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Table 1. Effects of eight natural plant protectants on egg hatching and second juvenile mortality of Pratylenchus coffeae

Natural plant protectant 1/ Hatching rate J2 Mortality
Dilution fold (%) (%)

NPP-A
10 58.4 2 1.8

100 54.0 2.2
500 61.4 1.2

1000 54.0 1.4
5000 55.0 1.6

10000 55.6 1.2
NPP-B

10 58.6 20.4
100 58.4 8.8
500 63.6 3.0

1000 57.2 4.0
5000 58.8 2.6

10000 60.6 2.0
NPP-C

10 32.6 90.0
100 54.6 89.2
500 62.2 29.4

1000 60.0 4.2
5000 61.8 2.2

10000 62.0 3.4
NPP-D

10 35.4 92.4
100 27.2 96.6
500 26.8 16.2

1000 61.2 18.2
5000 66.2 7.6

10000 61.2 7.0

Natural plant protectant 1/ Hatching rate J2 Mortality
Dilution fold (%) (%)

NPP-E
10 52.0 25.6

100 53.4 18.2
500 62.0 6.8

1000 61.6 8.8
5000 59.6 5.6

10000 58.8 5.4
NPP-F

10 60.6 20.6
100 59.2 7.4
500 59.6 7.0

1000 54.0 5.0
5000 58.0 6.2

10000 57.2 6.4
NPP-G

10 65.8 7.4
100 65.2 6.2
500 65.8 6.8

1000 57.6 5.6
5000 65.4 5.4

10000 63.6 7.6
NPP-H

10 45.2 81.6
100 47.4 37.4
500 53.2 7.6

1000 50.2 10.6
5000 65.2 7.4

10000 61.3 7.6
Check (water) 67.0 17.0
LSD0.05 3.97 3.95

1 NPP-A: Kue Wu Lu ( ); NPP-B: AnthraScare ( ); NPP-C: Most Stop ( ); NPP-D: Black Asura ( ); NPP-E:
Rust Escape ( ); NPP-F: Active Power ( ); NPP-G: Win So ( ); NPP-H: Mai Chu Lo ( ). 

2 Means (n=5) within each column are separated by Fisher's least significant difference (p=0.05).



500 100 

10 

100 89.2 % 

( )

100 1000

10000 

10 

13 %

10000 

A 90 % 

500 100 

B 

10 C 

( )

A 

10000 

10 

100 

( )

17 2 2008172

Natural plant protectant 1/ Hatching rate J2 Mortality
Dilution fold (%) (%)

NPP-A
10 52.2 2 12.4

100 52.4 1.2
500 55.4 2.0

1000 56.8 1.4
5000 64.0 1.2

10000 60.0 1.0
NPP-B

10 22.0 94.2
100 33.6 26.4
500 65.8 14.0

1000 69.6 17.0
5000 65.2 8.0

10000 65.0 1.6
NPP-C

10 16.8 100.0
100 41.2 100.0
500 53.2 46.4

1000 54.4 11.2
5000 65.8 11.6

10000 67.0 10.0
NPP-D

10 14.4 100.0
100 13.6 100.0
500 20.6 98.8

1000 27.8 98.4
5000 30.6 98.0

10000 30.0 100.0

Natural plant protectant 1/ Hatching rate J2 Mortality
Dilution fold (%) (%)

NPP-E
10 30.8 100.0

100 35.0 97.4
500 33.0 18.6

1000 58.2 14.6
5000 65.0 11.2

10000 60.2 10.0
NPP-F

10 37.0 97.6
100 33.6 53.4
500 55.6 16.4

1000 55.0 8.2
5000 66.2 9.8

10000 62.4 11.2
NPP-G

10 55.4 2.4
100 57.8 1.2
500 64.4 1.8

1000 67.4 2.0
5000 65.8 1.2

10000 66.8 2.0
NPP-H

10 15.4 100.0
100 18.2 100.0
500 15.6 97.6

1000 21.6 94.3
5000 22.6 98.5

10000 26.4 90.2
Check (water) 69.6 12.6
LSD0.05 5.26 0.78

Table 2. Effects of eight natural plant protectants on egg hatching and second juvenile mortality of Meloidogyne incognita

1 Name of plant protectant is same as the footnote of Table 1. 
2 Means (n=5) within each column are separated by Fisher's least significant difference (p=0.05).
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Table 3. Effect of natural plant protectants NPP-D and NPP-H on controlling Meloidogyne incognita in greenhouse
experiments

