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 Background: P. coffeae is major parasitic nematodes of coffee plants that need to be 
controlled. Method of control in accordance with Green Economy concept is biological 

control. One of biological control agents that potentially useful in controlling 

nematodes is mycorrhiza. Increasing the effectiveness of mycorrhiza can be obtained 
through the addition of Mychorriza Helper Bacteria [MHB]. Objectives: to examine 

the synergistic effect of arbuculus mycorrhizal [AM] fungi and MHB [B. subtillis and 

P. diminuta] in controlling P. coffeae in the Arabica coffee seedlings and analyze its 
mode of action. Results: The results showed that addition of both B. subtillis and P. 

diminuta were able to improve the ability of AM fungi Glomus spp. in reducing 

populations of P. coffeae, canopy damage scores, and root damage scores. P. coffeae 
population declined about 87.4% to 97.02% compared to controls. Applications those 

MHB also improved plant peroxidase activity. Conclusion: MHB was able to synergize 

with AM fungi in reducing populations of P. coffeae while enhancing the growth of 
Arabica coffee seedlings. 
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INTRODUCTION 

 

 Indonesia is the largest coffee producer in Southeast Asia and the third largest in the world after Brazil and 

Vietnam. Heretofore, P. coffeae is the most common nematodes and endanger the coffee plant in Indonesia. 

This is due to nematodes widespreade in almost all coffee producing provinces, at an altitude unto more than 

1,000 m above sea level. P. coffeae causing yield losses in Robusta coffee and Arabica coffee plantations up to 

78% and 57%, respectively [1]. Therefor, controlling of P. coffeae is absolutely necessary. P. coffeae control 

must be in line and support the research priorities in the Center for Agribusiness Coffee Plantations, especially 

directed forward on a national green economy in order to meet the demands of the international market which 

requires food security, environmental conservation and improving the welfare of farmers. One way of 

controlling plant intruder organism, which is in line with the concept of green economy is biological control.  

 A few study have shown about the inhibition of penetration and development of the nematode by 

mycorrhizal fungi inoculation [2,3,4,5,6,7]. Mycorrhizal fungi symbiosis is not only considered as an interaction 

between plants and fungi, but also should include supporting organism. Supporters and mycorrhizal organisms 

are known to give each other mutual influence, which then produce what is referred to as "mycorrhizosphere" 

[8,9,10]. Mycorrhizosphere composed of mycorrhiza, the external mycelium, and supporting organisms [11]. 

Mycorrhizosphere lead to improve nutrition, growth, and plant disease resistance [10,12]. 

 The role of mycorrhizal and supporters organisms [bacteria] has the potential to be applied as biofertiliser. 

Bacteria are able to enhance the development of mycorrhiza named Mycorrhiza Helper Bacteria [MHB] [13]. 

Nowadays, numerous bacterial strains from a wide range of major clades have been shown to have MHB-type 

functions in both arbuscular and ectomycorrhizal symbioses [15]. Some researchers found that the bacteria 

isolated from mycorrhizal fungi can stimulate mycorrhizal infection, spore production and also resistance 

against plant pathogens [14, 15, 16]. It is well known that mycorrhizae can improve coffee plant growth and 
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controlling nematodes P. coffeae, but the density of mycorrhizae in the soil decreased significantly with the 

presence of nematodes [2]. Mycorrhizal density can be increased by using Mycorrhiza Helper Bacteria [MHB] 

so that the role of mycorrhizal in nematodes suppress can be increased. Thus, we suggests that MHB and AM 

fungi have potentially synergism in controlling P. coffeae. 

 

Methodology: 

Coffee seeds multiplication: 

 Arabica coffee seedlings were originally obtained from plantations on Banyuwangi. Coffee seeds sterilized 

beforehand with alcohol and sublimat, then placed in sterile sand seedling media. Seedlings were treated at the 

age of 3 months or has had four leaves. 

 

Propagation of nematodes: 

 Nematodes P. coffeae were collected from the extraction of the coffee plant roots that attacked by P. 

coffeae. Extraction was performed using a modified Baermann method [17]. The number of nematodes were 

inoculated is 50 heads per pot. 

 

Preparation of MHB isolates: 

 MHB P.diminuta [author collection] and B. subtilis [collection of soil biology laboratory, UNPAD] were 

used in this study. P. diminuta and B. subtilis were cultured on medium NA slant for 2 x 24 hours. One loop of 

inoculum was transferred into 100 ml Nutrient Broth medium in 250 ml Erlenmeyer and incubated in a shaker at 

room temperature [28 ± 2 ° C] with a speed of 110 rpm for 48 hours. After incubation for 48 hours, the liquid 

medium is ready to be tested. Concentration used was 108 cfu/ml. 

