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ABSTRACT

This study aimed to apply a new bioproduct containing beneficial microorganisms as biocontrol
to the yellow leaf and root rot disease of coffee plants in Vietham caused by pathogenic nematodes
(Meloidogyne spp., Pratylenchus spp) and fungi (Fusarium oxysporum, Fusarium solani, Rhizoctonia
solani, Rhizoctonia bataticola) and focused on evaluating the synergistic effect of nematophagous fungi
and antagonistic microorganisms to control the pathogens. The results showed that the population of
parasitic nematodes in the coffee-growing soil was reduced by 69.82% when treated with both
nematophagous fungi and antagonistic microorganisms, compared to 61% and 67.24% when treated
with nematophagous fungi or with antagonistic microorganisms alone. The reduction of the F.
oxysporum population was 76.44% when both nematophagous fungi and antagonistic microorganisms
were used, compared to 52.17% and 75.53% when treated with nematophagous fungi or with
antagonistic microorganisms after 6 months. By using the new bioproduct, the reduction of coffee plant-
parasitic nematodes, pathogen fungi, and the rate of the diseased coffee plant was 77.16%, 78.04%, and
79.08% for the coffee plant at the young stage, and 78.12%, 79.26%, and 78.48% for the coffee plant
at the maturity stage after 270 days of application. Field demonstrations on the application of new
bioproducts showed a disease reduction of 82.3% compared to farmer practices and brought a benefit
of 9,400,000 VND/ha, equivalent to an income increase of 21.7% for the farmer. This new bioproduct
can be applied to control the yellow leaf and root rot disease complex of coffee plants caused by
Pratylenchus spp. and F. oxysporum in Taynguyen.
Keywords: Antagonistic microorganisms, Coffee, Nematophagous fungi, Synergic effect, Yellow leaf
and root rot disease
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TOM TAT

Nhim ung dung ché phém sinh hoc mdi tur cac vi sinh vat c6 19i nhu mot bién phap phong trir
sinh hoc ddi véi bénh vang 14, thdi ré ciy ca phé do tuyén tring (Meloidogyne spp., Pratylenchus spp)
va nam (Fusarium oxysporum, Fusarium solani, Rhizoctonia solani, Rhizoctonia bataticola) gay ra tai
Viét Nam, nghién ciru tip trung vao viéc danh gia tac dung tuong hd cua ndm déi khang tuyen trung va
vi sinh vat d6i khang trong phong trir tac nhan gy bénh. Két qua nghién ctru cho thdy quan thé tuyén
trung trong dat trong ca phé giam 69,82% khi xir ly bang cd nam dm khang tuyén trung va vi sinh vat
dbi khang so v6i 61% va 67,24% khi xu ly bang nim ddi khang tuyén trung hodc chi xur ly bang vi sinh
vét d6i khang. Quan thé nim F. oxysporum giam 76,44% khi sir dung ca nam dbi khang tuyén trang va
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vi sinh vat déi khang so v&i 52,17% va 75,53% khi sir dung riéng 1é ndm dbi khang tuyen trung hoac vi
sinh vét d6i khang sau 6 thang. St dung ché pham sinh hoc méi, higu qua giam tuyén tring, nim gay
bénh va ty 1¢ cdy ca phé bi bénh lan lugt 1a 77 ,16%, 78,04%, 79,08% d6i voi cay ca phé giai doan kién
thiét co ban va 78,12%, 79,26% va 78,48% ddi véi cay ca phé giai doan kinh doanh sau 270 ngay sir
dung. Két qua mo hinh trinh dién str dung ché pham sinh hoc méi cho thay ty 1¢ bénh vang 14, thdi ré
giam 82,3% so vé6i ddi ching va mang lai lgi nhuan 9.400.000 dong/ha, tuong duong véi 21,7% thu
nhdp tang thém cua nguoi trong ca phé. Ché pham sinh hoc mdi co thé sir dung trong kiém soat bénh
vang 14, thdi ré cdy ca phé do and Pratylenchus spp va F. oxysporum gy ra ¢ Tay Nguyén.

