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Introduction

Potato is one of the most important food crops after wheat, rice, and corn. Plant pathogens
caused quantitative and qualitative damages to this crop in all stages of growth. Ralstonia
solanacearum causing the widespread disease known as bacterial wilt, Pectobacterium
atrosepticum causing blackleg of potato, Pectobacterium carotovorum (Pc) causing soft rot
disease of various plant hosts and blackleg in potato, and pathogenic Streptomyces spp. which
causes common scab, are important problems in the cultivation of this plant all over the world.
The conventional techniques to manage these diseases, i.e., applying chemical pesticides have
adverse effects on human health and the environment. Furthermore, these methods caused the
emergence of resistance among phytopathogens. Therefore, biocontrol agents are essential for
reducing the need to dangerous pesticides and protecting plants from diseases. The
Streptomyces genus of gram-positive bacteria has a capacity to produce diverse antimicrobial
compounds, such as metabolites and organic compounds. This study aimed to select and
identify non pathogenic Streptomyces spp. with efficient antagonistic activity against the
mentioned pathogens in vitro conditions. Also, the effect of selected antagonist Streptomyces
spp. was evaluated on the soft rot incidence and the fresh and dry weight of potato plants grown
in sterile soil and in soil infested with Pectobacterium carotovorum in greenhouse conditions.
Materials and Methods

In the present study, P. carotovorum strain 8, P. atrosepticum strain SCR, R. solanasearum
strain 4, pathogenic Streptomyces sp. strain 12 and 200 isolates belonging to the Streptomyces
genus were obtained from department of plant protection ,University of Zanjan. The
pathogenicity test was performed on potato tubers for 200 isolates of Streptomyces spp. and
the isolates without pathogenicity were selected for antagonistic activity against four
mentioned pathogenic bacteria according to cross streak assay and chloroform test on nutrient
agar medium. Also, the antibacterial efficacy of culture filtrates from selected antagonist
isolates was evaluated in laboratory conditions, and then gas chromatography analysis was
performed for the metabolites. Phenotypic and molecular identification of the selected
antagonist isolates were conducted using conventional phenotypic tests and 16S rRNA gene
sequencing. Also, phylogenic relationships of the selected antagonist isolates with other
sequences available in the GenBank database were determined and a phylogenetic tree based
on partial 16S rRNA gene sequences was constructed using the Maximum Likelihood method
with 1000 bootstrap replicates. In the greenhouse conditions, antagonistic activity of selected
strains was evaluated as the pretreatment of potato tubers (cv. Marfona) with selected antagonist
Streptomyces spp. isolates, either individually or in combination, and planted tubers in the
sterile soil and in soil infested with P. carotovorum strain 8. Then 40 days after inoculation,
the disease incidence and fresh and dry weight in different treatments were assessed.

Results and Discussion

Among 200 isolates of Streptomyces spp., 30 non pathogenic isolates were selected according
to pathogenicity test on potato tubers and their antagonistic activity was assessed by cross
streak and chloroform assays towards the mentioned pathogenic species. The isolates AEFB88,
7 and AEB133 exhibited inhibitory activity against pathogenic bacteria. The inhibition zone
diameter produced by bacterial antagonists ranged from 10 to 50mm. Also, the culture filtrates
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of three antagonist isolates showed growth inhibition of P. atrosepticum and P. carotovorum
seven to 14 days after extraction. In the gas-chromatography of culture filtrates of selected
isolates, compounds such as tetramethoxystyrene and trifluoromethylbenzylamine were
detected in the isolate 7, benzene dicarboxylic was identified in the isolate AEFB88, and
benzothiophene acetamide and isothiourea were detected in the isolate AEB133. Phylogenetic
tree based on partial 16S rRNA gene sequences showed the taxonomic position of selected
antagonists. Isolates AEFB88, 7 and AEB133 formed a clade with the type strains of
Streptomyces deccanensis, Streptomyces albogriseolus and Streptomyces griseus, respectively.
In the greenhouse conditions, the effect of selected isolates on the disease incidence showed
that although none of the three isolates protected the potato plants completely against Pc, but
the Streptomyces sp. AEB133 isolate was effective against Pc and reduced the disease
incidence by 60% compared to the positive control. Therefore, biological control of soil-borne
pathogens is facilitated by microorganisms that are active in the root zone. Moreover, the effect
of the selected antagonist isolates on growth parameters of potato plants revealed that the
Streptomyces sp. AEB133 isolate increased the fresh and dry weight of the inoculated plants
significantly in comparison with the negative and positive controls. This isolate increased the
fresh and dry weight of potato plant, 51g and 89 respectively, in the steril soil. Also, in the
presence of P. carotovorum, the highest fresh and dry weight, with averages of 36g and 7g,
was related to the Streptomyces sp. AEB133 isolate.

