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Résumé

Cette étude visait le dépistage des champignons endophytes du genre Fusarium inféodés aux
graines de blé dur, de vérifier leur pathogénicité et la recherche de moyens biologiques pour leur controle.
Les analyses d’identification ont concerné 59 échantillons de semences appartenant a 7 variétés de blé dur
prélevés aléatoirement a partir de 7 Wilayas du Nord-Est algérien. A partir desquels, 14 isolats fongiques
ont été phénotypiquement identifiés, appartenant a cing espéces différentes du genre Fusarium. Il s’agit de
Fusarium acuminatum,  F.culmorum, F.solani, F.equiseti et F.chlamydosporum. L'identification
moléculaire des isolats a révélé la présence de deux especes en ’occurrence F.chlamydosporum et
F.equiseti, signalées pour la premiére fois en Algérie dans des semences de blé. Le test de pathogeénicité
de ces isolats, sur trois variétés de blé, Waha, Bousellem et GTAdur, a montré qu'ils causaient tous des
dommages variables au développement des coléoptiles et a la germination des semences de blé dur.
Cependant, 4 isolats ont affecté négativement le nombre et le poids des grains dans les épis. Les résultats
ont montré que les isolats de deux espéces F.culmorum et F.chlamydosporum étaient les plus agressifs, car
ils réduisaient la longueur des coléoptiles et des racines de plus de 65%. Aussi, ces isolats ont agi
négativement sur la longueur et le poids frais du systéme de racinaire et végétatif de plus de 36%. Le
biocontrdle in vitro des isolats fongiques les plus pathogénes pour les semences et les semis de blé a été
évalué a travers le test de 188 isolats bactériens rhizosphériques des genres Bacillus et Pseudomonas. Les
résultats ont montré que 11 isolats du genre Bacillus et 5 isolats du genre Pseudomonas ont réduit la
croissance mycélienne a des taux supérieurs a 54%, et 30%, respectivement. Le mécanisme d’action des
rhizobactéries s’est manifesté a travers I’inhibition de la germination des conidies fongiques, ou 5 isolats
du genre Bacillus I’ont réduite a plus de 80%. Parmis ces isolats, les isolats B.amyloliquefaciens BB18 et
B.amyloliguefaciens BB19 ont significativement diminué les effets négatifs de deux isolats de
F.culmorum sur la longueur des coléoptiles et des racines et le nombre de leurs branches, estimées a plus
de 39%. Les résultats du biocontréle sous serre ont révélé que I'isolat B.atrophaeus B16 a réduit I'effet
négatif de I'isolat F.culomorum 1 sur la longueur et le poids frais du systéme racinaire et végétatif a des
taux supérieurs a 59%. Alors que l'isolat bactérien BB19 a donné les mémes résultats, mais avec l'isolat
fongique F.culomorum FC2 uniquement. La caractérisation biochimique des isolats bactériens, a montré la
supériorité des isolats de Bacillus dans la production des enzymes dégradant la paroi cellulaire alors que
les isolats de Pseudomonas étaient caractérisés par la production de composés stimulant la croissance des

plantes tels que I'AIA, I'ammoniac, les sidérophores et I'enzyme de phosphatase.

Mots-clés: blé dur, Fusarium, pathogénicité, lutte biologique, rhizobactéries, Bacillus, Pseudomonas.



Abstract

This study aimed to detect endophytic fungi belonging to the genus Fusarium in durum wheat
seeds, to verify their pathogenicity and the search for biological means for their control. The
isolation was performed from 59 seed samples, belonging to 7 varieties of durum wheat, sampled
randomly from 7 Wilayas in northeast Algeria. From which, 14 fungal isolates were
phenotypically identified as belonging to five different species of the genus Fusarium namely F.
acuminatum, F.culmorum, F.solani, F.equiseti and F.chlamydosporum. The molecular
identification of the isolates revealed the presence of the two species F.chlamydosporum and
F.equiseti, reported for the first time in Algeria in wheat seeds. The pathogenicity test on three
durum wheat varieties: Waha, Bousellem and GTAdur, showed that they all caused variable
damage to the development of coleoptiles and the germination of seeds. While 4 isolates affected
negatively the number and weight grains in the ears. The results showed that the isolates of the
two species F.culmorum and F.chlamydosporum were the most aggressive, since they reduced
the length of the coleoptiles and the roots by more than 65%. they also decreased the length and
fresh weight of the root and vegetative system by more than 36%. The in vitro biocontrol, on the
most pathogenic fungal isolates, was evaluated by testing 188 rhizospheric bacterial isolates
belonging to the genera Bacillus and Pseudomonas. The results showed that 11 Bacillus isolates
and 5 Pseudomonas isolates reduced mycelial growth at rates greater than 54%, and 30%,
respectively. Furthermore, 5 isolates of the genus Bacillus reduced the germination rate of fungal
conidia by more than 80%. Among these isolates, the two isolates B. amyloliquefaciens BB18
and B. amyloliquefaciens BB19 reduced significantly the negative effects of the two isolates of
F.culmorum on the length of the coleoptiles and roots and the number of their branches,
estimated at more than 39%. Greenhouse biocontrol results revealed that the isolate B.atrophaeus
B16 reduced the negative effect of the F.culomorum 1 isolate on the length and fresh weight of
the root and vegetative system at rates more than 59%. Whereas the bacterial isolate BB19 gave
the same results, but with the F.culomorum FC2 isolate only. The biochemical characterization of
the antagonistic bacterial isolates, showed the superiority of the Bacillus isolates in the
production of the cell-wall-degrading enzymes, whereas the Pseudomonas isolates were
characterized by the production of plant growth stimulating metabolites such as AIA, ammonia,

siderophores and the enzyme phosphatase.

Keywords: Durum wheat, Fusarium, pathogenicity, biocontrol, rhizobacteria, Bacillus, Pseudomonas.
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GsS JSa @l Hg A dsY) g sl o=l el Jias i il Je Puccinia recondita s striiformis
ilall e Wl ohii of (S 3LsY) b e hgha (4 A ool M 5 sl
9670 ) S 28 353 5all 2 STed s O (S el I Q) e (3153 e il
o eggale &y o i sl I3 Ay il sl Ayslian i sedn 10 adid o U ¢ gill dpdlly Ll
ansll e edai o (S LS eggslall an gl e sl oda jelat angall Aled 8 25 1l 2413
Lamari et ) gl & 58 on 90405 5 O 5l 253 el (3 il ey O (S G152 o
.(al., 2005 ; Sayoud et al., 1999 ; Ezzahiri, 2001

Al padi G 4 -
ki Lie b LIS g gl 3ae a5 cel g aa o caliall g ll) el Gaall 138 sy
Ustilago tritici ki)l & sl 48 cawty 3 (Loose smut) s lal) asiill ans &1 V) o2 G (e
13d (Say Tilletia caries bl ¢ il 4 ity 3l (Covered smut) hsall aadill Liadl axi
kil 15l Leadan bl sall Ao g3 (5 gaall Eaaai | J saanall (a8 dad ey O i all
e sl ) 3815, Aaidlall Al Cag ylall 855 die g cadil all eSS Cua Ayl Gk Ge
Ll Jaly gatis 4 il mlans (358 W ) seda (i 5 alll dalal) Aasll (3 5385 ) pladl) ol o )
JE ) andll e AU (Jiland) Ja1s) Gosandl o yall 138 oty Ledalls Llilaty o gaall Capal ia
Osd ALl Jaly sati o3 (ZLl) 3a sk o) delall Jiliadl Aasiiall ) ga 3l s U §1 Y1 (4
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Al 2 gl i) o J oY) andll

Las Wl maly gl da e ) diad Levie (S0 dana 5ad) san (al el @l ekl
.(Ezzahiri, 2001)

(Septoria) ¢, simad) adal) -

A (BIsY) qiih) A siaall @) (e Lab 5 alll i @@l (al jal (e Gle 58 aalen
&b OsSE G Aala g i) 31,5V e sese b 05 D U Aalitie e aly ) sedn aely
S sy al seday el oA cdilinll s 3155V @l sed LN el W A we Jlail
¢) S (Necrosis) a0 Alha a7 Wy LA die 3 jiias 48l gy Jany 38 ¢ A (o I3 JRA) diiae
Adlie a5 5 Agale ) oy Lele Hedais (Glumes) el ) i 568y ia pall 138 i Ladie
it e e Jssal) Septoria tritici shadll g GIARY) 4k Le ol Gl ol Ll
S bl s 8,59 &l G e e Jssaall sed Septoria nodorum kil & sl Ll ¢G3) )
o 353 all (B s el 138 G O (S Aska 1) slaliall 8 dald (i all 3 b
.(Ezzahiri, 2001 ; Zahri et al., 2013) %40

(Powdery mildew) (&2l Galall -

gobill gl e gl gl mes Gl 1B e o S
&b oal eV Jia madll Gl (8 (el 1 e sl s Erysiphe graminis f.sp.tritici
By e skl o dals el G151 o Ll ke 5l elimy jedaall dple 5 oy ) 5ela
S siny @Y skl el e W) ek aad clilal Gisaa Ja 8 Lledl il (g
b Ui i 4mitiall 50 all daglia Giaall T3] ) Jhaill (S0 i) (Rilef) cilass
el Lo e oy £ 5 JSET 5 o silial) saly a )l dhad J 530 ae & coliill Juad Ak 4, 51
.(Ezzahiri, 2001 ; Aouali and Douici-Khalfi, 2009) s el @ sl LESY) e

Al B g hadl) Ladal) cid () pa¥) dmiia s -3.4
ol yeY) & 5y S Jes Laging A (e (2009) Aoualis Douici-Khalfi ¢ JS & S5
8 ) e el e el ¢ jall 8 a5 Gl Y1 da o (7 JSS) skl Lind) <l
ST 3 50 30l 5 (a5 e Y5 e S ad Cua dalallal)l LY ) e Uy 81 LIS ¢ il
z s sl ol e Jie) S8l Jladll bl Y 5 e WS al e (e gl il Gued e
oAl e e gl mol g ST 2sa g (Ciliendty Bama ailiiue Jie) Ually (e
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Al 2 gl i) o J oY) andll

andly o5 i oall Jedll Y 5 JS 8 aal 5 g siaall @8l (e o ) s Al Agn (e lila s
sl Aol Lalad A¥ 5 37 (e e AV 5 20 (B s s (g s stialed) aldll s
e LY 5658 11 = < JaT sy Taall 5 asiill cFusarium A Gl el Jie s AY1 (al jeY)
G (8 JS3) 4Y5 37 (e Y5 SO (A Y) aal g alh 88N Gl i ge Wl AV 5 37
&) 5l Lagaans A (FHB) Jiind) dadl 5 (FCR) il (yind a0 £ 555 <(2019) 05415 Abdallah
g sl el o0 ) Jladll ol (1 43Y 5 19 (8 ) 5y J Y O s 8 ¢ Fusarium 2 osis (e

L 43Y 5 12 8 ) sid S

Skikda S B Jarf
BoumerdesT‘Z' Ouzou Jijel o b -

Al ger Béjaia
Tipa 1‘,
Nord w

osl ‘ w
;;?'
BE
Ain Témg % Batna

M sila enchel  Tebessa
o midgELANKE Dle'f“ 1 i
Tlemcen
Salda Tiaret Biskra
Maladie striée d’orge @® Oidium ® Helminthosporiose : Fusariose
© Rayure réticulée Carie B Septonoae
B Rynchosporiose O Charbon nu Ro‘u:]le

@l Jleadll 8 madll Gl capad ) g,-)u\ i)l @y (al ya¥) il a8 7,084
.(Aouali and Douici-Khalfi, 2009)

(Fusarium wilt diseases in wheat) geadll & 4a g1 ) jgadl) J 922l L) sal-5

Ga 33all (mdd LeiSay Cum ralll e 3 )5k (yal je¥) ST G e il jeY) 28 yia
XS 5 (Mnasri et al., 2016) 4liwll & Slall sxe (rawas ) e odll 3 )08 (madds A
Ge csall Lnall sagall e (AT dea e Sin WS o(Hare et al., 1999) sl )y (audds
sl (S5 A gl 8 W81 iy Jiliad) Y i o Sa 3 Al a sand) 2l A
Gl Gl il e (aidia ol gia) ae ald padl jedas by aaall 3 pa Al
Sl g sl o2 (e Aniiad) il Gl ) g0 La Ay kil o saudly Liayl dlall
Qi sl Jame Can 8 yne (imsall 3] dpsleaBY) il «(Matny, 2015) llgisal) daa e
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Al 2 gl i) o J oY) andll

oG8 il 20005 1998 (o sl b sasiall ¥ sl as gl Adledl) Yl & QB
e Fusarium ) psis oo Glealill Gluwt )l Glia jall (Nganje et al., 2001) LY 52 Jble 2,7
Fusarium Head s Jitid) 4adl (1 5a 5 Fusarium Crown rot (FCR) sl z Gl (jéad (2 ye Laa zeadll

(Matny, 2015) (Scab) sl asls Wyl i s 2l <blight (FHB)

(FCR) g4l 0iai a0 -1.5

ey allal) ol s (A el Cunmy LaLaBY) 5 dpnall Lalill (1o pga o2 0 58 FCR )
Wl sac Wl (Dry rot) <iladl éadll 5 (Necrosis) A3 Lua saill Jal je plaza A& SULAN dealga
.(Backhouse et al., 2004) =l o sl ale (5l )
a5l J8 el (g aall 35Sl Jalall iad s AlaY) gl By i) Gl el aliss
Ol s sad) e AL Jal el 3isd ¢ b (Coleoptile) Al aae (ol g AN ) el
Jaall b (sliandl) 48 jinal) Jiliad) 55 ol yuad sl IS8 ¢l 3590 EDEN ol Sl
(< (Abdellah et al., 2019) ¢ pad J1 35 ¥ madll Gl &< Ladie A geun Lhaabia Sy
piar s sy o LD S8 ) (Dead heads) slbanll Jiaudl (o sl 13¢0 350l (al e )
s ok U JSa 8 eluanl)l Bl sels Sias Lo 5Ll e el Jall i jeal) Jalal
(8 Jally a1 (padlall) oL Auala Alindl sal) e g (leaf sheaths) GlsY) deel e sl
.(Hollaway and Exell, 2010)

{&,
. ‘j‘

hY

¢

R

!

Flata

il 8 (FCR) g\l s (i yal claDladl 5 il e W) Cilide 8,08
S ebianll il 5 a3l (C) Lalall 8328 andall (sl V555 saal/isa,5 08 53 ki o slia (B A)
(Matny, 2015) iball Jiidl
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Al 2 gl i) o J oY) andll

F. culmorum s F. pseudograminearum Jie Fusarium 4 ssis (e )53l 830 e o yall 138 aniy
Gl A F. avenaceums F. crookwellense <F. graminearum Lein Gladlill Gloall Lea g

.(Touati-Hattab et al., 2016; Matny, 2015) 4iSas

(FHB) dibial) Aadl (42 30 -2.5

Lynaan 05S abas Ji aulad 320 Jsiall jiexi 4iSa) Cua malll jade i e (e 3 ke
SIS 5 V) 3353 aladd) o(all (s aliaily (aleal) 250 all 85 piae iledy Qllal) b
o a3l 5 AN o2 iia ((Balmas et al., 2015) 4 kaill a saudl 2SI 53 Cray 43513800 52 2l
asandl 2 (Say Lases «(Parry et al., 1995 ; Agrios, 2005) 4al¥) cilil gall s Gl daua
Zearalenone i Al de ganall iile gaae S ) Fusarium J) oeis ey (Al &y yladl)
sl (Agrios, 2005) Fumonisins 4e sex« s (NIVs DON Jis) Trichothecenes 4e saxs 5 (ZEA)
daiadl cilaiiall s ol Sl 5 400 58l sasall daall o la Ll ) dsls) g il b el
.(Duc and Bezet, 2003) Abas @ g (e B

OY) ) il Jle bl e sl dal g O Lial 4y il ) ddl)
sl o a8 golail o) )y ili 13 Wa pe adeny Laa la je 5 i il 5 LulSY) Al
Andadl) 3,8l el &l Wl K4 5 8 Fusarium osis (e Skl e sl o8 Gua o allal)
(Miedaner, 1997) 4 sial)

&b (spikelets) iluindl JS ol Gamy (G jial) (mns & e 5V Gal el dale
¢«(Rachis) iudl Hsaa A Sbhadl JaB Lin o pad daldl Judl JI3 Y Gl caé gl
O (e sl M gy b L (38 jina) slimy o AmYl S el Al 5 Ay hall iUy
Lasas (9 JS) Tboadll edlpsiall o G50 I (g35 0 I3 il ¢ 15831 e IS Dt
(Matny, 2015) U _yall Ll sai Ao dalall g 4k )1 o) 2] aelus

F. graminearum Jie Fusarium J ge glsil s o) S gl 1 G
Snijders, 1994 ; ) F.avenaceum <3S 5 &F. poae «F. culmorum ¢(~ixll skl Gibbrella Zeae)
F. langsethiae :Jie (s A g\;ﬂ sasdl 1w ol ey (Boutigny et al., 2011
Parry et al., 1995 ; Xu ) (F. nivale = Wl < 5 y2all) Microdochium nivale s F.sporotrichioides
(et al., 2005
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4l e el Al po J Y avdll

(Matny, 2015) .zdll e (FHB) i) dadl (a ye Ll yef 9,84

(e () Al s Sl () Abiaall) (5355 () ams s ald jelae 3 AL 6 ma s (D5 A)
3su¥1 ol i3 (Perithecia) 481 aluay) JSii & 5 o) <id (Sporodichia) 4 s @SS (Cs B)
(Matny, 2015) Lbadl @3lyindl Sae s (F E) L(Glume) daél) 3ac B (8 3 5l

(Fusarium Complex) " Fusarium =) 4e gaa " Guual) Julal) -3.5
iiail) -1.3.5
(Anamorphs) d¢idall JL&Y) -1.1.3.5

dgadadl kil i (imperfect fungi) Fadlll <y kil Fusarium I (sis aaa
J&& @Iy (Conidia) <€ Gasbk oo LwinY LIS & s (anamorphic fungi)
JKaYY) Fusarium 2l aiay (Boucher et al., 2000) il & Jasiod de sile an il yig
48, «Hyphomycetes —wa «(Deuteromycota) duadlll lyjladll and e (Aeiiall

.(Botton et al., 1985) Tuberculariaceae 4Li\e 5 Tuberculariales

(Teleomorphs) 4dalsl JK&Y1 -2.1.3.5
AT (g e i) JISH) Gus Fysarium ) owisd (perfect form) ddtiall JSEY) o
g1 5Y) (axas Gibberella psiall ) puindl 138 g1 53l (e 23a] (teleomorphs) dswiall JIK3Y)
JKEY) avai (Leslie and Summerell, 2006) Calonectrias Nectria Cawindl A s AY!
45 ) <Hymenoascomycetes —ia ((Ascomycota) 83 sl 4l il yhdll aud Gaca Al
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Al 2 gl i) o J oY) andll

o=8lll g Jalsl) JA) S Ldie (Botton et al., 1985) Hypocreaceae 4lle s Hypocreales
LIS Dpansil) (5583 () Jazad) e (U5 2
Ak ddebiadl) dpanidll mand ¢(f.c = conidial form) Giberrella zeae f.c. Fusarium graminearum

.(Jeunot, 2005) = saxll

252 sl J gl e A gsmad) Fusarium ) §) 68 (maad) iy 25-2.3.5
188kl (oY)l shadll aal e g o) 35l S o AL g punall 4 phadll @) Y1y pas 2ay
paibadll o Jigla (e dia paill 13gd Aaslil) £ 15391 4 g diaat ading | (el 138 dndlSd 43 5k
Al ) E15aY) s bl Bl Lo ol (R sS g Sl Al all) g ) 3ally (Blay Lad iy pedaall

(el

(Morphological identification) ¢ gall paxdddl) -1.2.3.5

sae Lo ading s Lma 05K &)Y Gn Gaofil) SV uinl) A jra (g pedaall ol prany
e sl s 5 «(Macroconidia) 3_sSll cilag I JS5 40 V) el Cpanati ¢y il 5 A3l 5l yulaa
3wl o s Judls JSE5 axe o JiSi (edSs @l 5 (Microcondia) 3 _seall il 51
Lel<a @3S (Chlamydospore) &asdSl €153 Gle 5 aay o adia®d 4 gl jyladl Ll
iasaall alua¥) i (Sporodochia) dsesial) wilusll b ol 25y Ao adiad LS Leangig
L) al 4l 30 8 (1994) 05015 Burgess sl .(Wagacha and Muthomi, 2007) (Sclerotia)
& Jandl 2313 V) (el A ke (35S0 Y L sls @l el S5 () Fusarium A1 g) s O s
Al L il

Adiae g )y blagl Je @V el del ) Fusarium ) cuis 81555 (5 jedaall el callay
Spezieller Nahrstoffirmer Agar «(PDA) Potato Dextrose Agar & Ylexiul Ll Yl i
.(Kammoun-Gargouri, 2010) (CLA) Carnation Leaf Agar «(SNA)

(Molecular identification) (™ paidill -2.2.3.5
Ylaaiad ST Ul Wb il ganiil) mual 5 jehad) aniill Lma el e
¢ »Y (Polymerase Chain Reaction) PCR 4 4y ayducaill e Losae ) padiill ading
G sadll Lgilin 5 Lo o clgibalian 4l o2 i (Hsu et al., 2003) 45 sl salddl (e 323as
8ac aa g8 (Edwards et al., 2002) 32l s Adagiue 44 3o e il e byl cdllall g5 508 xe
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Al 2 gl i) o J oY) andll

e Wl Al Fusarium ) ¢)sY Gl paaiill Jal e daadie (Primers) @bl z1s)f
F. graminearum &0 dals Glaly #1550 sae auial o3 LS ¢ syl jsail)l Jsdll (al al
Fusarium ' e Al ¢lsls  Favenaceums F. culmorums F.pseudograminearums
ITS4s ITS1 b Aleivall Gl #1550 sl o e (Kammoun-Gargouri, 2010)
(2 Js2>) (Elongation factor) EF-728F <X s (Internal Transcribed Spacer)

Leaal Fusarium 1 g1 i yats andi Jal g clilall 2ol ae 325 5 Al dga e
National Center for Biotechnology ) NCBI 4 seall Lia sl i€l e glaad Jiagll S jall 32018
Galedll ae EF5 ITS <U) sall (sequencing) il 4wl jy 38 45 jia Sy ¢(Information
ool e sl A ee ol e (GenBank) Al clesledl @l A 535 sl
.(http://www.ncbi.nIm.nih.gov/BLAST)

Fusarium ) g1 555 Auoadl oy el 8 dlesisad) bl aal 2,0 98

el (Sl aal) Al = 5 )
Gardes and Bruns (1993) 5’>-TCCGTAGGTGAACCTGCGG-3’ ITS1-F
White et al. (1990) 5’-TCCTCCGCTTATTGATATGC-3’ ITS4
Carbone and Kohn (1999) 5’-CATCGAGAAGTTCGAGAAGG-3’ EF-728E
Geiser et al. (2004) 5’-ATGGGTAAGGA(A/G) GAGAAGAC-3’ EF1
O’Donnell et al. (1998) 5’-GGARGTACCAGTSATCATGTT-3’ EF2

slaad) 3,54 -3.3.5
(Primary inoculum) sbu¥) &8 -1.3.3.5

L 390 Jleatial Gk e 10 JSEI G G sell sl Jalall 8la 350 Gl (S
casmsall (s yaal) Jalall iy e gl 5553 JulS DUy (ol U8 2354 F graminearum
ZUll 138 alaivy (Bai and Shaner, 1994) M8 15l IS e 45l & Jilill dadl i al
& 23 WS (seedling blight) e sd ) a5 Le cdidll L) ((oibol) Ll Co ey e sa )
3 _ypaall sl 350l Clar Sl e Lulad ~Wll & S5y (Arsan et al., 2011) (Crown rot) gl s
Xu et ) 3 kadl s dda jl) Cagplall 8 i il g (Lpiadl L) LSV 1501 5 (Raaa D) Lail)
oe sl (Fernando et al., 1997) zL i Gaob e (il s duiall) £150Y) L& (al., 2005
F. culmorum e JS ol 3WEY) 503 (splashing) oal I 4855 (e haall <ol e il 5, 5k
.(Doohan et al., 2003) 4xiall 43 Hlally o) iS4 Y F. poae s
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Al 2 gl i) o J oY) andll

o el sk G (5585 O (S Gl jaliae &30
Jasi Al dail) ba gad 5 (ool aadll) Aol Ll (8 Glad) Jpanal) LE -

&b yhadll (Say :(Champeil et al., 2004 ; Oshorne and Stein, 2007) ¥l Jis 4 gy
"l e Ll (Sa agle 5 dbaall ey G (e JEY WA e slall a8 e o)
Pereyra et al., ) skl 83al Glumsns Ul 8 mhand) e Glad culla 13) "daY) dish jaas
L0adISH £ 150 Ky Ayl 8 L JEY) 6 3all 3 (2004 ; Audenaert et al., 2009
Saans | lan lliad LS Diglay sl 15091 038 (et ¢l g )l () Joca Bl (i) Jai
[(Caron, 1993) 4l sha saal BLEAY) 5 Calaall daslie (e LiSay
el s o salinsall aalgy Alind) (5 i e Alia) Eiaasd Lavie (A slall) Lbad) )0l -
S sin s (Albumen) slusall I Jaas eV 3 s (Glumes) el 3k oo
sl asldll Gy Al Jemd e ehaia) Gimall ki Ul (e aemell 138 e il
Al ) el a3 s oY) By e o5 (a5 LS o sabaessall dpmiy LAY

.(Xu and Nicholson, 2009) 523 s (Dumping-off) il ) seda e ) 52 Le 128
(S W e 5 Festucas Medicago <Bromus <Agrostis Jis (Host plants) 4éuiasl) clilsl) - -

. Leonard and Bushnell, 2003) 5_al (al e ¢y 53 Fusarium I o)) 3 93 canli ¢
.(Champeil et al., 2004

colonization of
flowers, seeds |
and stems _—

7 airborne
SPOres

1§ torcitia dischorgs

. of ascosporas from

s perithecium
3

mycotoxins present at
arvest, incroased
with storage

from host

1 1 / { =
} E\&"H ik 'l-.- & nutrient
H | i :’."' '| acguisition

s

crop residue remains
after harvest

e ‘:‘.'-i“; e dofense of
by 5 resources from
parithecia form on crop residus soll microbos
evarwinbor
survival

(Trail, 2009) .(FHB) Jitiud) 4l (a yad Lyssall Jal g2} a2l . graminearum st 350 10,84
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Al 2 gl i) o J oY) andll

¢ saall g 5 all (Aysh i maaill jisd il Jalsall ae clelilly £V muad Glay
¢)5:¥) Cuii (Champeil et al., 2004) +liill 35 yu s aliallh =45 (Guenther and Trail, 2005)
Adladl 4 sk 1 agHhall o2 aual Auilie g hall (5SS Ladie (Host) el mda e @llh aey
o Bl (Bl 5 () 4 ey A sall Analall oyl s Al 72 () 48 52 (%90<)
Bai and Shaner, 1994 ; De Wolf et al., 2003 ; Gilbert et ) °305 15 O 3, s (5 cAaapkall
e OS5 (Sae ilil) (Gl ©a30 3 pall da 5o st gl D) @ il candalil 13 (al., 2008
(B 55 Alay) Alad

shdl) kg a sall (i) -2.3.3.5

Gt a3 2 madl) Qs e Al §1 0¥ aua st 3k oo Jilind) Asdl i e sl
s ool Aluall ddas gl dilaiall (3 Logee i) ) Z & gdussd) pexion oE 1Y) 228
Walter et al., 2009 ; Leonard and ) <Slusiudl 3h e el &gl Il 55 ol s Jla ¥ Al
el oSl ad 05 ) Al (& mexid ) shaibys 50 3l ()  slussall J22 (Bushnell, 2003
Giob oo sl il mha ok pe Aindl I Jsaal 5 o (S Al s o Gas e Y]
.(Brown et al., 2010 ; Champeil et al., 2004) (z sl ¢ s2ill) dpmplall il

(e A4S 4S04S0, Al mhaw e dac il (Hyphae) clisgdl skt ¢ J5Y) dls yall
«2ld 23 (Brown et al., 2010) g=ilill a2y Aol 26 (A 24 (anall Jga X g 2Laud) Ja)y Sldyll
I el O s GSTA 1A 7 A il 1Y) e sdaty g WA (p Shadll ) sl cAjlal) dasia b
Al b ) sty Cilisel) anili (dylay) dedie CAlA (Guenther and Trail, 2005) usal el 4l sy
¢«(Necrosis) AUl @ik oo dilall LA &g dne sl Jah Jleaiu¥) 3 jise Capaall 43all
2 (Bleaching) "uasill" o oy La b el (sl JVg ) ial e b (sl ) seday Galaa¥) o2a a5
il ) gna g laidl) e Ay aly Liagd Al (al jel caliali o (Say Aba) g oLl 4 )
Al Heaa ye ) aay (a jeall Jii (Christ et al., 2011 ; Bottalico and Perrone, 2002)
b JLEEY) 13 g2 (Argyris et al., 2005) 23 2 Ji S g 5 ) slaadl il | jantio
Gslall ¢ all JSaall maailly Uai e (5585 (sl 5 Jle o) Sleall ks gl SO ) dluad) ) sae
53850 (e S iy B ALaY) chaa 13 (11 JS8) (B Aiud) e AlaY) ddlaid
slall 5 o131 J s g aland) G 3 palin 0 685 0 5l Lilgs claall s o Al o2 8 Sy ¢madl
dawia ¢al JSa of @b sy (Say (Bai and Shaner, 1994 ; Leonard and Bushnell, 2003)
Llle sl il (5585 Ladie Jgemnall Uiy e a5l dbaall il ol al mhas e dpia
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Al 2 gl i) o J oY) andll

Chas Lo 13 (12 JS3) Jaa de giie cilball e 3 Ul (al e Y1 (Vogelgsang et al., 2008)
«(Bai and Shaner, 1994) Llai (&3 35 € I3 il 5 Al eda (8 claal) S5 i Alay)
A glae 3 ca salinnall | sat Can (535 5 Gl 51 by lan B s Alad) cilall ¢ S5
Geinll Jsa e gu ady 3aalia Ll (Say ¢4 ki) o sandl e dlle 40y S S0 Jadi gy daaag
OF dainall (pe (815 oand ana sl (55 (DAl & gmgll ()5S Lexie (Christ et al., 2011)
JS5 dage gall sai dla ja (8 43le 5 (Leonard and Bushnell, 2003) 4 kd a sans e (5 5ia

Jymanall o el i & maal

Sl oseds el () Jall (e e i) adl (m je gl el seds Jal e a5 5 s 11084
(.2 0) 5 3 st clind) jlestind o). l) Ll any AU 3 (sl J1s)) Al al e
(Siou, 2013) (L.=.1) 9 Alua) dikaial (5 slall & ) (3) yia

F.graminearum 3w Jiliudl #ali o3 Ala¥) ds jo s Gbas mad Gilial 3 pa 12,084
) (oAl Llal) Sl Y am as 28 a Sladl (38 Abal) la Y s e e el
(Siou, 2013) (3:aLE) daile e Aliw (e 33 sale Gaaddl (13 A sl (Gl
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Al 2 gl i) o J oY) andll

Al gkl daidlal) i g Bl -3.3.3.5
th s kil e it Jal se SO (i el Bas 28T

O Jssuall kil paadl & 5 ae dadlie dolge 3o Jalai of (K Al Jal gl -
Jalsall Caali gy udlitll IS5 Aipma )5l agmg Jandli 5 Juali G5k e il
il yhadl) i) (g0 2aniu LY lan Laga 1553 66l all da oy dysha ll dala s cApalial
Sl uadly Gl GUlll el 4k )l 30 jall (e g 58 S0 Lgdl sae
D05 dge) 3l 5 sall JulS ¢l (Xu and Nicholson, 2009 ; Doohan et al., 2003)
(Alvarez et al., 2009) (! Bl L 5 olay ~ Ll 5 4 sk )l

Jualae oo il ) Al e Bliall 8 i)l b s Jiah A )3l Jal el -
Ala) | M sall Jseanall dlial jaae yiing g2l (3525 pand (af) i sall Al 430
O aall JEll g o5 Saall Ll e ) ey Lae Llad) @lSa5 e 4 51l & s aeluy ey I
.(Pereyra et al., 2004) U yaall 133 J panall L&y laxisl

Ay il Ul Aoy Jadh ¢ (gm el Ban (3lai Cimal) il dn ol 53 5dl) Jal sall - -
AR ¢amall) Cincnal) il dum gl gyl ailiadll GISS Jy cdia yaall 4 yLadl) A1)

g ool Caiiall Aaglie Gl ainay Y Ay )l el Ala e o, DL
aay (Xu et al., 2005 ; Champeil et al., 2004 ; Audenaert et al., 2009) (= <l
Al aia Caadl gl dagiall (e ddlide ¢ And (1999) ¢5A0s Mesterhazy
b o el i A lieg 3ley A g ) (A Y1 Ayl i e laally (3lay ISV g 5
it ol ¢l bl o sandl 385 pte e Cinnall oy G g ) (3laty (Al

Alay) s Jaailly sl ealad) g sl Lol ciliall ) aias aol S & i) clgaa

Aabl<al) il gy 3k -6
(Agricultural control) 413} dadlal) -1,6
oole i 2 il b ) A shad (e anl) () Al 04 g
.(Caron, 2003) 4ele o2 Jlaninal -
((Mauler-Machnik and Suty, 1997) 4sMie diay Ay 5 il 3aanYl aladiul - -
Dill Macky et al., ) Gaexd) (a1l 5l G all 5y 5k (e 45 slall Jaalaal) cildlia (e alall -
(2000
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Ga Jliy 1385 () ae i) sl 2 lA JY) e Gaale saad il Bl -
.(Gilbert and Tekauz, 2000) ¢ alll 48US

Asadiall 3laliall (8 222 408 (Quadl) ¢ gua Gl il Gyoka o aaadll) 4 Al Gupeds -

Cilaiia aladinl (5 Lehgan s Gl jaY) e (o JHEN (Saall (g0 dilee 038 Jaad Al

.(Pandy et al., 1996) 4Ll isall

(Genetic control) 451 sl) dadl<al) 22,6

Jga g ade Cam B3 s desliall Calia¥) L) 5k o Fusarium ) e 3 kgl e
Jrag Al aY) (Mnasri et al., 2016) 4 _aal) Caluadl dglall 480 5l salall 8 dasliall il
ol Y am A gaall e ) g 33k o Cangy Gl Jlasl o s Loa A0Sl e g o) 1a
Jlaninly Ll cusal LAY Jeel (o el celld a2 5 (Yuen and Schoneweis, 2007) 3!
Caiall Juexinly W) 5 (Kumar et al., 2007) T. turgidum ssp. Diccocoides Jie s ) gl Caliial
Jalidl dadl (e daglie 8 Ylaaind Y1 A3l 52y 3 Sumai 3 il (Cultivar) Cativall
.(Yuetal., 2008)

(Chemical control) 4xiteesl) Aadlsal) 3,6

Jie b plaall ABEN ) salaell AlaSl O gall (pamn Jleata) e 4kl sl adiad
Jiménez-) (DON) s _hdll awlly &gl am 8IS e 5 B3 g0na 4illad 435 (53 tebuconazole
On S e e Bjbe a5 s (fungicide) okd we jely ) A5 (Gasco et al., 2004
i dal e dagas  (KOycl, 2019) 4allad YV 45 san 3l tebucanozole s prothicanozole
Yuen, ) Losa Vel iy canlial cigll A Guilaiall gukall b 4 Hhdl Glanally dallll
b Aahll i Fladl culal) Bl Laly iy deglid) 3 kil o)) ek of WS (2007
Aadl)

(Biological control) 4 ¢ sl dadlsall 4,6
Bacillus (sliaY) e 500 3 saill Jsadll (zal yal dum el Alan 8 gl 4880 IS 330 el
Yuen et al., ) dwlo Y 4 ,0€0 Jal sl & Pseudomonas.s Lysobacter «Agrobacterium
Cryptococcus <Gliocladium  <Sporobolomyces (sis (s <l yhad 3ac (Al dga e .(2007

Lals Fusarium J) s e glail saal FU (mia 5 JiE Lay WiSe Trichodermass
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Ganlly ofialldl e )ASN W38 (Palazzini et al., 2007 ; Cook et al., 1996) F.graminearum
Schisler et al., ) Fusarium 41 2 43 saall 453K & Lellanind Jal (e 4380 sl 21 Al
& sind zadll 4 50 31 dasI 0 (2006) s AT Schisler < (2006 ; Palazzini et al., 2007
Gibberella zeae s a sl 503 () a5y GLS je Laa 5 (Betaine) (xindl s (Choline) ol sS) (e
Lellaminsl Sy o1 aaa LalSaly A S (o il a8y i) dadl (ja pal (a3l Cransall
il 13 dadla)

s ol Jamall i dadlSall 8 sagdall da8al) il e canall ) Ll Al all g
LSl e eosdall Jaly all XS5 (Rhizosphere) ossodell il psa g )l cajey L
Sanguin et al., 2009; Figueroa et al., 2016; Baffoni et al., ) (Endophytic) 4dalall 43 )3l
Dt sl e A e ALy el LSl Aaalill bl (e e Mad 301 &5 (2015
psand) (5 st g Fusarium ) &asos duss il e ¢ Jilinad) dadl (1 jo s oo 5l sl oSaill ) 528
Shi et al., 2014 ; Zhao et ) &xihuall Cojlaill ol Aadall et edy pdall il (A o g 4y yhadl)
O SA rishaiall IS e ‘&\}ﬁ s Je A (2016) ssAls Mnasri @lea 5 < (al., 2014
i ) 5 eadl) il
Aaile oo 50 Al Al GO el Al Bacillus sl daaly L e
oo Al saill pand A e ) 9075 3 s p sabiasall gei Jandii (33 5k e Foculmorum )
9050 ol Ay Lagi j 95 Glsall 5 ) s3ad) Jsha (uaad SIS 5 i) Jaxs (a5 )k

e Fusarium osis (e gl ¥ Gl e saliad) iy jlaill s b il i of (S
318) (Mixed-path) dabisd) jleall ¢(du kil cibilall) yaball il i) e ddlise Ll

Microbacterium s Pseudomonas <Bacillus - 4lide (ulial )

(andadd) g oy Cllain) (g ad) 3 pslall el g (A slal) cilay BY) 2 L)y sal) Cilaliadll
Fusarium U 4w\l JU:'A“}I\ UadA ‘_“J\.ﬂh‘g LgJ;\ A g A Ay Hhaall e).cu.u!‘ Jo g Lag\ LS
.(Wachowska et al., 2017)

(Advantages of Biopesticides) 43g:adl cilasal) (yuilas -1.4.6

G B Y] il 8 ALl (ol 5] Cilise aim A88al) dal) S alasiin) o) 33
S daa bl Alaasl ) sall dalleddl ALB latie ahdiu) Slo uSgiedl Gl a3
.(Baffoni et al., 2015) 4l 5

Al Apma laie Ll o o3a dua sl sl Aa8SA) Jalge o) 4 gand) sl Cay jai (S
Leidl g5y 4y gal) Clasaall 500 (Thakore, 2006) 4iiiie asf 5 o (1S 58 L Ll ¢ 3al) (o 5,
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b Al dga sall (i jaall tim Sl Ganadiily wia LS Ailas ol sall e £yl 23l aa )
el ) ALYl clall 5ald <l ()5S5 a8 l s Aallaally 8 guslall e KU |y e JEF I
Baaaie Ll (pe Al 5 Lol Wi o oKy 5 jia il Allad 4 paal) Cilandd) <5 L Wle
Thakore 2006 ; Fravel ) daa_ell lusall dic G gliall 5 als seds ) a5 e 1,0l il
i) gall (8 Wl Lgaladind Sy edibasll Aallaall AeSa 4 gual) sl (685 o (8as (2005

.(Bubici et al., 2019) delilaa¥) cilaiiall Juasinly aSaill Ja ol Lgd Jisn Y A

(Disadvantage of biopesticides) 43 gad) cilaall 5 slua -2.4.6

Gl gre 322y e Laila 45 pad)l Clanall (§ g By eSS Al Gulaall 8 e a2 )l e
e Al e e Al OV gl IS e cVA sy eSS 0 L
oYy Ak Nl aoall) bl ik dala el Bl Cus AalasSl) o) sl
Y 8l Callilly alati Al 53 0Kl 8N (Leuls (Larkin and Fravel, 2002) (... s 5 xel)
4l BGea (packaging and formulation) JS&alls caladll aay (LAIS 4 gl 28K (Jal 5o
(Collins and Jacobsen, 2003) 4& ssiall &3 duailly s Ul 42 gidl ye o) o3 dualy
Gl Al 4y gall Glapal) eSe o L day s S dplalits Al i) i 65 (Jilaally
G e Lo ¢ oK Ay gal) ol o Loadl it ¥ la il ey Jal (e 520 Lgiudad aay Llle
(Adagiual)l KN (e 3 gana 230) L Guia Aallad Jlae e gee elliad Al g dus

(Antagonistic rhizobacteria) 4siall dxaldd) cild 4y 33l L i<y -5.6
Bacillus i) -1.5.6
dalad) Gailadll -1.1.5.6

dc sanall o2d jualic il Addal) SN (o s de 5T de gene Bacillus osisdl
2.5 Y ap 1.2 x 0.5) ddlise alaal i 63500 ol day pa liled il (Ahaine) (5 suanll LIS
La gac 48 jaia o(Gpudl (8 pafill pa ol jall yuaiy) ol all ddlide f o) jall das ge (13 JSE5) (ap 10 X
Bacillus ole sl lac L) (Peritrichious ciliature) &lall mlaw JalS e de s Lol sul (33 )b e
4okl 404 (S5 38 (B, anthracis 1= L) 4 seSl) @lliad Le |0l ¢(B. anthraciss mycoides
1Y) aabaint ADlall e Cag hall 8§ sl e 508 ((pedd) A Laal) Apl s Yl (edd)
.(Prescott et al., 2002 ; Talaro and Talaro, 2002) (°#1202 2 40) 4l g 3adll Jal g2ll da 5lia
Al an Sl 3 jalh o LS ¢ iie 2 alall gl e @l il et

