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Abstract

Regarding the importance of biological control of plant pathogens, the present research was aimed to find
antagonists with inhibitory effects on the causal agent of Cantaloupe Fusarium wilt, Fusarium oxysporum
f. sp. melonis (FOM). At first, the inhibitory effect of four isolates of Trichoderma (including
Trichoderma harzianum Tr3, T. harzianum 2, T. longibrachiatum and T. asperellum Trl14) and 52
bacteria (isolated from rhizosphere of Sophora alopecuroides) against FOM was investigated in
laboratory conditions. Based on the results, three isoaltes of Trichoderma and two bacterial isolates (B1
and B2) were selected and along with Bacillus subtilis MCC0067 were assayed in green house
experiments. The antagonists were applied on seed and in the soil and their potential for control of
Cantaloupe Fusarium wilt and plant growth promotion were evaluated. In dual culture assay, the growth
inhibition percentage of Trichoderma isoaltes varied from 62 to 75% and of bacterial isoaltes varied from
46 to 60%. In greenhouse conditions, the antagonist isolates were not able to prevent the incidence of
Fusarium wilt disease on cantaloupe; but they delayed the onset of the disease and reduced disease
progression. In 40 days after planting, the disease severity in T. harzianum Tr3 and T. longibrachiatum
treatments was significantly lower than the others. The antagonists had no significant effect on increasing
root length but they triggered an increase in root volume. Their effect on other indices was different. In
general, B2 and the isolates of T. harzianum Tr3 and T. longibrachiatum treatmens were the most
effective treatments in increasing growth indices and in control of disease, respectively.
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Table 1. Comparison of the mean growth (cm) of Fusarium oxysporum f. sp. melonis (F and M isolates) against different isolates of
Trichoderma spp. in the tests of dual culture and production of antifungal volatile metabolites 48 and 72 hours after incubation

F M
Treatment Dual culture Dual culture  volatile metabolite 48 volatile metabolite 72
(cm) (cm) hours after culture hours after culture
control 6a 6a 3.38a 6a
T. harzianum Tr3 1.675b 1.633b 257b 3.633 bc
T. harzianum 2 1.758 b 1.633b 2.67b 3.92b
T. longibrachiatum 1.667 b 1.933b 253b 39b
T. asperellum Tr14 1.517b 2.266 b 232¢c 3.467 ¢
LSD 0.3003 0.753 0.1742 0.423

A 1SS ks (o slel Il re BV KaSG b Ao ys S o 53 LSD 0gel el 02 S 53 S 2t g s sl SLe

Treatments that have same letters in one column, are not significantly different in LSD test (P=0.01). Table numbers are the average of three
replicates.

s s blize a8 b sy 5o ol SU glacns ST LLs 53 (M 4las) Fusarium oxysporum f. sp. melonis [BLACLESS Sl aslis —YJ g

S Sl 5,50 358 LB 5 )15 4 Bus LS 5

Table 2. Mean comparison of the growth (cm) of Fusarium oxysporum f. sp. melonis (M isolate) against bacterial antagonists in the tests of
dual culture and production of volatile and diffusible antifungal compounds 5 days after incubation

Treatment dual culture volatile metabolites agar diffusible metabolites
control 6a 6a 6a
Bl 2.983b 5.5a 00c
B2 255b 525a 05c
Bacillus subtilis MCCO0067 2.633b 5.083 a 2.05b
LSD 0.488 1.653 0.9308

A 1SS A u"<’L" ¢Jsd slael 6,1 By g.e}k:;-ljiiJ& Lty da.u): LSD {)}A)'Tle\jj:.i;n Gy sl slasles O a3
Means with the same letter are not significantly different from each other according to LSD test (p=0.01). Each number is the mean of three
replicates.
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(Perchepied and Pitrat 2004) 36 o5 et

Table 3. The mean of diseases severity grade in treatments infected with Fusarium oxysporum f.sp. melonis (FOM) in 30 and 40 days after

planting (Perchepied and Pitrat 2004)

treatment 30 days after planting 40 days after planting
FOM 5a 5a
FOM+T. harzianum Tr3 1d 3c
FOM+T. longibrachiatum 2cd 3c
FOM+T. asperellum Trl4 3bc 4b
FOM+B1 4ab 5a
FOM+B2 3bc 4b
FOM+Bacillus subtilis MCC0067 4ab 5a

