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Résumé 

En Algérie, les pourritures racinaires du blé sont des maladies redoutables causées entre autre par Fusarium 

culmorum et provoquent des pertes au niveau des champs céréaliers. Le travail présenté dans cette thèse porte 

sur l’étude de la capacité des actinobactéries des écosystèmes algériens à contrôler la pourriture racinaire du blé 

dur (Triticum durum Desf.) causée par Fusarium culmorum. 

Pour cet objectif, trente isolats d’actinobactéries endophytiques et rhizosphériques ont été criblées pour leur 

cacpacité à lutter contre F. culmorum et à promouvoir la croissance des plantules de blé dur en comparaison avec 

un agent de lutte biologique (Sérénade
®
) et un fongicide chimique (Dividend

®
). Les résultats montrent que la 

bactérisation des graines de blé dur par les spores d’actinobactéries diminué significativement l’incidence de la 

maladie à un taux de 16 % donné par l’isolta SG1 comparativement au témoin positif (78,80%), Sérénade
®
 

(31,31%), et au Dividend
® 

(24,20%). La bactérisation des graines par les spores d’actinobactéries a également 

amélioré la longueur des tiges et des racines, le poids frais et le poids sec des plantules de blé dur. 

Les isolats performants (CA2, MB15, MB29, PT2, SG1, SN2 et ZL2) ont fait l’objet d’une étude des 

mécanismes imlpiqués dans le biocontrôle et dans l’effet PGPB. Les résultats montrent que la capacité des 

isolats d’actinobactéries à diminuer l’incidence de la pourriture racinaire et à promouvoir la croissance des 

plantules du blé dur est liée à leur capacité à inhiber la croissance mycélienne de F. culmorum et à produire des 

enzymes lytiques, des sidérophores, de l’acide cyanhydrique, de phytohormones, à solubiliser les phosphates et 

les potasses inorganiques, à libérer l’ammoniaque, à leur activité ACC-désaminase, à leur capacité à coloniser 

les tissus racinaires et à induire la résistance systémique chez les plantules de blé dur. 

Un essai d’optimisation de la production de l’AIA par l’isolat Streptosporangium becharense SG1, a été 

réalisé selon la méthodes des surfaces de réponses. Les résultats montrent que les constituants du milieu de 

culture et son pH sont les facteurs déterminatnts de la prouction de l’AIA. 

En se basant sur les résultats obtenus, trois isolats (Streptosporangium becharense SG1, Streptomyces 

cyanofuscatus SN2 et S. caeruleatus ZL2) ont été sélectionnés pour la formulation de leurs spores en quatre 

types de biofongicides. Ces derniers ont été testé pour leur efficacité de biocontrôle de F. culmorum Fc1 et pour 

leur effet PGPB. Les résultats montrent que le biofongicide solide en poudre de talc à base des spores de l’isolats 

SN2 s’est montré la meilleur formulation suivie par le biofongicide liquide à base de carboxyméthylcellulose 

permettant de réduire le taux d’infection des plantules de blé dur par F. culmorum Fc1 à travers l’induction des 

évènements de défense liés au métabolisme oxydatif (catalse et peroxydase). Ces biofongicides ont également 

gardé la vabilité des spores jusqu’à 180 jours de conservation. 

Considérées dans leur ensemble, les résultats de cette étude ont permis de confirmer l’intérêt des 

actinobactéries pour le biocontrôle de la pourriture racinaire et pour la promotion de la croissance des plantules 

de blé dur, et de proposer une nouvelle approche de lutte alternative pour exploiter davantage l’isolat 

Streptomyces cyanofuscatus SN2. 

Mots clé : Pourriture racinaire, Fusarium culmorum, Blé dur, Actinobactéries, Biocontrôle, effet PGPB, 

Biofongicides. 

 



 

Abstract 

In Algeria, wheat root rot is a dreadful disease caused by Fusarium culmorum and causes losses in cereal 

fields. The work presented in this thesis concerns the study of the ability of actinobacteria from Algerian 

ecosystems to control durum wheat (Triticum durum Desf. ) root rot caused by Fusarium culmorum. For this 

purpose, thirty endophytic and rhizospheric actinobacterial isolates were screened for their ability to control F. 

culmorum and to promote durum wheat seedling growth compared to a biological control agent (Serenade
®
) and 

a chemical fungicide (Dividend
®
). Seven isolates (CA2, MB15, MB29, PT2, SG1, SN2 and ZL2) selected were 

screened for their in vivo biocontrol capabilities and for their PGPB effect on durum wheat seedlings. Results 

show that the bacterisation of durum wheat seeds by actinobacterial spores significantly decreased the incidence 

of disease at a rate of 16% given by the isolate SG1 compared to the positive control (78.80%), Serenade 

(31.31%), and Dividend® (24.20%). Bacterisation of seeds by actinobacterial spores also improved stem and 

root length, fresh weight and dry weight of durum wheat seedlings. 

