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Introduction

The seeds of common bean plants (Phaseolus vulgaris) are among the most important food sources worldwide.
The plant pathogenic fungus Rhizoctonia solani causes seed rot and seedling damping-off of bean plants and is
one of the most important soil-borne pathogens in most cultivation areas of this plant. R. solani plays an important
role in reducing the yield and quality of this crop. Biological control is a promising, effective, and sustainable
solution for managing soil-borne fungal diseases. The simultaneous use of biological control agents, especially
agents with different mechanisms of action, might increase the chance of success in disease management. Indeed,
two living agents can show different types of interactions based on their inherent characteristics and ecological
conditions. In the current research, the potential of co-application of mycorrhizal fungi and bacterial strains from
different taxonomic groups was evaluated on increasing the growth of beans and suppression of bean damping-
off.

Materials and Methods

In this research, the effect of 14 different bacterial strains on the mycelial growth of R. solani was investigated
by dual culture and by the volatile compound production tests in the laboratory. The list of bacterial strains
included: Bacillus megaterium B15, Bacillus thuringiensis B48Pet, Bacillus subtilis BS (B.s), B. subtilis AS,
Lysinibacillus boronitolerans RUPB71 (Lysin), Pseudomonas putida RUP1, Arthrobacter citreus B27Pet,
Alcaligenes faecalis 1624, Bacillus pumilus INR7, Bacillus thuringiensis 32B (B.thur), Azotobacter vinelandii
RUAL (Azoto), Delftia tsuruhatensis PIIR (Delft), Stenotrophomonas maltophilia S37 and Bacillus velezensis
JPS19 (B.vel). In the dual culture test, B.s, B.vel, Alca, Azoto, Lysin, and Delft strains significantly reduced the
mycelial growth of the pathogen. In volatile compounds production test, three strains, Alca, Azoto, and B.thur,
significantly reduced the mycelial growth of the pathogen. Four bacterial strains, including B.s, B.vel, Alca, and
Azoto, were selected for greenhouse experiment. The selected bacterial strains as separate and combined
application with two species of arbuscular mycorrhizal fungi (AMF), including Funneliformis mosseae (F.moss)
and Glomus claroideum (G.cla) were investigated for inhibiting the disease caused by R. solani, and for their effect
on the growth parameters of bean plants in the presence of the pathogen. The greenhouse experiment was
conducted as a completely randomized design with 16 treatments and five replications.

Results and Discussion

Many of the greenhouse treatments that were applied in this study, significantly reduced the severity of the
disease compared to the diseased control. They significantly increased the fresh and the dry weight of the shoots,
root fresh weight and root dry weight. Four treatments (F.moss, B.s, Alca and Azoto) significantly enhanced the
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root length and four treatments (Alca, B.s, B.vel+G.cla and Alca+G.cla) increased the shoot length. In terms of
the effect on the disease, the B.s strain was the best treatment, which reduced the disease severity by 36.5% and
showed the greatest effect in promoting the vegetative characteristics of the plant. Although the bacterial and
mycorrhizal strains showed compatibility in many combined treatments, G.cla+B.vel was the only double
treatment that showed an increasing effect on the fresh weight and shoot length compared to the separate
applications. The other double treatments did not have an additive or synergistic effect in reducing the disease and
improving plantgrowth. Even in some double treatments, in terms of reducing disease and improving plantgrowth,
a weaker effect was seen than their single treatments. Among different treatments, Alca+G.cla and Alca+F.moss
showed the highest and B.s+G.cla showed the lowest mycorrhizal colonization.