Natural plant protectant 1/ Galling Top DW 3 Root DW 3 Height 3

No./100g soil 4

Dilution fold index 2 (g) (g) (cm)
NPP-D

10 0.8 5 5.7 2.2 54.0 4.8
100 1.0 5.6 1.6 55.8 4.4
500 1.4 5.3 1.8 56.6 6.4

1000 1.6 5.2 2.2 60.6 12.8
5000 1.2 5.4 1.0 49.6 12.0

10000 1.2 4.6 1.2 50.8 14.8
NPP-H

10 0.2 5.4 1.8 53.4 4.2
100 0.8 4.8 1.6 55.8 5.2
500 1.2 5.4 1.2 55.8 7.6

1000 1.0 4.8 1.0 43.0 7.2
5000 1.8 4.8 1.2 48.4 22.4

10000 2.0 3.2 1.2 44.0 34.2
Oxamyl (40 kg/ac.) 0.4 5.6 2.2 57.6 5.0
Check (water) 2.8 5.3 2.2 61.2 55.2
LSD0.05 0.56 0.7 0.56 3.56 3.8
1 NPP-D: Black Asura ( ); NPP-H: Mai Chu Lo ( ). 
2 Galling index (GI) based on a scale from 0 to 4; 0=no infection, 1=1-15% of galled root in whole root, 2=16-30%, 3=31-50%,

4=51-100%. 
3 Top DW= Top (above ground part of plant) dry weight (gram), Root DW= root dry weight (gram), Height= plant height (cm). 
4 No./100g soil= number of nematodes per 100 gram soil. 
5 Means (n=5) within each column are separated by Fisher's least significant difference (p=0.05).



(5, 15)

(9)

(18)

(19, 20)

Sincocin DiTera 

Sincocin (Opuntia engelmannii Salm-Dyck

ex Engelm., prickly pear cactus; Quercus falcate Michex.,

southern red oak; Rhus aromatica Ait., fragrant sumac;

Rhizophora mangle L., red mangrove) 
(4) DiTera Myrothecium

verrucaria D. R. Whitaker ABG-9008

DiTeraTM (14, 21)

(6, 8)

Sincocin DiTera 100 

(23)

94 94 

-13.2.1- -B6 (1) 95 95 -13.2.1-

-B9 NSC 96-2313-B-055-004-MY3

(LITERATURE CITED)
1. Bharathi, M. 1999. Effect of plant extract and

chemical inhibitors on cucumber mosaic virus of
brinjal. J. Myco. Plant Pathol. 29: 57-60. 

2. Bilgrami, A. L. 1997. Nematode biopesticides. Aligarh
Muslim University, India. 228 pp.

3. Chen, C. H., and Hsieh, T. F. 2008. The antifungal
activity and disease control efficiency of natural plant
protectant, Back Asura. Plant Pathol. Bull. 17: 74
(Abstract in Chinese)

4. Chitwood, D. J. 2002. Phytochemical based strategies
for nematode control. Annu. Rev. Phytopathol. 40:
221-249.

5. Daayf, F., Schmitt, A., and Belanger, R. R. 1995. The
effects of plant extracts of Reynoutria sachalinensis on
powdery mildew development and leaf physiology of
long English cucumber. Plant Dis. 79: 577-580. 

6. Farahat, A. A., Osman, A. A., El-Nagar, H. I., and
Hendy, H. H. 1993. Evaluation of Margosan and
Sincocin as biocides of the reinform nematode
infecting sunflower. Bull. Fac. Agric. Univ. Cairo. 44:
191-204. 

7. Foughtk, L., and Kuc, J. A. 1996. lack of specificity in
plant extracts and chemicals as inducers of systemic
resistance in cucumber plants to anthracnose. J.
Phytopathol. 144: 1-6.

8. Grau, P. A., Hopkins, R., Radewald, J. D., and Warrior,
P. 1996. Efficacy of DiTera biological nematicide for
root-knot nematode suppression on carrot.
Nematropica 26: 268. (Abstract)

9. Hsieh, T. F., Huang, J. H., Hsieh, L. J., Hu, M. F., and
Ko, W. H. 2005. Antifungal effect of plant extracts on
phytopathogenic fungi. Plant Pathol. Bull. 14 59-66.
(in Chinese with English abstract)

10. Hsieh, T. F., Yen, C. C., Hsieh, L. J., Lee, K. C., and
Hu, M. F. 2004. Effect of plant extracts from medicinal
herbs on control of anthracnose of Chinese cabbage
caused by Colletotrichum higginsianum. Plant Pathol.
Bull. 13: 345. (Abstract in Chinese) 

11. Huang, J. W. 1992. Integrated management of
vegetable seedling pests with a formulated plant
nutrition. Plant Prot. Bull. 34:54-63. 

12. Ko, W. H., Wang, S. Y., Hsieh, T. F., and Ann, P. J.
2003. Effects of sunflower oil on tomato powdery
mildew caused by Oidium neolycopersici .  J.
Phytopathol. 151: 144-148.

