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Abstract

In the field of biocontrol, several plant growth practices have been in use but of varying efficiency. Integrated disease
management in banana has been largely hampered by Fusarium wilt disease causing severe loss across the world. Glomus
spp. has been regarded as an effective control agent of several plant diseases. Moreover, Mycorrhizal helper bacteria
synergistically enhance the bioactivity of Glomus spp. In the present study, a total of 25 isolates of AMF and 29 isolates of
MHB were evaluated for abatement of Fusarium wilt disease (Foc -VCG 0124) in cv. Grand Naine both individually and in
combination. Among the treatments, Glomus etunicatum (KPV) + P. aeruginosa (Ge-A + Ge-B) and Glomus mossae (TPV) +
Pseudomonas sp. (Gm-A) showed significant inhibition of Fusarium wilt with an augmented plant growth. Nevertheless, the
results were also corroborated statistically prominent with increased root parameters. AMF in combination with their helper
bacterium could act as a prospective mode in biocontrol agents for the management of Fusarium wilt disease in banana.
Furthermore, this way of combinations could be provocatively used and rationalized for most of the field crops infected with
Fusarium wilt.
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Introduction

Banana and plantations face a plethora of infectious
threats worldwide, among which Fusarium oxysporum
f. sp. cubense occurs predominantly (Moore et al.,
2001). About 80-90% of yield loss in banana plantations
of India is prevalently attributed to Fusarium infections
(Mustaffa and Thangavelu et al., 2009). Pathogenicity
of Foc can be elaborated as entry through roots, blockage
of vascular system, plant wilt finally leading to mortality
of the whole plant. The onset of characteristic wilting
symptoms occur after 5-6 months of planting and
symptoms get expressed externally and internally
(Wardlaw et al., 1961 and Stover et al., 1962). Moreover,
the fungus can survive in soils for up to 30 years as
chlamydospores in the soil (Ploetz et al., 2000).

Although several strategies have been reported for
combating the infection, cost effective management
measures are still scantily available. Presently available
management strategies encompass crop rotation with
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rice, soil fumigation (Herbert and Marx, 1990) and
fungicides (Lakshmanan et al., 1987). Nonetheless,
efficient strategies in arresting the disease till recent past
have been by planting of resistant cultivars (Moore et
al., 1999). Consumer preference limitations hinder the
growing of resistant varieties (Viljoen et al., 2002). In
this circumstance, usage of antagonists that protect and
promote plant growth by colonization and multiplication
in duality of locations comprising rhizosphere and plant
could act as a provocative alternate in management of
Fusarium wilt of banana.

Ample amount of research have been reported for
the use of Arbuscular mycorrhizal (AM) fungi in reducing
the incidence of plant root diseases caused by pathogens
(Filion et al., 1999). Utilization of AMF in plant disease
control has been well documented worldwide. Glomus
fasiculatum and Gigaspora margarita applications
profoundly decrease root rot diseases caused by
Fusarium oxysporum in Asparagus (Matsubara et al.,
2001). Glomus clarum was reported to reduce the root
necrosis caused by Rhizoctonia solani in cowpea (Abdel-
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Fattah and Shabana, 2002) and Glomus mossae
systemically reduces infection rate caused by
Gaeumannomyes graminis in Barley (Khaosaad et al.,
2007). Further, AMF have been described to lessen the
severity of disease caused by Foc and Cylindrocladium
spathiphylli (Jaizme-Vega et al., 1998 and Declerck et
al., 2002).

Mycorrhizae Helper Bacterium (MHB) harbouring
the cytoplasm of many AMF spores (Cruz et al., 2004
and Lumini et al., 2007) have exemplary resources in
potentiating biocontrol of a wide variety of plant pathogens.
Among which, Paenibacillus spp. is a renowned MHB
possessing extensive bioactive potentials against diverse
fungal pathogens including Phytophthora infestans,
Fusarium oxysporum and Rhizoctonia solani (Budi et
al., 1999). AM fungi-associated bacteria from the genus
Paenibacillus spp. also was found to habitat potent
bioactives in hampering Pythium infections that is the
causative agent of damping-off in cucumber (Li et al.,
2007).

In the present study, an attempt was made to assess
the active potentials of four different AM fungi and its
MHB both individually and in combination for the effective
suppression of Fusarium wilt disease in banana.

Materials and Methods
Isolation and maintenance of fungal pathogen

The casual agents of Fusarium wilt disease, Foc was
isolated from a naturally wilt affected banana plant (cv.
Grand Naine). The wilt affected samples were surface
sterilized using 0.1% mercuric chloride and placed
aseptically on potato dextrose agar (PDA) medium
amended with streptomycin sulphate (100pg ml?) and
incubated at 25°C for 7days. Finally, the purified single
spore culture was maintained in PDA slants at 25°C. Also
the filter paper culture of pure Foc culture was prepared
and stored at 4°C.

Isolation and identification of AM fungal spores from
banana rhizospheric soil

AMF spores were isolated by wet sieving and
decantation method (Gerdemann and Nicolson, 1963).
One hundred gram of banana rhizospheric soil sample
was dispersed in one litre of water and the suspension
was decanted through a series of sieves (of sizes 180,
106 and 45 ) arranged descendingly. The residues in the
sieves were washed into the beakers and the sievates
filtered through filter paper. Each filter paper was then
spread on a Petridish and scanned under a dissection
microscope at 40X magnification for the isolation of AM
fungal spores. Each individual spores showing different

spore morphology were then transferred using a wet
needle and mounted in polyvinyl alcohol-lactoglycerol on
a glass slide for identification (Schenck and Perez, 1990).