Tir khéa: Ca phé, Bénh vang 1a thbi r&, Nam ddi khang tuyén tring, Quan hé twong hd, Vi sinh vat dbi

khang
1. INTRODUCTION

As a perennial industrial crop, coffee
is cultivated in more than 50 countries,
covering approximately 1,127 million
hectares worldwide, in which Vietnam is
one of the four big -coffee-producing
countries and ranked the 2™ coffee exporter
in the world. In 2024, Vietnam coffee
exports reached 1.32 million tonnes with a
value of USD 5.48 billion (Ministry of
Agriculture and Rural Development, 2024).
The coffee yield in Vietnam had more than
3.5 tons/ha, while it is 0.8 tons/ha in
Thailand, 0.5 tons/ha in Indonesia, and only
0.4 tons/ha in Lao PDR. Vietnam's
production grew at an average annual rate
of 19.8% from 1980/81 to 2019/20;
however, annual growth has only been 2%
in the last five years (International Coffee
Organization, 2020), primarily due to
falling coffee export prices, unfavorable
weather conditions, and an increased
incidence of coffee diseases.

Plant-parasitic ~ nematodes  are
responsible for annual crop losses of around
$USD 157 billion and pose a particular
problem to coffee growers. Phytoparasitic
nematodes are obligate parasites, relying on
the host plant as the nutrient source
essential to their survival and reproduction,
targeting plant roots of crops, and
preventing water, nutrient uptake, and
reducing agronomic performance, overall
quality, and yields. Symptoms such as leaf
yellowing, wilting, and loss of vigour may
present at sufficiently high levels of
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infection (Kawabata et al. 2018). Nematode
populations persist in the soil for a long time
without a host plant, and are difficult to
control (Kung et al. 1991). Nematodes can
parasitize coffee plants from the seedling to
the mature stage. The symptoms of
nematode-infected coffee plants are yellow
leaves, rotting roots, or galling, stunted
growth, and may die (Vu et al. 2014).
Young coffee plants are more likely to
become stunted and die as a result of
nematode infection due to the undeveloped
root system (Vovlas and Di Vito, 1991).

Root-knot nematode Meloidogyne
spp. and the lesion nematode Pratylenchus
spp. are serious challenges for coffee
replanting in Vietnam (Ta Hong Linh et al.,
2018; Villain et al.,, 2018; Trinh et al.,
2019). In the coffee plantation,
Meloidogyne and Pratylenchus spp. can
coexist on the same plant, increasing the
damage potential and the economic loss.
Belonging Meloidogyne species, M.
incognita, has been mainly documented in
Vietnam.  Subsequently, four other
Meloidogyne species have also been found
in coffee plantations in Vietnam, namely M.
exigua, M. coffeicola, M. hapla, and M.
daklakensis (Bell et al., 2018; Trinh et al.,
2019). Ta Hong Linh et al. (2018) found
that Pratylenchus coffeae dominated in the
soil samples around the upper roots of
coffee and is an important pathogen that
damages coffee in the central highlands of
Vietnam. Ha Hoang et al. (2020) reported
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the most abundant Pratylenchus to be found
in a 5-year-old coffee plantation.

In addition to nematodes, some major
coffee root pathogens were identified as
Fusarium oxysporum, Fusarium solani,
Rhizoctonia solani, and Rhizoctonia
bataticola (Ta Hong Linh et.al.2017).

Numerous species of fungi and
bacteria as biocontrol agents for pathogen
nematode and fungi-damaged crops are
reported (Stirling et al., 2017; Le et al.,
2018; Aminuzzaman et al., 2018; Nguyen
Viet Hiep et al., 2019).

To apply the beneficial
microorganisms as biocontrol of pathogens
caused by yellow leaf and root rot disease
of coffee plants in Vietnam, the study
concentrated on evaluating the synegistic
effect of nematophagous fungi and
antagonistic microorganisms to control the
pathogenic nematodes and fungi on the
coffee plants.

