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EFFECT OF AFLATOXINS ON N:-FIXER BACTERIA AND
RESPONSE OF |INFESTED PEANUT SEEDS WITH
Aspergillus flavus TO BIOLOGICAL CONTROL

Emara, H.A.; A.A. Abo El-Soud and M. Faten Mohamed
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ABSTRACT

Uncer lab conditions, an experiment was conducted to evaluate biological
effect of aflatoxins on diazotrophs. Also, a greenhouse experiment was executed to
study the effect of dose and time of Bacillus pumilus as a biocontrol agent application
on Aspergillus flavus infested peanut yield inoculated with Bradyrhizobium sp. Results
indicated that Azotobacter and Azospirillum were more sensitive to aflatoxins B1, B2,
G1 and G2. However, Rhizobium and Bradyrhizobium were only affected slightly by
the aflatoxins B1 and B2 but were most resistant against G1 and G2.

Data of pots experiment showed that Bacillus pumilus caused a reduction in
Aspergillus infested peanut. This treatment decreased aflatoxin accumulation in root
zone and so enhanced nodulation, growth, yields and crude protein of peanut plants.
The reduction effect increased with the increasing of bacterial dose. The maximum
reduction of aflatoxin (62%) was obtained when the bacterial dose was 80 ml/pot.
Also, results indicated that the highest values of nodulation, growth, pod and straw
yields were obtained with Bradyrhizobium seed coating plus Bacillus pumilus when
applied at 40 ml/pot after 20 days and 30 days of planting. Data revealed that the
maximum inhibition (70%) of aflatoxin formation was obtained when two doses of
Bacillus pumilus were added (40 ml/pot of each). The first dose at planting and the
second dose after 40 days of planting.

Keywords: Bradyrhizobium sp., Rhizobium, Azotobacter, Azospirillum,
Aflatoxin, Peanut, Arachis hypogea (Arachis), Aspergillus flavus,
Bacillus pumilus.

INTRODUCTION

Peanut (Arachis hypogaea L.) is often invaded before harvested by
Aspergillus flavus and Aspergillus parasiticus. These fungi produce aflatoxins
which are potant carcinogens, mutagens, teratogeas and hepatatoxins
(Betina, 1989). Soil serves as a reservair for the two Aspergillus species
(Horn et al., 1995; Horn and Darner, 1998). Since, peanut fruit is formed
underground, the pods are in direct contact with soil fungal populations. Pods
are most susceptible to invasion by aflatoxigenic fungi and subsequent
aflatoxin contamination under conditions of late-season drought and elevated
soil temperature (Dorner et al., 1989). A flavus is the dominant species in
peanuts as well as in aerial crops such as corn and cotton seeds. However,
A. parasiticus also may be an important contribution to aflatoxin
contamination, particularly in peanut (Schroeder and Boller, 1973).

The interactions between plants and microorganisms in the
rhizosphere could affect crop yields and improve the biological properties of
the soils. Fernando and Linderman (1995) found that Brevibacterium linens
(DF-3101), Bacillus thuringiensis (DF-7107) and Bacillus pumilus (DF-1481)
could suppress cowpea disease caused by Pseudomonas vignae. Significant
reduction of chickpea wilt disease caused by F. oxysporum was estimated
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with soil treated with Bacillus subtilis strain AFI (Dileep-Kuman, 1999).
Kazmar et al. (2000) reported that Bacillus cereus exhibited beneficial effects
on soybean nodulation and yield, as well as, suppression of damping-off
disease of alfalfa.

Various management strategies are necessary to reduce aflatoxin
levels to within regulatory limits for animal, losses to peanut growers, shellers
and processors (Horn et al., 2000). ;

The results of peanut plants grown under field conditions by Abo EI-
Soud et al. (2004) demonstrated that Bradyrhizobium inoculation alone or
combination with Bacillus pumilus and/or Serratia marcescens increased the
nodulation status, as well as, shoot dry weight and nitrogen content also,
pods, seeds and straw yields.

