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from Technical Institute for Field Crops-Oued Smar 
(Algiers). 
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Table 2. Pathogenic  Fusarium spp. tested. 
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Figure 1. Direct (A) and indirect (B) interaction between 
mycelial growth of Fusarium spp. and Trichoderma spp. 
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�Ta.13� 2�����+��� =	���� Trichoderma spp. Ta.72 Ta.132 
Th.15. ��������+�� . Fusarium spp) �
� 2(.  

  
���� 3.  �������� �	
 	����)�� (Fusarium spp. 
�� 7 ���� 

�������� �������� ���� Trichoderma spp. .  
Table 3. Average diameter of Fusarium spp. colonies seven 
days after direct confrontation with Trichoderma spp. 
 

 �

����� 
�� �����)�� (
Fusarium spp.  

Average diameter of 
Fusarium spp. colonies   �
���� �����
������
 
���  

Trichoderma isolates used FA*  FC  FM  FS 

�����     Control 64 a  85 a  62 a  70 a  

Ta.7 (T. atroviride)  23 c  40 d  27 cd  7 c  
Ta.13 (T. atroviride)  22 c  50 c  34 c  22 b  
Th.6 (T. harzianum)  36 b  75 b  30 c  9 c  
Th.15 (T. harzianum)  25 c  82 a  45 b  9 c  
TL.9 (T. longibrachiatum)  20 c  32 e  19 e  6 c  

�������	
�����	
 
�� ��  ������ ���� ����� ���� � ������� ����� ������	
 
 ����� ���!����
 0.05..  

Means in the same colomn followed by the same letter are not significantly 
different at P= 0.05. 
* FA = F. avenaceum, FC = F. culmorum, FM= F. moniliforme,  

FS= F. solani 

���� 4.��� ������ �� ��	����� �������� �� !����� �	"�� ��� 
��������  

 Table 4. Growth inhibition rate of pathogenic fungi in 
direct confrontation with antagonistic fungi 
  

 �
���� �����
������
 
���  
Trichoderma isolates used FA* FC FM FS 
Ta.7 (T. atroviride) 65  53  57  90  
Ta.13 (T. atroviride) 66  42  46  69  
Th.6  (T. harzianum) 44  12  52  88  
Th.15  (T. harzianum)  62  4  28  88  
TL.9  (T. longibrachiatum) 69  63  70  92  

* FA = F. avenaceum, FC = F. culmorum, FM= F. moniliforme,  
FS= F. solani 

  

A     

 
 

B     

 
 

 �!"2. #$% ���&� �'� !����� �	"�� ���*��� ����+� 
Trichoderma spp. : ���*��� ,�"���Trichoderma ���*��� #�' 

Fusarium spp. (A) �� #��' -�. !����� �	"�� ,�"��� #�'� /
 
���Trichoderma spp. (B). 

Figure 2.  Changes in pathogenic fungus mycelium as 
affected by the antagonistic fungus Trichoderma spp.: 
(A) Wrapping of Trichoderma mycelium around the 
Fusarium mycelium, (B) Transformation of mycelium of 
the pathogenic fungus into ropes in the presence of 
Trichoderma spp. 
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��� ���� Trichoderma spp. 	
��� ��
 � Fusarium spp. 


� 	����������  ��������   
������� 	
� �
�� ���� ��� �� ����� ���� ������� 
Trichoderma spp. ��� 	��� �Fusarium spp. ������ ���!� 

 �����"�#$� %��&� %������ ���� '�����. ( ��� ����� )��* 
��� ���� �+���,�&�#-�� /0����� ,������ ����� 1(��2   ��������

������ 3����� ��#�� ����4�� ) ����5.(������ ���!��� �
� ,����  
����� Trichoderma spp.
7 8%���-���  �
���� ���0��� ������ 

 ���!���� ����� ��� 4� 81% )���� 6.( ����� ���� :$�*  ���!��
����� ;� ����  <���=�F. avenaceum8 F. culmorum   