Al e p Gl plad (Sola D 6 ad il 2 a0 s e ISl UG L Ao g ek 53 LD 05T L S e By (sl slasles O
Means with the same letter are not significantly different from each other according to LSD test (p=0.05). Each number is the mean of the

grades of disease severity of all plants of each treatment

Lils s o8 s, b Sny » bows Sl b
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s e OLES 15 LSD O g0l 51 eslinel b Calises

Sy Gheas SET 5l F e Soley BB bl o
55 6l Jgb oprig s Ble Job il el eslizad
4 B2 , T. longibrachiatum (T. harzianum Tr3 sls;les
S A2 edalie e Ble YUYE 5 YANA XY Jliie L oS 5
O (el VWAY) b dals Sl s 8l Jsb 0l ee b
Sl 53 ol pme il s ST o Al ls ns
Sl Eel e ST ples Jlm ol b il aly, b
T 5 B2 Jlas o aly) ez (il LA ady) a2
dald LB jles 5o gz Al5dl .S cdalis harzianum Tr3
Sl 53 Sl ar g LB eSS Il s e D WL
ol Wl dals 4 s aly, Jsb Bacillus - subtilis
dald @ Sl Slad opl g Al ez s Sl ls sas
TSl 53 alp ol 5 055 o 2e3ls sl L
38 (,Ju dald 4 Cewd &S LS odalie longibrachiatum
T slalas s alss el 5055 LCdls Sls gae
Dl sme M| T, harzianum Tr3 5, B2 Jdongibrachiatum

2 Bb sailis Lipn Golen p b ST U

SlS Lyl s

S mhaw s bl (b jsd iS5l e s Ll
03 b win S b oxl dals jles glaamalS Las saalis
Sbsles 53 olew @D (sl 45 S5 3 il S 5,
L s sdalie S8 51 ey pame atis Sl ST (55l
G Ok Sl S Laas 5 3 S i lew Ol oS
Lo n (bl 0 ax)n) s Six Al d s
ol 03 s s sole gss 3l e didl 5 e S
oS Solem Lol Lo s 5 A3 aB S s Golen bles
o Loy 5 5 ol (songlT (slaslas 55 (oloy iy 35
SSls (S Sl Sy o 2SS oL SL sleles
s T. harzianum Tr3 lals 55 e ods
S e s os 0 5 S g 4 T longibrachiatum
5Bl lag 5L ool lasled 5o olew Sl Ole) (rnan
S 5, Jer o LUl Ll B, subtilis MCCO067
s T. harzianum Tr3 lajles 5y golew Ol 50 CiS
ol o e biows Sl e 5lzS T. longibrachiatum
S doles B2 (651 sl Dles D3 olen s 0L
B. 5Bl s> ks 3l xS 5 T. asperellum Trl4 g >

¥ Js4>) 5 5 subtilis MCC0067
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Soles L B2 jlas g @l dald 5l 2l ls pxe jsbas a5
Pl dald @ Cond |y alyy S 5 5 O3 el &S 0y

Aas 2058l s e ) sba
BB aals OIS glawy Soles 4 a3l glajlas s
Slasles 5o s S 55y 00 U ans S b s S
T sl s sl Jgb L cws Sl glls sl

VYAA 3 WAV Glasslil b s 5« B2 5 harzianum Tr3

L «lis ;> (FOM) Fusarium oxysporum f.sp. melonis -6 5 s s ST sl lajles 53 I olS iy Sliv Kl aulis —¢ J gt
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Table 4. Mean Comparison of the growth traits of cantaloupe in treatments containing different antagonists and Fusarium oxysporum f.sp.

melonis (FOM) in greenhouse conditions.

root

g oL ey olum

(cm) (ml)
control 18.83 de 25.25 abc 5.19 bc 1.83 bc 0.55 bc 0.15 bc 0.27¢e
T. harzianum Tr3 30.30 a 24.42 be 6.39 ab 2.01b 0.58 bc 0.17 bc 2.58 ab
T. longibrachiatum 28.18 ab 30.63a 8.06 a 1.74 bc 0.84 ab 0.16 bc 1.7 bed
T. asperellum Tr14 20.72 cd 28.75 ab 5.87 bc 1.2 cd 0.58 bc 0.088 cd 1.5cd
B1 2294bcd  19.81cd 4.44c 0.91 ed 0.40 bc 0.09 cd 0.87 de
B2 26.24abc  23.75hc 6.88 ab 3.08a 1.46 a 0.26 a 3.33a
Bacillus subtilis MCC0067  20.10 cde 12.97 efg 5.39 bc 1.98 bc 0.48 bc 0.18 ab 2.19 bc
FOM 4349 12.13efgh  0.04d 0.02f 0.00¢ 0.00e 0.00e
FOM+T. harzianum Tr3 13.88 ef 16.67 de 0.61d 0.26 ef 01lc 0.04 ed 0.14 e
FOM+T. longibrachiatum  5.39 g 8.92 fgh 0.05d 0.00f 0.05¢ 0.02 ed 0.00e
FOM+T. asperellum Tri4  3.71g 7.13 gh 0.01d 0.00f 0.05¢ 0.00e 0.00e
FOM+B1 5.71g 6.38 h 0.06 d 0.00f 0.04¢ 0.00e 0.00e
FOM+B2 1218 f 13.38 ef 0.14 d 0.00f 0.09¢ 0.02 ed 0.00e
:A%“égggg'”us subtilis 5.5 981fgh  0.12d 0.00f 0.05 ¢ 0.00 e 0.00e
LSD 5.757 5.990 0.81 0.662 0.081 0.912