Various studies have determined that Streptomyces species are sustainable alternatives to
chemical fertilizers that stimulate plant growth by producing substances such as indole-3-acetic
acid, cytokinin, and siderophores. Moreover, they are bioinoculants against bacteria, fungi,
nematodes, and viruses, and protect plants by producing antimicrobial metabolites, enzymes,
nutrient competition, mycoparasitism, and plant defense regulation.

Conclusion

This study demonstrates that Streptomyces sp. strain AEB133 has significant antagonistic
capacity against important bacterial pathogens of potato in vitro and in vivo conditions. In
addition to disease control, this strain promotes plant growth factors compared to the controls.
This allows us to affirm that it is possible candidate for use in biological control programs in
the production of this crop as part of sustainable agriculture practices.
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Table 1- Inoculation of potato tubers with selected antagonist Streptomyces spp. isolates, either individually or
in combination, in the presence or absence of Pectobacterium carotovorum

Treatments with the pathogen Treatments without the pathogen
P. carotovorum+Streptomyces sp. AEB 133 Streptomyces sp. AEB 133

P. carotovorum+Streptomyces sp. AEFB 88 Streptomyces sp. AEFB 88

P. carotovorum+Streptomyces sp. 7 Streptomyces sp. 7
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P. carotovorum + Streptomyces sp. AEB 133+ Streptomyces sp. AEB 133+ Streptomyces sp. AEFB 88+

Streptomyces sp.AEFB 88+ Streptomyces sp.7 Streptomyces sp.7

P. carotovorum+ Streptomyces sp.AEB 133+ Streptomyces sp. AEB 133+ Streptomyces sp. AEFB 88
Streptomyces sp. AEFB 88

P. carotovorum+ Streptomyces sp. AEB 133+ Streptomyces sp. AEB 133+ Streptomyces sp. 7
Streptomyces sp.7

P. carotovorum+ Streptomyces sp. AEFB 88+ Streptomyces sp. AEFB 88+ Streptomyces sp. 7
Streptomyces sp.7

Positive control (Pectobacterium carotovorum) Negative control (Sterile distilled water)
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Lo 55 Ol olyed 4 Jlow 9 L sla IS S5 Ralstonia solanacearum «55 s (@) . ol xSt slbaiss oli)low oygejl =Y JSd
b wojommw Loy 59y S 3ol (D) (82) Laie aali olgie 4 (cdie )BT gols Lo ¢y Ol oS pae g (A1) 5T ¢ oy caliss
Sla Sawg 595 (C) (D2) ygyim yhaie Ol Lok pudli (Siue) (e wejum Lo ¢ (D1) Pectobacterium carotovorum &5 puls
g shaiie O L odd zudls aals 48le > Sawwy pac (C1) Pectobacterium atrosepticum  sjale 5l ax 55, can il (gg, 5y olw
il aals ) e jums il (g9, 55,55 pae o (A1) Streptomyces Sp. @il ;I da atée K o jams <8l (g9) 59,56 2l (d) (C2)

