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Research paper

Application of Biocontrol Agents to Control Phellinus noxius

Meng-Ling Wu,”  Yu-Yen Hsu,” Chih-Yun Lee,"”
Hew-Der Wu,”  Ting-Hsuan Hung™

[ Summary ]

In this study, biocontrol agents, derived from 4 screened microorganisms, for preventing the
growth of Phellinus noxius which causes brown root rot disease were tested using simulations and
field tests. The technology of a polymerase chain reaction (PCR) specific for P. noxius, created in
our laboratory, was used to monitor the control efficiency of the biocontrol agents against P. noxius
infection. Phellinus noxius covered the entire PDA culture dish (at 9 cm in diameter) within 4 d in
the control group; in contrast diameters of colonies ranged 0.62~7.8 cm in the test groups bearing
the 4 screened biocontrol agents. These results revealed that all agents possessed control potential
against P. noxius infection. Of these biocontrol agents, 2 showed the best control efficiency and
persistency. The P. noxius stubs in moistened soil for 7 wk retained about 88.89 and 80% germ
survival on cassia and banyan stubs in the simulated field test, respectively. Interestingly, P. noxius
was inhibited when the soil was moistened with 0.5x, 1x, and 10x of biocontrol agent 2. In the ac-
tual field tests, we found that 1 Philippine ebony persimmon infected by P. noxius gradually grew
a green leaf from the withered portion after treatment with biocontrol agent 2 for 8 wk, consistent
with a decrease in the P. noxius population detected by the PCR. Likewise, detectable P. noxius
was gradually reduced with treatment time with biocontrol agent 2 from Taiwanese and 20 flame-
infected trees. Collectively, damage by P. noxius can be significantly ameliorated by the biocontrol
agents examined in this study.

Key words: brown root rot disease, Phellinus noxius, microbiology, biocontrol agent, polymerase
chain reaction (PCR).
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Fig. 1. Evaluation of the inhibitory effect of biocontrol agent 1 on mycelial growth of
Phellinus noxius; P. noxius and the biocontrol agent were cocultured on PDA plates. Top
panel: no biocontrol agent.

1 day 4 day 10 day 15 day 20 day

Control
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agents 2

Fig. 2. Evaluation of the inhibitory effect of biocontrol agent 2 on mycelial growth of
Phellinus noxius; P. noxius and the biocontrol agent were cocultured on PDA plates. Top
panel: no biocontrol agent.
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Fig. 3. Evaluation of the inhibitory effect of biocontrol agent 3 on the mycelial growth of

Phellinus noxius; P. noxius and the biocontrol agent were cocultured on PDA plates. Top
panel: no biocontrol agent.

1 day 4 day 10 day 15 day 20 day
Control
Biocontrol
agents 4

Fig. 4. Evaluation of the inhibitory effect of biocontrol agent 4 on the mycelial growth of

Phellinus noxius; P. noxius and the biocontrol agent were cocultured on PDA plates. Top
panel: no biocontrol agent.
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Table 1. Effects of different biocontrol agents on the mycelial growth of Phellinus noxious

4d 10d 15d 20d
Control () 9.00 (0.00)* 9.00 (0.00)* 9.00 (0.00)* 9.00 (0.00)*
Biocontrol agent 1 0.80 (0.14)° 1.04 (0.20)°¢ 1.21 (0.20)°¢ 1.47 (0.23)¢
Biocontrol agent 2 0.62 (0.13)* 0.63 (0.15)* 0.73 (0.28)* 1.08 (0.96)°
Biocontrol agent 3 2.83(0.51)° 3.37(0.68)" 3.91 (0.56)" 4.26(0.52)"
Biocontrol agent 4 7.80 (0.93)° 9.00 (0.00)* 9.00 (0.00)* 9.00 (0.00)*

Diameters (cm) of P. noxious are represented by numbers, and the standard deviation is given in pa-

rentheses.
Results were analyzed by Duncan’s multiple-range test at p < 0.05. Numbers with different letters
significantly differ from each other.

Table 2. Examination of infected residual roots of Cinnamomum verum after treatment with
biological agents and the fungicide, tridemorph

Control 1% treatment 2™ treatment 3" treatment 4" treatment 5" treatment 6" treatment 7" treatment

Treatment date - 2010.06.21 2010.06.28 2010.07.05 2010.07.12 2010.07.19 2010.07.26  2010.08.02
Collection date 2010.06.21  2010.06.28 2010.07.05 2010.07.12 2010.07.19 2010.07.26 2010.08.02 2010.08.09
Control (water) 1.00 (0.00)* 0.67 (0.34)* 0.78 (0.19)* 0.89(0.19)* 0.67 (0.34)* 0.67 (0.00)* 0.67 (0.34)" 0.89 (0.19)"