Isolation of MHB from AM fungal spores

About 20-25 spores were taken and surface sterilized
using 3% chloramine-T and washed with sterile distilled
water for 3 times. The last wash was streaked on to
Kings B medium to check contamination. MHB were
isolated by crushing the 20 numbers of surface sterilized
AMF spores in 1.5 ml eppendorf tubes using micropestle.
From this, 1ml of supernatant was taken and serially
diluted up to 105 dilutions and from each of these dilutions
such as 103, 10 and 10, 0.1 ml was taken and evenly
spread on the Petri plates containing sterilized King’s B
agar medium. Then, the plates were incubated at room
temperature (25+2°C) for 2 days and observed for
bacterial colonies. A single bacterial colony was then
purified by streaking individually on to plates containing
King’s B agar medium and glycerol stock of each MHB
bacterial isolate was maintained at -80°C.

Assessment of AM colonization in roots

The quantification of root colonization of VAM was
done by using Tryphan blue staining method (Phillips and
Hayman, 1970). After staining, the root bits were
transferred to a clean glass slide (10-15 bits slide) using
dissection needles and few drops of water was added
over the root bits and fixed with a cover slip. Then the
root bits were observed under a bright field microscope
for the presence of AM colonization.

The level of colonization was calculated using the
formula:

Number of root bits with

o AMF colonization
AMF colonization (%) = x 100

Total number of root bits
examined

In vitro screening of MHB isolates against Foc
(VCG-0124) by spore germination assay

The individual MHB isolates was inoculated in to the
conical flasks containing King’s B broth and incubated at
28°C in a rotary shaker (120 rpm) for 48 h. The sample
was centrifuged at 10,000 rpm for 10 min at 4°C to obtain
a cell free liquid. 30 pl of conidial suspension (4x10° spores
ml?) of Foc pathogen and 70 pl of culture filtrate of
respective MHB isolate were placed in individual cavity
slides and the cavity slide was kept in Petri dishes on a
glass bridge chamber and incubated at 25°C. The spore
suspension in sterile distilled water alone served as control.
The germination of spores was observed for up to 96 h
at 24 h interval and the percent germination of spores
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was calculated. Three replications were maintained to
obtain an average per cent germination (CSFT, 1943).

Phenotypic and biochemical characterization of
MHB isolates

Each MHB isolates was characterized phenotypically
(colony morphology) and biochemically [Gram reaction,
Capsule staining, Motility, Indole formation, Methyl red
(MR), Voges—Proskauer (\VP) test, Triple sugar iron test,
Starch and gelatin hydrolysis catalase test)]. The results
were recorded and analyzed according to Bergey’s
manual of determinative bacteriology (Kreig and Holt et
al., 1994).

Molecular identification of MHB isolates

Bacterial genomic DNA extraction from pure
bacterial cultures was carried out (Leach et al., 1992).
Nearly full-length 16S rRNA gene of MHB isolates were
amplified by a 50 pL PCR reaction mixture containing 50
ng of DNA template, 1X PCR buffer, 20 pmol of each
primer (FD1-5’-AGT TTG ATC CTG GCT CA-3’, RP2,
-5’-ACG GCT ACC TTG TTACGA CTT-3’), 200 uM
of each dNTPs and 1.5 U of Taqg DNA polymerase
(Sigma). After initial denaturation at 94°C for 5 min, each
thermal cycling was as follows: denaturation at 94°C for
1 min, annealing at 52°C for 45 sec and elongation at
72°C for 1 min. At the end of 30 cycles, the final extension
step was at 72°C for 8 min. The resulted PCR products
were electrophoretically separated in 1.5% agarose gel
at 80 volts for 1 h. The band of approximately 1500 bp
size observed under UV trans illuminator was excised
from an agarose gel and purified using Gen elute (Sigma
laboratories, USA) kit and each of them were sequenced.
Both forward and reverse sequences were then
assembled within Bioedit and compared to sequences
already available in GenBank database using BLAST
algorithm (Altschul et al., 1990).

Molecular identification of AM fungi

Total genomic DNA was extracted from the AMF
spores belong to different soil samples separately
(Husband et al., 2002). For this, approximately 100 spores
were crushed with a miniature pestle in microcentrifuge
tubes containing 40 ul nuclease free water and 13 pl of
100mM Tris/HCI (pH 8.0) was added to the crushed
spores. The spore suspension was vortexed vigorously
and heated at 95°C for 5 min. The sample was brought
to ice for 5 minutes and then centrifuged at 10,000 rpm
for 2 min. The supernatant was frozen at —20°C and
was used as template for PCR (Jacquot et al., 2000).

The total genomic DNA was amplified using nested
PCR using the primer pairs NS1, NS4 and AML1, AML2

which were designed based on the small subunit of the
nuclear ribosomal DNA (18S rDNA). The 20 ul PCR
reaction mixture contained DNA template 50 ng, LX PCR
buffer, 0.2 mM of each dNTPs, 1 uM of each primers,
1.5 mM MgClI, and 2U of Tag DNA polymerase. PCR
amplification was performed in an automated thermal
cycler (Eppendorf, USA) with a program of initial
denaturation at 95°C for 1 min, 34 cycles consisting of
94°C for 1 min (denaturation), 51°C for 1 min (annealing),
72°C for 1 min (primer extension) and 72°C for 10 min
(final extension) and the PCR product wasstoredat-20°C
(Kowalchuk et al., 2002). The PCR amplified 18S rRNA
was checked in 1% agarose gel for its presence and
then purified by using GenElute PCR Clean-up kit (Sigma,
USA) and sent for sequencing. Both forward and reverse
sequences were then assembled with Bioedit and
compared to sequences already available in GenBank
database using BLAST algorithm (Altschul et al., 1990).

Multiplication of AMF spores and MHB under in
vivo condition

The AMF spores were isolated and mass multiplied
initially using onion as host culture in funnel containing
sand and red soil in the ratio of 1:1 (Morton et al., 1988).
These isolates were then further purified and mass
multiplied using maize as a host source. The MHB isolates
were mass produced in King’s B broth as stated in section
2.5.

