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Parasitic Root-Lession nematode of Pratylenchus coffeae can reduce the Indonesian
coffee plants productivity. Several studies reported that Pseudomonas fluorescens and
Bacillus subtilis endophytic bacteria were antagonistic bacteria to nematode. The ob-
jective of this research was to reveal the effectiveness of bacterial colonies density
of P, fluorescens (UB_Pf1), B.subtilis (UB BS1), and a combination of both bacteria
on nematode mortality using median lethal concentration (LC,;) and median lethal
time 50 (LT,). The densities of bacteria used in this study were 107, 10°, 10" and
1013 cfu/ml. 35 testing nematodes were used and the mortality was counted at 6, 12,
24, 36, and 48 hours after treatments. The results showed that LC, values of P. fluo-
rescens was (UB_Pf1) was 4,3x10% cfu/ml, LC, B. subtilis (UB_Bs1) was 1,9x10°cfu/
ml, and LC,  combination of both bacteria was, 8x107 cfu/ml. It implies that the
application of the combination of both bacteria are more pathogenic than single
bacterial treatment. The results also showed that the highest LT, value was 13.21
hours combination of bacterial colonies with a density of 10" cfu/ml and the low-
est LT, value was 52.00 hours on P. fluorescens (UB_Pf1) treatment with colonies
density of 107 cfu/ml.
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INTRODUCTION

Productivity of coffee plants in Indonesi as
considered low compared to the main producer
countries in the world. One of the causes is the
main OPT of parasitic nematode on coffee. The
related parasitic nematode that infests almost the
whole coffee plantation in Indonesia is the root-
lesion nematode of Pratylenchus coffeae. The ne-
matode infestation has disturbed the plant growth
and production, both quantity and quality.

According to Wiryadiputra (1998), infesta-
tion of P, coffea on Robusta coffee could reduce
production ranged 28.73%-78.45% or the average
of production reduction is about 56.85%. The ne-
matode control has still applied nematicide. Che-
mical control using nematicide is costly and may
create poisonous effect. Besides, greater demand
for organic coffee and specialty coffee in the glo-
bal market, which are safe for human health, are
cost higher than the conventional coffee. Therefo-
re, an environmental-friendly method is required
as an alternative controlling method. Bacteria are
one of organism found abundantly in the soil and
has a great potential as bioagent to control nema-
tode, as shown by several genus such as Pasteuria,
Pseudomonas, and Bacillus (Emmert & Handels-
man, 1999; Siddiqui & Mahmood, 1999).

Bacteria from Bacillus spp. And Pseudo-
monas spp. genus are antagonist to nematode
and have the greatest population in rhizosphere
(Krebs et al., 1998). Thus, this research aimed to
reveal LC, and LT, value of bacteria collection
from Plant Pest and Disease Department, Brawi-
jaya University, Pseudomonas fluorescens (UB_Pf1)
and Bacillus subtilis (UB_Bs1) on P, coffeae. Furt-
hermore, the result of this research can be used as
references to conduct other researches.

METHODS

This research was conducted at Nema-
tology Laboratory, Plant Pest and Disease De-
partment, Faculty of Agriculture, University of
Brawijaya, from January to March 2015. The
equipments used were Baermann’s funnel, Baer-
mann’s funnel rack, host tweezers, nematode
strainer, petri dish, pincers, fishhook needle, mi-
cropipette, microscope, hand counter, calibrated
beaker, hand sprayer, and other supporting tools.
Materials of the research included nematode iso-
lates of P.coffeae; bacterial isolate of P, fluorescens
(UB_Pf1) and B. subtilis (UB_Bsl1).

Nematode exploration was done through
extraction on coffee’s roots infected by nematode
using Baermann’s funnel method. The infected

roots, which were infested by P, coffeae nematode,
were rinsed thoroughly. Then, they were cut into
pieces before they were put on the screening pa-
per that had been previously watered until the
whole roots sub merged for 2 x 24 hours. When
suspension containing nematode was obtained,
then it was observed using microscope. Lastly, the
discovered nematode was hooked in order to be
identified by Morphometry technique.

The bacterial isolates used in this research
were P, fluorescens (UB_Pf1) and B. subtilis (UB_
Bs1), collections from Plant Pest and Disease De-
partment, Faculty of Agriculture, Brawijaya Uni-
versity. Propagation of both bacteria was done
using sterile aqua. The formed bacterial colonies
were suspended into sterile water and then they
were shook for 24 hours using shaker in order to
obtain appropriate concentration of the bacterial
colonies density. Several density treatments used
were 107, 10°, 10", and 10" cfu/ ml. Measure-
ment of the absorbent values used spectropho-
tometer (OD,,,=1).

