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Article Info ABSTRACT

Article type: The button mushroom (Agaricus bisporus) is regarded as one of the most important
protein-rich agricultural products and serves as a valuable source of essential amino
acids, vitamins, and minerals. One of the major challenges in mushroom cultivation is
the occurrence of green mold, which can cause substantial economic losses.
Avrticle history: Continuous application of chemical fungicides not only contributes to environmental
Received: contamination and poses risks to human health, but also leads to the development of
eceived: 22 December 2025 . - - - S - .
resistance in pathogenic strains, thereby complicating disease management. In this
Revised: 28 December 2025 study, the antifungal activity of savory oil, produced by the Danesh-Miveh Company,
A . was evaluated against green mold of button mushroom under both laboratory and
ccepted: 30 December 2025 S - o .
cultivation-room conditions. In addition, the effects of this compound on mushroom
Published online: Atumn and growth parameters, including yield, weight loss percentage, and firmness, were
Winter 2025 assessed. The results indicated that the concentration of 2000 ppm of savory oil
exhibited the highest inhibitory effect on mold growth. The MIC and MFC values for
this compound were determined to be 2000 ppm, while the ECso value was 1000 ppm.
Keywords: Moreover, bactericidal activity against Bacillus velezensis UTB96 was also observed
at 2000 ppm. According to the findings, this compound did not exert any negative
impact on mushroom performance. Therefore, savory oil can be considered an
effective biological alternative to chemical pesticides for controlling green mold in
mushroom cultivation, while also helping prevent environmental hazards and risks
associated with human health.
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Extended Abstract
Introduction

The button mushroom (Agaricus bisporus) is one of the most widely cultivated edible mushrooms worldwide
and represents an important source of high-quality proteins, vitamins, and minerals. However, its commercial
production is severely threatened by green mold disease, primarily caused by Trichoderma spp., which can
lead to significant yield losses. The extensive use of chemical fungicides for disease control has raised serious
concerns regarding environmental contamination, human health risks, and the emergence of resistant pathogen
strains. Therefore, there is an increasing demand for safe, eco-friendly, and effective alternatives. Plant
essential oils, particularly savory oil, have attracted attention due to their strong antimicrobial and antifungal
properties. The present study aimed to evaluate the effectiveness of savory oil in controlling green mold disease
of button mushroom and to investigate its effects on yield and selected quality characteristics under laboratory
and cultivation-room conditions.

Materials and Methods

The antifungal activity of savory oil was evaluated against the causal agent of green mold using a plate assay
method on potato dextrose agar (PDA). Different concentrations of savory oil (500, 700, 1000, 2000, and 3000
ppm) were incorporated into the culture medium, and mycelial growth inhibition was recorded. Minimum
inhibitory concentration (MIC), minimum fungicidal concentration (MFC), and ECso values were determined.
In cultivation-room experiments, the effects of savory oil treatments on mushroom yield, weight loss
percentage, and firmness were assessed using a completely randomized design with multiple treatments and
replications. In addition, the antibacterial activity of savory oil against Bacillus velezensis UTB96 was
evaluated.

Results

The results demonstrated that savory oil exhibited strong antifungal activity against the green mold pathogen.
The highest inhibitory effect on mycelial growth was observed at a concentration of 2000 ppm. The MIC and
MFC values were both determined to be 2000 ppm, while the ECso value was estimated at 1000 ppm. Moreover,
savory oil showed bactericidal activity against Bacillus velezensis UTB96 at 2000 ppm. Cultivation-room
experiments indicated that application of savory oil did not negatively affect mushroom yield, weight loss, or
firmness, confirming its compatibility with mushroom production.

Discussion

The strong antifungal performance of savory oil can be attributed to its bioactive compounds, particularly
phenolic terpenoids, which are known to disrupt fungal cell membranes and interfere with essential metabolic
pathways. The results obtained in this study are consistent with previous reports highlighting the antifungal
potential of Satureja hortensis essential oil against various plant pathogenic fungi. Importantly, the absence of
adverse effects on mushroom growth and quality parameters suggests that savory oil can be safely applied in
commercial mushroom cultivation systems.

