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Abstract

A mycorrhizal fungus Glomus aggregatum (VAM), and a bacterial
isolate Bacilfus subtilis (Bs), were evaluated individually or in combination
with Bradyrhizobium japonicum (Rh) as biocontrol agents for reducing
root-rot disease caused by fusarium oxysporum (F.Q.) in soyhean plants,
under greenhouse conditions. In non-inoculated (control) plants, infesta-
tion of soils with F.O. drastically reduced plant growth parameters com-
pared to non-infested ones. However, the detrimental effects caused by
F.O. infestation were less detected in VAM and/or Bs inoculated treat-
ments, being the least pronounced in the VAM+Bs treatment.

in plants inoculated with B. japonicum, fusarium infestation result-
ed in variable decreases in number and dry weight of nodules, plant
growth and seed yield. However, rhizobial inoculated-plants could with-
stand the stress of fusarium infestation when biologically controlled with
G. aggregatum and/or B. subtilis. Results pointed out that the observed
prophylactic effects of mycorrhizal inoculation was not only related with
plant nutrition, but also related with reduction of disease severity.

INTRODUCTION

Incited root-rot disease by Fusarium spp. is considered a menace to soybean cul-
tivars at different areas in Egypt. Several fungicides are traditionally used as a fungal
diseases control may cause environmental pollution. In addition, some of these chemi-
cals disrupt symbiosis occuring between plants and Ny-fixing bacteria. Michael and Da-
vid (1990) mentioned that, legume-Rhizobium relationship is not exempted from the

effects of agricultural chemicals.
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The real need for controlling plant diseases, together with etiminating the risk of
fungicides application without hindering the biological N,-fixation, have prompted the

search for biological alternatives.

Mycorrhizal inoculation has been explored as an alternative agent used to reduce
the incidence of root diseases. St-Arnaud et al, (1997) concluded that, mycorrhizal in-
oculation with Glomus intraradices clearly reduced symptoms caused by Fusarium oxy-
sporum in the non-VAM species Dianthus caryophylius when co-cultured with VAM spe-
cies Tagetes patufa. Recenily, Filion et al (1999) used an in vitro system which
permitted the isolation of soluble substances released by the extraradical mycelium of
mycorrhizal fungus Glomus intraradices. They found that, conidial germination of F. oxy-

sporum {. sp. chrysanthemiwas reduced in the presence of these substances.

For using bacteria as a biocontrol agent, Sharga and Lyon (1998) summarized
that, Bacillus subtilis BS 107 showed antagonism against a broad spectrum of bacterial

and fungai species.

The main goal of the current study was to evaluate the validity of inoculation
with Glomus aggregatum and Bacillus subtilis either individually or in combination as an
integrated system for controlling root-rot disease caused by F. oxysporum, as well as

their effects on hiological No-fixation in soybean piants.

MATERIALS AND METHODS
Soil

A clay foam soil collected from Sakha Agric. Res. Station, Agric. Res. Center at
Kafr EI-Sheikh, Egypt, was used in this study. The soil has a pH of 7.8; total nitrogen,
0.12%; total phosphorus, 0.0093%; organic carbon, 0.81%, C/N ratio, 6.8. The soil
was air dried, passed through a 2-mm sjeve and distributed into earthenware pots (35
x 45 cm) at the rate of 6 kg pot .

Seeds

Soybean seeds {Glycine max L. c.v. crowford) were obtained from Legume Crops
Section, ARC, Giza. Seeds were sown in the prepared pots, then thinned to three seed-

lings per pot after 7 days of germination,
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Rhizobial inoculum

Two active Bradyrhizobium japonicum strains namely 110 and Sbé obtained from
Biological Nitrogen Fixation Unit, ARC, Sakha, Kafr El-Sheikh, were used. Cultures were
grown in yeast extract mannitol {YEM) broth (Vincent, 1970) on a rotary shaker at
25 <C for 7 days. Inoculation with rhizobia was done one week after seed germination
by pippetting 2 ml of mixed culture containing 1.5 x 107 cells mI"* around the base of

each seedling. Uninoculated treatments were received rhizobia-free medium.