� F. moniliforme !>� �
� �������� T. longibrachiatum 

)TL.9 (�?$� @�
� 72% ;� F. avenaceum8 69%;�   
F. moniliforme�  63% ;� F. culmorum.� ��� �A
 %��B� 

��������� ��$��( 1( ��� � Trichoderma spp.  C��7���� 
Fusarium spp. ) ����6(.� D
#�� �+A* �+����E ���
� 

��������3����� ��#��  �!���,����$� � ��4� F���* �
� ����� 
��!>� ������  %�����������#$� %��&���) (antifungal volatil  1���

�+���(*��� � Trichoderma spp. ) ��43.(  

 
���� 5. �� ����� �	
������ Fusarium spp.) ��(
��  6 ���� 
�� ���
���
 �������
 ��� ��� ��	 Trichoderma spp..  

Table 5. Average diameter of Fusarium spp. colonies six 
days after indirect confrontation with Trichoderma spp. 
Isolates. 

  
 ���	
��	 �
� 
���	)�	 (
Fusarium spp.  

Average diameter of 
Fusarium spp. colonies   ������ ����������	�� ��
�  

Trichoderma isolates used FA*  FC  FM  FS 

����
       Control 71 a  85 a  60 a  68 a  

Ta.7  (T. atroviride)  23 c  40 d  27 de  51 b  
Ta.13  (T. atroviride)  22 c  50 c  34 c  20 e  
Th.6  (T. harzianum)  41 b  75 b  30 cd  30 c  
Th.15  (T. harzianum)  25 c  82 a  45 b  13 f  
TL.9  (T. longibrachiatum)  20 c  32 e  19 f  29 c  

�������	
�����	
 
�  ����  ������ ���� ����� ���� � ������� ����� ������	

 ����� ���!����
 0.05.  

Means in the same colomn followed by the same letter are not significantly 
different at P= 0.05. 
* FA = F. avenaceum, FC = F. culmorum, FM= F. moniliforme,  

FS= F. solani 

 
 ��� ����� ������� ������� ������Trichoderma spp.  ��
 	


 ����Fusarium spp. 

 ���7)��* ��&
��� ��   ��2 ����� 1( E���� 3�#-�� �+A
3����� ��#�� ���� �������� Fusarium spp. D$-��� �����

?�� �������� 1( ����
�� �
(����� ��( �����10�
 ������� �����4 
)���� 7.(�  ������� �
�,���� 3�#-������  Trichoderma spp.8 

 :$�* �$�� 
7 ���� ����� ���!��)90%( ���� � <��F. culmorum 
��!>� �
�������  T. atroviride (Ta.13) �����*� )52%( <���� ��� 

������ ;� ��� G�#� atroviride (T.a7) T. )���� 8(.��*  ������� 
 ���$� ���!� ���� :$�* �$�� ��( 8�&����� ���#�� <���* 12���

<���=� ����  F. avenaceum )85%( ;� T. longibrachiatum 

(TL.9)���!� ���� ���2 ��� 8 F. moniliforme) 86% ( ;�
�������� T. longibrachiatum (TL.9)   �T. harzianum (Th.15) 8

�87%���  F. solani ������� ; T. harzianum (Th.15) .  
  

 
 ����6 . 	��� ��� ���!�� ���"��
 �����
Fusarium spp. ���# $% 


�� �� ���
���
.  
Table 6. Growth inhibition rate  of Fusarium spp. isolates 
in indirect confrontation with antagonistic fungi 
 

 ������ ����������	�� ��
�  
Trichoderma isolates used FA* FC FM FS 
Ta.7  (T. atroviride) 68  53  55  25  
Ta.13  (T. atroviride) 70  42  44  71  
Th.6  (T. harzianum) 43  12  52  56  
Th.15  (T. harzianum)  65  4  25  81  
TL.9  (T. longibrachiatum) 72  63  69  58  

* FA = F. avenaceum, FC = F. culmorum, FM= F. moniliforme,  
FS= F. solani 

 

 

 

 