Biocontrol agent 10x  1.00 (0.00)* 0.22 (0.19)* 0.33 (0.34)" 0.22(0.19)° 0.22 (0.39)® 0.33 (0.00)* 0.33 (0.34) 0.22(0.19)"
Biocontrol agent 1x  1.00 (0.00)* 0.11 (0.19)* 0.33 (0.58)* 0.00 (0.00)* 0.00 (0.00)" 0.11 (0.19)" 0.11 (0.19)* 0.11 (0.19)"
Biocontrol agent 0.2x  1.00 (0.00)* 0.55 (0.39)* 0.45 (0.39)" 0.22(0.19)° 0.11 (0.19)® 0.22(0.19)° 0.11 (0.19)> 0.22(0.19)"
Chemical agent 10*x  1.00 (0.00)* 0.55 (0.39)" 0.55 (0.39)" 0.33 (0.34)° 0.33 (0.34)™ 0.22(0.19)° 0.22(0.19)® 0.11 (0.19)"
(Tridemorph)

The probability of a positive reaction from 3 experimental groups is shown, and every experimental group contained 3 replicates.
1.00 represents 100%, and the standard deviation is shown in parentheses.

Results were analyzed by Duncan’s multiple-range test at p < 0.05. Numbers with different letters significantly differ from each other.

Table 3. Examination of infected residual roots of Ficus spp. after biological and chemical
treatments

Control 1* treatment 2" treatment 3" treatment 4" treatment 5" treatment 6" treatment 7" treatment

Treatment date - 2010.08.09 2010.08.16 2010.08.23 2010.08.30 2010.09.06 2010.09.13 2010.09.20
Collection date 2010.08.09 2010.08.16 2010.08.23 2010.08.30 2010.09.06 2010.09.13 2010.09.20 2010.09.27
Control (water) 1.00 (0.00)" 1.00 (0.00)* 0.80 (0.12)* 0.93(0.12)* 0.87 (0.12)* 0.87 (0.12)* 0.80 (0.00)" 0.80 (0.00)"

Biocontrol agent 10x  1.00 (0.00)* 0.53 (0.12)> 0.33 (0.12)" 0.33(0.12)° 0.13 (0.12)° 0.13 (0.12)™ 0.07 (0.12)° 0.13 (0.12)™
Biocontrol agent 1x ~ 1.00 (0.00)* 0.67 (0.12)® 0.53 (0.12)™ 0.53 (0.12)™ 0.27 (0.23)™ 0.27 (0.23)™ 0.13(0.12)™ 0.13 (0.12)™
Biocontrol agent 0.2x  1.00 (0.00)* 0.73 (0.12)™ 0.73 (0.12)* 0.53 (0.12)™ 0.4 (0.00)° 0.4 (0.20)° 0.27(0.12)" 0.33(0.12)"
Chemical agent 10°x  1.00 (0.00)* 0.80 (0.35)™ 0.80(0.35)" 0.67 (0.23)> 0.4 (0.00)° 0.4 (0.00)° 0.27(0.12)" 0.27 (0.12)™
(Tridemorph)

Chemical agent 10*x  1.00 (0.00)* 0.67 (0.42)™ 0.53 (0.31)® 0.27 (0.12)° 0.27 (0.12)* 0.07 (0.12)° 0.00 (0.00)° 0.07 (0.12)°
(Tridemorph)

The probability of a positive reaction from 5 samples of the experimental groups is shown, and every experimental group contained 15
replicates.
1.00 represents 100%, and standard deviation is given in parentheses.

Results were analyzed by Duncan’s multiple-range test at p < 0.05. Numbers with different letters significantly differ from each other.
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Fig. 5. Growth status of Phellinus noxius-infected Maba buxifolia after treatment with
biocontrol agent 2. The tree was initially in the mid-stage of brown root rot disease.
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Fig. 6. PCR results of Maba buxifolia
around the Forestry Research building
using specific primer pairs (G1F/G1R)
before the field trials (A) and 8 weeks

after the field trials (B).
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Table 4. PCR and dual-PCR results from different sample blocks at SanChong High
School (ZH i)

1* treatment 4™ treatment 5" treatment 6" treatment
Treatment date Control
2010.04.30 2010.05.20 2010.06.17 2010.07.15
Collection and
2010.04.20 2010.05.06 2010.06.17 2010.07.15 2010.08.19

analysis date

Brown root
rot detection

I"PCR 2™PCR 1"PCR 2"PCR 1%

PCR 2™PCR 1¥PCR 2"PCR I"PCR 2"PCR

O 00 3 O L A W N~

—_
(=]

11

4+t

+

T T e T

+

+ + + - +
+ + + + +
J— J— + — J—
+ + + — +
- - — — +
- - + - +
+ — — — —
+ — - — -

Positive PCR results of Phellinus noxius are indicated by a plus sign (+), while negative ones are indicated by a

minus sign (-).
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Control 1* treatment