 

Preparation of AM fungi: 

 Glomus spp. was acquired from Mycological Laboratory of Faculty of Agriculture UGM, which consists of 

five species of Glomus spp. selected from various regions in Indonesia. Glomus spp. propagated in zeolites 

media with host plants such as corn. Spores used in the study was 100 spores. 

 

Impact of MHB and mycorrhizal against P. Coffeae: 

 This study consisted of 8 treatments, 5 repetitions and each repetition consisted of 2 samples Arabica coffee 

seeds. Latosol soil and manure were used as planting medium in the ratio 1: 1 up to 1500g in plastic pots. 

Application of treatment [Figure 1] was made 2 weeks after seedlings transplanting. Eight treatments were: 

positive control [K +] without mycorrhiza, nematodes and bacteria [A], a negative control [K] by using 

nematodes alone [B], spores Glomus spp. and B. subtilis bacteria density 108cfu / ml [C], 100 spores of Glomus 

spp. and the bacteria B. subtilis with 2x the density of 108 cfu / ml [D], 100 spores of Glomus spp. and P. 

diminuta bacterial density 108 cfu / ml [E], spores Glomus spp. and P. diminuta bacterial density 2 x108 cfu / ml 

[F], 100 spores of Glomus spp. [G], and nematicides carbofuran at a dose of 5g / pot [H]. Population of 

nematodes in the roots and the soil, the degree of mycorrhizal infection [18], and scores of root damage were 

determined on sixteen weeks after treatment. 

 

Peroxidase Activity Assay: 

 Peroxidase activity assay was performed according to [19] with some modifications. MHB bacteria 

[OD420=1] were poured onto three months-old coffee seed. Twelve days after treatment, the coffee plant was 

dismantled to measure peroxidase activity in plants. Peroxidase activity was measured by direct absorbance 

measurement method using a spectrophotometer. 1g roots was crushed in a 0.01M phosphate buffer [pH=6.0] 

with a ratio of 1: 4. Root extract centrifuged at 5000 rpm for 30 min at 4°C then filtered using Whatman filter 

paper. Supernatant obtained was used as an enzyme preparation. 0.2 ml of enzyme preparation diluted 1: 3 with 

0.01 M phosphate buffer [pH=6.0] and it was added by 5mL pyrogallol 0.5 M and 0, 5 ml H2O2 1%. The 

suspension solution was homogenized for 5-10 seconds and the absorbance values were calculated at a 

wavelength of 420nm with intervals every 30 seconds for 150 seconds. 

 

RESULTS AND DISCUSSIONS 

 

 The aim of this study was to check whether the synergism of AM fungi and MHB [B. subtillis and P. 

diminuta] is beneficial in controlling P. coffeae in the Arabica coffee seedlings and to analyze its mode of 

action. Co-inoculation of MHB and Glomus spp. reduced P. coffeae population both in roots and soil 

significantly [Table 1]. Population of P. coffeae was decreased with  MHB and Glomus spp. on treatment D and 

F as compared to nematicide carbofuran [H] treatment. 
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Fig. 1: Diagram of  placement of mycorrhizal inoculants, bacteria and nematodes in pot. 

 

 
Table 1: Effect of inoculation MHB [P. diminuta and B. subtilis] and Glomus spp. to the population of nematodes P. coffeae on the roots 
       and soil. 

Treatments 
Population P. coffeae 

Roots Soil Total 

[A] Positive control  [K+] 0 ± 0,00a 0 ± 0,00a 0 ± 0,00a 

[B] Inoculated by P.coffeae [K-] 626 ± 0,05e 382 ± 0,10d 1008 ± 0,06e 

[C] Glomus spp.+ Pc + B.subtilis 108 76 ± 0,36d 51 ± 0,27c 127 ± 0,30d 

[D] Glomus spp.+Pc+ B.subtilis 2x108 22 ± 0,65bc 10 ± 0,68b 32 ± 0,72bc 

[E] Glomus spp. + Pc+P. diminuta 108 65 ± 0,20d 45 ± 0,11c 110 ± 0,12d 

[F] Glomus spp.+Pc+ P. diminuta 2x108 22 ± 0,86b 8 ± 0,63b 30 ± 0,93b 

[G] Glomus spp.100+Pc. 134 ± 0,07d 60 ± 0,08c 194 ± 0,04d 

[H] Carbofuran 5gr/pot+Pc 41 ± 0,09cd 23 ± 0,08c 64 ± 0,09cd 

Description: - Figures average followed by the same letter in the same column indicates not significantly different by Duncan test using α 
5%. Pc= P. coffeae. 

