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A B S T R A C T

Aflatoxin contamination of peanuts is one of the most concerns in peanut production in China. Applying non-
aflatoxigenic Aspergillus flavus strains, based on competitive exclusion, has been proved to be a promising strat-
egy to reduce aflatoxin contamination in pre-harvest peanuts. Two non-aflatoxigenic A. flavus strains collected in
China, which have been proved effectively reducing aflatoxin in the laboratory, were mixed with high aflatoxin
producer to the soil in peanut growing season. The two non-aflatoxigenic strains significantly (P < 0.05) reduced
aflatoxin contamination in peanut kernels under both normal and drought stresses in two fields. Compared to
control, the total aflatoxin (sum of aflatoxin B1 and B2) was reduced 26.7–99.12% in field 1, and 84.96–99.33% in
field 2. The aflatoxin was reduced 84.96–99.33% under drought stress in two fields. The present study indicated
the non-aflatoxigenic A. flavus strains could be potential biocontrol agents for reducing aflatoxin contamination
under field condition.
Introduction

Peanut (Arachis hypogaea L.) is a very important economic and oil
crop in China, with above 500 million hectares of planting area and
approximately 17 million tons of annual production (Liao et al., 2020).
Aflatoxin contamination is a serious problem in peanut production in the
world. Aflatoxin is well known as a secondary metabolite, which is
produced by Aspergillus fungi including A. flavus and A. parasiticus (Payne
and Brown, 1998). It is carcinogenic, highly toxic, mutagenic, teratogenic
compounds that have been classified as group I carcinogens by the In-
ternational Agency for Research on Cancer (IARC, 2002). Those peanuts
contaminated with excessive levels of aflatoxin are harmful to human
health and cannot be consumed. The occurrence of aflatoxin contami-
nation is now clear. During pod maturation or after harvest, peanut pods
are easily infected by Aspergillus species and contaminated by aflatoxin.
And the most significant contamination usually occurs before harvest
because fungi invasion and aflatoxin accumulation become accelerated
when peanut is usually under high temperature and drought stress in
later growing season (Sanders et al., 1984; Dorner and Cole, 1992).

Through several years’ investigation, peanuts harvested from the
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Yangtze River region, where is hot and dry at the late-season, accumu-
lated the highest level of aflatoxin contamination compared with peanuts
from other planting areas in China (Ding et al., 2015). Therefore, it is
essential to develop effective strategies to manage aflatoxin contamina-
tion of peanut in this region.

Among the approaches of aflatoxin contamination management,
applying competitive and non-aflatoxigenic strains of A. flavus and/or
A. parasiticus to soil has been proved to be an effective way to reduce pre-
harvest aflatoxin contamination of crops (Cotty 1990; Dorner and Cole
2002; Dorner et al., 1999; Abbas et al., 2011). This approach is based on
the premise that when high numbers of spores of the non-aflatoxigenic
Aspergillus strains are applied to crops, they will win the competition
with naturally occurring toxigenic strains on fighting for infection sites
and nutrients. Reductions of aflatoxin by 88–90% using
non-aflatoxigenic A. flavus strains have been demonstrated in peanut in
USA, Argentina, Australia and Africa countries (Dorner 2003; Pitt and
Hocking 2006; Alanis Zanon et al., 2016; Probst et al., 2011). Biocontrol
agents have their own adaptive niches, potential biocontrol strains must
be selected from the similar ecological niches and have great competitive
ability to native toxigenic strains (Dorner and Cole 1992; Moradi et al.,
o).
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2020). To manage the aflatoxin contamination of peanut in China, it is
essential to collect the native non-aflatoxigenic A. flavus strains from
peanut. Earlier investigators found that the non-aflatoxigenic A. flavus
strains collected from China could efficiently reduce aflatoxin production
of toxigenic strains in the laboratory (Yin et al., 2009; Zhou et al., 2015;
Yan et al., 2016), but no cases on utilizing them in the field condition was
reported before.