Individual and Combined evaluation of AMF and
MHB isolates against virulent strain of Foc race-1
(VCG 0124) under pot culture condition

Equal sized mud pots were taken and filled with
sterilized sand and red soil in the ratio of 1:1 and planted
with tissue cultured banana plant cv. Grand Naine. The
mass multiplied AMF and MHB isolates were applied
individually as well as in different combinations in each
pot @ 250 gm plant* of AMF containing 80 spores 100
g? of soil and 15 ml of MHB containing 102 cells ml2.
After 30 days of application, the sand maize culture of
Foc was inoculated @ 50 gm plant®. A total of five
replicates were maintained for each treatment and Foc
alone inoculated plants were taken as untreated control.

After six months of inoculation of Foc, the
observations on the plant growth parameters (plant height,
girth, number of leaves, leaf area and number of roots)
and also the internal score of Fusarium Wilt Disease
(vascular discoloration) was calculated by using 1-6 grade
(Orjeda et al., 1998). (Gradel-corm completely clean,
no vascular discoloration, 2- isolated points of discoloration
in vascular tissue, 3-discoloration of up to one-third of
vascular tissue, 4-discoloration of below one-third and
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two-thirds of vascular tissue, 5-discoloration of greater
than two-thirds of vascular tissue. 6-total discoloration
of vascular tissue).

Statistical analysis

The experiments were conducted with five replicates
and for the data of all the experiments the standard
deviations () were computed using Microsoft Excel 2010
(Windows 8 Edition, Microsoft Corporation, USA). One-
way analysis of variance and comparison of means based
on the Duncan’s multiple range test (P< 0.05) were used
to determine the significant differences between the
treatments. Paired T-test was used to analyze significant
differences between initial and final results of a particular
treatment. All statistical tests were evaluated at 95%
confidence level. Statistical analyses were carried out
with SPSS statistical package version 21 from SPSS Inc.,
Chicago, IL, USA (Griffith et al., 2010).

Results
Isolation and characterization of AMF isolates

Totally 25 isolates of AMF were obtained from
different rhizospheric banana soil samples collected from
different varieties grown in Tamil Nadu, Maharashtra
and Tripura states. Based on the morphological characters
of the spores, these AMF isolates were identified as
Acaulospora spp. (Acaulospora sp, A. foveata and A.
capsicula), Glomus spp. (G. aggregatum, G. viscosum,
G. eutnicatum, G. clarum, G. geosporum, G. mossae
and G. claroideum) and Scutellospora spp. (S.
calospora and S. heterogama). Based on the root
infection studies, the AMF isolates viz. Acaulospora sp.
(LPV), Glomus etunicatum (KPV), Glomus geosporum
(C4V) and Glomus mossae (TPV), which recorded 60-
80% per cent infection in the roots of banana cv. Grand
Naine (AAA) were alone selected for further studies.
Besides, these four strains of AMF were further
confirmed by sequencing their 18s-rDNA region.

Isolation and characterization of MHB strains

Totally 27 isolates of MHB were isolated from four
different AMF isolates viz., Acaulospora sp. (LPV),
Glomus etunicatum (KPV), Glomus geosporum (C4V)
and Glomus mossae (TPV). The phenotypical and
biochemical characterization of these 27 isolates of MHB
isolates revealed the presence of 10 different genera of
bacteria viz., Enterobacter spp., Citrobacter spp.,
Bacillus spp., Pseudomonas spp., Streptomyces spp.,
Brevibacillus spp., Klebsiella spp., Rhizobium spp.,
Azotobacter spp. and Rhodococcus spp.

In vitro screening of MHB isolates against Foc
(VCG-0124)

The in vitro bioassay study conducted for 27 MHB
isolates belonging to 10 different genera indicated that
nine out of 27 isolates of MHB isolates recorded 100%
inhibition of spore germination of Foc. These Foc
effective MHB isolates belong to Bacillus subtilis,
Pseudomonas aeruginosa and Pseudomonas spp. and
these were confirmed by sequencing 16S rRNA.

In vivo evaluation of MHB for their ability to help
respective AMF for root infection in banana

The result of in vivo studies indicated that among
different AMF tested for their ability to infect the roots
of banana cv. Grand Naine, the AMF isolates
Acaulospora sp. (LPV), Glomus etunicatum (KPV),
Glomus geosporum (C4V) and Glomus mossae (TPV)
recorded 100% root infection in the presence of its MHB
viz., Bacillus subtilis (AS), Pseudomonas aeruginosa
(Ge-A), Pseudomonas aeruginosa (Ge-B),
Pseudomonas aeruginosa (Gg-A) and Pseudomonas
sp.(Gm-A), Pseudomonas sp. (Gm-B) compared to other
isolates of AMF and MHB isolates (table 1).

In vivo evaluation of AMF, MHB and AMF + MHB
against virulent strain of Foc race-1 (VCG 0124)

Among the four isolates of AMF evaluated
individually, the application of Glomus geosporum (C4V)
recorded lowest wilt disease score of 1.4 followed by
the isolate Glomus mossae (TPV), which has recorded
a wilt disease score of 2.0 whereas Foc alone inoculated
plants recorded a wilt disease score of 4.0. Besides, these
AMF isolates also enhanced plant growth parameters
viz., plant height (up to 136.8%), girth (up to 211.1%),
number of leaves (up to 50.0%) leaf area (up to 632.3%),
total roots (up to 334.7%) and root biomass (up to 584.6%)
compared to Foc alone-inoculated control plants (table
2).