Conclusion

The effect of bacteria on mycorrhizal colonization was increasing, decreasing, or null depending on the
combination of bacterial and mycorrhizal strains used. In many cases, there was no direct relationship between the
amount of mycorrhizal colonization and disease control. Overall, before the commercial use of the combination
of biological agents, it is necessary to check their interactions in greenhouse and field experiments and ensure their
compatibility and lack of antagonistic effect on each other. If the biological agents present in a consortium are
compatible, its biocontrol effect will be more stable, efficient and reliable, and it will be possible to use it in a
wider range of variable soil ecological conditions. Moreover, the interaction of individuals within a given
consortium is strain-specific, and the results of an experiment on specific strains cannot be generalized to other
strains of the same species.
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Disease severity index (DSI) (%) = [Z(degree of the scale
x frequency) / (total number of units evaluated x
maximum degree of the scale)] x 100
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Figure 1- Inhibition of the pathogenic fungus (Rhizoctonia solani) by some bacterial strains in volatile compounds production
(B-D) and dual-culture (E-H) tests

A) Control (Rhizoctonia solani), B) B. thuringiensis B48Pet, C,H) Alcaligenes faecalis 1624, D) Azotobacter vinelandii, E) Bacillus
subtilis BS, F) Bacillus velezensis JPS19, G) Lysinibacillus boronitolerans RUPB71
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Table 1- The influence of bacterial probiotic strains on the growth of Rhizoctonia solani colony in dual culture and volatile

compounds production tests on PDA

Data are means of the data from three replicates. The means were compared using Duncan’s test (o = 5). The means with common
letters are not of statistically significant difference.

slowd SRR OS5 g Sabib o,y Jilike CulS jy S,k sy
Treatment Inhibition by volatiles (%) Inhibition in dual culture (%)
Arthrobacter citreus B27Pet 444c Oe
Alcaligenes faecalis 1624 3111a 35.11b
Azotobacter vinelandii RUAL 30.22a 27.56 ¢
Bacillus megaterium B15 Oc Oe
Bacillus pumilus INR7 O0c Oe
Bacillus subtilis AS Oc Oe
Bacillus subtilis BS Oc 56.44 a
Bacillus thuringiensis 32B Oc Oe
Bacillus thuringiensis B48Pet 19.56 b Oe
Bacillus velezensis JPS19 Oc 5822 a
Delftia tsuruhatensis PIIR Oc 15.11d
Lysinibacillus boronitolerans RUPB71 Oc 23.56 ¢
Pseudomonas putida RUP1 Oc Oe
Stenotrophomonas maltophilia S37 Oc Oe
Control Oc Oe
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Figure 2- The effect of treatment by probiotic bacteria and arbuscular mycorrhizal fungi on the severity index of the disease
caused by the pathogenic fungus R. solani in greenhouse
Data are means of the data from five replicates. The means were compared using Duncan’s test (o = 5). The means with common

letters are not of statistically significant difference. The abbreviations used in treatment names are as follows: DC: Diseased control,

HC: Healthy control, Alca: Alcaligenes faecalis 1624, Azoto: Azotobacter vinelandii, B.s: Bacillus subtilis BS, F.moss:
Funneliformis mosseae, B.vel: Bacillus velezensis JPS19, G.cla: Glomus claroideum.
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Table 2- The effect of treatment by probiotic bacteria and arbuscular mycorrhizal fungi on bean growth parameters at the

presence of the pathogenic fungus R. solani in greenhouse
Data are means of the data from five replicates. The means were compared using Duncan's test (o = 5). The means with common

letters are not of statistically significant difference. The abbreviations used in treatment names are as follows: DC: Diseased control,

HC: Healthy control, Alca: Alcaligenes faecalis 1624, Azoto: Azotobacter vinelandii, B.s: Bacillus subtilis BS, F.moss:
Funneliformis mosseae, B.vel: Bacillus velezensis JPS19, G.cla: Glomus claroideum.