25



Al 2 gl i) o J oY) andll

> . A <30.0K I.00sm

.(Bhavya and Umesh, 2017) Bacillus subtilis b3 g SV jeaallis ) pa 13 ,JS&

dplel diala clllaia Ll o) Y1 s ol s Chemoheterotrophs (s¢8 sl 4als (e
Al 5l L GV Gmer (%p 405 35 ) Asiedl el daa YL
«(Talaro and Talaro, 2002; Baron et al., 1996) 2755 65 (= lua saii &8 (Thermophilic)
dplel Zpaeld) ga ) dasld) o A geall s i (Psychrotrophic) 3250l Gase AN (sl
diall e O Aanl@ll 4 i) Cagplall 2 Bl eV o el Al (e Lo S5 gl Y
(Todar, 2008) (s3aall shall Jia dagll g 3l Jabas sf e 1 g ¢ ) 51 Aplef 03 25 gy

oS (ks Jlaall) clilall sy o i @l gd g 3V Cudii o) i) Glany apdains
{(Hiremath, 2012) Clill ae (ilaill LISA (g0 aodains il 5 4 )3l s6a)

(Hydrolytic extracellular enzymes) Hlae 435l 7 JA ey 3l 2L &) Y (anad (Kay
daiiall Cllay 3V Gamy Jeriosd | 0 saall 5 3airal) il Sl ¢y s gil) Galaa¥) el ) &lSas )
Lal) s (8 ol Sl Allal) ol 331 Jardi LS dcapall cilalaiall 6 L, oda Cayh (e
.(Bouassida et al., 2018; Kalpana et al., 2016)

Jlaxinl o4 Bacillus thuringiensis g il ¢l jdall Lia jas de ganall 38 g il (any iiny
{(Prescott et al., 2002) (s s> (s rda anaS sl g $lai e
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¢ Al Cisiall) -2.1.5.6

dals cpiline aiia ) A2 siiall g1 93 aal o diadll (2004) Bergey dalal (SEI laay) 8 o
dlile 4 Clostridiales 43 Clostridia 4! «aa avay Bacillis Clostridia L s Firmicute J) 4w
i) aad Bacilli A} caa Wl Clostridium 2 e (e i 11 aad ) Clostridiaceae
Bacillus ) wis A ddlza) (uis 37 Ailall 028 s (Bacillaceae Alle 5 Bacillales

Cuall Cidaill -3.1.5.6

o (S s sl 8 L5 Slale (165 TRNA) (23520l (5558l mend) Judss jiiay
16S ) Judust bl e Bacillus i) apdi (Say .5 _setaall Cayiaill ae A83e Lag 4301 ) S
.B. cereus z 525 B. subtilis z % Lea (> 58 ) DNA/RNA U

Lnalila) s dadiia e LA E 1) (el A aalsap 1 e BB JsY) 7 sl WA (S0
Lol D Aleatie QAN (3 ()85 Lty altinall s g pagl) 0¥ 300 oall dme Lasas (JSE)
s »e 5 B. lentuss B. subtilis B. pumilus . licheniformis 2 z sill 3 & sl Ga (e Agacldl
(Fritz, 2004)

& S 5V 7 il o) gl e & e el Adgw g1 5391 B, cereus ) st ¢ S gz sill iy
sl (ot T o iST) Lsi 508 ol 13 g5l LA (555 g Lo peaill Amam Ainl
4SS el palainall pH 5 3)) sl le gae dne Liadl oalila) (S35 culd 5 dadiie e 43100])
Y Lgmpial e s Jsilall (e Bl Gaeall Zl o Lol ade ;8 e genal) oda ]
B. thuriengiensis s B. mycoides B. anthracis B. cereus 2 z sall 138 &5l (e il
(Fritz, 2004)

4 saa dadlsa Jal g2S Bacillus ) owia -4.1.5.6

sl Gladl S0 on 0o SV kAl LSl e saaied) 4pal) Glaadl Jid
s A )y LSl KT s Bacillus sl o) WS «(Shoresh et al., 2010) s aY! 4 s Saall
& el JRE I Jeaill Bacillus g )s aes by o0 Jlaall (8 Ylexin) JSY)
Gl zsiie () Ll & ey eliall lalil Llae Jeuy @A) Y1 ANl e gkl
Alall sl wan 8 Ui susi 3 S Bacillus Y3hs sl 3 Jsaall =aly (Lolloo et al., 2010)
.(Schisler et al., 2004) 4 i 438) o Jal 52 54 sa Glada b jlicly
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Glaladl s il 3zl Gob ge A jeall 48831 sla¥) e Bacillus ) gl i
3ok ol 138 (5580 ey L saill B )50 ana SN Al je 8 LDIAD) () 0S5 Ladie dala Ay gl
A8daall Sy jall s e il Al Bl juae Jea oSO Gl e 2all il il e
lee 66 Cua <167 Bacillus J) i Leadny Al 45 sl Glaliaall 232 Jiay (Okulate, 2009)
Glabadl e IS Gaaddy B, subtilis LsSall Lexiaal iladin (e 45 58 & s Glabiae (e 3 ke
Laiw calyall Zoase LS aia Gramicidine S Tyrothricine S < «Bacitracine 4 )
L) a5 s 4ad US4 Circuline s Colistine <Polymyxine die (s Al LS jo (anadl
s Alled Jalse g8 Fungistatine s Mycobacilline «Bacillomycine I dawilly Wl cal jall 4l
e Al g5l Layl Bacillus subtilis ¢ 53 &t (Fernandes et al., 2007) sileall 5 olicy!
Subsporins A-C «(xin AU5) Bacilysine «(xin o= 3,ke) Subtiline 32 Jie 4y spall Cilalial)
Okulate, ) (22 i) lturines ($osswsd Ain 2axia) Rhizocticine A-D ¢( 22 iy 2axia)
.(2009

((Schisler et al., 2004) Bacillus 3! ¢ 53 (e saaiaall 4y jlaill 4, gial) AndlSall Cilaine 3, 98

) ciagh gl z silall oS g sl
aS)5dll g ladll e b Sl g el yladl) Serenade B. subtilis QST713
el Cdall e il yadl) Ecoguand B. licheniformis
L geall g odasll (ol pualall e ey ylasl) Kodiak B. subtilis GB03
Lgall e il yladl) Yield shield B. pumilis GB34
A gl bl e by yladl) Bioyield B. amyloliquefasciens
L gall g phadll e oy yhadl) Subtilex B. subtilis MB1600
Ul e ol Ll Hi stick B. subtilis MB 1600

llal) lladlly Sachy e afw e 3oke sa s Surfactin sl dbaedl (s AT e (e

sl iSYI s Bacillus subtilis & s o ¥) Bacillus ) (s g 53 830 axiiai «cily s Spa b2 2

Lichenysin Jis Surfactin 4l oo (A&ida) 3 yiie Al Clalcas 2a 68 (Desmyttere, 2019)

Domingos et al., ) &'sd) e B. pumilus s B. licheniformis Jwaiul (1 Ll ) &3 Pumilacidin s

Jie Lgall Loall 8 sl Jae DI 3 paa Olady B, laterosporus s «<lXS (2015

g 1 oall e (SUall ¢ all (84 pall Cilabiaal) (e (e 53 Bacillus cereus g sil) axaz Loloatine A
.(Sadfi et al., 2002) Kanosamine s Zwittermicine A L 5 g dalall
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L jaall iy hadl) dailSa 8 Guind) 138 0 i1 3ol J e Canally Gl ol (e S Cadial
O 2l b Adle Adled @i ) o1 Y1 e ) Jlesind 5 J e () Leie S cilia 5 cclall
Ly (2017) 0sATs Agarwal e epUainl Cum iy shadll Lgaw ) ) ¥ (sbadll ia )
Dl Hsdall ied e Gl O FL oxysporum ks Rhizoctonia solani shd (e JS sa
| sha 58 Cua Bacillus pumilus MSUA3 s Sl & sill Jlariady ¢ gud) ddaiad) bl ladl) llX
= (2014) 0sA)s Zhao (S« B. subtilis SG6 & sl Jeaiuly 9678.9 5 %72.8 (i danis sl I
Fusarium kil DON kil aull il @Sy &1Y) U o plinall gai (IS Jayd
oy czadl) Gl die (FHB) dibiwd) ds8l (ya jel (s )l ansall 45 683 (g 2al) graminearum
B. amyloliquefaciens FZB42 A3l ¢ jelal LS i ill e 99100 5 %95.6 «%87.9 <ulia s
S g ¢dy Hladll da dll (5 sia Ao Al il o8 Eilas) DA (e Sladl) (udh s dacal g Akalds
Aadle Gl @llly g pladll gai S W3 (AL oda 4niE sAN) Fengycin sl dbaall Jleaiuly
(e el (Hanif et al, 2019) ZEN 5 DON 4 kil o gandl W) mdd o5 WS (a jall Sigas
Lgn baanlSy dadle Jal =S Ljlas la ki &5 B amyloliquefaciens g sl dalidl <Y )
s ]andii (2017) 05305 Cai gainl B, velezensis CC09 4 =l Juaiuly (Borriss et al., 2011)
Alternaria alternata <Phytophthora capsici <Aspergillus niger «Geotrichum candidum (» JS
sl e %474 5 %58.3 9634.6 %235 991.7 <laa 5 iy Mycosphaerella pomi s
s o dAgdall Gl sai Jal g Aald dilasS g3 Adlie day bl slas
O (Say 3aire 4401 e 3 ke Bacillus ik (e sl i (Bais et al., 2006) sl Tl
JUE A Aald paaill B el Jial | O gl 320 e (lipopeptides) dxiaall culadull Led JAas
.(Ramey et al., 2004) 45 Sall Gl jariunall pands @uaill Gk (e (Biofilm) g sall sLiall
B. Al Cajla (1o e (g s elde K& 8 surfactine J) 52 (2004) OsAls Bais geas
L J8 ) Jasy eliiall 138 o () ) slea 55 WS cArabidopsis <ils ) sda e subtilis 6051
oxesil) il ) ol AL s3¢] surfactine &)se e watll Gla () e il lilad
.(Ahimou et al., 2000) Pseudomonas syringae <&k (1 Gl (a pall 45 guall A glaall X
ldelall Stead ST cblall dea ) LSl dad s i) (e Galas o of oSa
(induced systemic resistance I1SR) &isiuall 4y jlgal) 4o gliall Japiii JA (e Gial jeY) Classs g

.(Kloepper et al., 2004)
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Pseudomonas wia-2.5.6
dalal) paibadll-1.2.5.6
£ il LeiSar ¥ cal Jall Allu Clae (e 5 le 04 (2009) Palleroni <
gk Lol gl 3ac ol aalg dagu S5y pe B gtiee Cilled I3 g )y dagiae (Aglal)
AL0.5 Gl 2 Jau e ana I3 9669 5 58 G CG 0o 5 sina 3 ¢(14 JS3)
pyoverdine 33te il e 3,380 Ll (pseudomonades fluorescents) 5 stiall &1 53|
Lasad & gl oda (Lmdidl (350 LadY) Cnd 3 ) lia selial Jhani) 3 slial

.(Palleroni, 2009) P. fluorescens s P. putida <P. syringae {Pseudomonas aeruginosa

~

S

T \ ¢ M
g 4
~ &
e 5 \ X : ‘g.‘
N A\ r N £ o
v -~ Sila.. Yd T ey
Y B £ . . \

.(David, 2014) z=lall S5 5SS jeaall Caad Pseudomonas Aeruginosa b iSs 14 ,JS&

L) pailadl) -2.2.5.6

JiieneS (panSY) Jariad o5 303 ey (Llia) () 58) (susl ML (uinl) 138 ey
ez Cua (Denitrification) Crs sl ¢ 5 Al Jastiod ¢ 831 Gany O LS el g JiSI Jilgs
Lelliot et al., ) 3 saY sad Cusany prany Lo 138 5 <l g ST JiineS lal) Giany (A < il
(1996

gs¥) any o Y1 «(Saprobiontic) dduall 41y Pseudomonas Ul 5 sléall g1 5Y1 ygias
(P. aeruginosa) i J8 Jay (ayee AY) lgans 5 (P, syringea) bl dia jea
"oeed Al Al e d@ldiaal 3 all dme OMSN 4 se ((Mavrodi et al., 2001)
b Ll ) L) o5 S de giia jalian Jlasial aakaiind (03] 48 "chemoorganotrophic
O sl Jleniad ¢1 9591 Glany aakaind o o S aim 5 yame o (g i e Jan g Slo i)
ia sall AT gl ki Ly IS Jal e saill Jalse ) 2 Uiag Y 5 A8l sy jaiadS
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b OsS B0 8 AS HLie jualie€ LK o3gd (5 S) Laal) Gailiadll sda 2aad oLl
.(Palleroni et al., 1970 ; Stanier et al., 1996) daplall

Ssblid) (LIS Basaial) il Sl i g ) Jia saiaall Syl aoa LSl o3 aulaid
<Y Wl e poputida s P.fluorescens <Y je (s aaxdl 15 LEY) i (Palleroni, 1984)
LS el (pabiatial) Jlastind O s e AT Lali (e Lsad 33na 4 jhae iy o2 o 300
Latour et al., ) @l sl (e ol &gkl je & 5l (e 48Y) Y Jadl 6 2 gl (BT 4y jlaall
Clays-) 53 e (zIohl) S8 uinll 13gd dail) jiliall (any aobaiad ¢ Y1 3 (1996
Ol iy Oy il g ol jill gl ) (8 e S50 L Sl 020 &l LS (Josserand et al., 1995
.(Latour and Lemanceau, 1997) 4 gl olsall <l slall (40

Bae Aaglia e 3,08 Llle ladas led )k e dlaaiuall 43ELY) Ol jlual) & 68
e ledie Sy ol Apaiial) Ll Y1 bl o)) s 65 yudy Le 138 ¢ s Cilalican 5 &l yedae
.(Euzeby, 2008) 4uh )1} <lial)

a5t Alally s (Exopoly-saccharide) JSed) saseie dpa jla diika (uiall 138 2 il aiay
e ) QS Loal dadall oda e bl LA Jals daalll dglee 2 40514 5,890 22
.(Visca et al., 2007) ddlisal) mhaut¥) e Blail¥) dlead 4, ) 5 puall (bio-films) &y seal

Alginates s Polyhydroxyalkanoates Jie <lliive i (uiall 138 aieay a0 dga (e
.(Poblete-Castro et al., 2012) (o> 5! 5K sl Jlaall 8 sl i3 3l 50 A

sl Juall g iiatl) -3.2.5.6

aial o3 ¢(2005) " Bergey's Manual of Systematic Bacteriology" <Uusl JGl jlaay) 8
: SUIS Pseudomonas

Bacteria :0))x

Proteobacteria ;i

Gamma-Proteobacteria:—=

Pseudomonadales:4si

Pseudomonadaceae:ilile

Pseudomonas: s
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aibadll 35k (o) Pseudomonas s sl lads g ad o pdiall Gl e liimand) 8
OSar agle 5 Uiy (uilade e Guinl) 138 o Vg edal cpdll ¢y 5)AT5 Palleroni <ok (e (A1)
(alida rRNA 13 4 58 aludil 5 ) Ay
ol duludll Ol e daall s A (e 2ol sl Can e o sl S 5 Al
B yaball &) gally dalal)l 3l 45 jlae ) 48lia) (ADN/ARN st ADN/ADN) (gl 63k
Alall 3 a5 Pseudomonas cuis (e sl gl (5 AT dea (0« FARN 165 U
.(Anzai et al., 2000)
alide & 53 100 oo SST'RNA 1" z 580 39 5all Pseudomonas sensu stricto il auay
(RNA V I RNA 11 z! Y1) Pseudomonas sensu lato cs s Y &1 59 aiai sale ) a5 Laiy
i A Ay 3l Wl 5 Pseudomonas osia (i ol ol oY) 138 e ¢ Al Lulial e
Burkholderia <Brevundimonas <Agrobacterium <Acetobacter <Acinetobacter <Achromobacter

Ralstonia, Shewanella <Flavobacterium « Flavimonas< Comamonas<Chryseomonas
.(Deschaght et al., 2011 ; Ginard et al, 1997) Stenotrophomonas_s Sphingobacterium

54l Pseudomonas spp. L (s sé () sale Pseudomonas sensu stricto (wisd) s
558l e Pseudomonas spp s (P. syringae s P. putida <P. fluorescens «P. aeruginosa Jis)
e ) Aadiial dad cllay Y (A a8l 138 38 g0 (P.sutzeri s P. fragi <P. alcaligenes Jis)
pyoverdine % 5 (Siderophore) daall CBlla (e (ala & g3 2Ll e Uy 5l 5 )08 axe ol 5508
(Ginard et al, 1997)

b dmniid) (358 AadY) a5y slie ol JDlai AL dxua e 5 ke Pyoverdine )
«(Fluorescent Stains) 4l Glavall e senn 4 o (Ll gl 254) il oo gall Jshall
3 Apandi) (368 AaiY) a3 5l phénazine U JMadU ALEN (gAY Clauall (any ass
.(Rossinol, 2007) e 53l 350 (o sall Jskall

Gl Lage Lin gl 3 |50 Pyoverdine drua caeli cuaall 458 cllala e 3)le Y
JB LS ALY 3 50) dga e gl Ja g (B B0 5a gl (Fe*®) sl 3 ) 5d 48y Pyoverdine ¢!
.(Rehm-Bernd, 2008) AT 4ea (e L_siSall claliialy 5 (b sl) (A el paall

Bossis e JwS U555 b jelae Lo st yedai Al o) 61 (s (e P. fluorescens & sill ax
o G sea s a5l 138 o Aiuiadll bl Calidas i laslae 2000 A (55587
i SN pealiall g g3 o dare o oY) iy Cus (Biovar) diss glsil 7 g il 12
Bossis et al., ) (Dichotomous) g &l AU aluaiYl dalaiell miliall e sldie YU Aleaiil)
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4835 Sy s Al dga e (siderotyping) wasdl COlla Cus (e dagatil) e 5 ddga (e (2000
(Meyer et al., 1998) (nxe s> & 9 (A 4 S A elaii) aas

) g5 -4.2.5.6

o a5l Guiall 138 )1 aadainy Sl LY Lee 555 AL Al Ll | ks
Vs omalall Jass ) Jas3i W) cpailainall 550 pally i s el (W) 5aa 8 de g aa iy
.(Palleroni, 1992) (42 yall 3, yall ¥ 5 (gaclall

obwll & ¢(Rosenberg, 1990) el Jag il elall & (haall LSl oded Sa
Jie 4y 5l yaa Gl a5 «(Romanenko et al., 2008 ; De ley, 1992) 4 sl il sac g dudalil)
Adliie il sae (e el je &0y ) sdally Adasi je (e AV Leany (Liu et al, 2008) P.duriflava
P. lurida Ji« <Gl & phyllosphére 4shie (s 4l je &3 Wazy «(Achouak et al., 2004)
Spires et al., ) xSl (Sslls (o sl s il AU W ¢ 55 138 aa s (Behrendt et al., 2007)
.(2000

Llai@ s Aiad) Lzaa¥) -5.2.5.6

GLS Ol Lty o 2ad cdggiae LS je s Loy lSE Gaall e ) ki
& bl Jeaiid o (fay (Ramos, 2004) 4 pdial) Cilasaall g & laall i g S 5 jnell cdian sllel)
.(Stallwood et al., 2005) (Bioremediation) 4 ssall dallaall Clilee

e (Psychrotrophic) 32l Gl 3l BY) ¢ eliall culall & dueal Guiall 13 o) Y
Jani 33390 s Sl ¢(Gounot, 1991) ksl s Slalll Jie 351 all G glie iy i1 aiea
Laaa¥) @ld ey 3V (e JAT & 53 an g (UHT) Adle aall 5l jall Aldaall sy 5 il dlec
aagll 315k e malto_oligosaccharides Uil (3 Jasivg (3l 53aaY) g 5 L i) o2a anis
Pseudomonas <) &Y 485 yeall M) dlliasll JMA (e (Derde et al., 2012) Liill oy 535!
Al Cleld 43yl o dpand) Al ) ddee (8 Lellaxinal ) 81 o3 4y jlaall g S 5 gl ola
.(Davies et al., 1990) (Deshydroxylation) JwS s yxell

paa e ddg mall LS8 ) aal ) 4 gal) Aslladll 8 Pseudomonas U Jaisall (gaadail)
andiall Glanall iy sllel) 4 geaall Claiiall Lass Y5 ¢(Xenobiotic) A gl dw jall <l jall
Clall 4815 Ll e ) 038 Caa 5§ (Poblete-Castro et al., 2012) glaall 3l je 5 cilyiall
(Walsh, 2001) sl Janall dihaia (8 45 gl AnslSall & Lutd 5 1) 93 215 (Phytoprotective)
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£ 550 s azi Al Psyringae Jie eclill L jaa s AT £l 5l aa 55 a0 4ga (e

2o ankaind ApdEuy) 3kl ¢ o8 s (Arnold and Preston, 2019) (Pathovars) u=_as
.(Feuilloley, 2007) 4 p> Glabias g O jelas Bae 4 5laae Llle Ly iyl

o= Lla) 1,3l Pseudomonas psis o) il lliey ¢(rhizosphere) sl sl (s sise e

O Ao yaall d3dal) GUESH (e aflen giSa LS il gail 4y )5 puall Chdaall ey yid 65 (3 )k

sl 5 kil o L aSll 3alias LS je 5180 A e lall ddalal) da i) Gl st (33 5k

.(Lemanceau et al., 2009) <hdaall e (il 3 )l e

43 ga dadlSa Ja) g2S Pseudomonas ) gsia -6.2.5.6

saill 3 ) 45 3al) LSl Gm e dseal Y 2 5l 5 5lid) Pseudomonas ¢ Jia
e 3l IS by o 4 paal) adall o) g2l (g sl jreadll Lgin (e B2 [ailiad Jiady ¢ il
il (8 Bl Algus (g8 csa] Rean (g0 Agsaal) (GUS ) Jelill 2l se o S 220 Jlanii
A jaall iy Hhadll 5 4 S avend (e Jand 4y 8 Sl 3ae U e 3 08 a4

Aall Jleainly Fusarium oxysporum kil A (2018) csials Islam Jeas
%56.66 <la s daiyy hill A (14 9690.02 <la 5 Aeuds Pseudomonas aeruginosa RKAS
.(Cell-free culture filtrate) LI (e 4all de ) all Aald ) Jlarinly o ledl) saill (1

(e JS 33las il Pseudomonas fluorescens o (2004) ¢sals Suryakala ¢ e
.Colletotrichum capsicii s Alternaria. Sp <Fusarium oxysporum

RRLJ134 Lea 5 3 sl Pseydomonas ¢ (ilSs Jleivls (2005) OsAs Mishra 2 s
5 e Apaa I Leghl i il e 55015 GLAN (g aall amall (g Laglje 5 Gl RRLIO4 5
Sl Wl Hsda @l aadiy HHI ) aall Gluadl Ustulina zonatas Fomes lamoensis 2
LA (5 ginsa o pine IS0y (i el A 5) (I GtDhad) 0l Jlaniad (3] s 1)

ALaYL Al il e dege dc sene Pseudomonas - 5 stiall gl Y1 pdaa
cphénazines i Ll o3 G e bay Y glall jlaall S il 3
LSS el s dlae e sl o2 355 pyrrolnitrine s pyolutéorine <phloroglucinols
e A al g Lhaldd Jlaw Clia tropolone Jie Clliiuall oda sy (15 JS&) by ladll
s o i adl g b 58 je e e 10 (S 3 o(dkady 4 i) dm jee Sl Siae

.(Lindberg, 1981) s 4883 ¢l
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Al 2 gl i) o J oY) andll

o -
5 ?_.,_‘ PREDATORS
SOIL ENVIRONMENT % 2 ({e.g., protozoa, nematodes)
(e.g., clay minerals) =g -
g3 . =
;\ F: .
e -
%:Eau% L DAPG
HaC “vl' = “CHy _‘D{.c{&‘i .
HO ; Ot ( o
PYOD o
COOPERATORS N A . PLT
(e.g., bioconfrol bacteria) |\/\[* N OH
. FNNE N o. o - S COMPETITORS
PN e &H poA | o »—¢& (e.g., phytopathogenic fungi)
—— R "’—-:.:uon 3_ L o ‘ll ] \
_ ) ar-po ' !
) ___..;-_—;, int gnalling |

Angy
M popt! m’bfosr-s 3
i IF i TN >
/}; v
7 e

£ in}
& 2=
A o3 g
®, Q= e &
%, % = ) &°
Quorum %, % =S & &
sensing Lo =4 £ q@}
(-] 2
. % moO =2 Lty
signals w o & ®\\
[T L] \°é\§

(Pseudomonas) & sssl) 481 jall Y3 Cih (e driadl 4y sall Claliadl aaf 15,084
PCN : phénazine-1- PYO : pyocianine <PCA : phénazine-1-carboxylate .(Dubuis et al., 2007)
.PLT : pyolutéorine «2-4, diacétyl phloroglucinol :DAPG <carboxamide

ik (e aiadll S8l phenazine-1-carboxylate Jwainls (2007) 05 5 Rane (S«
<Aspergillus niger NCIM 1025 ¢ JS L (e Pseudomonas aeruginosa ID 4365 LSl
Colletotricum falcatum <Sclerotium rolfsii NCIM 1084 <Fusarium oxysporum NCIM 1008
lall A jee (g AT il ki e

Allaxinl (Say Pseudomonas aeruginosa ¢ sill <k (e #ik Qliius 5 pyocyanin )
& Jeal andy (FHB) Q) a8l (a0 e J 9 3uall Fusarium graminearum hé Lo
il e %605 %40 4w NIVs DON 4 hdll o genll #U081 Qlitua) 138 Jady LS 0550
.(Houshaymi et al., 2019)

b (4 (2019) 05415 Andreolli ¢S« Pseudomonas protegens MP12 4 jall Jlaxinily
Penicillium  «Aspergillus niger <Alternaria alternata <Botrytis cinerea <L kil (e JS

Phaeomoniella chlamydospora ¢« JS (A 48La) Neofusicoccum parvum  <expansum
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Jasi a s SN g saal jeaall tracheomycosis el Jluwsedl Phaeoacremonium aleophilum s
4 s ilaliae sae ol e A gpaall U gall elliad A o3 o)) (s AT dga (e o aldl oY 5a
pyoluteorin «(2,4-DAPG) 2 4-diacetylphloroglucinol (s 5 ki aall lgidalisy 484 e
by yhaall oda e W 3 Al ey L 138 g pyrrolnitrin.s

4l ALudiall cytochrome ¢ oxydase I L Uasia (HCN) G osoned) aibis (aes iiay
ST dsiat Cum ¢l 5l 33LeS) Gaalad) (e 1EBUail L i) e 2wl die 4ali) &4 (Reddy, 2012)
O 138 Jasioy (Ahmad et al., 2008) ) asall 44l Pseudomonas &) s (e %88 (s
ablakall 5da (jdeiy (Voisard et al., 1089) &) [ sdad 35l Giadll (o yal 4 all dnilSal) 3
.(Ramette et al., 2003) LLall Ok J b SIX

e S i Jama e B 55kl Pseudomonas g 8 (e Y e 10 de &
neck ) Gludl sie s A1 315 Ll pail) Cppant e 5 508 < jedal Sl 501 5 Guadill ) g3 ¢ ulallal)
.(Shivani et al., 2005) HCN zlul (31 h e el ) 52 &Ll (necrosis

sk (4w datia geétoines 2,3-butanediol S« (HCN _se) oAl 3Lk Gl e aa g
@25 et Al e Pseudomonas fluorescens 89B61 <k (5 Pseudomonas chlororaphis O6
Cho et al., 2013 ; Ryu et al., ) o2l 3 dalaall juins Gusk oo Gl gai & ju€ uad )
.(2003
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

Jo¥) s gaall

) )9k (e Fusarium ) ouiad dagal) @il jhdl) (el g J e

-

dadia -1

i ol s Al el i il <l ylady AlaY) ) (i e B ¢l JSE L
Losally s ) ddee U A1 18 7530 cledal 3 ga el il | jame clldy o lgiy ja3 5 Lgain
TN PR IPW IS PPORL: |

bl a5l G ) Doalial dpanl <l () 55 La sae Ll W o) S DA il yladll oda Calias
a5 A (O gl s Gl daa o S (Al 4 hadll o sl eal jhl (0) 2l daa s (3534 e
Ge ol Ad ey gy il el jeY) Lgid 520 48 e ol (e Lgind o Ofisll) e
LindlSal dasliall (5l

e pa A @dlsde 43k lall mall 5% (e die 59 pen Glo dul Al a2 DS
3 ) psals Y e puiall o @1 530 daa s Ledy jad 485 ¢ ) e (o8 et clgad Adalall iy ykadl)
A gyl #1591 3 shi (530 48 ral dpal jaY) 5 il
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

Gkl g Jibu gl -2
Aol cilial) -1.2

QIS5 5 A el bl Sl e ccalall mall o ¢ 5 Aie 59 e Jpanll
s ¥ ) (National Center For Seeds And Plants Certification And Control) CNCC L&l 5
i s Al (Bl Jleddl e G¥ 5 7 e Dlinad) Camen calianll auge a5 50le 2016 A
Cua el g 55 Cun (e Loyl il i i Wiy 5 S AL2aA Al Aliss oz e 0 g p b
(4 Gale) Jui (9 dena s (e 2Dk s édal 5 Vitron «Ofanto «GTAUN ;o2 58 siall Ciluall cuilS
Al L ol g s jSaal) pude 15 lae <l 3 Al 48 5 5 ST A il g

Adalal) el i) J 38 -2.2
(LNPV) Luisay Sl dlead o gl jadall <o pla (e da el dad el gl J el ke &l
ol ana ld e e Adalall il yhdll e Gl Al (5 a3 o g s ¢(2008) Ay i
3355 0l g WS Je50 ge I8 YT g gy e Al Ji A syl 5000 Je100 sl
g5 sl N Baske e by ol )53 Alal) Adlea ) Al (g Al e 48y ko
I ol plaall (58 5 Aualal) i il e and o
daal (o S ¢ g dpadand) S glall aaan A1) ) 5 shaall 038 Cangt : 500l adaud) ageill -
8 210 33l sl erd ¢ pdn B e sl Ga Ja50 soltke L piny (g gaY ) (g
AU G 5 a8 Jaxas Tween 20 43l ciliay (311 °1.5 38 58l 53 o g3 gaall ) oIS gua J glaa
g o dany sl Jglae dsadla (1o sl maen (pSail AY (a e lan ol el jat oy
AL Lidari g aine Cilia 35 o W i 8 (e sl aall el 5y 5k (e addedll Jolase
paall Jaall 8330 20 (e cidail) dlee o 535 clgiiind Jal (e
o 3 ile g (Ll gl 3% 100 s 38T &5 das A3 )0 s e el Guas -
Glall (pand g i Ade S 4 s 7 16 Ja=as (Potato Sucrose Agar) PSA g ) b s
(1188 Ay hadll Ol jenianall ) seda (S 03425 5 )l s e
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el o (e Fusarium =) (sl A cily hadl) (addiy J e

Js¥) ysaal)

L;\.\S\ u}ﬂ\_} }i) ey LQ)AQ Fusarium 2! t"_i\)m ‘)é_k.l cu,\a;j\ Bl lg) amy C._‘,\:'uj\ Bc\ﬁ -
Fusarium 3l <ish (e dadiall &15¥) 5aali LS dpandy Ja ) dale an 40 )5 ) (8l

3 yexiall Al e dldise " Fusarium " 3 peatiue JS (e 3 e dxdad 3250 by jlaall Ay

PSA Lo sll (g 5m 2aa (55 b e g )35« AY) G paninall e GISGY) a8 B Llle
(LNPV, 2008) < 2l d3leal 3 pilie auadd Al ¢dis O jarioss e J ganl) Jal e

- 000000
[ —— :
000 0 (o000 00
g P i |
Ja50 Lpaaa sk dde b skl ks NaClO adrall galall Gyt
NaClO (1.5°)/210 30-20 &
& A 554100 £
7-6 Jaay 4de 15
idejata
70 N
/ %
<= [ 0
22 G el Guan <\ s} f)
217 A5 Gafa255 \\ (] /
\ll}\ () Pﬁi/’

Fusarium J1 &Y e e J sl dal (e zadll ) 63 e dlalall iy shadll e dolee da) je  1.].J84

(A sSeu g oS0 g - 9 Ska Auad ) iy phadll (g ygliall iy pail) -3.2
da 0 dic 2Ol 8 (Potato Dextrose Agar) PDA & ) law s Ao 4@l 4 yladll Y jall Jadas

(13a1e) PSA 5 PDA (b sl (e S (o ¥ Jall & ) 55 e oS 5 jSLall Al )l

d;iw_oeél.'éj\)ﬂ\

e IS e s aa lasall ol paniiall i g g5 jedaa ¢ galll EVara (A Ayl (ailiadl)
.(Leslie and Summerell, 2006; Seddique et al., 2010) 4=l ¢
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

SNA L sll s (Carnation Leaf Agar) CLA & L0 a5 (e IS Qs ¢y sS 5 ySaall Al jal) Jal (e
A3kl 385 CLA by s aly (g el edad) (asaiill Jal (e (Seawater Nutrient Agar)
a5 (Pae5) b_yha dadad 2 Al ) el e WU (2010) ceoATs Seddique <ok (s Aa i)
i da s 15 (N 10 2 Ca28 (A (s of (1 3ale) SNA 5l CLA (e s sinall Gkl o g aua 53
.(Seddique et al., 2010) (& »all jeaall a3 3 pantinuall (o Anlad

ok (a5 (1994) 050315 Burgess <k (e s il 43y jlall gLy (5 sedaall Cay pal ¢ jal o3
LSS 63 jumaall 5 ddan siall 3 sl bt KU e /3 a5 Ao 2adad AN «(2006) Summerell s Leslie
35a s AanadISl § 1Y) e ol asa s Gy (Baaaie /5 Aalal) Glulldll g s (Dan g 1) Leana g
.Sporodochia s 3_pall Sl K1) Judle

o) di il 4.2
Gene life " ida (s st o S iall Caoaill o) jal o3 (g edaal) Ci i) il Al Jal (e
sda) yall (385 L 4 " BIOfidal" _ide g 481300 ubialy (saam 40Y 50 "sciences
b e ds il (microwave) 4l z)seY) (Olea) A8k Jleriul DNA ) padlaiul - -
(Goodwin and Lee, 1993)
(5 TCC GTA GGT GAA CCT GCG G “3) ITS1 <liald) z 55 Jexiny PCR = piuzill -
A3 el 5 2l 23 (5°CAT CGA GAA GTT CGA GAA GG 3°)EF1-728F zs s
EF151TS1 = 4aldll pCR ) il 5 dusii -
il s Juanils dald gl Jlaainls (Alignment) G815l 5 (g 55l Gmandl Julasi G s -
le J sl dal e (http/www.bioeditor.sdsc.edu/download.shtml) " BioEdit" gt » Jie
Ala FEY) 48) gall cdluludl) la) b «olld 2ay (consensus sequence) (38 sill coluli

el al laamy a3 (http://www.ncbi.nlm.nih.gov/BLAST) "GenBank" <G ) gall eliy (e (41 _8)

dualdll Jleaiuly " MEGA" 4anall (Multiple sequence alignments) daxiell <iOluludl) 38) 55

" MEGA-X" z=<b_» " Clustal W"
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gl 45k ¢ Fusarium ) guaind dalal) cil hdl) aduds g J e Jo) sl

A g jaall il ladl) gai o g 3l dawg £ 59 80 ad) daga U A )2 5.2

& Fusarium 40 <Y e e s51al da 505 ¢ 500 Jaus e IS s 0 (530 4 e Jal e
(Ae 14) il Joal) @ a8 lgle Gl &5 ) Y el sl e cpilis o jlial el ol
1s® OLERY Gl Jiah

B1lol) gl Jo g gall) Jo gl hugp s HiE-125

(Jaxivaall & )3l a5 g g Aaiiall ¢ 509 dae IS5 paill 3l 50 A pea ) A jall 028 Cags
el sl 3l ase 5 saill Ul S SNAS PSA et 5 g 3l Bl sl (e (e o3 Jlaniaal
s en 6 b g bl 7 < Ay padl) A jall Ay padll 8 jextinall (e (a8 3850 (e sl S b
g5 IS g g o) daus IS L il &5 ol ) S5 S0 il g )3l o g e 4 gladl ddel) Chuating A
g oké

z a8 A el 7 Gl s peninadl () adeall il lall (e Ja]0 A8lals £ Y1 a0 Gles Q4
AT 138 7y i) gl 8 paia s g g pal ey e pladll 5 jantisall S 31k e el ga £ 531
A e 3 dleadl S caaadl Glua dal (e " Malassez” 4ls e acagis Jpt 10 4 2358 o5 s
NULEPU| NEREN,

Bl al da s s il A 2252
k_IlAJJE_\mdLAa:\uLi c}q.\ﬂdmuicid;\sq‘fd\‘_gqﬂ\"&‘)\)ﬂ\ﬁ_)daﬁﬂé\m‘)ﬂ\DJA 8agh

Sliml) Jds 6.2

Laini g PSA caliall i) Jass o) (5 s il 8 45 yhadll Y Gall & 55 ¢l sla (g oSl aay
.L@_A\J';Su\o_..\;‘oeél. 'EJ\);:X;).J‘;.@
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

) yaY) 5480 JLEA) 7.2

oo Jal e Al Joal) Alee (e ldle Jgmandl &8 Al A il Y all aues A g
D53 (e il A5 aa plill (il iyl Jlerial 3 zeall) <l sla &y ladll <Y Jall dpal s
Al GLEN el ) Y g1 a5 GTAdU s Aa) s @b 52 o 5 peadl

D52 il 55k e in Vitro™ Al ul Hall Cuad Fusarium ) Y e Al el a8 dal (e
Aaild) e s e 43 )aally (coleoptile) Al dez saiy s o ) 0 5 g paal ladlly
Dbl 4 il 2@l (3 5k e ) il ) gacl@l ¢ Gall e Al Al L cudi (32aL)
.(Abdallah et al., 2019) 4 sSI ilaally Lgali aay il Ao 580 Aul 50 25 o jal e gyl

Wl 2 galy jeedh o Al paY) 308N LA -1.7.2
ALl o) el 38y lall 02 aa’ ¢(1983) Mesterhazy <8 b (s dudadll 35y Hlall aldie ) &5

k8 @3 al B8 2k (Potato Sucrose Broth) PSB dass 5 (e Ja50 (e 4y sine &l )5 8 <3l o
2417 jee 4y ki g )l e e 33 AL paS

e 217 saal 35553175 Ao e (GFL3005) <l il Slea Jlarivls 7 U &l )5 ) pads o
A8 all 3 ) mda ya

(/5052 5000) 58 sall 2 kall Aol 53 0 galawsnall i (33 5l e Guilaiall o paliall juas3oly e
inilas o &3 Jo/ge]3 5S 8 () Jsaasl) (i PDB dass ol Adlialy 440845 o3 (Sigma 3K30)
" Tween 20" (= %0.2 48l

e a8 lede Calimy &5 (o b Ade JS JAI 4adxe " Whatman No.1" el j 48,5 puagi @
oilaiall o gl

e JS 8 «GTAdUrs Aals (o g 1 Slial) e JS e chalan daine el 4n 25 puasi @
Jlaniaal 3 Ll 4 3201 225 81 A3 (B lal) (uiand 3 (AT i 548 ) g aad o3 (g
Ay yde 4y yhad A e JSI ) S )

Oe Lpaill oy cGuaal) e sl Aal das ¢(me) JshY) 3y Al 2 e IS Jsh b oL @
Aadldll ye o gall pe )il Jghall gail) (mdad cans p LY dlae Lol 4 gie oy Ll
J(Baalill)
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geall) COLAL as W) ¢ ) e Al jaY) 5 a8l jLad) -2.7.2
Ol mmy xa (2013) Matny s Khalifa <k (e A8udaall 44 jlall (38 9 4l jall o2a 2] jal o
Al ol ghaall 385 Gl 5 daalal)

Ol 5N e S Ty e il Ay pladll Y el el g kil ZAl uasidal e @
gl aday ¢ hatia sla Ja22 5 padll s e §54 «Ja250 ans D3 A pa JS B pa g Cun
A kil 1 all 5 jenicse (30 53 sale aef b cld (yal 8T Guadis mily o5 ¢ (IS 53 5Y1) B sl b
S 3 U8 sy Aa gl 7 5502025 5 a da 3 (G a ] 5 5aal et o3 oL 7 L jes A padl)
244

5l all Jual Ll pranst ka1 4y 5ill) sl (e ol Ly 20 B sl e (A4 il a5y 0
&) il dplee Caagd 3 20 83a) b 1.4 Janay 9 120 300 o Jlerinly ¢(ll Qe G
Al (8 e 33 9 g0 (5 a0 Ln LIS ae DA (6l 2 5m g pae (e S

Al s ¢pSle s0) AU el Calival (o Adfina 5 52u canlQ ki 53 ¢(Pots) anal JS 4 o0 o
Jlazinl oy Bue ezl 4 il (8 an 5 (A 4 Baxy anal IS 4 Q)0 5 Jasey (GTAdUr
AaidS el ) S5 3

B58) pn2 Gae o sl ookl Al e £2.5 ddlals oT 4 ll Lelibial¥l dual )Y o
(2.1.0845) a2 LS dabaall & il (e dlday aiy o (e de g jall 530

LIS 5 AN 038 Jariud cdabaall 4y il aad y i Lndass Aaiaall )50l Clapal 38,5 o

o a5 ¢ sl (G L] 2/Ls]2 sl ae B Belida) Caadl it (8 Clapall pen pa i o
L0205 18 3 s

cipill aal) gail) e Jaliall Jab e cdadiall slay & sad JS (4 0 cclbianal) Su sl @

3l 4y jaill 5 58 JalS e U ol e W1 g coldan Sl Jasst Jad (g0 dse 59 481l i) puzads @
L g5