2. MATERIALS AND METHODS
Materials used in the experiments
include beneficial microorganisms,
pathogens, plant variety and commercial
biopesticide are described in the Table 1.

Table 1. Materials used in the experiments

Beneficial microorganisms Code Provider
Paecilomyces lilacinum Pae Pae Plant Protection Research Institute (PPPI),
Arthrobotrys oligospora NVC7.4  NVC7.4 Soil and Fertilizer Research Institute,
Bacillus velezensis P9.1 Pa.1 Agricultural Genetics Institute, Institute for
Streptomyces enissocaesilis 2P 2P Agricultural Environment
Chaetomium cochliodes TQHTO01  TQHTO1

Pathogens

Pratylenchus coffeae P. coffeae PPRI

Fusarium oxysporum

F. oxysporum

Crop

Coffee plant variety Tr4 Tr4
Commercial biopesticide

Paecilomyces and Chaetomium Padave
spp with a density of 108 CFU/g

Taynguyen Agriculture and Forestry
Science Institute

Agricultural Genetic Research Institute

The new bioproduct was produced by

mixing the biomass of 5 selected
microorganisms in a w/w ratio of
30%:259%:25%:10%:10%  with  steril

dextrin, containing a density of beneficial
microorganisms of 108 CFU/g at the time of
6 months stored at room temperature (Table
2).

Table 2. Components of new bioproduct

Beneficial microorganisms Code Mixing ration (% w/w)
Paecilomyces lilacinum Pae 30
Arthrobotrys oligospora NVC7.4 25
Bacillus velezensis P9.1 25
Streptomyces enissocaesilis 2P 10
Chaetomium cochliodes TQHTO1 10
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Three greenhouse experiments were
carried out on the Rhodic Ferralsols soil.
The control treatments were infected with
P. coffeae at a dose of 250 nematodes per
100 g soil or with F. oxysporum at a density
of 10* CFU/g soil or infected with both P.
coffeae and F. oxysporum at the same
density. The experiment treatments are
infected with P. coffeae or F. oxysporum or
both of them with the same density as the
control, and inoculated with the
nematophagous fungi and or with the
antagonistic microorganism at a density of
10* CFU/g soil, depending on the
treatments. Pathogen nematodes and fungi
are mixed into the soil before making the
pots. Beneficial ~microorganisms are
inoculated through watering the solution
containing biomass of selected
microorganisms after planting the coffee in
the pots. Coffee plants are cared for in the
greenhouse according to the guidelines of
the WASI. Each treatment was replicated 3
times with 5 pots/replication and
randomized. Monitoring the density of
nematodes and F. oxysporum in the soil, the
yellow leaf coffee, and the coffee height
after treatment of 30, 60, and 90 days.

The field experiments were carried
out as a completely randomized design
according to regulations of the Ministry of
Agriculture and Rural Development in the
integrated crop management system at the
young and mature stages of the coffee plant.
The experiment comprises 3 treatments: 1.

Ta XCb

% population reduction = (1 - Ca XxTo

Negative control as farmer practices; 2.
Using a new bioproduct with a dose of 509
/plant; 3. Using the commercialized bio
product Padave with a dose of 25g /plant.
The experiment was designed with 30
plants/treatment in the coffee plantation
with a density of 1.110 plants/ha. All
experiments were laid out with 3
replications. Evaluating the density of soil
pathogen fungi, nematodes, and the coffee
plant height at the times of 30, 90, 180, and
270 days after treatments. Summary of
treatments of green house and small scale
field experiments was decribed in the Table
3.

Field demonstrations were carried
out at the 4-year-old coffee plantation of
Mr. Phan Hong Luan in GialLai province
with the density of 1.100 plants/ ha. Two
treatments are set up without replication, 1.
Using chemical control methods as farmer
practices; 2. Using a new bioproduct with a
dose of 50g/plant. Evaluating the density of
soil pathogen fungi, nematodes, and the
coffee plant height at the times of 30, 90,
180, and 270 days after treatments.

