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Abstract

Ascochyta blight disease of chickpea plants caused by Ascochyta rabiei is one of the important agents
that reduce the yield of this crop around the world. In this study, the effect of separate and combined
application of two arbuscular mycorrhizal fungi (AMF) including Glomus versiform and Glomus
fasciculatum, and four plant growth promoting rhizobacteria (PGPR) including Bacillus subtilis BS,
Bacillus velezensis JPS19, Bacillus pumilus INR7 and Alcaligenes faecalis 1624 for controlling the
Ascochyta blight of chickpeas was investigated under greenhouse conditions. The fungicide
chlorothalonil, which was used for comparison, was the most effective in reducing the disease. All
biological treatments reduced the severity of the disease compared to the diseased control, and most of
them enhanced the growth parameters (wet and dry weight of roots, wet and dry weight, and the length of
foliage) in the presence of the pathogen, except for root length. Compared to the separate application of
AMF, some PGPR+AMF combined treatments had a synergistic effect on disease inhibition, enhanced
growth, or root mycorrhizal colonization rate, but this effect was not present in all combinations. There
was no direct relationship between the amount of mycorrhizal colonization and the reduction of
Ascochyta blight; In general, the use of AMF and PGPR, separately and in combination, was effective in
reducing the Ascochyta blight disease and enhancing the growth of chickpeas, but the efficiency of the
combined inoculation was not always synergistic and depended on the bacterial and mycorrhizal strains
used.
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Table 1. Anaylis of variance of data obtained from the assesment of separate and combined application of arbuscular mycorrhizal fungi and
probiotic bacteria on growth traits of chickpea plants and disease severity caused by the fungal pathogen Ascochyta rabiei in greenhouse

Mean squares

Sourcesof  DF Disease Root Shoot Shoot Root wet  Root dry Shoot
variation index length height wet weight weight dry
weight weight
Treatment 16 10.585 39.617 95.978 7.467 2.042 0.008 0.036
Error 68 0.149 2.073 6.545 0.170 0.119 0.001 0.004
C.v. 9.916 9.544 6.384 8.610 12.324 14.156 10.319
F value 71.08* 19.11* 14.67* 43.86* 17.22* 13.71* 9.66*
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Fig 1. The effect of separate and combined application of arbuscular mycorrhizal fungi and probiotic bacteria on the index of chickpea
Ascochyta blight disease caused by the fungal pathogen Ascochyta rabiei in greenhouse. The means were compared using Duncan's test (o =
5%). The means with common letters are not of statistically significant difference.

The abbreviations of treatment names are as follow: Alc: Alcaligenes faecalis 1624, B.p: Bacillus pumilus INR7, B.s: Bacillus subtilis BS,
B.vl: Bacillus velezensis JPS19, Chloroth: Chlorothalonil, DC: Diseased control, G.f: Glomus fasciculatum, G.v: Glomus versiform and HC:

Healthy control.
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Table 1. The effect of separate and combined application of arbuscular mycorrhizal fungi and probiotic bacteria on growth traits of chickpea
plants in the presence of A. rabiei in greenhouse

Treatment Shoot Shoot Shoot Root length Root wet Root dry
height wet weight dry weight weight weight
Alc 33.52h 4.21 ef 0.51 fg 17.04 bc 3.19 bc 0.22b
Alc+G.f 48 a 3.75fg 0.6 cdef 14.3 defg 2.57 def 0.13 fgh
Alc+G.v 38.9 defg 4.7 de 0.61 cde 15.1 cde 2.83cd 0.15 def
B.p 37.08 fgh 4.77 de 0.58 def 19.3a 3.21bc 0.18 cd
B.p+G.f 36.4 gh 4.68 de 0.7b 13.6 efg 1.74¢g 0.11gh
B.p+G.v 38.4 efg 4.47 de 0.59 cdef 16.1cd 3.52 ab 0.18 cd
B.s 38.88 defg 599c¢ 0.64 bcd 9.17h 2.51 def 0.15 def
B.s+G.f 458 ab 4.61 de 0.52 efg 1249 2.4 def 0.14 efg
B.s+G.v 42.23 cd 4.24 ef 0.58 def 12.58 fg 2.8 cde 0.27 a
B.vl 41.1 cde 485d 0.61 cde 14.47 def 3.2bc 0.17 cde
B.vI+G.f 44.15 be 3.68 fg 0.52 efg 12.31¢g 2.32 ef 0.15 def
B.vl+G.v 34.1h 3.68 fg 0.51 fg 12.85fg 3.55ab 0.2 bc
G.f 40.9 cde 4.57 de 0.54 efg 15.65 cd 2.78 cdef 0.18 cd
G.v 41.62 cde 4.62 de 0.59 cdef 16.55¢ 3.86 a 0.18 cd
Chloroth 40.3 def 717D 0.67 bc 18.64 ab 3.24 bc 0.17 cde
HC 46.23 ab 8.04a 0.82a 19.81a 2.29f 0.18 cd
DC 33.64 h 3.42¢g 0479 16.58 ¢ 1.49¢g 0.1h
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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 of treatment names are as follow: Alc: Alcaligenes faecalis 1624, B.p: Bacillus
pumilus INR7, B.s: Bacillus subtilis BS, B.vl: Bacillus velezensis JPS19, Chloroth: Chlorothalonil, DC: Diseased control, G.f: Glomus

fasciculatum, G.v: Glomus versiform and HC: Healthy control.
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Fig 2. Chickpea roots colonization rate (percentage) by arbuscular mycorrhizal fungi. The means were compared using Duncan's test (o = 5).

The means with common letters are not of statistically significant difference.
The abbreviations of treatment names are as follow: Alc: Alcaligenes faecalis 1624, B.s: Bacillus subtilis BS, B.vl: Bacillus velezensis
JPS19, G.f: Glomus fasciculatum, G.v: Glomus versiform and B.p: Bacillus pumilus INR7.
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