In the case of individual application of nine different
MHB isolates, the isolate Pseudomonas aeruginosa
(Gg-A) had significantly (p>0.05) lowered wilt disease
score (1.2) followed by the other two isolates viz.,
Pseudomonas spp. (Gm-A) and Pseudomonas spp. (Gm-
B), which have recorded a wilt disease score of 1.4 and
1.8 respectively when compared to Foc alone inoculated
plants (4.0). Moreover, these isolates have also increased
the plant growth parameters such as plant height (up to
39.8%), girth (up to 88.8%), number of leaves (up to
20.8%) leaf area (up to 125.0%), number of roots (up to
121.1%) and root biomass (up to 81.3%) compared to
Foc alone-inoculated control plants (table 3).
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A) Control

B) Glomus etunicatum (KPV) + Pseudomonas aeruginosa (Ge-A+ Ge-B)

C) Foc alone

Fig. 1 : Combined effect of Glomus etunicatum (KPV) + Pseudomonas aeruginosa (Ge-A + Ge-B) on Fusarium wilt disease in

banana plant cv. Grand Naine (AAA).

A) Control

B) Glomus mossae (TPV) + Pseudomonas sp. (Gm-A)

C) Foc alone

Fig. 2 : Combined effect of Glomus mossae (TPV) + Pseudomonas sp. (Gm-A) on Fusarium wilt disease in banana plant cv. Grand

Naine (AAA).

A) Foc alone B) Control C) Pseudomonas aeruginosa (Gg-A), D)
Pseudomonas aeruginosa (Gg-B), E) Glomus etunicatum (KPV) +
Pseudomonas aeruginosa (Ge-A+ Ge-B).

Fig. 3a : Effect of combined application of AMF and its MHB
isolates on growth parameters in banana plant cv. Grand
Naine (AAA).

Further, among different combinations of AMF +
MHB evaluated, the combined application of Glomus
etunicatum (KPV) + P. aeruginosa (Ge-A + Ge-B) and
Glomus mossae (TPV) + Pseudomonas sp. (Gm-A)
have recorded 100% reduction of Fusarium wilt disease
(wilt disease score 1.0- healthy) (figs. 1 & 2) compared
to Foc alone inoculated control plants.
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A) Foc alone B) Control C) Pseudomonas aeruginosa (Gg-A), D) Glomus

etunicatum (KPV) , E) Pseudomonas aeruginosa (Ge-A & Ge-B) F)

Glomus etunicatum (KPV) + Pseudomonas aeruginosa (Ge-A+Ge-B).

Fig. 3b : Effect of combined application of AMF and its MHB
isolates on root parameter of banana plant cv. Grand
Naine (AAA).

Furthermore, these combinations also recorded
significant increase in plant growth parameters such as
plant height (up to 157.2%), girth (up to 218.5%), number
of leaves (up to 54.16%), leaf area (602.0%), number of
roots (up to 357.8%) and root biomass (692.3%)
compared to Foc alone inoculated control plants (table
4) (figs. 3a-3b) & (figs. 4a-4b).
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- - . g a
A) Foc alone B) Control C) Pseudomonas aeruginosa (Gg-A), D) Glomus
mossae (TPV) a, E) Pseudomonas sp. (Gm-A), F) Glomus mossae
(TPV) + Pseudomonas sp. (Gm-A).

Fig. 4a : Effect of combined application of AMF and its MHB
isolates on growth parameters in banana plant on cv.
Grand Naine (AAA).

Table 1 : Effect of culture filtrate of Mycorrhizae helper bacterial
isolates on the spore germination of Fusarium wilt
pathogen of banana.

S. |Isolate | No.ofspores |No.ofspores | Percentage

no. ungerminated |germinated | of spore
inhibition

1. | Control |0 L2 0

2. | Ge(a) k) 28 96.6

3. |Gs(a) 56 7 16.6

4. 1Gg(a) 60 0 100

5 |Gm@) |60 0 100

6. | As(c) |6 55 10

7. | Gs(c) 3 5 89.2

8. | Ge(d) 60 0 100

9. | Gs(c) k) 28 96.0

10. | Gs(d) 49 15 &

11. | Ge(a) 50 10 6.66

12.|Gg(b) |2 5 86

13. | Ge(a) 60 0 100

14. | Ge(b) 60 0 100

15. | Ge(b) 20 5 448

16. | Gs(a) iV 2 353

17. | Ge(a) 60 0 100

18.|Gs 4 K<) 1038

19. | Gs(e) 2 15 57.8

20. | Gs(f) 4 2 155

21.|Gm() |60 0 100

22. | Ge(b) 0 41 0

23. | Ge(c) 60 0 100

Table 1 continued...

A) Foc alone B) Control C) Pseudomonas aeruginosa (Gg-A), D) Glomus
mossae (TPV) a, E) Pseudomonas sp. (Gm-A), F) Glomus mossae
(TPV) + Pseudomonas sp. (Gm-A).

Fig. 4b : Effect of combined application of AMF and its MHB
isolates on root parameter in banana plant on cv.
Grand Naine (AAA).

Table 1 continued...

24. | Ge(c) 6 24 125
25.| As(a) 60 0 100
26. | Ge(c) 2 5 444
27.|As(b) | 12 2 353
28 (Geh) |19 % 60.9
CD(P=0.05) |6.15**
Discussion

Root colonizers are well known for beneficiary roles
in crop protection (Sharma et al., 1992). Research
pertaining to protective effect of AM fungi upon Foc
wilt infection in banana has been very sparse and only
few have been reported (Jaizme-Vega et al., 1998;
Sukhada Mohandas et al., 2004; Jefwa et al., 2012). In
our current study, an effort was made to develop an eco-
friendly approach by using an arbuscular mycorrhizal
fungus (AMF) and its helper bacterium (MHB) to control
Fusarium wilt in banana which is regarded as one of the
major limiting factors for banana production worldwide
(O’Donnell et al., 1998 and Lin et al., 2009). Arbuscular
mycorrhizal fungi (AMF) are key components of soil
microbiota and form symbiotic relationships with the roots
of most terrestrial plants, improving the nutritional status
of their host and protecting it against several soil-borne
plant pathogens (Smith et al., 1997; Harrison et al., 1999
and Bi et al., 2007). Several workers have successfully
demonstrated the potential of mycorrhizal fungi and also
the bacterial strains to control plant pathogenic fungi like
Phytopthora, Sclerotinia, Rhizoctonia, Pythium,
Verticillium and Aphanomyces (Kegler and Gottwald,
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Table 2 : Individual effect of AMF isolates on various growth parameters of banana plant cv.Grand Naine inoculated with Fusarium
wilt pathogen (Foc-VCG 0124).