The soil nematode density was
determined following the method described
by Ha Tran Thi Thu and Ton Nguyen Tang
(2011). The pathogen nematodes and fungi
reduction percentage was calculated by
Henderson-Tilton's formula (Henderson
and Tilton,1955) according to the following
equation:

) x 100

where: Ta=number of pathogen after treatment; Tbo=number of pathogen before treatment;
Ca=number of pathogen in the control after treatment; Cb=number of pathogen in the control before
treatment

The rate of coffee plants damaged by
the nematode was calculated following the
QCVNO01-38:2010/BNNPTNT:  National
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technical regulation on surveillance method
of plant pests. The density of soil pathogen
fungi was determined following the
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methods described by Burgess et al. (2009).
The IRRISTAT statistical and data
processing program (ANOVA) is used for

the study data processing, and the
difference between the mean values was
determined with 95% confidence.

Table 3. Treatments of greenhouse and field experiments

Experiments Treatment Inoculated microorganisms
Greenhouse experiment | P. coffeae (control)
on the synergistic effect I P. coffeae + Pae
of nematophagous fungi
Pae and NVC7 4 Il P. coffeae + NVC7.4
v P. coffeae + Pae + NVC7.4
Greenhouse experiment | F. oxysporum (control)
on the synergistic effect I F. oxysporum + TQHTO1
of antagonistic
microorganisms: P9.1, i F. oxysporum+2P
2P, and TQHTO1 v F. oxysporum+ P9.1
\Y F. oxysporum+ TQHTO1+ 2P +P9.1
Greenhouse experiment | P. coffeae (control)
on the synergistic effect
. | F. |
of nematophagous fungi oxysporum (control)
Pae and NVC7.4 and 1l P. coffeae + F. oxysporum + Pae+ NVC7.4
antagonistic WY, P. coffeae + F. oxysporum + TQHTOL+ 2P +P9.1
microorganisms P9.1,
2P, and TQHTO1 \% P. coffeae + F. oxysporum + Pae+ NVC7.4+ TQHTO01+
2P +P9.1

Small scale field |
experiment evaluating
the effect of new bio
product on the coffee
production at young
stage

Small scale field |
experiment evaluating
the effect of new bio
product on the coffee
production at the mature 1l
stage

FP (- control)

i New bio product

1l Padave (+ control)

FP (- control)

1 New bio product

Padave (+ control)

3. RESEARCH
DISCUSSION

3.1. Synergistic effect of nematophagous
fungi against Pratylenchus coffeae

The data of the study on the effect of
nematophagous fungi to control coffee
parasitic nematode presented in Table 4
showed that nematophagous fungi strain A.

RESULTS AND

https://tapchidhnlhue.vn
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oligospora NCV 7.4 and P. lilacinum Pae
alone reduced the population of P. coffeae
by 76.43% and 70.68% and the
combination of both nematophagous fungi
strains reduced 83.01% population of P.
coffeae after 90 days of infection.

Coffee plants inoculated with both
nematophagous fungi strains had the yellow
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leaf plants significantly lower than control
and treatments inoculated with a single
strain. (Figure 1)

Arthrobotrys is a nematophagous
fungus, adapted to different environmental
conditions, and can be used as a bioagent to
control  parasitic nematodes by the
capability to trap the nematodes (Nguyen
Viet Hiep et al., 2019). Singh et al. (2012)
reported that A. oligospora can reduce by
44.0 - 66.8% population of nematodes in the
soil. In our research, the nematode
population is reduced by 76.4% in the

greenhouse after 3 months of treatment.
According to Azam et al. (2013),
Paecilomyces lilacinus  (Thom) s
ubiquitously distributed, especially in warm
climates, and can be applied as a bioagent
to control the plant-parasitic nematodes.
Our findings are similar to reports by
Ahmad et al. (2019) that P. lilacinus can
reduce the population of nematodes, and the
combined application of P. lilacinus and M.
lysipagum reduced the population of
nematodes more than the application of a
single fungus.