High-performance isolates have been studied in terms of the biochemical mechanisms in the biocontrol and 

in the PGPB effect. The results show that the ability of actinobacterial isolates to decrease the incidence of root 

rot and promote the growth of durum wheat seedlings is related to their ability to inhibit mycelial growth of F. 

culmorum and to produce lytic enzymes, Siderophores, hydrocyanic acid, phytohormones, to solubilise inorganic 

phosphates and potash, to release ammonia, to their ACC-desaminase activity, their ability to colonize root 

tissues and to induce systemic resistance in durum wheat seedlings. 

A test to optimize the production of IAA by the isolate Streptosporangium becharense SG1 was carried out 

using the response surfaces method. The results show that the constituents of the culture medium and its pH are 

the determining factors of IAA production. 

Based on the results obtained, three isolates (Streptosporangium becharense SG1, Streptomyces 

cyanofuscatus SN2 and S. caeruleatus ZL2) were selected for the formulation of their spores into four types of 

biofungicides. These were tested for their biocontrol efficiency of F. culmorum and for their PGPB effect. The 

results show that the biofungicide based talc powder from SN2 spores was the best formulation followed by the 

carboxymethylcellulose liquid biofungicide. These biofungicides can reduce the rate of infection of durum wheat 

seedlings by F. culmorum through induction of defence events related to oxidative metabolism (catalse and 

peroxidase). These biofungicides also keep the spores viables for up to 180 days. 

Taken together, the results of this study confirmed the interest of actinobacteria in the biocontrol of durum 

wheat root rot and in plant growth promotion, and propose a new alternative control approach to further exploit 

the Streptomyces cyanofuscatus SN2 isolate. 

Keywords: Root rot, Fusarium culmorum, Durum wheat, Actinobacteria, Biocontrol, PGPB effect, 

Biofungicides. 
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ِ $َ !َ  ,�َ ي إِ دِّ )َ �ُ وَ  Fusarium culmorum �ُ "ْ �ِ  'ُ &ُ &ِّ $َ �ُ  ا#�ً "ِ !َ  ً ��َ مَ  �ِ �ْ ا��َ  ورِ �ُ جُ  �ُ �ُّ �َ �َ  �ُّ �َ �ُ  ،�ْ ا
ِ 	َ ا��َ  ��ِ �. 0لِ �ُ ا�2ُ  ى0َ /َ $ْ مُ  ,.َ -َ  �َ 

�ِ �ْ �َ ا� ورِ �ُ جُ  �ِ �ٌّ �َ �َ  ضِ �َ مَ  =ِ 2َ ��َ Eَ مُ  ,.َ -َ  =ِ �َّ �ِ ا
ِ 	َ ا��َ  =ِ #َّ #Hِ ا�&ِ  =ِ �َ Gِ نْ ا:َ  ��َ #�ْ /ِ Eْ 0بِ #C ِ/ ُDْ أَ  ةِ رَ �ْ @ُ  =ِ ا?َ رَ �ِ بِ  =ِ و>َ �ُ طْ ا:ُ  هِ �ِ ھَ  ��ِ  مُ �َّ �َ ا��ُ  6ُ �َ ا��َ  5ُ .َّ �َ /َ �َ  

 َّKا� ْ. ِL (Triticum durum Desf.)  َيا��ِ و  ُ� َ$ ِ& ُّ& ُ'  Fusarium culmorum . ِا،�َ ھَ  6ِ جْ أَ  �ْ م  َ� َّM  ِرُ &َ /ِ !ْ إ�  َN Oَ ِN َ�#  ُ- ْ	 َ� ً=  ِم َ� 

��َ #�ْ /ِ Eْ 0بَ #C ِ/ ُDْ ا:َ   ِPا�/ِ وَ  =ِ #َّ .ِ ا!ِ ا��َّ  =ِ #َّ #�ِ ا� َ� � ِ� ُQ#  ِ� َا�� � ْD ِ" َ� ِ=  ُا�� Oَ ِرَ �ْ @ُ  =ِ �َ �ِ �ْ �َ �ِ  ورِ �ُ �ُ .ْ �ِ  =ِ �َ ص ِ� َP���َ Eَ مُ  ,.َ -ِ   َ2 ِ=  F. culmorum َ0ِّ �ُ نُ  #�ِ $ِ 2ْ �َ و 