(d2) (gt o ST L 005
Figure 1- Pathogenicity tests of bacterial species.(a) Ralstonia solanacearum producing white, fluidal and mucoid
colonies on starch peptone agar (al), while no slime production was observed on nutrient agar medium as the
negative control (a2); (b) Maceration on potato slices inoculated with Pectobacterium carotovorum (bl),
compared to potato slices inoculated with sterile distilled water as the negative control (b2); (c) Development of
black rot symptoms on stems seven days after inoculation with Pectobacterium atrosepticum (c1), while no
symptoms were observed on stems inoculated with sterile distilled water as the negative control (c2); (d) Necrosis

on potato tissue one week after inoculation with Streptomyces sp. (d1), compared to the negative control tissue
inoculated with sterile distilled water (d2)
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YY/5 ojll & Streptomyces sp. )S,lew blis ;0 AEFB 88 Coxin alis (sl by pie op i .Cowl
g1 yio ko daw ojlul & P.atrosepticum |3 len Jilie 7 couite aslia (sl 45, pae op S g yio o
Ve 5l Gl (SS,5L dla las L Streptomyces spp. jl alis can (YC-d i) py84,18" 51 solatwl yog, 5
bale obyShas Cl il as sl Gl bosly uib)ly 405 ud ololid oglly JpuS Jelos Glgisas ¢pto oo
HUB95 AEFB88 AE42 AEB133 claalis (P<0.01) 634 45 sxe dops K (s)lel Jhoin! o 5
l, P. carotovorum ai, A ¢ WYY slaalis a5 Jbs > s R. solanacearum .i; £l 3 4 7 AEF111
Jd sbalis 5 055 6,84l P.oatrosepticum iy 51 AEB133 4 7 slaalis «puisred .153,S aBgio
alas ely aby 5l (S5, mlew 5 (i 0 Streptomyces sp. ., bl AEB133 ¢ AEFB88
SS90 mlaw g 68 g yie e OY o315l 4 Streptomyces sp.,5,les JLlde ;o AEB133
b 1Sl duslie 340 yio Jue VA/YY ojlusl 4 P atrosepticum 5 ke Jolio 7 alas (ol u,
P 2o 0 sl maw j3 5l 9051 b Streptomyces spp. slaahis bowg )5 Lo 13, 51 (S5,l55L dlo
sl 0 &5l Y S
ke dehl )3 e S law il lal (clayioxiw ,> 75 AEFB88 AEB133 djlis du ogilly 3 Slas 4 dngily
WA odlatnl ddlllas g (awyp (glp Al dw opl s
OIF S len 5l (il () e ,> Streptomycess spp. jl oladslax 059 4 b xShgis] > )8
< 5SL 5 SMKA las  Lings 5> .(Junwei et al., 2019; Padilla-Galvez et al., 2021) col ouis

Jols oais inlejl (6la )3 5len aen blie obxSbas el oKiulejl Llys > Streptomyces rochei

.(Elhalag et al., 2025) cwl osls Lis P. atrosepticum 4 P. carotovorum (R. solanacearum

Jie ,» AEFB 88 4l 4 (a) Ralstonia solanacearum o ,» AEB133 wlis obySbis s =Y JSG
Jie 7 4las 4 (C) Streptomyces sp. blie ;5 AEB133 wlis b sShas el (ablie s 19051 55 (D) Streptomyces sp. 3l
299,08 3l eolizl 39, 45 (d) R. solanacearum
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Figure 2-: Antibacterial activity of AEB133 isolate against Ralstonia solanacearum (a) and AEFB88 isolate
against Streptomyces sp. (b) in the cross streak assay; antibacterial activity of AEB133 isolate against
Streptomyces sp. (c) and 7 isolate against R. solanacearum (d) using the chloroform method.
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Figure 3- Inhibition of growth produced by selected Streptomyces spp. against the phytopathogens Ralstonia
solanacearum (Rs), Pectobacterium carotovorum (Pc)., Pectobacterium atrosepticum (Pa)., and Streptomyces sp.