 ���3. ���&� '�*���� ����
 ���!�  ��*�
 
��F. solani ��!+� 	#� 
�����
 ,�� �� ����*��
 ��*-� �
�/��
 ��������
 

���
  

T. atriviride (Ta. 13)  
Figure 3. Growth inhibition and formation of sterile hyphae 
of the pathogenic fungus F. solani under the influence of 
volatile antifungal compounds produced by T. atroviride 
(Ta 13)  
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���� 7. ����� ��	��
 ����
 

����	� ��� �	��� 
Fusarium spp. ��� 7������
 �� ���� 
��  ����� ����	� 

������
 ����!��
 ���� ��"�	�
 �#
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Table 7. Average diameter of pathogenic fungi colonies 
seven days after incubation with crude filtrate of 
antagonistic fungi. 
 

 �

����� 
�� �����)�� (
Fusarium spp.  

Average diameter of 
Fusarium spp. colonies  

 �
���� �����
������
 
���  
 Antagonistic 
Trichoderma isolates used FA* FC FM FS 

�%�&�
     Control 40 a  85 a  42 a  53 a  
Ta.7 (T. atroviride)  10 b  41 b  11 b  11 b  
Ta.13 (T. atroviride)  7 b  9 d  7 bc  8 b  
Th.6 (T. harzianum)  11 b  15 c  12 b  8 b  
Th.15 (T. harzianum)  7 b  19 c  6 c  7 b  
TL.9 (T. longibrachiatum)  6 b  15 c  6 c  8 b  

�������	
�����	
 
�  ����  ������ ���� ����� ���� � ������� ����� ������	

 ����� ���!����
 0.05.  

Means in the same colomn followed by the same letter are not significantly 
different at P= 0.05. 
* FA = F. avenaceum, FC = F. culmorum, FM= F. moniliforme,  

FS= F. solani 

  

��� �8 .�
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 ��	' ����
 

����	� ��' �����
�����
Fusarium spp. ��� 7������
 �� ���� 
��  ����� 

������
 ����!��
 ���� ��"�	�
 �#
�$�
 ����	� .  
Table 8. Growth inhibition(%) of pathogenic fungi seven 
days after  incubation with crude filtrate of antagonistic 
fungi 
 

 �
���� �����
������
 
���  
 Trichoderma isolates used FA* FC FM FS 
Ta.7 (T. atroviride) 75  52  74  80  
Ta.13 (T. atroviride) 83  90  84  85  
Th.6 (T. harzianum) 73  83  72  85  
Th.15 (T. harzianum) 83  79  86  87  
TL.9 (T. longibrachiatum) 85  83  86  87  

* FA = F. avenaceum, FC = F. culmorum, FM= F. moniliforme,  
FS= F. solani 

  

�������	 
 

���� ���	�
�� 
����
�� ���  ��

�� ����� ����Fusarium 

spp. 
������ 
��	�
�� ��� ����� Trichoderma spp.� ��� �� 
 ���� !
 
��	"
 ����� �
� 
��#� $#%% ���&'�Fusarium spp. .

�(���  ���� �)%�� 
����
�� �
 !�	#�� $��Trichoderma spp. 
����� *%�� $� 	
��� +���� 
�	#
 ,	��� 
-/- Fusarium spp.  0�#

���12 
�	#
.���� ���-%� 
��3
�� 4#���  �� ��

�� ����� �
� 

�#� 5)�� �
� *�)"%�,���'�  
6��'� 
6�	%��7���  Fusarium  $%

��� !
 	��)� *�2���
 T. longibrachiatum ) (TL.9�  ����� 


Fusarium spp.  �-�'�
�#	#�  ��� �	�%Trichoderma spp. �( 
���
,����  F. solani. �9���  �� 
����
�� �
 !�	#�� $���� (�

 ���� 
���	:Trichoderma spp.  ;<��: ���
6%#
 Fusarium 

spp.� 	�%�;< ���� 	

 	�<�� �:��% ��	6�� 
�)��%�� 
��=>	�.�  �"�%�

"�	# �	#��; !
 ?3	%��� ������9� 
����-%�� ��;"
��  �,��)  