Conclusion

Overall, savory oil proved to be an effective and environmentally friendly alternative to chemical fungicides
for controlling green mold disease in button mushroom cultivation. Its strong antifungal activity, combined
with the lack of negative effects on yield and quality characteristics, highlights its potential for sustainable
disease management in the mushroom industry. The use of savory oil could contribute to reducing chemical
inputs, minimizing environmental risks, and improving food safety.

Author contribution

All authors contributed equally to the conceptualization of the article and writing of the original and subsequent drafts.

Data availability
The data will be made available on request.
Acknowledgement

This research was financially supported by the UniversityCollege of Agriculture and Natural Resources, University of
Tehran. We thank University of Theran for providing research facility and support.

Conflict of interest

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.



. F X4
Y ol 5 ouns (s f;;cuf}b /

YEYY—YAPA g&f% w il
Homepage: http://ijpps.ut.ac.ir/
9 (Agaricus bisporus) (5153 @6 jw S5 S lowt J 55 320350 95 !
oF S Slaogas o5 51 3 Sles il

Mao | oy (o 30 | DIUo donpd | £ 50090 darw oze | T Eluo Sy 131 | T owgls Ugo | ciwgd 0350
B3 030 jon ] dgrums | A groxe LS | Y 5,5

mozhdehdoostil00@gmail.com :aebll, .l ! « 2,5 yo o S5 31, €8 1b drwgi g 3uis Solg )

:duﬁl)'li]) .Ol)ﬂ‘ .Ql).e; oKl 4@..Ja égl;p 9 d)'”l.d;f O@Mb ¢dj)9Li;f d»hé 0assls ‘L;“L.A.f LSLmd)loﬁJ' 9 U.»Lwo).uo os)f Y
mona.kavos.si@gmail.com

omrany_azad@yah00.com :asbll, .l S il ygls oo il S s drwgs 5 Guizs dnlg Y

Msmaomsm@gmail.com :asbLly .yl ¢ 25 o pho S5 31y €8 b drwgi g (Baiioss anlg —F

fahime.salehi@alumni.znu.ac.ir :4s6Ll, .l z,S loygls ogn0 (il 8 b dausgs 5 (3aioss a5y .0

m.rajabidarbandiolia@modares.ac.ir :asbLl, - -yl 105 wydo Co 5 olSiily w1l ol S 090 ai>gol il &

milad.milad@modares.ac.ir :asbLl, .olpl (325 < o yte oy olSitsly 0yl guolids IS 093 s gol 2il> ¥
shayanmohamadi310@gmail.com
ahmadz@Uut.ac.ir :aebll, . o\lpl .oyl oKl (xub golio g (5,9LES HEAKEN (g5y9liS 1Sy ( K 58U 095 ¢ Jghume ol 95 A

ous> Ao SN
) wan Gy Jle aie g (ufign mhe OV guame 5 S5 (Agaricus bisporus) laeSs Sy 7,8 o o

oy guly M | (K Shes )8 jaw K5 Ad Siee dge g b peling cisel (slaul

09)’1.9 LS’LM’“ £ gow )l ))SA odlawl _\A.fuﬁ .))‘9 QY&M L ‘5?9) JJ[S ul)L..o &S C)l.‘i O")?)‘i g’*‘”%’ Ao
oSl 0 | jlow (slodygu )3 Ceoglia Sbl el ¢ lus] CooDs 1385 g Cannnj bauza (59l sl 5

