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Abstract

Arbuscular Mycorrhizal Fungi (AMF) is a type of mycorrhizal that is in symbiosis with most plants. AMF symbiotic
association provides many benefits for plants such as to help the nutrient absorption, especially phosphor, survival in
drought conditions. Bacteria that can increase the growth and development of mycorrhizae is known as Mycorrhiza
Helper Bacteria (MHB). The aim of pot experiment was to analyze the quality of the inoculum on mycorrhizal
propagation enriched with the addition of MHB. The experiment used a Randomized Block Design to test three
treatments of MHB liquid formula in the AMF propagation. The MHB liquid formula consisted of Pseudomonas
diminuta, Bacillus subtilis, and a mixture of both isolates and controls (sterilized distilled water). The results revealed
that mycorrhizal propagation using MHB increased the colonization of maize root and population of P. diminuta and B.
subtilis in the mycorrhizal inoculum. Significant sporulation of Glomus spp. and bacterial population were increased by
MHB inculation were also observed.
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INTRODUCTION general, the important roles of this mycorrhizal fungus
Mycorrhiza is a symbiosis between the roots of include improving nutrition and increasing plant
higher plants and fungi [1]. Based on the mode of growth, as biological protection, increasing plant
infection of the host plant, mycorrhizae can be grouped resistance to drought and synergizing with other
into three  groups, namely ectomycorrhizae, microorganisms [6]. AMF can be associated with plant
endomycorrhizae and ectendomycorrhiza [2]. The roots in almost 90% of plants, including vegetable crops
ectomycorrhizal fungus is commonly found in forest [7].
plants [3]. This fungus can be seen directly in the field.
The infected root will enlarge / swell and branch Mycorrhizal symbiosis does not only involve
dichotomous, and the root surface is covered with two parties (fungi and plant roots) but also involves
mycelia commonly called the mantle [4]. other organisms. The organisms associated with these
mycorrhizae are known to influence each other.
The presence of infection by endomycorrhizae Bacteria that are able to increase the development of
can be characterized by the formation of vesicles and mycorrhizae are known as Mycorrhiza Helper Bacteria
arbuscules, so it is known as AMF (arbuscular (MHB) [8]. Some researchers have found that bacteria
mycorrhizal fungi) [5]. This type of mycorrhizal isolated from mycorrhizal fungi can stimulate
infection occurs inside the cell. Examples of AMF mycorrhizal infection, spore production and also
genera:  Glomus,  Scelerocystis,  Acaulospora, resistance to plant pathogens [9, 10]. MHB promote the
Entroshospora, and Gigaspora. This endomycorrhizal AMF establishment and to enhance the efficiency of the
fungus infects most food crops and horticulture. In mycorrhizal effect on the plant growth [11].
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MHB is widely used to assist the role of AMF
in colonizing and infecting plant roots so that the ability
of roots to increase nutrients up take [12]. There are
five main roles of MHB in assisting mycorrhizal
performance, including in preference for root
acceptance of mycorrhizae, in introducing mycorrhizae
with plant roots, in increasing mycorrhizal growth, in
mobilizing nutrients in the rhizosphere, and in
increasing mycorrhizal propagules germination [13].

Each type of AMF has associations with
different bacteria. Each AMF has a different effect on
bacterial and fungal populations [14]. This relates to
specific competition for growth substrates. Therefore,
research is needed to examine the quality of the
inoculum on mycorrhizal propagation due to the MHB
inoculation.

MATERIALS AND METHODS

Propagation and formulation

Mycorrhizae are obligate fungi with host
plants, therefore mycorrhizal propagation is generally
by using plants [15]. Mycorrhizal propagation was
carried out using spores collected from the Faculty of
Agriculture, Gajah Mada University, grown on zeolite
media with a size of 2 - 3 cm sterile which had been
saturated with NaCl solution (5000 ppm) and had been
planted with corn seeds aged 7-10 days.

The first fertilization was carried out a week
after planting with 30 ml of Hyponex (25-5-20)
fertilizer with a concentration of 1 g/L. Subsequent
fertilization with the same dose is done twice a week.
At the time of three months after planting, stressing was
carried out to stimulate spore formation by gradually
reducing watering up to 10 ml, until not watered (1
week approximately). Spores were harvested at 70 days.

The Experimental Design

The experiment used a Randomized Block
Design to test three treatments of MHB liquid formula
in the AMF propagation. The MHB liquid formula
consisted of Pseudomonas diminuta (collected from
Soil BiologyLaboratory, Faculty of Agriculture,
Universitas Padjadjaran) and Bacillus subtilis (collected
from University of Jember) and a mixture of both
isolates and controls (distilled water).

Inoculation and plant maintenance

AMF inoculation was carried out twice, the
first when the maize seeds were germinated (pre-
inoculation) and at the time of transplanting into plastic
tranparant pots containing 300 g of zeolite. A week
after transplanting, a liquid formula was applied as
much as 300 mL per pot. For each treatment, the
concentration of the liquid formula was 1mL L™ while
the density of MHB was 10% cfu mL™. Plants were kept
in a greenhouse for 3 months. Watering was stopped
when the plants were 2 months old to stimulate spore
formation and root colonization by hyphae.

