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2002.  
Table 1. Effect of different rate of T. koningii, flutolanil, tolclofos methyl or their recombination's on germination of tomato 
seeds and percentages of seedlings’ infection rate with damping-off under artificial infection conditions in the glasshouse 
during 2002. 
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 Treatment and type 
of its application 

0,�� :       ��+
�� �-�	�Seed treatment. A 

7.3 f-i 34.3 gh 44.4 b 41.7 e 
7×6

10 �� ��� 1�� /2	�
� �  )I(  
7x106 conidia in ml/2 g seed (I)  

7.7 e-h 100.0 a 0.01 i 80.3 ab 
7×8

10�  �� ��1�� /2	�
� � )II(  
7x108 conidia in ml/2 g seed (II) 

T. koningii (TR) 

9.3 bc 75.4 a-e 16.6 d-i 66.7 a-d 
0.4���� ��� � /	�
� ��) III(  

0.4 g a. i./kg seed (III) 

9.0 cd 96.1 a-c 2.7 hi 80.5 ab 
4���� ��� � /	�
� ��) IV(  

4 g a. i./kg seed (IV) 

Tolclofos methyl 10 
(TO.10) 

9.3 bc 79.4 a-d 13.8 e-i 66.7 a-d 
1.25���� ��� � /	�
� ��) V(  

1.25 g a. i./kg seed (V) 

10.3 ab 99.3 ab 0.1 i 77.8 a-c 
2.5���� ��� � /	�
� ��) VI(  

2.5 g a. i./kg seed (VI) 

Flutolanil 25 
(FL.25) 

6.7 h-k 75.9 a-e 16.6 d-i 80.5 ab 

7×6
10 �� ��� 1�� /2 	�
� �  +  
0.4���� ��� � /	�
� ��) VII(  

7x106 conidia in ml/2 g seed +  
0.4 g a. i./kg seed (VII)  

7.0 g-j 57.9 d-g 27.7 b-g 66.7 a-d 

7×8
10 �� ��� 1�� /2	�
� � +  

4���� ��� � /	�
� ��) VIII( 
7x108 conidia in ml/2 g seed +  
4 g a. i./kg seed (VIII) 

TR+TO.10 

6.3 i-l 74.8 a-e 16.6 d-i 66.7 a-d 

7×6
10 �� ��� 1�� /2 	�
� � +   
1.25 ���� ��� �/	�
� ��) IX( 

7x106 conidia in ml/2 g seed +  
1.25 g a. i./kg seed (IX) 

7.3 f-i 60.0 d-g 27.7 b-g 63.9 a-e 

7×8
10 �� ��� 1�� /2	�
� � +   
2.5���� ��� � /� ��	�
) X(  

7x108 conidia in ml/2 g seed +  
2.5 g a. i./kg seed (X) 

TR+FL.25 

4.3 n - 66.6 a 63.9 a-e  ���  Infected 
9.0 cd - 00.0 i 77.8 a-c  ����  Healthy  

���            Check  

0�$1 :      �
���� �-�	�Soil treatment. B 

10.7 a 58.4 d-g 30.5 b-g 50.0 de 
1 ��� � �	�� ������ �� 	!"��/�	"#) XI(  

1 g fungal growth on boiled rice 
medium/hole (XI) 

9.3 bc 53.1 d-g 38.9 bc 44.4 de 
2 �	�� ������ �� 	!"�� ��� �/�	"#) XII(  

2 g fungal growth on boiled rice 
medium/hole (XII)  

T. koningii (TR. S) 

5.3 l-n 45.4 f-h 38.9 bc 44.4 

10������ $��� �� /���	�� �	"#1�  ��� 
����/%� 	���) XIII(  

10 ml fungicide suspension/hole at rate 1 
g a. i./L water (XIII)  

Tolclofos methyl 50 
(TO.50) 
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10 ml fungicide suspension/hole at rate 2 
g a. i./L water (XIV) 