T. longibrachiatum �	�% ,���� F. graminearum �����% @��� 
��� ���-%�� 
�#� 62.21 � 66.66%  �	�%F. graminearum) 8.(  

0�&� *	
�� ���� 	
���� �� ��������  T. harzianum 
�T. viride %*)"�  �
Kühn Rhizoctonia solani 
�#�� 52.2 
�55.8%�(���%�� 5)� �� !
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5)�� �
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������� �
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Abstract 
Boureghda, H. and R. Renane. 2011. In vitro Study of Antagonistic Activity of Some Isolates of Trichoderma spp. 
Against Fusarium spp. Isolates the Causal Agent of Wheat Head Scab. Arab Journal of Plant Protection, 29: 51-59. 

Wheat Fusarium head blight (scab) caused by several species of Fusarium and  Microdochium nivale is considered a major constraint 
of wheat production worldwide. Three species of Trichoderma: T. longibrachiatum, T. harzianum and T. atroviride were evaluated for their 
antagonistic effect against four Fusarium spp. (F. moniliforme, F. solani F. culmorum and F. Avenaceum) isolated from scabbed heads of 
wheat. The antagonistic activity of Trichoderma spp. against these pathogens was estimated in vitro, in dual cultures and through production 
of volatile and non-volatile inhibitors. In direct confrontation, rates of growth inhibition ranged from 12 to 92% were obtained against the 
four Fusarium species used in this study, with the highest rate of inhibition (92%) conferred by the isolate TL.9 of the species T. 
longibrachiatum against Fusarium solani. In indirect confrontation,  inhibition rates ranged between 4 and 81%, with the highest rate of 
inhibition was obtained by the isolate Th.15 of the species T. harzianum (81%) against Fusarium solani. Evaluation of the culture filtrate of 
Trichoderma on the pathogenic fungus Fusarium spp. growth showed that inhibition rates ranged between 52 and 90%  and the most 
effective isolate for Fusarium spp. inhibition was the isolate Ta.13 (T. atroviride) which produced 90% inhibition against F. culmorum. 
Keywords: Biological control, Trichoderma spp., Wheat scab.  
Corresponding author: Houda Boureghda, Departement de Botanique, Institut National Agronomique (INA), El Harrach, Algiers, 

Algeria, Email: hou.boureghda@gmail.com 

 

�������  References 
  
1.  � ��� ��	���
��
�� ���� .2002 . ������ ��	
��� �
�	�

 ���� ��	�����	��� 	��� ����� �� ������ ���� ������
�
	���
 �������� �!	���� 	����� "#
 . ������ ���$� ����

 %��
	#��20 :77&83.  
2. Agrios G.N. 2005. Plant Pathology. Fifth edition, 

Elsevier Academic Press, 962 pp.  
3. Bai, G. and G. Shaner. 1996. Variation in Fusarium 

graminearum and cultivar resistance to wheat scab. 
Plant Disease, 80: 975-979.  

4. Benhamou, N. and I. Chet. 1993. Hyphal 
interactions between Trichoderma harzianum and 
Rhizoctonia solani: Ultrastructure and gold 
cytochemistry of the mycoparasitic process. 
Phytopathology, 83: 1062-1071. 

5. Benhamou, N. and I. Chet. 1996. Parasitism of 
sclerotia of Sclerotium rolfsii by Trichoderma 
harzianum: Ultrastructural and cytochemical aspects 
of the interaction. Phytopathology, 86: 405-416. 

6. Booth, C. 1971. The genus Fusarium. 
Commonwealth Mycological Institut, Key, England. 
237 pp.  

7. Boureghda, H. 2009. Recherche de l’effet 
antagoniste de Trichoderma spp. à l’égard de 
Fusarium oxysporum f.sp. ciceris (Padwick) Matuo et 
K. Sato (Foc), agent du flétrissement du pois chiche. 
Thèse de doctorat en Sciences Agronomiques. Institut 
National Agronomique. El Harrach, Alger. 153pp.  