L )L..<3 Sl u:fgL:A Jsde slael .8, )1);;\” | J‘<.’.J‘§'i L Aoy = C]a.u)a LSD &}A)’T JLﬂlﬁ S e G glls glasles Osie e s
In each colum, means with the same letter are not significantly different from each other according to LSD test (p=0.05). Each number is the

mean of four replicates.
wlds L SWylsL B pl by« |1 sp. melonis
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gl (Suolsil doss ail by e FOM 26 & s
g e S5 s e VO BT Sl B Hsba LssSe 5
s sSG 5wt Dl o laans, by 3081 oS 54

sl VU LS sl ol s g pams S pslhe osbicad
s LSk 005 e w8 25 e Bissben Jolse 555 2
S AT L o5l a0 go gt oy 4 pslie slasls sl
FRCE] N I P TN P PLC1C I ST JCH S
G ol sk el a8 15 g oy i Sl
Jole o) SLNL ool b placan ST 8l sk

Fusarium oxysporum f. (FOM) _Jb e jl558 S5,
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Dilantha ) Ssd o Solew g Llge 9 LS, Wl sl 58 s

Sais sl w5 008 s Sl 2B slans; o)
esls JWsl Sk Lo Fusarium 5l aSgysbay e, %
B ok ool gy 3 35 sdalie LB C2S (gl sa
Gais O s (Norouzi et al., 2013) OLKes 5 (55,8
S 5 S5y S o o0 T.oharzianum glaali> ol
S M5 Lsgd oy 3l oeds = FOM 5Ly g8
53 Ldgeld Ss e Solew a8 (s, T. viridae (slad s
Ashrafizadeh ) 0,1 5 sl 5 51 Jams 55 ods ol il
T. T.virens) Los, S 5 i slaasla= (et al., 2002
FOM 3 le g8 b bl cis s (T, viride harzianum
Sty O &8 5 S5 2 Js odd Bsolow Jole A2 &b
3 Al sl Blen Jole Loy o 5o Laid (105 SO
53 Jlm ol b s Dgslen Jole (glaamy 005 3051508
Slaa 5 (Aleaghaee et al., 2019) Ol ,Kan 5 HBIT 3,158
Soles gl oulesy o ,a8 T.oharzianum 5 T. atroviridae
08 el Guass s ails |, FLooxysporum f.sp. lycopersici
SLsls5L As s FOM L T, asperellum Trld law s
Norouzi ) Ol,es 5 (35,5 4S5 J-ys 39 Aoy Ve 51 iy
I, T. asperellum sali> SX 5L As,s (et al, 2013
S 5 Doslite sla 55158 s sad JislS dons Ve ssds
S ol 53 Ly 5 Gl laa s 5 LS LUl
el s g5 Sl gl A 5 St b b S ey
Ll 68 S ciln lat g 3 2 oS 035 LOT oo
s Jolo Olye & s G s Sl (rlnle LSk ool

el (535 a5l sl ghlasT plnil s
SAIs3L s by S 5 slaglas 5l ol S sl sl
Oy CBd8 Ly Was e Boleny Jolo a8 iy 5
S50 do s el il Wy, sl il Sl Ao s
3 Wl e (515805 03 slse mams 4 Ol o 15 U5 5l
OLas 5 sl Al G s sl Cad ks
S slacdsle U 55 (Ashrafizadeh et al., 2002)
L5 Cute FOM 2,6 o plie dd) 51 085k 5o Lopa S5 5
Sisop dawg 0dd el s 53 S IS A5l L,
LS 5 SXlssk sy «(Norouzi et al., 2013) O, es

