin reduction. However,
minimised mean AFB; (4.2 ppb) detected by the
native toxigenic leads us as some external environ-
mental factors are attributed to these data.

Overall peanut infection rate of A. flavus is 35%.
Even though, the atoxigenic A. flavus in the control
reached to 90.7%, aflatoxin contamination was not

higher, this might be attributed to the environmental
factors and moreover, the physiology of the crops. A
study by Dorner et al. (2003) also revealed as aflatoxin
contamination is not always directly correlated with
the incidence of invasion by A. flavus. Drought, tem-
perature and water stresses are among the environ-
mental factors for aflatoxin contamination to occur
(Craufurd et al. 2006). The humidity remains higher
(>75%) while the average monthly temperature
decreased from 28°C in October to 21°C in January
(Figure 4). According to Paterson and Lima (2010,
2011), climate changes (temperature and rainfall) can
influence host-pathogen dynamics so does the afla-
toxin production. Similarly, the water activity (Aw)
that may be reduced across storage time could also
possibly affects aflatoxin production on kernels.

6. Conclusions

This study proved that field application of indigenous
atoxigenic A. flavus can efficiently suppress popula-
tions of toxigenic strains in the soil and on peanut
kernels via the competition and reduce aflatoxin con-
tamination during peanut storage without increasing
either the percentage of kernels infected by A. flavus
in the field or the overall quantity of those fungi
present in peanuts after storage. Generally, the com-
petitive exclusion of toxigenic A. flavus via atoxigenic
ones provides a new strategy for the management of
aflatoxin contamination of peanuts and other crops.
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