13. Lin, C. Y., Ann, P. J., Chang, C. A., Lo, C. T., and
Hsieh, T. F. 2004. Non-chemical Control of Plant
Diseases. (2nd ed.). Agricultural Research Institute,
Council of Agriculture, Executive Yuan, Republic of
China. Taichung, Taiwan. 20 pp. (in Chinese)

14. Marin, D. H., Barker, K. R., and Sutton, T. B. 2000.
Efficacy of ABG-9008 on burrowing nematode
(Radopholis similis) on bananas. Nematropica 30: 1-8. 

15. Paul, P. K., and Sharma, P. D. 2002. Azadirachta
indica leaf extract induce resistance in barley against
leaf stripe disease. Physiol. Mol. Plant Pathol. 61:3-13. 

16. Regnault-Roger, C., Philogene, B., and Vincent, C.

17 2 2008174



2005. Biopesticides of Plant Origin. Intercept Ltd, U.
K. 313 pp.

17. Shih, H. D., Hsieh, T. F., and Huang, J. W. 2006. The
research and application of biological plant protectant
in Taiwan. Pages157-169 in: Proceedings of the
Symposium on New Techniques for Control of Plant
Diseases in Safe Agricultural System. Hsieh, T. F.,
Chang, C. A., Ann, P. J.,  and Lin, C. Y. eds.
Agricultural Research Institute, Council of
Agriculture, and Taiwan Phytopathological Society.
Taichung, Taiwan.

18. Tsay T. T. 1996. Occurrence and control strategies of
crop soil sickness due to plant parasitic nematodes.
Plant Pathol. Bull. 5:113-128. (in Chinese with English
abstract)

19. Tsay, T. T. 1999. Chemical control of plant-parasitic
nematodes. Plant Pathol. Bull. 8:41-50. (in Chinese
with English abstract) 

20. Tsay, T. T. 2006. Biological control of plant parasitic

nematodes with Streptomyces saraceticus and LTM.
Pages 171-187 in: Proceedings of the Symposium on
New Techniques for Control of Plant Diseases in Safe
Agricultural System. Hsieh, T. F., Chang, C. A., Ann,
P. J., and Lin, C. Y. eds. Agricultural Research
Institute, Council of Agriculture, and Taiwan
Phytopathological Society. Taichung, Taiwan.

21. Warrior, P., Rehberger, L. A., and Grau, P. A. 1995.
ABG-9008- a new biological nematicideal
composition. J. Nematol. 27: 524-525. 

22. Wu, D. C., Yu, J. Z., Chen, B. H., Lin, C. Y., and Ko,
W. H. 2004. Inhibition of egg hatching with apple wax
solvent as a novel method for controlling golden apple
snail (Pomacea canaliculata). Crop Prot. 24: 483-486. 

23. Yen, J. H., Wang, H. Y., Chen, D. Y., Tsai, S. J., and
Tsay, T. T. 2005. Efficacy of Sincocin and DiTera for
controlling of southern root-knot nematode,
Meloidogyne incognita. Plant Pathol. Bull. 14: 275-
278. (in Chinese with English abstract)

175



17 2 2008176

ABSTRACT

Yen, J. H.1, Chen, D. Y.2, Chung, W. C.3, Tsay, T. T.4, and Hsieh, T. F.5, 6 2008. Effect of natural plant

protectants on controlling plant-parasitic nematode disease. Plant Pathol. Bull. 17: 169-176.

(1 Agricultural Extension Center, National Chung-Hsing University, Taichung 2 Plant Pathology

Division, Agricultural Research Institute, COA, Wufeng, Taichung; 3 Propagation Technology

Division, Taiwan Seed Improvement and Propagation Station, COA, Shin-Shou, Taichung;
4 Deptarment of Plant Pathology, National Chung-Hsing University, Taichung; 5 Floriculture Research

Center, Agricultural Research Institutes, COA, Ku-Keng, Yun-Lin; 6 Corresponding author, E-mail:

tfhsieh@wufeng.tari.gov.tw; Fax: +886-5-582-0835)

Plant diseases caused by parasitic nematodes are widespread in Taiwan. The most destructive

species is Meloidogyne incognita, root-knot nematode, which causes serious problems in crop

production. Current management of root-knot nematode primarily relies on application of

nematicides. However, chemicals create a potential hazard to the environment and human health;

alternatives to nematicides are highly desirable. Based on the results from in vitro tests, two natural

plant protectants, NPP-D (formulated from cinnamon oil) and NPP-H (formulated from morpholine),

were selected from greenhouse experiments. The effect of two natural plant protectants on the

population of root-knot nematode in laboratory and greenhouse has evaluated. The results showed

that NPP-D and NPP-H, applied at the rate of 10000 X, reduced the galling index on tomato roots, as

well as the population density of root-knot nematode significantly (P<0.05) compared to untreated

control.

Keywords: plant extract, natural plant protectant, Meloidogyne incognita, Pratylenchus coffeae,

control