VoY lansli g sl 1Y 05lod /p20190 090 / (Shums § (Subs] 9 S gkt




S5 Sl g 5o Slgn, g Lo 5 alas ki A

OLKen 5 Slaol golas

B. subtilis MCC0067 5 B1l (slais SL Jolb= (slasles o
OLer 5 GBIT baw s ol plomil sz 53 LS sdalie
@ Sl Ly S 5 slaw s 50 (Aleaghaee et al., 2019)
B2 (5, SL axdls low i 28l s (5 e U Lags St
Solew sles 53 BL (s ;SU 5 B. subtilis MCCO067 & v
Sl el s s S = 3 5 Sbee GlS s
A2 aa b gols pme Ml B2 5 B (5 8L S050s5L
s gl B2 oSt s gy 4 LS g
oS 3 Caslie Wl LUIg (S s L olS (g, el
aley oz SRl s OF xie GUIS U 68U cpl baws

Al by e

Sl glaldS 5 ARl sl tasn ml gamlis
05 el S 93 cpl s LAMK)‘)_}.{:A Soglae 5 Sas
DL s BB SIssl 1 s Sen A8 LST Lases
als Lar.mg@)\};?a e AlS s s Js Lol
(s ol 3 fhe sled gl o olE Ol 5 ks 2l
3 S s bl Bl e 8L sl olLL 5 Sl
2GS o db s 8L (S5 ol eae
Lo AL e Do yoaz (5 o5 o Sl i oSl
o4 s Sy 5 (Keel and Defago, 1997) >, .
) Dl 03 b Gl A, eS8 slag St
El-saadony ) <ol oy 05505 05 slS 5 L B s S 5l
s baalus LS fals ol gl s (et al, 2022
Lol L Wl plls pde oo v ol (S G8S
5> Ol (LU L atyy 03 5a5 055508 5 )3 slacs S
O sk L ASen s SIS b 4 il S ko
s ST L ) L 5 Olger s ST S o
35 Solen & e ST el S 5 Lls 36 as 50 5o
Ghse ooz il pd s S e Slee o a oKl Ll

(Lahlali etal., 2022) 15 Jos
B ezl 5550 s ST S ilay BB Glajles o
o de l boaill s Jgb R s ol e

o ls e SRl el biows ST L BL (g SU

Sl s 558 e slgin opl ulu (Fernando et al., 2005
Slosss Gran Sl Sler sl boag SWT G6 o)
S Uil s e sl S Ol 4 38 e S

S Lae 53 FOM Sy 206 2 cen 1 ald Jlas o
o O 038 8 S S e Sl (LSl )
Ly s S Oag O S 4 Sl e Sl 76
et ol 5 Al e e ST 5 e Sl sl St s 06
Wy Sl g8 sapel BE S e s 55500 B 5 iy
doe 02 s Sl s Lo al, sl Gk Sl s LS
53 5 ok sl e 5 baady; 35l b slaady, oladl
e Sap corse s ool bl s iS5 O w bl
Jol= OIS 55 (Agrios, 2005) 555 0 olS 3 S50
L b ST ol S Solen B 5 e ST
Celopoantly,y Sl 4 Shles b oady, C}“‘ S ol
C)b 25038 02 ;*L LIS EI) js) C)L" Sl 5l Cailas
sl 35 Jlaaml ol s 2 ol M S5 5 olS
Gl sl e SLS 5 058 T L e ST &
ol oS 3 (lew ot Loy Sl 5 olS s caglis
\flbuszuuswl \Jﬁb Sl JJ: b
5ot e RIE 4 e o) e s el2S glast
A3 (S, Sap 0 U 5 @ sl 5 Ol e ol
Gz 1SS byl ) s S bl Sl d cpl boassl
5ok A s Gy Sl akul s i el e ST
5 Sl s 7B Comer el ol S 4 Al S,
Comazr g a8l 153 oL Olse 4 oy e Sl sole Jaes
G e 5 o5l 1 e glaniy; 5 edd LI s S
Sy 4 G ST G me 1SS L als s olS O Slew
S e s e Golen Ll olS A, b s

S FAS lag SLw cond Ly S5 5 el o3l slasles
T Jol lasbes 53 ley D (228 51 55 e
S (6,3 s 55k 4 T, longibrachiatum , harzianum Tr3