o il o1l Jsb wiydsb el Fogy  adydogy aby WS eSO
T i Shoot length Root length Shoot wet wight Root wet wight Root dry wight 2lg
reatment
(cm) (cm) @ @ (C)] Shoot dry wight (g)
Alca+F.moss 20f 14.04 def 8.63d 231b 0.12 bc 0.79 cde
Alca+G.cla 22.16 de 13.69 defg 7.37 ef 2.19 bc 0.11cd 0.84 bc
Alca 24.39 bc 173 a 8.03 de 2.09 bed 0.13b 0.83 bed
Azoto+F.moss 20.85 ef 14.28 cde 755e 16f 0.08 fg 0.66 fg
Azoto+G.cla 20.59 ef 14.29 cde 6.59¢g 1.74 ef 0.079 0.62 fg
Azoto 21.13 ef 16.63 ab 7.85e 1.91 cde 0.13b 0.69 def
B.s 25.19 ab 17.83a 10.98 b 2.66a 0.15a 0.94b
B.vel 20.23 f 12.59¢ 6.62¢ 1169 0.07 fg 0.71 cdef
B.s+F.moss 19.49 fg 13.8 defg 5.24h 0.77h 0.06 9 0.53¢g
B.s+G.cla 20.3f 13.83 defg 7.86¢€ 2.09 bed 0.1 cde 0.68 defg
B.vel+F.moss 18.06 g 12.89fg 6.28¢g 155f 0.08 fg 0.61fg
B.vel+G.cla 23.46 cd 13.66 defg 9.48¢ 1.89 de 0.11 bed 0.81 bcde
DC 19.38fg 12.93 efg 3.89i 1.01 gh 0.06 g 0.4h
F.moss 20.19f 14.75cd 6.71 fg 1.62 ef 0.09 ef 0.7 cdef
G.cla 20.85 ef 13.65 defg 8.03 de 1.82 def 0.1de 0.70 cdef
HC 26.61a 15.51 bc 12.23a 2.71a 0.16 a 1.02a
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Figure 3- Growth status and occurrence of the disease caused by the pathogenic fungus Rhizoctonia solani in bean plants
treated with some selected bacterial strains and arbuscular mycorrhizal fungi in the greenhouse
A) Azotobacter vinelandii, B) Bacillus subtilis BS, C) Funneliformis mosseae, D) Bacillus velezensis JPS19 + Glomus claroideum,
E) Alcaligenes faecalis 1624 + G. claroideum, F) Healthy control, G) Diseased control.

Loy (B.s+G.cla) YV>VY o (Alcat+G.cla) £Y5¥Y (y calisw Lo 5 () gawul JaslS Crand g

i O S ire (Ntunod ggoime 3 (¥ JS3) cutly 1,8 (@593 5 3ydia) uygSwn (ssl> (sbajlos a8 img ol

I=es e e AV) Cudlis dg2g bjlas (gilow D g ) (ygmmlisls e oy Anled 0308 0o )3 YV 5l i |y Loy slavddis) aiuilys
{p value=-,3vY BB 2 )5S0 (59> B (gl )loss Lo Lug) k) (ygpunl il

laslas lo pd Ay gl 508lS 039050 g Cudld D49 Jd ize



1P Ll o o)lels (Y'Y wl> (55)9LiS ol g pole) ol ! QLbsz chblis b ingh 4 s \FA

70 T
seo | A ] 11 0®
~ b
15 E |
'i T 40 c
20} S 30 I c
3 O I
38 20
3
g 10
0
N N O S R SR N C U N O
& & & F s & 83
. N N
R S e ° ® W
B Loy
Treatments

Slala > (632 595w sz, lawgi Early Khameneh 535 o3, slug) (sbauia,y cyamml iadS yl5a0 £ JSUS
2 jless JolS (slaph) 25,05 (gl tne (g ylol EMST o b oS e By o (gl (gl Silio b plorl (1103 0 = W) (015 ig0l 51 (6500 L o Silio duylie

(Slosss 53,51 IS et (Sl gy j ol
Figure 4- Colonization rate by arbuscular mycorrhizal fungi in the roots of bean plants variety Early Khameneh 535
The means were compared using Duncan's test (a = 5). The means with common letters are not of statistically significant difference.

The abbreviations used in treatment names are as follows: Alca: Alcaligenes faecalis 1624, Azoto: Azotobacter vinelandii, B.s:
Bacillus subtilis BS, F.moss: Funneliformis mosseae, B.vel: Bacillus velezensis JPS19, G.cla: Glomus claroideum.
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