AMF isolates Height Girth No. of Leafarea No. of Biomass | Wilt disease-
(cm) (cm) leaves (cm?) roots (gm) internal score
(1-6 scale)
Acaulospora sp. (LPV) 41.80+8.17° | 13.20+3.56° | 5.80+1.30* | 590.98+456.49" | 60.80+2.78"| 6.78+0.82° | 2.20+0.45*
Glomus etunicatum (KPV) | 51.00+8.60° | 16.80+2.59° | 7.40+0.55° | 973.13+167.84° | 76.60+2.07° | 9.70£0.45° | 240+1.67
Glomus geosporum (C4V) | 44.80£1.92 | 14.40+2.41> | 7.20+0.84° | 568.30+110.44" | 82.60+5.51¢| 12.46+2.03¢| 1.40+0.89
Glomus mossae (TPV) 48.80+1.79> | 16.80+0.45° | 6.80+0.45™ | 795.26+102.55" | 72.40+6.39¢ | 9.76+1.25° | 2.00+1.00°
Foc alone 20.60+0.89* | 540+0.55* | 480+0.45% | 132.03+9.65* |19.00+2.92%| 1.82+0.15* | 4.00+1.23"

Note: Numerical values are given as mean * standard deviation; column sharing same alphabets are not differ significantly

according to DMRT (p>0.05).

Table 3 : Individual effect of MHB isolates on various growth parameters of banana plant cv. Grand Naine inoculated with
Fusarium wilt pathogen (Foc-VCG 0124).

Treatment Groups Height Girth No. of Leaf area Noof Rootbio- | Wilt disease
(cm) (cm) leaves (cm?) roots mass(gm) | internal score

(1-6 scale)

B. subtilis (As) 28.80+3.90° | 10.20+1.10%| 5.60+0.55% | 300.35+58.67¢ |25.60+2.41°| 2.56+0.38° | 3.20+1.92
P. aeruginosa (Ge-A) 23.60+3.65% | 8.60+1.14° | 5.60+0.55% | 165.08+61.81%* | 27.80+1.79° | 3.30+0.51° | 2.20+0.84%*
P. aeruginosa (Ge-B) 23.00+1.00° | 8.80+0.45" | 8.80+0.45° | 159.41+30.43% | 20.60+2.30% | 1.76+0.17* | 2.00+1.41%
P. aeruginosa (Gg- A) 1940+2.19* | 5.80+0.84% | 4.20+1.64* | 96.71+34.06* | 20.60+3.05% | 1.98+0.44° | 1.20+0.45
P. aeruginosa (Gg-B) 2040+0.89* | 6.20+1.10° | 540+1.14% | 122.96+17.88* |21.40+4.83*| 2.02+0.68* | 2.80+1.79%*
Pseudomonas spp. (Gm-A)| 19.60+7.06* | 5.60+0.89° | 5.40+1.67% | 124.09+65.05* | 34.00+3.39¢ | 2.64+0.42° | 1.40+0.89®
Pseudomonas spp. (Gm-B) | 21.40£0.55* | 5.40+0.89° | 5.40+0.89% | 171.40+67.77° | 40.00+5.96° | 2.96+0.17* | 1.80+1.30®
Foc alone 20.60+0.89% | 5.40+0.55° | 4.80+0.45% | 132.03+9.65® |19.00+2.92% | 1.82+0.15 400+1.23

Note: Numerical values are given as mean * standard deviation; column sharing same alphabets are not differ significantly

according to DMRT (p>0.05).

1998; Harish et al., 2008; Azcon-Aguilar and Barea, 1996;
Demir and Akkopru, 2007 and Aysan and Demir, 2009).

Fusarium wilt pathogen and its metabolites might
compete with rhizosphere organisms be it AMF or MHB
and may inhibit mycorrhizal associations (Liuetal., 1995).
Hence, there is a dire need for an alternative in this issue.
Co-inoculation protocols efficiently manage plant
pathogens and their infectivity are stressed due to
competitive inhibition (Schenck et al., 1981; Dehne et
al., 1982; Barea et al., 1984; Hornby et al., 1990; Perrin
etal., 1990; Reid etal., 1990; Torres-Barrag etal., 1996).
Besides, the degree of protection relies on soil and other
environmental conditions (Aysan and Demir, 2009).
However, affirmative prophylaxis of AMF for efficacious
practical application has been cited rarely (Hooker &
Jaizme-Vega & Atkinson et al., 1994; Linderman et al.,
1994; Lingua et al., 2002; Hao & Christie et al., 2005;
Aysan and Demir, 2009). Therefore, the present co-

inoculation experiment would act as a Launchpad for
futuristic research in plant protection.

Some cultivable bacteria associated with the spores
of Gigaspora margarita such as Paenibacillus
polymyxa, Janthinobacterium lividum and other from
Bacillus genera functioned well to suppress diseases.
Paenibacillus spp. Strain B2, isolated from the
mycorrhizosphere of Sorghum bicolor (L) and inoculated
with Glomus mosseae had antagonistic effect on soil
borne pathogens and stimulated mycorrhization (Budi et
al., 1999). Similarly (Salem and Dobolyi et al., 2003)
have reported the AMF, Glomus intraradices and the
rhizobacterium, Pseudomonas fluorescens Migula,
significantly inhibited the development of the disease
tomato leaf—specks disease caused by Pseudomonas
syringe pv. tomato.