A5 S sell o all Jsha s Jsha¥) J3all Jsha «oDBAN g pall A (g0 IS Gl oy <46 a5l 2 @
ey o) cpadaill e JSE Caladl 5 ada ) o))
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.g
cg:
-F"—-
——

el de kil 5ili Al )0 48y Hha i ) cliidall il (5 sing Ganal Jie hbida 2] J8
el ol gac al

i) (b alll cilia (g 03 e Al el 38N JLE8) -3.7.2

Cudl) daall b ARl ol LAY 8 Al je) SV e ki oY e ao sl il i
O3 ALs Shin ke (e A jital) 38 lall (38 5 Aa3Ul el s () 95 200 (0 IS Jame e ¢ (S0l
ool Jslae (A badas M5 "Aal " CGTAdUr madll Glial s biad (2014)
Bos Slo st ol abaal) hatall slall 0 pe sl el 010 324l (/) 1.5 DS o s saall
O Axadi & ) anD5 lelee 5 an 15 1okl 5 i Cliagal (& )52l (uad | aleal) iyl
e (528580 Glaall (ga I 10 O s edpnial ¥V JLEA) ol e lapal &6 e (g bl de 50
s jo 4 Jlind) 5S5 Cua Al IS aee Jala (Jo/bas S H10XG S k) 3 _nida 4y yhd A e S
Ol s 3 Ay oS Clilaally Lgail () 50 Lgnaat Sl Jibiaal) o 555 Aol o) g3l Aoy sl )
& Clall 5200 Claa PA (e Jilid) il day A madll Gls )55 230 Jare e S e
Al JS

el Ailaay) A al) -8.2

Gl b gia 25 laal) SPSS zeabi Ll Jlazinls (ANOVA) ol Jalas g ailisl) 25 e
GOAY) uiad Eus Duncan DLW Jleainls 4ual &5 (Significance of mean differences) 4 sixal)
9095 3 sluse 48 Jlas 2 (p<0.05) %5 (3 S8 <ilS 13 (Significant) 4z siee el
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

MM‘J c.t‘.lt.“ -2
Adaal) ey kil J3e -1.2

7 (x Adhaia 59 (e A3 plic A8 Hhy lgde Juantall madll o (e WS Jjall Zdae ¢ jal &
Oe LSl iy il phad e (5 giat A paall shll Aulle G Gt el Jall L8N Jledl) e Y
«Cladosporume sp <Alternaria sp :(dég\l\ S Y () s Adaladll oliayl il daiag &\}ﬂ
D) 8 a5l 5,58 &) ) 38 a3 Rhizopus sp.s Penicillium sp <Fusarium sp Aspergillus sp
.(Pathak and Zaidi, 2013 ; Hansraj et al., 2018) “ald dday madll )4 &g cdale ddiay

DAY lpany s g sill Gutil iy Lpany A je 14 Ao J paal) 23 38 Fysarium ) (s dadlly
oaiiadll L) G Fusarium 3 osin () Leilaiil 3 clial) JS o gl Adlida g1 59
b Sl g sis JSE 51 sl Cum e uiall 13¢] alal

4 phadl) e jall o sedial) iy il g Chuagl) 2.2
ool LaS Lgdy yai s Y jall Cia s (Sas CLA i/ 5 SNA T sl) (e S e

:(FC25 FC1) F. culmorum g sl <N e -

D e(ga 5l st mnY) e iy (ks il jentias PSA £ 0l B s e aat g e S8y el
ol o3 Aale ANy Al (8 ) oS5 (a2 g 1 O La pdad) 45 S e A o0 AWK JSI 8 Sporodochia
g by ae Alaie ¢l s dra JSE pe b Jsa asluaall Gull (8l s A Ay
05558 Apac al) 1A Lal 5 jine Apasl) AIAY) ¢ (o 58il) AL 5 A 63l 3 il <11 (3.1, J83)
s Al claglldll e Wil JSET ¢(Notched) 4e shie sl ol e JS& (foot-shaped) asdll JSi
(Septum) dxa e jalsn 5 A 3 Je 3 sl Sl KU (6 633 Sporodochia 4! (s siue e de i)
i SN o pla (e Al gene LS £ oY) aali Lesale (3.1 JS&) ap 7-4 X 60-30 el i
G Feulmorum g sl () cilial sall s34 2523 33550 e sed 3iaall Clhan &Il L 640l
Summerell s Leslie < sk (5 (1983) Zillinsky «(1983) Nelson s Toussoun <8 sk (s adiall Caca sl
(2006)
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7all) oy (e Fusarium =) quiad daglil) ciby il padidip J3e Js¥ gl

eaab 3 ) gua z 3 yariuall Hela 1 6B yerfuall Ay \) (FC1 A 3l Aalal) 3 jexiwall 3], JSE
(ERaY) Sl I Elala 1w ¢3Sl Sl S 12 (X400 (A seal

"FCh" F.chlamydosporum g sl 4 e -
) (Hibiscus) ¢3SS 08l 53 «JalSIl oS galiall clay po sl (6% PSA g3l Doy e
G AN Ol Hedad Adedl ek Lal 3 parianall (pe dapill ol a1 8 o) jiuall SOl Gy ae i
WUl 7 W e 5 eiue &S5l L (Burgundy) gl Hlall N zoan S5 Gilsall b sala
(5 3 IS <13 b g (s QU gl oam je Jala) Ao giall 58 gl il €11 jelat (el . JS5)
£ iy uad (Conidiophore) xSl Jalall & 530 e 15 sl 3s Sporodochia 2> Y
a9 50U LIS 1 50¥) A je ) sa SO 5 0 ke A s dagiine 6350l 5 Sl il I
Gl S Y (7 4.1, J88) dudl IS5 e o alad (555 (o 15 s JSill Sy sha L
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7all) oy (e Fusarium =) quiad daglil) ciby il padidip J3e Js¥ gl

iyl e (-..ﬁ.d\ Caasll s F chlamydosporum &}.‘S\ ) Cliial gall 638 2 g2 Juds  praall

.(2006) Summerell s Leslie <8k (x5 (1976) Nelson s Toussoun

)@AASLI 3 ) g 'z cSM\ )@.la x| cB)Aa:\.um.“ 4a g i) FCh ;UJAJLJ Lalall B)A’:LHLAS‘ 41,084
(A oSU Jal gl = a ddan giall b SO - 63 peall cibian KU 2 (X400 S pall
(4o o= 235580 o e

(Fa33s Fa6.12 <Fa6.25 Fall.5 <Fal2.1) F. acuminatum g sl <¥ e -

(Floccose) gdaall (8 gea i€ anl o gabiciall b Waday saill (4585 PSA g ) Loy e
S Sporodochia JSiii il ) e galall ) Jad 28 Al Aa3ld dplie 14 0 ) a2
Slo sl e dpa Ll JSa o8 i I 8 05l <l o 5SE5 (RS e A g ALS) 3 jeniunal
(< 5.1.088) 5skall

o 8 nae Lac ) Al el jlas ae (sl AL 5 Sl Cilay SI Ay jeaal) Aalil) (e
o s aa g me lang Aanie WE (o 5IS 5l e S 1380 5 ga b ppiaall £ 501 208 UG
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7all) oy (e Fusarium =) quiad daglil) ciby il padidip J3e Js¥ gl

398 pad el JSEE A0S £ ) (25.1.053) lalldll alal ()5S Clay S dala dlania
s <(1994) 05 0AT 5 Burgess <k (1 adiall Caca dll s Facuminatum g sidl ) clial gall o3a
.(2006) Summerells Leslie <k

Dl B a8 paniunall eda 10 68 paxivuall 4y 1f) (Fa12.1 A jall Lalall 5 jeninall 5,1 J84
(s8I Jalall a8 508 4008 € 1 b paall Silaa KU 23 (X400 (5 sl

(Feq28s Feq49 «Feq25) F. equiseti g i) <N s -

& ol 08 93 S o lisar 3 PSA £l s e el a e IS5 G jentionall ga
Lal 63 pariunall S ya (8 daala Ly i dldll sl sl ) cpuall 8 a8 aa o gaill 8 T &5 o)
"Beige" x> il ll () S pall e lall sl (sl e g a8 JSG e 5 jantisall jedai Al el
(= 6.1, d85) Al &
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el 54 ¢ Fusarium =) guiad dalil) el ) gaididi g J e Js¥ gl

= 0k 0585 Sl Sporodochia ) (o8 Al 358 5 5 Sl Claas sSI1 () 5S5 ¢y jeaall Aalill (1
godnae mlan 7 N5 e e 558 (5 sedn ol Ll s a1 jlan 35Sl il K1) llias ¢eild
25 O b Sl b KUl J ha - ) s (tapering) 4Bxiee Aed 2014 58 jrae 2a 028 J<5 e e B Al
B yrall by < ,(56,|,d5.&) <l adlaal) L;at;i L oS el (e B 3 Al sda JC5T U555
O e 5K B 50 SNA damy (o Lo gy SISy LpadISH §1 55 JST ey 8050 50 8
£ il ) lial sall s3a 3ga3 Judl 5l I G e(g28 IS0 Lealid) by dlall 3L 4058 5 ASsan
Summerells Leslie <3k (s ¢(1994) 0503 5 Burgess <k (e padall Caagll caua Fequiseti
(2006)

BYEON RSP z 3 yariiall Hela 1 3 pertiieall A g i) ‘Feq25 Al Aalall 3 yeriuddl L6, . JS4
(A2adS § 153l 13 6858 a8 S 10 (X400 (el
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

(Fs35s Fs6.21 <Fs12.5) F.solani g s <Y e -

B a o glinall Baddll o ) Jasi B g slian Lasae PSA gl dan s o el paniunall (555
& Dna guat ¥ CLA bl e dals sadall o4l JiS G 8 Sporodochia ) el ¢ jedaall
(7.1.055) 55kl

4aum g 4ly sk «Sporodochia 4 (s sise (o 35S 5 Sl il KU jedss ¢y jeaall Aalill (1
LS a gy e 8 psall b S i dpalal Cilaulld (e B L sae il diia 5 Aaiiine clagac
JE cd AN 4l i dalal g ll 5 nea laa Ak dpalal Gl e A e (False head)
O sl 223 & salissdl) (5 siie e sale LaadISN §1 W) IS8 (£7.1.d88) 5518 | uada) ¢ gan
ik (e paiall Ciall G Fosolani g osil) ) clical sall o3 g8 o 5 e gl DG )

.(2006) Summerells Leslie <8 s (15 ¢«(1994) &5 s Burgess

Gl &) iz b peninall jeds 1o eriuall 4a 5 f) (Fs12.5 Al Aalal) 3 jerinal) (7,108
(" False head" 3K (yul 511 13 ¢34l
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gl 45k ¢ Fusarium ) guaind dalal) cil hdl) aduds g J e Jo) sl

F. culmorum :cs2 s ¢(1.1.dsan) &5 aall 4y yhadll ) 5391 44 yra (I 4y jeaall 5 4 jedaall Al Hall Couadl
(o 48 gaa gall 8 il miilda e Alaie WL Fosolani s F.equiseti <F.acuminatum <F.chlamydosporum
Leslie <1y (1983) Zillinsky <k (s (1971) Booth «(1976) Nelssons Tousson i kb
2a) gl At A CaBR) 3 ga g daa ol cFusarium ) psial 35 A de [4 & gana (36 ,(2006) Summerell s
Fequiseti s F.solani ole sl 4y (%335.71) 555 Facuminatum & s seb Cua ¢ 1591
.(8.1.J83) (7.14%) F.chlamydosporum g sl ¢ i 5 (14.29%) F. culmorum g s &3 (21.43%)

.Fusarium 3 aiad 4aaal) 40100 g.\b)lasﬂd)@_b.d\ iy yaill g J dall L.\Jl;.ac._z\_uual;.q d.1.05

LYl Akl Caiall Aalad) Al Cay il B9 A8
(4l Yo shill Ayl Ll
B S Sl VIT 18 F.culmorum FC2 1
FIAT D aia 2Y VIT 93 F.culmorum FC1 2
ez | dlegus | waHA 41 F.chlamydosporum FCh 3
iy SPpk GTA 64 F.acuminatum Fal2.l 4
mrengr | diegas | WAHA 33 F.equiseti Feq25 5
EATNON| Dsaie 3l VIT 93 F.equiseti Feq49 6
axily SPpk GTA /1 F.acuminatum Fall.s 7
axily <l GTA 64 F.solani Fs12.5 4
TRERTR 4aleal) GTA 49 F.equiseti Feq28 8
Al Aladpme | BOUS 93 F.solani Fs6.21 9
Al Ahad g2 | BOUS 93 F.acuminatum Fa6.25 9
Al Aladpe | BOUS 93 F.acuminatum Fa6.12 10
ERRAES PR GTA 13 F.acuminatum Fa33 11
axly <l 3l GTA 76 F.solani Fs35 12
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

N

21% F. acuminatum

= F. culmorum

F.solani

36% F.equiseti

0,
e F.chlamydosporum

Adbadl) Cligal e 4 g 3eall Fusarium I ) s s 8,1,J84

Ol &) sk i agl s (2005) Os0aTs Strausbaugh 4) Jaa si Lee DL dagill o2a Calias
Aahiall Laliall Cag lally il 58 gl aad 53 1 ) gm i LS cmaill a laad 53 SY) 58 F. culmorum g sil
Marin 4 s e b led) dha giall sl il 5 s Al dga e 31 all Lie dala e 2l sidll
Aalie Clga A Gsall 35S Glas) sy Fequiseti s Facuminatum cse sl O (2012) 00305
Caiall o @il @ jedal cradll £ il Aals (e Lgdde Akl o sand) Zl) e GBlery Cua (ilisn
"ads 52" 5 Vitron Oiialls Lo siia (42.86%) Fusarium ) ¥ e e o) sial JiSY) IS GTAdur
Gl sl Aal e W (9.1.S8) (14.29%) "ials" il 1l b & (21.43%)
Alaall ¢ e 5 <l Sl Al Y 5 (e Lele: Jraniall clial) G ) & jelal 288 ¢ (11.1.d83)
Leind «lisal) & san e %50 = 3 Aty Fusarium ) @Y je e ol sial SV culS (yaailly
Gliall &3 el (0 %021.43 4o e Sigial (Al e 0z 0 4V 5 (0 Lo diasiall i)
%5714 Gty ALEA 55 Sy S0V 5 (0 Lale Juaniall cilill | 3805 014,29 Aty Alpsadl 33 5 (e
e e gl Glo gt sl alh Ay il (Y 5 e el Danailly ¢(10.1.085) Lagie JS)
.Fusarium xial)
Lag3l Cus ¢(2009) Douici-Khalfis Aouali ¢y JS 43l Cilia 55 Le ae Lol Lgle Juasiall gl calias
i) ) g el e eSall e g 2 el Al Y S 3 Fusarium ) gl e 2 sa s s Sl ol
Adla) (Jlind) dadly )l (dad oim ye OF (0 (2019) s3T5 Abdallah Clea 5 Le Lgale Juaniall

) 5 (3205 A3 e 5 g s (S8 3) AL (A5 Ge IS (8 0l s clagiln
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7all) oy (e Fusarium =) quiad daglil) ciby il padidip J3e Js¥ gl

Ll calial) o5 5a0 dga (e Fusarium e @l e dsmanll aae Cun e it ¥ 5 Jsa Liad
LY ol oda e dl e é\é&d@aéb\&pc@%Y}wwﬁﬁY\ aiﬁs‘\zﬂ\dmjjuc«
Fusarium J) (e (pilide fpe ¢ (e Y je 4 e o Gliasdy

= VIT

= WAHA

= GTAdur
BOUS

Fusarium I (e daliaal ¢ ) gL madl) alical Aba) 4ai 9, JS

m Biskra

m Batna

m Khenchla

= BBA

m M'sila

Azl ALY ) e Fusarium J) g sih bl dans (10,1084
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

—
A .} FCh £l Fs6.21
% FC2 O Fa6.25
bl ¢ Fa6.12
O Falza O Fs3s
O Feq2s - Fea28
o F“fl . Feqds
a - A
OFsizs ¥ Fa33

lele Jpaanll &8 Al Fusarium I &Y e calisal &) jaall ) 6l 11,108

Akl o jall el Gy i) 3.2

oailiad) 4y jelaall (ailiadll e lilaie) Fusarium A Aaisal g 51 Ciua g 5 Jual oy (Ll
LS e 553 gan0 4l yhall oda (85 YA o IS 8 ST ¢ salianall 5§ ) 52 W1) A penall 5 (5 panineal)
0585 A Lgasi g &1 5¥) S5 5l dainall Clanall Jie sadieall (ailiadld) 48 aae 5 L8y ade Can
Lo sae Agibiall g1 S0 Ay 5f dala aal gl g il Jaly i Ul daling

i mills Sl a5 (g penall s (5 edaall iy pail) (e L) Jaa giall iliil) daia o SH Jal e
8 paall Apial paY) 5080 () e e clgdle Capaiall Al e 14 0 e bl Y G 51 S al)
R O I PN QP FTV1 JPA BV

<Oladaall e Blasd "Gene Life Sciences” sdw () (<Y all) il yhdll Slie Jla ) da
Y Dall pany e o il WS ER-728E <liald) = 55 Jleaid OIS Eua (2 Gade) e JS) Aalsll
Jal e ITST 585 liald) e G 7 5 Jlaniaal (5 AT e o paill e xiul Laiy (Feq28s FC2 A1 jall)
82 53 sall Olaluaill 3L aa Lale: Juaniall cBlualuill iy 8 (Feq255 FCh «FCL <Y jall) ibill Al
2.1 d sl 8 Asia gl il e Ulast Blast el n Jleainls «(Genbank) <l gall eliy 8
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

Al Cobalsil) @30 o5 Al dga e DLl ¢ 53 g e A jadl £ 53 G Blduil) J) shal cslial)
(12.1.088) EF-728E Jlexin) e Aaiill cdluluall aa 43 el buwd Jshal Wil ITST Jeniad e
i pa (o pedaall Ciy il Rl wren Bl 5 Cuny ey pelaall Al ) il Lgde Juanid) il ]
G sl s Baa JY el LiSay alil) aSE aay (@ohdll gl Gudt) all ca el
F.solani g sl e 4uwsi DS J 8 WiSay | ) jall 8 ~adll )0 & Fequisetis F.chlamydosporum

Lsthae B A jal) L sl sl s Jleaialy iy paill A (<)

ALl =3l (g e s Jlastinly Ay pladl) Y all S el iy il Al il 2], g2

A Jsaall &8 kil g il Auludl sk ) B%S) &)
s | (Genbank) (aetsill axe) | Aleinadl) el | Al
100% | MT367594 F. culmorum 470 EF-728E FC1 2
100% | MTO077212 F. culmorum 626 ITS1
100% | MT302379 F. culmorum 469 EF-728E FC2 1

99.78% F. microconidium 477 EF-728E FCh 3
97.36% MT 344943 F. chlamydosporum
99.60% | MTQ77210 F. chlamydosporum 616 ITS1
99.76% | MT374408 F. incarnatum 466 EF-728E Feq25 5
100% | MTO77211 F. equiseti 616 ITS1
100% | MT263681 F. equiseti 458 EF-728E Feq28 9

A g jaall cily pladl) gai o g 3l Jawg g g9 50 ad) Ao i Al )2 4.2
1Y) gl o g sall) o g 5l day yili-1.4.2

Oa JS 1S A jlate S gaill U] G 0t 028 31 s Aa e el (e ol 7 2
Fa33 <Feq28 «Fs12.5 «Fall.5 Feq25 4 jall (e JSI Ay ¢ jall Anlle aa SNA 5 PSA & ) A s
Junil Fa6.25 5 FCh ol jall sai IS elld (g0 (uSall e SNA dass 51l (& SUlE Juadl L sai (IS Fs35
oS S (sgtee GO Dgag Bl dilasy) Aalll e (13.]1.S5) PSA Ll 8 DL
o (3.1.d532) Galesivaall g 530 (a5 S e s sad (pady Lo G5yl Y 5al) 0 (p<0.001)
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

(FC1 (FC2 &Y 3l cilass L Feqd9 5 Feqa5 «FC1 FC2 <Y jall se SNA Jaussll e s b S
Oyl & e @llh (ga pSall e e 80 saill sl sast Cus PSA Jaussll eyl ST Feq49 5 FCh
il e PSA 5 SNA L sll e ae 32 5 a0 40 22 &l Cus gai HhE j2.ali Fa335 Fa6.25

Flg28
Fig25
FC2
FC1
FCh26
FCh26

~
u—‘—
M e s

500pb
400pb
200pb

600pb

400pb

200pb

EF ITS
EF1ls ITS1 Osbiall ouishiall PCR 53 Agarose o (Ao 48l jeSll 5 jagl) 3 pa [ 12.1.J84

.Fusarium 4 &Y 3=l

100

— SNA
80 W M ] B == PSA
T
= 60 L
¥ .
E_‘ 40
20
0 p— — — — — p— —

_Fusarium 3 <Y e alia &)le\ }A.'J\ L;s: &JJ'S\ la.u} &}1 )43\3 A3.1.084
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el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

Ly oo SNA Lo sll e saill 05K ¢ S cpline VIS o salaussall g saill @53 o () 3 LEY) jans

o slnsaall) Uiz Lo 832 Uiy (8 yaxinal) 3S a) gy 3 s e anizm m ibigel) o gud i i La e 53

sl 8 CERY g L S o ibaesnall (355 i PSA Jaue sl e peil) e (iS5 e

(Laall) ol o 0 8L Lie Landa Uas s PSA & )00 das s pifiag Cum & )3l Jas g (i sSe) S i )

il ling Y5 WIS sail) 6K el Jal e ety yladll dpaailly ¢ 50 S0 g 28U Laga | jdema yind il

e a1y Unuy SNA dasll e odlld e GSall e 138 ol gt ae ) Wle
a3 siall e iy Y1 53 o biasal) Jagad 30 ) il gling e sl i ym 5 S

Fusarium 41 &Y e sai e g3l sy 53l o) Jalas 3,1, 93

Variahble dépendante:  Growth_mm

Somme des

carrés de type ) o _
Source 1l dll Carré moyen F Signification
Modé&le corrigé 32730,613° 27 1212245 181,949 .0aa
Constante 282312741 1 28232741 44701794 aoa
Cultur_Media 778546 1 778 546 123,276 aoa
Isolat 28551,336 13 2273180 359 938 .0aa
Cultur_Media * |solat 2400,731 13 184 672 24,241 .oaa
Erreur 353,666 56 6,315
Total 315397020 g4
Total corrigé 33084274 83

6T SNA T 1) 3 Juabl () 65 g 31 (e pll 7 2y LY of Jan o1 588 () ) 231 (ady L

e pdnia 4l i gl J8 2 LY A 0 oS oA PSA dass sl e &5l §1 5V L sy dass ) 128 0
&1 590 Cil) 2 UYL FChs FC2 ¢FCL <Y all & el Cuam e LYY (iany el (S Y Sall (amy
(Feqas <Y jall & e« Al ga a alasiosall (b ol DS e Jo/Ae 53107 §150Y) 230 (ga3 G
100 Asiial) ¢152¥) 230 (gaxiy ol G PSA Jaws sl 8 1520 Iaa Cimaall 23V Fa33 5 Feq28 <Feq49
Ox (p<0.001) LaS S (5 gime AN 25a 5 Jan o) cdilian ) Zalill (e (4.1 Js22) Jofde s
dalai selal (5.1d50) Olaiosal) & 530 s AS e 150 Ll Gady Lad 4 g paall &Y 3l
il e Uliass LS 6 il @ 3l £ 530 2l 5 gai Ao da gl 1508 1580 75 dgie die ol
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el o (e Fusarium =) (sl A cily hadl) (addiy J e

Jo) sl

o s e ol haug o 2S5 L 12 ((P<0.001) Fusarium ) < e ae g 30 Jas g Jeld (e S
(50530 dsaall) §1 59 2Ll dga (e saill dga (4a B pidall Y )

Fusarium 3 &Y e Cash e g1V Zll e g ) 3l s 5l 4.1.09%

'&\ﬁ\J\ RRYSS '&\};‘21\ Qe Aol ey &}.’\S\
PDA (Je/A 5) SNA (Je/ie ) 4 kil s kil
3.2x10* 64x10* FC2 F.culmorum
10° 8.5x10° FC1 F.culmorum
33.6x10° 22.7x10° FCh F.chlamydosporum
1616 1.4x10* Fal2.1 F.acuminatum
158 32x10* Feq25 F.equiseti
733 1055 Feg49 F.equiseti
2066 11x10° Fall5 F.acuminatum
15x10° 41x10* Fs12.5 F.solani
850 55x10° Feq28 F.equiseti
1040 85x10° Fs6.21 F.solani
3033 25x10° Fa6.25 F.acuminatum
1808 1.25x10* Fa6.12 F.acuminatum
253 2500 Fa33 F.acuminatum
29333 7x10° Fs35 F.solani

DSl il die Giale il phadl) Ll Cum gl daney S bl il oda i (S

Aaraall CosHhall A glia SY) JKEY) W jliiely HS JS5 ¢ 1sW) 2l ) )5l o e cilirall
PSA Jau sl e 8l Lle ¢ 59 2l 0585 eelld (g (Sall o SNA dass Il & asally chany e 12a
Slo sy Llle 13a SV ) V) (e Sl ale i Y all any o W) ecilpdially Lie Unae g o ltiely
Joma sl (Sar lin ey o 12a]) A il Cupm (3 _janbunall S 10) 3 jeniasall (po Lins JSY (haliall (5 giua
& 51 de Capaill Jal (e sale PSA das gl Jarivsy :dipne 4 ol ladlia alea <l jpae Jaws s JSI 0
IS gl A & jeaal) Al all ol e SNA o sl) Janig Lai edainal) clasal) e 5 g kil )
g5l (i Jiae (b fialll die Lails | al jpudll 138 ey Lgmandy LSS Cun (e g1 5030 nS



el oy (e Fusarium =) guiad Al ey hadl) padidss J e Jo) sl

el Joa sial) AL (385 (Burgess et al., 1994; Leslie and Summerell, 2006) 4ilissll Fusarium -
die el JS5 ¢ V) Ll Sing SNA Tl o ) cilia 65 Cua (2017) Abed 4l ibea s Lo ae
PSA Lo 51l ae 45 Jaally F oxysporum (e g sl day )

Fusarium 3 &Y je Gl (e g1V 21 e g3l daw s il o) Jidas 5], J 58

Variahle dépendante; MN_Spores

Somme des

carrés de type
Source 1] ddl Carré moyen F Signification
Modéle carrigeé 4 630E+13° 27 1,715E+12 161,193 oo
Constante 1,203E+13 1 1,203E+13  1060,761 ,ooo
Cultur_Media 1,143E+11 1 1,143E+11 10,079 ooz
Isalat 4 235E+13 13 3,258E+12 287,217 ,ooo
Cultur_Media * Isolat 3 83VE+12 13 2 952E+11 26,023 oo
Erreur 6,352E+11 56 1,134E+10
Total 5 B9VE+13 a4
Total corrigé 4 GH4E+13 a3

bl salll o B all da o iE-2.4.2

Gila )y alide A gaill (e Bl Y al) maes S PSA Tasll e g )30 (e il 7 2
oxSI W gty FChs FC2 (FCLY Jall & jaad o gliia JSi (815 (9028 5 %a25 ¢9a22) 3 _aidall 5 ) yall
F$6.25 ¢Fs6.21 Fs12.5 ¥ jall & jaai an 80 gaill jlad (gaa3 Cua AR 5 ) jall Sl jo 4 as
11 A0 3 ol e 40 225 o s pai il (S0 Alanasall 5yl il o Calie 3 sall iy Fs35
228 5l yall dx 33 8 95 6«5 Y jall e saill i Jiadl Jans ae 53 A lagi i Jeas Cun
(14,1 Js5)
dgie die Gulall Jalad Helal LS 6l jall da o s S Cua (e (P<0.001) 325 <Y Gall il cLiliaa)
da ) Jeld (e € il e lliaad WS 6 idall ¥ jall sad e 5 ) jall daal 150 1580 75
e Biaall Y Gall e Sigis ) all da ja o 55 Le 138 ((P<0.001) Fusarium ) <Y 3 aa sl sl
0585 (%0305 %620 () Aainall 3 ) jall il G bl jall iy (6.1 Jsaall) saill (Jadl) 4uaS Eun
(Scott et al., 2010) Fusarium ) (e dca yae &1 53 3ac Leinn (e <l ladll (e S L) 5 gl daiDla
O JieY) saill 438 gall 5 ) all dajo CilS G Gla¥) oda il A8 ge Ll Juca siall gl e
2228 5°a25
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- abe [ b be ab 1 b, bed
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E: 40 a . ab , be b b b
o A
20
0 T 1 T T T
=T~ BN S S e I}
MO & Y Y > D
Q‘b\ Q;} Q\Q‘ Q%b Q‘}“’ Q‘b&’ > &°

e ?L’j 7 2 Fusarium Al QYJ,J }A.d\ J\.kgi Y ara QJL BJ\);J\ :\;JJ Jﬂ:ﬁ ‘):\fu ,14,|,JS...’:4
& Duncan J4ia) cues Wiliasl Adlise e i (CoaW) Gooall udin 5 8 el can sl ¢ sl 3 saae Y1 | (paal)

95 )

.Fusarium 3l &Y je gai e 5, pallda ja il i) Qs 6,10 98

Yariable dépendante:  Growth_mm

Somme des

carrés de type
Saurce il ddl Carré moyen F Signification
Maocéle corrige 42191,7117 41 1029066 72,668 000
Constante 3656932 060 1 356982 060  25203,866 000
Temp 271,358 2 135,679 9,581 000
Isolat_M 37839,975 13 2910767 205,544 000
Temp *Isolat_M 4080,378 26 156,838 11,082 000
Erreur 1189542 g4 14,161
Total 400369,313 126
Total corrigé 43381,252 1248
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Fusarium ) &Y jad dudl pa¥) 5 a8l i) 5.3
Blee (e e Jsaanl) a3 30 Y Sall (e el il ciia yaall Y Gl A8 e Jal
ol s A8l s e dpal eyl 0l il Leasal cpdlise 0 )lial el al o5 ey pailly el
o bl EOE madll M gacldl) ¢ 3all e Al pa¥) b0l jpails U s Wl Y]

.GTAdurs B\A\j ‘e)\u}e :‘E‘Z} GASM

Al 2 galy jeedh Ao Al paY) B8l LS4 -1.5.3

e Al sl a3 e anil 235 cFusarium I <Y el Al ja¥1 5 080 dul 0 LAY 1 b &
Asilall e saalal) sl & i Ay )l aee J sk (s g i) (sl 4 dall Al Clus (33 )k

Cpelal aal gl g gl Y e Gw s e sl dy Al g calll @ s il sl e g
A 4l g30 (5 Al Aans gia Al oo AV Lgmny b0 A gae Y Jall (ymny

SSY) 8 Fal1.5 A el o (i ¢Madls g3 Catall g el Jars e Y jall 5il5 ady Led
2 8 ) (s Jaeas Al sae Y (a FC1 Aad) 0l s ¢859% Juay il pasddd Janay Al 500
2 8 Sl (adds Jaeay Al sae Y 4 FaB.12 A el kS S8 GTAdUr “aiall e W 66.5%
il e 06155 1690 = a8 <) andds Jaaas Al s3e J8Y) Fa33 5 Fa6.25 (Ll =l <l 5 <61%
CilS Lai 9682 (A Jaa s i) i Jamay Al oo SISV o8 FCh Al jall cuilS Mal 5" Caiall aa
(15,1 JS8) Legia (K1 010 (M sm )38 il omadad Janay 4l e (J3Y) Fa6.25 5 FC2 (il 3l

Op (P<0.001) 1aa S JS (5 gine GO d5a s g (e i) Al cplall Jalas el
(Fal2.1 ¢FCh <Y jall (m (P<0.05) ¢ssine <) 25a 5 5 A dga (a5 clein Lad 3 piaal) Y Gl
LdS oS5 ol Y el of e Ja 1385 (Tukey Jlial) Aadlall e aa) ol 5 Fa6.125 Fall.5 <Feq25
(7.0 Jsan) Wil 5 ) sSa) ¥ el Jadd Jy el dplany 3 i
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(Rl Jadi A adll ) 520 il e Fusarium A oY e il 15,1084
3 saae Y1 5% (e 5 el luld Jaes e 5 jle 1S5 S ) S8 a0 )Y E¥ane oo 5 le ) *

905 Auiall 6.’1 Duncan _Wia) cawa Liliaal aaliag e il (t_[);\]\) u);j\ oy 'B‘)ﬁa}d\ caal ol o5l

2 s il e Fusarium 1 @Y e il il Qs 7,198

Somme des
carrés de type
Source 1 ddl Carré mayen F Signification
Mod&le corrigé 79240 ,5727 44 1814,763 1,975 0oz
: Constanta 208114681 1 208114681 226,502 0oa
 Wariety 870,647 2 435,324 474 G624
_isolate G3715,438 14 4551103 4,953 0oa
Wariety ™ isolate 15263 487 28 545125 503 46
_ Erreur 124040848 135 918,821
Total 412005101 180
. Total corrigé 20384904149 1749

FC2 5 FCL Ol yall O st ¢"adk " il e ey jl) 2 Joha e ¥ sall Ll oty Lad

Fa6.12 5 Feqd9 ol ) Ol 5 clagia JS1 9095 a8 iy )l aae sl aidd Jamay 4l e SV Laa
SV & FC2 A jall cuilS 28 GTAdUr ainal) ae Lal clagin JSI 0435 o 538 Jaray 43l 520 J3Y) Laa
= 8 Jazay Al sac J3Y1 Fa6.12 Al cuilS 5 «850h = a8 Ay )l aee Jsh (aidd Jazay 4 sac
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B Ayl aee Jshb Gaddd Jasay 3 sae Y o4 FCL A jall cilS ("l 3" Caiall an 9422
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eail) il
Bousselam

W GTA
Bl waha
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(bl dee st (apdal du) Ayl aesd skl sall e Fusarium Al @Y e L8l 16.1.08&
Osll) 3 Baac V1 5,4 (e 5 uad Lkl Jara (o0 5 lae )SE JS el ) S5 aa Y SV are e b le il *

95 4=l 3 Duncan Jboia) cava Lilias) ddlide e yied (Cajall) Caaldl (i 5 58 5all caal )

zeadl) Gilial (4 (<0.05) (5 sime IR 253 5 g (e Ayl ez Jsh gail il Julas el
Y Al s AT Aea ey et e 358l Y 5all (g (P<0.001) 1an aS JS (5 sine DA
U8 3 judae CilS 5 il Y 3l UK ) e oy 138 5 (Tukey Jlial) dadldl pe aal gl o5 jidll
caiall Gl jeda Gua it S madl) Cilial dpulia o Ju LS Al )l st Jha gai dlany (5 5ina
el i Jeliil) o Ly "GTA " caiall & "aal 5 " Caially Lo poie dpubua JEY) OIS Al 55
Glo A3all Al gae 8 Jin B madll Caia o Sle Ja 1368 (P<0.05) Liad L sine (IS "y jladll 41 3a))
(8.1 dsan) Ay M 2w sk
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Al aard skl saill e Fusarium 1 <Y e 580 Gl Jilas 8. 1.d s

Somme des

carrés de type
Source i ddl Carré moyen F Signification
Modele carrige 82126,991°% 44 1866523 12,983 Rlaly]
Constante 405942620 1 405942 620  2823,581 Rlaly]
variety 907,391 2 453,695 3,186 046
izolate 74630,802 14 5330772 37,079 Rlaly]
Variety * isolate 6588,7498 28 235314 1,637 034
Erreur 19408,778 135 143,769
Total A07473,390 180
Total corrigé 101535 769 1749

DA 5 ¢ 9 s Ay )l e gais ) seda e Fusarium ) ¥ e Ll Jes dul ol @ il
Cun (e alidd aal gl g gill e Y 3l G «VA Gany 8 2y 5 Al Y el Calide 43l sac
Ayl 2ee sad 5l ) seda ol o) gus Ll s0e

(FCh 4 31) F. chlamydosporum e sl (e JS o) i eyl dee o il a gady
F. culmorum gle sl OIS Ly Al e YSYIUIS (Fa12.1 5 Fa6.12 <Fall.5 <Y j»11) F. acuminatum s
Y e anadll (S cle 5 40 sac J8Y) Laa (Fa6.25 4 by Sias) F. acuminatum s (FC1 & jalls Siac)
8 S A0 5221y ey <Fal12.1 5 Fa6.12 <Fall.5 <Y jall acay s «Js¥) :(nand N F. acuminatum g 53
digeall 430 52ally Sy (Fa6.25 5 Fa33 Y jall auays ¢ S zeadll ) 63y il ol (9662 5 %54 ()
Y Alee olat (%235 %14 ()

SSY) O FL culmorum g sl o Jas b Ak ) aee Jsh o il Aally ol e el e
(asa Caval (F. acuminatum g sil) () Fa6.12 4 3al) of LeS ¢l jal) DIS1 0684 (318 Janay) dil sac
JBl) Canza¥) o4 cilS 3 (F. solani g s3) () Fs35 4 jall () Ailaall 4l sae J3Y) &Y e 3l
(%35 e

o2 i Sy o(Aabihal) 5 dnee il () Aduaal) & A0 riad Fysarium Q) gl sl dulle o Ly
) Jaa Al s sai o A gaall A g el Adee e Al e 065 3 Y el ol bl
Ll s sai o Al 0S8 A @Y gl e e dllal)l L) e ST dia )l el
Gilial 6) zeadll szl O ¢(2011) Uss3Ts Chekali Claa i Gy ddae e 4l sasl) A g
Hudec z = .zl & 50 cuea 96605 %40 On iy Sli¥) Adee xiay . culmorum g sl (383
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el die A8y 5l aa sai ol Al gac SV IS F graminearum s F. culmorum o JS of (2007)
OsATs Abdellah s yd . SE 067832 5 Js2d %91.32 = i Jshall (andad duuyy el
s Feulmorum g sl of o g iyl e sai e Fusarium J) &Y je 43 sae dlaad (2019)
Leall Uloa g5 Al il (e A 85 480 e ilill 038 diad 051005 %65 Gp ¥ anas Al gae <Y
O35 Mnasri 43l calaai Laa J81 Ll Jha sial) gl yiad «Jiaalls Foculmorum g sil g seads
90965 %84 G Y amay Al 2t 5 Jadii Leiay Fooulmorum <Y Je ol a5 S (2016)
0588 Facuminatum <Y e gan of () (2017) osoaTs Shikur cla s (il dga (e
o ezl Akt o1 gl Len eadl) LS slat (Al s3al) o a3 5 e 3 ) Al 2a) A e
<Y e san o (1996) Patterson s Smiley & e WS We (e e oS g sl 18 of (e a2 )
oy O Cua (gl Jaa giall gl (381 5y Lia 138 5 clidall 8 peadl) S J8 Lg3Say Facuminatum
Gs0As Shikur Clasi s AT ¥ e (e e S Ui (Jlse e S gl 1 oY e
daal Yl ddman ¢ JSY) Lo ool Laan e Fosolani g sill Al <Y el o ) bl (2017)
£l 138 o pads Ll Jea giall il 48] g Lia giliil) sda o(4a) gaall (0 a3 5 e 2 Aaall)
%63Cm) Ll s gai 5 DLVl dalee (0 JS olad 4 8l A3 g2all Fochlamydosporum g &l el
o2 & 43I ((Leslie and Summerell, 2006) ae e GAISS Hall L sale g sl 1aa 2l shy (%655
Y G e 55 e B 8 Al oda il Ayl el gaip Gl o (Slsae 2 g S jeda i all
il Bas) Lia jae ()5S0 8 4 a2 ) el il L jae 058 o (S g sl 138 O i A ) (g 2a
(Singh et al, 2009) "Coleus forskohlii" sl <l «(Lazreg et al., 2014) (sl 5,1 ) s3a Jin (5 A
¢) s Feq28 A ally & jlaally L 43l sac ST Feq25 4 jall cuilS 388 F equiset & sill danills W 2
Sl LS gale: Jeaniall il yoiad Ad )l et J e i als e sl L) dad (2udds 4ali (g
el (pa g1 gl A V) A Ll ) Fequiset A e Cumdi Cua (2017) Sakr 4l Jaa i Laa
Y0605 %055 (s iy Ay 1l 2t J g (madds VAL jall ad Jlaainds Ll Jea 53,9627 5 %18 (o
Ao Juaniall ail) o S ST ad A
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el S o Al oY) Ba8N LS 253

o aa (o050 S8 2 52 45 830) el ) 933 503 Ayl a3 cFusarium A <Y e 4l sac sl Caagy
ladl sl lIaS 5 (VSL) (Sl 5 (RSL) (s oadl (paldaill J sha (o 2 «BIGAY & D81 axy  ilaa Ml
Lagie JSd o i

D% Oe Aglial) eoial dudlly el Gl Ak Gl el Al Jad ol ¢ alull 2alall Al
Mgl IS5 o 0 203 20 asall 15 asll o el Gl e V) seds T daila 4y 5 B de 5 ) e
I35 1 teal I (523 o8 Gl i QY1 )5 30 e skl o Gl 3o (5 5 e (Blackening)
el jual Jgha g i 58 3 (G 5SE ) p3al) o das sl (DG ¢ D) any (5l a2 45 2xy AL
(17,1 J85) Aadaall 4y ylaill 40 all 5 adl) Ciim Coen illaaDUall o34 CaliA% 431 sall 28 L3N ) g3l aa
& i) Guii] Apatiall Y Gall (e Gl e Y1 8 DA Liagf Jas )

Caiall ae dlsae KV Al G aag RSL" ol allaill Jsh Gaiad Jaead duaill;
903 = 3B Jaray 5 4 3al) o Al sac JAY) A 3 ()1 5 083 = )8 Jaray Fs6.21 A ol (& (oDl 5"
A el cilS 28 GTA" Caiall ae el 9662 5 %21 G 3 seane SV anall il ad Y el L L
Y el 3L Ll <0698 Jamas 4l sac JAY) & FCh A jall il 5 0671.6 Jamas &) sac SV L& FCL
FChs FC1 (il jall &t MAal 5" Caiall aa 9061.78 5 %13.56 O 8 seane ¥ anal) il 268
Fa6.25 Feq25 ¥ all cuilS el e (w€all e s 3l e 9675 5 %83.68 — s 4l sac sl
Y all Al Wl ccasi il e 063345 «962.74 <9%2.64 A Ja s Jaeas 4l sac B3I & Fall 5
(181 JS5) %755 %7.49 0 b seana Y20l il 58