This work aimed to study the biological effect of aflatoxin on some
diazotrophic bacteria using the modified agar-plate-inhibition-zone t=chnique.
Also, a greenhouse experiment was executed to study the effect of dose and
time of Bacillus pumilus as biocontrol agent application on Aspergillus flavus
infested peanut yield.

MATERIALS AND METHODS

Microorganism cultures :

The following bacterial and fungal strains were provided from
Microbiology Dept., Soils, Water and Environ. Res. Inst., Agric. Res. Center,
Giza, Egypt: Azotobacter chroococcum Az1, Azospirillum brasilense SP2,
Rhizobium leguminosarum bv. viceae ICARDA 441, Bradyrhizobium sp.
(Arachis) ARC 601, Asperagillus flavus NRRL 3251 and Bacillus pumilus
NRRL NRS 272
Preparation cf bacterial inoculum :

Five different broth and agar media were used throughout the current
investigation namely: Ashby medium (Hegazi & Niemela, 1976) for
Azotobacter, malate N-deficient medium (Dé&beriner et al., 1979) for
Azospirillum, yeast extract mannitol medium (Vincent, 1970) for Rhizobium or
Bradyrhizobium, Czabek’s -Dex medium (Oxoid, 1982) for Aspergillus flavus
and King's medium (Fernando & Linderman, 1995) for Bacillus pumilus.

Bacterial inocula were prepared by inoculating with the tested strain
and incubated at 28 °C for 24-48 hours as static culture. One ml of inoculum
preparaticn was added to 100 ml of malted and cooled (50 °C) suitable agar
medium for each bacterial type. After inoculation, the agar media were
swirled to ensure uniform cell distributed and 10 ml of the seeded agar were
then asptically pipetted into sterile petri dishes and allowed to solidify.

Assay procedure :

The method used in the present study (lab. experiment) was as
follows: discs of filter paper (diameter of 5 mm) were prepared containing 2,
4, 6, 10, 15 and 20 Ig of aflatoxins B1, B2, G1 or G2 solution (aflatoxin-
chloroform). Discs containing 10 or 20 CI of only chloroform were prepared
and used as control. The discs were allowed to dry for approximately 10 min
and then four replicate discs in each case were evenly placed on the agar
surface of tested bacterial seeded plate. The plates were then inverted and
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pre-incubated at 10 °C for 30 min to allow uniform diffusion into agar. After
pre-inocubation, plates were incubated for 24 hours at 28 °C. The inhibition
zone between the disc and the bacterial mass were then measured.

The Pot experiments :

Pot experiment under greenhouse conditions was designed during

summer grewing season of 2002 to study the antagonistic effect of Bacillus
pumilus against Aspergillus flavus infested peanut. Also, Bacillus pumilus as
a bacterial growth promoter was studied.
Two pot experiments were conducted under wire proof greenhouse
experiment at Agricultural Research Center, Giza. The soil used in pot ftrial
was sampled from the top 20 cm layer of the Experimental fields of Ismailia,
sieved through 2 mm screen and air dried. The main physico-chemical
characteristics (Richard, 1954; Jackson, 1973) of the soil are present in Table
(1). Plastic pots (30 cm diameter) were filled with 10 kg of this sandy soil.
Superphosphate (15.5% P,05) was applied before sowing at a rate of 100 kg
fertilizer/fed.

Table 1:Mechanical and chemical properties of soil used in a
greenhouse experiment.