Golen Sl o tin Ol opl 53 e Loww ST L

- VFY Ll g 5l /) oyloss [ p203190 0590 [ o j (ooa| g S §  oawvdigeo



;)]JKQ.A E) &.:Lg.w‘ solad

e So 5 Jole Hlee 5o Shgn, o bys st 5 alis K A

Sl e YL (ke C; Ll gd Sles g
Sl o dd 5 2e Arthrobacter ol ye « glakw K5 5 (5oL
(oS ude (Eftekharizadeh and Yousefi kopaei, 2019)
oS iy S e ,SL Olge 4 |, Arthrobacter (¢ SU
Banerjee et al., 2010; Chakraborty et al., ) Llessai 3 2o
o ol G S e @IS s (2014
2022; Ramlawi et al., 2021; Veldzquez-Becerra et al.,
Srs s olS Lay S OlF ol G (2013
IS Gl 5 e VB (i 5laST (ool silea o
Ll asl Gl Bacillus e o cl Ses 5
wlebis g (Eftekharizadeh and Yousefi kopaei, 2019)

35 pll (5 i a0 pesT el 23Y 0T 335

AU el G s el 35 )0 L;Lm;m._\jjfbﬂ
Oos 5 amy KE2t 5 5 O eadas dsb Sl 5s (gols sme
ol Eel wlir e il gl il S
T. 5 T. harzianum Tr3 sla,les 0o ais, L
Ads ale Jsb s pae W53 4 2= longibrachiatum
Dls gae sl 53l T. longibrachiatum jles js 55 ale 5 05
Oliee ol 3 Ly s 5 206 oUls 8 bl 51 el
slai, My sy Wl Gy oy o QLS 4o 5 AL,
REUBEIN ot BT U1 (TS WS (7P SERRGINOL S Wap L2 L PP
035 31 L Trichoderma slaai S .wleds plubs LUl
5 olS 3 Seatoes Conslin kel 355 5 Cel Caliies LS
5 oeky elge ol 5 Cuslis slel Gl ad, Rl
Shesliad 5 st 25 (Sose e SRl ramen ol
Dymen S Gladl mi5 Kb oS 5 0555
gaS hey Sl s S (Ss S8
olg 5 s S (PH) asal ials Eel Trichoderma
L5 5k e e Slagdie sy ol 5 S L1
Slind 5 Sdae S0 (ee e (Al Ogmen ol S
av 2L oLyl (Benitez et al, 2004) s .

sl 5> Bacillus ozl 55 5 Trichoderma (s« sS

T. harzianum 5 B2 L5 s aio (T e AL
Ly olS Wi o sl s,k 1 SO as sdalie Tr3
de ) ol ST aSle S0 Wy o SKI
Co 38w eS| (Andrade et al., 2023; Yao et al., 2023
)l s (Taiz and Zeigar, 2010) 555 0 olS 55 sliads,
Ll o i SWT Lo s alo) w211 Jleml e
Lials Eel B, subtilis MCCO067 (s ;SU il eS| A5
WL e opl 4 Sl Sas amg gl S Wl Jsb s e
B g On S VL ST B I S
o5 o> (Taiz and Zeigar, 2010) 558 0 4l Jsb A,
Moarrefzadeh et al., ) Ol ,San 5 031308 20 Lo &5 0l ol
B. subtilis alex ;I s Sl 51 pan U ks 55 (2023

A s adyy Jsb s pae falS 4 e

44.6.,\.::- BB, LSJ..;:) C)Lfl.\a)‘ r\.lSGA L):Ai“).e“)J B1 L;_):‘SL’
)\bw)_’b b L;.L.:J) C)Lﬂ..pﬁl.w &‘_}A f‘.,\_aljj Q)}jd..;.i)
sl la il s baalas o xe 51 LSS5 esls 2l 58l
Jamali et al., ) Q\)K&.A 9 quA} UQ)‘; g)'“L""\ B .Jﬁ 6.,\.::)
Corse b a el S s SLsL el (2005
oPrara b Sl LA s glady A, Rl
Sl O5s 5wty Jsb s B skl gl
ol rL?L}\ o 03 kRl 2de Sl alyy g oles sla S
55> 55 (Aleaghaee et al., 2019) ol Kan 5 LBIJT Lav g
L3l Gl gad, gl e s sl 8L e
Ly a ol odr s by gl 5 b o STl S
u‘é’“’)i B o:\jéjuﬁ.:ﬁ\ u:“)‘; wLﬂ‘ B .st&ﬂ S8 oL:f
&S «(Eftekharizadeh and Yousefi kopaei, 2019) L S
2 eSS YIN) Sl o3y Ul Wy 4 26 B2
IC: SRS MO S T PO G
a4 3B B2 (6 SL man ol (I e 0 85,508 YE)
3 s e 5 5B Mg s s ced HON W5 4 )00
s2n 3 16s TIRNA 05 sl 5 sl B2 (5 S .ol B2