G (P<0.001) Jan S ISy (5 i BBEA) 3 g g o Ailean V) Al all il o5 Al dga (e
lacle ¢(Tukey) dailall e a8 sl g ¥ 3l (s L Lagd ¥ o) g Lad el Cilial z0pe JS
Al el O e dga e ozl s3a N5 (P>0.05) 6 sire e Lere AT IS ) Feq25 4 )
G CAliAS Al aall 028 o (AT dga ey AT I Ae e S IS5 Glias gl Jsha e
dpulin JEY) (IS el " Cainall o das o) Cam (Al saadl (A i el Chia) pridall adll o
1l (5l alail) Jsha e &y kil Y jall 535 ey MAal " Ciiall 5 GTA" Ciiall e sl
(9.1 Jsan) dnilall ye AN Al i) 8 Le 13 ) jina g Ly 68
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o el el Jsads ) jeal ¢ ja3 A Alaiall (FC2 A jad) ol (g dsall il e Y1 17,1084

sl g B st

100,00 sedll il
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B 'wWaha
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% &)dall olBUT Job yauiss Jass

20,00

(Fuasadl) Jasa) 0l il Jshb e Fusarium Al @Y e ili 18.1.08&
cand gl o olll Cld Baae V) RS ued Cluld Jara e 3 ke ) SE IS el ) S5 EE Y ana (e b jle plll®
965 il & Duncan JLia) cava b sies dlise e (Caoall) Coall ity 5 5l
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ol sl sk e Fusarium A @Y e il o) Qs 9,1, 9

Somme des

carres de type
Source 1} ddl Carré moyen F Signification
Modele carrige 74585037° 44 1695114 67,764 ,000
Constants 156192628 1 156192,628 6243887 ,000
Wariety 8497 314 2 4248 657 169,845 000
Isolate 38250,751 14 2732196 109,223 ,000
Variety * Isolate 27836,972 23 994,178 39,743 ,0oo
Erreur 2251,340 a0 25015
Total 233029,005 134
Total corrigé TEB36,377 134

Ciiall ae dlpie SV A5l of ang MVSL" Hsell aall sk (mias Jaeal dailly
(Feq25 & 4xilsae JBY) <Y 3all 5l 5 9067.36 = 0% Jaeay (K1 Liadl Fs6.21 A jall (& ("Dl 5"
%2.71 «%2.47 <%1.39 = )8 Jaeay (Aflasl) de sanall (u8%) Feq285 <FCh «Fa33 «Feq49
9%647.39 5 %23.91 (1 5 sana SV el S 288 Y el S L sl e 969,76 5 %6.73
%46.95 5 %54.3 Jares i) e SV Laa F36.12.5 FC2 ol jall i€ 288 ("GTA" Caiall ae L
il e 962,665 %2.31 Jaras 4l sac J3Y) Laa Fs355 Fa12.1 sl jadl <ilS Laiy ecasi i) e
Y Jadl el M " Canall ae 9633.74 5 %65.55 (b seana Y aall cilS 288 Y ) AL
oSall e sl e 9690.8 5 %85.83 <%82.77 = <3 Cus Al ae 5SLFC25 Fs12.5 <FCh
CulS a8 Y el B Wl 062,31 ) deas Jamay Al sae JBYI 4 Fall.5 el culS el (e
(191 JS5) 9%61.5 5 %7.65 (i 3 seane ¥ 2zl

JS (g (P<0.001) 13 S ISy (5 gima GBEA) 3 ga g Ailan ¥ Al jal) < jelal ¢ AT dga
A1 3a) lacle ¢ (Tukey) dailall e ) gl 5 <Y Sall s Lot e Y Jall clgi Lo adll Calial 20
L DAY (S 388 Fa33 Al jall el ((P<0.05) i L sine 381 53} (s 5 g DAY OIS G Feq25
& sed) sl Joda e Al gaal) ()] e dga (e il sda Jai (P>0.05) st e )8l G
el radl) Caia Ca CaliAT Al aal) 028 O (AT g (e s cAT () Aje e S JSE alias
Mol 5 Caially Lo siie dpulin Y1 IS a5 Caiall o Jas o G (Al 522l (A i il (i)
s 1ol ey (A sedl alaill Jola e 4 kil ¥ el il o Ladl ol Jai "GTA il o
(10,1 Jsan) Al ye il i) <y g La 13) 1 yiina g
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(Fomaiadll Jaxa) Al sl alaill sk e Fusarium ) @Y e il 19,1084
cand gl sl Cld Baae ) s el il Jara e 3 e ) SE IS el ) S5 GO Y ana (e B jle Pl

045 il * Duncan _tssl o Lging dalida pe (QJAY\) Caall a3 ydigall

o sedl aail) Jsh e Fusarium ) @Y e 58 ol Jdas 10,109

Somme des
carrés de type
Source 1 cdl Carré moyen F Signification
Modéle corrigeé TE5276,3847 44 1710,827 50,726 ,oaao
i Constante 98141, 410 1 98141, 410 2009 8483 ,a0a
“ariety 4141 507 2 2070,754 61,3498 ,oaao
i Izolate 37865,084 14 2711,7482 80,405 ,a0a
“ariety * Isolate 33189,7493 28 1184 6345 35,124 ,oaao
i Erreur 3035413 90 33,727
Total 176453 208 135
| Total corrige F8311,747 134

e Alsae SV A 5a) o 2 "FWRS" (sodall alaill = Ul 6l (i Jasad danally

(Feqas & 4l sae JAY) Y 3all (15 72,7206 — 8 Janas Fs6.21 A jall Laila (& ¢Sl " Cainall
Y ) 8L W 968,795 %5.76 <0.76% — 8 Jaaay (Aibasy) de sendll ud) Fs12.55 Fall5
(FC2 Y ) culS 388 ("GTA" ciiall ae Wl 10059.4 5 %34.7 O 3 sane ¥l CulS 2
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s il e 971,965 %71.26 <%69.77 <%66.55 Jaxas dxil sac FSY) 4 FC1 5 Fs35 «Fa33
b Ll syl e 965,175 0.23% Jaray 4l sae J3Y) L Feqa9s Fall.s ol jadl culS Laiy
58U FC2 el @yt MAa) 5" Caiall e 9657.75 %16 O b seane ¥ dxall CilS 238 Y )
Jazay 4l soc J3Y) L Fall.55 Fs35 ol jall cilS el (pa GuSall e 055368 = a8 4l sac
8.03% (i 3, sane Y andl) CulS 288 Y ) 8L Wl e i) e 062315 961,02 S Jeass
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(Bl Jane) (gl aldaill = Sl o550 e Fusarium ) <Y e il 20, 1.J84
can) gl ol Cld saac Y RS ead Ll Jare oo 3 le ) )SE IS el K8 ED G ara (e 5 e pall®
905 Agall & Duncan Juis) s Lsine ddlide ye (Capall) Cojall udiy 5l 5al)

O (P<0.001) 1ax LS IS 5 sina SR 2 5a 5 I calutl) Al 3 il Ailan W) dalill g

lacle o(Tukey) dailall e 3a) oy ¥ 5all s Lo Lo ¥ 3al clgi Lo peadll Caliaal 20y JS
e g (e il oda JX5 (P>0.05) (5 5tee sat ) sl (g el CABAY) (IS dua Fall.5 Al sl
J3 e AT dea e esal A je e S IS Gl (5 paal) alaill 2 Sl o5 ) e il gaall
Caially e e dpubun SV QIS "GTA" Caiall Gf Jas gl s Gl gaall 3 i el Chia o e
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) alaill = sl o5l e & yhadll @Y jadl s o Ll o) Jas Maa 5 Caiall 23 el g

(110 Jsan) Anilall pee cDladlly i) < ) 8 Lo 13) | yina s Ly | ils yiay

(ol alaill = 5l 50 e Fusarium ) <Y e 5l gl Qs 11.1d g8

Somme des

carrés de type
Source 1l cldl Carré moyen F Signification
Modé&le caorrigé 7H107,301°% 44 1706,984 70,434 ,aoa
Constante 146089,820 1 146089,820 G027 980 ,aoa
Wariety 12074174 2 G037 087 249103 ,aoan
I=olate 359448142 14 2567 796 1054953 ,aoa
Wariety * Isolate 27083,9584 28 967,285 38,812 ,aoa
Erreur 2181176 g0 24,235
Total 223378297 135
Total carrigé ¥r288,476 134

oo Al sae V) U3l o aa s TEWVS! (Al sedl alaill o SRl 5 sl (i Jasal dilly
A Al gae JEY) A el ls 906845 %70 = U8 James FC25 FCL Gl ) Lea ¢"adlus " il
e Wl 19666.835 %17 (b seane S aaall CilS 238 Y Jall B Wl 962,17 = LN Jaaas Feqd
Fs6.21 ol jall CoilS Lain «9681.18 Janas duil e JSY) o FC2 Y jall il 23 ("GTA" bl
& 9071245 14% (i 6 sane ¥ 2nall ilS 28 Y Sal) Bl Wl 060,7 James 4 g2e JAY) &
i€ dlld (e Sall e 0682.96 = <y Al sae Sk il FCT Al jall <l sl g Caiial)
3 ) sana O¥ el CilS 288 Y Gall 8L Ll 963,33 ) dhay Janes A3l sac J8Y1 & Fall.5 4l jall
(21.1 J£5) %75.93 5 %11.23 o

Op (P<0.001) 1 LS IS5 (5 sime COAN 3 ga 5 (I Cplill Al s Caadl cdilian ) 4alill (4
sda JXi (Tukey) Asilall ye aa) pall 5 <Y Sall Gas Lt Lash ¥ Jall e Lah el Calial :p JS
s AT A e (e S JSa alind ) gl alaill = Uall ¢ 55l e Al saall o e g (g el
SSY) S "GTA" Al Gl Jaa o) s 4l g2l (B i mall) Ciiia o e J s AT den (s
OV e Ay shdll ¥ gl 5l o Lagl ailil) Jas a5 Caiall &5 el s Caially e siie dpulies
(121 Jsaa) Anilal) e cdladlly gl < ) 8 L 13) 1 pina g Ly s 1l yiiay (5 )3ad) alaall = 5l
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(Fomaadll Jaxe) A sl plaill = Sl o560 e Fusarium Al ¥ e 5l 21.1.08&
cand gl sl Cld Baae W) DS el il Jara e 3 e ) SE IS el ) S5 GO Y ana (e B jle Pl
95 Al & DUNCan Jia) caes U siee ddlide pe (Cajall) Cajall (i 5 5 sall

A (S (g ima Bl ) aga s g el ealial) cp s V) Al o iy (AT dga (e
slall (33Ul Adad) ) sdall o b 50 (6T Y 13 5 (lall J sl (midai daiy ) sdall Jgha (s
Dsdall Joka g Liadd S (5 gima Dol ) @llia () a5 LS, Sl sed) e 5all o Wais Sigan (7314
8ol Glaaall 51 s3a0) Y Ll 138 5 ¢ uSall gl gz Ul i 355 (Sl sel e 3ad) Jsha G JUall Lty s
o5l Goss Jsh el g 58 e (1301 Jaa) Liad il g LS (aall g Jl8 Ll Ll 5y () s
oA dea el 4 )55 (S sell aaill Jsha g e (ga ) s3all Jsh ()5 earinnall meadll g gia ) il
Ao gaall 4y kadl) A jall g g 5 il

Jsb I (e calll 32 a0l 53l Ll Fusarium 31 ¥ e 5l s il ,all & sl
a5 a3 pidall Y Jall Calise Al oo (8 MR 5 £ 98 2 5a o sell s (sodall Cpaldaill ()55
£ 5 Cun e aliAy 38 saal sl A el gle G LS aal gl & il e OV Jall G s DAY 1
Sl e ST saall e Al e o 5SE Y all Gan o 3 s wasas e Al ) paY)
(FC2 A =Ly Siaa) F.culmorum ¢ s o seds ¢ 3 sedl 5 s paadl alaill (e S Jsh pady Lagh S
Ayl gae Y o
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Lo sed) allaill & 5l 5 e Fusarium ) <Y e Sl el Jidas 12,109

Somme des

carrés de type
Source 1l ddl Carré moyen F Signification
Modéle corrigé g5294 6007 44 1938,514 104 430 000
Constante 231871,195 1 231971,185  12503,724 000
Wariety 2682,973 2 1346,486 72,578 ,000
Isolate BEE36117 14 4045 437 218,057 ,000
Variety * Isolate 250965510 28 927,340 49,935 000
Erreur 1669,695 90 18,552
Total 318835490 135
Total corrigeé BE964, 295 134

(BLEY) O3lba) A Haddl Jal sall (e (Pearson Correlation) s, a5 13,194

Variety Fungal isolate | RSL RED [ VSL RED [ FWRS RED | FWVS RED
Variety 1 .000 -0,372" 158 -0.338" -0.166
Fungal isolate .000 1 338" 4337 031 3537
RSL RED -0,372" 338" 1 ,708 ,325 582"
VSL RED 158 433" 708" 1 067 567
FWRS RED -0.338" .031 3257 ,067 1 4757
FWVS RED -0.166 353" 582" 567" 4757 1

** Correlation is significant at the 0.01 level (2-tailed).

) (2016) GsoAls Mnasri < b (e Ll (i giall gl 4y jlaa g 48] go Angiill oda yiad

%067.13 Jaray S sell plaill Jola (i LeiSay (Oiidlisa il o) F. culmorum <Y e ol 1saa
o33 (4] Ul si Lae 81 Aaiill oda ) 9652.7 Jamar 3l plaill iy o(I5Y1 A sall)
238 ST ¢ AW AL 3al) (ge Jasale JSG) B Ll sae CuilS o il Gudi (e (FCT Al O ) 3L3Y)
F. culmorum U s a1 A jal agllexivd 2ie (2016) Os50AT5 Mnasri 4l calia s L Laasl 4y 8 4ol
i il 038) Casi i e 0616.22.5 %28.97 dunsis s 3l s (3l sel) alaill sl carali 5,891 o3
Lead elgias L alias () (Sas F culmorum <Y e Of () J s sl (San ey (Leall Joan siall iliil] (e
() Fa33 Cuilal) (e IS Of gl < pedal eelld (g (uSall o Al saall) A gia Lgia s 400l sanl) 3205
Y e dgn g e ae M) el sae J8Y) WS (Fequiseti & 530) (<) Feq25 s (F.acuminatum ¢ sl
o i Lan Ay 8 il o2a iiad (Feq28 s FaB.12 (il yall) 4l sae ST culS cp sill i (g0 <5 A
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o=idy Foacuminatum ¢ sl e &Y e &l il G saa 5 Eua (2005) OsAs Strausbaugh 44
Jsh (e Uiy Fequiseti g il 4l mali O Ll | saa 55 9055 5 %633 O A 538l Jsh g
Ll Do sl al) (o L ST 35830 03 (K1 <0056 5 %021 (o Asmais )y 53]l

Sias <F. cumorum g sl o) Liasl as 5 ¢ A sl 5 (5 )aad) Gaaldaill (pa JST gz Sl () ) ) iy Lasd
G 5 i) o3 (380 55 A saadl G (e By (S5 A FCT A jall O e il sae SV g8 (FC2 A jally
F. cumorum & sl (s (il je 43 sae Al )3 (e Cilians Eua (2016) s s Mnasri L) Glia 5 L
9625.83 3 sbaa g ¢ 5V A el 20 0665 I sbsa ¢madll il (5 y3al) aUaill - Sl (5500 (aias e
(5 A 3al) e 968473 I slsa (5 sl pldaill 25Ul () 55l il e alian LS Al A el g
o) il e o 5l () palll Bl L cumorum g sl Al sae el 0657.37 sl
(el MGy ) shn S8 YT Al il jall e SN cilia 6 Cua adde e |l (sl s
Dehghanpour et al., 2019 ;) F. graminearums F. pseudograminearum (xe il ) aslayh
F. acuminatum <Y je (e o il A e Ula g3 (Abdellah et al., 2019 ; Winter et al., 2019
& ekl (Feq2s A 3a1l) F. equiseti s (Fs6.21 5 Fs12.5 (il 3211 F. solani s (Fa6.12 s Fa6.25 (sl =)
O35 Dehghanpour 43l Jea 5 Lo Aaiill o8 2K, Al gl 5 (553 cpallatll e 3da ala 44 goe
Slaa) eias F. equiseti U35 F. solanis F. acuminatum <Y e Of ) ) slaasi Cus ¢(2019)
e %47.95 %12.5 Oms %505 %31.2 O %41.65 %29.1 O ¥ aray pradl) CEE] Al yal
il 8 Sselly ol cpaldaill e IS G5 dsha (e IS o e pili DA (e 1385 e il
Crpalaill J sha dm A giall oy cadlia) Al g F, chlamydosporum g sl 4l sae (a seads Leall Jua sill
D sl 53 355 ade s Lge 5 (e By b ¢ A sell aUaill = Ul (5l aia Ay gall 5 ) sl 5 53l
el il b Aala cuad) 138 8 s ) Jalgall slad g il 138 Al a0

Jibial) A all) s (399 288 e Al jaY) 5,a8N JLEs) -3.5.3

A 3l A e el 35 cFusarium Y e e daa ye¥1 5,080 o LAY 138 b
Aalul) aa) gl ae L jlia o3 il A ey AR madll Slis 559 22 Jare Glas 31y o
(R 6SI) lalaally Anslal) )
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(FC25FCL) 2l sl g il ¥ e (g (i oo 53 Al ) g 55 (el i Caen Aaad) e 3
Abacan ol Ao sie Al sie HAY) Lecany 3ad A0 sie <Y dall (any < yelal

pani sedh B al e V) il (mlill ddee (e as 20 2 gal e Y sk Ty dale dday
A ¢(23.1d85) Jalsll gl pmd cd Y Al saalall Jal)h Sl ae &5 laall SOl (31 _a)
SV G Y 5 Aol B Y G ey pladl) A jall & 65 g all g g8 s 48 yisall B 23 Calia|
Jai ¢ S Q5 ) puatiall O lwind) e o) g ady JSE SV amy A daa o) (23] JS5) Al
Ae Hb () sS JalSIL 48 yinall Jiliall of Jas o8 LS ¢ 81 0S50 5 ) puatall cdlygiaall () L )23 adll 028
e ol O danll Blee 3ay (2231 JS8) S A pa (55 Lo | S5 () JSS pxe) Ll
3y patiall sl aae Cum (e Cshitte JSE (S 5 ¢l s el e < il 3 a0 4 hadl) Y )
(221 J83) i) il g 55 a5 Al

A 3adl) Llas cla 1@ Al Gl )zl clis i e Fusarium 3V @Y e il 22,1084
(FC2
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Jiliall el of S G331 sehs el Qi JS5 e Fusarium ) <Y e il 23,1084
() Aind) (S35 4585 5 ela sl addl ) 5eka (@)

A jall Cumdd "GTAdUr" il g (i) 8 cladl aae Jara Ao @Y Jall 53l (ad; Lag

sae Jaray 4l sac SV g Alud) aa) o) ae 45 jlae ciliall dae Jaxa (P<0.05) 5 sie (S Fa33
15.11 3 slose cliad) 2ae Jaray 4l 20 JAY) 4 cilS8 FCT A ) Ll Aii/dis 6,78 o s il
Fa33 4 all ()} Leds s ¢"Aal " Caiall ae Al g Al paal) (S5 o el e uSall e Aliu/Aos
11.22 s (2l axy) clall aae Jaee el 4l sac J8Y) cmpal (Ao €Y1 cul ally
Bl Y 3l (s (g e (38 a5 (O 50 Alii/Aan 7,22 538 Jaxe JI FCT A ) il | Ali/dos
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- %8 clall 2del Jare jraal Jaaty 4 sale 43l sac FCL A jadl < jedal "ol s Caiiall dailly
3535 030 Ai/Ain 10.78 585 Jare ST dinis 4 g2 J3YI FCh ALyl S Laiy dliin/Aos 6,22
(2401 J58) Y ) Bl Gy L 5 sie (38

Ag skadll W adl
© EFct
WFc2
WFCch
[ Fa33
O control

20,00

15,00

10,00

vl s e S0 Ty

5,00

0o

GTA Waha Bous

cal g s

Jae ge 5k lanall ol Aliudl b madll Cilis 2o Jase e Fusarium ) @Y e 3l 241,084

% Duncan JWia) s LWibaa Aalide je el (qﬁ‘\ﬂ) Caall Gty 3 bl casd gl oSl <ld 3aac YY) .(n=9)
905 4l

Jare S (S Fa33 A al) cumid Qi) (& claal) 035 Jame (e ¥ 3al) 5l (el Led

Joa s Janay 4l sae Y Ll iy jela "GTAdUr Ciinall e bl aa) sa8ll ae 45 jlae cilall (55
On oSall e /g 0.603 4 sboe Janas 4l 2o Y1 4 s FC1 A el Wl Aliw/t 0.316
B Gl asms ae Aglany) Al jall @ jehaf Cua (MAal " Caiall ae danal g Al gaal) (S5 Gl (el
0.352 = ¥ Jame Jil FCL Aall iael dlld (o a2 )l e 5 i) 4 phadll <Y Sall (o (5 5ine
el 4l sae V) Canpal "GTAdUr" Chiall ae 4l sac FSY) il ) (Fa33 A el Ll cdliu/e
4l sac FC1 Al o jedal ¢ "ol 5" Caiall Luuilly Aluin/e 0.509 58 5 (Ll axy) cilaall & 5 5 Jaza
Lein (P<0.05) ssine (38 dsn s ao Alii/e 0.315 = L3 clall el Jame sl Jeasy 40 5ala
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ErFci
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[EFa33
O control
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v €70 (e ¢ 5 iy
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GTA WWaha Bous

g=alll £ gii
Jana oo 8k slanal) il ALl & adll s ()5 Jame e Fusarium Jl <Y e il 25,1084

% Duncan JLia) s LWibaa Aalide je el (qﬁ‘w) Caall Gty 3 bl casd gl oSl <ld 32ac YY) .(n=9)
905 4l

Aex o Alial) (B mall Sla ()55 20 e IS e Akl e gl 58l o) didas el
Ssine SR 3ga s s A den ey Lt Lad 5l Y 3al) (g (P<0.05) (ssime SDEA) 35a
Yl o e Jay 13 5 Jads Al 8 cladl sae Jare adg Las 5 sl il Ciliual (4 (P<0.05)
Capa Lyl Calias 4y pladll <Y Gall slad pradl) Cilial dpulin (o Ao Jai LS a3l iy 4300 gae (S5 ol
iex o "GTAdUr! caiall i "adlu s Ciiially le giie dpulua JSY) IS "aly" Caiall o 2a
Slo Sim Ll o e Jay 138 5 e gina IS adl) alinal 5 4y pladl) ¥ Gall g Jeliill o) a5 s A
(141 dsas) ddiad) (& cball ()55 230 Jara
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Al b madll il 355 230 Jama e Fusarium ) < e Ll il dalas 14,1 .9

Somme des
carrés de type
Source Wariable dépendante 1] ddl Carré moyen F Signification
Modéle carrigé Seeds_Mum 1457 7487 14 104,124 3,784 ,aoo
Seeds_Weight 2161 b 14 164 2,600 003
Constante Seeds_MNum 16211,030 1 16211,030 562,756 000
Seeds_Weight 31,853 1 31,853 536,668 000
Wariety Seeds_MNum 406,415 2 203,207 7,384 001
Seeds_Weight 278 2 138 2,339 01
Fungi Seeds_MNum 348,785 4 87,196 3,169 016
Seeds_Weight 873 4 218 3677 007
Wariety * Fungi Seeds_MMum 702,548 a 87,8149 3,191 o003
Seeds_Weight 1,010 8 126 2128 038
Erreur Seeds_Mum 3302222 120 27,519
Seeds_Weight 7122 120 059
Total Seeds_Mum 19971,000 135
Seeds_Weight 41,137 135
Total corrigé Seeds_Mum 4759970 134
Seeds_Weight 9,283 134

el e 5 0S ) pal I3 S FL culmorum g sl < e of il jall e SN Gy
e sV ST G e adl e sl 138 (o e 388 13g0 5 ¢ Jibind) Aadl m yay i yr Le @l A ¢ Juliad) IS
Touati-Hattab et al., 2016 ; Obanor and Chakraborty, 2014;) 4 s zadll z i e | pa
g sl @Y 3 o N ¢(2011) 050305 Chehri Jwa 5i 38 ¢ 5 Al dea e (Bottalico and Perrone, 2002
O5A 5 Tan Cila 53 S (il Jiliw olad dglac JSY) Y 3all (1 (e <ilS F, chlamydosporum
gl o eilindl olat Alae g5l ST O3 e OIS FL acuminatum g Y <Y e o ¢(2012)
s olai 3y sS0all #1531 Ailae Jsa el Jaca il i Le gl o2 2S5 4 phadll gl (e ABE ClpaS
el

G LeiSay Y all maea o aa 5 S el 3 ) sS0al) il 48) ga Lgale: Joanial) giliil) jiia
el e (Y =l G (5 5ie B8 25 5 p2e pa) Al b el Clis (3 59 230 (e IS Jame (0 S
Al el £ gy paal 5 JS Aglaal) i (g

zaill 5 dale lill 4 jae Fusarium A guiad &) &1 531 e daadl 68 (8 e aal Jialy
138 Lo Capaill &3 ) o) Y1 o el e dyaedl il i (B kil o gandl Lealil dials
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F. cumorum - 43l zearalenone s deoxynivalenol Jie 4y yhill a sand) (e ddlide Lo ) il i cCanll
Tanet al.,) F. acuminatum ! 4.3l zearalenone s Trichothecenes Jis s (Mastanjevié et al., 2019)
Savard et ) F. chlamydosporum ! 4x.ill neosolaniol monoacetate s Chlamydosporol Jis 5 (2012
4..3b Deoxynivalenol Jis s (Goswami et al., 2008) F. equiseti ! 4ol nivalenol Ji «(al., 1990
O Se g Ay )l e e IS e Alall sad e o aull 038 S35 (Richard et al., 2007) F. solani U
i 5l ol Jasii ale  sanall o (I ol 138 3 a3 () S ¢ P56l 5 gdad) Caaldaill ¢y 555 Jsha (s
& el (Khalifah and Matny, 2013) “ascaall i) vie glaal) st e A gusall Al Cilay 5V
Galas e ol DA (e Ll il dpal el o A bl o sendl 20eS B35 Of Ll sl 2 52e
LAY e Sing A Gan g ouel) 2S5 LY lall 3uist JUA (el i) LIS JAls Gl

.(Burlakoti et al. 2007; Aleandri et al. 2007; Desmond et al. 2008) g _ll
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YN |

cFusarium ) sin (e dilida g1 i § ) it 4y ylad A e 14 (andiiis J e Juadll 18 8 o
st a8 jall Bl Jleddl e Y 5300 (e Lale Jgeasll &5 madll Cogin (e A 59 (e B
(Y Jal) aead (A gl Al pall ) Ala) &l jaisall Al )3) (g pedaall Ci el 3ok e g 1Y)
Al 30 Al Gy el Gl Y ) Gland il aSU dal e el ciy el () e salll a3 LS
Y el Andlly Cy i) ke ey (EF-1) Cliald) (e Jadd aal 5 & 53 Jlanial g @3l (DNA Juds
G lele dasid) 4l glgY) clia (17S-1; EF-1) <ol e cpe s Jleaiad oAl
(o—=1e) F. culmorum «(<Y 3 3) F. equiseti «(<¥ 3<3) F. solani «(<¥ j=5) F. acuminatum
)Y o2a 2 sa 5 oo B e J oY gl At iy il i A (e (325 5 A 32 ) F. chlamydosporum s
Al A Qlall madll 5 & (F. culmorum s F. acuminatum (xe sl lacla)

gl oy skl J3all gai e g 3l s g sis o)al dx o Ll Aud y DA Ga o
°a25 () Aainall ) jall sy 8 all gl I Jaad A g yaall 4y pladll Y jel) Alle i §150Y)
T s oY) U lee ey saill e e maal g JS S g )l dany OF 0 LeS (%028
e 1) gl e Sny Y R 431 V) o slsall RIS S ey (PSA) hidially i) ass ol
¢ stlanall (ASUSD J) Copmall 5 o puad) saill (SNA) il e il Jass 1) Gésy ¢l (o (Sl
A sebaall Al ol 8 Jesiog PSA dJasll of I Lials a8 agle 5 o) 00 CaiSl LY jiag LS
(il 5 JSAN) £ 503U 4 seaall Al jall (& Jaricnd SNA Lo sl el ¢l periivuall

S el MG 5 53 ) jual Eilaal LeiSay Y Jall e o Al el Aul 50 YA (e
oy i) Adee o 5l sl e daalil) claslaall pen SR (e i Cun (A lie s
%60 s ¥ aay 433l sac SV Laa F, chlamydosporum s F. culmorum cee sil) off i )l aee Jsha
s DA e g WS A )l see Jsha (adanl dpnaly 9680 8l Y amay g el dandil Aally
O el s oM Gaaldaill e JSI ) ol Jshall e il sl e daslill cile sleal)
O Y asa Al sae Y Laa (FS6.21 5 F$12.5 il =l Dlies) F. solani s F. culmorum cxe sl
LSl cLadd 4 2e F. chlamydosporum g sl Jedal ¢s kil ¢ 5ill 5 JLaaY) & 65 cavs 9680 5 %50
OF cbadl Al ) s3a A e lla g (JLEAY) £ 65 caun 9065 5 %631 Om) Crabad) Gae i) (e B

A e ulia ST o) g any iy Cua oY Hal) il e (30 (A Lega |50 Canly el i
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Al gaall
Fusarium U dua_jaal) &Y jall s dg ,dal) ddlatal) U i dgaal) A o

dadia -]

LSl 252 pall e JS (8 Aanld Sled ey ) Liis DS (FCR) Lsdall (il G e Jiag
Schermetal., ) alladl (e 3ac 3halia (A (4 kdll o sandl Can) adll G san 80 52 5 (L3 )5 488 5 sl
1o Aaaal JEY) (el 138 Gilas) Lei€ay Fusarium ) (e gl il 32 (2013; Balmas et al., 2015
.Fusarium graminearum s Fusarium pseudograminearum (ze s3) () 8Lzl Fysarium culmorum

Ao giall sl 8 @l pay Al 4 phdll Clagall Jlesinly LWlle il 1Y) 028 AndlSa a3
& ohill Jalall aca Alad 4y 5had Cilage dsas ate sl @V e I 6 Clagall s34 a4 hadll
Jiménez-Gasco et ) A& lall a3l A Jll Culanadll o A5l e 3 jlall JEY) ) Zlial caagiual)
Oe 2l dal e daad W) Al ) el iy Ay (3 kass) aSad (3 yla Jlaniiad 5 Sla) Qb cale 5 (all., 2004
Jualaall Glia jaa L

I ey s ySaall aladial Jie Ll d8laa SV 5 Gl e Mol (5 sl cld Biladl Ciapal
ul jie laialy aat Aglall Gl eY) Glawe e 3okl (LS 5l i jlad) Laall 5
Pseudomonas s Bacillus ¢aeiall dals dlies (5 0l sl U 5 il (Eljounaidi et al., 2016)
50il-) Laiall 4 i dca paall iy shadll v (Jiad) G pla A ) cliall 8) 4 gas aSa b 52S Lgiallad
Islam et al., 2018; Agarwal et al., 2017; ) ikise 45l Jualas die ) sdall Laal jal cassi 3 (borne
Ol «(2013) 0ssaTs Scherm wisk (e Leiaa) yo a1 ddiln il ) 32c & S5 (Santoyo et al., 2012
sl aSaill sac | 5 408 o (3514 pseudomonas s Bacillus £ sl L sead) LSl sal dadlas
eaill A el iy adll &

paall Ao dudlial) :Jie dslall cilbia jeall Je eladll o ¢ope 2all cculall sac U jiCall sda elliag
a3 ((Wall degrading enzymes) Jlaad) ax cilay 3l 5 4y saadl cilalicaall 2L ((qaall COlls 2Ll
{(Eljounaidi et al., 2016) Skl ¢ 8all Gl yéssi 5 (PGP) (Sl el
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pseudomonas s Bacillus Csmsiadl (g 4 i€ Y3 aad paall 3 5adl) Al )3 Jaadl) 2 3 2l
el Sl 5 s elad ddilae YSY) Fusarium Jl <Y je 2

Gkl g Jibugl -2
dsudl) salall -1.2
Llle dabua JSY) Canall o jliels "D " caiall o (bibaS Aallas je mad by Jlasiaal o
s Slie o Jaanll i (9a3£22 () 4841 5)) a Aa 3 o lpnda o3 ddpal jeY) G jlial
Centre National de Controle ) CNCC Le&inat s JAEAN 5 ) 52l 2381 jal ko sl 38 jall (e aliall el

A ad) ccadas 4,9 1 (et de Certification des semences et plants

ag syl salall 22,2
ki (Rhizospheric soil) sl ddualll 45 51l (e Bl &y il Y Je J guasl) &
(3hbie 6) Alaa 108 5 (s sal) AEN Jledll (e Y 5 @l (e cAiline dakia 37 (g ¢ il sl el

(3BLe 7) e 52 7 s (Ghle 10) 45k «(Ghlie 14) it

G el (13 il Lelis o5 Al ASiudl (ST A i g o ecilaly ) shall e 4yl A )
By iy ldleriul ia (9a5) 2Dl 8 i) calais | Al 5 o e ddadla 35k

E1 7 m o Ll 531 50 Al A1) sl (e eciiing ey e 93all 5 o LS e dal o
g1 Jal (e 860 320 £ sanall 7 cabaall Hhatall slall (0 Ja 9 ga ) s2ally 1x Adualll 4 5 (1
Cadlal) e B | ealdd) Cadanl) s o el (o e CaddS o) al o5 Pseudomonas (e 3 sliall
gl (s 238 Bacillus ¢ 5 4l Wl (King B) KB daw il (e Ja 0.1 a8 s 3 Y D
JSEY) aaen o bl Jal (10) 330 3241 05 80 31 a da o e (sladl s 4 il e 4 giscall iV
3l B Cadlall (pe WD) | el Cagidill s g Jall (g e il o) jal aly & ¢(3y sl
3oloada ) e (ae g 83l (piaadl a2y (Nutrient Agar) " NA " daall Jsball e Jo 0.1 a5 o
D) Jlexiny) (366nm) UV 2xd¥) conli o) a3 58 g Al i jerinal) 4 g J e o ¢©p28
Jdie b «J\il Pseudomonas fluorescent spp i le KB L sl e (DESAGA Heidelberg
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e (Agbiiall O pariosall (e de sene IS (e 32a05) NA B l) o 40alil) ) jantiunal) (jany 485
Bacillus spp &l le s gl (st

4y ki) 3alal) -3.2

Y e Ml Jleriul a3 (el bl i paall iy yladl) a4 g el Ly Sl paa 508 Jad (g
(ot Gl sad) Ll Jaanial) 0 Jall dpcal ja¥) 5,08l U el e s L) 3 ol yhd
.F.chlamydosporum (FCh) «<F.culmorum 2 (FC2) <F.culmorum 1 (FC1)

15 5241 2228 5l s A3 (& SNA Lanssl) o ¥ Sall e ecibas KU e J gaaal) Jal (e
pnall jladdl clall (1 Ja 10 4Ll (Conidial suspensions) e sSI (alaall juast aiy oMal i o o
Ly (o Lebiady Aga (g0 psabinsall (o b oSl Juad tdad (e L LehadiS oy o3 63 janiaaal) )
Lis 5y Jo/bani S 10° ie sale S i) et oy 5540 dga e Sporodochia I (8 dxeaic cuilS
2o 55, da o cand Alile PSA Llussl (8 ¢ AV 5 Jlexina¥) (il yhadll

Fusarium =) ¥ je slad & pdad) b sl dad A 2 4.2

Jlaninls il 3 sSAal) DAY QQM?M\ gl A ¢dg il YL @AA‘\TALIA PISPY
a6 by e B aa g b (Gupta et al., 2001) <8k (i« Aa S8l (Dual culture) z s2 3l g 3 4
PDA Lol o Lgindl GLbY) 385 (B ol 7 Wjee cugonad) Dbl b jemiue e d5aks
cam 2.5 28 paxinall 38 je (e Lagia JS da ¢l sie alad JSG e LSl e 5 2% (Liofichem)
caa) il dpually (1.1 JSG) 5_siaall 4 el Sl IS el 48 Wa jee 4y 15 g 5l e (e W)
50la a0 e BLbY) s Guant g 5l Lkl S e (B (LA 050) ean g Dbl (a f g
e 3 I LEAY) qen IS5 Q5 il il e ladll geil) S i o a3 ol § 5l ©228

Ll sa s a5 dansy o A8 il mes sale) 25 cp 30 s Ll Al Jal e
1(1947) Vincent Aabaa Jlaxinly aa) i) ae &5 jlially iy yhadll Japdii Ci¥are Glua o5 NA
_(C=T)x100 sl celelll saill Lyl dus =] s

¢ L o sl e ladll saill =C

LSl aa s A okl o pliall celelll saill =T

)
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Jazadl sl A daza yaall iy jhaill e ledl) gaill (adads 8 dled & jedal A Y G (e
O JS (A8 4 gaad) Al s il (e s cilpan oSO il aua Alladll lsia) Jad (e 4 Sl oL

A8l 5 " i vitro" _eall

Fusarium ) ¥ e slad 43,86 8 jldal) il pal) dpdalis Al )2 -5.2

L s alae | ) 4 g odad 4y S A 16 2 AuSall 3 )Lkall S all Adali dl 0 &3
Pseudomonas &Y 4wl %30 e Sls Bacillus &)Y 4wl 9650 (e ST el saill
de ) e (e BUail (1993) Rossals Fiddman <o s (e 4a yitall ddlaall da 5 jall 3Lk 48y yla Jlastinly
& NA busll mhaw e Jp 10 g5 w24 I3 "NB " (Nutrient Broth) (sdaall (3l & 3y 0
7 I3 8 jexivne (1o 25ale pe 6 oykal (g ke a8 PSA Jasll Lo (s sing JAT b mily (g 3ol
sae 8 ax 5l AllEe J ) Gaball sae 8 4 5) ) Gadall e Lglia BN Goball jom o Badall S e (A cald]
Gl S ) e S calidl Ll day i Jlaninls alSaly Gand) Lagaians e lislall (3l (S (3ol
(11 J82) Caleaiia Lagdl G e I o sall (i b

gadl Yl

il 5

by
phsly Ul

el yhall

" PSA gl

ol ) Fusarium I @ e olad &y 50l dpaall Hladl) A5k cpn Janhadd ey (1,108
Bkl Gl el dpdalin sl Hlund) (1 = 93 el & ) 3l 4 Jlasindy

e ssing OB Galal Allia (LSl () 52) Lo NA Lo l) e (5 55a5 (Guda auia g el plll Al
sle BLhY) pen (st (Gl je 3 ladll pen 5SS ae 6 okl 5 sk (e i ilall PSA Ja gl
daladl) dLuwagc&\yﬂ\caz\j)\ﬁd\gg)kﬂ\}d\www;‘egSEJAJO(:ZSBJ\P:X;JJ

el 3 583l ¢(1947) Vincent < kb (e daaiall
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Fusarium <) cibai o€ ald) e 4,30 L s il 6.2

b el 530Sl il SN iyl e Jafiall s il Cua e 63 jlaall 4y Sl VDLl ap o3
Jlaxinly fin vitro "4l 4l jall Cy al (FCh «FC2 ¢FCL) LSA gl CON 4, yhaill Y el
(2016) GisATs Mnasri <k (e didaall 43 )l g Wbl (Micro-well plate) 488l LY SLbl
Gl ISV hasd) Ul sl G (ofAda 108 S i) sail) Rna 3 pidall 4,80 (0 Ju75 g
107 38 5 tal) 4y phadll A 5all (o8 &I Gladd) o AT Ju75 Sl e ) il 63 il
JS 1SS a8 s sSI Blaall (e J75 a3l 3 all (e UT5 7 e ol e8] sl dpilly Jo/lpas S
2355 o5 (Lad 330 % 28 51 a Aaa o kY s oy AV A (2,11 JS8) S e S0 g e
Sl sl 5 il S ) a5 jeaal) Cindsaaliall ) 508 ) b 02 (L0 JS (e e ) i
A (A d S iihaia g o e JST LT G @) S i A Sl o K1) 4 Al dlalall
AR a1 5l 45 5lie Kl VDL aladiinly 4y jhadll il SOl oyl 4 giall Canll Cilies
A0 Ll

Inh% = (X, GSC - ¥ GST) / Y. GSC) x 100.

