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Abstract. Arbuscular mycorrhizal fungi (AMF) play a role in suppressing the nematode
Pratylenchus coffeae. Mycorrhizal helper bacteria (MHB) can increase the effectiveness of AMF
to control the diseases. The experimental purpose was to increase the spore population of AMF
Glomus spp. in zeolite-based formulation inoculated with liquid consortia of Pseudomonas
diminuta and Bacillus subtilis as MHB. The experimental design was a completely random
design with six treatments consisted of 108, 107, 10® and 10° CFU/mL MHB liquid inoculants.
The control treatments were water and 2% molasses. All treatments were replicated four times.
A total of 300 mL/pot Liquid inoculant of MHB have been inoculated a three day before
transplanting the maize seedling to the Zeolite inoculated with Glomus spp. in the pot. One month
after MHB inoculation, Glomus formulation in Zeolite with different levels of MHB increased
the degree of infection. Three months after MHB inoculation, spore content in Zeolite increased.
The density of P. diminuta and B. subtilis in zeolite-based mycorrhizal inoculant increased at the
end of the experiment. Liquid inoculant MHB contained 108 CFU/mL enhanced spora number
fourth times compared to the control. This experiment suggests that P. diminuta and B. subtilis
were effective to increase the spore density of AMF inoculant.

1. Introduction

Many publications describe mycorrhizae's role in inhibiting parasitic nematodes' penetration and
development [1, 2, 3, 4, 5]. Mycorrhizal symbiosis is considered an interaction between plant roots and
fungi and must include supporting other organisms. Mycorrhizosphere is a mutual influence that
produces what is known as the "mycorrhizosphere” [6, 7, 8]. The mycorrhizosphere is composed of
mycorrhizae, external mycelium, and supporting organisms [9]. This mycorrhizosphere effect can lead
to increased nutrition, growth, and plant disease resistance [10, 8].

Usually, the AMF and its supporting organisms (bacteria) apply as biofertilizers. Bacteria that can
increase mycorrhizal development are defined as Mycorrhizal Helper Bacteria, MHB [11]. Bacteria
isolated from mycorrhizal fungi can stimulate mycorrhizal infection, spore production, and plant
pathogens' resistance [12, 13].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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The MHB is a term used for endophytic bacteria that can help mycorrhizae carry out their role. The
bacteria must be in one part of the mycorrhizal body and play a role in developing mycorrhizae.
Mycorrhizal symbiosis is not only a relationship between the mycorrhizal-forming fungi and the host
plant but involves other supporting organisms such as bacteria.

The bacteria excretes beneficial organic substance that often stimulates the germination of fungal
spores. Most bacteria from the AMF spore cell walls were able to increase Glomus clarum spores'
germination when there was direct contact between spores and bacteria, while some bacterial isolates
inhibited spore germination by producing volatile antagonists [14].

Moreover, MHB affects the concentration of antagonistic compounds produced by mycorrhizal fungi
[15]. They found that the bacteria were able to detoxify the liquid media from inhibiting fungal
metabolites. MHB bacteria may also be able to suppress the production of toxic compounds by soil
microbes. Vivas [16] reported that MHB bacteria has positive impact on the spore germination and
growth of presymbiotic fungi in a broth contaminated with heavy metals. Bacterial inoculation not only
decreased the destruction of G. mosseae hyphae but even resulted in increment of root growth by 95%
(without Cd) to 254% (with Cd). This effect was as strong as in the Zn treatment, where mycelium
growth ranged from 125% (without Zn) to 232% (with Zn solution).

Nunang [17] showed that there were 12 bacteria isolated from AMF spores, seven bacteria from
Gigaspora sp. and five bacteria from Glomus sp. Eight types of bacteria, namely: P. diminuta, B.
licheniformis, B. laterosporus, E. hormaechei, B. brevis, B. subtilis, B. cereus, and B. firmus, can
stimulate the development of mycorrhizal hyphae. Seven bacteria have the potential for cellulase and
protease activity, namely: B. subtilis, B. cereus, B. laterosporus, B. pasteurii, P. penneri, B. firmus, and
B. cereus. There are four bacteria (B. subtilis, P. diminuta, P. penneri, and E. hormaechei) which can
inhibit the growth of pathogens Rhizoctonia sp., Sclerotium sp., and Ganoderma sp.