The research was conducted by applying
appropriate bacterial suspension with a given con-
centration in a petri dish, which had been inocu-
lated with 35 infective juvenile P, coffeae. The ob-
servation on mortality of P, coffeaec was done at 6,
12, 24, 36, and 48 hours after the treatment (hat).
The nematode mortality was counted, and then
counting the percentage of its mortality. If the
control treatment found the mortality less than
20%, the corrected mortality must be counted.

Median Lethal Concentration (LC,) is
concentration of bacterial colonies density that
causes the nematode mortality reached 50%
based on the statistical calculation. While, Me-
dian Lethal Time (LT, ) is duration of exposure
required by bacteria to reach 50% nematode mor-
tality, which is determined by probit analysis met-
hod using a software of Hsin Chi Probit Analysis
program (Chi, 1997).

RESULTS AND DISCUSSIONS

The result of nematode identification roots of
coffee plant

The objective of the identification process
in this research was to confirm the testing nema-
tode, P, coffeae. The results of identification using
the morphometry were showed in the following
Figure 1, 2, 3.

Based on the identification, the results
showed that the parasitic nematode on the coffee
roots included in P, coffeae. It could be found from
morphometry results and then compared them to
the literatures. According to Loof (1949), P. cof
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feae is marked by two annuls on the labium area,
body length 0.37-0.83 mm, the anterior part is
dome-shaped. Also, there is a spermatheca that
forms a circle and long stylet (14um-18um).
According to Siddiqui (1972), female P, cof-
feae has slim shape on younger juvenile and fat-
ter shape on the mature ones. Nematode’s body
shows noticeable annulations. In general, the la-
teral part is divided into four sections, but some
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of them may be divided into five or six sections.
The mouth part has two noticeable annulations.
On young female, length of the tail is 2-2.5 times
of the body width or 1.5-2 times on the mature
female.

If it is compared to some nematode pho-
tographs, Mullin (2000) suggested that the ne-
matode also has some similarities in body shape,
stylet, basal knob, and the tail. Therefore, it can
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Figure 1. a) P, coffeac nematode (Mullin, 2000); b) P Coffeae nematode found at the coffe plant root
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Figure 2. a) P, coffeae stylet (Mullin, 2000); b) Nematode stylet (400x magnification)
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Figure 3. a) P, coffeae tail (Mullin, 2000); b) Nematode (400x magnification)
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be concluded that the nematode found included
in P, coffeae species.

The effect of bacterial isolates on percentage
of nematode mortality

Based on the results of the analysis of
variance test, percentage of nematode mortali-
ty showed significant differences on all levels of
bacterial colonies density and all intervals of time
during observations. Mean percentage of the cor-
rected mortality of nematode on each treatment
and time interval of observation were presented
in Table 1.

The percentage of the corrected mortality
of testing nematode, as presented in Table 1, can
be clearly seen in Figure 4. The graphic showed
that the testing nematode mortality trend increa-
ses along with the length of observation duration.
Table 1 and Figure 4 showed that a significant
effect of bacterial application on nematode mor-
tality occurred at the entire time of observation
started from the first observation (6 hours after
application). During the observation, several le-
vels of the applied bacterial colonies density sho-
wed a significant effect among treatments. Per-
centage of the highest mortality was found on the
application of both bacterial combinations with
the colonies density 10 cfu/ ml (23.81%), while
the percentage of the lowest mortality was found
on the application of bacteria B. subtilis with colo-
nies density 107 cfu/ml (4.72%).

The same thing was occurred on all ob-
servation intervals; the highest mortality occur-
red on application of both bacterial combination
with colonies density 10" cfu/ ml and the percen-

tage of the lowest mortality was occurred on the
application of bacteria B. subtilis with colonies
density 107 cfu/ ml. Yet, for 24 hours observation
after the treatment, UB_Pf1 treatment with colo-
nies density 107 showed the lowest mortality. In
all of observation time, they showed the increa-
sing percentage of mortality, which meant that
the bacterial application affect nematode morta-
lity instantly.
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Figure 4. Correlation between concentration of
the bacterial colonies density and the nematode
mortality

During 36 hours treatment, it was found
that UB_Pf1 treatment with the colonies densities
107and 10°, UB_Bs 1 with colonies densities 107
and 10°, as well as the combination with colonies
densities 107did not show significant differences.
The increasing percentages of mortality still kept
going on till the last observation (48 hours after
the application) and showed high percentage
reaching almost 90%. It implies that the bacteria
can suppress population of the nematode.