LSS 0 g g 8 dee iall lay oK aae (GST ) sill dpilly dae el il 5S)) sae :GSC Cus

71N Vitro " sdal) 8 4 gaal) dadlal) A ja 27,2

e sy B sdall s Akl s sai o e il Cum (g 6l 2 Sl YL a5
CNES g s ol sl Alaall 4S slay Ca g 2 F. culmorum oY 1 ki zadll 53 e F. culmorum
A5 5kl (385 Aul ol oda cadi Ladh ¢ il 13 e dul el sda S 5 a8 e ) Y Bl & lie xadll
Ao )il ge da 5 (B "Dl chiall e sdll a8 o3 Cus (Djébali, 2012) <ok (e s il
) L (e AeS il A cciua g (e Lo 8aal cJo/ALA 810 3yl g LaDd W pee i 5 jaall 4y piKyl)
a5 Lo el (8 T sl & s ¢ shlly LSl bl ) Jagl ¢z 3 s e J gl =) 3l
Dol a8 () sl (ady lad Chiaiy clelu 3 LSl ae sdl) 35 6l ol 5 Aol saal 48 & 53
(oA el Lail) aa g dall (8 &5 el g (e s Baa) g3l (3 yall

(b B el JS (8l 5 (g i Lkl EOG 8 el A 15 g5 i) Alas 2ay
PSB b 1) (10 Je 5 Leple iliay &
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75nd 75“"-5
g2 551 (glall FCh 55 3l
I +
750 750d 751“{ ;
FC1 g o<l (iladl B16 Sl gl B16 oSl (glal
+
mwe o N AN A
BI16 sl el = o N
_ , AN o~ o~ NN 7
Ll ! (8 pudn gl uds /J//‘{/////f/////{)///fﬂ:)
,’{,5,5 'Bianﬂ i N N N N N N NN N N \
BlA = o w_‘f(\/'\/////j/ ///'./ﬂ/‘_,/".)?/
Gl il 8 i gle s ®0® N Y Y N /A‘/")/")
- at . / -/ o v ~ 7 > 7 7
BB19 (s Sl Glrall ze (S8 ; /(x\(,-;'f,;\/,;./,-;‘/:./—’ ./,-;/./q /A“/A)',j/’ B%Lig)h-mfeafh;:;
500, (9, 0, (80 IS 0 0 8 0 i ) i RS (Blaall ae
(]l qum gl (ol PO 00000008
S8 sl (Blaall ra (S8 I\l S S ol Sl i o I S S S
000000000000
sk DAY LS AW N L L LN AN D) i\
NN 908000600
ey s S\ ) D ) ) DY
s Glaall 75 101 o NN A
+ I_Qd /VVVV,\’/‘-’/\//\J“)/‘)/J
gl 3 yall 751 ==

Micro-well plate 4& yhy 4y jhadll clhay &) @il e 4y il D) Salia ) 2,111,084

Ll e g e (B @ cuai s (el Baal 5 Sl Blaall (3 50) adii AN LadY Al
(Geb JS (4 Dla 5 Jara gl 5 (85 Om G Geb (8 sl s celld sy La] sadl L yusill
(e 3253k aa 6 W kel al A 5 gm0 s pan oy (oAl cciidall o galinall e e 5 Lo iliayg
)38l z 5 PSB Lamssll (e Ja75 e (ssini 5508 (B bl 7 e g pnall il b jpenies
Cemnt R Y (A Jan gl (Gl (g paal) adl L) iy 3 WLl A5 ((GLF 3006) Y Jles e
.(Essemine et al., 2007) a2all 3 ©a 28 5l ya da ) e Gk aes
15 1400 g 5 4l aae 5 Jsh¥) jaall Gk bl e Jsh 10 JS il ay cold day )l 2ay
ol Ayl e e S Jsha idt A s o dlgile Jianiall bl (e Bl dae il )0

.(Sivan et al., 1947) <akh (e da yitall dsbaall Jlaninly iy yaall e il sae 5 J5hY)
(C-T)x100
C

[:

o) s =)

Baalall il & cle jall sae o Jhall jaall o Ayl ae Jsb =C
Al o0l & cle jall sae 5 Jshall jaal) o sy )l aee Jsb =T
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oLl Ll (Song et al., 2004) Ualae Jlerinly Lt 21 «(Prevention) 4 sl dsd dauilly Ll

llaall) (o pall Ehgas dont — (QaLA)) e pall & gas A
( ) o= 9 ( ) o= 9

= (%) (A 5ll) G yall (s A
(L&) (a jall & gas A

"in planta" bl 8 4y gaal) dadlal) Al jo -8.2

8 ozeaill acldll ¢ ) b Alalall ¥ e el 3 jliaall oy Sl c W i o
Dane_s Demirci < _ka (s da yiiall 48 ylll & 5 (FC2.5 FC1) Fusarium - (e dalad) <Y jell (a3 52
by (Pots) Ll (g8 "pSs " il (el LS A 5 Adilal) Sl ey ae (2003)
o Dme A bindan Lgadat ol 50 AW ple g IS (8 pum g cAalina 4y 5 o (g gt can] 2 (3ac g am 8
U8 pa g oy elld day ol g Ac b Baal Ly Sl g Ll adld 8 G5 ccaial g (pie L Bl (6 0 (3laal)
D) s 5% S s il Juai) e sl 7 W ee (Fusarium A1 A e de ) e (e ae 6 ki sl
e R g Ao sall aal 8l Alla (8 Ly 8 4 LeSan dalaall 4 5l (e Aiay dliey (g yadll Al
sl s i ALl 38 s Al b Ll il A1 pe Jlaal) 8 e 6 iy il A 5 (30
s pd A (Bl e SO e ) S5 a3 A 5 S o 3LEY) Jaad kol LS (50 Waas 5 Aiaall
13 <& y=s ((Completely randomized design) S 3 sde ayshy dadall & de 5 ) 3l S5V aes
302 oLl sl 3Ll (a0 20 8l cdadindl play Lia gy DAY 50 "The split-plot design" — gz sl
G5 el 4y yladll Abal) aed Jal (e " i 053 (e /s ps” ) Bl A8yl jad dy il (ge
Ll e DN & ) &5 a9 30 222 ,(2009) A5 Gargouri-Kammoun b (e 4ba o3 L
Gl iy el G BBl ) gl 5 (5 paad) Gaaldail) e JSI g S 35511 5 J sl Gl oy Aingy
da jitall Aalaal) Jlaninly A sl 5 gyl cpaallaill fpe JSI = Sl (5 g J shall (e JST (anbatl) A
A8l 3 SAl) (Sivan et al., 1947) <k (e
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A, i) il yaall 2 88400 Ahoml) 201 a5 9.2
dplae ddaiil o jpedal ) A Sl YDA g Liad) a3 o Alaad) LS sl o) ) 5 AlSH AV a5
-l cul LA™ Fysarium ) kd Y e aa

(HCN) (o) asibw gl -1.9.2
Lol e s sind 3kl <8l 3 (1987) Shippers s Bakker 4iwa s Lo cava JLEAY1 138 ¢) ja) o
A Aias & )i ¢ ) e daul g /g 4.4 Jaeas Gaendal) L) Calias (Trypticase Soy Agar) TSA
(Gehl) elhe Jahy Leaa sy @l Sl Gaea Jslan 8 (Whatman No.1) zesd il Gy sl (al B (eet
slel & coe 30 2ue e\_ai 5 3l (pans eﬁ cel:\é\j__ﬂ\ .L::tJu Jlaainls Jas éhjas\}” ke ?373 c\j):\ib
el Aatie Ll et el (s (o) Laad Adaadle oy A Sy AL JSI Blbal O Jlentiad
Ol seday Al Aa 53 5 Qg e Al sl (I e Gl e il 55 os) S 13 HCN

Y Al dalie b (Al Al Al

il g glal) jlaadl s ey 3 gL -2,.9.2
Bl zl) -1.2.9.2

Jlagin) e YMA aball Tass o) e 4 5300 WO Gyl (e 3Dl g 33l Ul Al 50 o
Aady UG5 e 8aa 35 138G £ ) e e P10 paas kY kel Jal (e (1 Gale) Ll J gislal
(AL IS Bkl o)

G252Y) Jslase (e o 3 ALy Sl plae 435690 28 50 ya A 2 e Lu72 33ad (pmall ey
Aniall 2,00 8 pentaall Jsn GOIVL Aisle e ciVla JSE (A dpe V) ABLAN ek (ke JS)
ALl Y hadll (e s yasiosall i m ey Akl Ul W& ((Oliveira et al., 2010) a3

(Protease) Jwsi sl g1 -2.2.9.2
ulall sl aladiuly (2012) osoaTs Kumar 4ipkhl G5 o s 5l sl Jaliall 4l 5o ca
e Aaal) LSl sl &5 il NA ol e culall (50 9610 a5 ¢"LIS ansall & 5 550" 3 sddall
(b paxiusall Jsa A3l (3halie JSE iy %0 30 aic oLl 5 5aad Gk Guasd | GLdal 8306 e a8y JSG
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S Ll (e 3 perinall had 2k 3y sk e Adaliall U] (ulE el s ) Jidal sl Balis )
Allell

(Cellulase) ¥ sbwall U -3.2.9.2

CMC lall gl Jueaialy 4,80 @V Gash (e a1 18 L0 Al 0 &
de) ) &4 (2010) Parks Andriani <@ b (e 4s yiall 44 )L W ((Carboxymethylcellulase agar)
Onaal) (e Lud8 22y CMC Lo sl e 4y sinae GBladal &0 e ady JS5 8 Aaall 4,30 iyl
GLbY) Juss olld aay 215 B2l Blla¥) " g sSI) peal () slall Al oy 0 30 5 a A0 e
.(Teather and Wood, 1982) 215 3 4S yi 5 (M1) NaCl Jslase Jlaainls Jaua
z b dgdaliil) sl (s ¢y 30U 2 2 sm Ao 4 Sl il periosall s AR Lialall V) Ja
Al ASH sl (e 3 paninall Hlad

(Pectinase) Jusisall il -4,2.9.2

OESl e adiny (ilia dau s Jlesdiuly 408K YO Gl e a3V 138 Ll Al o o
(1 3~k) (Reddy et al., 2016)
) Ll 8 il das s e 4 gine Sldal S e aly JS3 8 sl £y Sl YL de) ) o
L se a3 sa¥1 U slae (e e 3 Adlialy dpdalinll (e i€l oty <2 30 50 s da 3 e Cuanll (10 LWO6
Jss bl shlidl Heeda  sLLYI ) chexadecyltrimethyl ammonium bromide Jstse (e
z by dllall sl (W& ((Reddy et al., 2016) dxlag) daey 33l Akalis e Jay 4y Sl & peniosal)
AN IS L (e s peniondl)

(Chitinase) J\sisl) zU) -5.2.9.2

OaATs Renwick <iob (e 383l 43kl 335 (il Allaal) daay 1Y) Aaliall s o
e Agla Blbl SO e aiy IS8 e a4 W jee 4 1ide 30 IS e Jp 10 £ 0 44 .(1991)
(1 3aL) (1991) Al s Renwick 4 i) Ll 188 5 (il Ja
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'Lugol solution' Jsxalll J slaay L) yexi ladzy °a 30 50 ya da 0 o bl dsedd 3LYI (piass
ey Y Akl (e Ay Sl Gl jaiiaall Jsa Aial) @) JSS Jy (Djellel and Larous, 2018)
Al S SRl (e 3 pamiusall jhad oy Adalial) Ul uld s sall

4Kl ) Gy 25 -10.2

e S gl 2 (sl el il L) a6 a3 Ay yaall LSl g1 gl e il dal
Cads ) ol8 & jelal 38 Ll Lale Pseudomonas ind Axgill g1 551 4 5 al sl Alldl U Sl G Jaadl
& «Bacillus paind Aadill ¢ 51 a5 al sall an sall LSS (s ¢ Siasili 366 o sall Jshll UV
(Green malachite) <uSYWll juadly cuslill 5i5k e $1e¥) bl Jlaaly 5,aY) dagll ol
.(Brenner et al., 2005)

gl Sl Gaedd) VAL sl Cay il o el i ¢ ST A8y By 5 #1531 A8 jre daf (1
B. B14 B. BB19 B. BB18 B. B16 5 ¢ _hill asliall celadll saill aia (golae Llis Juadl
sk (e Laa 3l gal o3 AW 6516 TRNA O A g saall 45 gall Jualos Al 2 o3 i il e B, S8
O A sl 45 ) gall (A Ol il 4l ¢ jal 3, 5 3ad) ¢ ulialy -Gene life sciences Inc 48 %
5-GGTTACCTTGTTACGACTT- akiill <l 1492R 43ald) alasiuly ¢Sanger 4 yhal & 5 516 rRNA
o 325 gall OLLLA e Lgle Juaniall DNA ) Oulid 25 5lia cany Lad &3 (Miller et al., 2013) 3
Jlexiuly (National Center for Biotechnology Information) NCBI s sise (e dall il slaall el

.(http://www.ncbi.nlm.njh.gov/blast) BLAST gzl »

(Plant Growth Promotion) (bail) sail 3jaall Lehaldi dga (e 430000 L S (and -11.2
(Phosphate solubilisation) < sill 403 -1,11.2

sk (3 (Caz (PO4)2) Lﬁj;acm p sl B i 8l 4430 Ay Akl Al jall o) jal o
A 16 Waae 54 kil 5 4y i8Sl YO (5 il dgal sall LA 8 Juadl) 4 5l cySL
&5 «(1 @~k) (NBRIP) National Botanical Research Institute's Phosphate medium L gl e
Slo daiy K& e iy piSde )3 S (e S a5 (1999) Nautiyal i b (e A yiial) 43, Hhal)
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Aapnall ANl i (el oy p 28 31 a Aa e ol 10 320 GLbY) Guas g 3l daug
(50503 il TRISY A LS 138 Jiag 8 panaal) i ial ()52 e 101 8 panianel
e JH 100 = (NBRIP Jiball Lo sl (10 Jo 10 e (s sind qanlil 3 il ¢ oaSU ppaill dilly
g e o saiud) 7l e ©a 28 o plil 10 8aal i) and 3y S AL S de ) 3
Sl Sle 4885 550 3000 Ao e Sl Aok g el aadS sl (GLF 3006)
(e da yial) 4 lll Ay Hlally AUall o el 8 il @) 4pS 085 4883 2() 324l ¢(Hettich universal 2S)
620 sl Jshll vie &Ll 33N S jall Galiaial uld a1 (1982) Sommerss Olsen <k
(P205) Ghisall Jiall i bl 58 5 ge il UL ¢"Shimazu 1640" Jlead) Jlasindy e 5l
KH2 POs J staay (bl 3 plaall Aaie Ao dlaie YL

(Indole Acetic Acid) ddddl (aaa-3-J g8} -2,11.2

(& A s2all LS e 100 dsel oy ¢ pdall LSl Gl (e IAA gl lelal dal e
IS Gl &3) /g 5 35S s ()l 5 5l 4l Caliaa (Luria Bertani) LB daw sl (e de 10 5 5a5 canil
@ Sl ahall A i gl jall aads 06 28 Bl s Aan e raall (e delu 48 2y (ADL
Jslae 30 Ja 2 aa Al ¢ 5l (e Jal z as (Hettich universal 2S) Sl e (220 3241 3/2 5000)
.(MO0.5 xS 4 FeCly Jslsw (30 Jal + %35 3:S s perchloric ) oaes (1w e 50) Salkowski

& IAA 48 538 &5 (Gordon and Weber, 1951) 1AA zU5) e jaal) ol A1 sl Jy
die 43 guall A8V iy @l 5 (1968) Schroths Loper <k (s A jidall 431l 48 Hlally JdUal) ¢ 3al)
8 daall (Jinie e dlaie Wl 2l (8548 5l 5 ) e da o o umall (e 4883 30 2 sl 5l 530
CNAA Jslaal ol

L ga¥) gl -3.11.2
“ish (e da i) ARSI Al phally 4 Sl Y Gl (e (NH3) Lised) Ul Ll o
(Peptone water) PW Jaus sll (e Ja 10 5553 canlil &6 =8l a4y (1992) Sherman s cappuccino
28 5, da ) e W96 aad canliV (udan s g jaall 4y Sl A de ) e e YL 100 Jleninily
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SE ) aa¥) sl (i) s i Ju Nessler <3S e Jp 500 sl JSI by 0a
L saY) ) e

(Siderophore) Sl cBlala zU -4,11.2

(Chrome Azurol Agar) CAS daws ol A 4 58Sl YL dan) g sl cBlala 25} 4l jy o3
KB & ol das s il &3 el Jal (e ,(1987) Neiland s Schwyn <k (e da i) 43y 5kl (1 3ale)
el 24 524l ©5 28 wie Gumall aey (A1l JS Gl 305) AL JS) Apaa ) S oy 83 e
LSl S5 e Juai¥) (ya 8 el 330 222 . 30Y) G5 53 CAS ksl 0o e 15 2 KB bawssll oy
zU) ki 6 25 (Sahu and Sindhu, 2011) GOY) Jaw sl e 40 5 Alla apaal) cidlalald daiial)
(Benie 4 Alla) JSI pladll e 45 53S0l B jentiisall Hhad = ylay apaall Sl

Ladl (1987) Neiland s Schwyn ¢ S ledaa s S gy Hlall EPPRRE ¢Sl pasill ady Lasd
e B g 50 oy ol il o5 aaal) (e AAN 48 55 el (Jilall KB s s plasiuls ¢S
150) aisal) i) o Lud8 53d] % 28 (b Lebnn s (pan/pann) 71 dina Aol 48 3 ¢ 55
5000) S el askll (g )l pamds (umall 20 (GLF 3006) z 0V e Ao (Ra8y5 )50
500 o (AUall ¢ all e U 500 z 3« &b ¢(Hettich universal 2S) O e (2 20 s2al A883/5 ) 9
S sl ey A8 jall 3l sy e g 23l (8 30 32l g el geany s CAS Jslae e JU
Jia il 630 o> sall Jshall e gl CS all abiaial Guldy aiiall apaall clela dpas) a5 M )
e m CAS Jslae (e e 0.5 zilall e Jan gl (e Je 0.5 e ssinn g2 b J s Jilia
(Sayyed et al., 2005) L 5Bl i) Lxpall 1 5 4 sia LS paall S lla 40aS

100 X (Uil / (8) — Ui)) = apandl cdlala clas g %

a5l 630 (o sall Jshall die aalall dualiaial = (i) (s
i 55 630 o 5l Jshall 3 Aigall dpualisicl = ¢

93



Fusarium = 4 saal) e jall Ao U ikl dyacal) dad L gadl)

g9l gV @i 5,112

o AN Cleall T gl Jlaninls i 5al g 3Y1 s (pe Kl YD) B A o
J 10 b ady JR5 e 4y 53l Y aens a5l il 23 (1 3ale) (Winogradsky) < s 5Y)
AplS) e Sl Jaws gl 138 e 5ai S ying 2 30 8,18 Aa 3 o LudB a0 Bkl (s daiy
Al AL Cayla e Cg 3V s

Elill Al Jaladl) -12.2

(Statistical Package for the Social Sciences) SPSS gl Jueaiuly Asbas ) Julladll ¢} jal o3
a3 el LAY a4 (2016) Microsoft Excel gl n ) 4dbaYL (www.ibm.com) 25 luaY!
LS P<0.05 4gall xie Duncan ksl @ask oo Ay sieadl QUBEAY) ledal ae "ANOVAS* Jlexia
Al s ) sl 50 GraphPad geeb s dasisl

94


http://www.ibm.com/

Fusarium =3 & seall a¥ jal) to U ikl Ll dd j L gaall

duE8LLY g -3
A i)l Bakall 1.3

Aledl) 8 &5 Pseudomonas s Bacillus Cswiall dali 4y 58S o) 5l e Uy el dilac ol sal 2ay
&3 Bacillus pxal) (1« 96 5 Pseudomonas wsiadl (e 92 ¢dy iy A% [ 88 e sann b e J gaaal)
8 _Sal) (liad «(1994) ¢y 5AT s Edwards bera s Sl daa jill e slaie) 111 Jsaadl (A i) andls
A S YD HLEAY daa i 553 a8 ¢ el 5 eadll (e S (g )dal) Jagaall didaia of 8 Lge Lidlha) )
A yaall il phadl) i lgaladinl d Cus cgia il je Sl Aol G (8 o ol g oSa Jal sS4y 8
Y e s e Jpeanll Al 63a 8 3 (st ddaina (e e (o3 il casad i
Ol G LSl o) s ST e o iing LagdY Pseudomonas s Bacillus ose sill (s ¢y 5S4l
(Figueroa et al., 2016) (s a1 dga (e daaiill ALE L3 5 g (e Akl Laall Jalay

bl o gilanall Sladl) galll Ao 4y 00l W) 86223

saill el il a8 dal e Lede deaniall 4 0S0 CVA aes e Al jall 2a <y 5ol
Dsaall) gadll Qg Gy sk slad L) oo < jedal 4y ylad Y je EO & salinsall e ladll
OIS i sl (&1 b il 4 phadll <Y Jall ol dpaa 4 Sl SO apen ekl (Gl
glsY ilh Lasad 9020 2B o ha dbws Laa GV as Gul Cus daal
Lz s Al OV Gyl iy 950 aai ol Ao gie A 5 AT WY & elal 5 (Pseudomonas
(3 k) %75 ddic VA sy 8 sl Bacillus §) 5 il La gad b yine

Al YT YLl dalal) il jleda) of Ll 5l 288 b jiaall 4 <) YLl 3 i< i
2.1 sl i lgle Jianiall Ul e 5 a3 28 5 CBlS aa (sl Cpudal) 3IS (4

Aallad LIS &y lal 338 «Pseudomonas <Y 55 Bacillus A3k 11 (A 5 3 liaall ey Sl daally
NAs PDA g (s AS e la jladl die b it 4y hdll &Y jall aread o sl gei aia
Bacillus (il Axlill YL () i) JA e zazasi (.11 JSG) 5o el &0 A Jlaxiady
(PDA Ll te (2,11 Js2a) Pseudomonas (il dalill ¥l ae &5 jlaally d3llad S cilS
FCL 0l jall dnailly 4 )l oy 3l ABL) e Hlaill iay (g yhadll gail) Jap 4t ¥ ama ClS
[FCh 0 %49.56 I & e i€ Ly st 5l e 9655.56 5 %56.05 & sass FC25
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Fusarium =8 dua jeal) < sl do U il dadal) 4 o

A gaal)

Aie JS e YL ate aa i il e Calisal A jaall a8 sall 11152

Al vyl dakidl a5yl Jshll s Bacillus Pseudomonase
Bl BATNA AIN DJASSER 35.8831423 5.9724798 3 0
B3 BATNA AIN DJASSER 35.8748159 5.9783304 3 5
B5 BATNA AIN DJASSER 35.858169 5.984319 3 0
B7 BATNA ZANA EL BAIDA 35.815564 6.0948711 1 4
B9 BATNA ZANA EL BAIDA 35.806405 6.129539 3 1
B12 BATNA SERIANA 35.7759742 6.1601795 0 1

B. B14 BATNA SERIANA 35.740647 6.179318 2 5

B. B. BATNA SERIANA 35.740079 6.19825 2 4

B18 BATNA LAZRO 35.7692212 6.2171664 2 3
B. B20 BATNA LAZRO 35.79405944 6.2215518 2 0
M2 MILA MCHIRA 35.9774272 6.2447425 2 3

B. M4 MILA MCHIRA 36.017538 6.2312708 2 1
M6 MILA MCHIRA 36.0426357 6.2210985 3 3

B. M8 MILA MCHIRA 36.0634684 6.2016444 2 4
M11 MILA CHELGHOUM 36.0895026 6.1749494 1 2
M17 MILA OULED KHLOUF 36.0785517 6.0809725 3 4
BB1 BBA TAGHROUT 36.0992292 5.1825022 3 2

P.BB4 BBA OULED MOUSSLI 36.1122913 5.112228 3 4
BB9 BBA AIN TASSERA 36.1118633 5.0252188 2 3

BB12 BBA AIN TASSERA 36.0859097 5.0115171 3 3

P.BB15 BBA AIN TASSERA 36.0472055 4.9799378 4 3
B. BBA AIN TASSERA 36.0593116 5.0143338 4 3
B. BBA BIR KASD ALI 36.12938773 5.0327431 3 4
S1 SETIF AIN KBIRA 36.3665626 5.5161379 2 1

P.S5 SETIF AMOUCHA 36.3663175 5.4681981 2 3

B. S8 SETIF AMOUCHA 36.3373248 5.414282 3 3
S9 SETIF OURICIA 36.3055221 5.4063785 2 2
S12 SETIF MAWAN 36.2922061 5.3469646 3 4
S14 SETIF AIN ABESSA 36.300262 5.3044988 3 3
S17 SETIF AL KHARBA 36.2393209 5.281972 3 3

P. S18 SETIF AIN TRICK 36.1541195 5.4441916 1 2

B. S21 SETIF AL HASSI 36.181188 5.4633439 3 0

P.S26 SETIF FERMATOU 36.2135858 5.3699544 2 2

B. S29 SETIF BOUHIRA 36.2205262 5.2796723 1 3

B. S33 SETIF MEZLOUG 36.0976284 5.3397803 2 0

S37 SETIF OULED MELLOUL 36.0222997 5.331458 2 2
S38 SETIF KESR AL ABTAL 36.0119407 5.3230681 1 2
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Fusarium = & jaal) e 3l e U il dpaal) dad o LD gaal

B. «B. BB19 ¥l (if (i ¢s kil & gl e ylaill (s cdagdiill Cai ¥ ana e slaie YL
%67.52 <%68.30 = <8 & slinnal) gai Janiti C¥axay aall Cus e Jnill 4 B. S85BB18
9629.17 = 538 Janay Caaal) CilS P, 518 ALl o i lld (o Sl e s S e 9666.69 5
A ne S0 AL e AT i oNA ) e i) s Y e S o5 5Al g (50
.FCh = %53.47 5 FC2 = 59.54 <FC1 = %54.10

>

FC2 =g «FC1 = «FCh =1 : shaill y B. B16 & il AL (1 8 pdlaall Aga sall il 311,84
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Fusarium =8 dua jeal) < sl do U il dadal) 4 o

A gaal)

(e ¢Baliae A bl & B, B16 WD) o Jaws gll (s e a5 o s phaill ¢ gill oo Hhaill ek

Yara B, B14 &5 B. BB19 ALl de 51l 9969.83 — a8 Janli Jaray ¢ _juidall Y s
038 Ly Jaray Cina¥) 4 P BB15 Al Gl a5 et e il e 9664.82 5 %66.82 - A sl
.%23.75 =

* B. BB19 ALl o PDA Ll e can g s o ki U8 ae Lapil) s e alaie YL

Juai) & B, B14 A0kl cuilS ad ghaall shall e el (FC1 ae 9673.49 o s Japsli Jazay JuzadY)
(2.11 Js22) FCh g= %79.41 Jaxa

4SS YL B pk e Al Y je L (g kil o salisall e bl paill o a2 ] 90>
S Al g ool AR sk Jlasiuly 5 35 H0al

ool pall 1 Jaee

Jaxal F. culmorum (FC1) F. culmorum (FC2) F. chlamydosporum (FCh) L

NA PDA NA PDA NA PDA NA PDA
23.75a | 38.27c | 18.42+0.01a | 39.77+1.14b | 17.54+2.0a | 35.23+2.28cd | 32.23+2.95a | 30,82+1.02b | P.BB15
45.77b | 41.02d | 48.25+1.32c | 45.45+3.94c | 42.98+3.0b | 43.18+4.55d | 46.04+0.1b | 31.40+2.01b | P.BB4 g
40.23b | 32.12ab | 42.98+1.52bc | 37.88+4.73b | 39.47+1.1b | 38.05%£3.98bc | 38.24+0a | 20.18+1.37a | P.S26 §'
40.93bc | 31.10b | 40.35+1.52b | 42.41+0.67b | 49.12+1.1c | 35.15+2.28b | 33.33%1.7a 25+0.58a P. S5 §
42.81c | 29.17a | 40.35+£1.52b | 11.36+2.28a | 42.98+0.1b 9.47+0.66a | 45.1+3.39b | 69.12+4.4f | P.S18
61.629 | 66.69h | 65.34+0.1ef | 70.28+2.78ef | 67.57+5.41de | 70.28+1.3%h |51.96+3.39c | 59.52+2.18de | B. S8
64.46hi | 59.29ef | 63.16+2.63de | 60.24+3.62d | 68.47+0.1def | 61.45+2.08ef | 61.76+2.95d | 56.19+1.65cde | B. B20
63.01gh| 58.05e | 57.89+0.1d | 60.64+0.70d |69.37+1.56def| 60.64+1.39%f | 61.76+2.95d | 52.86+1.43cd | B. S29
59.24f | 57.97e | 63.16+0.1de | 60.64+1.39d | 68.47+1.56def | 61.85+0.69ef | 46.08+0.1b | 48.71+2.87c | B.M8
64.82hi | 59.28ef | 42.98+1.52bc | 62.25+1.39d | 72.07+3.12fg | 62.25+1.3%fg | 79.41+2.94f | 53.33+1.65cde | B. B14
64.62hi | 67.52h | 67.54+1.52ef | 71.49+0.7ef | 68.47+1.56def | 71.08+2.08h |57.84+3.39d | 60.00+2.86e | B.BB18 g
54.70e | 63.28g | 43.86+1.9bc | 68.27+1.84ef | 65.31+2.12d |65.86+3.48fgh | 60.78+1.7d |55.71+2.02cde | B. S33 &
66.82i | 68.30h | 67.54+1.52ef | 73.49+£1.21f | 65.27+1.9ef | 71.89+0.7h 67.65+0e | 59.52+0.83de | B.BB19
57.41h | 61.16fg | 60.95+£3.06d | 61.85+1.84d | 69.37+1.56def | 70.68+0.69n | 58.82+0.1d | 50.95+0.83c | B.S21
64.69hi | 59.33ef | 65.79+2.63ef | 60.64+1.84d | 68.47+1.56def | 63.05+1.3%fg | 59.80+0.1d | 54.29+2.86cde | B. M4
69.83j | 63.26g | 71.05+2.63f | 66.27+1.21de | 75.68+2.71g | 68.27+0.69gh | 62.75+4.4d | 55.24+2.18cde | B. B16

54.1 56.05 59.01 55.52 53.81 49.56 Y el

L sine alias Y o jall iy de griall 3 gandl (i 3wl |5 jlnall ol 23V ae (N = 3) @¥ars (e 3 ke sUarall all
(R siaall ldEA Duncan JWial) P <0.05 4
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Fusarium =3 & seall a¥ jal) to U ikl Ll dd j L gaall

IS L sine DA Lgin Lo Calias 4y jladll 5 4 53S0 <Y Jall s o Gabil) Sl Al s iy

G2 b i gobill gl O e il sda Ja Galestivall (phau gl IS e (P<0.001) laa e

OSFC2 I o el . iy 53S0l 1391 ol Caliad il yladll dplian o) (gl s 5 paall L iS00 Allad

¢ 0N Jaws 5) @l il G Jeléil) of gl edai (3.1 Js2n) FCh & FCL = e siie 4yl fiSY)

yadall Ll e day 1385 (P<0.001) Lol laa S IS Lsina OIS (Rpkadll 5 4 il < 3al)
Lo Jeaniall il cawd e &l juaiall sdgd Jladll

A S YLl Apauall Adaliall e (g kil ¢ il 5 g 30 dans 5 (00 IS 8l ol s 3,110 930

.Fusarium J) &% je olad

Type lll Sum
Source of Squares df Mean Square F Sig.
Corrected Model 65841,164° a5 693,065 58,453 ,000
| Intercept 856687,050 1 856687,050 | 72252474 ,000
Media_Culture 317,877 1 317,877 26,810 ,000
Bacteria 45538,033 15 3035,868 256,043 ,000
Fungi 1498,336 2 749 168 63,184 ,000
Media_Culture * Bacteria 3489,302 15 232,620 19,619 000
[ Media_Culture * Fungi 704,020 2 352,010 29,688 ,000
Bacteria * Fungi 8318,336 30 277,278 23,385 ,000
Media_Culture * Bacteria 5975,260 30 199,175 16,798 ,000
*Fungi
Error 2276,516 192 11,857
. Total 924804,730 288
Corrected Total 68117,680 287

Fusarium ) e je gai o 3 jldall il jal) L8l 23,3

e« phaill Baliaall 3 5Lall LS jall 2l 6l dhaca dpdalin 5 sl YW aas & gl
O b s Gl S (FC25 FCL 0 S silnnsall g Jand DA (e elgin S CaDER) aga g
SO aa g FCh A jall daily B. M4 SFC1 2535 4 %72.08 5B. S29 5 FC2 353 5 -4 <%04.14
Balicaal) 3 jLkall LS yall i ol Ll (gl ddsaa 4udalis 440 asi &l B, BB18.s B. M8 ¢B. $33 4l
O e JS e 905065 %62.5 O daafill Gt S ey Sl Y L ae el el pladll
o i e B.BB195 B. S8
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Fusarium =3 & seall a¥ jal) to U ikl Ll dd j L gaall

oy D Ay yladll Y Jall G Ay e Japd iV ame a5 Sl g il e bl g
[FCh &= %20.96 5 FC2 o= %23.8 «FC1 g %24.22 =

Jreal B, 529 AL cilae | Lain 9642.96 58 5 bani Jee ST B, §21 Al e | e diuay
9972.08 52 5 FC1 g Jansi dansi €1 B, M4 A3l ciac | ¢5 Al dga (50 906,93 = L8 Loy Jaes
(401 Os2)

S (3080 e dga sall) (s bl o gilinall gai e 4y Sl 5 Lkl LS el A5 41D g2

Sl galll bl o L) A

Jazal) FC1 FC2 FCh

19.73d 26.25+2.5d 28.52+0.7g 4.43+0.24b B.B16
11.63bc 9.58+0.72a 25.30+1.21f 0.00£0.00a B. S33
10.76b | 11.25+0.00ab | 16.51+0.74cd 4.43+£0.41b B.Bl14
36.34g 12.00+1.8ab 46.42+3.94j 50.60+1.59h B. BB19
6.93a 11.25+0.00ab 4.14+0.62a 5.40+0.69b B. S29
42.96i 45.78+4.17¢g 42.33+4.87i 40.77+4.61fg B. S21
38.40h 72.08+£1.91h 18.12+1.14cd | 25.00+0.00cd B. M4
12.09bc | 14.58+1.44b 21.69+1.21° 0.00+0.00a B. M8
8.39a 11.25+1.25ab 13.92+1.52b 0.00+0.00a B. BB18
13.13c 20.42+1.44c 16.46+1.39bc 2.50+0.00ab B. S8
33.679 46.37+4.21¢g 15.26+0.69bc 42.37+2.729 B. B20
35.57¢g 19.17+0.72c 44.38+1.86i 43.17+3.63¢g P.BB15
29.22f 31.25+1.25° 33.73+1.21h 22.67£2.52¢ P.BB4
22.35e | 10.83+1.44ab 17.67+0.69c 38.54+1.21f P. S18
18.37d 10.58+0.63a 15.66+1.21bc 28.85+1.15° P. S5
27.51f 34.94+2 41f 21.08+0.61de | 26.50+1.21de P. S26

24.22 23.83 20.96 Janall

L sine aliAT Y o jall iy de griall 3 gandl (i 3wl |5 jlmall ol 23V ae (N = 3) WY ara (e 3 ke sUaxdl alll
(R siaall ldEA Duncan JWial) P <0.05 4
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Fusarium =3 & seall a¥ jal) to U ikl Ll dd j L gaall

YL e S G (P<0.001) 12 S G (g gine DGR 2 ga g Ailaay) A jall iy
oAl Caliad iy pladl) dpulea O LN o2 Jai Lgin Lagd Ay phadll Y Jall g L Lad 4y 0K
(e da s FCh Al )yl &5 FC2 - e siie b SV CulS FCL I o aa s G oA 50300 DL
Ja 1385 (P<0.001) 1aa S IS Lsina OIS 4 phadll 5 4 Sl YL G Jelilll o s AT 4
(501 Jsan) Tl s e 3 5l 5 & padll Y el e IS G il L) e

il o2 Jxi (6,11 Jsan) dos s saall yualinall G iyl (6f 2 ga 5 are ol V1 A jo & ekl
dmny badi je e 580l e 53 pdball dgal sall e JS (8 A g el il phadl) e L Sl il
&5 e gac iy plall MS e il 5 Asiall Alledll of gall 8 oA 25a s o Jy Las (andl
B8kl e Aga salls 45 lie 8 sl dgal pall (8 Jumdl culS dgaial) Aaliall of ) Joa il

Fusarium 3 &Y el e ledll gail) 45 i<l 3 jLkall LS yall il i) Jidas 5 1], g2

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 36554,3167 47 777,751 210,490 ,000
Intercept 76192101 1 76192,101 20620,577 ,000
BACTERIA 19489159 15 1299,944 351,816 ,000
FUNGI 304,783 2 162,391 41,243 ,000
BACTERIA * FUNGI 16750,374 30 558,346 151,110 ,000
Error 354,716 96 3,685
Total 113101,133 144
Corrected Total 36909,032 143

il 3y Sl Y a0l 5 5l 55 st Agalsall i (o L3V Al 30,6, 11058

Bacteria Fungi Inh_Dir_Conf Inh_Indir_Conf
Bacteria 1
Fungi .000 1
Inh_Dir_Conf ,629™ -,166" 1
Inh_Indir_Conf ,024 -,083 ,010 1

**_La corrélation est significative au niveau 0.01 (bilatéral).

*. La corrélation est significative au niveau 0.05 (bilatéral).
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Fusarium =3 & seall a¥ jal) to U ikl Ll dd j L gadl)

4 bl ciayd oSl) gad g il e Ay pal) Sl il 4.3

(B. BB19 (o4 5 38l pauall jlidl A ddlad SY) dadl) 2,0 Y il s
Cuadd FCh «(FC2 (FC1 4xhd &Y je GOA clhan <) bl e (B, S85 B. B14 «B. BB18 «B.B16
O Bl st il (FCT Al jal dpally | oS JSGy oy SISl o 30l SYOLA aes
9676.2 O laniil) cast ulS a3 (FC2 A el il Wl B, B16 a0 %094.55 5 B. S8 = %76.67
B. 58 ol jall (pe IS me clglins o dans 5ST 08 5 0097.2 5 Jansill G aas (s At jaal A
e IS ae 9695.325 %81.73 G bl aws il FCh A jall ae o) pal s 5l e B B16s
(4.1 J88) s 3 e B BB185B. S21 (il jall

B.B14: B.BB18 B.BB19 B.B16 B.S8

gyl sl

Bacillus psiadl (e 4 aad) 45 5l VS Jleaialy 45 jhadll cilia < bl Jads cas 4, 11,08
Calias ¥ ol (i 3 5all sl gl 0 sl 3 Baae V) s jlmall il aiY) ae (N=Z6) SV %0 (e 5 le Blanall 4l
(Rasiaall a3 Duncan Jial) P <0.05.4 L siza

A S SO e IS G (P<0.01) S U8 (5 sine (38 25a 5 Ailan ) Al all & el

4 yladll Y el e i Y Aaliad) Ay kil Y o e datill sda Ja | L Lad 4y jladll &Y all
CulS FCh A 3al o el s Lo (s L 01 olat 4, pladl) ¥ 3u) i (of LS edpaiall (pi
YO g Jelil) i byl i) < yelal (7,11 Jsas) FC2 &5 FCL ol jall e giie dulin <Y
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Fusarium =3 & seall a¥ jal) to U ikl Ll dd j L gaall

oS il Ll e Jay 13 5 ((P<0.001) laa aS S U gina S A phadll <Y gl g 4y Sl
i) dglee apfi o e 4y pladll Y all 5 & Sl SV (e S

il Sl oS Ll o e LK S Ll il Jas 701 s

Type lll Sum
Source of Squares df Mean Square F Sig.
Corrected Model 4031,675° 17 237,157 5,793 ,000
Intercept 844000,768 1 844000,768 | 20615214 ,000
BACTERIA 1717,208 5 343,442 8,389 ,000
FUNGI 534,145 2 267,072 6,523 002
BACTERIA * FUNGI 1780,322 10 178,032 4,349 ,000
Error 3684,661 g0 40,941
Total 851717,104 108
Corrected Total ¥716,336 107

323 FC2.5 FCL Cad 3ol (e S8 €l i oS0 (5 sie o il gl Bae gan Jas ol s T dga (e
JSEI (e il KU JSG - s (8 a5l oda il B B14 4 5l ADLA ae (sl (e W24
Casds () ol Lo iiles dual i Aaitie LS a8 Shoan £ ) (L51 JS3) ol (el
s gl ey N Adlzm) (2,25, 11 JS5) DY) s ey ASIL eSS 1 laal) Gans s el sl
Gl dalee & gan aie e e (FC25 FCL (1o JSI3 sl i €11 J 2 B, BB18 Li_siSall LA aaas

(501 88
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Fusarium =3 4 yeal) e jall Ao U il dyacal) L L gadl)

oM (e W24 23 FC2 5 FCL ) (il jad 3 €l o K1) e 4 5l S ils 5,1, Js
(pn50 pu ) al)

1N vitro ” ssdall & 4y gaad) dadlsal) A 3o 5.3

Dsdall s Al aee (e IS Jsha e (Y0 Gued) Adled SY) 3 5l DL s i
(FC25 FC1) F. culmorum 32 ¢se IS Jlaninly e lihaa¥l Gl 3oV (e alil day i 22y

e Jypasll B, BB19s B. BB18 GxilSlad) (pe S e il ¢l Jall 8 eadl) 5y i (0
IS oo Ul sdall g 58 aae 5 Hedall g Ak )l aee Jsh (e IS il A (p<0.05) A sine 48
W asas (B S dalladl) (i B, S8 ALl < jedal Laiy A sl a8l 580 e 438l (FC25 FCL (0
Dol skl saill 485 e 3 a8 (5 ol Ll e cliail Al s B, B16 A s L FCD
|86 B, B14 AL clae] celld (o uSall e (6,11 JS) FCL 2525 (8 (P>0.05) (5 sixe JS
A8 FCL A a5 A U Luls)
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Fusarium = & jaal) e 3l e U il dpaal) dad o LD gaal

o o LS o ) Foculmorum 25 s 8 4 1) aee e & il oyl 6 g il 6,11, J84

'(U 3 wU#Jmt.bﬁg"‘%’Jnmum“‘))@bt‘)sﬂ‘@)lﬂﬂ\)ham\)@q&g;sB B]_GZJM\A};}

saill Ay Cum (e Junil) S B, 58 A ) FC2 A jall asay b il @ jelal clasac
ilS Ly et il e 0625.565 %41.67 3 Asbue SV ey saally L))l st e JS Ikl
(FCL Al 2 5a 5 4 Ll 9035.54 Janas Hsdall g 5 8 a3 Al 5 Cum (40 JuadY) 4 B. BB19 AL
CilS 5 €9639.67 Jamar Ll sl okl gaill BE 5 Cun o JumdY) o4 B, B16 ALl S i
B.BB19 bl <ilS ¢ il 5 ¢0022.87 Jaxay )saall skl saill 448 5 (10 Juad¥) a4 B, S8 AL
B. ALl of aa gl o el e 0632.47 Jaray Hsdall g 558 230 A5 Cun e JuzdY) o
Dsaalls Al s e S Jsh e b 5l L S LS (FC2 A kil A jall ae cana) 4 B14
(811 Js2n) FCL A ykadll A jall aa Lge g 8 2ae 4