�ِ �ْ ا��َ  �تِ /َ &ْ نَ   َّKا� ْ. ِL  َرَ �َ ا مُ �َ ھَ و�Serenade) يّ 0ِ #َ >َ  #�ٍ &ِ مُ  Tَ مَ  =ً نَ 
®

ِ #َ #�ْ Cِ  #�ٍ &ِ مُ وَ  (��ت�َ �ِ "ْ �ِ .ْ � �ِ  (Dividend

®
).  

 َ� َّM  ْ!رُ #َ /ِ إ�  َ? ْ& ِT  ُ- ْ	 Wَ ٍت CA2)، MB15، MB29، PT2، SG1، SN2 و (ZL2  َا��ُ  6ِ جْ أَ  �ْ مِ  تْ �َ &ِ /ُ � ا!ْ ا�/ِ و َE َ�� =ِ #َ 0جِ �0ُ #ُ ا�&ُ  =ِ 2َ 

�ِ �ْ ا��َ  �تِ /َ &ْ , نَ .َ -َ  X ِN ِ�# PGPBْ �َ  6ِ جْ أَ  �ْ مِ وَ   َّKا� .ْ ِL . َ2َ  َ وْ أ ِY  َّDا� َ/ ِ
� ُZ  ُ2َ /َ ا�� َّK ُ6  َ- َ. ْ# َP��ِ �ْ ا��َ  ورِ �ُ بُ  بَ �ُّ \َ �َ  نَّ أَ    َّKا� ْ. ِL  ِ� ُ� َ� َّ. َ� ِت� اغِ 0َ بْ أَ  

��Dِّ بِ ٪  16 ى0َ /َ $ْ , مُ �َ إِ  ضِ �َ ���َ بِ  =ِ �بَ صَ ا_ِ  لِ �َّ �َ مُ  �ْ مِ  #�ٍ &ِ E ٍ6  َCْ \َ بِ  6َ .َّ @َ  ��َ #�ْ /ِ Eْ 0بَ #C ِ/ ُDْ ا:َ  ْ$ َ& ِ=  ِ=َ�	ْ�ُ.ِْ� SG1  ً=َرَن� ا�\�ھ� ا_���ب� مTََ  مُ�َ

Serenadeوَ  ،) 80‚٪78(
® 

Dividendوَ ، 31‚31)٪(
®
��ْ أَ  ��َ #�ْ /ِ Eْ 0بَ #C ِ/ ُDْ ا:َ  اغِ 0َ بْ Xَ بِ  ورِ �َ ا�&َ  =ُ �َ ��َ �َ مُ  E َD ْYَّ مَ 20‚24) .٪(  aً  ِ2ْ �َ  �ْ م ِ$ ِ�# 

�ت/َ &ْ Dَ �ِ ا نِ زْ وَ  #�ِ $ِ 2ْ /َ بِ  C َ� ِ� َcَ وَ  ،ورِ �ُ ا��ُ وَ  �قِ ا�$َّ  0لِ طُ  =ِ ��َ َ" /ِ ا?ْ  #	ِ �ِ 2ْ /َ بِ  cَ �ِ ذَ وَ  �ِ �ْ ا��َ  �تِ /َ &ْ نَ  0ِّ �ُ نُ .   

 َ! َa َ� ْY  ُا�� ْ	 Wَ ُا��َ  ت َّ� َ�����ُ بِ  =ِ َ" &ِ �َ �ْ ا��ُ  �تِ #َ اM  ِ�fِّ ھَ أَ  =ِ ا?َ رَ �ِ �ِ  =ُ  َE َ��ُ #ُ ا�&ُ  =ِ 2َ  
ِ /َ ا�D ِY  َّDَ #َّ بَ  .�تِ ��َ &َ ا�Dَّ  0ِّ �ُ نُ  #�ِ $ِ 2ْ �َ وَ  =ِ #َ 0جِ �0� ُZ  َةَ رَ �ْ @ُ  نَّ أ  ُ- ْ	 Wَ ِت 