Properties Values
Sand % 88.45
Silt % 434
Clay % 6.22
CaCoO, % 0.57
Textural class Sandy
pH 7.30
E.C.(dSm™) 0.42
0.C. % 0.09
T.N. % 0.026
Soluble cations (meg ')
Ca” 1.82
Mg~ 0.64
Na’ 0.97
K 0.76
Soluble anions {(meg )
COoy~ 0.00
HCO;' 1.60
CI 0.86
SO, 1.63

The first experiment aimed to study the influence of different doses of
Bacillus pumilus (Bp) on Aspergillus flavus infested peanut seed. The
following treatments were conducted:

1 - Control without Bp application and seed coating (Brdy)

2 - 10 ml of Bp /pot and seed coating (Brdy)

3 - 20 ml of Bp /pot and seed coating (Brdy)

4 - 40 ml of Bp /pot and seed coating (Brdy)

5 - 80 ml of Bp / pot and seed coating (8rdy)

6 - Control without Bp application and soil inoculation (Brdy)
7 - 10 ml of Ep /pot and soil inoculation (Brdy)
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8 -20 ml of Bp /pot and soil inoculation (Brdy)

9 -40 ml of Bp /pot and soil inoculation (Brdy)

10 - 80 ml of Bp /pot and soil inoculation (Brdy)

Before plantlng seeds of peanut were infested with spores of Aspergillus
flavus (8 x 10*/ml).

The second experiment to study time of Bacillus pumilus application. The
following treatments were conducted:

1 - Control, without (Bp) application

2 - 40 ml of suspention (Bp) /pot at planting

3 - 40 ml of suspention (Bp) / pot, 10 day after planting (DAP)

4 - 40 ml of suspention (Bp) / pot, 20 DAP

5 -40 ml of suspention (Bp) / pot, 30 DAP

8 -40 ml of suspention (Bp) / pot, 40 DAP

7 - 40 ml of suspention (Bp) / pot, at planting and 10 DAP

8 - 40 ml of suspention (Bp) / pot, 10 DAP and 20 DAP

9 -40 ml of suspention (Bp) / pot, 20 DAP and 30 DAP

10 - 40 ml of suspention (Bp) / pot, 30 DAP and 40 DAP

Before planting, seeds of peanut were infected with spores of
Aspergillus flavus and inoculated with Bradyhizobium spp. (Arachis) strain
ARC 601 (seed coating).

After germination, pots were fertilized with ammonium sulphate
(20.5% N) at a rate of 20 kg N/fed as starter nitrogen dose and potassium
sulphate (48% K,0) fertilizers at a rate of 50 kg fertilizer/fed.

Pots were arranged in the greenhouse in a complete randomized block
design with four replications. During the experimental period, tap water was
added to keep soil moisture 70% of water holding capacity.

After 100 cays of sowing, plants were carefully uprooted to determine
the biological yield as well as pod and straw weight. The percentage of crude
protein of seed and straw were determined (Page et al., 1982). Obtained data
were subjected to analysis of variance (ANOVA) according to the procedure
of Snedecor and Cocharn (1980).

Also, aflatoxins in pods were determined according to method of FAO
& UNEP (1989) and FAO (1990).

RESULTS AND DISCUSSION

Laboratory experiment:

The capability of the different diazotrophic preparations to tolerate the
antagonistic impact of aflatoxins was investigated using the modified agar-
plate-inhibition-zone technique. Different concentration of aflatoxins towards
a number of symbiotic and non-symbictic diazotroph members were
monitored.

Results presented in Table (2) indicate that Azotobacter and
Azospirillum were mere sensitive to aflatoxins B1, B2, G1 and G2. However,
Rhizobium and Bradyrhizobium were only affected slightly bag the aflatoxins
B1 and B2. Thay were most resistant against G1 and G2. Therefore, the four
tested crganisms could be arranged according to their sensitivity to the tested
aflatoxins as : Azofobacter > Azospirillum > Rhizobium > Bradyrhizobium.
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Table 2: The inhibition zone (mm*) of associative diazotrophs, rhizobial
and bradyrhizobial growth due to aflatoxin (B1, B2, G1 and G2)