S < U sina WA Lgi Lasd Calias 4y yhadl) ¢ 30 a0l oS o dibaa ) ) jall & jelal
o3 Jui IS lge 5 8 dac 5 Hsdally Al aee e JS Jsb e S Wl Cus e (P<0.01)
Sl 0 LS 6 il 4 Sl VL (A slae gt ealial) odgl 4 Sl A0 50l o il
FC2 O ) drasill egiliil) ) g sa il (S Cua eyl Calias Lealad oy phadl) oyl 3al) diaa
(9.1 Jsan) FCL = 4 jlaa L psiSll dpulaa ST (S
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Fusarium =8 dua jeal) < sl do U il dadal) 4 o

A gaal)

Slee spdoae 5 sdall g Ay )l aae (e IS Jshal Al 5 (ansalill ¥ axa 811 98

CLR (%) CLP RLR (%) RLP NRBR (%) NRBP

79.29+4.03c | 0.00£0.00a | 78.59+4.78b | 0.00+0.00a | 61.49+11.74b | 0.000.00a AL
50.04+7.61a| 36.88+9.6C | 60.62+5.11a | 22.87+6.5b | 48.78+3.66a | 20.67+5.95b | B.S8-FCI
81.24+5.12c | -2.46+0.96a | 79.63+0.74b | -1.33+0.93a | 68.29+2.11b | -11.06+3.44a | B. B14-FC1
47.83+2.42a | 39.67+3.06c | 76.88+0.5b | 2.17+0.63a | 41.67+7.22a | 32.21*11.74b | B. B16-FC1
61.74+2.95b | 22.13+3.73b | 62.09+9.57a | 21.00£3.82b | 46.95+4.84a | 22.65+7.87b |B. BB18-FC1
61.74%5.91b | 22.13+7.45b | 63.74+5.58a | 18.90+7.1b | 41.46+6.34a | 32.5710.31b | B. BB19-FC1
91.23+1.27b| 0.00£0.00a | 91.91#¥2.7d | 0.00+0.00a | 88.92+3.98c | 0.00+0.00a AL
53.21+9.61a | 41.67+10.04b | 68.42+6.84a | 25.56+7.44d | 65.85+8.45ab | 25.94+9.5bc | B. S8-FC2
84.89+0.84b | 6.95:0.93a |86.94+1.88cd| 5.41+2.05ab | 74.39+3.66b | 16.34%4.11b | B. B14-FC2
87.56:1.12b | 4.02t1.23a | 83.67+2.38c | 8.97+2.59h | 57.82+8.96a | 34.97+10.08c | B. B16-FC2
59.55+8.05a | 34.73+8.83b | 69.20+2.21a | 24.71+2.41d | 62.20+7.62ab | 30.058.57c |B. BB18-FC2
60.03t4.7a | 34.20+5.15b | 75.83x3.80 | 17.50+4.14c | 57.325.59a | 35.54%6.29C |B. BB19-FC2

Lt IRLR¢ sl sk 438 5 dai tRLP ¢ 53l & 5 8 230 (1283 4 :NRBR «saadl g 508 2ac 48 4 :NRBP
o 3be slandl aidll® A8l aee Jsda nddi dui (CLR bl aad sl 44l 5 4t 1CLP ¢ 53l Jsh (il
Lgine ddlida jue el Cooall (il de gilall € ganll uds 833 9 gall Canaill (5 lmall ol aiY) as (N= 15) &¥axa
(sl laxlia™d Duncan Jkial) P<0.05 e
in planta” 44dal) A 4 gaal) dadlsal) Au 3 -6.3

A Ladie Ayl Slall geill julae (FC25 FC1) F. culmorum g sl Alje DS Cuadd
Gy (Gl a1 ) Aliaall e el S ge A e ¢(in sl 21 5ll) LS (s Lealadiad
auil (FC25 FC1 ol 32l &3 (B. S8.5 B. B16 «B. BB19) Sl <V lly dadleall DLl gy
Lasé FC2 5 FC1 Gail alls Aadlaall Bl e &5 jlie cdibian gt s Lol (o i) aa) 58l (e S
(701 J3)

Uiy (B, B16 4 _iSall AL Jlastinly  shull (s o o il & yedal (RO Al jall dnally
Crpaldaill e JST o 5L ¢ 5 Jshall (g0 IS0 5aY) Galathy Laie: yhadll Al yal (e (p<0.01) (5 s JSian
Jsh (p>0.05) 5 size JSi an al Ll ol ¢lgudi il B, BB19 Al cilae | | 31 5l 5 5 )2al
B. BB19 4Kl ALl ) shull Caas o il & jelal 288 (FC2 Al jall dpuilly Ll (5,001 Uil
e ISz Ul sl s Jshall (e S0 5eY) Galahy Lavie yhadl) dncal yal (4 (p<0.01) o5 sine S il
P Y| PR CEN I TBENA

106



Fusarium =3 & seall a¥ jal) to U ikl Ll dd j L gadl)

230 5 pstally Al aee (e S Jsha e 4l VBl 36 A0 ) Qs 9,11, g2

Lee s A
Typa lll Sum
Source Dependent Variable of Squares df lilzan Square F Sig.
Corrected Model Cal_Length_Frev 9559,262° g 1095474 15,868 oo
FRoot_Length_Frav 2615,551" 4 323,950 4,801 00z .
M_of_Branchs_Prev GE27,426° 2] TEQ 714 7,106 Jaan .
Intercept Cal_Length_Frey 159158,797 1 15918,797 230,559 oo
Raot_Length_Prav 165864,442 1 165064 442 2458337 oo
M_of_Branchs_Prey 124146607 1 124146607 1146127 oo
Fungus Cal_Length_Frev 604,533 1 G04,558 11,654 03
Raot_Lznath_Prav 659,320 1 559,320 3,772 o5
M_ol_Branchg_Prey 1475,185 1 1475185 13,6149 a0
Baclaria _Col_Length_Prev 711,751 4 1M77.938 31,548 oo
Root_Lenath_Prav 2200,207 4 550,050 3,152 oo
| M_of_Branchs_Prey 5331736 4 1332,934 12,306 Qoo
Fungus * Bacterla  Col_Length_Prav 342,953 4 85,738 1,242 325
Root_Length_Prav 56,029 4 14,007 208 A1 .
M_of_Branchs_Prey 120,506 4 30126 378 B80
Error Col_Length_Prev 1320,704 20 59,035
Foot_Length_Prav 1348,404 20 67,470
M_of _Branchs_Prev 2168367 20 108,318
Total Caol_Length_Prav 27158764 20
Root_Length_Prav 170129397 30
I I_of_Branchs_Prev 133240400 30
Corrected Total Col_Length_Prev 112308,966 29
) Rao ut:Length:P rav 4264 955 29
I_of_Branchs_Prev Q093,793 249

Y ara jaals B, B16 Al o8 (FCL A all ae 4l 5 45 1S AL Juadl () 225 cle dbiaay

A5 s ol Lo (51 962,785 %11.06 3 Asbn Al sedls (g3l (paldaill e IS Jshal mids

@l Gaadaill ST = Sl (56l (mndds SV ararg et il e 992,975 79.26% - sl

e %59.99 5 %65.54 I Ay sbhae dlE 5 o Jolay Le (51 9623.89 5 %31.29 1 dsbas S sl
il

ialy (FC2 A all 25a 5 (B ¢ JumdY) 405 ) AN 4 B, BB19 ALl il ¢(5 AT dga

A8 5 o Jalay Le (51 968,575 %015.93 2 4 sbsa () sell 5 (53l aldaill (ga IS J phal (andds iV ans

@l Gaadaill ST = Ul (56l (mndds SV amars et il e 9672.265 %64.48 I Al
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Fusarium =3 4 yeal) e jall Ao U il dyacal) L L gadl)

e %90.13 5 %60.46 - A slae 485 o Jalay Lo 61 %04.28 5 %30.74 3 Lisbse S sl s
Ll

e Labas |l @ yelal Ll LeS (il 5 A0 Canacal o8 B B14 A1) S (il (e Sall e
(1011 Js2n) FC2 A jall aga 5 (A dald pradll LS

lan eSS0 L gine A Lein Lad alias 4y ,aiKall oVl o dbaaay) 4l jall ¢ ekl
sda Jai | ) sell 5 o paall (paaldaill (pe JST 2 Al 3 05 Jshall e 36 g1 s il a4 (P<0.001)
(Al g e Bl 4 LS VDL G ALy ¢ saill yulaal dy Sl 3008 )1 5 a8l of i)
ooty L a1 ¢yt phadll ol jall (s (P<0.01) S JSd (5 sine CaDR) g g il <yl
LSSl ol iy yhadl) (il Sl Asbisa, 0 e 13 5 ¢ ) sl Uil = SUal) (300 5 J shall imsdid Conss
Al LSl dpulea SiSH il FCT A ) o Aaadle gl g sl Sy G (Jilaia e
(1111 dsx) FC2 A =l

F.oulmorum 2sa 5 8 el MG e 4y Sl YLl S0 8 7,1 Js
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Fusarium =8 dua jeal) < sl do U il dadal) 4 o

A gaal)

7 F.culmorum il je s s A i) saill julea o Dy ,nSll Y 86 10011093

% VSLR %RSLR %FWVR %FWRR JLaay)
53.32+7.54c 39.55+5.07¢ 90.81+1.54c 59.71+10.55¢ | FC1_(mtas¥) walddl
39.98+11.1bc 28.93+3b 43.23+18.4ab 45.10£7.79b B. S8- FC1
43.16+11.27c 44.05+11.99c 53.36+16.5ab 61.32+3.94c B. B14- FC1
25.70+7.0ab 28.38+3.82b 32.43+10.22ab 29.95+6.3a B. BB19- FC1

42.11+9.5¢ 19.99+2.22b 56.18+13.47b 42.78+5.56b B. BB18- FC1
11.06+0.56a 2.78+0.79a 31.29+5.54a 23.89+5.72a B. B16- FC1
44.85+8.25cd 30.89+6.15¢ 77.74+6.25¢C 43.37£8.75bc | FC2_(mla¥) aalll)
34.07+7.45bc 14.98+5.32ab 56.54+15.7b 27.09+8.69b B. S8-FC2
71.01+7.97e 59.39+3.01d 81.63+7.42c 61.14+16.58d B. B14- FC2
15.93+4.27a 8.57+2.21a 30.74+4.67a 4.28+1.41a B. BB19- FC2
51.43+7.52d 31.87+8.22c 74.79+4.02c 49.02+2.53cd B. BB18- FC2
31.84+5.02b 23.84+5.11bc 54.42+9.91b 34.22+6.3bc B. B16- FC2

g ol Ol 0mdss A (FWVR g tall allaill J gl (120835 403 1RSLR ¢ Bl sl alaill J sl (1add5 4asi 2 VSLR
ol ai¥l ae (N=9) DY ara (o 8 e Slazall adl) * sl alaill o SUall 5l 2l At (FWRR ¢S sed) pUaill
Duncan JLial) P<0.05 die Lsine Adlida e yiiad s jall (udly de giiall e gaall (i A 33 9 gall il (5 jlnall
(o sl EEA

Fusarium <) ¥ je elad 4y i) i) 41 a6 7.3

g il Lgcany () LS (81 e il shadll saliaall LS jall aal 2L 3 jiiad) ¥ apan cae Ui

(HCN) O suotd) ailas z W) -1.7.3
Gaball elae Jalay i 5l (355 O a3 13) s 5ol Al el daie 4,5l AIBLL) s
&l Bacillus & sl Al YL maas (e (811 JS3) oSIA ol e jaal) ol g
Al danlill oyl daally el | B. B14 HCN J) 7L as) g A Y adatiiss
d O s z
P.S26 (A5 Bas) g A £ Lty daine LIS uilS 288 <Pseudomonas
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Fusarium = 4 saal) e jall Ao U ikl dyacal) dad L gadl)

e 25ns b L sl ulaa e G Sl Y A G Jidss 11119

.F.culmorum
Jolurce Dependent Varable Type III Sum of df Mean F 3ig.
Corrected Weg sys length red B149.031° o o035,448 14,547 000
Nl Roo sys length red T482,116" el 831346 26,929 000
FWVS red 8342 6957 G D26,966 6,776 ,000
FWRS red 8755529 g D72,837 13,093 000
Intercept Weg sys length red 40246 846 [ 40246 846 659936 000
Roo sys length red 20717.,050 L 20717050 671,074 000
FWVS red To447 036 [ 79447,036| 580,731 ,000
FWRS red 42680,1 80 [] 42680,180| 574419 000
Fungus WVeg sys length red 535,941 l 535,941 5,748 008
Roo sys length red 63,017 l 63,017 2,041 , 169
FWVS red 1999037 [ 1999037 14612 001
FWRS red 250,043 l 250,043 3,365 J082
Bactena WVeg sys length red 6011694 4 1502923 24,644 000
Roo sys length red 3372075 4| 1343019 43504 000
FWVS red 3552,091 4| [1388,023 10,146 000
FWRS red 6935327 4| 1733832 23335 000
Fungus * WVeg sys length red 1601396 4 400,349 6,565 002
B Roo sys length red 2047024 4 311,756 16,577 000
FWVS red 721,567 4 197,892 1 447 236
FWRS red L570,160 4 392,540 5,283 005
Error Weg sys length red 1219720 20 60,986
Roo_sys length red 617429 20 30871
FWVS red 2736,103 1 20 136,805
FWRS red 1486031 20 74,302
Total Weg sys length red 49615598 30
Roo_sys length red 28816595 | 30
FWVS red DO5S25834 | 30
FWRS red 52021740 30
Corrected Weg sys length red 368,751 29
Total Roo_sys length red 8099545 29
FWVS red LIO78,798 | 29
FWRS red 10241560 29
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Fusarium = & jaal) e 3l e U il dpaal) dad o LD gaal

(! ot bl | b SR cpaall) 4y SOl 3Ll o yla e HCON U L8, 1. Js

s il (g oAl jlaall asa a3 z U -2,7.3
) gl -1.2.7.3

O b dlgsantivne Jon A8l8AN Al UK Dl (3 3DaY) s 3 Aatie A il AL ysiad
i) YL asen conil (1411 JSE) Jsaalll d8Lia) axy 3aladl (5,301 0 sl Jaws sl 8L (sl
il Y e Can gl 53 cla see Ansll ALl HUE 8 ol Qi g S35 a0 3391 138 Bacillus osiall
5 WS (Jawse ki ST g 5 (B M4 ALl as can 16.67 5 B. BB18 A0kl ae ¢an 3 (0 Al
pal) 8L 5 el 038y (P<0.001) lax S Sy (5 sine (38 Ao Llean ol ol Al ja il &l
(911 JS5) a3V 13g) datia e ¢Pseudomonas (eiall Al YL JS cilS (Jaall 5 AY)

g gl -2.2.7.3

JS8) L yanien Jon 288N Al IS5 Jln 3 Shig ol w33 daiie Gy il AL yied
a2 3Y) 138 ail Bacillus ouisdl Aadill YL maas O yeda © 30 (B el (0 Lud8 223 (14,11
O ALl U ¥ ane Cin gl i e sanall o3g) Al Aaslll dulaliall Ul gl aa oS
DY) 138 of il Al il el B, M8 ALl s ¢an 22,335 B. B14 Al e s 10.67
lia S O (5 sine 38 35 LS cilansall JUAY1 men o o 4l Jpumall o5l LS ey
cailia) a8 Pseudomonas (iadl Axlill YL Lilly 5 AN 2l Bl s dall s28 (ym (P<0.001)
YD) il @y e Sl e g 391 138 i Al P S26 5 P. BB15 CilBhaall (of Gy ¢Sl il
(10,11 J85) P, $18 Al e ¢ae 20.33 5 P.S5 AlDaall e e 11 o il ¥ anay 5,2 Y)
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Fusarium = & jaal) e 3l e U il dpaal) dad o LD gaal

20 =
e Amylase
3 15—
% 10—
S -
a a
Rl | )
Q‘Q‘ .__?-‘ X 4-_|)._:.$_J|
<0 ¥R

oo 5 e slaall ol A oSl YL Gl (e geiiall 5BaaY) g 3l Agdalis Ul ¥ aea 9, ], JS4
JLial) P<0.05 e Lsiee dilide je iiad Chpall Gadiy 505l 3aeeY1 g jnall Gl aiY) ae (N= 3) WVare

(B i) S8R Duncan

25— . Protease

i ey ()

o 5k slanall il Ay Sl YLl ok e geinall g pall s 3 Al sl Y aea 10,011,084
Jlidl) P<0.05 die Lgine ddlide e et Capall (el 5 el 3aeeY) 5 jaall Gil_aiV) ae (= 3) ¥ans

(B el DA Duncan

MNsbd) zU3H 23.2.7.3
ey ae clgiyaninne Jsa A8AEN ANl IS i 3 Y shadl oy 53 daine 4 ,0K) AL e
Al Y maea o es 0 30 (2 Graall (e bl 5 2ay (14011 JSE) ea¥) 5l dane sl JalS
el ] 8 CaMia) Qi e ¢Sl (B, B16 AL lac Le ¢ay 31 138 caatil Bacillus (siadl
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Fusarium =3 dua yaall e jall Ao L i dacal) dad ja L el

B. S8 ADlull ae can 13.33 G e sanall oded dpnilly cdplaliall Uil ci¥ame ciag) i Anilil
Adlide miliil) il a8 (Pseudomonas owisdl Al YL duilly B, M4 AL as 222,67 5
O ol Gl Al o i @ yedal LS ey 3D 13 Vsl (ge Ladh P S185 PS5 il o Gy
IS (5 sina (3 25n s A (e Alsasal) JUaY) qen G (g0 Al el Jona ST Uilaas (435 58 Y)

(LTI J88) s AY) aill Bl Giiasl) (e (4 (P<0.001) 12> LS

40 —

Cellulase

e ey ()

oe 5 ke slanl) ol 2 Sl SV Ca ke e pmiall Y sl g il Aplalis Ul ¥ aee 1111084
Dlsl) P<0.05 e b gina Aalisg pe il Caall uan 3 bl 3 _‘éjgul\ <l aWl ae (N= 3) DY

(A58l 3533 Duncan

el z U 4.2.7.3

a2 Y Aaiia Ll ele 4 058 A e Jsll (S ©a 30 5,10m A n e Le72 2al (paal) aay
ey Galal) 33Y) sl ol (AL 0t s (A 6 pentinal) Ja AdeE Al seda Jla A Sl
Al Y maea ) a3 ddplaliaall Ul <Y ase YA e (14411 JS5) (Lugol) <ilsl) 28l
Y ane CalS dale by Aailil) ddalil) sl 8 < lds ae o815 a3V 138 il Bacillus oeiall
B. B20 ALl g cae 20,335 B. B16 Al e cae 16.33 (o A sanall o3a 3l 3y Ldalill Ui
haa S Sy (5 ime B8 2a s Cua Cplll Al 0 il elld X5 cdain pha ST AV 38 yiiay
alé (pseudomonas (il dasall VSl danally (Jally s A 2l 8L 5 dagdll 028 (o (P<0.001)
(12,11 J835) lan dlin CleSy P, S26 5 P. BB4 Lea Jadh (pilD W) 531 13 i
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40 —

Pectinas

w
(=}
1

e’ iy ()
3
1

o b _he slanall ail) A Sl YO G e (e peinall LS oy 3 dgalin Ul <V aea 12,111,084
JLial) P<0.05 e Lsiee dilide je iied Chpall Gadiy 305l saeeY1 g jall Gl aiY) ae (N= 3) Ve
(Rasixall a3 Duncan

il zl) .5.2.7.3

Ula sl DA o Sl a3l U5 48 jma (S 2 30 3,0 Aa 2 e oll 5 el (il aay
(Lugol) <alsl) d8lia) aay 3alad) (3581 (sl Jana sl 8L ()b s (A cdainall 3 paninaal) J g 345
st ga (S0 2 391 138 aail Bagillus (il Aaal Y Mal) e o i) & pelal (14,11 JS3)
O Ae ganall 028 3l Y Llliall jUadl C¥are peas (S Anilll Akl jUad] 8 L sale gl
A5 Jaally alimus 3yl <0 A1 13 ytiay B M8 ALl ke cae 385 B. $21 AL g cae 20.33
538 (s (P<0.001) 1 S JSi (g sina (38 2n 5 Cua Gl Al o il elld X505 ¢ UBY) 3L aa
i Y 3 o aa 5 «Pseudomonas (sl Aalill YLl Al (Jiadly s A Al 8L 5 dagl)
«2037.335 P.526 ga ¢p0 9.67 (s Akl Ul ¥ amay oy 5V 138 ) e Uaiad) e 5 (g (04
(1311 J8&) P, S18 s
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50 —

Chitinase

o ey ()

o b _he slanall ail) A Sl YL G e (e geinall LS oy 3 dglalin Ul <V aea 13,1184
JLial) P<0.05 e Lsiee dilide je iied Chpall Gadiy 305l saeeY1 g jall Gl aiY) ae (N= 3) Ve
(%58l 353 Duncan

LSl g 5 -8.3
s oeBall iy 2l -1.8.3

5 ulaal) e 5 5 5l gl sl (e S (3 5 el Sl B i e 191 Gl 3
Cun ol jal) dan sall Y AR £1 530 2 5a 5 oo aiSI Lo giia cal e Arua JDA (e (AW 16)
Aanally Ll Ala0al) £ 5,00 datia ol ) daa ge Cilpae Lol e Bagillus osind daslill YL @ el
a5l el e cal jadl Al Cilpae (e 5 jle <uilS 23 ¢Pseudomonas sl Axlill <y Ll
39D Ay 31 Adalial) LAl ac b Al (358 Al a5 ) 18 g2 cp )3l das g e ol juad
.Pseudomonas <Y Sk 4aiii al Lty can 551 138 Bagcillus <Y s ol G ey yill dlae b
Al a2 2.8.3

(8 G Aadl) Y 2y ) Gy pailly ALl &5 6By Led) et ) £ ) 531 46 yaa Jad e
(alignment) d&:ae & ekl rDNA 16S - (s salSall Gl sl 50 VA (g 63 pilaall dga) sall Ll
Janiall rRNA 16S 5 yadiall linadl 208 ISl Blalodl) a3 Ul Yl (o Sl Jaudaal)
oial rRNA 165 J 3 adall Gliall ae G lis (2 Gale) "Genbank" <lilull saclB (e Lo
Bacillus <Bacillus atrophaeus B16 :4dlll ) se I (385 Lgiiand a3 « Y3 e o 23l a2y Bacillus
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Fusarium =N duda jeall ¥ 32l Jo U i<l Ladal) dad

A saal)

WS «Bacillus subtilis S8 Bacillus amyloliquefaciens BB19 Bacillus amyloliquefaciens BB18 «subtilis B14
(1211 Jsaall) clilull 3acE (i e Jsaall a8 1 e J saal) &

1SV shad) i gl i OB s Allaall il 1Y) calidg el il jlaa) 14, ]1LJ8&
sl syl

B A Sl YL el Gy il Gadle 12,1109

Jsdall a8, da yial) dandl) A (3 gall £ oil) Al
MTO072217 Bacillus atrophaeus B16 %100 Bacillus atrophaeus B. B16
MTOQ072216 Bacillus subtilis B14 %99.15 Bacillus subtilis B. B14
MT072218 | Bacillus amyloliquefaciens BB18 %97.18 | Bacillus amyloliquefaciens | B. BB18
MT072219 | Bacillus amyloliquefaciens BB19 %99.17 | Bacillus amyloliquefaciens | B. BB19
MTOQ77868 Bacillus subtilis S8 %98.02 Bacillus subtilis B. S8
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Fusarium =3 & seall a¥ jal) to U ikl Ll dd j L gaall

g sill Leanl Fusarium ) uis (e g5l 820 4 | julad Lia e ((FCR) gl (i (a e ying
Aol apd Aalial shlial d dals il Jled 8 laa) 55 g ) 51 ST G (e 585 oF.culmorum
W83Uasl ¢y Sl L) L) o el 8 Al all 028 (e B3¢l (Abdallah et al. 2019) 4dlall 4
F. culmorum (e JS elad dacall syl <y il Sl madll clal g odall sl e
el (8 s )) 5l J gl m ye A1)l @i e 353 <R, Chlamydosporum s

Can (po A S Y s e Juadl (5 168 IDNA Ul L) po Al 53 53 5l Gl gl
Oe ISV ARLL) ) ae ddiia Lgale Jhaniall il gl a3 Bacillus psis o8 sbacl & gl
(i radll Ay yaal) Ly 5l Adle i ) g sedal (3 ((2009) 05030 5 Yang s (2007) ¢ AT s Palazzini
Ldiles g Al Aglall Gl e el Ll YL ST aY) 138 sy Bacillus osis )
.(Liu et al. 2009) Fusarium 2 (sl yal aca el

saill e (16/16) 3inall 4 il YO aien Cuiadd dgle Jantiall Al e ol
KPP P 2 ez all &l A Jleainly o3 08l Fusarium ) &Y 2l il 8" eladd)
(o ) dihie a5 Aliles L (e <108/86 (2 5 (2016) s AT s Mnasri Lle cilias ) @lls
A yeall iy phadll e bl 1508 )50 candidan gl) 8 LA ALAEN o) gall () 3_a ¥ o2a o S5
¢(2011) 0541 s Dunlap <aiiS) 3l sall a3l 5l agalitls () 68 5 y2e Bacillus i 2 O LS ecilall
ABE ) ey 308 1y it Ul LegiSals Bacillus megaterium s Bacillus subtilis (= JS ¢
A ¢ ((2015) 050315 Baffoni ¢ .iturins surfactin <fengycin lipopeptides (s 5 <l ksl
224 @Ji 35 « F. graminearum s F. culmorum ¢(» JS sai Janiis Leias Bacillus amyloliquefaciens
O el Lyl ddled aa 5 lagas o130 o Gl ) ol 4 sad) Claliaall gl ) dladl)
Aniial) 3liaal) 830l Alad 5 dseS I <6 ysiaall Zadall LS

CrA) s Figueroa 44l Jaa 53 les 4 8 Bacillus 3_8Y 4wl dlgle Joaniall layfill iV ana il
Al ) shia 55 Lae il S Laiy PDA dass sl e 9685 5 %049 (¥ axs e | slaass (3l «(2016)
)5l o e 4l Qo 5l 5 L cliad i) 038 XS 55 Pseudomonas 31_8Y 4awills (%67 5 %49 o)
.Pseudomonas ! & 3 ae 45 jlally Juzadl <uilS Bacillus

4 )laally NA b sl e Jalsy e b dayii Ve e Jseand) 2 cJariusal) & 5 das o) dailly
dae D 8l 430 LS (g ,aiSall gaill daeDle ST yiiny NA s sl O (138 a3 () oS (PDA Jas 511 ae
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Gl Ll agle (g okl Al (5S0) g 00 Ty (e IS0 Lila il (s kil gaill (o (g g kil saill
S ((2011) Sindhus Sahy ik (e 4l Jom s o5 Lo il 3 2S5 A ,a€0l) AL 5 (A8
PDA Lo sl &5 Jlia NA e Juadl (5 5 F. oxysporum s o ) Liayl Sba g8

DLa) 8 ey e U o jedal 5 paall 4 i€l YL 00 7100 of WlaaY s sal dga (50
LS yall Z) Jaxiy F. chlamydosporum 4a! 7805 F. culmorum 32l ¢ jldall 2l gall dllas
il bl e s ddliaal) (1Y) Glsse e sloalll &y piall G Sl Gala e (HON i 6 ldall
Al adll Jea il 23 Lo ae 4 slaall 020 (3855 (Michelsen and Stougaard, 2012) wasill 4y e
zl aa Bacillus oin 8 ae & laaly 3 el dkaliall Cd) 55 38 Pseudomonas s 3l AY
Y (e cdadd sas) g A0 o) Lt < el celly e el e HON 2 e ganall sda <YL
P (Chma 5l AL 23] (S (i gl s 8 palall o2 L) LeiSay <B. B14 (4 5 <Bacillus
F L) s 138 055 38 HON U daiie (€5 a1 3l (5 A Y1 DLl 4 )lae cdpaall Haluall e sy
il i G (S 4 3l LSl G ¢(2007) GsAT s Zou A s HON e AT 3Lk S 5
acetamide<benzaldehyde Jie ¢HCN <sMay ¢l yhadll sliaell Lalall &l o jdall Gl yall (e
Le3lSels Bacillus amyloliquefaciens LSl of «(2012) wsaTs Yuan ekl WS benzothiazole s
LS <F. oxysporum _hadl <l oK1 il g a galusall gai Jands 8 2ollad D13 LS ke (S e 36
O S IR 5 yhadll saill Jaydii (2,3 6-trimethylphenol s benzothiazoles phenol) L Ole 5 ¢ Uaiu)
S Juadl ¢F. culmorum ¢ i) pe il ¢ SLad¥ 1 b lde Jhasiiall Japdiil) G yrind (s a0 dga
9010.715 0 p i e | shaant Eum ¢ JUERY) (il 8 (2006) G303 s Arfaoui 4l Jua i Laa
F. oxysporum i ¢dy sl Ly il (pe ddlis £ il Jlarialy

laa LuS JS& F. chlamydosporum s F. culmorum ¢re il (e ST a1 el (japdds o
oand YO o3 il ) elld a0 Sy b iaall VB aead 4 padll LAY Jlesinly
«dly N Zdla) (Yuan et al., 2012 ; Dunlap et al., 2011) dslasl) s3¢d ddaiall ¢l oAl ALY claldiil)
O S ¢B. B14 ALl i yla (4 . culmorum 2 8 _sSl cilaas K (e dd GLSE 5 il 55 3 52 5 Jas ]
ik (e Aatiall Allaall cilay 3V b e b KU g AN jlaall Cu s ) s el sda aa i
G (e daiiall 4y 54 LAl lliieall Gf (2014) Santamarina s Sempere (- JS 3 5 G ¢y 4S0)
Dl aaa LeiSay ¢ iyl s LIS ¢ Slaill Jie ey 381 @lly & Ly «Trichoderma harzianum
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Labisl Y A 30 LSl o () Lead (2008) 5031 s Mahmoud <ba 53 F. culmorum - ¢s st
& Lo uilill oda S5 Uallad) ) hal dim peall el phadll 45 jlae 8 4allad ST (55 ¢ LSl 3
daal 5 A83le @llia il Cua Allaall ey 33U A Sl VDL L) Gady Lagd Ling 8 43l (a5l
aea o il @ yelal LeilaeS 5 datiall Allaall culay 3315 ey phadll aum dlalis Y1 YL o
Al laela 63 yine el 5 5 pidall Cllay 331 aaen U)o lhiul 4l Laall cald YL
Al Sl Al Adalil) 301 & b il s3a Jlasis) Sy Y shadl oy il i ol 3N B. B16
LSS in ol Lega s 5 Fusarium ) <Y e <l oS el adal 5 g kil J a1l sai aial

o A sliall Cilin (il A G gliall GiluaY) ) a5k e Fculmorum b aSadll of L
3 (Bio-coating) s seall-alaill 48 alasinly ) s2ll da slie Gaund Sy 438 ¢dill) 430 ) )1 salall
.(Mnasti et al., 2016) Fusarium ) (! el s zail) &) 53l da slia (5 siuse ad Jl 32c) 5 43 )k

o) gl Japdi 8 3 dalis Y YLl Laal o5l dgal sall) acall Al 50 U G
B. B16 «B. S8 B. BB18 ¥l (i " juddll! il < elal 3 piiaall A kil ¥ Sall o saliwsall
ladll me 8l IS4y Heh e IS 8 s gine S Alal) Ban dl Sy B, BB19s
3l sall U JMA (e ia el olad B pilual) dpaall ) il 18 a0 o (S F. culmorum =
O3 A sl 3 kel o gall Ul e 50 dasy A (Allaall ey 31 @lld b La) il yhadll 3alizaal)
.(Comby et al., 2017 ; Muller et al., 2016) Ll saill

9022.13 (s busmane Adll 2ee Johl Ayt JSA AL 4 uSl @Y e
Eua «(2005) GsAs Khan Ll daasi Sl (e Juadl gilidl) oda LS FCL 2525 (4 9%39.67 5
) o an s «Sall e Bacillus mycoides A5l Juaxivl ie 9626 5 %7 On cs e | shans
«(%25.56 5 %5.41 (=) FC2 o Lensdd SV Jlaaials ¢ s3all J g 448 g Aaldl) lgile Joaaidl)
9033.325%10.24 (e <3lS S5 (2016) Gs0ATs Mnasri 4dde Cloass Al ol (o S8 Ji S

Allad (FC1 2 B, B14 ¢ Liiuly SO aaes 5 FC2 2 8 yidall YL aaea < edal (Jiall
gl sda (380 55 730 <) sbat A gl oy sdall g 5 8 2ae o el yladll bl 580N e aad) A
D) daal 4 giall Al 83l ) e | gleass (pdll ((2018) 0 Al s Akinrinlola 4l dea 5 L ae
Bacillus @Y Land agaladivl die 70 505 17 o dalall
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bl oSt il oy €5 Y s e 22300 381 3 F. culmorum d 4y sead) Aa8lSal) Calae |
o2 aa i layy ¢ /jn vitro 7 JLAY) (A adle Jganll Sl (uSe 6 (FC2 A jall 43 )b FCL A ) auia
(R oy puiall ) Al al) il b i sl o Sal) slat gl 8 CaERY) ) gl

6 sind laldl ki Uide Cang ¢l yaY) sl 4 aall AadlSall 8 cpliil) Caial ca8l 5l 8
A S Y s DA e ) il phll dpaa dphalis elliad Addide 4 50 GV e hld e
G e hdi aladial o ((2015) 0soals Baffoni <l bl 8 4l dpaldaall da slaall jias
& Alad S e gl dga gl GlaMeS <Lactobacillus plantarum s Bacillus amyloliquefaciens
Lida 5uki (2003) Flowler s Jetiyanon (s JS a8 caliall zeaill 8 Jiliad) dadl (2 ye (al pe | s
Gk o= F. culmorum (e zedl) dles 8 3 i Jacls <B. Pumilus s B. amyloliquefaciens (s
sl B Alay) dahia Jsh mpas

Ol 3al) olad Lals Laa 1535 B, BB19 <B. B16 0uilDlaall ¢ yedal ¢ sl ¢ MU Lgindat o3 Lanie
IS 8 edasale IS Ala)) 50k anddd e 5,06 clS Ll ua e il e FC25 FCL 0o hadl)
$ a5 (5 pmadl) Caallaill Ul ¢ 55l g Jshall & cpuend IS5 o ) 1a jeda DA 5 53 (e
¢«(2016) 05 A1 s Mnasri 4sle Ciliasile aa L jlia dic saa iU o8 yiiad 3aalill de genally 45 lia
35.14 Gns 759.055 43.18 0 sl s el sl Jgh (mia (e A e |slaand Cua
gl Gaallaill e JSI o Sl 050 B Gmadt A e Loal | shoanis e il e 747,305
oo oiile aldilly s pll e 749175 %37.5 Oms £79.475 %7526 On ol
.F. culmorum

Ras 1503 (PGP) (Sl saill diuns dplaliis 535 Calall dail g dglac dplalis 3 Wl ) shat Jiay
Jyana & al je¥) Claas 8 oa ol gl) aSail g lill gail (g pal) 3uatll o JS (A 4nlaain 12
el (I (525 Lee dilasll Gladdl e slaie V) Qi e Gadaill 13a acluy 38 cadle 5 lall il
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(PGP) (il gall jjaall Lehaldid dga (e Ay dal) L i<l (@ 9.3
(Phosphate solubilisation) <ilbw sil) 43031 -1,9.3

clall gl e clin gdll (A03) dalas e L3508 4 5n Jal e 488 A 16 i) o
28/641 10) (paall lae 2y i gill dn g jhaeS o ISl DG i il e (s 5isg 53 NBRIP
Al dikial) | sebs IS (e ([Cas (PO4)2] ki sdll 403 apkaiadi 3 yridall VB anas O i ¢(%a
¢(P<0.001) laa S JSy Ly gima DA Lgin Lasd 4y iSol) V3L catlial) 4y i€l G jardiisal) Jsa
il ae 4.67 5 3 On e sas 3 seana S L (s AT I ADLL (e Al UaSY o &5 Cus
.Pseudomonas (eiad Axill £ 55U danilly e 652,83 G 3 seana s <Bacillus uind dadlil) ) 530
Gl iy cae 6 3 sbose i 5l 2030 i ST p 55 AN calae | 6 yoiaall L uSll aes G (0
DY) G ) 3 LaY) aad Leie S ae 2 sla 413 Hlad il B 5295 B. BB19 ¢B. M4 <YL
(1S J83) ladl o sl (840 il eledl ia 4500 Cady 5 el ] il (e g laiy) o ol Alaiadl)

L) Lein Land 4y il oy DLl cnalial) 2013l Chlau 8l A0S pasiy NBRIP Jibad) Jass ) T
2l G V) s AT A (e Al Cilin gl a8 @ gl G ((P<0.001) lan S (S L sine
e | Bacillus A ¥ S Gans o Jas sl G ccaliall Jass il b Ll (e Aabise il 4 ol 28
sl Jaaais) A Canaal (e DNie B, M4 ABad) callitl G ccabiall Jaws ol 4 jla 3380 Jucabl il
e/ 22 a8 laall il sl (e dpaS ST Jaaasy A Juadl ) (cabial) a5l e 39030 las
GleS Jiady cbiall au gl e aalmlly &5 aall dells e Lo 58 Pseudomonas ) <Y Sl Cuy
Al Je/ép 15195 (P.BB4 ALl Anilly) 11.56 O W _pas (S il i bl (e A 5ie

(1501 d88) bl Lo gl e @l clad Lol (e a2 ) e JiLu)
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= ke ()

L2 PR}
4 ,as

25 =

20 =

.

vy (e iy (113/40)

e

S

L

4,
4,

Gl ai¥) ae (N= 3) W¥ae o 5 ke slasal) ol 4y iSOl YO (ol (e i sl 2003 15,084

(B sinal) C8R Duncan Jbasl) P<0.05 aie b siee dalide e el Chall iy 5 5 sall 5aac ) 5 jluxall

o) Ll Juasid) il e dujall (e geaiall a6 Lgle Jasial) gilall Laliul

Ll CilS 65 phaill [ paall Lgaaw 3l ) jua¥) e Cacadd Al VDL G aas dagall & dpaall
Jsaa) Ll ¥ dul s o) LS B.BB183 B.B16 Guildlull L pnd ¢clin il) (e 4l site d0aS] Allaa
Jshall mdas i s L Sl ok (e Allaal) i 5d) s G (5 58 (oaiSe Lol ) 3 g g < pelal (13,11
Al el il sal) Al 3 LS il gl 50l allaill = Sl ¢ 55l g ¢ 3 sedl 5 (5 paadl Gaaldail) (e S
dagiill s aelud (g dall plaill = SUall ¢ 55l 5 (A sedl 5 (s oaadl aUaill Jga (e JS ) juial A il
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G55 dsh e JS (b Baadall Cpuenill G5 (g kil (2 j0al) o AUl ) ) anddd pudi S
YL 238 3 g g A A gedl 5 s3] (aaldaill
Jan Al gt gd 5a 710 (o S (81 cagonll gail igllan g 5 clont ) Wil | juaie ) i ) iy
(=) 4l e 3 0l 4 j3all L ,i€) et (Chaiharn and Lumyong, 2010) &) sl g laill 35 60 4
2 dgalal) o3 @lliad Al o) 5 aal G (e (Sharma et al., 2007) s capadd Jal g2S il 5l
.(Chaiharn and Lumyong, 2010) Pseudomonas s Bacillus Cxmall 3l i

(il il 403 LSl (IS 3 yciaall Y aen () il Lkl (il Hall il & el
a3l Yl oang ) Jas o) D)y dalide ey 815 ¢ oS LAY 8P, 518 A lac e
b Aeliiall ol gall 48 A geus (N 138 aa o Sy ccaliall b aie ST o gl 6 il sal)
33 yall 4 suzanll plaa) i ¢(1999) Nautiyal oS3 Le el 2S5y caliall Jass o) ae 5 jlaally Jilud) Lo )
Lo g1l 2 Ay gmamy & i (e 5 JAU (men s Calll (s el S lal) (imen) il odl) 0030 Jal (10
o Lo ge Al lan AL Lggle Joantall A3l il il Aue it L) Janslly 3 jie clial
s . Jo/g L 188550 o il e | shaand ¢pdll (2015) croAdls Arif Cb (e e J geaall
%50 o3 ST ol las s Cua (2010) Lumyong s Chaiharn Wele deasd Al e sams ol (Jilially
e/ 1 50 (e S8 L clac | 5 il L S (g

(IAA) i) aea-3-J i) -2.9.3

LeiSiay 5 _pidall Y paan o) il & el 8 g il + LB das ) e JAA L) jLial a8
e AaaS ST U &5 (P<0.001) Cpll) Al o il s La 138 5 clas ddline ciliaSy (ST JAA )
Oy L (s simall CAY) lall Jalad el LS (Joffp 9.97 - a8 35 p.BB4 AN La
85 B. 533 Dl il (he 4uaS ral £ &3 P.BB15 ABlull ae laele (P<0.05) A Y YLl
‘B. M4 <B. BB19 «B. BB18 (10 JS e Aiban ) de sanall (udli (A asa 5 e cdofpp 1.59 2 )48
O dAA (e ST S Uil Pseudomonas <Yk & i < sae B, B20.s B. M8 <B. S8 «B. 529
(1611 JS5) So/g 6,795 1.59 0o i) S Cm Bacillus <Y ks 45,8l «Jo/f 1 9.97 5 5.1
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15 =

._.
=)
|

th
|

sy VVI pry (1340)

Gl ai¥) e (N= 3) ¥ (e 5 ke slasall 4l 4y HiSGl) YL sk (e IAA zWwl . 16.1 108

_(:g}sun <Al Duncan _kial) P<0.05 xie Ligina Aalidg e yriet Caall Gudn 3 bl 3aac Y ,Lﬁjg,_d\