In general, it was found out that bacteria

Table 1. Mean percentage of corrected mortality (%) P. coffeae at laboratory

Corrected Mortality (%)

Treatment 6 haa 12 haa 24 haa 36 haa 48 haa

(X £ 8SD) (¥ £ 8D) (X £ 8SD) (¥ £ SD) (X £ 8D)
Control 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 3.33+1.97 5.33a £ 0.59
UB_Pf1 107 9.52+0.74c 19.05+£0.55ab 25.71£0.82a 33.75%1.35a 4391 £4.53 ab
UB_Pf1 10° 12.38+0.65d 2095+ 1.06ab 32.38+0.86b 3994 +2.65a 47.20 £0.44 bc
UB_Pf1 10" 18.10+0.55f 33.33+042c 4857+0.62ef 58.71+3.58cd 67.32%3.82 ef
UB_Pf1 10% 19.05+£055f 39.05+141de 52.38+1.52fg 66.38f+2.80e 74.18+3.62f
UB_Bsl1 107 472*1.13a 1714 £099a 27.62*0.46a 3348+ 321a 38.12+3.09a
UB_Bsl1 10° 7.62+0.87b 19.05+£0.55ab 37.14+1.19bc 39.80%+2.93a 4598 +3.29ab
UB_Bs1 10" 13.33+0.65de 3143%x0.75¢c 4191+£0.02cd 4825+2.69b 60.58 = 3.74de
UB_Bsl1 10" 18.10+£0.55f 3429%144cd 46.67+0.96def 5580+ 1.11bc 67.47x2.31ef
UB_Pf1+UB_Bs1(107) 11.43+£0.00cd 2191+£0.51b 36.19%0.41b 39.87+2.31a 47.24+1.98 bc
UB_Pf1+UB_Bs1(10°) 15.24+0.60e 3048+ 181c 44.76+0.99de 4929%2.64b 55.02+2.07cd
UB_Pf1+UB_Bs1(10'") 23.81 £0.48¢g 40.00+0.67e 57.14%0.59¢g 64.17+1.08de 71.88+1.30f
UB_Pf1+UB_Bs1(10%) 22.86+0.86g 54.29+0.60f 6571x1.11h 74.84+3.05f 84.29+1.08¢g

Notes :

HAA: Hour After Application
Numbers followed by the same letter in the same column show insignificant difference based on Dun-
can test at level 5%; data is transformed by equation arcsin Vx for statistical analysis purpose.
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that gave the greatest effect on nematode morta-
lity were the combination of P, fluorescens and B.
Subtilis with the highest density 10'3cfu/ ml. App-
lication that had the lowest percentage was the
application of B. subtilis with density 107 cfu/ml.
It reveals that both bacteria are compatible when
they are combined, so that their ability in sup-
pressing population of nematode also increases.
In line with Jetiyanon & Kloepper’s (2002) rese-
arch suggested that the application of bacteria by
combining several compatible bacterial strains
and their antagonistic mechanism will provide
greater suppressing effect in comparison with
single application. Furthermore, the results of
the test show that higher colonies density applied
will be greater and faster in affecting nematode
mortality.

The effect of the bacterial isolates on median
Lethal Concentration (LC, ) P. coffeae

Based on the result of laboratory test, it
showed that each bacterium in those treatments
had diverse value of LC,. LC, value, regressi-
on equation, and R? of each treatment were pre-
sented in Table 2.

Data in Table 2 presented LC,, value
on bacterial application of B. subtilis (UB_Bsl)
1,9x10°cfu/ ml. It meant that the bacterium was
able to cause nematode mortality for almost 50%
in 48 hours by applying bacteria that had colo-
nies density 1.9x10° cfu/ ml. The results of data
analysis showed that the regression equation on
the treatment was y=3.889+0.120x. It indicated
that each increasing coefficient value x indicating
the concentration, the coefficient value indica-
ting the probitwould increase 3.889. Testing on
bacterium P. fluorescens (UB_Pfl) had 4.3x108
cfu/ ml LC, value. The value implied that the
bacterial colonies density as required by P. fluore-
scens (UB_Pf1) to exterminate nematode 50% in
the same time was lower than the treatment B.
subtilis (UB_Bs1). Value of the regression equati-
on of UB_Bs1 was y=3.747+0.145x. It indicated
that each increasing coefficient value x (concent-
ration), the coefficient value y (probit) would in-
crease 3.747.