 

8.3 c-f 48.2 e-h 36.1 b-d 47.2 de 
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� �� /����� ����0.75 �  ���� 
���
�/��� ����) XV(  

10 ml fungicide suspension/hole at rate 
0.75 g a. i./L water (XV) 

7.3 f-i 72.3 a-f 19.4 c-i 66.7 a-d 

10������ �	
� �� /���� ����� 1.5�   
���
� ����/��� ����) XVI(  

10 ml fungicide suspension/hole at rate 
1.5 g a. i./L water (XVI) 

Flutolanil 25S 
(FL.25S) (2) 

6.7 h-k 59.7 d-g 27.8 b-g 61.1 a-e 

1���� ������ �� ����� ��� � /  ���� +10 
������ �	
� ��/ ����� ����1�  ���� 

���
�/��� ����) XVII(  
1 g fungal growth on boiled rice 
medium/hole + 10 ml fungicide 
suspension/hole at rate 1 g a. i./L water 
(XVII) 

6.3 i-l 56.9 d-g 27.8 b-g 55.5 c-e 

2�� ������ �� ����� ��� � ��/  ����+  
 10������ �	
� �� / ����� ����2�  ���� 

���
�/��� ����) XVIII(  
2 g fungal growth on boiled rice 
medium/hole + 10 ml fungicide 
suspension/hole at rate 2 g a. i./L water 
(XVIII) 

TR.S+TO.50 

7.0 g-i 54.6 d-g 30.5 b-g 50.0 de 

1���� ������ �� ����� ��� � / �� ��+  
 10������ �	
� �� /����� ���� 0.75�  ���� 

���
�/��� ����) XIX(  
1 g fungal growth on boiled rice 
medium/hole + 10 ml fungicide 
suspension/hole at rate 0.75 g a. i./L water 
(XIX) 

6.0 j-m 49.1 e-h 36.1 b-d 44.4 de 

2� ������ �� ����� ��� � ���/ ���� +10 
������ �	
� ��/ ����� ����1.5�  ���� 

���
�/��� ����) XX(  
2 g fungal growth on boiled rice 
medium/hole + 10 ml fungicide 
suspension/hole at rate 1.5 g a. i./L water 
(XX) 

TR.S+FL.25S  

6.3 i-l - 69.4 a 58.3 b-e  ��!�  Infected 
11.3 a - 00.0 i 83.3 a  "�	�  Healthy  

�#�$            Check  

������ :     ���	�
� �
���
 �����Seed and treatment. C 

7.3 f-i 80.5 a-d 9.2 g-i 61.1 a-e )I) + (XI(  
6.7 h-k 78.8 a-d 27.8 b-g 53.7 de (XII) + (II) 

TR + TR.S 

8.7 c-e 58.0 d-g 18.5 c-i 63.0 a-e (XIII) + (III)  
5.3 l-n 60.9 d-g 11.1 g-i 62.9 a-e (XIV) + (IV) 

TO.10 + TO.50 

6.7 h-k 70.6 c-f 11.1 g-i 66.7 a-d (XV) + (V) 
8.3 c-f 71.7 b-f 12.9 f-i 57.4 b-e (XVI) + (VI) 

FL.25 + FL.25S 

6.3 i-l 46.8 f-h 29.6 b-g 50.0 de (XVII) + (VII) 
5.3 l-n 23.0 h 35.2 b-e 40.7 e (XVIII) + (VIII) 

TR+TO.10 + 
TR.S+TO.50 

5.7 k-m 56.9 d-g 24.0 b-h 50.0 de (XIX) + (IX) 
6.3 i-l 61.0 d-g 18.5 c-i 50.0 de (XX) + (X) 

TR+FL.25 + 
TR.S+FL.25S 

5.3 l-n - 42.6 b 57.4 b-e  ��!�  Infected 
8.0 d-g - 00.0 i 79.6 ab  "�	�  Healthy  