S b Lawgs o0 g5 0jy0 9y (2)B0S Cllid (iaghy cnl )3 NS (0 le3 ) ilow cnl S

Orized E)S )5 gy 3)50 o g olSialogl lulys > (St @B jrw S (ilom pogee GEB VEFN /) 2l )6
MR sop 29 (e g Ojg (R o> 0 Slee jl el (Shgd )8 ad) slapadld posle cul S1 vEor Ly 16 S5l U
olyen 4 1) S8 08 5l canlos Glie (piin 050 9y Plinn Vv ald Aol LS ol (S \ruyq n Ly g U
b e pligg Ve S ol SR ECs0 g plao Yor 050 89y sl MFC g MIC culs gl 5 5l 2)LiS1 Go,U

ploe Vooe cdale ) ;5 Bacillus velezensis UTB96 4ygw ade (i85 SL Ol gl (ol 5 ogMe V¥
o530 9y el il (S )8 0o p (i Sl S5 (nl @l Bib (pizren A8 odalie
Shyd @B jow K5 S 3 olend pgow sl (orolio 030l Mg 0 S50 (nj WS lyis 4 o jlgands

A8 oS ols bl Ceodo b b pe slatsins g amecns Sk slasely 1 g bl colbd e g ¢ K5
ShaSs St o liss
.(Agaricus bisporus)

9y 1FF) dgmme wdljien] g (bls (stemte Do (650 i yo ¢ >y fantd (Plo Lsmmdaie (sdge O] ¢ Jlyes Dige (wgld o350 ( ugd D]
el KspalS i pti o S Sogas sy g 2k SIS 5 (AGANICUS DISPOTUS) (S, 8 s S8 slon JiS 5 o3
DOI: https://doi.org/10.22059/ijpps.2026.410315.1007112 ¥$y-yVva (¥) &8

sy © Iyt o815 L] decpo 1 a5
BY NG DOI: https://doi.org/10.22059/ijpps.2026.410315.1007112



mailto:omrany_azad@yahoo.com
https://doi.org/10.22059/ijpps.2026.410315.1007112
https://doi.org/10.22059/ijpps.2026.410315.1007112
https://creativecommons.org/licenses/by-nc/4.0/