VoY lansli g sl 1Y 05lod /p20190 090 / (Shums § (Subs] 9 S gkt



https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Ramlawi%2C+Serine

S5 Sl g 5o Slgn, g Lo 5 alas ki A

OLKen 5 Slaol golas

G Sl IS 5 b agsli Soen olew sl 2

ol
S 35 ph Bl hash Ciske 3l s o8y s

sl 1y Sis JleS Jrass cpl sau s el

&lw

Abeysinghe, S. (2007). Biological control of Fusarium solani f.
sp. phaseoli the causal agent of root rot of bean using
Bacillus subtilis CA32 and Trichoderma harzianum RUOL.
Ruhuna Journal of Science, 2, 82-88.

Agrios, G. N. (2005). Plant Pathology, 5th ed. Elsevier Academic
Press, New York, 635p.

Aleaghaee, S., Rezaee, S., Ebadi, M., & Zamanizadeh, H. (2019).
Biological control of Fusarium oxysporum f. sp. lycopersici
and induction of defensive enzyme of phenylalanine
ammonialyse in tomato by Trichoderma and Bacillus
antagonist isolates. Journal of Microbial World, 12(2), 125-
138. (In  Farsi with  English  abstract). dor:
20.1001.1.20083068.1398.12.39.3.2

Asad, S. A. (2022). Mechanisms of action and biocontrol
potential of Trichoderma against fungal plant diseases - A
review. Ecological Complexity, 49, 100978.
https://doi.org/10.1016/j.ecocom.2021.100978.

Antoun, H., & Kloepper, J. (2001). Plant growth promoting
rhizobacteria. In: Brenner S, Miller JH (eds). Encyclopedia
of genetics. Academic Press, New York, 1477-1480.

Ashrafizadeh, A., Etebarian, H., & Zamanizadeh, F. (2002).
Evaluation of Trichoderma isolates for biocontrol of
Fusarium wilt of melon. Iranian Journal of Plant Pathology,
41, 39-57. (In Farsi with English abstract).

Banerjee, S., Palit, R., Sengupta, C., & Standing, D. (2010).
Stress induced phosphate solubilization by Arthrobacter sp.
and Bacillus sp. isolated from tomato rhizosphere.
Awstralian Journal of Crop Science, 4, 378- 383.

Benitez, T., Rincon, A. M., Limon, M. C., & Codon, A. C.
(2004). Biocontrol mechanisms of Trichoderma strains.
International Microbiology, 7(4), 249-260.

Burger, Y., Katzir, N., Tzuri, G., Portnoy, V., Saar, U., Shriber,
S., Perl-Treves, R., & Cohen, R. (2003). Variation in the
response of melon genotypes to Fusarium oxysporum f.sp.
melonis race 1 determined by inoculation tests and
molecular markers. Plant Pathology, 52, 204-211.
https://doi.org/10.1046/j.1365-3059.2003.00806.x

Chakraborty, A., Mala, R. H., Rajgopal, R., Jain, M., Yadav, R.,
Siddalingeshwara, K. G., & Pramod, T. (2014). Isolation and
characterization of potential plant growth promoting
rhizobacteria from non-rhizospheric soil. International

Ol o5 > (54, Fusarium oxysporum f. sp. melonis s ;
Wy b obst 5 208 gleas ST s )8 & sl
.(Norouzi et al., 2013)

sl axls bl 53 B2 (g oSU ol G s IS sba

T. longibrachiatum , T. harzianum Tr3 szl 5 s,

Journal of Current Microbiology and Applied Sciences, 3,
432-438.

Chhetri, G., Kim, I., Kang, M., So, Y., Kim, J., & Seo, T. (2022).
An isolated Arthrobacter sp. enhances rice (Oryza sativa L.)
plant  growth.  Microorganisms, 10, 1187. doi:
10.3390/microorganisms10061187.

de Andrade, L. A., Santos, C. H. B., Frezarin, E. T., Sales, L. R.,
& Rigobelo, E. C. (2023). Plant Growth-Promoting
Rhizobacteria for Sustainable Agricultural Production.
Microorganisms, 11(4), 1088. doi:
10.3390/microorganisms11041088.

Dennis, C., & Webster, J. (1971). Antagonistic properties of
species-groups of Trichoderma. Transactions of the British
Mycological Society, 57, 363-369.
https://doi.org/10.1016/s0007-1536(71)80050-5.