(Ssp) «n the cross streak assay (a) and chloroform assay (b). Means in each column followed by the same letter

are not significantly different according to Duncan's multiple range test (P < 0.01).
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<xSL ke ade byl odlazul § 79 AEFB88 AAEB133 Lo (slaalis 456 gl gl sewl 5| ax
o 53 bajlegs 48 3y ylis baoesls yuilylg LT (¥ JS) 3 6 puS0jlul a3, j (S)lojl Al jlad S Loy
Gl 4 by ol yilid cuiS mlo 0 wby (SW)b5L e o ydis (P<0.05) 595 )by pixe duoyd S Jlois
Ay T s & baye S65L e cpyieS g yio o YY/EF o5luil 4 P. carotovorum yl,, ,» AEFB88
sdnlie 05, 51 Sa5)la;L Streptomyces sp. 5,90 )d picmed g yie Jue VF/EF ojlul 4 R. solanacearum
NS5 59y VF 9V 5l e oo slaabi b iSbas clled (03l ondil gl lacplio (65l (yp sy
sbalis sbcedgple lwy P atrosepticum 4 P. carotovorum sla S les asy 51 S,bsL ai
BB S s odmlie A3y 51 Sw5,lb50 R, solanacearum jge )5 Lol i sdalie 7 ¢ AEFB88 AEB133
P. carotovorum e ;5 edd cwyp Ubgy 99y 5 (gdie ,BT cuiS Lo (9, ¥ alis oS ol ol dn g
o8t glo bame ) arlis cpl Sl ond gl el slacglio Sl 5 sl b yShis el
5 slacplin it oo 5 g8 > & Vhota) Cogis ol Bals s 855l Jlin > b Sl ol
b9 s> 9 CulS Lazme SloS )5y b dgul o0 aSuiie g Cuwl 09y VY 5mslioSil 090 (o ol cuiS oz
Siar g S Aitte @l Pl cdaghy 3 b Jolb Sslite gl Cunl (s (ol S has cld ()
)3 lw ol > Lactiplantibacillus plantarum s ust  o9,Ses slacdglie Wy p cus e
Clavibacter 4 Pseudomonas syringae Xanthomonas vesicatoria P. carotovorum sl LS
by &S Canl oyl 50 )8 slews sy 51 SW5losk dla oy i a7 sly lis gols b oy » Michiganensis
Lol il )39yt (ol aie Glgisds (985 30> So g () kol arie lsisdr jg)S 9w o) A (o> S
Jlie (5351 ol (o9)Seedd cllad pas o b el el (S e plgie 4 jetal)l b a8V 1 el
(Vasyliuk et al., 2025) 1i 3 )lows sla 55
R.solanacearum (sl 3 low ade (F w0 sbyd) obyd @le ;I Streptomyces 4l can 456 lbcygbo
Hassan ) cuol o o)l55 Jd sla et 0 Sawd Ll ss, 4 P. carotovorum 4 P. atrosepticum
5 Streptomyces griseorubens slaaisS s yild cuiS mlo ) 39390 slacdslie e (et al., 2022
a8 St Caoglio aS” Cuwl 0l o3latwl jL3 olS Sloa slaplul jles 1y Streptomyces cavourensis
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wleoss )l iy (Shafie et al., 2016) i s Sliee wopg 5l (b (Hlow ais Jials el sus Wl
P. 5l 86 £ (Swg Jl 5590 s S. TOChel (¢S 51 SMKA el 5l Lol clacdglio b snjospe
S3yes b 35 slea sl yisy 5 S 35,8 pizes 3,8 (5,55 P. carotovorum g atrosepticum

.Elhalag et al., 2025) sl> _zalS’ 10, 4) b1, R. solanacearum ;| _sb

BRs B Pc @BPa OSsp

b

Inhibition zone diameter (mm)