8. Boureghda, H. and L. Sidhoumi. 2003. Biological 
control of root rot of wheat by use of isolates of 
Trichoderma longibrachiatum. In Abstract book of 8th 
Arab congress of Plant Protection, 12-16 October 
2003, El Beida, Libya. 

9. Boureghda, H. and Z. Bouznad. 2009. Biological 
control of Fusarium wilt of chickpea using isolates of 
Trichoderma atroviride, T. harzianum and T. 
longibrachiatum. Acta Phytopathologica et 
Entomologica Hungarica, 44(1): 25-38  

10. Campbell, K.A.G and P.E. Lopps. 1998. Allocation 
of resources: Sources of variation in Fusarium head 
blight screening nurseries. Phytopathology, 88: 1078-
1086. 

11. Chen, Yu., J.X. wang, M.G. Zhou, C.J. Chen and 
S.K. Yuan. 2007. Vegetative compatibility of 
Fusarium graminearum isolates and genetic study on 
their carbendazim-reistance recombination in China. 
Phytopathology, 97: 1584-1589. 

12. Clear, R.M. and S.K. Patrick. 2000. Fusarium head 
blight pathogens isolated from Fusarium-damaged 
kernels of wheat in western Canada, 1993 to 1998. 
Canadian Journal of Plant pathology, 22: 51-60. 

13. Dawson, W.A.J.M., M. Jestoi, A. Rizzo, P. 
Nicholson and G.L. Bateman. 2004. Field evaluation 
competitors of Fusarium culmorum and F. 
graminearum, causal agents of ear blight of winter 
wheat, for the control of mycotoxin production in 
grain. Biocontrol Sciences and Technology, 15: 783-
799. 

14. Dennis, C. and J. Webester. 1971. Antagonistic 
properties of species groups of Trichoderma. 
Production of non-volatiles antibiotics. Transaction 
British Mycological Society, 57: 25-39.  

15. Dodd, S.L., E. Lieckfeldt and G.J. Samuels. 2003. 
Hypocrea atroviridis sp. nov., the teleomorph of 
Trichoderma atroviride. Mycologia, 95: 27-40. 

 16. Dubey, S.C., M. Suresh and S. Birendra. 2007. 
Evaluation of Trichoderma species against Fusarium 
oxysporum f.sp. ciceris for integrated management of 
chickpea wilt. Biological Control, 40: 118-127.  

17. Elad, Y., I. Chet and Y. Henis. 1982. Degradation of 
plant pathogenic fungi by Trichodema harzianum. 
Canadian Journal of Micobiology, 28: 719-72 

18. Hassanein, A.M., G.A. Elmorsy and H.H. Abou-
Zeid. 1996. Biological control of damping off root rot 
and wilt diseases of lentil, pp. 369-374 In: proceeding 
du symposium regional sur les maladies des céréales 
et des légumineuses alimentaires, 11-14 novembre, 
1996, Rabat, Maroc.  

19. Hibar, K., M. Daami-Ramadi, H. Khiareddine and 
M. El Mahjoub. 2005. Effet inhibiteur in vitro et in 
vivo du Trichoderma harzianum sur Fusarium 
oxysporum f. sp. radicis-lycopersici. Biotechnology 
Agronomy Society and Environement, 9:163-171  



59 Arab J. Pl. Prot. Vol. 29, No. 1 (2011) 

20. Hmouni, A., M.R. Hajlaoui and A. Mlaiki. 1996. 
Résisitance de Botrytis cinerea aux benzimidazoles et 
aux dicarboximides dans les cultures abritées de 
tomate en Tunisie. OEPP /EPPO Bulletin, 26: 697-
705. 

21. Howell, C.R. 2003. Mechanisms employed by 
Trichoderma species in the biological control of plant 
diseases: The history and evolution of current 
concepts. Plant Disease, 87: 4-10. 

22. Khan, I.A., S.S. Alam and A. Jabbar. 2001. 
Standardization of medium for the production of 
maximum phytotoxic activity by Fusarium 
oxysporum f. sp. ciceris. Pakistan Journal of 
Biological Sciences, 4: 1374-1376. 