Parameters Observation

At harvest time the plant roots were separated
from the crown and the degree of root infection (%) was
determined by the acid fuchsin staining method [16].
The concentration of MHB bacteria in the growing
media was determined by the Plate Dilution method
[17]. Observations of the bacteria growth on the surface
of mycorrhizal spores were also carried out using the
modified method.

Mycorrhizal Formulations and Mychorrizal Helper
Bacteria

The mycorrhizal propagation enriched with
MHB was carried out, consisting of 6 treatments. The
MHB inoculants used were a consortium of P. diminuta
and B. subtilis with a ratio of 2:3 aged 3 days. Figure 1
showed MHB-enriched microzae propagation with
maize host in zeolite media and mycorrhizal hyphae on
maize roots on one month after treatment.

(a)

(®)

Fig-1: (a) Mycorrhizal propagation with maize as host plant; (b) Mycorrhizal hyphae on maize roots
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RESULTS AND DISCUSSION

The application of MHB increased the root
colonization on one month after treatments about 81,33-
94,67%. The percentage of root infection is high as a
biofertilizer because root colonization is above 50%.
Root colonization was classified according to the
criteria of [18] ie. not colonized (0%) , low (< 10%),
moderate (10-30%), and high (> 30%). The experiments
showed that the addition of MHB with densities of 10°
to 10° increased root colonization up to 21.37% (Fig. 2).

Mycorrhizal ~ propagation enriched  with
molasses increased root colonization lower than
addition with MHB. This indicates that MHB is able to

increase the growth and activity of mycorrhizal fungi in
infecting roots in AMF propagation. MHB is able to
increase mycorrhizal fungi in colonizing roots [19]. The
mechanisms of action in the MHB, among others a
stimulation of the pre-symbiotic growth of the
mycelium, a stimulation of the root-mycelium
recognition and a modification of the physico-chemical
properties that support mycorrhiza formation [20]. This
experiment showed that the increased density of MHB
given further increased root colonization. The addition
of MHB with a density of 10° gave the highest increase
in root colonization (21.37%), while the lowest root
colonization was in the treatment of mycorrhizal
propagation with the addition of water.
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Fig-2: Percentage of mycorrhizal infections

The results showed that MHB was able to
grow in zeolite media after 3 days of application, i.e.
57.33 x 10" cfu mI™* for B. subtilis and 27.67 x 10’ cfu
ml™ for P. diminuta. This indicates that MHB can grow
in zeolite media.

In general, the population of P. dimunita and
B. subtilis at one month after treatment increased about
12,33-102,33 x 10" cfu g* (Fig. 3). Mycorrhizal

propagation by giving MHB at a density of 10° was able
to increase the highest population of B subtilis up to
740,8%. This indicated that the MHB consisting of P.
diminuta and B. sublitis added to myccorhiza inculum
propagation was able to grow optimally. In this
experiment, the density of bacteria in the mycorrhizal
inocullum qualifies as biofertilizer, which was above 10’
cfug™.
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Fig-3: Population of P. diminuta and B. subtilis (1 month after treatment)

Spores number of Glomus spp. were the most
in the treatment of Glomus spp. enriched with MHB by
a density of 10° (Fig.4). The number of Glomus spp.
spores. from all treatments Glomus spp. with MHB
more than 50 spores g™ dry weight of the sample. This

amount qualifies as biofertilizer. This indicates that
MHB indicated mycorrhizal spores germination. MHB
had a strong positive effect on spore germination and
growth of presymbiotic fungi in solutions contaminated
with heavy metals [21].
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Fig-4: The number of Glomus spp. spores

The most bacteria from the cell wall of AMF
spores were able to increase the germination of G.
clarum spores when there was direct contact between
spores and bacteria, while some bacterial isolates
inhibited spore germination by producing antagonistic
volatiles [22]. Furthermore, MHB affects the

concentration of antagonistic compounds produced by
mycorrhizal fungi [23]. The bacteria were able to
detoxify the liquid medium of inhibitory fungal
metabolites. MHB bacteria may also be able to suppress
the production of toxic compounds by soil microbes
[24].
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Fig-5: Population of P. diminuta and B. subtilis

The results of the bacterial counting at harvest
showed that the population of P. dimunita and B.
subtilis increased about 107-276,5 x 10" cfu g™* (Fig. 5).
On the other hand, mycorrhizal propagation with the
addition of water and molasses does not show any
growth of these bacteria. This shows that the applied
MHB is able to grow on the propagation medium until
harvest time. Furthermore, when compared to this
bacterial population in one month, the bacterial
population at harvest time was higher than one month
after treatment.

CONCLUSIONS

In this study, we probed the effect of
mycorrhiza helper bacteria (P. diminuta and B. sublitis)
on mycorrhizal propagation. The result showed that
MHB increased the colonization of maize root and
population of P. diminuta and B. subtilis in the
mycorrhizal inoculum. Spores germination of Glomus
spp. and bacterial population were increased by MHB
inoculation.
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