In the previous study, we found NAFFHB 396, a non-aflatoxigenic
strain, can reduce aflatoxin content of a high aflatoxin producer
AF2202 over 90% in the laboratory condition (Yan et al., 2016). To test
the competitive ability of non-aflatoxigenic strains in the field, NAFFHB
396 and another non-aflatoxigenic strain 707 were separately applied
with AF2202, and the aflatoxin mitigation of both NAFFHB396 and 707
were evaluated. Meanwhile, we also try to identify whether the coloni-
zation and competitively exclusion ability of these two non-aflatoxigenic
strains would be influenced by the drought stress. The aim of the present
study was to evaluate the efficacy of two native non-aflatoxigenic
A. flavus strains NAFFHB396 and 707 to reduce aflatoxin production in
peanuts under field conditions in China.

Material and method

Inoculum preparation

Aspergillus flavus strains including a high aflatoxin producer AF2202
(Wang et al., 2016; Yan et al., 2016), two non-aflatoxigenic strains:
NAFFHB396 (Yan et al., 2016), and 707 (Yan et al., 2018) were used in
the present study. The peanut used in this study was a susceptible cultivar
(Zhonghua12), developed by Oil Crops Research Institute, CAAS (Wang
et al., 2016). For inoculum preparation, AF2202, NAFFHB396 and 707
were inoculated on potato dextrose medium and cultured at 30 �C in the
dark for 7 days, respectively. Conidia of each strain were collected,
suspended in 0.1% Tween 20 water and adjusted to 2 � 105 conidia per
mL. Dry corn grits were autoclaved at 121 �C for 1 h, transferred to
sterilized plastic boxes after cooled down, inoculated with conidia sus-
pension (500 mL conidia suspension per kg) of each strain separately,
andmixed thoroughly in the hood. The cultures weremaintained at 30 �C
for 24 h, then stored at 4 �C.

Field experiments

The competitive ability of NAFFHB396 and 707 when challenged
with equal conidial density of toxigenic A. flavus AF2202 was evaluated
in field. Toxigenic strain AF2202 was added to soil alone as control.
Experiments were performed in two fields at Wuchang in 2015 and 2016.
The previous crop was rice for field 1, and peanut for field 2. Each
treatment consisted of 3 plots and each plot with 200 plants. The
experiment was conducted by a completely randomized design with 3
replicates. Peanut was sowed on 27 April in 2015, and on 30 April in
2016. A 10 g row�1 of A. flavus inocula were added to the soil at flow-
ering stage (50–60 days after sowing). In addition, a rain exclusion
shelter was placed over the A. flavus treated plots one month before
harvest, those plots without a shelter were set as control. In 2015, plants
were harvested at 132 DAP (days after planting). In 2016, plants were
harvested at 128 DAP. Soil samples (every sample was collected from 5
spots of each plot, and approximately 200 g in total) were collected just
before peanut harvest, transferred to a paper bag, dried immediately at
50 �C for 72 h. Soil samples were passed through a No.4 sieve (250 μm),
then kept under 4 �C. Peanut pod samples were collected, air dried and
kept at 4 �C.

Microflora analysis

To ascertain the density of A. flavus soil population of the mixed
inocula containing non-aflatoxigenic strains with toxigenic strain and
inoculum of toxigenic strain alone, a series of assays were conducted in
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the field under normal and drought stress in 2015 and 2016. Aspergillus
section Flavi fungi were recovered from soil by the dilution plate tech-
nique on modified dichloran rose bengal chloramphenicol agar (DRBC)
(Pitt et al., 1993). Ten gram of soil sample was suspended in 100mL 0.1%
peptone water, shaken for 30 min at room temperature. The soil sus-
pension was decimally diluted from 10�1 to 10�5. A 100 μL aliquot of
each dilution from 10�2 to 10�5 was plated on the surface of DRBC
medium with 3% NaCl (Alaniz Zanon et al., 2013), each dilution with 3
replicates. The cultures were kept at 30 �C in the dark for 3–7 days.
Colonies showing pink reverse color and producing olive-green conidia
were identified as A. flavus. Colony number between 25 and 250 per plate
was recorded. The density of A. flavus population in the soil was indicated
as colony forming units per gram (cfu g�1).