LC,, value on the combination of P fluo-
rescens (UB_Pf1) and B. subtilis (UB_Bsl) was
8.8x107. The result indicated that the combined
bacterial application caused nematode mortality

Table 2. LC, value on P. coffeae nematode mortality

up to 50% in 48 hours by applying bacteria having
colonies density 8.8x107cfu/ ml. It implied that
if the bacteria were, in the same time, applied in
combination, they required lower colonies densi-
ty compared to single application. Based on result
of data analysis, the regression equation was y=
3.463+0.193x. It indicated that each increasing
coefficient value x indicating the concentration,
the coefficient value indicating the probit would
also increase 3.463. Lower colonies density requi-
red might occur due to compatibility exists bet-
ween both bacteria, so that it can increase their
antagonistic to nematode, which is influential to
the decreasing numbers of colonies density must
be applied.

+ P. fluorescens
(uB_pf1)
M B. subtilis (UB_Bs1)

A Kombinasi
(UB_Pf1+UB_Bs1)

Mortality Probit
OB N WA Voo N
\
\
\
h

=l

5 10 15
Log concentration

Figure 5. Correlation between concentration of
the bacterial colonies density and the nematode
mortality

Figure 5 showed the correlation between
concentration of bacterial colonies density and
testing nematode mortality. Based on the graphic,
it presented that the bacterial colonies density
had positive correlation on mortality which imp-
lied that the increasing bacterial colonies density
would be followed by the increasing nematode
mortality. It occurs due to the increasing colonies
densities that leads to the antagonistic accumula-
tion of the bacteria.

Bacillus is one of the bacterial genuses that
could inhibit the spread of nematode (Kloepper
& Ryu, 2006). The same thing happened in bac-
teria of Pseudomonas groups, Bacillus has also
produce secondary metabolites, and one of them
is cytinase enzyme that could degrade the nema-
tode cells. Research conducted by Harni, et al.
(2010) reported that the bacterial endophyte iso-
lates from Bacillus sp. genus is highly capable in
suppressing population of nematode that cause
root-lesion, P. brachyurus, on patchouli.

Bacterial type LC, value Regression equation ~ R2

P, Fluorescens (UB_Pf1) 4.3x108 cfu/ml y = 3.747+0.145x 0.896
B. subtilis (UB_Bs1) 1.9x10° cfu/ml y = 3.889+0.120x 0.884
Combination (UB_Pf1 + UB_Bs1) 8.8x107 cfu/ml y = 3.463+0.193x 0.919
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Patil, et al. (2000) stated that chitinoly-
tic enzyme on bacteria is an extracellular enzy-
me, which takes nutrients and parasitism in
controlling diseases biologically. Bacteria from
Aeromonas, Alteromonas, Chromobacterium,
Enterobacter, Ewingella, Pseudoalteromonas,
Pseudomonas, Seratia, and Vibriogenuses are
well-known bacteria that have chitinase (Gooday,
1994), Bacillus and Pyrococcus (Harman et al.,
1993).

The effect of bacterial isolates on median Le-
thal Time (LT, ) P. coffeae

The result of the probit analysis which was
done to find out LT, showed different values for
each treatment. LT, value and regression equa-
tion of each treatment was presented in Table 3.

Data in Table 3 showed that LT, value by
the treatment UB_Pf1+UB_Bsl 10* was 13.211
hours. It indicated that combination of P, fluores-
cens and B. subtilis with colonies density 103 cfu/
ml caused mortality to the testing nematode up
to 50% within 13.211 hours. It implied that it
required shorter time than the other treatments.
The combination treatment of both bacteria, LT,
value by the treatment UB_Pf1+UB_Bs1 107 was
41.173 hours. It implied that combination of P
Sfluorescens and B. subtilis with colonies density 107
cfu/ ml required 41.173 hours or 27.962 hours
longer than the treatment with colonies densi-
ty 103 that caused 50% mortality of the testing
nematode. Figure 6 presented the regression
graphic on bacterial combination treatment of
P, fluorescens and B. subtilis presenting that higher
concentration leads to higher value of LT, .