Dilantha Fernando, W. G., Ramarathnam, R., Krishnamoorthy,
AS., & Savchuk, S. C. (2005). Identification and use of
potential bacterial organic antifungal volatiles in biocontrol.
Soil Biology and Biochemistry, 37, 955-964.
https://doi.org/10.1016/j.s0ilbi0.2004.10.021.

Eftekharizadeh, P., & Yousefi Kopaei, F. (2019). Isolation and
characterization of plant growth promoting bacteria from
rhizosphere of Sophora alopecuroides. Journal of Soil
Biology, 7, 181-194. (In Farsi with English abstract).

Elad, Y., Chet, & Katan, J. (1980). Trichoderma harzianum: A
biocontrol agent effective against Sclerotium rolfsii and
Rhizocionia solani. Phytopathology, 70, 119-121. doi:
10.1094/Phyto-70-119.

Fiddaman, P. J.,, & Rossall, S. (1993). The production of
antifungal volatiles by Bacillus subtilis. Journal of Applied
Bacteriology, 74, 119-126. doi:  10.1111/j.1365-
2672.1993.tb03004.x.

Frommel, M. I., Pazos, G. S., & Nowak, J. (1991). Plant-growth
stimulation and biocontrol of Fusarium wilt (Fusarium
oxysporum f.sp. lycopersici) by co-inoculation of tomato
seeds with Serratia plymuthica and Pseudomonas sp.
Fitopatologia, 26, 66-73.

Hagedorn, C., Gould, W. D., & Bardinelli, T. R. (1989).
Rhizobacteria of cotton and their repression of seedling
disease  pathogens.  Applied and  Environmental
Microbiology, 55, 2793-2797. doi:
10.1128/aem.55.11.2793-2797.1989.

- VP Ll g 5l /) 0 lous [ m0 3190 090 [ uwws § (s | § Sl (owidigeo


https://www.magiran.com/volume/149677
https://dorl.net/dor/20.1001.1.20083068.1398.12.39.3.2
https://doi.org/10.1016/j.ecocom.2021.100978
https://doi.org/10.1046/j.1365-3059.2003.00806.x
https://www.mdpi.com/2076-2607/10/6/1187
https://www.mdpi.com/2076-2607/11/4/1088
https://doi.org/10.1016/s0007-1536(71)80050-5
https://doi.org/10.1016/j.soilbio.2004.10.021.
https://doi.org/10.1111/j.1365-2672.1993.tb03004.x
https://doi.org/10.1111/j.1365-2672.1993.tb03004.x
https://doi.org/10.1128%2Faem.55.11.2793-2797.1989

Q\JKQ.A E) _A.@.u\ solad

e So 5 Jole Hlee 5o Shgn, o bys st 5 alis K A

Jamali, F., Sharifi-Tehrani, A., Okhovvat, M., & Zakeri, Z.
(2005). Investigating the effect of several antagonistic
bacteria on Fusarium oxysporum, the cause of Fusarium wilt
of Iranian chickpeas in greenhouse conditions. Scientific
Journal of Agriculture, 36(3), 711-717. (In Farsi with
English abstract).

Keel, C., & Défago, G. (1997). Interactions between beneficial
soil bacteria and root pathogens: mechanisms and ecological
impact. In: Gange, A. C. & Brown, V. K. (Eds.).
Multitrophic Interactions in Terrestrial Systems: 36th
Symposium of the British Ecological Society. Cambridge
University Press, 27-47.

Kraus, J., & Loper, J. E. (1992). Lack of evidence for a role of
antifungal metabolite  production by Pseudomonas
fluorescens Pf-5 in biological control of pythium damping-
off of cucumber. Phytopathology, 82, 264-271. doi:
10.1094/Phyto-82-264.

Moarrefzadeh, N., & Khateri, H. (2023). Biological control of
Ascochyta blight and improvement of chickpea growth
parameters by the application of arbuscular mycorrhiza and
plant growth promoting rhizobacteria. Genetic Engineering
and Biosafety Journal, 11 (2), 141-157. (In Farsi with
English abstract). dor:20.1001.1.25885073.1401.11.2.8.7.

El-Saadony, M. T., Saad, A. M., Soliman, S. M., Salem, H. M.,
Ahmed, A. |., Mahmood, M., El-Tahan, A. M., Ebrahim, A.
A. M., Abd EI-Mageed, T. A., Negm, S. H., Selim, S.,
Babalghith, A. O., Elrys, A. S., El-Tarabily, K. A.,, &
AbuQamar, S. F. (2022). Plant growth promoting
microorganisms as biocontrol agents of plant diseases:
Mechanisms, challenges and future perspectives. Frontiers in
Plant Science, 13, 923880. doi: 10.3389/fpls.2022.923880.