23. Lanusse, M., B. Lung-Escarmant, B. Dubos. et B. 
Taris. 1983. Etude in vitro des propriétes de huit 
espèces de Trichoderma à l’égard de deux souches 
d’Armillaria mellea (vahl.) karst. In : Les 
antagonismes microbiens mode d’action et application 
à la lutte biologique contre les maladies des plantes. 
24 ème colloque SEF, Bordeaux, 26-28 mai 1983. Ed. 
INRA. pp 178-189.  

24. Leslie, J. and B. Summerell. 2006. The Fusarium 
Laboratory Manual. First edition, Blackwell 
Publishing. 387 pp 

25. Levitin M.M. 2000. Recent developments in research 
on Fusarium head blight of cereals in Russia. In: 6th 
European Fusarium Seminar and Third COST 835 
Workshop of Agriculturally Important Toxigenic 
Fungi (p 25) Berlin, Germany. 

26. Luongo, L., M. Galli, L. Corazza, E. Meekes, L. de 
Haas. and C. Lombaers van der Plas. 2005. 
Potential of fungal antagonists for biocontrol of 
Fusarium spp. in wheat and maize through 
competition in crop debris. Biocontrol Sciences and 
Technology, 15: 229-242.  

27. Ma, H.X., G.H. Bai, X. Zhang and W.Z. Lu. 2007. 
Main effects, epistasis, and environmental interactions 
of quantitative trait loci for Fusarium head blight 
resistance in a recombinant Inbred Population. 
Phytopathology, 96: 534-541.  

28. Müllenborn, C., U. Steiner, M. Ludwig and E-C. 
Oerke. 2008. Effect of fungicides on the complex of 
Fusarium species and saprophytic fungi colonizing 
wheat kernels. European Journal of Plant Pathology, 
120: 157-166.  

29. Olivier, J.M. et Germain, R. 1983. Etude des 
antibiotiques volatils des Trichoderma. In: Les 
antagonismes microbiens mode d’action et application 
à la lutte biologique contre les maladies des plantes. 
24ème colloque de la Société Française de 
Phytopathologie, Bordeaux, 26-28 mai 1983. Ed. 
INRA, pp, 17-34  

30. Parry, D.W., P. Jenkinson and L. Mcleod. 1995. 
Fusarium ear blight (scab) in small grain cereals- a 
review. Plant Pathology, 44: 207-238.  

31. Renane, R. et H. Boureghda. 2008. Etude de la 
croissance in vitro et de l’agressivité de quelques 
isolats de Fusarium spp. agent de la gale de l’épi du 
blé. 7ème Journées Scientifiques et Techniques 
Phytosanitaires. INPV, El Harrach, Alger, Algérie 15-
16 Décembre 2008. Recueil des résumés. 

32. Samuels, G.J., S.L. Dodd, W. Gams, L.A. 
Castlenry and O. Petrini. 2002. Trichoderma 
species associated with the green mold epidemic of 
commercially grown Agaricus bisporus. Mycologia, 
94: 146-170. 

33. Sayoud, R., B. Ezzahiri. et Z. Bouznad. 1999. Les 
maladies des légumineuses alimentaires in: les 
maladies des céréales et des légumineuses 
alimentaires au Maghreb. Guide pratique. 64pp. 

34. Sutton J.C. 1982. Epidemiology of wheat head blight 
and maize ear rot caused by Fusarium graminearum. 
Canadian Journal of Plant Pathology 4: 195-209.  

35. Tousson, T.A. and P.E. Nelson. 1976. Fusarium a 
pictorial guide to the identification of Fusarium 
species according to the taxonomy system of Snyder 
and Hansen. Second edition the Pennsylvenia State 
University Press. 43pp.  

  

  

 

������ �	
�� :20/1/2010
�
�� ��� �������� �	
�� � :3/8/2010  Received: January 20, 2010 ; Accepted: August 3, 2010 

 
 