Slial i lgle Juanid) gl e dulal) (e eaial) 138 8 Lede Jeasiall gitil) bliud
cigaaall U 8 Ay jaall LSl 4 jh e i) Aliall el e a1 e s cdiall L dpacal
o OS Jsh sy Axinall IAA 2uaS (g (558 (52 ol ) 29 5 < pedal (1311 Jsas) sl Y1 Al 2 o V)
LS cdainall |AA daaS ) ) LS sl (ol g jaadl allaill = Sl ) 5l Gl 5 g yaaldl 5 A sl Gaaldail)
LY i Ul 5 j3m ) Uil o U () 5 0 S 5 ¢ 3 sl 5 o sl Cppaldail) (o S ol a1 5
el RS gad (et 8 J sale S50 aalun [AA O

A3l LSl e HaS 2ae ol (e sl oy I GAA L ey Al Gl gejell &l LSS
LSl of Lle: Juaniall giliall iy (Patten and Glick, 2002) <l sai g Aldainl 8 Jlad JS
Ahmed 43l dha 5 Lae 8l cilS gl () Cum salall o2a Lol 8 € IS8 Allad ye CilS 5 003
Gl LS Pseudomonas <Y Jlaxinls de/f i 50 34zl e ) shaass (A ((2005) 0s0aTs
Je/g 3575 12.4 o laaS o ) shaans ol ¢(2012) Al Lwin 4l Jea 5 e )5S0 sy
a4l ¥ og ool das sy O sased) 138 il 5 Bacilluss Pseudomonas Csiadl (pe ¥ Jlasinly
Joand 288 ¢ g sed) 138 Lgie pay Al A0 W) Bl iy 2 (ld g il e (s sing o) Cang Lo sac
s Pseudomonas riall (pe Y Jlariuls JAA (e 8dias SaS e (2013) 0 s0A1s Bharucha
Jofdn 552 O G50 5l (e 4paS ddlia) as (Nutrient Broth) (sasall (3 sl
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Lisa¥) glad -3.9.3

CallS ALl L szl (e Rl o3 ol il VSl Clitie il gl elall cpuas any
SV S ) jeda Gum (L1711 JS3) Lise) zlisly &) - aa¥) (sl ) seda an 5 Nessler
2ny | sl Llaties 5 P BB1S AL o I 5 lay) sasd salall B¢l daiie il 3 il 4, 5Kl
sl s S a1 il Ll ) ClSE B $21 A3 () LeS (ails)) ddlz)
Sale gt S8 ) e et LY diall UK de dege el Wipedl ZU ey
Ll 5 4 ,aall L Sl o Jelil) ol el JLaY) 81 50 anai LS (Karuppiah and Rajaram, 2011)
mrl Llis g e LS Gl ) L) ol casyeall e (Becker et al, 2002)
LSl (e auaall 85 sa sl o g g DML (G il Sl ) AL=YL " Glutamine synthetase”
G0 NHy S s 483U 5 o2 NH,* pabisial sale) b ol U5 o Slall saill 5 Suall 3 30

.(Parvaze and Onukwue, 2014) s _aSal) ¢Laall JYA

yaal) edlala W -4.9.3

(e B siee S Pseudomonas gsiadl Al YL aiea caniil (CAS bl Lau gl e
(= 17,11 JS8) ) peminnal) s Al ) LG S8 OMS (e Y1 138 el caall cidlala
il (ae 29.55 P.526 ALl dpilly can 21.5 (o uilS LS DLl V) jUadl Y axe cadlial
«Bacillus il dalill YLl daily 3 pridall LSl aas Gl 5STLadl 58 5 p BB4 4D
D50 g Bypiaa SV G jedal VDL aea o V) RBSY (e L4 Al LIS ol HLaY) il a3
Al 4illy ae 14,75 5 B. M4 A0l uilly can 4,25 (W 5k Jama 7 5) 55 (ol 1055 o) 2LV
.B. M8

LSS ik e Aatid) sanad) Olla bl 1 af o Jpeanll & (i) Jaugll e
Sl ) (CAS Bl a5l e LS LAY ¢ ) e (5 simal) el (5] i ccpumall
Pseudomonas (isll AaUill YLl Aol A3l jaad &l e gae datiall daadl O3l A s
0624.7 G YNl 3] ¢ UBY) Cani Cin gl 5 epandl s (e 8 yine i€ LIS il S
LS clgle J gumnl) 54 ) 5 aY) o2 2x3 85 (P.526  Aamailly) 9628.95 5 (P.BB4  Asusilly)
Al YL dpally 5 el VS maas aa (P<0.001) L sine il Ll < yedal ol 4l o o

125



Fusarium = & jaal) e 3l e U il dpaal) dad o LD gaal

B. $33 (e ST Auiilly) 968,25 (m hia ) 53 sl S el (e 4 sliila L Caniil 38 ¢Bacillus g sl
dagiill ol XS5 Ao ganall a3 ady Lad A 5STaad a5 (B, BB18 - 4silly) 922,29 5 (B. S8
aall SBlla # Ll LeiSa Liad Bacillus oisd) @Y% of sa 5 cobiall s gl e 4l Jua sill o L

(1811 J88) skl 8 5 (5 oty 38 alall Lo gl e Lgie (o€l ()

zll e Cadsll ) 1 L saY) Ll e CadSI copall 1 coe B cl sl il 17,011,084
Bl A el YL Gl e aaall Gl

40 —

-

- e

%

L2yt SR
g 7 e
m /m

&
E

CYanae oo 5 ke slanall adll Ay Kl YD ok e aad) SO £ LY A siall i) (18,11, JS4

Duncan _kial) P<0.05 die L siee ddlide e piad Cojall (a3 58 5all 33ee Y1 (5 jbaall il ai¥) ae (= 3)
(R siaall clddasl
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D) 8 Lgle Jeasiall il e Zul pall (e jeaiall 138 Ll Joaniall milill Lalin
Lyl cilS g yhaill G paadl Lo Gl ) a1 e it Al Y o aa g daall b dpacall
Jsan) Bl )Y 4,0 o LS B.BB18 5 B.B16 (xiltlud) la sead caaall cblala (e Al g 43aS) daing
O A 5 L Sl Gk (g Aniall dpaal) Blela A (g g 58 (uSe Tl ) 2535 el (13 11
COlala A ) ) LS sl ol 3l sedl s s dadl cpmallaill = Sl ()55l ) sl alaill Jgda (e S
(o sall s ol Cpallaill = Al 5 0 5 ) sl alaill Jsa (e JS ) paiad dawsd Cauat Aaiiall ayaall
o LaaSlall ) G g kil (o peall e dadlll ) ) (as i 8 dagil) eda aelug
YO 03 3 g g (B (Z ol sl s Jshll) salll jallas

o "Feg " Ul Al 8 paall Gl 35k oo el sa e Lulag) sl SOl L) iy
paall s i g8 Adnda sl o328 YA (e (Whipps, 2001) (Sl saill | jaaa el o <0 (5 )dal) Jasaall
(Siddiqui, 2006) 4 i 4y adll (il 1Y) e paall aia CliLall dleal)

ehiyaall gl JEi ) eGosY) cleall Jasgl) e 8 janinall Jon A ) Al ) seda Jy
epaal) e JAI (KB Jawi sl iies (Schwyn and Neilands, 1987) sl S3lls ) CAS (¢ (Fe™)
Jeasi dlld o eSall Lo By 50al) LSl Gl (e sl s U e oS Lidle Uy
«NB s Trypticase-Soja «KB dbiull Jalus ¥ Jlaxianls Uiz ) 5 WY1 o)) ) (2003) Johri s Sharma
il s (g waal) ddla) ciliia) Jab (e s3keal) Jaba oY) (e Jaadl duclilaia) Jala oY) of ) Lald a8 g
Aadall ol 4y )5 el V) (s SN aiany Sl paall el L Jare o ) Lald LS ol
Y (588 milial) Cyedal dale diay Jaugll pH e dbdlaall e 30l 5 (oligo-elements)
Gupta 4l Jia gt Le ae dagiill oda (388 44 jall oda W0 A Bacillus <Y Je Pseudomonas
LSl G (e iy jall o3gd il JSY) s Pseudomonas ) g )50 Of laa 5 1A ¢(2008) Gopal s
Ll e aaall clala # &l Bacillus <Y () 1as 5 LS ae 265 15 (o Jadl Jasocty 4 5 adl)
o Lo siad (Jilud) L gl) 8 43l Sla 53 Lae Judadl dlasal) gl jiad celld (o (uSall e calial)
Om) daadl L Dlaos 38 Pseudomonas <Y s e Ll gz ) (51 Sy &l Cus Bagcillus <Y
EY) g )Y o GUA I Z WY A G g o oS Ll 5o 8 Alsaedl) i) e (%765 51
glsil e yaall GOl ZU e Ll 4l Jal gl Jigi 8 o jaiany (A4l salall) Sl

Calal Lealills 5 5laall Pseudomonas Y3l b =3 (Sharma and Johri, 2003) Pseudomonas
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a5l ey padall jaall ol e (Y 55l pseudobactines s pyoverdines die ¢l
Lo sl Olala Lails cehvaall ) o4l 3 Sl Lgia) H41 | ks (Sharma and Johri, 2003) UV 4xl
83 s gall il Ain paall A88al) S (o yha e Jlenindd M8 jae alaad cdgdﬂ\d.a\.@.ka\uéd.;ﬁ
On Ak ) 5l Baal Gl &I il andi LilSals () LS (Sreedevi et al., 2014) sl Jasdl 3

.(Sindhu et al., 2009) Fusarium </ Leix

duall Hlaal Juadll) 4,50 YO (g (Pearson’s Correlation) Sl Y1 a5 13.LJ 9%
i il Qa5 TAA el EOLla e S 2 Gt o (Rl 3
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VSL: Vegetative system length. RSL: Root system length. FWVS: Fresh weight vegetative system. FWRS: Fresh

weight Root system. Red: Reduction.
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yeast extract
FeSO4-7H20
MnSO4
ZnCI2

CoClI2

CMC

Agar

GLUCOSE
Ca3(P0O4)2
MgCI2 6H20
MgS04 7H20
KCl
(NH4)2504
AGAR
WATER

Hydrogénophosphate de potassium 1,5 g
Sulfate de magnésium heptahydraté 1,5 g

(King B) KB J gl

YMA b g *

1g
10g
0,59
0,29
0,19
1g
15
1000ml

CMC agar 4w 5 *

29
1.49g
0.3¢
0.3¢
0.4g

0.005¢g

0.00169g

0.00179g

0.002g
59
159

NBRIP Ja g *

10g
59

0,25¢
0,29
0,19
159
1000ml



KHPO4
KH2PO4
MgS0O4.H20

FeSO4
ZnSo04.7H.0

Pectine
Peptone
Beef extract
NaCl

Agar

(Jf) Ol Jau g *

0.7 Chitine 4

0.3 MnCl; 0.001
0.5 NaCl 0.3
0.01 Yeast extract 0.2
0.07 Agar 15

(J/g) OES Jauu g *

4
0.5
0.3
0.5
15
CAS by *
:HDTMA -1

hiall Wl (e e 40 8 (Hexamethylammoniumbromure) HDTMA (= g 1.821 o_lade be iy -
(1 Jdstaa) Je 50 ) paall Je & jae il 8 (10 MM) HDTMA (= e 10 goasi -

:CAS -2
(10 mM) HCI ¢ Ja 10 (8 FeCls, 6 H20 (3 &a 2.7 5138 e @l -
bl elall (30 Je 50 4 (CAS) Chrome azurol ¢ 1.2 <l -

(2 Jstaa) 3ale iy 08l 93 daa Jslae e Jpaal) ol e lam O slad) = S -

(e o)) dstae o Juanti) ol paill e edayy | Jlaall (A 2 slaal) iy -3
(pH akaic) Pipes Jslss -4

(1,2 M) HCI e Ja 6.25 44l caliay &5 e Lal) 4 piperazine anhydre (< & 4.307 o_)ade | il -

bl oLl Jlaxinds Jo 100 (o) anall Jas o5 alaiall J slaall Caliay -



Winogradsky Jaw g *
(Jg) oA Jslae -1

KH2PO4 50
MgS0.4.7H20 25
NaCl 25
FeSO4-7TH20 1
Na:Mo004.2H,0 1
MnSO4-4H20 1
Distilled Water 1000ml

HyS04 Jlaxinly 6.2 (A pH ) Jasy ¢l sl -

S5 3Y) (e SA Winogradsky £ ol das s jusast 2

Ja5 G 3R Jslaa -
£0.5 D Glucose -
£0.1 CaCOa3 -

HzS04 Jwexiny 6.2 (N pH ) Jamy o5 . Je 1000 el slall -

2 gake
2520 ol N el Sad) Ciy el A dlaaiocal) 4pas galSail) cblaadedl) -1
:FC1 4l jad)
F.culmorum FC1 EF-1 (445 bp)

CGTCTGATAGTCGTGTTAGTATGAGAATGTGATGACAGCAGTAGTGACAACATACCAATGAC
GGTGACATAGTAGCGAGGAGTCTCGAACTTCCAGAGAGCGATATCAATGGTGATACCACGCT
CACGCTCGGCTTTGAGCTTGTCAAGAACCCAGGCGTACTTGAAGGAACCCTTACCGAGCTCG
GCGGCTTCCTATTGACAGGTGGTTAGTAACTGATTGACACGTGATGGTGCGCGCCTAGGGAA
TGGTTTGTGGGAAGAGGGCAAGCGCCTGTCGCTCGAGTGGCGGGGTATGAGCCCCACCAGA
AAAATTACGACAAAGCCGCAAAATTTTTGACCTCGAGCGGGGTAACAGGCGCGTATCGAGTC
GTCGTGTGAGGGCGATTCGAATGATGTTTCGAAAGGGAAAAGGGCGCGCGATCGAGGAAAA
TGAGACCAACCTT

F.culmorum FC1 ITS (481 bp)

ACATTCAGAAGTTGGGGTTTAACGGCGTGGCCGCGACGATTACCAGTAACGATATGTAAATT
ACTACGCTATGGAAGCTCGACGTGACCGCCAATGTATTTGGGGAGTGCAGCAGGACTGCAGC
TCCCAACACCAAGCTGGGCTTGAGGGTTGAAATGACGCTCGAACAGGCATGCCCGCCAGAAT
ACTGGCGGGCGCAATGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATTCACATTAC
TTATCGCATTTTGCTGCGTTCTTCATCGATGCCAGAACCAAGAGATCCGTTGTTGAAAGTTTT
GATTTATTTGTTTTTTATACTCAGAAGTTCCACTAAAAACAGAGTTTAGGGTTCCTGCGGCGG




GCCGTCCCTTTTTACGGGGCGCGGGCTGATCCGCCGGGCAACATAAGGTATGTTCACAGGGG
TTTGGGAGTTGTAAACTCGGTAATGATCCCTCCGCAGGTTCC

(FC2 A jad)
F.culmorum FC2 EF-1 (446 bp)

CGTCTGATAGTCGTGTTAGTATGAGAATGTGATGACAGCAGTAGTGACAACATACCAATGAC
GGTGACATAGTAGCGAGGAGTCTCGAACTTCCAGAGAGCGATATCAATGGTGATACCACGCT
CACGCTCGGCTTTGAGCTTGTCAAGAACCCAGGCGTACTTGAAGGAACCCTTACCGAGCTCG
GCGGCTTCCTATTGACAGGTGGTTAGTAACTGATTGACACGTGATGGTGCGCGCCTAGGGAA
TGGTTTGTGGGAAGAGGGCAAGCGCCTGTCGCTCGAGTGGCGGGGTATGAGCCCCACCAGA
AAAATTACGACAAAGCCGCAAAATTTTTGACCTCGAGCGGGGTAACAGGCGCGTATCGAGTC
GTCGTGTGAGGGCGATTCGAATGATGTTTCGAAAGGGAAAAGGGCGCGCGATCGAGGAAAA
TGAGACCAACCTTC

:FCh 431
F.chlamydosporum EF (453 bp)

CGTCTGGAAGGCATGTTAGTATGAGCATACAATGACAGTAACAGTGACAACATACCAATGAC
GGTGACATAGTAGCGGGGAGTCTCGAACTTCCAGAGAGCGATATCGATGGTGATACCACGCT
CACGCTCGGCCTTGAGCTTGTCAAGAACCCAGGCGTACTTGAAGGAACCCTTACCGAGCTCG
GCGGCTTCCTATTGTCAGATTGTTAGTGACTGACACACACGTGATGATGCGCGCCCAGATGA
ATAATGGCTTTTGTGGGAAGAGGGTAAGCGCCCGTCACTCGAGTGGCGGGGTAGAGGCCCCA
CCAAAAAAAATTACGACAGAACCGCAAAATTTTTGAGCTCGAGCGGGGTAACGGACGCTTGT
CAAGTCGTCGTGAAAGAGCGATTCGAATGATATATCGATGGGTATGAGGGCGCGCGATCGA
GGAAAATGAGACCAACCTTC

F.chlamydosporum ITS (509 bp)

AGGTCAACATTCAGAAGTTGGGGGTTTAACGGCTTGGCCGCGCCGCGTTCCAGTTGCGAGGT
GTTAGCTACTACGCAATGGAGGCTGCAGCGAGACCGCCACTAGATTTCGGGGCCGGGCCGCG
GAGAACCGCAGGCCCGATCCCCAACACCAAACCCGGGGGTTTGAGGGTTGAAATGACGCTC
GAACAGGCATGCCCGCCAGAATACTGGCGGGCGCAATGTGCGTTCAAAGATTCGATGATTCA
CTGAATTCTGCAATTCACATTACTTATCGCATTTTGCTGCGTTCTTCATCGATGCCAGAACCA
AGAGATCCGTTGTTGAAAGTTTTGATTTATTTGTTTTTTAAACTCAGAAGTTACAATAAAATT
CAGGGTTTGTGGGTCCTGCGGCGGGCCGTCCCGTTTTACGGGGCGCGGGCTGATCCGCCGAG
GCAACGTATAGGTATGTTCACAGGGGTTTGGGAGTTGTAAACTCGGTAATGATCCCTCCGCA
GGTTCACCTACG

:Feq25 4l jal
F.equiseti EF (422 bp)

ATGTTAGCATGAGAAGGTAATGAGTGTGAGTGATGACAACATACCAATGACGGTGACATAGT
AGCGAGGAGTCTCGAACTTCCAGAGAGCGATATCAATGGTGATACCACGCTCACGCTCGGCC
TTGAGCTTGTCAAGAACCCAGGCGTACTTGAAGGAACCCTTACCGAGCTCGGCGGCTTCCTA
TTGTCGGGTGGTTAGTGACTGATTGACACGTGATGCGCAAGAAGTGATTTTGTGGGAAGAGG
GCAAGCGCGTGTCACTCGAGTAGCGGGGTATAAGCCCCACCAAAATATTGCGGTTGAACCGC



AAAATTTTGTACTCGAGCGGGGTAACAGGCGCATATTCAGTCGAGACTGATTCGAATGATGG
ATCGGTGGGCAGAGGGCGTGCGATCGAGGAAAATGGAAACCAACCTTCTC

F.equiseti ITS (493 bp)

AGGTCAACATTCAGAAGTTGGGGTTTTACGGCGTGGCCGCGACGATTACCAGTAACGAGGTG
TATGATTACTACGCTATGGAAGCTCGACGTGACCGCCAATCGATTTGGGGAACGCGGGTTAC
CGCGAGTCCCAACACCAAGCTGAGCTTGAGGGTTGAAATGACGCTCGAACAGGCATGCCCGC
CAGAATACTGGCGGGCGCAATGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATTC
ACATTACTTATCGCATTTTGCTGCGTTCTTCATCGATGCCAGAACCAAGAGATCCGTTGTTGA
AAGTTTTGATTTATTTGTTTGTTTTACTCAGAAGTTCCACTAAAAACAGAGTTTAGGGGTCCT
CGGGCGGGCCGTCCCTTTTTACGGGGCGCGGGCTGATCCGCCGAGGCAACGTATAGGTATGT
TCACAGGGGTTTGGGAGTTGTAAACTCGGTAATGATCCCTCCGCAGGTTCACCTACG

:Feq28 4 jall

F.equiseti EF (423 bp)

GCATGTTAGCATGAGAAGGTAATGAGTGTAAGTGATGACAACATACCAATGACGGTGACAT
AGTAGCGAGGAGTCTCGAACTTCCAGAGAGCGATATCAATGGTGATACCACGCTCACGCTCG
GCCTTGAGCTTGTCAAGAACCCAGGCGTACTTGAAGGAACCCTTACCGAGCTCGGCGGCTTC
CTATTGTCGGGTGGTTAGTGACTGATTGACACGTGATGCGCAAGAACTGATTTTGTGGGAAG
AGGGCAAGCGCGTGTCACTCGAGTAGCGGGGTATAAGCCCCACCAAAATATTGCGGTTGAAC
CGCAAAATTTTGTACTCGAGCGGGGTAACAGGCGCATATTCAGTCGAGACTGATTCGAATGA
TGGATCGGTGGGCAGAGGGCGTGCGATCGAGGAAAATGGAAACCAACCTTCT

A <N a5 Fusarium ) S el el il b Aletial) 44 sl el -2
Bacillus subtilis B14 MT072216 (948 bp)

GGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGG
AACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGA
CTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTG
TCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTC
CGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGCGC
TCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACTCTG
CCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTT
GCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGC
GACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCCCCTAACA
CTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTC
CTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCA
CCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGT
TGAGCCGGGGGCTTTCACATCAGACTTAAGGAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGA
CAACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTG

Bacillus atrophaeus B16 MT072217 (1048 bp)

CTTCGGCGGCTGGCTCCATAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGG
GCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAG
CTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTCGC
GGTCTCGCTGCCCTTTGTTCTGTCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATT
TGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGC
AACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAA



CCATGCACCACCTGTCACTCTGCCCCCGAAGGGGAAGCCCTATCTCTAGGGGTGTCAGAGGATGTCAA
GACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTC
AATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCAC
TAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATC
CTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTG
TTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCC
CCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCTGCGAG
CCCTTTACGCCCAATAATTCCGGACACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTA
GCCGTGGCTTTCTGGTAGGTACCGTCAGGTGCCGCCTATTGAACGGACTTGTTCTTCCTAACACAGAGC
TTACGATCGAAACTTC

Bacillus amyloliquefaciens BB18 MT072218 (1120 bp)

ACGAGAGGCTGGATCCTAATAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGG
GCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAG
CTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTCGC
GGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATT
TGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGC
AACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAA
CCATGCACCACCTGTCACTCTGCCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAG
ACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCA
ATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACT
AAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCC
TGTTCGCTCGCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGT
TCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCCC
CAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCTGCGAGC
CCTTTACGCCAATATTTCCGGACGACGCTTGCCACCTACGTATTAACCGCGGCTGCTGGCACGTAGTTA
GTCGTGGCTTTCTGGTTAGTACGTCAAGGGCCGCCTATTTGAACGGACTTGTTCTTCCTAACACAGAGC
TTACGATCGAAAACTTCATCCTCAGCGGGGTGCTCGTCGACTTTCGTCATGGGAAGATCCTATGCTGCT
CCGAAGAGTGGGCGGTTCA

Bacillus subtilis S8 MT077868 (955 bp)

GGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTAC
AAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTCACGCAGT
CGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGC
CCTTTGTTCTGTCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCC
CCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCA
AGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCAC
CTGTCACTCTGCCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAG
GTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAG
TTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGA
AACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCCC
CACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACATC
TCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAAT
GACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCTGCGAGCCTTTACGCCA
ATAATTCGGACACGCTTGCCACTACGTATTACCGCGCTGCTGGACGTATTTAGCCGGGCTT

Bacillus amyloliquefaciens BB19 MT072219 (955 bp)

AAGCCCGGCTAAATACGTCCAGCAGCGCGGTAATACGTAGTGGCAAGCGTGTCCGAATTATTGGCGTA
AAGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAA
ACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATG
TGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGG



GAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTT
CCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAAC
TCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGA
ACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGAC
AGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACC
CTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGG
TGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACA
AAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCA
ACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGG
GCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTTAG

GAGCC
3 @ala
SO Fusarium ) &Y de (e 4 )3al L Sl 4] o
FC1 FC2 FCh FC1 FC2 FCh
Bacillus Bacillus Bacillus Pseudomonas Pseudomonas Pseudomonas
Bacteria Mean Bacteria Mean Bacteria Mean Bacteria Mean Bacteria Mean Bacteria Mean
B16 71,05 B16 75,68 B14X 79,41 M17-3 57,02 M2-2 50,00 S14-2 47,06
BB19 67,54 S37 72,97 M17-1 68,63 BB15-5 48,25 S5 49,12 BB4-1 46,08
BB18 67,54 B14 72,07 BB19 67,65 BB4 48,25 S14-2 48,25 BB4 46,08
B9-1 67,54 BB19 70,27 B18-1 67,65 S7-1 45,61 M17-2 47,37 S18 45,10
B18-2 66,67 S29 69,37 B18-2 64,71 BB4-1 44,74 B18-3 43,86 S9-2 43,14
B1-2 66,67 S21 69,37 B16 62,75 B18-3 42,98 S18 42,98 S20-3 42,16
BB18-3 65,79 BB9-1 68,92 S29 61,76 S26 42,98 BB4 42,98 BB4-2 42,16
BB18-4 65,79 M8 68,47 BB18-3 61,76 M2-3 42,11 S17-1 42,11 B18-3 41,18
BB12-1 65,79 M11-1 68,47 B20 61,76 S7-3 40,79 B18-2 41,23 M2-2 41,18
M4 65,79 M4-1 68,47 BB12-1 61,76 S9-5 40,79 $18-2 41,23 BB4-4 41,18
S8 65,34 BB2-1 68,47 B9-1 61,76 M2-2 40,35 BB15-5 40,35 M17-3 40,20
B3-2 64,91 BB18 68,47 S33 60,78 S5 40,35 S1 40,35 S12-3 39,22
M8 63,16 B20 68,47 B14-2 60,78 S18 40,35 S7-3 39,47 S26 38,24
M11-1 63,16 B1-3 67,57 S12p 60,29 S12-3 40,35 S26 39,47 S14-3 37,25
B20 63,16 S8 67,57 BB18-P 60,29 S14-3 40,35 S37-1 39,47 B3-4 36,27
M2pP 63,16 BB18-4 66,67 M2-P 59,80 S26 40,35 BB4-1 39,47 B18-2 36,27
S12-1 63,16 M17-1 66,67 M4 59,80 S9-4 40,35 S7-1 38,60 S9-3 36,27
S21 60,95 B18-1 66,67 s21 58,82 S20-3 40,35 S9-1 38,60 B14-4 35,29
B18-1 59,65 B7 65,77 BB18 57,84 M17-2 39,47 S14-3 37,72 BB15 32,35
S12-3 59,21 BB18-3 65,77 $29-3 56,86 $29-2 39,47 BB4-4 37,72 BB15-6 35,29
S29 57,89 B3-2 65,76 B1-2 56,86 S1 39,47 BB18-1 37,72 S26-3 35,29
$29-3 56,14 B1-2 65,76 B3-2 56,86 BB4-2 39,47 B12 37,72 S7-1 35,29
S26-1 55,26 S33 65,46 M4-2 52,94 M4-2 38,60 S18-1 37,72 S17-1 35,29
S18-1 53,51 BB15-4 64,86 BB18-4 52,94 M4-2 37,72 M11-1 36,84 S7-3 35,29
S17-1 51,75 M2-P 64,86 BB15-4 51,96 BB4-4 31,14 S20-3 36,84 M8-1 34,31
S14-3 50,88 B14-2 63,96 S8 51,96 S17-2 28,07 S9-2 36,84 B3-3 33,33
S18 50,88 B9-1 63,96 S29-1 51,96 S9-3 27,63 BB4-2 36,84 BB9-3 33,33
S$29-1 49,12 B5-2 63,96 S18 50,98 S12-1 26,32 B14-5 36,84 M6-3 33,33
B1-1 49,12 S26P 62,16 S26P 50,00 M20-4 25,44 S12-3 35,96 S5 33,33
B14-1 49,12 S$33-1 59,46 M11-1 48,04 M11-1 25,44 B16-3 34,21 BB18-1 33,33
S38 49,12 S12pP 58,56 BB12-3 47,06 M2-1 24,56 B16-1 33,33 S26-2 32,35
S14-2 48,25 BB18P 56,75 B3-1 46,08 B16-1 24,56 B3-2 32,46 $29-2 32,35
M14-3 47,37 M17-2 54,06 M8 46,08 S$12-2 24,56 S38-2 28,95 BB15-1 32,35
S37 47,37 S21-1 54,06 S12-1 45,59 M8-4 23,68 M8-4 28,07 B14-5 31,37
B5-3 46,49 S14-3 50,79 M2-1 44,12 B14-2 23,68 S5-2 26,32 B18-1 31,37
S$29-4 46,49 B3-1 50,58 B9-2 44,12 $18-2 23,68 S9-3 25,00 B16-3 31,37




BB1-3 46,49 M2-1 50,58 S14-2 42,16 S38-2 22,81 M8-5 22,81 S5-2 31,37
S$18-2 46,05 BB12-3 50,45 S7-1 42,16 B15-3 22,81 S12-1 21,05 B14-2 31,37
B1-3 45,62 S$26-2 50,00 M20-3 42,16 B14-5 22,81 S5-1 20,61 M17-1 31,37
S7-1 45,62 BB4-3 48,09 S26-1 41,18 S5-1 22,81 S26-3 20,18 S38-2 31,37
B20-1 45,62 S$29-1 46,51 BB19-3 41,18 M8-5 21,93 M4-2 20,18 B16-1 30,39
BB12-3 44,74 M20-3 46,40 BB4-2 41,18 B18-1 21,93 S9-4 19,30 M2-1 30,39
BB4-2 44,74 BB4-1 46,40 M6-2 40,20 B3-4 21,93 $29-2 18,42 M8-3 30,39
S$12-1 44,74 M20-3 45,95 BB1-3 40,20 B3-5 21,93 M17-1 17,54 S17-2 30,39
M2-2 44,74 B14-1 45,50 M20-2 39,71 B16-2 21,93 BB15 17,54 S$29-1 30,39
BB4-3 44,74 M8-2 45,17 S1-1 39,22 M17-1 21,05 M17-3 17,54 B3-1 30,39
M20-2 44,74 S12 44,15 B14-1 39,22 B16 21,05 M2-1 16,67 M11-1 29,41
M6-1 44,74 S38 44,15 S$26-2 38,24 B3-1 21,05 B7-3 15,79 S12-2 29,41
M6-2 44,74 M6-2 43,80 S7-2 38,24 M8-1 20,18 S9-5 15,79 S9-1 29,41
S$17-3 44,74 BB4-3 43,80 M2-2 38,24 B18-2 20,18 B18-1 15,79 M17-3 29,41
S5-2 44,74 BB1-1 43,25 S1-2 37,25 S7-4 20,18 B16-2 15,79 B15-3 28,43
S29 44,74 BB15-3 42,90 S17-1 37,25 M6-1 19,30 BB1-1 15,79 M20-4 28,43
S21-1 44,74 S$18-2 42,32 S14-3 37,25 B7-3 19,30 B14-2 15,79 S37-1 28,43
S$17-2 44,74 B5-1 42,21 M6-1 37,25 BB12-1 19,30 BB18-3 14,91 B7-3 28,43
S$23-1 43,86 S7-1 42,11 BB9-1 37,25 B3-3 18,42 S17-2 14,91 B16-2 28,43
S33 43,86 S38 42,11 B1-1 37,25 B14-4 18,42 S12-2 14,47 B7-4 27,45
S9-1 43,86 B5-3 41,60 S14-3 37,25 B12-2 18,42 S7-4 14,04 M2-4 27,45
BB9-1 43,42 BB15-1 41,10 BB4-3 37,25 B7-4 18,42 M20-3 14,04 M8-4 27,45
M20-3 43,42 BB4-1 40,31 B7 37,25 S$38-1 18,42 B3-4 14,04 M20-3 27,45
B14X 42,99 BB12-2 40,31 S$23-1 36,76 BB18-3 18,42 B14-4 14,04 S$38-1 27,45
M17-2 42,98 B1-1 39,01 S33 36,27 BB15 18,42 M8-1 13,16 BB1-1 27,45
B9-3 42,98 M11-3 38,59 M20 35,29 BB15-1 18,42 BB15-6 12,28 BB9-2 27,45
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Abstract

Several species of Fusarium infect durum wheat plants in the eastern part of Algeria. Endophytic
fungus from random wheat seeds were sampled from fifty locations in eastern Algeria and shows
the existence of Fusarium chlamydosporum regarding the macroscopic and microscopic
characteristics. Molecular identification using EF1 and ITS1 primers were confirmed the presence
of Fusarium chlamydosporum for the first time on durum wheat seeds in Algeria. The pathogenicity
test was carried out on three durum wheat varieties for determining the effect of this isolate on the
coleoptile and basal part of durum wheat. The results show that F. chlamydosporum had a negative
impact on seed germination of the three varieties tested. Indeed, the reduction in germination varies
between 85 and 92% reduction on GTAdur and Waha varieties, respectively. More, F.
chlamydosporum caused a reduction in coleoptiles length in all varieties ranging from 60.97 to
70.05% in GTAdur and Waha, respectively. On the other hand, it showed a very different impact on
plant growth parameters. Thus, the action was much more pronounced on reducing the root system
length and the fresh weight of the vegetative system of Waha variety equal to 75.04 and 71.15%,
respectively, and it is notable for the fresh weight of the root system of Bousselam variety. These
very high levels of infectivity prompt us to reconsider our vision for this species of Fusarium in
treatment and certification programs.

Key words: Fusarium chlamydosporum, Crown Rot, Dumping, Durum Wheat, Algeria

Introduction

Foods derived from wheat play an important role in the diet of the Algerian people. Bread, cakes, pasta
and many other Algerian meals as couscous are the most common products made from wheat in Algeria
(Kezih et al., 2014). Wheat is grown throughout the different agro-ecological areas of Algeria, but it is
essentially concentrated in semi-arid and arid areas (MADRP, 2016). Fusarium crown rot (FCR) also
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known as (Fusarium foot and root rot) and Fusarium head blight (FHB) are two different diseases which
affect small-grain cereals mainly wheat and barley (Leslie & Summerell, 2006; Scherm et al., 2013).

FCR is an important disease which occurs on wheat worldwide; plants can be attacked in most growth
stages. The symptoms of the disease differ according to the time of infection: early stage infections
induce pre-or post-emergence mortality of the seedlings with the browning of the coleoptiles; later stage
infections induce browning of the first two or three internodes. In serious attack, blighted heads are
dispersed in the field, easily perceived when the wheat plants are still green (Fernandez & Jefferson,
2004; Balmas et al., 2015).

FCR is one of high economic impact in different countries and regions of the world such as Australia,
North America, South America, Europe, North Africa, South Africa and West Asia (Chakraborty et al.,
2006; Scherm et al., 2013; Balmas et al., 2015). FCR caused losses from 18 to 45.5% on wheat in the
field in North West of Iran (Saremi et al., 2007). Hollaway et al. (2013) have recorded crown rot yield
losses of 8 to 36% in bread wheat and 24 to 52% in durum wheat in Australia. In Tunisia losses of 25%
were recorded on durum wheat (Chekali et al., 2013).

The severity of FCR is greater in dry soils and in areas with high temperatures (Scherm et al., 2013;
Obanor & Chakraborty, 2014; Balmas et al., 2015). These conditions are present in many wheat-growing
regions in Algeria. In addition, it has been reported that infection of the stem base of wheat with
Fusarium spp. leads to the translocation of toxins to the ears and their accumulation in the grain
(Covarelli et al., 2012; Beccari et al., 2018).

In Algeria, few studies were published on the Fusarium affecting wheat (Touati-Hattab et al., 2016;
Laraba et al., 2017). This study was conducted to isolation and identification of some endophytic
Fusarium species from seeds of durum wheat and to evaluate their pathogenicity.

Material and Motheds

Isolation of endophytes

Random seeds samples were collected from fifty locations of eastern Algeria (one sample from each
location), then transferred to the laboratory of applied microbiology (Ferhat Abbas University — Setif)
where the isolation experiment was performed. The analysis of a seeds sample was carried out on a test
sample corresponding to an approximate volume of 50ml, the analyzed seeds are randomly sampled
from the sample received by a vigorous mixing. The seeds were superficially disinfected by using 1.5%
of sodium hypochlorite for 10min, and then well drained, spread and placed to dry on sterilized filter
paper for 20 to 30min under aseptic condition. A total of 100 seeds were cultured in 15 petri dishes
(Between 6 to 7 seeds per dish) containing Potato Sucrose Agar (PSA) and incubated at 28 °C for 5-7
days. Fungi that gave white colour, beige and rose to reddish pigments in PSA and had spores that are
appeared similar to those of the genus Fusarium, when examined under the microscope, were purified
(using the single-spore technique) and subsequently subject to macro and micro-morphological studies
(LNPV, 2008).

Macroscopic characteristics

After purification, colonies obtained were conserved on potato dextrose agar (PDA). For macroscopic
analysis, the colonies were then subculture on PDA and PSA. The characteristics studied were growth
rates, colony appearance and texture, the pigmentation on both the top and reverse plates (Leslie &
Summerell, 2006; Seddique et al., 2010).

Microscopic characteristics
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The carnation leaf agar (CLA) was used for diagnostic micro-morphological characteristics. Fresh,
disease-free carnation leaves were cut into 1cm?pieces and oven-dried for 3 to 4h at 110 °C. Water agar
(WA) at 15 g/L was prepared and sterilised, when pouring into plates,4 or 5 pieces of carnation leaf
fragments were placed, slightly spaced to each other, into the molten agar and the media left to cool.
Mycelial tip fragments, of the purified cultures, were deposited onto dishes containing CLA and were
incubated at 28 °C. After 10 to 15 days, a fragment of the agar culture was observed using light
microscope (Seddique et al., 2010).

The morphological identification was carried out by following that described in Burgess et al. (1994)
and in Leslie & Summerell (2006), the diagnostic characteristics examined in the identification of
species encompass the presence/absence of micro-, meso and macroconidia, their shapes and sizes (if
present); the type of phialides (monophialide and/or polyphialide) and the occurrence or absence of
chlamydospores, chains of microconidia and sporodochia on CLA.

Molecular identification

To confirm the identity of this fungus, the molecular identification was carried out by BIlOfidal
laboratory (CEDEX-France).

DNA extraction

DNA was extracted either from mycelium collected by scraping the surface of Petri plate cultures of
purified isolate. 100ul lysis buffer (50mM Tris-HCI pH 7.5, 50mM EDTA, 3% SDS and 1% 2-
mercaptoethanol) was added and the nucleic acids were isolated according to the microwave mini-prep
procedure described by (Goodwin and Lee, 1993). The final DNA pellet was supplemented into 100pul
TE buffer (10mM Tris-HCI pH 8.0, 0.1mM EDTA) and stored at —20 °C until used.

PCR amplifications and gel electrophoresis

Partial sequences of the ITS region and the elongation factor (EF1) were polymerase chain reaction
(PCR) amplified using fungal specific primer pair ITS1 (5 TCC GTA GGT GAA CCT GCG G "3)
(White et al., 1990) and EF1-728F (5’CAT CGA GAA GTT CGA GAA GG 3’) (Carbone and Kohn,
1999). All amplification reactions were performed in a 50ul reaction volume containing 75mM Tris-
HCI pH 9.0, 20 mM (NH4),S04, 0.01% (w/v) Tween 20, 1.5mM MgCly, 200uM each dNTP, 1 unit of
thermo-stable DNA polymerase (GoTag, Promega®) and 400nM of each relevant oligonucleotide
primer. After electrophoresis in 1.2% Agarose gels in 0.5x TAE buffer (20mM Tris- acetate pH 8,
0.5mM EDTA), DNA was visualized by Ethidium bromide staining and UV illumination.

Purification of PCR products ITS1 and EF1

The combined PCR products are purified by mini-column centrifugation (NucleoSpin® Extract 1) and
the DNA binds in the presence of a chaotropic salt to a silica membrane. The binding mixture is loaded
directly onto NucleoSpin® Extract Il columns. Contaminations are removed by a simple washing step
with ethanolic NT3 buffer. The pure DNA is finally eluted under low ionic strength conditions with a
slightly alkaline NE buffer (5mM Tris-Cl, pH 8.5).

DNA sequencing, alignment and Phylogenetic analysis

The sequences of EF1 and ITS1 regions of the test isolate thus obtained were next edited in order to
generate a consensus sequence using the BioEdit Sequence Alignment Editor Software
(http/www.bioeditor.sdsc.edu/download.shtml). Next, the most related corresponding sequences of the
strain of F. chlamydosporum were selected from the GenBank (http://www.ncbi.nlm.nih.gov/BLAST).
Multiple sequence alignments were performed in MEGA format by using the Clustal W option in
MEGA-X software. Phylogenetic tree and distance matrix were also constructed using MEGA software,
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which implemented the Neighbour-Joining (NJ) dendrogram program of Saitou & Nei (1987). The
phylogenetic distance was founded on the model of Kimura 2-parameter (K2P) (Kimura, 1980).

Pathogenicity tests

The Fusarium isolate representative of the species F. chlamydosporum was screened for their
pathogenicity. Two inoculation methods were used to assess the aggressiveness of Fusarium isolates on
wheat cv. Bousselam, Waha and GTAdur the most commonly cultivated in east region of Algeria. The
first method was by in vitro seed inoculation to study the effect on coleoptile growth compared to the
uninoculated control. The second was used to assess aggressiveness on the crown by soil inoculation
(Abdallah-Nekache et al., 2019).

Pathogenicity of Fusarium on coleoptile emergence and growth

A modified method of Mesterhazy (1983) was adopted, where flasks containing 50ml of potato dextrose
broth were inoculated by four plugs of 5mm diameter mycelia of a 7-day-old PDA cultures. The flasks
were incubated in an orbital shaker running at 175rpm during 7 days. Mycelium was harvested by
centrifugation (5000¢g for 10min), homogenized, and diluted to 13.3 mg/ml and homogenate with 0.2%
of Tween 20 surfactant. Sterilized Whatman No.1 filter paper was placed on fresh PDA plates and 8ml
of the homogenate mycelium were positioned on the filter paper; a second filter paper was placed on the
top of the inoculum. Twenty-five wheat seeds (cv. Bousselam, Waha and GTAdur) were surface
sterilized, dried and placed on each PDA plate and incubated at 25 °C for 4 days. Four replicates were
used by Fusarium isolate. The coleoptile growth (mm) was measured after 4 days. Results were
expressed as percentage of coleoptile emergence inhibition and percentage of coleoptile length reduction
compared to uninoculated control seedlings.