Determination of kernel infection by A. flavus

A total of 18 plots were tested for A. flavus infection, and 9 plots were
under drought stress and 9 plots were under normal condition. There was
approximately 2 kg of kernels randomly taken from each plot, and 100
kernels (3 replicates) were selected for A. flavus infection determination.
The remaining kernels were ground and kept for aflatoxin analysis.
Peanut kernels were surface sterilized for 30 s with 75% ethyl alcohol, 2
min with 1% sodium hypochlorite (NaClO), rinsed with sterile water for
3 times and soaked in water for 8 min. Kernels were transferred to sterile
petri dishes (9 cm in width), 10 kernels per petri dish. The petri dishes
with kernels were placed gently into plastic boxes, sealed with covers and
incubated at 30 �C for 7 days. Kernels which surface covered by olive-
green Aspergillus conidia were regarded as infection. The percentage of
infection was calculated by the formula as follows, percentage of infec-
tion ¼ infected kernels/total tested kernels � 100.

Aflatoxin analysis

The aflatoxin analysis was performed based on Chinese method stan-
dards (Wang et al., 2007) with minor modification. Five gram of ground
kernel was transferred to 100 mL flask and suspended in 15 mL 4%
NaCl-methanol-water. The mixtures were treated with ultrasonic wave for
15 min at room temperature, passed through two layer of filter paper
(Waterman No.1). The filtrate (3 mL) was transferred to a 15 mL glass
tube, diluted with 8 mL of sterile water and mixed thoroughly by shaking
for 1 min, then stayed overnight. The mixture was filtered through a
Millipore filter (0.45 μm), then passed through immune-affinity column
and washed twices with 10 mL deionized water. The pure extract was
obtained by eluted the column with 1 mL methanol for HPLC profiling.
HPLC analysis was conducted at room temperature on a reverse phase C18
column of 4.6 mm � 250 mm (Angilent Technologies, Santa Clara, CA,
USA) with a mobile phase that consisted of methanol/H2O (55:45, V/V) at
a flow rate of 0.7 mL min�1 on an Angilent 1200 system (Angilent Tech-
nologies, Santa Clara, CA, USA), and 10 μL of each sample was loaded.

Statistics analysis

Mean and variance of density of A. flavus population in the soil,
percentage of infection and aflatoxin content of kernels were analyzed by
SPSS 22.0, variance analysis was determined by General Linear Model
using year, fields, strains, and drought stress treatment as fixed factors,
density of A. flavus population, percentage of infection and aflatoxin
content of kernel were set as dependent variable, respectively.

Results

Density of A. flavus population in soil

Colonies of A. flavus appeared on the DRBC medium after 3 days in-
cubation with pink reverse color. Olive green conidia emerged on the
colonies 5 days later (Fig. 1A and B).



Table 1
Analysis of variance for density of Aspergillus flavus soil population and per-
centage of peanut infected by A. flavus.

Source of
variation

Sum of
squares

DF Mean
square

F value P
value

Colonies in
soil

Year 7944.18 1 7944.18 7.228 0.015
Field 3289.667 1 3289.667 2.993 0.101
Strain 2518.033 2 1259.016 1.146 0.340
Drought 6572.41 1 6572.41 5.980 0.025

Percentage of
infection

Year 9695.436 1 9695.436 21.398 0
Field 82.288 1 82.288 0.182 0.675
Strain 3107.205 2 4533.603 3.429 0.055
Drought 4672.692 1 4672.692 10.313 0.005
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Investigation of soil microfloral was conducted in 2015 and 2016. For
the plots treated with AF2202 alone, the density of AF2202 in soil pop-
ulation was approximately 3.2 � 105 cfu g�1 in field 1, and up to 4.18 �
105 cfu g�1 in field 2 in 2015. The density of population of AF2202 was
over 5.17 � 105 cfu g�1 in field 1, respectively, and was up to 1.25 � 106

in field 2 in 2016. For the plots treated with toxigenic and non-
aflatoxigenic strains together, the density of AF2202 þ 707/
NAFFHB396 was 2.88 � 105–3.72 � 105 cfu g�1 under normal condition
and was 3.42� 105– 4.43� 105 cfu g�1 under drought stress condition in
2015. Similar density of A. flavus was found in 2016, with 1.39 �
105–1.16 � 106 cfu g�1 under normal condition and 3.54 � 105–1.81 �
106 cfu g�1 under drought stress condition.