Lahlali, R, Ezrari, S., Radouane, N., Kenfaoui, J., Esmaeel, Q., El
Hamss, H., Belabess, Z., & Barka, E. A. (2022). Biological
control of plant pathogens: a global perspective.
Microorganisms, 10, 596. doi:
10.3390/microorganisms10030596.

Norouzi, Z., Rahnama, K., Rabbani Nasab, H., & Taghi Nasab,
M. (2013). Evaluating the effectiveness of Bacillus and
Trichoderma isolates in controlling Fusarium wilt of melon.
Biocontrol in Phytomedicine, 2(1), 43-55. (In Farsi with
English abstract). doi: 10.22092/BCPP.2014.100335.

Perchepied, L., & Pitrat, M. (2004). Polygenic inheritance of
partial resistance to Fusarium oxysporum f. sp. melonis
racel, 2 in melon. Phytopathology, 94, 1331-1336.
https://doi.org/10.1094/phyt0.2004.94.12.1331.

Ramlawi, S., Abusharkh, S., Carroll, A., McMullin, & D. R., &
Avis, T. J. (2021). Biological and chemical characterization
of antimicrobial activity in Arthrobacter spp. isolated from
disease-suppressive ~ compost.  Journal  of  Basic
Microbiology, 61(8),745-756.
https://doi.org/10.1002/jobm.202100213.

Ritschel, P.S., Lins, T. Cd. L., Tristan, R. L., Buso, G. S. C,,
Buso, J. A., & Ferreira, M. E. (2004). Development of
microsatellite markers from an enriched genomic library for
genetic analysis of melon (Cucumis melo L.). BMC Plant
Biology, 4, 9. doi: 10.1186/1471-2229-4-9.

Taiz, L., & Zeigar, E. (2010). Plant Physiology. 5th ed. Sinauer
Associates. Sunderland, 782p.

Veldzquez-Becerra, C., Macias-Rodriguez, L. I., Lopez-Bucio, J.,
Flores-Cortez, I., Santoyo, G., Hernandez-Soberano, C., &
Valencia-Cantero, E. (2013). The rhizobacterium
Arthrobacter agilis produces dimethylhexadecylamine, a
compound that inhibits growth of phytopathogenic fungi in
vitro. Protoplasma, 250, 1251-1262. doi: 10.1007/s00709-
013-0506-y.

Wang, H., Liu, R., You, M. P., Barbetti, M. J., & Chen, Y.
(2021). Pathogen biocontrol using plant growth-promoting
bacteria (pgpr): role of bacterial diversity. Microorganisms,
9, 1988. doi: 10.3390/microorganisms9091988.

Weller, D. M., & Cook, R. J. (1983). Suppression of take-all of
wheat by seed treatments with fluorescent pseudomonads.
Phytopathology, 73, 463-469. doi: 10.1094/Phyto-73-463.

Yao, X., Guo, H., Zhang, K., Zhao, M., Ruan, J., Chen, J. (2023).
Trichoderma and its role in biological control of plant fungal
and nematode disease. Frontiers in Microbiology, 14,
1160551. doi: 10.3389/fmich.2023.1160551.

Zuniga, T. L., Zitter, T. A,, Gordon, T. R., Schroeder, D. T., &
Okamoto, D. (1997). Characterization of pathogenic races of
Fusarium oxysporum f. sp. melonis causing Fusarium wilt of
melon in New York. Plant Disease 81:592-596. doi:
10.1094/PD1S.1997.81.6.592.

VoY lansli g sl 1Y 05lod /p20190 090 / (Shums § (Subs] 9 S gkt



https://www.mdpi.com/2076-2607/10/3/596
https://doi.org/10.22092/bcpp.2014.100335
https://doi.org/10.1094/PHYTO.2004.94.12.1331
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Ramlawi%2C+Serine
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Abusharkh%2C+Sawsan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Carroll%2C+Alexa
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=McMullin%2C+David+R
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Avis%2C+Tyler+J
https://onlinelibrary.wiley.com/journal/15214028
https://onlinelibrary.wiley.com/journal/15214028
https://doi.org/10.1002/jobm.202100213
https://doi.org/10.1007/s00709-013-0506-y
https://doi.org/10.1007/s00709-013-0506-y
https://doi.org/10.1094/pdis.1997.81.6.592