The B. subtilis and P. diminuta) has been reported to increase the degree of mycorrhizal infection in
the roots of coffee up to 98.4% [5]. Furthermore, Pseudomonas diminuta 10® increased the degree of
infection by 93.6%; even the density of P. diminuta 2x108 increased mycorrhizal infections by up to
98.4 %. Based on the results of this study, we can conclude that mycorrhizal propagation will be more
effective with the help of MHB. To develop a more effective mycorrhiza inoculant, the formulation of
the inoculant integrated with MHB inoculation is needed. In general, arbuscular mycorrhiza (AM)
inoculants are developped by using corn as the fungal host since the mycorrhizal fungal is a host-depend
microbes. Our previous experiment demonstrated that molasses-based liquid inoculant of MBH B.
subtilis and P. diminuta supported their cell count up to 10° CFU/mL. This liquid inoculant will be
utilized to improve the quality of AM inoculant. The objective of this greenhouse experiments was to
evaluate the effect of liquid inoculant consortia of P. diminuta and B. subtilis as MHB on the spores
density of AMF Glomus spp. in zeolite-based AM inoculant as well as the infection of AMF on the
roots of host plants, corn.

2. Methodology
2.1 Materials and Methods
This study used spores of Glomus spp; a collection of the Faculty of Agriculture Universitas Gajah

Mada. The MHB consortium liquid formula composed of B. subtilis and P. diminuta with a ratio of 2:3
with the cell count of 10° respectively at day three was prepared by Biology education University of
Jember Laboratory. The arbuscular mycorrhiza inoculant developed using corn grown in Zeolite with
size 1-2 mm. A selective medium of either B. subtilis or P. diminuta has been used to count bacterial
cells in the zeolite-based AMF inoculant.

2.2. Experimental setup
The study was conducted in a greenhouse in a completely randomized design consisting of 6 treatments

and four replications. The treatment included an MHB consortium solution with cell densities of 10°,
107, 10% and 10° CFU/mL. The control treatment was water and 2% molasses. Each solution is given
three days before planting corn seeds as much as 30 ml per pot. The 7-day old corn seeds are planted in
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polyethyelene pots containing 200 g Zeolite media; each pot consists of two corn seeds. A total of 100
mycorrhizal spores inoculated on maize seedlings after seven days of transplanting.

The corns were watering every day as much as 30 ml/pot. Fertilization of plants using Hyponex (25-
5-20) with a 1g/L concentration at a dose of 30 ml/pot a week after planting. Furthermore, fertilization
is repeated twice a week with the same amount until the plants are two months old. In the third month,
watering is gradually reduced for the stressing process to stimulate spore formation. In the first week,
water every other day with a dose of 30 ml of water; on the second week of watering every other day
with a dose of 20 ml of water; in the 3rd week of watering every other day with a dose of 10 ml of water,
and in the last week of watering is not done watering at all [18].

2.3. Observed Parameters

Observations consisted of 1) the degree of mycorrhizal infection in maize roots, calculated after planting
for one month, refers to the Kormanik and Mc Graws method [19]; 2) MHB cell viability by counting
the number of bacterial colonies in a selective medium B. subtilis and P. diminuta, respectively, which
observed one month and three months after application refers to Schinner methode [20]; and 3) the
number of spores, calculated after planting for three months (harvest) using the extraction method per
10 grams.

2.4. Statistical analysis
All data were subjected to analysis of variance (5% F test) and Duncan Multiple Range Test of 5% by
using SPSS program.

3. Results

The addition of the MHB consortium increased the average degree of mycorrhizal infection and bacteria
density at one month after treatment, as can be seen in Table 1. The effect of the acquisition of MHB on
the propagation medium mycorrhiza on the number of spores and bacterial density (CFU) at harvest
time is depitected in Table 2.

Table 1. The percentage of mycorrhizal infection degree and bacterial density in AMF inoculant at
one month after treatment

Treatments Degree of mycorrhizal infection (% Bacterial density (CFU/g) x107
+SD) * P. diminuta B. subtilis

Water 78.00 £ 11.1355 a - -
Molase 2% 81.33+11.3725a - -
MHB 10° 90.67+ 4.1633b 58.67 12.33
MHB 107 92.67+ 4.1633 b 46.75 65.17
MHB 108 93.33+ 3.0551b 15.25 74.67
MHB 10° 94.67+ 5.0332b 26.42 102.33

Note: * the mean number followed by the same letter is not significantly different based on the
Duncan test at the 95% confidence level.