The density of A. flavus soil population was not significantly influ-
enced by strains and fields, but was significantly influenced by years and
drought stress by SPSS analysis (Table 1). The population of A. flavus
under drought stress was significant higher than that under normal
condition both in 2015 and 2016 (P < 0.05) (Fig. 2A and 2B). Mean-
while, the population of A. flavus in 2015 was significantly different with
those in 2016 under both normal condition (P< 0.05), and drought stress
condition (P < 0.01) (Fig. 3A and 3B).

Fungi colonizing peanut kernels

Peanut kernels of all treatments were infected by A. flavus under both
normal and drought stress condition in two years. In 2015, percent of
infection of peanuts by AF2202 alone was 2.0% and 12.3% in field 1 and
field 2 under normal condition, and was 12.0% and 80.5% in field 1 and
field 2 under drought stress. For plots treated with AF2202 þ 707 and
AF2202þNAFFHB396, the percent of infection of peanuts was 3.5%–

64% under normal condition, and 12.0%–92.5% under drought stress
condition. In 2016, percent of infection of peanuts by AF2202 alone
ranged from 60.34% to 88.67%, percent of infection ranged from 83.28%
to 93.67% by AF2202 þ 707 and NAFFHB396. Percent of infection of
peanuts by A. flavus was significantly affected by years and drought
stress, but was not significantly affected by strains and fields by SPSS
analysis (Table 1). Percent of infection of peanuts by A. flavus was
significantly different between normal condition and drought stress both
in 2015 and in 2016 (Fig. 4). Infection percentage of peanut by A. flavus
in 2015 and 2016 was significantly different under normal condition, but
not significant different under drought stress condition (Fig. 5).

Aflatoxin reduction

Total aflatoxin (sum of aflatoxin B1 and B2) of peanuts was detected in
2016. The aflatoxin content of peanuts was significantly influenced by
Fig. 1. Colonies of A. flavus on DRBC medium. A, olive green conidia of A. fl
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non-aflatoxigenic A. flavus strains, but not by fields and drought stress
analyzed by SPSS (Table 2). For treatment of AF2202 alone, the total
aflatoxin content was 10.66 μg kg�1, 584.29 μg kg�1 in field 1, and
667.14, 913.76 μg kg�1 in field 2 under normal and drought stress
condition, respectively. For treatment of AF2202 þ 707, it was 7.81 μg
kg�1, 24.5 μg kg�1 in field 1, and 5.08 μg kg�1, 6.06 μg kg�1 in field 2,
meanwhile, for treatment of AF2202þ NAFFHB396, it was 6.21 μg kg�1,
5.12 μg kg�1 in field 1 and 7.11 μg kg�1, 137.38 μg kg�1 in field 2 under
normal and drought stress condition respectively (Table 3). Compared to
co-treated with non-aflatoxigenic strains, peanuts treated with AF2202
alone accumulated 1.37–131 folds of aflatoxin under normal condition in
field 1 and 2, and 6.65–150 fold of aflatoxin under drought stress con-
dition in field 1 and 2, respectively.

In comparison with peanuts treated with AF2202 alone, the aflatoxin
concentration in the plots treated with non-aflatoxigenic and AF2202
together was significantly reduced under drought stress in field 1 and
under both drought stress and normal condition in field 2. There was no
significant difference in aflatoxin of peanuts collected in soil added by
AF2202 either with NAFFHB396 or with 707. Compared to AF2202, the
non-aflatoxigenic strains resulted in over 26.7% reduction of aflatoxins
under normal condition, and more than 95.8% reduction under drought
stress in field 1. The non-aflatoxigenic strains resulted in approximately
99% reduction of aflatoxin under normal condition and more than 84%
reduction of aflatoxin under drought stress condition in field 2. No sig-
nificant (P > 0.05) differences in abilities of reducing total aflatoxin be-
tween 707 and NAFFHB396 was shown under both normal and drought
stress in field 1, and under the normal condition in field 2 (Table 3).