�#�$            Check  

1.07 27.85 21.95 23.75  %���� ��& ��'�� *��
� ��� �,- ���,0.05) LSD value at 0.05  (  
8.98 26.15 55.85 23.61  ��$��� ���
� (%)C.V  
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Table 2. Effect of T. koningii, flutolanil, tolclofos methyl or their recombination's on control of tomato seedlings damping-Off 
disease caused by R. solani under artificial infection conditions in plastic pots, 2003. 
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�,
��
�� 
Treatment 

47.1 b 8.5 b 7.6 b 98.9 a 7×8
10 �� ��� 1�� /2	�
� �   

7x108 conidia in 1 ml/2 g seed 

T. koningii 

100.0 a 00.0 c 00.0 c 100.0 a 4� ���� ��� /	�
� �� 
4 g a. i./kg seed  

Tolclofos methyl 10 

100.0 a 00.0 c 00.0 c 100.0 a 2.5���� ��� � /	�
� �� 
2.5 g a. i./kg seed  

Flutolanil 25 

95.2 a 0.8 c 0.8 c 100.0 a 7×6
10 �� ��� 1�� /2 	�
� � 

 +0.4���� ��� � /	�
� �� 
7x106 conidia in 1 ml/2 g seed 
+ 0.4 g a. i./kg seed  

T. koningii + 
Tolclofos methyl 10 

100.0 a 00.0 c 00.0 c 100.0 a 7×6
10 �� ��� 1�� /2 	�
� � 

+ 1.25���� ��� � /	�
� �� 
7x106 conidia in 1 ml/2 g seed 
+ 1.25 g a. i./kg seed 

T. koningii + 
Flutolanil 25 

- 17.4 a 14.3 a 96.0 b 00.0 ��� ���  
Infected Check 

- 00.0 c 00.0 c 100.0 a 00.0 ���� ���  
Healthy Check 

10.06 5.695 4.58 2.18 ��� ����� �	� �!"��#$� %�#��  0.05  
LSD at 0.05 

6.04 84.02 79.6 1.24  &#�#�� ���� (%)C.V  
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Table 3. Effect of flutolanil or tolclofos methyl on growth of T. koningii and R. solani fungi on PDA medium containing 
different rates of both fungicides applications, at 21ºC, 2001.  
 

 ��� ����	
� �� ����	4 �����
� �	 ���� )��(  
Mean colony diameter, 4 days after incubation (cm) 

T. koningii R. solani 
 �������� ���	)�
��� ���	 �/�����	 ���
(  

Rate of application (g a.i./L. Medium) 
�!	��	
� 

Treatment 

9.00 a (1) 0.00 e 0.125 

5.65 c (1) 0.00 e 1.250 

3.25 d (1)  0.00 e 2.500 

Flutolanil 25 

6.50 b (2) 0.00 e 0.400 

6.25 b (2) 0.00 e 4.000 

5.40 c (2) 0.00 e 8.000 

Tolclofos methyl 10 

8.75 a (4) 8.50 a (3) 0.000 ����        Check  

0.575  ��� 	
�� ���
 ��� ��
 ���
 ���0.05           LSD at 0.05  

8.23  ������ �
��
 (%)C.V   

)1 (���� ���� �
���!����� �"� #�$&�'� *����� +��� #
 ,�-�� �����
�� .'�. 
)2 ( 0$
 ��� .�& �
���!����� �"� 1��� +�14#�$&��� #
 ,�
� . 
)3 (#�$&�'� *����� +��� #
 ,�-�� 	��2&�� �
��2� ��!�� ����!3����� �"� ���. 
)4 ( ��� ���� �
���!����� �"� ���4��
 	��3
�� ���4 5#�$&��� #
 +���  ��� ,��'! 	�9+��� . 