 

 Co-inoculation of Glomus spp. and MHB were able to decrement the nematode population significantly 

compared to mono-inoculation as well as treatment G [Table 2]. P. coffeae population drastically diminution of 

80.75% -96.8% compared to negative control. Effectiveness of co-inoculation role in controlling nematodes P. 

coffeae associated with degrees of mycorrhizal infection to the root tissues. This co-inoculation potentially 

raised mycorrhizal infection as in Table 2. 

 
Table 2: The effect of inoculation of Glomus spp. and MHB [P. diminuta and B. subtilis] to the degree of infection of Glomus spp. 

Treatments 
Degree of mycorrhizal 

infection [%] ± Std. 

Score of root damage [%] ± 

Std. 

[A] Positive control  [K+] 0 ± 0,00a 0 ± 0,00a 

[B] Inoculated by P.coffeae [K-] 0 ± 0,00a 67 ± 0,058e 

[C] Glomus spp.+ Pc + B.subtilis 108 89,6 ± 0,031c 13 ± 0,089cd 

[D] Glomus spp.+Pc+ B.subtilis 2x108 97,2 ± 0,019d 8 ± 0,457bc 

[E] Glomus spp. + Pc+P. diminuta 108 93,6 ± 0,017cd 14 ± 0,121cd 

[F] Glomus spp.+Pc+ P. diminuta 2x108 98,4 ± 0,009d 5 ± 0,533b 

[G] Glomus spp.100+Pc. 78,8 ± 0,018b 27 ± 0,107d 

[H] Carbofuran 5gr/pot+Pc 0 ± 0,00a 39 ± 0,089cd 

Description: - Figures average followed by the same letter in the same column indicates not significantly different by Duncan test using α 
5%. Pc= P. coffeae. 

 

 Several authors have characterized the symptoms caused by Pratylenchus spp. in coffee plants, under 

controlled conditions [20, 21]. Symptoms observations of infected plants in this study conducted by scoring 

damage of roots and plant canopy. The results showed that the score of roots and plant canopy damage is 

directly proportional to the effectiveness of mycorrhizal infection. Co-inoculation was able to diminish the score 

of roots and canopy damage compared to the negative control [Table 2]. Degression of P. coffae population due 

to co-inoculation treatment affect to damage reduction. Co-inoculation of MHB and Glomus spp. also 

influenced increasing of Arabica coffee plants growth [Suplemental Table 1].  The  treatment of either mono-

inoculation or co-inoculation significantly enlarged plant height, stem diameter, and number of leaves compared 

to the control. 

 To determine the mode of action of MHB in reducing nematode populations, we performed peroxidase 

activity assay. Peroxidase induce plant to produce resistance genes to against pests or diseases including 

nematodes. Peroxidase assay results indicated that P. diminuta and B. subtilis have a higher  peroxidase activity 

compared to control [Table 3], with the higest level occuring in P. diminuta. Higher peroxidase activities are 

closely connected with plants growth [22]. 

 Peroxidase enzyme typically involved in lignin and chitin biosynthesis as well as some cell wall constituent 

compounds forming plant defense mechanism [23]. Peroxidase mechanism in controlling nematodes through 

induced hypersensitivity reaction [HR], which is characterized by necrotic lesions resulting from localized host 

cell death at the site of infection. Its prevent growth and the spread of the pathogen into healthy tissues [24, 25]. 
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Table 3: Peroxidase activity assay. 

Treatment Peroxidase activity [U/g sample] 

P. diminuta 108 cfu/ml 8,4547 

B. subtilis 108 cfu/ml 3,6924 

Control 3,1425 

 

 As we mentioned above, MHB bacteria secrete certain hydrolitic enzymes that advantageous for 

mycorrhizal symbiosis. In this study, the hydrolytic enzymes that produced by both P. diminuta and B. subtilis 

and play an important role in controlling nematode population was chitinase. Chitinase is glycosyl hydrolases 

that catalyzes the degradation of chitin, a linear polymer composed of monomer β-1,4-N-acetyl-D-glucosamine 

[GlcNAc] which is widely distributed in nature. Chitinase has ability to degrade chitin directly to low molecular 

weight chitooligomers and to cut off non-reducing ends of chitin  [26]. Biological control of some nematodes 

diseases has been associated with chitinase production. Chitinase controled parasitic P. coffeae by breaking 

down its body wall that contain chitin, resulting in body destruction of nematodes. Thereunto, chitinase also 

hydrolyzed chitin as component of eggshell of nematodes and could be deleterious to the embryogenesis of 

eggs.   

 

Conclusion: 

 MHB was able to synergize with AM fungi in reducing populations of P. coffeae while enhancing the 

growth of Arabica coffee seedlings. Nematode population declines up to 80.75%-96.8% compared to the 

control. Potency of MHB and mycorrhizal should be followed up by making applicable and inexpensive 

formula. 
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