Table 4. Synergistic effect of Paecilomyces lilacinum Pae and Arthrobotrys oligospora NCV 7.4 on
the control of coffee parasitic nematodes

Nematode density (nematodes/100  Reduction of nematode

Treatments g soil) after treatment population after 90
30 days 60 days 90 days days (%)
P.coffeae 27540 310.25 365.10 -
P.coffeae + Pae 160.25 138.25 107.15 70.68
P.coffeae + NCV 7.4 132.35  108.40 86.45 76.43
P.coffeae + NCV 7.4 + Pae 117.25  85.45 62.55 83.01
% - ! 1 Mosth Lg o
Z — 3 Months
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3 ol éﬁ’ ’ m 1 Month
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ic: 10 Q& N ,f} N
L & S ) Qq XQO)
Q”. %Qo &O? Q‘D‘@é\\\ %\% Xﬁ’
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Figure 1. Effects of P. lilacinum Pae and A.
oligospora NCV 7.4 on yellow leaf disease of
coffee plant infected with the nematode
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Figure 2. Synergistic effect of antagonistic
microbes on the controling the density of
Fusarium oxysporum in coffee growing soil
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3.2. Synergistic effects of antagonistic
microbial strains against Fusarium
oxysporum

The result of the experiment on the
synergy effects of antagonistic microbial
strains in figure 2 showed the F. oxysporum
density in the coffee -cultivation soil
decreased from 7,8 x 10* CFU/g to 1,8 x 10?
CFU/qg after 90 days when a consortium of
antagonistic microorganism used,
compared to 2,6 x 102 CFU/g, 5,7 x 10?
CFU/g and 6,2 x 10> CFU/g when
Chaetomium cochliodes TQHTO1,
Streptomyces  enissocaesilis 2P, and
Bacillus velezensis P9.1 used alone.

The percentage ratio of yellow leaf
plants, in this case, is significantly lower
than the control without inoculation of
antagonistic microbial strains and lower
than the treatment used Chaetomium
cochliodes TQHTO1, Streptomyces
enissocaesilis 2P and Bacillus velezensis
P9.1 alone (Table 5).

3.3. Synergistic effects of nematophagous
fungi and antagonistic microorganisms
against  Pratylenchus coffeae and
Fusarium oxysporum

The greenhouse experiments to
evaluate the synergistic effects of
nematophagous fungi and antagonistic
microorganisms on the population of
parasitic nematode and pathogen fungi in

the soil summarized in Table 6 indicated
that synergy effects of nematophagous
fungi and antagonistic microorganisms can
reduce the population of parasitic nematode
and pathogen fungi in the soil better than
nematophagous fungi or antagonistic
microorganisms alone. The population of
parasitic nematodes in the coffee-growing
soil was reduced by 69.82% when treated
with both nematophagous fungi and
antagonistic microorganisms, compared to
61% when treated with nematophagous
fungi or 67.24% when treated with
antagonistic microorganisms. The same
tendency in the reduction of F. oxysporum
population, which was 76.44% when both
nematophagous fungi and antagonistic
microorganisms were used, compared to
52.17% when treated with nematophagous
fungi or 7553 % when treated with
antagonistic microorganisms after 180
days.

The reduction in disease incidence of
the plant by using both nematophagous
fungi and antagonistic microorganisms
after 180 days was 67.04% for F.
oxysporum infection and 67.40% for P.
coffeae infection, which is higher than the
treatment using nematophagous fungi alone
and same as antagonistic microbial strains
alone. (table 6).