Discussion

Aflatoxins do harm to both the safety and value of foods and feeds.
Management of aflatoxin contamination of food and feed is required to
avus on DRBC medium; B, pink reverse color of A. flavus on DRBC medium.



Fig. 2. Density of A. flavus population in soil in different treatments A, density of A. flavus population in the soil in 2015; B, density of A. flavus population in the
soil in 2016. * indicates the difference reaching a significant level (P < 0.05).

Fig. 3. Density of A. flavus population in the soil in different years. A, density of A. flavus population in the soil under normal condition; B, density of A. flavus
population in the soil under drought stress. * shows difference reaching a significant level (P < 0.05); ** indicate difference reaches a significant leve (P < 0.01).

Fig. 4. Percent of peanuts infected by A. flavus in different treatments. A, percent of peanuts infected by A. flavus in 2015; B, percentage of peanuts infected by
A. flavus in 2016. * shows the difference reaching a significant level (P < 0.05).
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food security (Wu et al., 2010). A biological control strategy that utilizing
naturally occurring non-aflatoxigenic isolates of A. flavus to competi-
tively exclude aflatoxin producers, has been employed successfully in
many crops, including corn, cotton, peanut and pistachio (Dorner et al.
2003, 2009; Jaime et al., 2017; Cotty 1994; Doster et al., 2014). A
formulation of non-aflatoxigenic A. flavus strains NRRL 21882 was first
developed and named Afla-Guard for use in peanut fields in USA (Dorner
and Lamb 2006). Later on, several biocontrol formulations consisted of
non-aflatoxigenic A. flavus strains were developed in USA, Italy, Serbia,
Nigeria, and Turkey for prevention of aflatoxin contamination in peanut
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and corn (Mauro et al., 2018; Savic et al., 2020; Atehnkeng et al., 2014;
Moral et al., 2020). Though in some previous studies, some
non-aflatoxigenic strains have been collected from China and exhibited
aggressive nature against toxigenic strains in the laboratory (Yin et al.,
2009; Zhou et al., 2015; Yan et al., 2016), there is no report on utilization
of non-aflatoxigenic A. flavus in field until now. This study firstly
demonstrated the effect of non-aflatoxigenic A. flavus strains native to
China in reducing aflatoxin contamination of peanut in the fields.

Application of non-aflatoxigenic A. flavus strains in the field was
highly efficient in reduction aflatoxin contamination in peanuts.



Fig. 5. Percent of peanuts infected by A. flavus in different years. A, percent of peanuts infected by A. flavus under normal condition; B, percentage of peanuts
infected by A. flavus under drought stress. * shows the difference reaching a significant level (P < 0.05).

Table 2
Analysis of variance for aflatoxin of peanuts.

Source of
variation

Sum of
squares

DF Mean
square

F
value

P
value

Aflatoxin Field 100456.020 1 100,456 2.578 0.152
Strain 720023.165 2 360011.6 9.240 0.011
Drought 77940.201 1 77940.2 2.000 0.200
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Aflatoxin contamination of peanuts in the field in USA could be reduced
by 77–98% with non-aflatoxigenic strains A. flavus NRRL 21882 and
A. parasiticus NRRL 21369 (Horn and Dorner 2009). Reductions in afla-
toxin levels of peanuts averaging 71%were detected in treated plots with
an non-aflatoxigenic A. flavus (AFCHG2) in different inoculation treat-
ments in Argentina (Alanis Zanon et al., 2013). Aflatoxin reductions of
peanuts ranged from 58.3% to 100% by Aflasafe SN01 in Senegal (Sen-
ghor et al., 2020). In the present study, the reduction in aflatoxin by
NAFFHB396 and 707 was from 84.96% to 99.33% under drought stress
condition, and also attained 98.93–99.24% reduction under normal
condition. It suggested that non-aflatoxigenic strains NAFFHB396 and
707 were efficient in reducing aflatoxin contamination of peanuts in the
field. Both strains could be potential biocontrol agents for exclude toxi-
genic A. flavus in the field.