Aflatoxin | Conc. Azotobacter | Azospirillum = A P
types | pg/disc | chroococcum | brasilense | RPizobium | Bradyrhizobium ,‘
B1 2 | 5 0 0 0 |
i 4 6 4 0 | 0 ]
i s] 8 5 | 5 | 0
8 | 85 6 | 6 ! 0
10 10 I 8 7 | 4
15 | 12 [ 11 9 i 5
20 | 13 | 12 10 ' 8
B2 2 i 0 0 0 0
i 4| 0 8 0 0 ;
! & | 4 4 0 0 i
[ 5 | 6 5 0 0 ]
[ 10 7 ‘ B | 4 4 |
15 g 8 [ 6 5
20 10 11 [ 8 7
G1 2 0 0 0 0
4 0 0 0 0
6 0 0 0 0
8 4 0 0 0
10 5 6 0 0
15 6.5 7 0 0
20 8 8 0 0
G2 2 0 0 0 0
4 0 0 0 0
6 0 0 0 0
8 0 0 0 0
10 4 4 0 0
15 6 5 0 0
20 8 ¥ 0 0

* Values represent means for triplicate assayes.
0 Negative effect (not detected)

Variable inhibition actions of aflatoxins on the growth of Azotobacter,
Azospirillurm, Rhizobium and Bradyrhizobium were detected. The different
responses of the tested bacteria to aflatoxins may be related to the inhibitory
mode of action of the toxin on the tested bacteria, which is known to be
activated by different exoenzyms derived from bacteria. The varied effects of
aflatoxins on bacteria may be also attributed all formation, mRNA
transcription inhibition, inhibited incorporation of precursors into DNA, RNA
and proteins and blocked induction as well as production of various enzymes
at various levels (Betina, 1989). Accordingly, bacteria and other
microorganisms could be used for the detection and quantification of
aflatoxins production. The present findings as well as their explanations are in
agreement with those obtained by Emara (1996) and Munimbozi & Bullerman
(1998).

The cbtained results also indicate that Bradyrhizobium was more
resistant nitrogen fixing bacteria among the tested microorganisms in the
present work against aflatoxins. This hypothesis led to use Bradyrhizobium
as a nitrogen fixer in the present investigation, which aimed to examine the
suitable inoculum dose and suitable time of inoculation for Bacillus pumilus
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as a biological agent for controlling Aspergillus flavus infection and its
production of aflatoxins.
The pot experiments:

The complementation of bradyrhizobial inoculation and bacterial
biocontrol treatment was investigated under two pot experiments. The first
one, where the different dose of Bacillus pumilus were applied to Aspergillus
flavus infested peanut seeds either by seed coating or over head soil addition
of Bradyrhizobium was introduced into peanut soil system in two different
methods. The second experiment was conducted to find out the suitable time
of application of Bacillus pumilus on the yield of peanut.

Data of the first experiment presented in Table (3) show the effect of
inoculation with Bradyrhizobium sp. (Arachis) and Bacillus pumilus doses
application on nodulation of Aspergillus infested peanut. Low number of
nodules and dry weight being 16 nodules/plant and 217.8 mg nodule/plant,
respectively, were recorded with inoculated and infested seeds without
applying Bacillus (control). Significant increases of nodules number and dry
weight for seed coating treatment with Bradyrhizobium sp inoculation
combined with applied Bacillus (80 ml/pot) as compared with control. These
increases reached to 131.3% for nodule number and 83.7 % for nodule dry
weight over the control. Under soil inoculation with Bradyrhizobium and
Bacillus pumilus applied, increases of nodules number and dry weight were
also detected. These increases were 157.1 and 83.5% for number and dry
weight of nodule, respectively over the control. There were non-significant
differences with Bacillus pumilus 40 ml or 80 ml doses applied on nodulation
were recorded.