Table 5. Synergistic effect of antagonistic microbial strains on the control of yellow leaf of the coffee
plant in the greenhouse experiment

% yellow leaf coffee

Reduction of yellow leaf coffee

Treatments plant after inoculation plant after 90 days of inoculation
30 days 90 days compared to a positive control

F. oxysporum (+ control) 27.54 35.26 -

F. oxysporum + 2P 17.56 18.26 48.21

F. oxysporum + P9.1 16.82 18.05 48.81

F. oxysporum + TQHTO1 15.27 16.54 53.09

F. oxysporum + P9.1+ 2P+

TQHTOL 14.27 15.42 56.27

Without inoculation (- Control) 2.06 10.20 -

LSD o,05 0.63 0.77 -

https://tapchidhnlhue.vn
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Table 6. Synergistic effect of nematophagous fungi and antagonistic microbes on the

population of parasitic nematode an

d pathogen fungi in the coffee-growing soil

Nematode density

Treatments

No of nematodes per 100 g of
soil after treatment

Population
reduction

compared to

30 days 90days 180days control after 180
days (%)
F. oxysporum (control) - - - -
P. coffeae (control) 285.67 318.82 365.28 -
F. oxysporum + P.coffeae + Pae+
NVCT 4 186.34 165.24 142.45 61.00
F. oxysporum + P.coffeae + TQHTO1+
2P +P9 1 147.36 130.56 119.67 67.24
F. oxysporum + P.coffeae + TQHTOL1+
2P +P9 1+ Pae+ NVC7 4 135.27 127.12 110.23 69.82
LSD 0.05 7.51 6.75 9.85 -
F. oxysporum density
10% CFU/qg soil after treatment Population
Treatments reduction
compared to
30days  90days 180days ot nateer 160
days (%)
F.oxysporum (control) 75.23 91.56 98.74 -
P.coffeae (control) - - - -
F.oxysporum + P.coffeae + Pae+ NVC7.4 52.26 49.14 47.23 52.17
F.oxysporum + P.coffeae + TQHTO01+
2P +P9 1 35.27 30.26 24.16 75.53
F.oxysporum + P.coffeae + TQHTO1+ 2P
+P9.14 Pae+ NVC7 4 35.16 31.17 23.26 76.44
LSD 0.05 3.83 1.60 2.13 -

Ta Hong Linh et al. (2018) informed
that F. oxysporum was the main pathogen
agent damaging coffee plants in the
replanting area of highland Taynguyen.
Nematodes create mechanical wounds and
damage the roots, then the fungus attacks,
damaging and rotting the roots, leading to
the plant's inability to absorb nutrients and
water. Plants are weakened, with yellow
leaves, wither, and die. Wanjohi et al.
(2018) observed that parasitic nematodes in
combination with the pathogen fungi
enhanced the suppression of plant growth
than that of the pathogen fungi and
concluded that pathogen fungi and parasitic
nematodes play important roles in reducing
the quality and yield of host crops. Pal and

5730

Gardener (2006) reported that biocontrol
agents are antagonistic to the activities of
plant pathogens as direct antagonism by
hyperparasitism or predation, mixed-path
antagonism by producing antibiotics, lytic
enzymes, and secondary metabolites, direct
antagonism by physical competition for
resources, niche occupation, and induction
of host resistance. Many papers presented
the selection and use of Bacillus spp.
Streptomyces spp. Trichoderma spp. and
Chaetomium  spp. as  antagonistic
microorganisms to plant pathogen fungi
(Mardanova et al. 2017; Bubici 2018;
Boughalleb et al. 2018; Nguyen Thi Hong
Minh et al. 2020). In our study, Bacillus
velezensis P9.1, Streptomyces

Pham Van Toan et al.
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enissocaesilis 2P, and Chaetomium
cochliodes TQHTO01 are wused as
antagonistic microorganisms to the coffee
pathogen fungi. The research results
indicated that the population of parasitic
nematodes in the coffee-growing soil was
reduced by 69.82% when treated with both
nematophagous fungi and antagonistic
microorganisms, compared to 61% when

treated with nematophagous fungi or
67.24% when treated with antagonistic
microorganisms. The rate of yellow leaves
in coffee of the treatment using a
combination of microorganisms and using
antagonistic  microorganisms  reached
>67%, higher than the treatment using
nematophagous fungi (table 7).