(1) The sporulation of Trichoderma fungus on medium started at 6 days after incubation,  
(2) No sporulation was recorded, 14 days after incubation of Trichoderma fungus  
(3) Sclerotia formation was recorded at 6 days after incubation of R. solani fungus   
(4) The conidia formation of Trichoderma fungus started at 4 days after incubation, and complete sporulation on medium occurred at 9 days 

after incubation  
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Abstract 
Al-Chaabi, S., G. Malloohi and L. Matrod. 2007. Control of Tomato Seedlings Damping-Off Disease (Rhizoctonia solani 
Kuhn.) Using Trichoderma koningii Oudem., Flutolanil or Tolclofos Methyl. Arab J. Pl. Prot. 25: 15-27. 

The antagonist T. koningii (isolate No. 5) was highly effective (100%) against tomato (Lycopersicum esculentum Mill.) seedlings 
damping-Off disease caused by R. solani, when applied in 2002 as a seed dressing before planting at high rate (7 X 108 conidia/0.5 ml/1 g 
seed) under artificial infection conditions in the glasshouse, whereas its efficiency in 2003 was moderate (47.1%) in plastic pots under field 
conditions. The efficiencies of flutolanil 25 WP, tolclofos methyl 10 DS at high application rates (2.5 and 4.0 mg a.i. / g seed, respectively), 
or their recombination's at low application rates (1.25 and 0.4 mg a.i./g seed, respectively) with the biocontrol fungus at low rate (7x106 
conidia/0.5 ml/ 1 g seed) were effective excellent protecting tomato seedlings from the disease under glasshouse and field conditions, and no 
significant differences in efficiencies were recorded. The application type had an important effect on efficacy of fungicide, biocontrol fungus, 
or their recombination's at low and high application rates. In general, the seed treatments efficiencies were higher in comparison with the 
same treatments applied on soil, or on soil and seed together. Flutolanil 25 WP and tolclofos methyl 10 DS at three application rates for each 
(0.125, 1.25, 2.5 and 0.4, 4.0, 8.0 g a.i./ L PDA medium, respectively) were very effective, and strongly inhibited the growth of R. solani on 
PDA medium in vitro, whereas the effect of the same fungicides at the same previous rates on T. koningii was different. The sporulation of 
biocontrol fungus on PDA medium was not affected by application flutolanil, and both fungicides at the same application rates did not 
suppress the radial colony growth of biocontrol fungus on PDA medium.  
Keywords: Damping-Off, Flutolanil, Rhizoctonia solani, Tolclofos methyl, Tomato, and Trichoderma koningii. 
Corresponding Author: Salah Al-Chaabi, GCSAR, Plant Protection Administration, Douma, P.O. Box 113, Damascus, Syria,  
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 �������  References  

 
1. Abdel-Rahim, A.M. and A.A. Abu-Surrieh. 1989. 

Biological control of Rhizoctonia solani the causal 
agent of seedling blight in Okra. Arab Journal of Plant 
Protection, 7 (2): 167-171. 

2. Al-Chaabi, S. and L. Matrod. 1994. Evaluation of 
biocontrol efficacy on pathogenic soil borne fungi. 
Arab Journal of Plant Protection, 12 (1): 49. 

3. Al-Chaabi, S. and L. Matrod. 2000. Biological and 
chemical control of potato black scurf. Abstracts book 
of Seventh Arab Congress of Plant Protection, 22-26 
October, 2000, Amman, Jordan. Page 241. 

4. Al-Chaabi, S. and L. Matrod. 2002. Control of 
potato black scurf disease (Rhizoctonia solani Kuhn) 
using some isolates of Trichoderma koningii Oudem. 
Or tolclofos methyl. Arab Journal of Plant Protection, 
20 (1):6-13. 

5. Al-Chaabi, S., G. Malloohi and L. Matrod. 2001. 
Assessment of efficacy of pencycuron and tolclofos-
methyl for the control of Rhizoctonia solani Kuhn. on 
potato.  Arab Journal of Plant Protection, 19(2): 101-
106. 