VA-mycorrhizal inoculum

The mycorrhizal fungus was Glomus aggregatum (Schenck and Smith emend.
Koske), was obtained from Dr. Habte. M., Dept. of Agron. and Soil Science, Univ. of Ha-
waii, Honolulu, USA. It was propagated on Sorghum bicolor in sterilized pot culture for 3
months prior to the start of the experiment. Soil from 12 week-old pot culture was
used as a crude inoculum. The mycorrhizal propagule density was determined by MPN
technique (Daniels and Skipper, 1982). For mycaorrhizal inoculation, portions of 50 g
crude inoculum containing 500-700 viable propagules were placed 2-4 cm below the
soil surface in each pot before seed sowing. Uninoculated pots were received a filirate

ot soil inoculum free from VAM propagules.

Bacillus subtilis

Bacillus subtilis strain was obtained from Plant Pathology Research Institute, Ag-
ric. Res. Center, Giza. It was maintained on nutrient agar (Difco} at 6 °C. The culture
was grown on fresh medium composed of pepione, 5.0; Beef extract, 3.0; Yeast ex-
tract, 1.0; Glucose, 5.0 g/L of distilled water and incubated on rotary shaker (120
r.p.m) at 28 °C for 3 days. Then, the growth was harvested by centrifugation (2000
r.p.m} and it was suspended under aseptic conditions in sterile distilied water, 2 mi| alj-
quots of bacterial suspension (1.8 x 108 cells mi"') was added over each seed at sow-

ing.
Fusarium oxysporum

The fungus was originally isolated from wilted soybean plants, kindly provide by

Dept. of Legume Diseases, ARC., Giza. Spore inoculum was prepared by growing F. oxy-
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sporum on potato dextrose agar (PDA) plates for 15 days at 25 °C, and the spores
were harvested in sterile distilled water. The suspension was containing 0.5 x 108 spore
mi"!. Soil infestation was done by adding 100 ml of a spore suspension in each pot 2

weeks after seed germination.

Mineral fertilization

The minerai fertilization treatment (M f) was carried out by adding urea {(46% N)
at the rate of 60 kg N per feddan and superphosphate (15.5% P»05) and potassium
sulphate (48% K,0} at the rates of 60 kg and 50 kg per feddan, respectively.

There were nine treatments as follows:

'y

. uninoculated soil [control C],

- uninoculated and fertilized with NPK fertilizers (Mf),

. inoculated with a mixture of B. japonicum strains 110 and Sb6 (Rh),
. inoculated with mycorrhizal fungus G. aggregatum (VAM),

. inoculated with B. subtilis (Bs),

. inoculated with {Rh+VAM),

. inoculated with (Rh+Bs),

. inoculated with (VAM+Bs),

. inocuiated with (Rh+VAM+Bs).

© 0 N ot AWM

Each of the nine treatments was either infested with the pathogenic fungus F
oxysporum or remained without infestation. Pots were arranged in a greenhouse of 25-
35 °C and watered when needed. The experimental design was a completely random-

ized block with nine replicates for each treatment.

After 60 and 90 days of planting, 3 replicates from each treatment were taken.
Number and dry weight of nodules as well as dry weight of shoots were recorded. Ni-
trogen and phosphorus contents of plant shoots and seeds were determined according
1o Chapman and Pratt (1961). Mycorrhizal colonization ratios of soybean roots were
estimated after staining (Phillips and Hayman, 1970). At the end of the experiment the
seed yield was recorded. Data were statistically analyzed by the least significant differ-

ence according to Snedecor and Cochran, {1980).
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RESULTS AND DISCUSSION

Number and dry weight of nodules

Data of number and dry weight of nodules are shown in Table (1). Plants grown
in soil infested with F. oxysporum and inoculated with B. japonicum gave the lowest
number of nodules with average reduction of 62.3 and 56.9% after 60 and 90 days of
sowing when compared with non-infested ones. Such reduction in nodule number could
be explained by the detrimental effect of the pathegen (F. oxysporum) with the survi-
val of rhizobia in the rhizosphere and nodule formation. These results confirmed the ob-

servations recorded by Ghobrial et al. {1996).