Table 7. Synergistic effect of nematophagous fungi and antagonistic microorganisms on yellow leaf
of the coffee plant

Rate of disease plant (%)

Reduction of rate of disease plant
compared to control after 180

Treatments after treatment days (%)
30 180
days 90 days days F. oxysporum P. coffeae

F. oxysporum (control) 27.54 35.26 43.57 -
P. coffeae (control) 28.67  34.74 44.06 -
F. oxysporum + P.coffeae +
Pact NVC7 .4 18.36  19.36 20.35 53.29 53.81
F. oxysporum + P.coffeae +
TQHTOL+ 2P +P9.1 13.15  13.86 14.05 67.75 68.11
F. oxysporum + P.coffeae +
TQHTO1+ 2P +P9.1+ Pae+ 13.62 14.02 14.36 67.04 67.40
NVC7.4

LSD 0.05 0.63 0.77 0.75 -

3.4. Effects of new bioproduct on the
coffee production

The small-scale field study on the
effect of a new bioproduct containing both
nematophagous fungi and antagonistic
microorganisms showed that the nematode
population was reduced by 77.16% in the
coffee plantation at the young stage and
78.12% at the mature stage after 270 days

https://tapchidhnlhue.vn
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of treatment with the new bioproduct,
compared to 70.22% and 70.97% by using
Padave. The same tendency can be obtained
with the reduction of Fusarium spp.
population in the coffee plantation, which
was 78.04% in the coffee plantation at the
young stage and 79.26% at the mature
stage, compared to 72.44% and 71.60% by
Padave treating (Table 8).
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Table 8. Effect of new bioproduct on the population of parasitic nematode and pathogen fungi in the
coffee-growing soil

Coffee plant at the young stage after treatment

30 90 180

Treatments days days days

270 days

Population reduction after 270

No of nematodes/100 g of soil days (%)
(nematodes/qg)
FP (-control) ~ 286.4 3854 4105 430.8 -
New bio 1211 1085 100.6 98.4 77.16
product
Padave 1507 1285 1206 1283 70.22
(+control)
LsD 0.05 667 740 107 1.32
Fusarium. spp. density (10°CFU/g soil)
FP (-control) ~ 748 859  92.37 95.73 -
New bio 312 2547 21.36 21.02 78.04
product
Padave 372 3225 2641 26.38 72.44
(+control)
LSD 0.05 200 116 211 131

Coffee plant at the mature stage after treatment

30 90 180

Treatments days days days

270 days

Population reduction after 270
days (%)

No of nematodes/100 g of soil (nematodes/q)

FP (-control)  290.8 382.7 415.60 435.80 -
New bio 1365 1182 106.37 95.36 78.12
product
s 1583 1427 132.60 126.50 70.97
(+control)

LsD 0.05 461 327 527 455

Fusarium. spp. density (10°CFU/q soil)

FP (-control) ~ 41.28 4627 52.74 61.52 -
New bio 1836 1537 1327 1276 79.26
product
Padave 2451 2318 18.06 17.47 71.60
(+control)

LSD 0.05 143 194 167 117

The new bioproduct had a positive
effect on the reduction of diseased coffee
plants. The rate of yellow leaf coffee plants
was 79.08% when the new bioproduct was
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used in the coffee plantation at the young
stage and 78.48% at the mature stage (Table
9).
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Table 9. Effect of new bioproduct on yellow leaf disease of the coffee plant

Coffee plant at the young stage

Rate of diseased plant (%) after

Treatments

Reduction of diseased plant

treatment compared to control after 270
30 days 90 days 180 270 days (%)
days days
FP (- control) 49.35 74.38 83.26 87.25 -
New bio product 20.17 20 18.34 18.25 79.08
Padave (+ control) 24.35 25.17 24.57 23.26 73.34
LSD 0.05 1.28 2.47 0.98 1.75 -
Coffee plant at the mature stage
Treatments Rate of diseased plant (%) after Reduction of diseased plant
treatment
180 570 compared to congrol after 270
30 days 90 days days days days (%)
FP (- control) 25.46 31.71 38.74 50.27 -
New bio product 10.26 11.57 11.52 10.82 78.48
Padave (+ control) 14.35 15.43 155 14.35 71.45
LSD 0.05 2.03 1.59 3.27 1.65 -

In the field demonstrations on the
coffee plantation of Mr. Phan Hong Luan in
Gialai province, the control effect on the
yellow leaf disease of the coffee plant
reached 82.3% after 9 months of treatment

with a new bioproduct (table 10). With a
grain yield of 3.2 tons/ha, Mr. Luan gets a
benefit of 9,400,000 VND/ha, equivalent to
an income increase of 21.7% (Table 11).