Drought stress during maturation of peanut pods increased the ability
of A. flavus to infect peanuts (Horn, 2003; Alanz Zanon 2013). The pre-
sent study also confirmed this conclusion. Though the soil population of
A. flavus in the soil were similar in the plots both under drought stress and
normal condition in 2015 and 2016, the percentage of peanut infection
were higher in the plots treated by drought stress than those under
normal condition, and aflatoxin content of peanuts collected from plots
treated with drought stress also higher than those collected from plots
under normal condition. Njoroge et al. (2018) argued that biological
control was ineffective when drought prevailed in peanut. Dorner (2009)
Table 3
Aflatoxin content of peanuts and reduction rate by non-aflatoxigenic A. flavus strains

Treatment Field 1

Control Reduction rate
(%)

Drought stress Reduction rate
(%)

707 þ
AF2202

7.81 � 4.65a 26.7 24.5 � 5.28a 95.8

396 þ
AF2202

6.21 � 1.14a 46.7 5.12 � 0.89a 99.12

AF2202 10.66 �
1.31a

584.29 �
23.58b

Notes: Different lowercase letter after data indicates difference reaches a significant
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demonstrated that biocontrol was particularly effective when aflatoxin
conductive situation was promoted by drought stress. In the present
study, we found that the aflatoxin reduction of toxigenic AF2202 were
over 84% by non-aflatoxigenic strains under drought stress condition,
and over 26.7% under control condition. The results were in according
with those from Dorner (2009). It suggested that non-aflatoxigenic
strains used in present study have good competitiveness under both
normal and drought stress condition, and it is promising to reduce afla-
toxin under drought stress condition.

The worldwide accepted levels for aflatoxin B1 and total aflatoxin (the
sum of aflatoxin B1, B2, G1, and G2) range from 1 to 20 mg kg�1 and from
0 to 35 mg kg�1. The regulatory limit for aflatoxin B1 contamination is
20 μg kg�1 in China (Ding et al., 2012). The aflatoxin can attain a safe
level after treated with non-aflatoxigenic Aspergillus flavi strains (Alanz
Zanon 2013). Similar result was also found in the present study. Peanuts
harvested from plots treated with a mixture of toxigenic and
non-aflatoxigenic A. flavus strains accumulated less aflatoxins compared
with those treated by AF2202 alone, significantly less aflatoxins were
detected under drought stress condition. Less than 20 μg kg�1 aflatoxin
was detected in the plots treated with non-aflatoxigenic strain under
normal condition and also in the plots treated with NAFFHB396 in field 1
and 707 in field 2 under drought stress condition. It suggested that uti-
lization of non-aflatoxigenic A. flavus strains could efficiently reduce
aflatoxin content of peanuts both under normal condition and under
drought stress condition, and in most cases the peanuts collected in the
plots treated with non-aflatoxigenic strains could attain a safe level.

The two non-aflatoxigenic strains were collected from different
provinces along the Yangtze River region, NAFFHB396 was from Hubei
Province, 707 was from Guizhou Province. The two strains shared similar
genes deletion pattern in aflatoxin synthesis cluster (Yan et al., 2018) and
demonstrated similar aflatoxin reduction efficiency in the laboratory
condition (data not published). In the present study, the two strains
revealed similar high aflatoxin reduction efficiency under both normal
.

Field 2

Control Reduction rate
(%)

Drought stress Reduction rate
(%)

5.08 � 1.80a 99.24 6.06 � 0.44a 99.33

7.11 � 2.89a 98.93 137.38 �
12.16b

84.96

667.14 �
72.34b

913.76 �
48.62c

level (P < 0.05).
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and drought stress condition in field 1 and field 2. It suggested that the
two strains could be used as biocontrol potential agents to control afla-
toxin contamination in the field condition along the Yantzge River
region.

The present study showed the good competitive ability of two atox-
igeinc A. flavus strains native in China to exclude the toxigenic strain
from peanuts in field. Both strains have the potential to be biocontrol
agents to manage toxigenic A. flavus of peanut in China.
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