In our present study, the efficacy of single and
combined applications of the selected AMF and their
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Table 4 : Co-inoculation effect of AMF+MHB isolates on various growth parameters of banana plant cv. Grand Naine inoculated with Fusarium wilt pathogen (Foc-VCG 0124).
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Note: Numerical values are given as mean * standard deviation; column sharing same alphabets are not differ significantly according to DMRT (p>0.05).

MHB isolates were evaluated for the management of
Fusarium wilt disease under pot culture conditions. In
this study, totally four different AMF isolates (LPV, KPV,
C4V, TPV), which showed 100% root infection percentage
and their MHB isolates viz., Bacillus subtilis (AS),
Pseudomonas aeruginosa (GE), Pseudomonas
aeruginosa (Gg) and Pseudomonas spp. (Gm), which
helped their respective AMF for 100% root infection in
vivo were selected for the suppression of Fusarium wilt
disease caused by virulent strain of Foc race-1 (VCG
0124).

The result of the study indicated that only the plants
treated with AMF + MHB isolates viz., Glomus
etunicatum (KPV) + P. aeruginosa (Ge-A+Ge-B) and
Glomus mossae (TPV) + Pseudomonas sp. (Gm-A)
had completely controlled the Fusarium wilt disease
compared to individual application of either AMF or MHB.
Besides, the combined application of these isolates has
also increased the plant growth and root parameters
significantly as compared to Foc alone inoculated plants.
Similarly (Jaizme-Vega et al., 1998) studied the interaction
effect of Glomus intraradices and Glomus spp. and the
vascular fungus Fusarium oxysporum f. sp. cubense,
causal agent of Panama disease under greenhouse
conditions and the results indicated that both the species
of Glomus were found to reduce both internal (rhizome
necrosis) and external disease symptoms and significantly
increased plant growth compared to non-mycorrhizal
plants (St-Arnaud and Hamel et al., 1994). Ainhoa
Martinez-Medina et al. (2011) who evaluated four AMF
(Glomus intraradices, Glomus mosseae, Glomus
claroideum and Glomus constrictum) and the beneficial
fungus Trichoderma harzianum in a greenhouse nursery
and reported that co-inoculation of plants with the AMF
and T. harzianum produced a more effective control of
Fusarium wilt by 60% reduction than each AMF inoculated
alone only 25-50% reduction in disease incidence in melon
crops. The application of a combined AMF and Bacillus
subtilis Cohn could reduce the root-rot caused by
Fusarium solani (Mart.) Sacc. in Geranium
(Pelargonium gravealens L.) (Wafaa and Abdel, 2001).

Thus, the results accomplished are confirmatory that
a single AMF or MHB may not be able to protect banana
plants from the disease completely but a mixture of AMF
and MHB showed a potential complete suppression of
Fusarium wilt disease under pot culture condition.

It is also very obvious from this study that the use of
AMF in combination with its helper bacterium can be a
potential option for the effective management of this
Fusarium wilt disease in banana rather than using chemical
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fungicides. Moreover, this protocol can be rationalized
for almost all field crops and as an efficient disease
management strategy for the control of wilt diseases of
plantation crops.

References

Abdel-Fattah, G. M. and Y. M. Shabana (2002). Efficacy of
arbuscular mycorrhizal fungus (Glomus clarum) in
protection of cowpea plants from root rot pathogen
Rhizoctonia solani. J. Plant Dis. Protect., 109 : 207-215.

Ainhoa, Martinez-Medina, Jose Antonio Rold&n and A. Pascual
(2011). Interaction between arbuscular mycorrhizal fungi
and Trichoderma harzianum under conventional and low
input fertilization field condition in melon crops : Growth
response and Fusarium wilt biocontrol. Appl. Soil Ecolo.,
47 :98-105.

Altschul, S. F., W. Gish, W. Miller, E.W. Myers and D. J. Lipman
(1990). Basic local alignment search tool. J. Mol Biol., 215
:403-410.

Aysan, E. and S. Demir (2009). Using arbuscular mycorrhizal
fungi and Rhizobium leguminosarum, Biovar phaseoli
against Sclerotinia sclerotiorum (Lib.) de bary in the
common bean (Phaseolus vulgaris L.). J. Plant Pathol., 8
:74-78.

Azcon-Aguilar, C. and J. Barea (1996). Arbuscular mycorrhizas
and biological control of soil-borne plant pathogens - an
overview of the mechanisms involved. Mycorrhiza, 6 :
457-464.

Barea, J. M., C. Azc’on-Aguilar B. and Roldan-Fajardo (1984).
Recent advances in the study of VA mycorrhizae : I.
Training, operation and effects on plant nutrition. Anales
Edafol Agrobiol. (in Spain), 43 : 659-677.

Bi, H. H., Y. Y. Song and R. S. Zeng (2007). Biochemical and
molecular responses of host cucumber by arbuscular
mycorrhiza-associated bacteria from the genus
Paenibacillus. BioControl, 52 : 863-875.

Budi, S. W,, D. Van Tuinen, M. G. Martinotti and S. Gianinazzi
(1999). Isolation from the Sorghum bicolor
mycorrhizosphere of a bacterium compatible with
arbuscular mycorrhiza development and antagonistic
towards soil-borne fungal pathogens. Appl. Environ.
Microbiol., 65 : 5148-5150.

Cruz, A. F. (2004). Element storage in spores of Gigaspora
margarita measured by electron energy loss spectroscopy
(EELS). Acta Bot. Bras., 18 : 473-480.

CSFT (1943). Committee on standardization of fungicidal test.
The American Phytopathological Technique. Test tube
dilution technique for use with the slide germination
method of evaluation of protectant fungicides.
Phytopathol, 37 : 354-356.

Declerck, S., J. M. Risede, G. Rufyikiri and B. Delvaux (2002).
Effects of arbuscular mycorrhizal fungi on severity of root

rot of bananas caused by Cylindrocladium spathiphylli.
Plant Pathol., 51 : 109-115.