Table 1. Number and dry weight of nodules on soybean roots grown in soil infested or
non-infested with Fusarium oxysporum. (Vaiues per pot)

No. of Dry weight of No. of Dry weight of
nodules nodules {mg) nodules nodules {mg)
Treatments®
Fusarium infestation
- + l - + - + - +
60 days ** 90 days **
C - - - - - - - -
Mf - - - - - - - -
Rh 40.67 15.33[163.44 55.19 |58.00 25.00)540.33 120.35
VAM - - - - - - - -
Bs - - - - - - - -
Rh+VAM 47.33 43.00)1186.00 157.00|71.67 62.33|660.00 556.60
Rh+Bs 44 .33 39.00|176.60 144.70|62.00 54.33|562.00 500.00
VAM+Bs - . - - . - - .
Rh+VAM+Bs 48.67 44.32|210.00 175.00]181.70 75.00|680.00 623.34
LSD at 0.05 NS NS 4.68 33.15
0.01 NS NS 6.50 46.01

* C, control; Mf, mineral NPK fertilization; Rh, Bradyrhizobium japonicum; VAM, mycor-

rhizal fungus Glomus aggregatum; Bs, Bacillus subtilis.

** Days after sowing

NS, non-significant.

When F. oxysporum was biologically controlled by inoculating the soil with mycor-

rhizal fungus G. aggregatum and/or bacterial isolate B. subtilis, the negative effect
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caused by F. oxysporum infestation on nodule formation was less detected particularly
in Rh+VAM+Bs treatment, the average reduction was 8.9 and 8.2% after 60 and 90
days of sowing, respectively, compared with non-infested ones. The aforementioned
trend holds true for nodule dry weights {(Table 1). 1t was found that higher dry weights
of nodules were recorded by plants grown under Rh+VAM+Bs treatment either Fusari-
um-infested or non-infested, the average values of this treatment were 210.0 and
175.0 mg/pot after 60 days of sowing and 690.0 and 623.34 mg/pot after 90 days
of sowing for Fusarium non-infested and infested pots, respectively. In this respect, Dar
et al. (1997) indicated that, inoculation with VAM fungi in the presence of the patho-

gens reduced the detrimental effect of the pathogens on nodule formation.

VA-mycorrhizal colonization ratios

Data in Table {2) showed that, soybean roots either inoculated or non-inoculated
with G. aggregatum gave variable ratios of VAM colonization being more pronounced
with VAM-inoculated treatments. These results confirmed the observation estimated
by Tinker (1980) who reported that, the local mycorrhizae may be relatively ineffective
and/or insufficient to give a useful level of infection. Infestation of soil with F. oxyspor-
um resulted in a variable effect on mycorrhizal colonization ratios. For treatments inoc-
ulated with mycorrhizal fungus (G aggregatum) the VAM colonization levels were not
affected by Fusarium infestation {St-Arnaud et al., 1997). However, mycorrhizal coloni-
zation ratios in plants colonized with native VAM fungi were significantly reduced due
to Fusarium infestation except B subtilis inoculated treatment in which VAM colcniza-
tion ratios were non-significantly affected by Fusarium infestation. This might be due to
the antagonistic effect of B. subtilis against F. oxysporum. Sharga and Lyon {1998)
found that B. subtilis BS 107 showed antagonism against many organisms including Fu-

sarium spp.

Plant growth

Data of shoot dry weights, nitrogen and phosphorus contents of soybean plants
are shown in Tables (3) and (4). Infestation of soil with F. oxysporum resulted in vari-
able decreases in plant growth parameters. However, the detrimental effect due to fu-
sarium infestation was less detected in G. aggregatum and/or B. subtilis inoculated

treatments after 60 and 90 days of planting.
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In the control treatment, F. oxysporum drastically reduced plant growth com-
pared to non-infested ones. Decreases in plant growth parameters caused by F. oxy-
sporurn infestation were 33.8, 28.9 and 52.4% after 60 days of planting and were
40.2, 45.6 and 42.9% after 90 days of planting for shoot dry weight, N and P con-

tents, respectively.