AEBI133 AEFB83 Iso7
Antagonist isolates

5 Pectobacterium carotovorum (Pc) Ralstonia solanacearum (RS) (cla,5 lon 3, 5 (S35,b5L cladlla ,hi —£ K0
S wle b ySbas e lé ¢ Streptomyces spp.csuie glaalis sid ilé cuis mle 1,5 Pectobacterium atrosepticum (Pa)
s doliio By > (gl a8 o po (o pSile . gine BT cusS e (¢4, P. Carotovorum 3 les Jlie ,» AEB133 wlis o il

L) o b (gl me gl (P < 0.01) (SSly (glasels kx> 9031 b sllas
Figure 3- Inhibition zone diameter of Ralstonia solanacearum (Rs), Pectobacterium carotovorum (Pc) and
Pectobacterium atrosepticum (Pa) affected by the culture filtrates of selected antagonistic Streptomyces spp.;
Antibacterial activity of culture filtrate of AEB133 isolate against P. carotovorum on nutrient agar medium,

Means in each column followed by the same letter are not significantly different according to Duncan's multiple
range test (P <0.01).
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rlooad Lol o Sh plerdsn 9 (Siglsdree Cluogad b cotio glaalia )3 (u)S il
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9 S5 3l bl g a4 2B Lizmen g Sl 3)) seel Ty 5 )5 B i pordiuse SO lo iy )
S B yopsl S5y 9 Slo dudes porlo ST c(sloged i S5 qoaibione (690l 00255 M il )3 391 593598

B JSus) 0 onlie 59598 9 S5 (63 5l dpl W55 g 35

/. M\ (AR A " P, e,
03255 (8) e 5T cutS laso (g9) Ciin jrimons SIrEPLOMYCES SPP. (S S5 5 (6 gem] (S0 (295w Sun yglias —0 JSo
Gl s ypml 0365 (€) AEBL33 wlis p,8 b dsios LilS (5 5 0o (6yml 05005 () 7 ot ol dsios IS <55 5 Ll o690
AEFBE8 4l cle siw IS 55, 4

Figure 5- Microscopic images of spore chains and colony colour of selected antagonistic Streptomyces spp. on
nutrient agar medium (a) spiral spore chain and opaque white colony of isolate 7; (b) flexuose spore chain and
white to cream-colored colony of isolate AEB133; (c) straight spore chain and opaque white colony of isolate
AEFB88.
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oty 0851 by (gl ¥ s AEFB88 AEB133 clacylis 165 IRNA 5 155 (gl jlyeals (glo o STy o
o3lizal b (NCBI) (55 <S5 3 39290 slaJlyi b 5 ol 55l (sl g dulio tol cany b 10+«
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S. deccanensis strain B109 L AEFB88 wlus 45 sl ylis  SKitjold i )3 045 duslie 3 luliw] (sladisS
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s AEB133 (clag)is 165 IRNA 5 s cmioman -0 b o SOl ,> ONOI55845 s yiws ojleds |
4 dogi b Nid cud ) SO 4> ONO55908 5 ONOSEB73 s jiawd (slvolosd s i iy 35 AEFBSS
5,105 1, Streptomyces s > 465 ahad  Slolis (glp S S @8 ks 4 16S IRNA - -5 &)
s oyl )0 balis 0 b bale S gy 35 (Soike ca sy (Bootstrap) laasls coles olie o
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99| Streptomyces griseus subsp. griseus strain DSM 40236 (MK734067.1)

Streptomyces griseus subsp. griseus strain NBRC 12875 (AB184211.1)
M AEB133
Streptomyces avermitilis (NR 074747.2)

91 Streptomyces bikiniensis strain NBRC 14598 (NR 112436.1)
Streptomyces decca is strain DAS-139 (NR 044183.1)
41 410(31[7Streptmnyces deccanensis strain B109 (PX111558.1)
55| M AEFBss
Streptomyces lydicus strain ATCC 25470 (NR 026444.1)
[ Streptomyces rochei strain NBRC 12908 (NR 041091.1)
100 {- 7
92— Streptomyces albogriseolus strain NBRC 3413 (NR 112487.1)