Table 2. The number of spores of Glomus spp. and bacterial density in AMF inoculant at harvest

time
Treatments Spore number per g Bacterial density (CFU/g) x107
inoculant * P. diminuta B. subtilis
Water 33,05a - -
Molase 2% 28,28 a - -
MHB 10° 90,81 b 122,17 257,00
MHB 10’ 115,67 bc 198,75 123,25

MHB 108 160,58 ¢ 234,00 107,00


http://repository.unej.ac.id/
http://repository.unej.ac.id/

International Seminar on Agriculture, Biodiversity, Food Security and Health IOP Publishing
IOP Conf. Series: Earth and Environmental Science 883 (2021) 012021  doi:10.1088/1755-1315/883/1/012021

MHB 10° 144,43 ¢ 276,50 113,33
Note: * the mean number followed by the same letter is not significantly different based on the Duncan
test at the 95% confidence level.

4. Discussions

This experiment showed that B. subtilis and P. diminuta are symbiotic bactera with fungi for carrying
out their roles to increse mycorhizal infenction of host plant. The results of this research supported by
Nunang [17], which states that several types of MHB were found, including P. diminuta, can help
develop mycorrhizal hyphae and inhibits several types of pathogens. The B. subtilis, assist the
development of fungal hyphae and has the potential for cellulase and protease enzymatic activity as well
as inhibit the growth of certain pathogens. Garbaye [11] also stated that some bacteria could colonize
roots well, for example, various kinds of Pseudomonas spp. able to live around the surface of the fungal
hyphae. These bacteria live in the mycorrhizal bodies and also around the roots of host plants
(rhizosphere).

Bacteria also has a benefit from their symbiosis with mycorrhizal fungi. Linderman [21] state that
there is a synergy between bacteria, fungi, and plants. Bacteria get a source of nutrition from root
exudates because of their chemical composition due to mycorrhizae's role, so that root exudates contain
bacteria suitable. Root exudates are a source of nutrients that are essential for the survival of bacteria.
Most of the bacteria in symbiosis with fungi will complete their fungi' life cycle [22]. Bianciotto [23]
showed that active bacterial division occurs in the mycelium.

The mechanism of MHB in helping mycorrhizae to infect roots is as follows: 1) increase the rate of
roots to mycorrhizal formation, bacteria initiate the formation of IAA hormones to induce short and
roots, then bacteria produce enzymes to catalyze the softening of root cell walls prior to AMF-root
interaction; 2) Furthermore, MHB plays a role in mediating root biomolecules and also fungi. Roots and
fungi can interact based on enzymes or chemical substances produced by fungi or roots, so the part of
MHB is to facilitate the introduction of enzymes or chemicals between them by creating certain
compounds such as auxins and other enzymes. Mycorrhizal and root interactions can occur because of
the presence of myc factors released by fungi to be recognized by plants and plants to acknowledge the
potential of mycorrhizal symbiosis with strigolactones released by roots along with other root exudates
such as sugars, fats, acids amino acids, fatty acids, and hormones growth.

The research showed that mycorrhizal infections in the maize roots were more than 70%. According
to [24], the minimum mycorrhizal infections in roots that can increase plant growth and development is
70%. If the degree of infection was less than 70%, then the infection is not optimal. Meanwhile,
according to [25], the roots of many host plants with a high degree of root infection by AMF indicate
an excellent AMF inoculum source. The exudate produced by MHB will stimulate the germination of
fungal spores. Besides, bacteria in symbiosis with fungi can influence plant physiology by increasing
the permeability of root cells [10, 11].

P. diminuta and B. subtilis have several functions, namely: 1) increasing the effectiveness of
mycorrhizal infections against the roots of host plants, 2) as biological control agents, and 3) being able
to increase plant growth [5]. These prominent functions are because of the role of two bacteria as Plant
Growth Promoting Rhizobacteria (PGPR) as well as a solubilizing phosphate.

5. Conclusions

The conclusions of this study were: 1 Inoculating liquid culture of MHB consortium consisting of P.
diminuta and B. subtilis with a ratio of 2: 3 on mycorrhizal propagation media increased the degree of
infection and the number of mycorrhizal spores Glomus spp., 2) The MHB consortium liquid culture
with a cell density of 108 CFU/mL increase the number of spores by 162.067 per gram of Zeolite, 3)
The MHB cell viability can survive in Zeolite media for up to / more than three months.