Pathogenicity of Fusarium isolates on wheat crown

The pathogenicity assay on durum wheat crown was performed according to the protocol established by
Khalifa & Matny (2013) with slight modifications. Initially, the Fusarium strains were grown on a
substrate containing 54g of barley and 22ml of distilled water in 250ml Erlens and sterilized by
autoclaving for 20 minutes at 120 °C. Subsequently, each Erlenmeyer flask was inoculated with 5
explants of 6 mm in diameter taken from a 7 days culture old of the Fusarium isolate and incubated at
25 °C for 15 days and shaken once every 3 to 4 days. Then each pot was sown with 5 seeds issue from
one of the three durum wheat varieties (cv Bousselam, Waha and GTAdur) previously disinfected with
sodium hypochlorite (2%). The seeds are sown to a depth of 4 to 5¢cm in sterilized soil. The artificial
infection of the soil was obtained by spreading 2.5g of barley carrying a Fusarium strain at a depth of
2cm above the seeds and then covered with a layer of 2cm of sterilized soil. As control pots, three pots
were sown only by seeds disinfected on sterile soil. Resulting in an adopted experimental device that is
completely randomized with three repetitions where all pots were placed in an illuminated laboratory
between 18 and 20 °C and 12h of natural light and 12h of darkness. To keep the plants in good growing
conditions, frequent watering was done twice a week.

Plants were examined daily for signs of symptom onset throughout the 45 days of the experiment and
the seedling emergence rate, root length, vegetative length, and Fresh weight of the root and vegetative
system were measured.

Statistical analysis

Data were subjected to analyses of variance (ANOVA) with SPSS version 25. Significance of mean
differences was determined using the Duncan test and responses were judged significant at the 5% level
(P=0.05) with a 95% confidence interval.
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Result and Discussion
Isolation of endophytic fungi

Close to 60 colonies of endophytic fungal species were obtained from durum wheat seeds, of which only
10 colonies showed reddish pigmentation and 5 other colonies showed beige to brown pigmentation on
the PSA with strong indications as being a member of the Fusarium genus during preliminary
observation.

Macroscopic characteristics

About the Fusarium FCh26 isolate, colony development on PDA media was relatively fast; 28 mm
diameter colonies developed after only 3 days. The Mycelia are fluffy, compact, fairly dense, off white
and turned soft colour with a shade of brown in older portions of the colony followed by golden yellow
ring and a yellow-beige peripheral ring. The reverse cultures showed several shades of Persian red colour
in the central ring followed by a small yellow-cake ring which is followed by a yellow-beige peripheral
ring in the 7 days isolates (Figure 1).

Figure 1. Macroscopic aspect of F. chlamydosporum colony cultures on PDA: A face and B reverse

Unlike the PDA media, the colony development on PSA media was fast with 52 mm diameter colonies
developed after 3 days. The Mycelia are fairly dense, lavender and turned hibiscus (or carnation) colour
with a shade of yellow in older portions of the colony with not well-defined concentric rings. The reverse
cultures showed also not well-defined concentric rings with a greyish rose in peripheral area to burgundy
colour in the centre, in the 7 days isolates old (Figure 2).

Figure 2. F. chlamydosporum colony cultures (observe and reverse) on PSA.
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Microscopic characteristics

Generally, microconidia and mesoconidia were abundant, no sporodochia were observed even in 15-day
old cultures. Conidiophores in the aerial mycelia were mainly short branched (Figure3). The
macroconidia were rare, straight and falcate with 2-3 septa per conidium and microconidia were
abundant with oval to obvate forms (Figure4). The isolate also produced primary conidia or mesoconidia
with 1-2 septa, chlamydospores were rare and take a long time to be formed (15 days) in single or chain
(Figure 5). Conidia were borne from both mono-and polyphialides (Figures 6). Chains of microconidia
were absent even in 11-day old colonies.

One from 15 Fusarium strains isolated from durum wheat seeds (Waha) of Sidi-Mbarek locality in Bordj
Bou Arreridj district were identified morphological putatively as the anamorph Fusarium
chlamydosporum Wollenweber & Reinking (Leslie & Summerell, 2006).

-

- i

Figure 4. Different fructifications structures of F. chlamydosporum macroconidia (a), microconidia (b) and
mesoconidia (c). Scale bar = 20 um.
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Molecular identification and Phylogenetic analysis

After the amplification of the rDNA regions with primers EF1 and ITS1, the sequences used for the final
phylogenetic analysis were 477 and 646b (Figure 7). After that, the two sequences obtained were
compared to the referred sequences collected from the GenBank, similarities values of 97 to 100%. With
ITS1 primer, the closest isolate to our isolate is Fusarium chlamydosporum isolate (CA1I6F1) with a
similarity rate of 527 from 533b which represents a rate of 98.87% (Figure 8). However, with EF1
primer, the closest isolate to our isolate is Fusarium nelsonii strain with a similarity rate of 459 from
470b which represents a rate of 97.85%, followed by Fusarium chlamydosporum culture (ICMP: 10472)
with a similarity rate of 447 from 470b which represents a rate of 97.22% (Figure 9).

Figure 5. Chlamydospores of F. chlamydosporum in the aerial mycelium. Scale bar 20um.

Figure 6. Mono (a) and polyphialidic (b) conidiophores of F. chlamydosporum in the aerial mycelium.
Scale bar = 20 um.



1
Plant Protection Journal (Islamic Azad University, Shiraz Branch), Vol. 9, No. (4), 2018 316

Fch26 F25 M M F25 Fch26
(A) IS
477bpgL N 600bp 646bp
500bp

Figure 7. Agarose gel image of PCR-amplified ITS1 (A) and EF1 (B) gene region of Fusarium isolates from
durum wheat.
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Figure 8. Phylogenetic relationships of F. chlamydosporum isolates inferred by Neighbour-Joining (NJ) analysis
of ITS sequences.
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Figure 9. Phylogenetic relationships of F. chlamydosporum isolates inferred by Neighbour-Joining (NJ) analysis
of EF sequences.
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Pathogenicity tests
Effect of Fusarium isolates on coleoptile emergence and growth

The results of the in vitro test evaluated by the emergence inhibition and the length reduction of
coleoptiles, after 4 days of incubation, have shown that the isolate of F. chlamydosporum was very
aggressive. F. chlamydosporum induced 92%, 87% and 85% of coleoptile emergence inhibition on
Waha, Bousselam and GTAdur varieties, respectively. However, F. chlamydosporum induced 70.47%,
69.45% and 58.01% of coleoptile length reduction on Waha, GTAdur and Bousselam varieties,
respectively.

In terms of the behaviour of the three varieties of wheat to infection of Fusarium strain, it appears that
the Waha variety was the most susceptible to attacks of the Fusarium strain with a germination reduction
rate of 92%, the other two varieties, namely Bousselam and GTAdur, behave almost in a very similar
way to Fusarium attacks with germination reduction rates of 87% and 85%, respectively (Table 1).
However, the Waha and Bousselam varieties are more sensitive to the infection, with length reduction
rate 70.05 and 70.49% respectively, compared to the GTA variety that had a reduction rate of 60,97%
(Table 1). Following the obtained results, no significant difference in germination reduction and length
reduction is given between the three wheat varieties tested (p>0,05). On the other hand, the results
illustrate that there is a very highly significant difference (P<0,001) between artificially infected plants
and uninfected control plants; this proves that our isolate is pathogenic at least on the germination and
the length of the coleoptile (Figure 10).

Table 1. Results of the three pathogenicity tests on coleoptile emergence and growth

Wheat Variety Fungus isolate  Col. length (cm) Length reduction % NITGET,  CETE

Seeds reduction %

F.ch26 1.13 70.492 13 872
Bousselam

Control 3.82 0 100 0

F.ch26 1.6 60,972 15 852
GTAdur

Control 3.7 0 100 0

F.ch26 1.1 70.052 8 922
Waha

Control 3.87 0 100 0

-Means with the same letter in the same column are significantly different at P < 0.05 as determined by Duncan test.

Coléoptile_lenght_sjours_cm Germination_Rate_4jours

Isolat

[@rch2e
W Control

400 Isolat 10000
[ Fch26
W Control

8000

6000

4000

20,00

Bouss GTA Waha variety Bouss eTh Waha varisty

Figure 10. Impact of F. chlamydosporum on: (A) coleoptiles length and (B) germination rate after 4 days.
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Pathogenicity on wheat crowns

It should be pointed out that artificially infected durum wheat plants with F. chlamydosporum isolate
exhibit visible crown necrosis. The results indicate that the isolate of F. chlamydosporum affect both the
seedling emergence rate (60% with the Waha variety), the length of the root and vegetative system
(75.04% and 82.58% respectively, with Waha variety) and the fresh weight of the root and vegetative
system (36.67% and 71.15% with Bousselam and Waha varieties, respectively) (Table 2).

Statistically, the results showed a very highly significant difference (P<0.001) between the three
varieties of durum wheat tested when it regards to the root system length. Indeed, the average length of
the three varieties Bousselam, GTAdur and Waha varies from 11.75, 13.65 to 2.75cm respectively. The
results showed also a highly significant difference (p<0.01) between the three varieties of durum wheat
tested when it regards to the length of the vegetative system. Indeed, the average of the length of the
three varieties Bousselam, GTAdur and Waha varies from 14.33, 15.85 to 2.63cm respectively (Figure
11).

Otherwise, the results indicated a significant difference (p<0.05) between the three durum varieties
tested when it regards to the fresh weight of the vegetative system. Indeed, the average of the fresh
weight of the three varieties Bousselam, GTAdur and Waha varies from 0.035, 0.042 and 0.015¢g
respectively. This indicates a variable behavioral of durum wheat varieties when they are infected or not
by the F. chlamydosporum (Table 2).

Finally, the results showed no significant difference (p>0.05) between the three varieties of durum wheat
tested when it comes to the fresh weight of the root system. Indeed, the average fresh weight of the three
varieties Bousselam, GTAdur and Waha varies from 0.0195, 0.019 to 0.032g respectively. It is
concluded that the three varieties of durum wheat used have a very similar behaviour, whether infected
or not by this pathogenic fungus (Figure 11).

Table 2. Results of the pathogenicity test on wheat crown

[0) o) 0, (o)
Variety Treatment FWRS /o FW.RS FWVS /o FW.VS LRS i LR? LVS /o LVS
reduction reduction reduction reduction
F.ch26 0.019? 36.67 0.0352 46.97 11.752  20.38 14.332  4.82
Bousselam
Control 0.030 0.00 0.066 0.000 14.75 0.000 15.05 0.000
F.ch26 0.019? 17.39 0.0422 26.32 13.652 10.77 15.852 2.18
GTAdur
Control 0.023 0.00 0.057 0.000 15.3 0.000 16.2 0.000
F.ch26 0.0322 3.03 0.015P 71.15 2.75>  75.04 2.63b 82.58
Waha
Control 0.033 0.00 0.052 0.000 11.00  0.000 15.11  0.000

FWRS: Fresh weight root system; FWVS: Fresh weight vegetative system; LRS: Length root system; LVS: Length of
vegetative system; LVS: Length of vegetative system. Means with the same letter in the same column are significantly different
at P < 0.05 as determined by Duncan test.

The results showed a very highly significant difference between the fungus tested and the control when
it regards to the length of the vegetative (p<0.001) and a highly significant difference when it regards to
the fresh weight of vegetative and root systems (p<0.05). On the other hand, the results showed no
significant effect (p>0.05) between the fungus tested and the control when it comes to the fresh weight
of the root system. This proves that the fungus is pathogenic, at least along the length of the root and
vegetative system and the fresh weight of the vegetative system but not on the fresh weight of the root
system (Figure 11).

For the symptoms observed are either observed in the vegetative system that are necrosis (observed at
the collar) and yellowing that usually end in the mortality of the plants, or symptoms observed in the
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root system that are a necrosis on several parts of the roots and a less developed root system with weak
branching related with short roots (short length) compared to root length of controls (Figure 11).

Root_system_length (cm) Vegetativ_system,_length (e

000 Test 0m Test
[ FCh26 [ FChae
(4) M Control (B W Contral

Variety

Wariel
Bouss GTA Waha Bouss GTA Waha N

Fresh_weight_vegetative_system (g) Fresh_weight_root_system (e)

Test 040 Test

Erch26 [ Fch2e
Hcontrol o) M control

Variety

! Variety
Bouss GTA Waha Bouss GTA Waha

Figure 11. Impact of F.chlamydosporium on: (A) root system length, (B) vegetative system length, (C)
vegetative system fresh weight and (D) root system fresh weight.

The anamorphic genus Fusarium is a phytopathogenic fungus with a worldwide distribution, able of
infecting a large range of agricultural crops like orchid, maize or barley and wheat plants, and also
decrease quality and yield of the grain (Seddique et al., 2010).

Many species of the genus Fusarium are causing the most serious diseases affecting root and head of
wheat plant and in all growing stages, still has not been adequate investigated in Algeria (Abdellah-
Nekkach et al., 2019).

Traditionally, species of Fusarium have been separated and described based on morphological and
cultural characteristics, such as pigment production, presence colour of mycelia, phialides, macro-,
micro and meso-conidia shape-size, sporodochia and chlamydospores (Burgess et al., 1994; Lesli &
Summerell, 2006). Cultural methods coupled with morphological details from microscopy, are among
the techniques used and assign one to detect exactly which taxon is present (identification). These
methodologies are easy, fast and consistent in the given putative species name, however, have
limitations which impede a proper assessment.

In this study, a Fusarium isolate previously identified on the basis of morphological characteristics as
F. chlamydosporum was confirmed by molecular sequencing using the gene sequences of the ITS1 and
EF1 regions of the rDNA.
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The phylogenetic analysis, showed that this isolate gave the same gene sequence to each other (97-99%
of similarity) and to the referred F. chlamydosporum strains (AY213655 and AY337448, Lesli &
Summerell, 2006) (88,74 and 84,98% of similarity) from NCBI.

Few researches are conducted on the pathogenicity of F. chlamydosporum (especially on durum wheat)
which makes it difficult to compare our results with other researches. However, F.chlamydosporium can
affect other plants species like guava (Psidium guajava L.) (Gupta & Misra, 2012) and Coleus forskohlii
(Singh et al., 2009). Lazreg et al. (2014) reported that F. chlamydosporum can affect the Aleppo-pine
seedlings and cause a root growth inhibition, germination reduction and vegetative system length
reduction with 51.94%, 52% and 47.24% respectively. Those results are considered smaller than ours
obtained with wheat waha variety, and greater only for vegetative system length comparing to GTAdur
and Bousselem varieties. Njeru et al. (2016), reported that F. chlamydosporum was the most prevalent
in crop residues sampled from wheat fields (24%).

Our results showed that F. chlamydosporum was very pathogenic on wheat plant, especially if it was
compared with F.graminearum and F.culmorum which they are considered the responsible of crown rot
and FHB of wheat plant (Wu et al., 2005; Abdellah-Nekkach et al., 2019). Hudec (2007), reported that
F. culmorum and F.graminearum were the most severe pathogens towards coleoptile development of
wheat and barley, the coleoptile length reduction was 91,32% with F.culmorum and 78.32% with
F.graminearum, these results are not far from ours (coleoptile length reduction), which confirm the high
pathogenicity of F.chlamydosporum.

In research on the mycotoxins produced by F. chlamydosporum, Savard et al. (1990) reported that the
latter could produce a new mycotoxin in addition to the mycotoxin listed in other researches, such as
trichothecene and neosolaniol monoacetate, isolated from a single-spore culture of F. chlamydosporum
by Lansden and his colleagues in 1978, he named this new mycotoxin the Chlamydosporol. O'Donnell
et al. (2018) has been reviewed that the F. chlamydosporum can produce a several mycotoxine like
moniliformin (MON), beauvericin (BEA) and butenolide (BUT).

These mycotoxins can affect the severity of affection on both coleoptile emergence and length, root
system length and weight and finally vegetative system length and weight, this may be due to the fact
that the mycotoxin inhibit production of plant protein and enzymes responsible for stimulating host plant
defences (Khalifah & Matny, 2013), Studies have also shown that increasing the amount of the fungal
toxin, increases the pathogenesis of the fungus, either by its effect on protein synthesis within plant cells
or by stimulating the plant to produce hydrogen peroxide which stimulates programmed cell death
(Burlakoti et al. 2007; Aleandri et al. 2007; Desmond et al. 2008).

This study identified Fusarium chlalydosporum for the first time on durum wheat in Algeria and
highlighted its pathogenicity on the three varieties of durum wheat, namely Waha, Bousselam and
GTAdur. This pathogenicity was materialized through the drastic reduction of seeds germination and
coleoptile length of durum wheat. It has also affected negatively some growth parameters like the length
and fresh weight of root and vegetative systems.
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ABSTRACT ARTICLE HISTORY

The isolation of Pathogens from wheat seeds sampled from Received 23 January 2020
fifty-nine locations in North-eastern Algeria showed the Revised 10 May 2020
existence of the species Fusarium equiseti for the first time ~ Accepted 22 July 2020

in the seeds of the durum wheat in Algeria. The identifica-
tion was carried out on the basis of macroscopic and Fusari .

q q a—f . usarium equiseti; crown
microscopic characteristics a)n_d confirmed by Molecular rot; damping-off; durum
identification. The pathogenicity test was performed, on wheat; Algeria
three durum wheat varieties to determine the impact of
this isolate on the coleoptile and basal part of durum
wheat. The results showed that Fusarium equiseti caused a
significant diminution in length and emergence rate of
coleoptile by 48.99 and 44% respectively, and a decrease in
the length of the root and vegetative systems by 45.63 and
27.12%, consecutively. It also caused a diminution in the
fresh weight of the root and vegetative systems by 45.65
and 22.52%, respectively.

KEYWORDS

Introduction

Cereals are the most important food source in the world, both for direct
human consumption and, indirectly, as inputs for animal production
(CIC 2017). Wheat occupies a privileged place in Algerian agriculture
because of its strategic importance in human and animal nutrition; For
example, it is used in production of bread and other Algerian meals like
couscous which is the most popular foods in Algeria (Kezih et al. 2014).
Unfortunately, the wheat plant is thetarget of several species of Fusarium
genus; that colonize the rhizosphere of wheat (Hmissi et al. 2011).
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Among the most important disease which affect small-grain cereals
(mainly wheat and barley) we find two different diseases that are
Fusarium crown rot (FCR) and Fusarium head blight (FHB) (Leslie and
Summerell 2006; Scherm et al. 2013). FCR, also known as foot rot, is a
severe disease of wheat, characterized by necrosis and dry rot of the
crown, root tissues and stem base (Beccari et al. 2018). This disease is a
prolonged problem where dry and high temperature climatic conditions
are present; unfortunately, as the case in many wheat-growing areas in
Algeria (Chakraborty et al. 2006; Obanor and Chakraborty 2014;
Abdallah-Nekache et al. 2019).

This disease is a serious problem causing a decrease in durum wheat
grain yield by the abortion of flowers and the decrease in the number
and weight of grains (yield reduction up to 61%) and alteration of grain
quality (production of mycotoxins that can translocate to the head and
accumulate in the grain) in most of the cultivated areas of this crop (Bai
and Shaner 1994; Matny 2015; Beccari et al. 2018). Several researchers
have reported that FCR was found in North Africa countries. In Tunisia,
25% of losses were recorded (Chekali et al. 2013; Rebib et al. 2014) and
in Morocco the losses were between 12 and 17% (Qostal et al. 2019),
while in Algeria no statistics about yield losses were available (Abdallah-
Nekache et al. 2019); In addition, the researches about the causal agent
of Fusarium foot rot of durum wheat, in this country, are still insuffi-
cient (Larab et al. 2017); besides, the species F. equiseti was not men-
tioned, in all this researches, as cause of this disease in durum wheat.
Moya-Elizondo et al. (2011) concluded, in his research on the prevalence
of FCR, that F. equiseti was the most present in wheat plant residue
(55%), compared to other species of Fusarium. However, Smiley and Yan
(2009) considered this species to be less pathogenic and their effects on
wheat crops are not well characterized. This study was conducted to iso-
late and identify some endophytic Fusarium species from random seeds
of durum wheat from the North-eastern of Algeria and to evaluate their
pathogenicity.

Material and methods
Plant material

Fifty-nine durum wheat seed samples were provided by the CNCC
(National Center for Seeds and Plants Certification and Control) of Setif
state, after the harvest season (2015-2016). The samples were taken from
several states in the North-eastern of Algeria, including: Setif, Bordj Bou-
Arreridj, M’sila, Batna, Khenchela, Biskra and Mila. The varieties of
wheat samples collected were GTAdur, Ofanto, Vitron, Waha, Bousslam,
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Megress and Mohamed Ben-Bachir. The samples were stored at 4°C
until further use in the applied microbiology laboratory, where the study
was conducted.

Isolation of endophytes

The isolation of endophytes from durum wheat seeds was done using the
method proposed by the National Laboratory of Plant Protection, France
(NPPL 2008). The analysis of a seeds sample was carried out on a test
sample corresponding to an approximate volume of 50 ml, the analyzed
seeds were randomly sampled from the sample received by a vigorous
mixing. The seeds were superficially disinfected by using 1.5% of sodium
hypochlorite for 10 min, and then well drained, spread and placed to dry
on sterilized filter paper for 20 to 30 min under aseptic condition. A total
of 100 seeds were cultured in 15 petri dish (6 to 7 seeds per dish) con-
taining Potato Sucrose Agar (PSA) and incubated at 28 °C for 5-7 days.

Fungi that gave white color, beige to brownish-white and rose to red-
dish or pigments in PSA and had spores that appeared similar to those
of the genus Fusarium, when examined under the microscope, were puri-
fied (using the single-spore technique) and subsequently subjected to
macro and micro-morphological studies (NPPL 2008).

Macroscopic and microscopic characteristics

After purification, the obtained colonies were conserved on potato dex-
trose agar (PDA). For macroscopic analysis, the colonies were subcul-
tured on PDA and PSA. The studied characteristics were the growth
rates, the colony appearance and the texture, in addition to the pigmen-
tation on both the top and reverse plates (Leslie and Summerell 2006;
Seddique et al. 2010).

The carnation leaf agar (CLA) was used for the diagnosis of micro-
morphological characteristics according to the method described by
Seddique et al. (2010). Mycelial tip fragments, from the purified cultures,
were deposited onto dishes containing CLA and were incubated at 28 °C.
After 10 to 15days, a fragment of the agar culture was observed using
light microscope.

The morphological identification was accomplished by using the syn-
optic keys for Fusarium species identification determined by Burgess
et al. (1994) and Leslie and Summerell (2006). The diagnostic character-
istics used in the identification of species include the presence/absence of
micro-, meso and macroconidia, their shapes and sizes (if present); the
type of phialides (monophialide and/or polyphialide) and the occurrence
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or absence of chlamydospores, chains of microconidia and sporodochia
on CLA.

Molecular identification

To confirm the identity of the isolated fungus, the molecular identifica-
tion was carried out by BIOfidal laboratory (CEDEX-France), as follows:

DNA extraction

DNA was extracted from mycelium collected by scraping the surface of
petri dishes cultures of purified isolate. 100 pl lysis buffer (50 mM Tris-
HCI pH 7.5, 50mM EDTA, 3% SDS and 1% 2-mercaptoethanol) was
added and the nucleic acids were isolated according to the microwave
mini-prep procedure described by Goodwin and Lee (1993). The final
DNA pellet was supplemented into 100 ul TE buffer (10 mM Tris-HCI
pH 8.0, 0.1 mM EDTA) and stored at —20 °C until used.

PCR amplifications and gel electrophoresis

Partial sequences of the elongation factor (EF1) were amplified through
polymerase chain reaction (PCR) using fungal specific primer pair EF1-
728F (5°CAT CGA GAA GTT CGA GAA GG 3') (Carbone and Kohn
1999). All amplification reactions were performed in a 50 pl reaction vol-
ume containing 75mM Tris-HCl pH 9.0, 20mM (NH4)2S04, 0.01%
(w/v) Tween 20, 1.5mM MgCl2, 200 uM each dNTP, 1 unit of thermo-
stable DNA polymerase (GoTaq, Promega) and 400 nM of each relevant
oligonucleotide primer. After electrophoresis in 1.2% agarose gels in
0.5x TAE buffer (20 mM Tris-acetate pH 8, 0.5 mM EDTA), DNA was
visualized by Ethidium bromide staining and UV illumination.

Purification of PCR product EF1

The combined PCR products were purified by mini-column centrifuga-
tion (NucleoSpin® Extract II) and the DNA binds in the presence of a
chaotropic salt to a silica membrane. The binding mixture was loaded
directly onto NucleoSpin® Extract II columns. Contaminations were
removed by a washing step with ethanolic NT3 buffer. Finally, the pure
DNA was eluted under low ionic strength conditions with a slightly alka-
line NE buffer (5mM Tris-Cl, pH 8.5).
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DNA sequencing, alignment and phylogenetic analysis

The sequence of EF1 region thus obtained was next edited to generate a
consensus sequence using the BioEdit Sequence Alignment Editor
Software (http://www.bioeditor.sdsc.edu/download.shtml). Next, the most
related corresponding sequences of the strain of F. equiseti were selected
from the GenBank (http://www.ncbi.nlm.nih.gov/BLAST). Multiple
sequence alignments were performed in MEGA format by using the
Clustal W option in MEGA-X software. Phylogenetic tree and distance
matrix were also constructed using MEGA software, which implemented
the Neighbour-Joining (NJ) dendrogram program of Saitou and
Nei (1987). The phylogenetic distance was founded on the model of
Kimura 2-parameter (K2P) (Kimura 1980).

Pathogenicity tests

The Feq28 isolate was screened for its pathogenicity. Two inoculation
methods were used to assess the aggressiveness of the Fusarium isolate
on wheat cv. Bousselam, Waha and GTAdur the most commonly
cultivated in North-eastern region of Algeria. The first method was by
in vitro seed inoculation to evaluate the effect on coleoptiles growth
compared to the noninoculated control. The second was by soil
inoculation to assess the aggressiveness on the basal part (Abdallah-
Nekache et al. 2019).

Pathogenicity of Fusarium isolate on coleoptile emergence and growth

A modified method of Mesterhazy (1983) was adopted where flasks
containing 50 ml of potato dextrose broth (PDB) were inoculated by four
plugs of 5mm diameter mycelia of a 7-day-old PDA cultures. The flasks
were incubated in an orbital shaker running at 175rpm for 7days.
Mycelium was harvested by centrifugation (5000g for 10 min), homo-
genized, diluted to 13mg/ml and finally 0.2% of Tween 20 surfactant
was added. Sterilized filter paper was placed on fresh PDA dishes, then,
8ml of the homogenized mycelium were added on the filter paper;
a second filter paper was placed on the top of the inoculum. Twenty-five
wheat seeds (cv. Bousselam, Waha and GTAdur) were surface sterilized,
dried and placed on each PDA plate (Four dishes for each wheat variety)
and incubated at 25°C for 4days. The coleoptile growth (mm) was
measured after 4 days. Results were expressed as percentage of coleoptile
emergence inhibition and percentage of coleoptile length reduction
compared to noninoculated control.


http://www.bioeditor.sdsc.edu/download.shtml
http://www.ncbi.nlm.nih.gov/BLAST
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Pathogenicity of Fusarium isolate on wheat crown

The pathogenicity assay on wheat crown was performed according to
Khalifa and Matny (2013), with slight modification. The Fusarium strain
was grown on a barley base substrate, where 250 ml Erlenmeyer received
54 g and 22 ml of distilled water, followed by sterilization and autoclaving
for 20 minutes at 120 °C. The Erlenmeyer was inoculated with 5 explants
of 6mm in diameter taken from 7-day old culture of the Fusarium iso-
late and incubated at 25°C for 15days and shaken once every 3 to
4 days. Seeds (cv. Bousselam, Waha and GTA dur) were previously disin-
fected with sodium hypochlorite (2%) and sown at a rate of 5 seeds per
pot with a depth of 4 to 5cm in previously autoclaved soil. The artificial
infection of the soil was made by adding 2.5g of barley carrying the
Fusarium strain at a depth of 2cm above the seeds and then covered
with a 2 cm layer of sterilized soil. As control, three pots were sown only
by seeds disinfected in sterile soil. Resulting in an adopted experimental
device that is completely randomized with three repetitions where all
pots were placed in an illuminated laboratory (12h of natural light)
between 18 and 20°C. To maintain the plants in good growing condi-
tions, frequent watering was done twice a week. The plants were exam-
ined daily to visualize any symptoms during all the experiment duration
(45 days). The seedling emergence rate, length of the root and vegetative
system and the fresh weight of the root and vegetative system
was measured.

Statistical analysis

Data were subjected to analyses of variance (ANOVA) with SPSS version
25. Significance of mean differences was determined using the Duncan
test at 5% level (p =0.05) with 95% confidence interval.

Results
Isolation of endophytes

About 55 fungal endophytes isolates were obtained from durum wheat
seeds but only one gave beige to brownish-white color on PSA with
strong signs that it is a member of Fusarium equiseti in the prelimin-
ary noticing.

Macroscopic characteristics

One isolate (Feq28) was suspected to be Fusarium equiseti. The colony
development on PDA media was slow (17.5mm diameter colonies
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Figure 1. Macroscopic aspect of F. equiseti (Feq28) colony cultures on PDA: (a) face and
(b) reverse.

developed after 3days). The mycelium was dense, white at first and
become, as the culture ages, golden to brown at the center of the colony.
This isolate also formed a pale to dark brown pigment when it is in con-
tact with the agar. The reverse cultures showed a duck-foot to cheddar
color (Figure 1).

Unlike the PDA media, the colony development on PSA media was
fast (compared to PDA media) with 39.5mm diameter colonies devel-
oped after 3 days. The mycelium was dense, white at first and become
beige to brown at the center of the colony as the culture ages. The
reverse of the cultures showed a graduation of brown from the center to
the edges of the culture (Figure 2).

Microscopic characteristics

On CLA medium, abundant macroconidia form in light orange sporodo-
chia were observed. The macroconidia are thick-walled and have strong
dorsiventral curvature and usually are 5 to 7 septate, with a distinctly
foot-shaped basal cell and a tapering apical cell. Macroconidial length
varies from 25 to 55um (Figure 3a). Macroconidia are formed from
monophialides conidiophores (Figure 4).

Microconidia are absent but chlamydospores are formed relatively rap-
idly on CLA, they are abundant with very prominent thick, roughened
walls, and are produced singly, in clumps or chains (Figure 3b).

Finally, one isolate obtained from durum wheat seeds (GTAdur) of
Al-Hamadia in Bordj Bou-Arreridj were identified morphologically as
the anamorph  Fusarium equiseti (Corda) Sacc (Leslie and
Summerell 2006).
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Figure 2. Macroscopic aspect of F. equiseti (Feq28) colony cultures on PSA: (C) face and
(D) reverse.

Figure 4. Monophialidic conidiophores of F.equiseti in the aerial mycelium.
Scale bar=50 um.

Molecular identification and phylogenetic analysis

After the amplification of the rDNA regions with EF1 primer, the
sequence used for the final phylogenetic analysis was 458b (Figure 5).
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Figure 5. Agarose gel image of PCR-amplified EF1gene region of Feq28 isolates from
durum wheat.

After that, the test sequence was compared to the referred sequences col-
lected from the GenBank. The closest isolate to our isolate (Feq28), was
Fusarium equiseti isolate (R17) with a similarity rate of 447 from 448
bases which represents a rate of 99.78% (Table 1).

The phylogenetic analysis showed that the isolate Feq28 was grouped
with many reference isolates of the species F. equiseti (Figure 6). Based
on these results, the isolate was confirmed to be F. equiseti. After identi-
fication, the isolate was named as Fusarium equiseti Feq28 and the
sequence was submitted to GenBank under the accession no: MT263681.

Pathogenicity tests

Effect of Fusarium isolate on coleoptile emergence and growth

In vitro, the isolate (Feq28) was responsible for 44%, 23% and 18% of
coleoptile emergence inhibition on Waha, GTAdur and Bousselam vari-
eties, respectively. Furthermore, it induced 48.99%, 41.59% and 34.99%
of coleoptile length reduction on Bousselam, Waha and GTAdur vari-
eties, consecutively. In terms of the behavior of the three varieties of
wheat following the infection of Fusarium strain after 4 days of incuba-
tion, it appears that the Bousselam and Waha varieties were more sensi-
tive to the infection with a length reduction rate of 48.99 and 41.59%
respectively compared to the GTAdur variety which had a decrease rate
of 34.99%. However, it appears that the Waha variety was the most sus-
ceptible to attacks of the Fusarium strain with a germination reduction
rate of 44% compared to the GTAdur and Bousselam varieties which
had a germination reduction rate of 23 and 18% respectively (Table 2).
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KT224321.1 Fusarium equiseti isolate XJ-QT-F17-11
MGO017431.1 Fusarium equiseti voucher WY8
KT224323.1 Fusarium equiseti isolate XJ-QT-F19-11
KF962942.1 Fusarium cf. incarnatum/equiseti GC-2014 isolate F941
MH401556.1 Fusarium equiseti isolate R17

JQ429335.1 Fusarium equiseti strain CBS 131255
KY659146.1 Fusarium equiseti isolate F231

KU587617.1 Fusarium equiseti

KT224322.1 Fusarium equiseti

GQ505638.1 Fusarium sp. FIESC 5b strain NRRL 34037
JQ979175.1 Fusarium cf. incarnatum LRMCFE3049
MG826895.1 Fusarium sp. FIESC 5f clone wxwh45
MG826890.1 Fusarium sp. FIESC 5f clone wxwh40
KT224314.1 Fusarium equiseti isolate HL-XX-F73-11
KU554689.1 Fusarium equiseti strain F1

AY337424.1 Fusarium equiseti strain MT-F151

FCh28

Figure 6. Phylogenetic relationships of F. equiseti isolates (Feq28) inferred by Neighbour-
Joining (NJ) analysis of EF sequences.

Table 2. Results of the pathogenicity test on coleoptile emergence and growth.

Coleoptile Number of
Coleoptile length germinated Germination
Wheat variety Treatment length (cm) reduction (%) seeds reduction (%)
Bousselam Feq28 1.93 48.99 82 18
Control 3.82 0 100 0
GTAdur Feq28 24 34.99 77 23
Control 3.7 0 100 0
Waha Feq28 2.26 41.59 56 44
Control 3.87 0 100 0
Coleoptile length (cm) (A) Number of germinated seeds ®B)
4,5 120
4 100
35
3 80
25
60
2
LS I I I : I I I
1
20
0,5
0 0
Bousselem GTA Waha Bousselem GTA Waha
mFeq28 uControl mFeq28 uControl

Figure 7. Impact of F. equiseti on: (A) coleoptiles length and (B) Number of
germinated seeds.

Statistical analysis of the results, showed no significant difference in
germination and length reduction was seen between the three wheat vari-
eties tested (p > 0.05). On the contrary, the results showed that there was
a highly significant difference (p <0.001) between artificially infected
plants and uninfected control plants. This result demonstrate that our
isolate was very pathogenic on the germination and the length
of the coleoptile (Figure 7).
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Pathogenicity on wheat crowns

The results displayed that the isolates of F. equiseti affect both the length
of the root and vegetative system (45.63% and 27.12% of root and vege-
tative length reduction respectively, in variety GTAdur and Waha) in
addition to the fresh weight of the root and vegetative system (22.52%
and 45.65% of root and vegetative fresh weight reduction respectively, in
variety Waha and GTAdur) (Table 3).

Statistically, the results revealed no significant difference (p > 0.05)
between the three varieties of durum wheat tested with all the studied
parameters. On the other hand, the results showed a significant differ-
ence (p <0.05) between the Feq28 isolate and the control regarding the
length of the root and vegetative system and when it comes to the fresh
weight of root system. In contrast, the results showed no significant dif-
ference (p > 0.05) between the Feq28 isolate and the control concerning
the fresh weight of the vegetative system. This proved that our isolate
was pathogenic, at least, for the length of both the root and the vegeta-
tive system and along with the fresh weight of root system (Figure 8).

Regarding symptoms on the vegetative system, a necrosis in the collar
and yellowing that usually ends in plant deaths, were observed. While,
on root system, a necrosis on several parts of the roots and a less devel-
oped root system (weak branching associated with short roots) were
noted, compared to the controls.

Discussion

The anamorphic genus Fusarium is known for its pathogenicity towards
many plants, including wheat and barley. Also, it can cause serious dam-
age on yield and quality of the grain (Matny 2015). Pathogenic species of
the genus Fusarium that causes the most serious diseases affecting root,
stem and head of wheat plant, and in all growing stages, still has not
been studied well in Algeria (Abdallah-Nekache et al. 2019).
Morphologically, the isolate Feq28 was previously identified as F. equi-
seti. The results of the macroscopic characterization (growth rate, type
and color of the mycelium) and those of the microscopic characterization
(shape and size of both macroconidia and chlamydospores, type of
conidiophore) were very similar to those obtained by Dharanendra
Swamy et al. (2020 ) With a slight difference concerning to the forma-
tion method of chlamydospores. Moreover, our results were very similar
to those obtained by both Yezli et al. (2019) and Lazreg et al. (2014),
except that the number of septa and the length of macroconidia were
slightly different. However, the morphological identification, which was
based on pigment production, colour of mycelia, type of phialides; type,
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Table 3. Results of the three pathogenicity tests on wheat crown.

% % % %

FWRS FWRS FWVS FWVS LRS LRS LVS LVS

Variety Treatment  (g) reduction (9) reduction (cm) reduction (cm) reduction

Bousselam FCh28 0027 1277 0052 1959 986 3362 1577 15
Control 0.032 0.00 0.065 0.0 14.85 0.0 16.01 0.0
GTA FCh28 0.025 1.32 0.033 45.65 8.12 45.63 12.89 19.7
Control 0.026 0.00 0.061 0.0 14.93 0.0 16.06 0.0

Waha FCh28 0.029 22.52 0.039 13.14 9.24 27.13 11.5 27.12
Control 0.037 0.00 0.046 0.0 12.68 0.0 15.78 0.0

Fresh weight root system: FWRS; Fresh weight vegetative system: FWVS; Length root system: LRS; Length
vegetative system: LVS.

shape and size of conidia, is an approximate method to identify the species
(Gave the putative name only) because of the similarities between the spe-
cies of the same genus. Therefore, the use of molecular identification is
essential to obtain a very accurate identification (Seddique et al. 2010).

For this purpose, the gene sequence of the EF1 region of the rDNA was
examined. The phylogenetic analysis showed that this isolate gave the closest
gene sequence to Fusarium equiseti isolate (R17) with a similarity rate of
99.78%, which confirms the result of the morphological identification.

F. equiseti is a plant pathogen predominant worldwide infecting a wide
range of plant hosts (Lahuf et al. 2018), such as Pisum sativum and Cicer arie-
tinum (Goswami et al. 2008), Vigna unguiculata (Rodrigues and Menezes
2005), Pinus halepensis (Lazreg et al. 2014), Cuminum cyminum (Ramchandra
and Bhatt 2012) and Brassica oleracea var. botrytis (Li et al. 2017).

Few researches were conducted on the pathogenicity of F. equiseti
on durum wheat (especially quantitative studies about the effect on the
coleoptile, roots and seedlings) which makes it difficult to compare our
results with other researches.

The obtained results showed that the Feq28 isolate had a moderate
aggressiveness toward wheat coleoptile, root and seedling which is in
concordance with the finding of Muthomi et al. (2008), they concluded
that F. equiseti can be classified as a fungus with moderate or weak patho-
genicity. The Feq28 isolate was of moderate pathogenicity on wheat plant,
especially if it compared with F. graminearum and F. culmorum which are
considered responsible for FCR and FHB of wheat plant (Wu et al. 2005;
Abdallah-Nekache et al. 2019). Hudec (2007), reported that F. culmorum
and F. graminearum were the most severe pathogens towards coleoptile
development of wheat and barley, the coleoptile length reduction was
91.32% with F. culmorum and 78.32% with F. graminearum, These results
are far from our obtained results (coleoptile length reduction) which con-
firms the moderate pathogenicity of our isolate (Feq28).

Furthermore, F. equiseti is able to produce numerous kinds of toxic
secondary metabolites, which leads to both phyto- and cytotoxicity
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Root system length (cm) Vegetative system length (cm) (B)
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Figure 8. Impact of F. equiseti on: (A) root system length, (B) vegetative system length,
(C) fresh weight root system and (D) fresh weight vegetative system.

(Langseth et al. 1998; Morrison et al. 2002). Fusarochromanone, fusare-
non-X and zearalenone (ZEA) were the most common secondary metab-
olites from natural populations of F. equiseti (Stepien et al. 2012).
Goswami and his colleagues (2008) reported, in a research conducted on
the pathogenicity and the mycotoxins produced by F. equiseti, that the
diseased tissues from several affected plant species contained the myco-
toxins nivalenol and/or zearalenone. These mycotoxins can affect severely
coleoptile emergence and length, root system length and weight and,
finally, vegetative system length and weight. This may be due since the
mycotoxins inhibits the production of plant protein and enzymes respon-
sible for the stimulation of the host plant defenses (Khalifah and Matny
2013). Studies have also shown that increasing the amount of the fungal
toxin increases the pathogenesis of the fungus, either by affecting the
protein synthesis within plant cells or by stimulating the plant to pro-
duce hydrogen peroxide which stimulates programmed cell death
(Aleandri et al. 2007; Burlakoti et al. 2007; Desmond et al. 2008).

Conclusion

This study identified Fusarium equiseti for the first time on durum wheat
seeds in Algeria and highlighted its pathogenicity on the three varieties
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of durum wheat, namely Waha, Bousselam and GTAdur. The pathogen-
icity was materialized through the reduction of seeds germination and
coleoptile length of durum wheat. Fusarium equiseti has also affected
negatively some growth parameters like the length and fresh weight of
root and vegetative systems.
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