— Streptomyces albus subsp. albus strain NRRL B-2365 (DQ026669.1)
Mycobacterium tuberculosis strain ATCC 27294 (NR 116692.1)

—_—

0.02

5 7 AEFBB8 (loalir (o5gust cuxdse 45 16S IRNA o cassilSys JIg 5l ot olul pn (Sl o)1 S
xS sl 0us puy BoOLStrap 1, Voo L g Maximum Likelihood s, jl ealicwl b e ps ol ams o olis 1, AEB133
ol ol 428 )5 (lai )y (OULGrOUP) 05,5 90 lsic4s Mycobacterium tuberculosis

Figure 6- Phylogenetic tree based on partial 16S rRNA gene sequences showing the taxonomic position of isolates
AEB133, 7, and AEFB88. The tree was constructed using the Maximum Likelihood method with 1000 bootstrap
replicates. Mycobacterium tuberculosis is used as the outgroup.
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2 kS it Sy S oadgl el glacdglie (ol pSlas clld (ol cuns job iaggy 5> (2022
Cunl p5Y 0l plolid LS 5 5l o o 383 BB (e Sl el Cen el GC-MS s ol
(Sebak et al., 2025) 395 b)) aBlas & )ygods byl i ; cllad g oss (3lo s LS5 ol

SIS byl o 43 Streptomyces cdio salas L P. carotovorum g 5 ,ke

2 as)ie & dlie Jalpd )3 rejcu Sb)S)low (25 whe Sl (Se ) S350 oSiie sbale Ul
P. 8L wigh o cutS odgll oS )5 Wl (6)1s (glaode Vogano dejio balpd )0 b ) &S
el g 09d 0 Dyly oss & yelginl b b Swas dapd; o)k 5l bosé maw (g9, )l yaiwl L carotovorum
Solew 558L imes opl 4o (Charkowski et al., 2020) 544 o il opidy o 5l g 0ae J5b >  Siwe
oulgedli (shosd Sjaller iy oo glaalie 310 dlal boss & ol S s Jelse 9 S 4,
Okl 2 pllo OlalS doyd 5 0d bl 5y ¥e Cde > liske (glajlars (wppr b S )low Hea > alS Al
Cuto ali s, a5 ol L s J(Zhang et al., 2020; Shahryari et al., 2005) su5 ‘pus okl
Sl 53 0 223 Ve oy CbIS L (g)lon g989 9 b oamliie (Silgx LS (b 55 )lon b oMbl
AEB133 wli> (sly )l £89 (il 3 )Sdes oy 92yt 003 YF LYY (5lows £89 byl plio
o b ol ol Y Jsis) ol olis 593 51 alogill S an culled alis ol g 03 oanlie Sogll 0o d VY Ly
Lul,s 4> Streptomyces claalis o, 5 oialesl balys j sadosnlin b ySbas cylld a5 s
Sio glaahe b (Bo) g9 4 (Sturen (nl Gl 2 2 )3 2529 (Stuned 3130 il 6l ) AL
3 o&iolesl Lyl ;3 AEBL33 alis )ls  Siws (IS oy p slo g, omicmod g olSdules] Lasl b 5
S odlaol gy )3 &Sl 5 bl (ol yShas clled Slew cnl alp po gblite s sl o)
W3S adyy 4l JWb Gl pusl)lyySee D9 Silew cpl 2lp )3 oo sladlia 51 (S5 py89)l8
oS logt el e ol (0163 s gl iy (ys ied SIFE (sl Loy (gt} e syt (ool
B85 55 adyy 4ol 5 cngigSll ala 581 b (olans Slol 5 pon ) 5 S ley adly 1o
Streptomyces sp. 4" wlesly i ollles ((Nguyen & Ranamukhaarachchi 2010) s
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Llys ol olis R, solanacearum 3 les blie g8 ob,iSbas b olKislejl Ll s ,> a5 HV9
OmmalogiiSl adss j1 (3L (Blis J1 cnl o )5 (55 5le (55,842 55 laaalS (59, ylow: 589 jl ALIS
las Streptomyces sp. TP199 cuégusl 4545 .(Ling et al., 2020) ol ous 5,135 alis ) bwys D
P. carotovorum subsp. (sla,5 ke 51 80 cuejoumw lross ol St ¢ duejoam oLS | o0
ool Olas do i 08w cdld & 1) SUle ol &S sy ials' | P. atrosepticum 4 carotovorum