Demir, S. and A. Akkopru (2007). Using of Arbuscular
Mycorrhizal Fungi (AMF) for biocontrol of soil-borne
fungal plant pathogens. In: Chincholkar, Mukerji,
editors. Biol. Con. of Plant Dis. Haworth Press. USA : 17—
37

Dehne, H. W. (1982). Interaction between vesicular-arbuscular
mycorrhizal fungi and plant pathogens. Phytopathol, 72 :
1115-1119.

Filion, M., M. St-Arnaud and J. A. Fortin (1999). Direct
interaction between the arbuscular mycorrhizal fungus
Glomus intraradices and different rhizosphere
microorganisms. New Phytol., 141 : 525-533.

Gerdemann, J. W. and T. H. Nicolson (1963). Spores of
mycorrhizal Endogone extracted from identification.
Mycotaxon, 32 : 267-324.

Griffith, A. (2010). SPSS for Dummies Wiley Publishing, Inc.
Hoboken, NJ.

Harish, S., M. Kavino, N. Kumar, D. Saravanakumar, K.
Soorianathasundaram and R. Samiyappan (2008).
Biohardening with plant growth promoting rhizosphere
and endophytic bacteria induces systemic resistance
against banana bunchy top virus. App. Soil Ecol., 39 :
187-200.

Harrison, M. J. (1999). Molecular and cellular aspects of the
arbuscular mycorrhizal symbiosis. Annu. Rev. Plant Phys.,
50:361-389.

Hao, Z. P,, P. Christie, L. Qin, C. X. Wang and X. L. Li (2005).
Control of Fusarium wilt of cucumber seedlings by
inoculation with an arbuscular mycorrhizal fungus. J. Plant
Nutr., 28 : 1961-1974.

Herbert, J. A. and D. Marx (1990). Short-term control of Panama
disease in South Africa. Phytophylactica, 22 : 339-340.

Holt, J. G, N. R. Kreig, P. H. A. Sneath, J. T. Stanley and S. T.
Williams (1994). Bergey’s manual of determinative
bacteriology. Williams and Wilkins, Baltimore, MD.

Hornby, D. (1990). Root diseases. In Lynch, J. M. (ed.) The
Rhizosphere. Wiley, New York. 233-258.

Hooker, J. E., M. Jaizme-Vega, D. Atkinson, S. Gianinazzi, H.
Sch'uepp and Birkh auser Basel (1994). Biocontrol of plant
pathogens using arbuscular mycorrhizal fungi. In. and.
(eds.) Impact of Arbuscular Mycorrhizas on Sustainable
Agriculture and Natural Ecosyst. 191-20.

Husband, R., E. A. Herre, S. L. Turner, R. Gallery and P. W.
Young (2002). Molecular diversity of arbuscular
mycorrhizal fungi and patterns of host association over
time and space in a tropical forest. Mol. Ecol., 11 : 2669-
2678.

Jacquot-Plumey, E., D. Van Tuinen, S. Chatagnier, S. Gianinazzi
and V. Gianinazzi-Pearson (2001). 25S rDNA-based
molecular monitoring of Glomalean fungi in sewage
sludge-treated field plots. Envion. Micobiol., 3 : 525-531.

Jaizme-Vega, M. C., B. Sosa Hernandez and M. C. Hernandez
Hernéndez (1998). Interaction of arbuscular mycorrhizal



374 S. Sumathi and R. Thangavelu

fungi and the soil pathogen Fusarium oxysporum f. sp.
cubense on first stages of micropropagated Grande Naine
banana. In: Galan Sauco, V. (Ed.), Proceedings of the
International Symposium on Banana in the Sub-tropics.
Acta. Hort., ISHS 490 : 285-295.

Jefwa, J. M., S. Okoth, P. Wachira, N. Karanja, J. Kahindi, S.
Njuguini, S. Ichami, J. Mungatu, P. Okoth and J. Huising
(2012). Impact of land use types and farming practices on
occurrence of arbuscular mycorrhizal fungi (AMF) Taita-
Taveta district in Kenya. Agri. Ecosyst. and Environ., 157
:32-39.

Kegler, H. and J. Gottwald (1998). Influence of mycorrhizae on
the growth and resistance of asparagus. Arch Phytopathol
Plant Prot., 31 : 435-438.

Khaosaad, T., J. M. Garcia Garrido, S. Teinkellnerand and H.
Vierhelig (2007). Take-all disease is systemically reduced
in roots of mycorrhizal barely plants. Soil Biol. Biochem.,
39:727-734.

Kowalchuk, G. A, F. A. de Souza and J. A. Van Veen (2002).
Community analysis of arbuscular mycorrhizal fungi
associated with Ammophila arenaria in Dutch coastal
sand dunes. Mol. Ecol., 11 : 571-581.

Lakshmanan, P., P. Selvaraj and S. Mohan (1987). Efficiency of
different methods for the control of Panama disease. Trop.
Pest. Manage, 33 : 373-376.

Leach, J. E., M. L. Rhoades, C. M. V. Cruz, F. F. White, T. W.
Mew and H. Leung (1992). Assessment of genetic diversity
and population structure of Xanthomonas oryzae pv.
oryzae with a repetitive DNA element. Appl. Environ.
Microbiol., 58 : 2188-2195.

Li, B., S. Ravnskov, G. Xie and J. Larsen (2007). Biocontrol of
Pythium damping-off in plants to mycorrhizal infection
and their roles in plant defence. J. Allelopathy, 20 : 15-27.

Lin, W.Y,, S.I. Lin and T. J. Chiou (2009). Molecular regulators
of phosphate homeostasis in plants. J. Exp. Bot., 60 : 1427—
1438.

Liu, R. J. (1995). Effect of vesicular-arbuscular mycorrhizal fungi
on verticillium wilt of cotton. Mycorrhiza, 5 : 293-297.