Concerning the growth of peanut, data presented in Table (3)
showed that unapplied Bacillus (control) recorded low shoot dry weight and
nitrogen content (9.6 g/plant and 208.9 mg N/plant, respectively). Applied of
Bacillus pumilus in dose of 80 ml/pot produced dry weight and nitrogen
content of shoot of 21.3 g/plant and 509.2 mg N/plant, respectively for the
seed coating Bradyrhizobium inoculation. Also, Bradyrhizobium over head
soil addition and applied the 80 ml/pot produced more pod and straw yields of
20.7 g/plant and 502.5 mg N/plant, respectively.

Inoculation with Bradyrhizobium and applying Bacillus at different
doses recorded highly significant increases in shoot dry weight and N-content
as compared to control. These increases were 117.3 or 115.6% under seed
or soil bradyrhizobial inoculation for shoot dry weight and were 104.6 or
118.4% under seed or soil bradyrhizobial inoculation for shoot N-content,
respectively. While, there were insignificant increases in shoots dry weight
with Bacillus pumilus inoculation at different doses.

To study the suitable addition of Bacilus pumilus in the second
experiment, results in Table (4) revealed that the highest values on number
and dry weight of nodules (26 nodule/plant and 359.5 mg/plant, respectively)
were obtained with Bradyrhizobium seed coating plus Bacillus pumilus
applied at two doses 40 ml/pot after 20 days of planting and 40 ml/pot after
30 days of planting.

Concerning the growth of peanut, data presented in Table (4)
showed that control recorded the lowest values of dry weight and nitrogen
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Table 3: Effect of inoculated Bradyrhizobium sp. (Arachis) and Bacillus
pumilus doses application on biological parameters of pot-
grown Aspergillus infested peanut.

|

[ Nodulation ! Shoots |

Treatments ! Number DW ‘ DW N-content |

| /plant (mg/plant) | (g/plant) | (mgiplant) |

Seed inoculated with Bradyrhizobium ]

_Control 16 [ 2178 | 98 | 2089 |

Bacillus pumilus (10 mi/pot) 26 [ 3061 | 164 | 3922 |
Bacillus pumilus (20 ml/pot) 28 | 3758 | 152 | 3529
Bacillus pumilus (40 mi/pot) 33 | 3824 | 18.7 455.0
| Bacillus pumilus (80 mi/pot) | 7 | 4001 | 21.3 509.2

| Soil inoculated with Bradyrhizobium

| Control ' 14 2159 | 96 | 2301
Bacillus pumilus (10 mV/pot) 24 2636 | 124 | 2925
| Bacillus pumilus (20 ml/pot) 24 3259 | 15.9 379.1
| Bacillus pumilus (40 ml/pot) 32 383.3 19.3 468.7
[ Bacillus pumilus (80 ml/pot) 36 396.1 20.7 502.5
{ LS.0. 0.05 | 5.0 50.9 | 3.3 80.9

content of shoot. Applied the Bacillus pumilus in the double doses
after 30 and 40 days of planting (40 ml/pot of each) recorded the highest
shoot dry weight (20.5 g/plant) and its nitrogen content (663.3 mg N/plant).

There are non-significant difference between applied the bacteria in
the double doses at different times, at planting, 10, 20, 30 or 40 days of
planting.

At harvest, regarding to pod and straw yields, they were significantly
affected by Bacillus pumilus doses treatments (Table 5). Untreated peanut
produced the lowest pod yield (2.3 g/pot and 4.0 g/pot for seed coating or
over head soil addition, respectively).

Applied of Bacillus pumilus in dose of 80 mi/pot (Table 5) produced
pod and straw yields of 7.6 and 44.7, respectively for the seed coating of
Bradyrhizobium inoculation. Also, Bradyrhizobium over head soil addition and
applied the 80 ml/pot produced more pod and straw yields of 7.7 and 35.7,
respectively.