6. Acknowledgments
The authors would like to thank the Agricultural Research and Development Center, the Indonesian
Agriculture Department for financing this research through the 2014-2016 KKP3N grant.


http://repository.unej.ac.id/
http://repository.unej.ac.id/

International Seminar on Agriculture, Biodiversity, Food Security and Health IOP Publishing
IOP Conf. Series: Earth and Environmental Science 883 (2021) 012021  doi:10.1088/1755-1315/883/1/012021

References

[1] de la Pefia E, Susana RE, Wim H van der Putten, Helena F and Maurice M 2006 New Phytologist pp
829-840

[2] Shanthi A and Rajendran G 2006 Nematol. Medit. 34: 69-75

[3] Jumjunidang 2009 J. Hort. 19(2):186-191.

[4] Serfoji,P, Rajeshkumar S and Selvaraj T 2010 Journal of Agricultural Technology Vol.6(1): 37-45.

[5] Asyiah IN, Wiryadiputra S, Harni R, Handayani NRH and Narulita E, Adv. Envr. Biol. 9(23), 22-26
(2015).

[6] Foster M 1966 Australian J Biol Sci 19:1027-1038.

[7] Meyer JR and Lindermann RG 1986 Soil Biol Bioch 18:191-196.

[8] Frey-Klet and Garbaye 2005 New Phytol 168:48.

[9] Barea JM, Pozo MJ, Azcon R, Azcon-Aguilar C 2005. J Exp Bot 56:1761-1778.

[10] Linderman RG 1988 Phytopatology 78:366-371.

[11] Garbaye J 1994 New Phytol 128:197-210.

[12] Barea JM, Andrade G, Biancioto V, Dowling D, Lohkre S, Bonfante P, O’Gara F, Azcon-Aguilar
C 1998 App Envir Microbiol 64:2304-2307.

[13] Budi SW, Van Tuinen D, Negrel J, Martinotti G, Gianinazzi S 1998 in Gianinazzi S, Schueep H,
eds. Arbuscular Mycorrhizas in Sustainable Soil-Plant Systems. Luxemburg: European Commision.
138-139.

[14] Xavier LJC and Germida JJ 2003 Soil Biol Biochem 35:471-478.

[15] Duponnois R and Garbaye J 1990 Can J Bot 68:2148-2152.

[16] Vivas A, Barea JM, Azcon R 2005 Microbial Ecol 49:416-424.

[17] Nunang, L.M. 2011. Diversitas Bakteri Asal Spora Fungi Mikoriza Arbuskula Gigaspora Sp. dan
Glomus Sp. Serta Potensinya Sebagai Mycorrhiza Helper Bacteria. Tesis Sekolah Pascasarjana IP.
Bogor. 63p.

[18] Setiawati and Mieke R 2015 Teknik Perbanyakan Kultur Pot FMA. Seminar Fakultas Pertanian.
Bandung: Universitas Padjajaran.

[19] Kormanik PP and Mc. Graw AC 1982 Am. Phytopathol. Soc. 46: 37—45

[20] Schinner F, Ohlinger R, Kandeler E and Margesin R 1995 Methods in Soil Biology. Berlin
Heidelberg: Springer-Verlag.

[21] Linderman RG 2000 Effects of Mycorrhizas on Plant Tolerance to Diseases In: Kapulnik Y, Douds
DD Jr (eds) Arbuscular mycorrhizas: physiology and function. Kluwer, Dordrecht, pp 345-365.
[22] Bianciotto V, Bandi C, Minerdi D, Sironi M, Tichy HV, Bonfante P 1996 Appl Environ Microbiol.

62:3005-3010.

[23] Bianciotto V, Genre A, Jargeat P, Lumini E, Be"card G, Bonfante P 2004 Appl Environ Microbiol.
70:3600-3608.

[24] Brundret, MC, Melville L and Peterson L 1994 Practical Methods in Mycorrhiza Research. Canada:
Mycologue Publications.

[25] Anas | and Tampubolon JLO 2004 Buletin Agronomi 32(1): 26—31.


http://repository.unej.ac.id/
http://repository.unej.ac.id/

	IOP Conference Series.pdf (p.1-19)
	IOP_Mikoriza.pdf (p.20-25)
	IOP Conference Series.pdf (p.1-19)
	IOP_Mikoriza.pdf (p.20-25)