.(Padilla-Galvez et al., 2021) 151> cuws (Quorum quenching)

GBS Lyl ) Gl (lalosd 53 (e obS ) £ (Sdwsy (Silo E585 1 StrEptomyces spp. cowis ol 51-V Joaa

Table 2- Table 2- Effect of selected Streptomyces spp. on potato soft rot incidence under different treatments in
greenhouse conditions

Treatments Disease Treatments Disease
incidence (%) incidence (%)

P. carotovorum + Streptomyces sp. AEB 133+ 44 P. carotovorum-+Streptomyces sp. 22

Streptomyces sp. AEFB 88+ Streptomyces sp. 7 AEB 133

P. carotovorum+ Streptomyces sp. AEB 133+ 44 P. carotovorum-+Streptomyces sp. 33

Streptomyces sp. AEFB 88 AEFB 88

P. carotovorum+ Streptomyces sp. AEB 133+ 33 P. carotovorum-+Streptomyces 44

Streptomyces sp. 7 sp. 7

P. carotovorum+ Streptomyces sp. AEFB 88+ 44 Positive control 55

Streptomyces sp. 7

©Pae b jean > Jwo i 0L SS9 55 (39 0 Streptomyces spp. cowie salas S50
P. carotovorum ,5 ,lox jgus
sixe 35U Streptomyces spp. coxie slaalis b osd pdls 48 aas o lis osly Lul,ly 450 gols
obis b 1Sk duslis J(P<0.01) cunl atsly oo joumw oS Siid 9 5 (59 0 o pd S§ Jlein! daw )0 ()b
b loosd zodli g 391 (g slaio O L oadpudls) (iio ald Jlos & bgjo iS5 5 (59 e (e oS 0l
Gl s SS9 5 ()9 O A Spsbd D e jm olS SiS 5 5 g Gl cage coie sl
o s AEFB 88 wylus Jlaws el 938l (VA JS3) 4 osmlie AEBL33 Jla 3 p)5 A 50 (cloySiles |
Colis AEB133 aylin jlass b 9 5 1ol 4y G 5 (39 Linl3dl el 35 AEB133+AEFB 88+7 .S 5
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slsySh plyed bale ol plply Jil gl bae ©glis AEB1I33 alis jlas b g 605 sald 4 o

WD (e jimm oS D (g 3)50 5Dy Sl paSLE Hgne (] G 5 038 Jos olS M) S e
P. 8L jeas » codin gbalis b lose zal a5 ob lis ool uibyly wiod ls picced
(P<0.05) cuwl atisly suojmm s g 5 (59 g oy S Jlin! mdaw (3 (g xe 3L CArotovorum
Sk L b oad gdlh) ald jlas 4 barpe (g o yieS 45 b LS baylas St 5 5 slagyjy (eSke dwlie
Osozan 3 AEBL33 jla &y bgape p)5V 5 Y5 (sl b b 0 SWid g 5 09 il 9 (55 lowe
AEB133 Jlag b Jy 505 1015 4 Copns ol S5 5 il ol AEBISSHT oS 5 Jlos 57 syl o
laose jlos a5 gy0bdy sl oads 555 Kd Slalllas > 55 olide oo (VD JSCE) il (o sxe cugles
ORIBl cege (Jgare 0 (gilan J S  ogMe SRS Lyl ) Streptomyces il (slaaiss b (e jus
olidss ) J(Zhang et al., 2020) wi uojumw olS (s0d) o mdls plo o s 59 o (59 P sre
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