Peanut contained variable quantities of proteins in their seed (16.2 -
20.2%) and straw (7.4 — 8.5). Significant increases in protein contents were
attributed to different doses of Bacillus pumilus application. Under seed
coating of Bradyrhizobium inoculation, the 80 ml/pot was the supericr among
the other doses of bacteria applied 20.0 and 8.5% crude protein was
estimated for seed and straw yield, respectively. Untreated plants showed the
lowest amount of protein (16.2% and 7.4% for seed and straw yield,
respectively).

Regardless to doses of application of Bacillus pumilus, data in Table

(5) also acheived significant increases of pods straw yields due to
Bradyrhizobium over head soil incculation than seed coating.
Results in Table (58) showed high values of pods, and straw yields (6.4 and
47.9 glpot, respectively) were obtained with Bradyrhizobium seed coating
plus Bacillus pumilus applied at two doses 40 ml/pot after 20 days of planting
and 40 ml/pot after 30 days of planting.

Applied Bacillus pumilus after 20, 30 or 40 days of planting recorded
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Table 4: Effect of inoculated Bradyrhizobium. sp. (Arachis) and time of
application Bacillus pumilus on biological parameters of pot-
grown Aspergillus infested peanut.

| Nodulation Shoots {
‘ Treatments | Number |  DW DW N-content !
| | Iplant | (mg/plant) | (g/plant) | (mg/plant)
Seed inoculated with Bradyrhizobium ‘
Control 16 2478 | 98 | 2088
40 mi/pot Bp at planting | 23 | 2412 | 12.9 385.1 |
40 ml/pot Bp 10 DAP i 21 2628 | 187 4274 |
40 ml/pot Bp 20 DAP | 22 3108 | 165 5021 |
40 ml/pot Bp 30 DAP ' 24 281.7 16.7 5142 |
40 ml/pot Bp 40 DAP | 22 | 2897 152 531.7
40 ml/pot Bp at planting and 10 DAP 22 265.9 176 || 5553
40 ml/pot Bp 10 DAP and 20 DAP 25 333.7 20.3 650.2
40 ml/pot Bp 20 DAP and 30 DAP 26 359.5 20.4 652.8
40 ml/pot Bp 30 DAP and 40 DAP 25 345.0 20.5 663.3
L.S.D. 0.05 4 422 34 50.9

significant increases of pods and straw peanut yields over the control, applied
at planting or 10 days of planting.

In the single or the second dose, there are non-significant differences
between applying the bacteria at different time, except the control, applying at
planting or 10 days of planting.

Concerning crude protein percentage, data showed high crude
protein of seed (20.2%) was recorded in the two equal doses 40 mi/pot after
20 days of planting and 30 days of planting treatment (Table 6).

High crude protein of straw (8.6%) was recorded in 40 mi/pot after 10 days of
planting and 40 ml/pot after 20 days of planting treatment.

It could be concluded that Bacillus pumilus application at rate of 40
ml/pot at two doses caused a reduction in Aspergillus infested peanut, with a
decrease in aflatoxin accumulation in root zone and so enhanced nodulation,
growth, yields and crude protein of peanut plants.

For aflatoxins, the present results indicate that Bacillus pumilus
decreased aflatoxin accumulation in seed and these reduction effect
increased with the increasing of bacterial dose (Table 5). The maximum
reduction of aflatoxin (62%) was obtained when the bacterial dose was 80
mi/pot. The results also, indicate that no-significant differences between the
two treatments of Bradyrhizobium (seed inoculated or soil application).

The addition time of Bacillus pumilus, results in Table (6) revealed
that the maximum reduction (70%) of aflatoxin was obtained when two doses
of Bacillus pumilus were added (40 ml/pot of each). The first dose at planting
and the second dose after 40 days of planting.