Lumini, E., V. Bianciotto, P. Jargeat, M. Novero, A. Salvioli, A.
Faccio, G. Becard and P. Bonfante (2007). Presymbiotic
growth and sporal morphology are affected in the
arbuscular mycorrhizal fungus Gigaspora margarita cured
of its endobacteria. Cellular Microbiol., 9 : 40-53.

Linderman, R. G. (1994). Role of VAM fungi in biocontrol. Pfleger
FL and Linderman RG (eds.) Mycorrhizae Plant Health
APS St Paul. 1-26.

Lingua, G.,, G. D. Agostino, N. Massa, M. Antosiano and G.
Berta (2002). Mycorrhiza induced differential response to
a yellow disease in tomato. Mycorrhiza, 12 : 191-198.

Matsubara, Y., N. Ohbaand H. Fukui (2001). Effect of arbuscular
mycorrhizal fungus infection on the incidence of Fusarium
root rot in Asparagus seedlings. J. Jap. Soc. Hortic. Sci.,
70:202-206.

Moore, N. Y., K. G. Pegg, S. Bentley and L. J. Smith (2001).
Fusariumwilt of banana : global problems and perspectives
In: Banana Fusarium Wilt Management: towards
Sustainable Cultivation. International Network for the
Improvement of Banana and Plantain, Los Banos : Asia
and the Pacific Network (INIBAP-ASPNET), pp. 11-30.

Moore, N. Y., K. G. Pegg, S. Bentley and L. J. Smith (1999).
Fusarium wilt of banana : global problems and
perspectives. In : Molina AB, Masdek NHN, Liew KW,
eds. Banana Fusarium Wilt Management : Towards
Sustainable Cultivation. Proceedings of the International
Workshop on Banana Fusarium Wilt Disease. Kuala
Lumpur, Malaysia: INIBAP, 11-30.

Morton, J. B. (1988). Taxonomy of VA mycorrhizal fungi :
classification, nomenclature and soil by wet sieving and
decanting. Trans. Brit. Mycol. Soc., 46 : 235-244.

Mustaffa, M. M. and R. Thangavelu (2009). Status of fusarium
wilt in India SHS Acta Horticulturae 897 : International
ISHS-ProMusa Symposium on Global Perspectives on
Asian Challenges.

O’Donnell, K. O., H. C. Kistler, E. Cigelnik and R. C. Ploetz
(1998). Multiple evolutionary origins of the fungus causing
Panama disease of banana : Concordant evidence from
nuclear and mitochondrial gene genealogies. Proc. Natl.
Acad. Sci., USA 95 : 2044-2049.

Orjeda, G. (1998). Evaluation of Musa germplasm for resistance
to Sigatoka diseases and Fusarium wilt. INIBAP Technical
Guidelines 3. International Plant Genetic Resources
Institute, Rome, Italy; International Network for the
Improvement of Banana and Plantain, Montpellier, France.

Perrin, R. (1990). Interactions between mycorrhizae and diseases
caused by soil-borne fungi. Soil Use Manage, 6 : 189—
195.

Phillips, J. M. and D. S. Hayman (1970). Improved procedure
for clearing roots and staining parasitic and vesicular-
arbuscular mycorrhizal fungi for rapid assessment of
infection. Transactions of the British Mycological Society,
55:158-161.

Ploetz, R. C. (2000). Panama disease : a classic and destructive
disease of banana. Plant Health Progress, 10 : 1-7.

Salem, S. F,, C. Dabolyi, L. Helyes, Z. P¢ck and J. Dimg¢ny (2003).
Side-effect of benomyl and captan on arbuscular
mycorrhiza formation in tomato. Acta. Hort. (ISHS), 613 :
243-246.

St-Arnaud, M., C. Hamel and J. A. Fortin (1994). Inhibition of
Pythium ultimum in roots and growth substrate of
mycorrhizal Tagetes patula colonized with Glomus
intraradices. Canad. J. Plant Pathol., 16 : 187-194.

Schenck, N. C. (1981). Can mycorrhizae control root disease?
Plant Dis., 65 : 231-234.

Schenck, N. C. and Y. Perez (1987). Manual of the identification
of VA-Mycorrhizal fungi, University of Florida, Gainesville.



Co-inoculation of AMF and their MHB effectively Suppresses Fusarium wilt in Banana 375

Sharma, A. K., B. N. Johri and S. Gianinazzi (1992). Vesicular
arbuscular mycorrhiza in relation to plant diseases. World
J. Microbiol Biotechnol., 8 : 559-563.

Smith, S. E. and D. J. Read (1997). Mycorrhizal Symbiosis.
Academic Press, San Diego.

Stover, R. H. (1962). Fusarial Wilt (Panama Disease) of Bananas
and Other Musa Species. Kew, UK: Commonwealth
Mycological Institute.

Sukhada Mohandas, M., R. D. Manamohan, C. H. Rawal, R.
Saikat, H. C. Manjula and Sreekantappa Laxmikantha
(2004). Interaction of Fusarium oxysporum f. sp. cubense
with P. fluorescens precolonized to banana roots. World J.
Microbiol Biotechnol., 20 : 651-655.

Torres-Barrag’an, A., E. Zavaleta-Mej 1a, C. Gonz alez-Ch’avez
and R. Ferrara-Cerrato (1996). The use of Arbuscular
mycorrhizae to control onion white rot (Sclerotium
cepivorum Berk.) under field conditions. Mycorrhiza, 6 :
253-257.

Viljoen, A. (2002). The status of Fusarium wilt (Panama disease)
of banana in South Africa. South Afric. J. Sci., 98 : 341—
344.

Wardlaw, C. W. (1961). Banana diseases, including Plantains
and Abaca. Longmans, Green and Co. Ltd, London. 648.

Wafaa, M. and F. Abdel-latif (2001). Interaction between
vesicular arbuscular mycorrhizae and antagonistic bio
control micro-organisms on controlling root-rot disease
incidence of geranium plants. J. Biol. Sci., 1: 1147-1153.