6. Al-Chaabi, S. and L. Matrod. 2002. Laboratory 
study to evaluate efficacy of different Trichoderma 

spp. isolates on some soilborne pathogenic fungi. 
Arab Journal of Plant Protection, 20 (2): 77-83. 

7. Asaka, O. and M. Shoda. 1996. Biocontrol of 
Rhizoctonia solani damping-off of tomato with 
Bacillus subtilis RB14. Applied and Environmental 
Microbiology, 62 (11): 4081-4085. 

8. Benhamou, N. and I. Chet. 1993. Hyphal 
interactions between Trichoderma harzianum and 
Rhizoctonia solani: Ultrastructure and Gold 
Cytochemistry of the Mycoparasitic process, 
Phytopathology, 83(10): 1062-1071. 

9. Cartwright, D.K. and D.M. Benson. 1995. 
Comparison of Pseudomonas species and application 
techniques for biocontrol of Rhizoctonia stem rot of 
Poinsettia. Plant Disease, 79 (3): 309-313. 

10. Chet, I. 1987. Trichoderma – Applications, mode of 
action and potential as a biocontrol agent of soilborne 
plant pathogenic fungi. Pages 137–160. In: Innovative 
Approaches to Plant Diseases. I. Chet (ed.). John 
Wiley & Sons, New York. 

11. Coley-Smith, J.R., C. J.  Ridout, C.M. Mitchell and 
J.M. Lynch. 1991. Control of bottom rot disease of 
lettuce (Rhizoctonia solani) using preparations of 

26 ���� ���	
�� ��	�� ����� ����   25 ��� �1) 2007(  



Trichoderma viride, T. harzianum or tolclofos – 
methyl. Plant Pathology, 40: 359–366. 

12. Dementeeva, M.I. 1985. Otsenka effectivnosti 
chemitcheskikh i drugikh zachitnekh meropriatii, 
Phytopathologia B., Izd –3, Moscow, Agropromizdat: 
165. 

13. El-Shami, M.A., N.G.H. Awad and N.A.R. Abdel 
Nour. 1993. Effect of fungicides and herbicides 
interactions on tomato damping-off and plant growth. 
Egyptian Journal of Agricultural Research, 71 (3): 
641-658.  

14. Filippov, A.V., M.A. Kuznetzova, T.I. Barlyuk, 
A.N. Rogozhin and V.D. Pyushpeki. 1996. Influence 
of potato tuber treatment with fludioxonil on 
development of fungal diseases. Proceedings of the 
International Conference of Crop Protection, 
Brighton, UK, November 18-21, 1996, 1: 269-274. 

15. Khanna, R.N. and J. Sharma. 1996. Effect of boric 
acid treatment on seed and soil borne Rhizoctonia 
solani inocula and rhizosphere microflora. Journal of 
the Indian Potato Association, 23 (1-2): 1-7. 

16. Khoury, F., M. bellar, L. El Roh and N. Riad. 
1974. List of plant diseases in Syria. S.A.R. Ministry 
of Agriculture and Agra. Reform Booklet, 55: 5-6. 

17. Lacicowa, B. and D. Pieta. 1994. Protective effect of 
microbiological dressing of Pea seeds (Pisum sativum 
L.) against pathogenic fungi living in soil. Annales 
Universitatis Mariae Curie-Sklodowska, Sectio EEE, 
Horticultura, 2: 165-171. 

18. Lakra, B.S. 1992. Correlation of infection intensities 
of black scurf with yield components of potato. Indian 
Journal of Mycology and Plant Pathology, 22 (2): 
203-204. 

19. Lewis, J.A. and G.C. Papavizas. 1987. Application 
of Trichoderma and Gliocladium in alginate pellets 
for control of Rhizoctonia damping-off, Plant 
Pathology, 36: 438–446. 