Table 2. VA-mycorrhizal colonization ratios in soybean roots grown in soil infested or
non-infested with Fusarium oxysporum.

Treatments Fusarium infestation
- + - +
60 days 90 days
C 16.4 10.8 18.6 12.0
Mf 9.8 10.7 12.6 6.5
2 4] 20.5 12.8 26.3 21.4
VAM 41.8 42.0 56.3 52.2
Bs 19.9 16.8 24.8 21.2
Rh+VAM 52.0 50.9 701 67.5
Rh+Bs 22.6 19.4 33.6 30.1
VAM+Bs 45.7 44.9 68.3 68.7
Rh+VAM+Bs 66.2 64.6 80.4 76.8
LSD 0.05 5.3 4.6
0.01 74 6.1

Generally, non significant differences in plant growth parameters due to patho-
gen infestation were detected in soybean plants inoculated with G. aggregatum and/or
B. subtilis. Decreases in shoot dry weights due to Fusarium infestation were 8.4, 4.5
and 2.3% after 60 days of planting and 9.6, 9.2 and 4.6% after 90 days of planting for
VAM, Bs and VAM+Bs treatments, respectively. The same trend was observed with N
and P contents of soybean shoots (Table 4). The obtained results indicated that, effi-
ciency of the combined mixture of both G. aggregatum and B. subtilis to reduce detri-
mental effect was more effective than the individual ones. In this respect, Duponnois
and Garbaye (1992) found that B. subtifis increased the percentage of mycorrhizal in-

fection of Douglas fir seedlings colonized with ectomycorrhizal fungus Laccaria laccata.
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Table 3. Shoot dry weight (g pot') of soybean plants grown in soil infested or non-
infested with Fusarium oxysporum.

Treatments Fusarium infestation
- + - +
60 days 90 days
C 14.01 9.27 17.75 10.62
M 21.74 12.33 28.67 14.95
Rh 23.34 11.50 29.67 12.71
VAM 19.85 18.00 24.70 22.32
Bs 17.21 16.44 24.88 22.60
Rh+VAM 25.22 23.45 31.94 29.14
Rh+Bs 23.1 22.00 28.93 25.25
VAM+Bs 22.00 21.50 26.61 25.37
Rh+VAM+Bs 27.11 26.23 35.46 33.42
LSD 0.05 1.82 2.80
0.01 2.44 3.75

Table 4. Nitrogen {N) and Phosphorus (P) contents (g pot'') in soybean plants grown
in soil infested or non-infested with Fusarium oxysporum.

N | P | N | P
Treatments Fusarium infestation
T T T
60 days 90 days

c 0.214 0.152;0.021 0.010{0.364 0.198(0.049 0.028
Mf 0.398 0.218]0.026 0.019(0.640 0.299(0.071 0.035
Rh 0.457 0.170]0.028 0.013]0.682 0.297|0.086 0.037
VAM 0.327 0.291]0.032 0.030(0.527 0.480|0.098 0.084
Bs 0.282 0.245(0.027 0.025}0.428 0.386)0.076 0.063
Rh+VAM 0.557 0.520|0.041 0.038|0.707 0.658|0.102 0.087
Rh+Bs 0.447 0.397]0.034 0.033]|0.667 0.627(0.093 0.080
VAM+Bs 0.388 0.353]0.039 0.037]0.546 0.509|0.103 0.094
Rh+VAM+Bs 0.667 0.632[0.051 0.049]0.858 0.811(0.122 0.107