� -َ �َ #�ْ /ِ Eْ 0بِ #C ِ/ ُDْ ا:َ  َ.,  َ! ْ� ِg  ُبَ صَ ا_ِ  لِ �َّ �َ م��ِ �ْ ا��َ  �تِ /َ &ْ نَ  0ِّ �ُ نُ  #�ِ $ِ 2ْ , �َ .َ -َ وَ  ورِ �ُ ا��ُ  �ِ �ُّ �َ /َ بِ  =ِ   َّKا� .ْ ِL  ُرَ �ْ �ُ بِ  =ٌ "َ &ِ �َ �ْ م ِ� َP�  َ- َ.,  َ� ْi ِ& ِj#  ُ0ِّ �ُ نF. 

culmorum  ، َجِ /َ نْ , إِ .َ -َ و�َّ .ِّ 2َ ا��ُ  �تِ ��َ 	ِ نْ ا_ِ   �c، رِ #�ْ �نِ #َ ا�$ّ  gُ �ْ >ِ  ،(Siderophores) ���ِ ا�2َ  �تُ #َ &ِ .َ lْ مِ  �ت،�َ �ِ "ْ �ِ .ْ ي �ِ 0ِ .َ ا�lَ  ارِ �َ �ِ .ْ �ِ  =ِ .

�تُ 0نَ مُ �ْ ھُ   ُّD0ِّ �ُ ا�  َّDا� َ& ِ���تِ �َ 0?ْ ا��ُ  =ِ ابَ ذَ , إِ .َ -َ وَ  ،=ِ #َ   َm ْ# ِ�  ُا�� ْa ِ0س، �َ �0َ ا�&ُ وَ  ي� ، ��ACC-désaminaseِ �ِ �ْ إِ  �جُ /َ نْ إِ وَ  �ك،0ن#َ مُ � ا:َ �ُ �ِ 2ْ 

�مِ Gَ ا�Dِّ  =ِ مَ �وَ �َ ا��ُ  #	ِ �ِ 2ْ , �َ .َ -َ وَ  ورِ �ُ ا��ُ  =ِ �َ $ِ نْ أَ  �رِ �َ �ْ /ِ ا?ْ  ,.َ -َ  �Pَ �ِ رَ �ْ �ُ بِ  َ#=  ِ� َD ْ& َ/ ِت���ْ ا��َ  .  

 َ� َّM  ِجِ /َ نْ إِ  #�ِ $ِ 2ْ /َ �ِ  =ٍ بَ �ِ �ْ �َ  اءُ �َ جْ إ��?ْ بِ  Streptosporangium becharense SG1 =�َ 	ْ ا��ُ  ="َ ا?ِ 0َ بِ  AIA 0نِ مُ �ْ ھُ   ِ/ ْl َ� ِطَ  ام ِ� َ�� ِ= 

RSM . َظْ أ َP َ� ِت  َّDا� َ/ ِ
� ُZ  َمُ  نَّ أ َE ِّ0 َتِ ن��مِ ا��َ  ��َ ھُ  'ِ /ِ 0 َ �ُ >ُ  =َ جَ رَ دَ وَ  ي�ِّ rَ ا��ُ  j?َ ا�0َ   Oَ ِجِ /َ نْ ِ_  انِ دَ �ِّ 2َ ا��ُ  ن�  .AIA 0نِ مُ �ْ ھُ  

�دِ �َ /ِ �W-ْ بِ   َ- َ. َّDا� , َ/ ِ
� ِZ  ُ2َ /َ ا�� َّK ْ6  َ- َ. ْ# َP َ� ،� َّM  ْ!رُ #َ /ِ ا�  َN Oَ ِث  ُ- ْ	 Wَ ٍت Streptosporangium becharense SG1)،  

اعٍ 0َ نْ أَ  Tِ بَ رْ أَ  E ِ6ْ , شَ .َ � -َ Pَ اmِ 0َ بْ أَ  =ِ �mَ #َ صِ  6ِ جْ أَ  �ْ مِ   (S. caeruleatus ZL2 ،Streptomyces cyanofuscatus SN2  

�ت�َ �ِ "ْ �ِ .ْ �ِ  =ِ �َ 0ِ #َ ا�2َ  اتِ #�َ &ِ ا��ُ  �َ مِ .  َ� َّM  ْ!رُ &َ /ِ ا���ِ �َ �َ  �ْ مِ  �ِ X ُّCَ ا�/َ  6ِ جْ أَ  �ْ مِ  ة#�َ !ِ ا:َ  هِ �ِ ھَ   َ# ِ/ َP ِ� � �ْ مِ وَ  F. culmorum  �َّ  ِ  =#َ 0جِ �0ُ #ُ ا�&ُ  =��َ �َ ا�2ِ  �


ِ /َ ا�Dَّ  تِ �َ Pَ ظْ أَ .  ��PGPBِ �ِ �ْ �َ  6ِ جْ أَ � ُZ  َا��ُ  ھ0َُ ي 0ِ #َ >َ  #�ٍ &ِ مُ  �َ $َ >ْ أَ  نَّ أ ِ& ُ�#  َّKا� ْ. ُL  ُا�� َE َّ0 ُا�/َّ  0قِ 2ُ $ْ مَ  �َ مِ  ن ْ. ِc  َُ �ْ ا��	مَ  وجِ  َT  َا��ُ  اغِ 0َ بْ أ ْ	 َ� ِ=SN2 ،


ِ ?َ  #�ٍ &ِ مُ  E ِ6ْ , شَ .َ -َ  'ُ /ُ �mَ #َ صِ  Yْ �َّ ي �َ ا��ِ  #�ُ &ِ ا��ُ  #'ِ .ِ �َ � #6ِ ِ. �ْ �َ  �ْ مِ  ��ِ #�َ ِ& ا��ُ  �ِ �ْ �َ ھَ  �ْ مِ  E َ�  ُC ٌّ6َّ مَ  �ْ @َ وَ . 0ز#.ُ #.ِ ?ِ  i#6#ِ � مِ C0$ِ بُ �ْ ا�Eَ  �ْ مِ  نٍ E َّ0َ مُ  6ٍ 

�ِ �ْ ا��َ  �تِ /َ &ْ نَ  =ِ �بَ صَ إِ  لِ �َّ �َ مُ   َّKا� ْ. ِL  ِبF. culmorum   َذَ و ِ� َc  ِِ �ِ 2ْ /َ ب	تِ #َ آ�ِ  #��جِ /َ نْ إِ ( �ِ $َ Cْ )َ ا��ُ  gِ ْ� ا:َ  =ِ #َ .ِ �َ �َ بِ  =ِ "َ &ِ �َ �ْ ا��ُ  �عِ �َ ا��ِّ    َEا� َ�� Wَ�ز 

��َ >َ . )از#�َ وC$ِ #�ُ ا�&ِ وَ  Gَ ْY  َصَ  ,.َ -َ  =ُ �َ 0ِ #َ ا�2َ  =ُ �َ �ِ "ْ ا��ِ  اتُ #�َ &ِ ا��ُ  هِ �ِ ھ Oَ ِ< َ# ِ=  َ:ةِ �َّ �ُ �ِ  اغِ 0َ بْ ا  َ� ِK ُ6  ِ0ْ �َ  180 ,�َ إ�  .مً


ِ /َ نَ  نَّ إِ � ُZ  َمُ  ،=ِ ا?َ رَ ا��ِّ  هِ �ِ ھ ْ� َ/ ِ� َ� ً=،  ُ� َ( ِّC ُ�  ِّ�ََا:َ  #َ=َ أھ ْC ِ/ ُD# ِ0ب ْE ِ/ ْ�# َ���ِ �ْ ا��َ  �تِ /َ &ْ نَ  0ِّ �ُ نُ  #�ِ $ِ 2ْ �َ  ��ِ وَ  ورِ �ُ ا��ُ  �ِ �ُّ �َ /َ �ِ  =ِ �َ 0ِ #َ ا�2َ  =ِ 2َ ��َ Eَ ا��ُ  ��ِ   

 َّKا� ْ. ِL،  َو َC َ� ِ� َc  ِب ْ@� . Streptomyces cyanofuscatus SN2 =ِ �َ 	ْ �ُ .ْ �ِ  �ِ $َ >ْ أَ  لِ r Oَْ /ِ ا?ْ  6ِ جْ أَ  �ْ مِ   =ِ .َ ��ِ ا�&َ  =ِ 2َ ��َ Eَ �ُ .ْ �ِ  ةٍ ��َ �ِ جَ  =ٍ #َ �ِ D َPْ مِ  احِ �َ /ِ 

� ا�����ت��� !��Fusarium culmorum ر،وا��� ����: ا �ا� ،�� L.K0ب ،ا�D#/C:ا/E#،��� =2��Eا�2#�0=، ا�� �#NX� PGPB ، 
ا�2#�0= ا��&#�ات . 