20. Lewis, J.A. and G.C. Papavizas. 1991. Biocontrol of 
cotton damping-off caused by Rhizoctonia solani in 
the field with formulations of Trichoderma spp. and 
Gliocladium virens. Crop Protection, 10: 396–402. 

21. Lin, A., T.M. Lee and J.C. Rern. 1994. Tricholin, a 
new antifungal agent from Trichoderma viride and its 
action in biological control of Rhizoctonia solani. 
Journal of Antibiotics, 47(7): 799-805. 

22. Linda Meyer and K.A. Brainard. 1996. Crater 
disease of wheat caused by Rhizoctonia solani; AG-6; 
Plant Disease, Dec; Disease Notes, 1429. 

23. Lumsden, R.D., J.F. Walter and C.P. Baker. 1996. 
Development of Gliocladium virens for damping-off 

disease control. Canadian Journal of Plant Pathology, 
18: 463–468. 

24. Mazzola, M. 1996. Classification and Pathogenicity 
of Rhizoctonia spp. isolated from apple roots and 
orchard soil. Phytopathology, 86(11): 55, 37 A. 

25. Mazzola, M. 1997. Identification and Pathogenicity 
of Rhizoctonia spp. isolated from apple roots and 
orchard soils. Phytopathology, 87(11): 582-587.  

26. Mukherjee, P.K., A.N. Mukhopadhyay, D.K. 
Sarman and S.M. Shrestha. 1995. Comparative 
antagonistic properties of Gliocladium virens and 
Trichoderma harzianum on Sclerotium rolfsii and 
Rhizoctonia solani – its relevance to understanding 
the mechanisms of biocontrol. Journal of 
Phytopathology, 143(5): 275-279. 

27. Paradela, A. L. and I.P. Bedendo. 1994. Behavior of 
Rhizoctonia solani in relation to Trichoderma sp. and 
sensitivity of these fungi to some chemicals. 
Ecossistema (Brazil), 19: 88-97. 

28. Sanhita Gupta, D.K. Arora and A.K. Srivastava. 
1995. Growth promotion of tomato plants by 
rhizobacteria and imposition of energy stress on 
Rhizoctonia solani .Soil Biology and Biochemistry, 
27 (8): 1051-1058. 

29. Schmiedeknecht, G. 1993. Biological control of 
Rhizoctonia solani Kuhn on potatoes by microbial 
antagonists. Archives of Phytopathology and Plant 
Protection, 28 (4): 311-320. 

30. The annual Agricultural Statistical Abstracts. 
2003. Total area, production and yield of potato. S. A. 
R., Ministry of Agriculture and Agra. Reform. 
Department of Planning and Statistics. Agr. Statistics 
Division, Table 53: 96. 

31. Wicks, T.J., B. Morgan and B. Hall. 1995. 
Chemical and biological control of Rhizoctonia solani 
on potato seed tubers. Australian Journal of 
Experimental Agriculture, 35 (5): 661-664. 

32. Wicks, T.J., B. Morgan and B. Hall. 1996. 
Influence of soil fumigation and seed tuber treatment 
on the control of Rhizoctonia solani on potato. 
Australian Journal of Experimental Agriculture, 36 
(3): 339-345. 

33. Xue Baodi, Li Ju Ah and Chen Yong Xuan. 1995. 
Studies on antagonism of Trichoderma sp. against 6 
pathogenic fungi and biological control. Journal of 
Nanjing Agricultural University, 18(1): 31-36. 

34. Zhou Xin Gen, Zhu Zong Yuan and Wang Su Jun. 
1994. Effect of organic amendment coated with 
antagonistic microorganisms on biological control of 
soilborne pathogens on vegetables. Acta Agricultural 
Shanghai, 10(4): 53-58. 

 
  

��������	
� : 23/1/2006���� ��� �������� ����� � :11/10/2006 Received: January 23, 2006; Accepted: October 11, 2006 

 

27   Arab J. Pl. Prot. Vol. 25, No. 1  (2007) 