2" treatment

3" treatment

4™ treatment 5" treatment

6™ treatment

Fig. 7. Growth status of a Phellinus noxius-infected Koelreuteria elegans after treatment
with biocontrol agent 2. The tree was initially in the late-stage of brown root rot disease.
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Table 5. Results from sampling sites at Tamkang University (7L KE)
" treatment 4" treatment 5" treatment 6" treatment 7" treatment
2010.05.14 2010.06.10 2010.06.24 2010.07.22 2010.08.26

Treatment date Control

Collection and
. 2010.05.14 2010.05.20 2010.06.24 2010.07.22 2010.08.26 2010.09.23
analysis date

1 - + - — — —
2 - + - — — —
3 + + - - - -
4 + - - - - -
5 - - - — - -
6 - + + — — —
7 + + - — — —
8 - + - — — —
9 + + + + + +
10 + - + - - -
11 + + + + - +
12 - + - + - —
13 - + + - - —
14 - - - - — —
15 - - + - - —
16 - - + — - -
17 + + + - + +
18 - - + - - -
19 - - - — — —
20 - - + — — —

Positive PCR results of Phellinus noxius are indicated by a plus sign (+), while negative ones are indicated by a
minus sign (-).

Control 1* treatment 2™ treatment 3" treatment

Fig. 8. Growth status of a Phellinus noxius-infected Delonix regia after treatment with
biocontrol agent 2. The tree was initially in the early-stage of brown root rot disease.



EEREERIEZ 29(Supplement): S41-53, 2014

for By LSl A RGN - AR BB A B R A
BRI RAE AR R 2 AR o T ER A
S T ST R T 00 e T SRR AR AR 2
Pr o SO SR AR PR A AR TR S [ Z AR
HEITREE R B IR B < A K IRIMER
AR BIIRE - PR BIA k E R AE MK
AR - G HATRR R ERER - EHEE—
T R HE o AR AR JER A ] ] R H
B B TR BRI AR - i K R 2R
PYELE - AT R R kAR B 0 A SE AR
IR o ) BB T A A A AR S B
IR - THPG KRR KRR R 2R
ERBIHEPIEEH - FRATE S LENE
LB o BN R AR AR B RE

51 A SRR

Ann PJ, Chang TT, Ko WH. 2002. Phellinus
noxius brown root rot of fruit and ornamental
trees in Taiwan. Plant Dis 86:820-6.

Berg G. 2009. Plant-microbe interactions pro-
moting plant growth and health: perspectives
for controlled use of microorganisms in agri-
culture. Appl Microbiol Biot 84:11-8.

Chang TT. 1992. Decline of some forest trees
associated with brown root rot caused by Phel-
linus noxius. Plant Pathol Bull 1:90-5.

Chang TT. 1995. A selective medium for
Phellinus noxius. Eur J For Pathol 25:185-90.
Chang TT. 1996. Survival of Phellinus nox-
ius in soil and in the roots of dead host plants.
Phytopathology 86:272-6.

Chang TT, Yang WW. 1998. Phellinus noxius
in Taiwan: distribution, host plants and the pH

S53

and texture of the rhizosphere soils of infected
hosts. Mycol Res 102:1085-8.

Hesselink PGM, Kerkenaar A, Witholt B.
1990. Inhibition of microbial cholesterol oxi-
dases by dimethylmorpholines. J Steroid Bio-
chem 35:107-14.

Huang HC, Chou CH. 2005. Impact of plant
disease biocontrol and allelopathy on biodiver-
sity and agricultural sustainability. Plant Pathol
Bull 14:1-12. [in Chinese].

Tsai JN, Ann PJ, Hsieh WH. 2005. Evalu-
ation of fungicides for suppression of three
major wood-decay fungi Phellinus noxius,
Rosellinia necatrix and Ganoderma australe in
Taiwan. Plant Pathol Bull 14:115-23. [in Chi-
nese].

Tsai JN, Hsieh WH, Ann PJ. 2008. Effects
of nitrogen fertilizers and chemical fungicides
on control of brown root rot of tree fruits
and grapes caused by Phellinus noxius. Plant
Pathol Bull 17:119-25. [in Chinese].

Wu ML, Chang TT, Jaung LM, Hung TH,
Chen CH, Lin LD. 2009. Establishment of
PCR rapid detection technique for tree brown
root rot disease. Q J Chin For 42:239-47. [in
Chinese].

Wu ML, Jaung LM, Fu CH, Koh CN, Chang
TT. 2005. Application of borrelidin from
Streptomyces candidus on biocontrol of tree
seedling damping-off diseases. J Exp For Natl
Taiwan Univ. 19:251-60. [in Chinese].

Zhou Q, Li K, Jun X, Bo L. 2009. Role and
functions of beneficial microorganisms in
sustainable aquaculture. Bioresourc Technol
100:3780-6.



S54