The inhibiting of aflatoxin by Bacillus pumilus was likely due to
extracellular metabolites produced by the bacterium and possible competition
for nutrients and/or space between the bacterium and the mold. However,
inhibitory effect due to possible crganic acids such as lactic acid which may
have been produced in the growth medium can not be excluded. Also.
Bacillus pumilus may produce antifungal compound(s) inhibiting mycelial
growth and mycotoxin. More investigations in these point are required. These
results and explanations are in agreement with thcse of Kimura & Hirano
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(1988) who reported that Bacillus subtilis inhibited aflatoxin in corn and
peanuts by more than 95%. Also, Munimbozi & Bullerman (1998) reported
that 99.9% of aflatoxin was inhibited by Bacillus pumilus in yeast extract
sucrose broth medium.

Table 5: Effect of inoculated Bradyrhizobium sp. (Arachis) and Bacillus
pumilus doses application on pods, straw yields and its crude
protein (%) of pot-grown Aspergillus infested peanut.

[ in |
’ Treatments Weight (g/pot) | Crude protein (%) | g:;t;;:; :
Pods | Straw | Seed | Straw | |
{ Seed inoculated with Bradyrhizobium
{Control 7 B - 16.2 74 | 800
Bacillus pumilus (10 ml'pot) 54 | 264 19.4 80 | 800
Bacillus pumilus (20 mi/pot) 52 | 2338 19.6 82 | 72.0
Bacillus pumilus (40 mi/pot) 6.8 40.6 19.9 84 | 58.0
Bacillus pumilus (80 mi/pot) 7.6 447 20.0 8.5 | 32.0
Soil inoculated with Bradyrhizobium
Control 40 313 17.0 7.6 80.0
Bacillus pumilus (10 mi/pot) 5 438 19.7 8.2 78.0
Bacillus pumilus (20 mi/pot) 7.4 409 19.9 8.4 70.0
Bacillus pumilus (40 mi/pot) 71 420 20.0 8.5 80.0
Bacillus pumilus (80 mi/pat) ki 36.7 20.2 8.5 30.0

LSD 0.05 2.1 11.9 14 0.4 -

Table 6: Effect of inoculated Bradyrhizobium sp. (Arachis) and time of
application of Bacillus pumilus on pods, straw yields and its
crude protein (%) of pot-grown Aspergillus infested peanut.

Weight (g/pot) Crude protein (%) | Aflatoxin
Tesivine Podsg—"_gStraw Seed Straw  |ug/g pods
Control 2.3 13.2 16.2 7.4 80
40 ml/pot Bp at planting 4.0 36.7 19.5 8.1 58
40 ml/pot Bp 10 DAP 3.9 43.8 19.8 8.4 55
40 mi/pot Bp 20 DAP 6.3 469 19.9 8.4 59
'40 mi/pot Bp 30 DAP 6.4 453 19.8 8.4 65
40 ml/pot Bp 40 DAP | 6.3 39.8 19.7 8.4 77
40 ml/pot Ep at planting and 10DAP | 6.4 349 20.0 8.6 24
40 mi/pot Bp 10 DAPand 20DAP | 50 326 20.1 8.6 62
40 ml/pot Bp 20 DAP and 30 DAP | 64 47.9 10.2 8.0 50
40 ml/pot Bp 30 DAP and 40 DAP 6.1 | 285 19.6 8.5 64
L.S.D. 0.05 ] TS 1.4 0.43 -

Previous studies by Abo El-Soud et al. (2004) indicated that both
Serratia marcescens and Bacillus pumilus caused a reduction ranged from 37
to 42% in spores infested seeds and from 15 to 21% with aflatoxin infested
seed, respectively. In the field experiment the reduction of aflatoxin by either
Bacillus or Serratiz were 43.00 and 28.35%, respectively.

From afrementioned results, it could be concluded that combined
inoculation with Bradyrhizobium and Bacillus pumilus (in the two equal doses
40 mi/pot at planting and -after 10 days of planting) reduced the aflatoxin
effects and enhanced nodulation, growth, yields and crude protein of peanut
in Aspergillus flavus infested peanut plants.
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