The result of probit analysis on the app-
lication of P, fluorescens (UB_Pf1) and B. subtilis
(UB_Bsl) also showed the same results as the
combined treatments; the higher concentration of
the colonies density applied, the shorter required

time of 50% nematode mortality. It was proven
on the application of P, fluorescens, the treatment
of UB_Pf1 10" had LT, value 18.900 hours and
UB_Pf1 107 with the lowest colonies density had
LT,,52.001 hours. As well as B subtilis, UB_Bs1
10% had LT, 23.861 hours and LT, value with
UB_Bs1 107 was 50.994 hours.

7
.6
I +UB_Pf1+UB_Bs1 107
o
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£ 3 WUB_PF1+UB_Bs 1 10°
=
1] AUB_Pf1+UB_Bs110"
= /
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|

0 0.5 1 15 2
Log Time

Figure 6. Correlation between time and nema-
tode mortality (Combination)

Based on the result, it can be concluded
that the bacterial colonies density on all treat-
ments and LT, value have positive correlation, in
which higher concentration of the bacterial colo-
nies density would shorten the required time to
reach mortality up to 50%. In addition, it implies
that higher concentration of colonies densities
shows that the bacteria would be more toxic. Be-
sides, shorter time required by the bacteria to cau-
se mortality on the testing nematode shows that
the bacteria is more toxic than the application of
other bacteria, which requires longer time to cau-
se 50% mortality of testing nematode. The corre-
lation can be clearly seen on regression graphic in
Figure 7 and Figure 8.

Pseudomonas of fluorescens group is one
of bacterial group, which is mostly learnt as bio-
agent controller. The bacteria have a combination
of effective bio controlling mechanisms. Pseu-
domonas produces some secondary metabolites
with antimicrobial activities to other bacteria and

Table 3. LT, value on P. coffeae nematode mortality

Treatments LT, value Regression equa- R2
tion

UB_Pf1 107 52.001 hours y=2.485+1.465x 0.912
UB_Pf1 10° 43.856 hours y=2.590+1.468x 0.910
UB_Pf1 10" 22.721 hours y=2.791+1.629x 0.915
UB_Pf1 104 18.900 hours y=2.864+1.674x 0.915
UB_Bsl1 107 50.994 hours y=2.215+1.631x 0.935
UB_Bs1 10° 40.638 hours y=2.411+1.609x 0.943
UB_Bsl 10" 28.505 hours y=2.786+1.522x 0.910
UB_Bs1 101 23.861 hours y=2.823+1.580x 0.911
UB_Pfl+ UB_Bsl 107  41.173 hours y=2.703+1.423x 0.907
UB_Pfl+ UB_Bsl 10°  28.791 hours y=2.854+1.471x 0.907
UB_Pfl+ UB_Bsl 10! 17.575 hours y =2.997+1.609x 0.909
UB_Pf1+ UB_Bs1 108  13.211 hours y=2.937+1.840x 0.920
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pathogens. Besides, the bacteria could inhibit the
pathogen’s growth by limiting the use of iron in
the soil, which utilizing the resulted siderophore
(Duijff et al., 1993; Duffy & Defago, 1999).
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Figure 7. Correlation between time
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Figure 8. Correlation between time and nema-
toda mortality (P, fluorescens) nematoda mortality
(B. subtilis)

Gokte & Swarup (1988) reported that B.
subtilis, B. cereus, and B. pumilus could inhibit larva-
side activities on second juvenile (J2) Meloidogyne
incognita in vitro. Based on result of the experi-
ment in pot, it showed that reduced development
of M. incognita in tomato by the application of
B.subtilis. 1t is reported that this bacteria are po-
tential to control some parasitic nematodes, in-
cluding Meloidogyne spp.

CONCLUSIONS

The combined treatment of bacterial isola-
tes P, fluorescens (Ub_Pf1) and B. subtilis (UB_Bsl1)
provides better results than single application
with LC,; value (8.8x10’cfu/ml). The combin-
ed treatment of UB_Pfl+UB_Bsl with colonies
density 10*cfu/ ml can kill 50% nematode in the
shortest time with LT, value (13.211 hours) and
treatment UB_Pf1 with colonies density 107cfu/
ml requires the longest killing time of 50% nema-
tode with the LT, value (52.001 hours).
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