Table 10. Control effect of new bioproduct on the yellow leaf disease of coffee plant
(Field demonstration at coffee plantation of Mr. Phan Hong Luan in Gia Lai)

Control Demonstration
Time of evaluation
(months ) Disease Disease Disease Disease ef%?c?gr:);
rate (%)  index (%)  rate (%)  index (%) o y
Before treatment 14.40 3.07 12.00 2.67 -
1 month after treatment 14.67 4.27 6.67 1.73 53.3
3 months after treatment 16.00 4.67 6.00 1.60 60.6
6 months after treatment 16.67 5.20 4.00 1.07 76.4
9 months after treatment 16.67 5.20 3.3 0.8 82.3

Using microbes to control root rot
and root-knot nematode diseases is a
promising method without negative effects
on the environment and human health
(Abd-Elgawad and Askary 2018). In a plant
microbial ecosystem, fungi and bacteria
play an important role in improving soil
quality, plant growth, and plant resistance
(Berendsen et al. 2018). The soil contains
both  pathogenic and nonpathogenic
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microbes. Nonpathogenic plays roles in
biodegradation, biocontrol,
biotransformation, and phytoremediation
(Dwibedi and Saxena 2019). Zhang et al.
(2019) reported, the beneficial microbiomes
can induce plant disease resistance,
improve crop quality, suppress soil-borne
disease, and improve the chemical
properties of soil. The disease-suppressive
soil is agricultural lands containing disease-
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suppressing microbes that can pressure
pathogens (Expdsito et al. 2017). Various
microbial inoculants have been developed
by designing smart microbial consortia and
have been successfully applied. Microbial
consortia contain different traits that can
combine different mechanisms for different
effects, and tolerate different environmental

conditions (Berendsen et al. 2018). A new
bioproduct containing both nematophagous
fungi and antagonistic microorganisms is
one of the microbial consortia and can be
used as biocontrol for coffee yellow leaf
and root rot disease complex in Tay
Nguyen.

Table 11. Economical effect of new bioproduct on coffee production (Field demonstration at
coffee plantation of Mr. Phan Hong Luan in Gia Lai)

Items Control Demonstration
Total input (1,000 VND) 55,800 53,000
Total outcome (1,000 VND) 99,000 105,600
Benefit (1,000 VND) 43,200 52,600
Benefit over control (1,000 VND) - 9,400
Benefit over control (%) 21.75

4. CONCLUSIONS

A combination of nematophagous
fungi and antagonistic microorganisms
reduced 69.82% the population of parasitic
nematodes, compared to 61% and 67.24%
when nematophagous fungi or antagonistic
microorganisms were applied alone, and
reduced 76.44% the Fusarium oxysporum
population compared to 52.17% and
75.53% when nematophagous fungi or
antagonistic microorganisms were applied
after 6 months. By using the new
bioproduct, the reduction of coffee plant-
parasitic nematodes, pathogen fungi, and
the rate of the diseased coffee plant were
77.16%, 78.04%, and 79.08% for the coffee
plant at the young stage, and 78.12%,
79.26% and 78.48% for the coffee plant at
the maturity stage after 270 days of
application. Field demonstrations showed a
disease reduction of 82.3% compared to the
control, and brought a benefit of 9,400,000
VND/ha, equivalent to an income increase
of 21.7% for farmers. The new bioproduct
can be applied to control the yellow leaf and
root rot disease complex of coffee plants in
Tay Nguyen.
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