LSD 0.05 0.038 0.003 0.049 NS

0.01 0.051 0.004 0.065 NS
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With regard to rhizobial inoculated treatments, plants received B. japonicum and
grown in Fusarium infested soil showed decreases in dry weight, N and P contents com-
pared with rhizobial treatments of non-infested soil. Thus the ioss in dry matter due to
pathogen infestation reached to 50.7 and 57.2% after 60 and 90 days of planting, re-
spectively. Similarly, N and P contents of shoots were decreased (Table 4). Therefore,
the obtained resuits revealed that weak growth of soybeans was not only a direct ef-
fect of soil-borne pathogen, but could be attributed to poor nodulation. These results
were found to be in agreement with those reported by El-Bahrawy (1983) and Ghobrial
et al. (1996). On the other hand, rhizobial plants which inoculated with G. aggregatum
and/or B. subtilis could withstand the siress of Fusarium infestation better than those
inoculated with B. japonicum only. However, protection of soybean plants against F. ox-
ysporum was observed in Rh+VAM+B treatment. Decreases in plant growth parameters
due to fusarium infestation in this trealment were 3.2, 5.2 and 3.9% after 60 days of
planting, and 5.7, 5.5 and 12.3% after 90 days of planting for dry matter yield, N and

P contents, respectively.

Seed yield

Highiy significant decreases of yield, N and P contents of seeds (42.2, 50.7 and
54.2%, respectively) were recorded with Fusarium control plants compared to non-
infested plants (Table 5). Increases of seed yield, N and P contents were obtained
when Fusarium infested plants were inoculated with G. aggregatum and/or B. subtilis.
These treatments enhanced rhizobial inoculated plants whereas more pronounced in-
creases were recorded with Rh+VAM+Bs treatment. Increases in seed yield, N and P
contents of soybean seeds in this treatment were 52.2, 53.1 and 53.8%, respectively,
compared with rhizobial inoculated pfants growing in Fusarium infested soil. The ob-
tained results could confirm that inoculation with VAM fungi and/or B. subtilis had a

prenounced effect on reducing the severity of the disease caused by F. oxysporum.

As for the mineral fertilization (Mf) treatment, in spite of plant growth improve-
ment due to NPK additives the protecting effects against Fusarium infestation seemed
minor. Therefore, a significant decrease in growth parameter of infested piants com-
pared with non-infested ones was observed (Table 3). On the other hand, VAM inocula-

tion with G. aggregatum could confer good protection against this pathogen. For in-
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stance, decreases in shoot dry weights due to Fusarum infestation in Mf treatment in
comparison with VAM treatment were 43.3 vs 8.4% and 47.9 vs 8.6% after 60 and 90
days of sowing, respectively. According to these results, it could be suggested that
sufficient NPK nutrition was not enough to reduce the damage caused by this patho-
gen. Therefore, the prophylactic effects observed for the mycorrhizal inoculated as
compared with non-inoculaled plants could not be solely attributed to phosphorus
availability of the VAM plants. These results strongly support the observation of St-
Arnaud et al. {1997},

Table 5. Seed yield, nitrogen and phosphorus contents (g pot'') in seeds of soybean
plants grown in soil infested or non-infested with Fusarium oxysporum.

Seed yield N-content I P-content
Treatments Fusarium infestation
- + - + - +
C 12.63 7.30 0.597 0.294 | 0.048 0.022
Mf 16.02 9.36 1.154 0.692 0.076 0.046
Bh 16.57 8.78 1.009 0.603 0.074 0.042
VAM 15.51 14.21 0.913 0.810 0.082 0.071
Bs 13.77 12.75 0.783 0.687 0.059 0.052
Rh+VAM 18.95 17.08 1.232 1.098 0.097 0.082
Rh+Bs 16.32 14.42 1.172 1.080 0.074 0.062
VAM+Bs 15.94 14.77 0.851 0.776 0.087 0.077
Rh+VAM+Bs 19.95 18.32 1.372 1.285 0.099 0.091
LsSD 0.05 3.82 0.089 0.013
0.01 5.12 0.120 0.018

Different hypotheses have been proposed to explain the possible effect of my-
corrhizal fungi on plant disease such as stimulation of host plant disease-resistance
mechanisms (Caron et al. 1986) and direct interaction between VAM fungi and soil mi-
croorganisms, which might lead to changes in microbial equilibrium detrimental to
pathogens (Filion et al. 1999). Although it is not possible to support one hypothesis
more than the other, our results pointed out that the reduction of disease severity was

clearly not related to plant nutrition only.
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More studies are needed in this subject for understanding complex interactions

between VA-mycorrhizal fungi and plant pathogens.
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