1P+ Foog0 6 Lo o g oloxiy 6590 o)) S s LS Gl a4y jdi \iZd

dotio
S ol Jlo ollpp ccsiie Slso ) i prie S (yie 4 og 2 4 pacis Sl g pab b (St clog 8
ped S Kix | pu &S bz )8 (g)bw cuis (Chatterjee et al., 2017) )y il olis w3y 53 o5y 2K
wiie YU o Jto S cloyecS (SiNgh et al., 2017) il b yiuS olas yolipw 53 cpu 4 s ]
Singh ) 55 o) Big) Ll o Cato el 8wt s clog)B Lol GBS s dles l im g aila ¢yl
FovY Jlo > Shod 2,8 o5 VAo v dg0s 0dgi b o)l ons o jlol oy y3T olel o cop ol o J(et @, 2021
225 055 5l o> AD 3935 psizman (FAO, 2021) cawl 03l olaid] 595 4y Jgao 1l a3 o |y e piin 4,
E5 4 s g )l (glain Jate 515l sl Agaricus bisporus ele pb b subw (slaaSs 7,8 & oS Syss
WS 0l 4555505 (oS JgplS 5 az Jo 08 53 9 Mt (63900 Alpel (slasnl g oopmeling g jl (2 555
5 S ol opl o (Cruz et al., 2016) wisl sl codlo (gl sube 4L 1) ie s & lagyB od coge
b Bdos 85l oo S5 J) 36 (g lows «5140S> 58 03250 ¢ STy SagyB G Elie Sl pe slas
WS o Mg (oS e g Mbus (slrduny Ay ool Uslie 3 2,8 opl b e sbwl Trichoderma calisce (sladisS
Lukovic et ) asb oo odnlie JoB yius pdaw 13 gy 40 g 0kal ) 0,5 juw S5y 4 ¢ ol ygml B 4 399 5| o &5
bul (laeS> z)B podine Ay 45 SYMS] Slg¥ o CuvgreS y> Trichoderma slaaisS x yw (%S .(al., 2021
Kredics et ) ui aaled Joase JolS g09b b doyd £l i 5 Slas (ol 4 o g b 3)lge jd oS S
izel S5 gLl Jsano yobo 4 03,h (elnplil 5 ons Jouamo CapisS inlS Cvge cpizman 5391 ) (al., 2021
Micsloss Jelge (Aydogdu et al., 2020) 55 sinlgs pllo (sladigas 4 Comd (5528 b 5 01jg 5 byt )
Cuiligr Cole) (s oren & Kigd o Jie (2] 4 Sl 5 1em (b2 (LSS el agll Siaas g )15 ok
Ol S s i Sln 9 Sleludl dex 1550 sl iS85l eslinul 5 e cuslie (Sgisas dace
CutS 5 ol 4 Cond b LSS sl sl Sl o (Kredics et al., 2022) kg, o jlossas )8 ()90 &)l50 53 (55low
9 OBAS U pas Coodlw dag)B jl LU o504 ¢ 29)Sue dlud oS |y ol dBl iol38l (6)laaS5 )90 > (olis dlge
ol b iS7 B 5 bo S I 03,8 edlaiwl L(Arras & Usai., 2001) i o wags 1y HEass]er slasdl
b ol s pSose 4 Jlod 5 0l dalge 105 b ety bazes 5 sl Ml o] (ol BT Jdoa,
4 Olplo dusgs 515 5l Losasy (Shss @B o) 5 gy Ble 0y50 Liulsdl (BUMt, 2004) ol asbly il33l
2L b puill &5 wlaB)S )3 () 3590 mre ol il sl (Bl lady) 5> (oL Cueal jlemen (sl jguiS
ol bS5 sl s ol cla bl diwly o)y (Liufang et al., 2024) 59, o Hlos 4 Wl o iotee 1 (SO
5SS 050 €9, (Tajkarimi et al., 2010) wlod)S" s> 395 @ 1y (3L 4 > )Buas o Sl jwis (Jlaws]
Ly a B g sl SUid 905 (g egr 9 LSy oS (] wlidipgr oB 0 1 &S canl LS (gla il (5 yrage
0l Jote &5 0jy0 olS (pleord S 5 53 3290 (ol JIb Cunj OLaS 5 Al oo JuolaS g (AW 3bla 5>
opl 4 (Fierascu et al., 2018) aisb oo adeighs ¢ ln Jgib dassgn 5 Joli ciws ol o9 9 Sloyd ¢ So5elgm
st oSl bl 51 035 Ly ol S5 sl 5 el Jses P JsS1olS Jss sy
Sl 0B SiS Aliunls 0 yo o ; g Aliwsl (slao;po S5 1> 5 S5 ek 4 (Mihajilov-Krstev et al., 2009)
il e o gige (SlansS ok 5 Jgesd JoSIals pgpren (S5 1 las ol )18 25 ho > 6 392
9 e dlge dlox I (a0 (258 LS (g9l ol ul S el oMol oAb SIS (ged 9 (yenmilil
OE95 nl ol CS 5 lasingy 51 (S sl 8 gy 203 VF 2900 (ol 5 liamj 00 2l g0 lacymelig
Jral 4 6y9pe adlllae (piz )3 (s89) (ul )3 9290 dusile CluS 5 le3)ST S5 Jo ST, L Jasls 9 ohden)lS
dlge 5l g JB polie Jolis lalS ol uilel &8 ol 5l (Tepe, 2016; Hamidpour, 2014) sloas o)y



YOV K0 9 iwgd / e ! 381 gAgaricus bisporus) ) S T8 jaw S low J S 05500 49y 1 ((ietg s — cole)

Opoxen 2lendgind ladia (55 vy Sllas j3l gla o )3 cusl J9S19)S" 5 Jgous Lile (sioudyl 0,550
Cundty g Al @l g pll ol (g,50008 5 a1 (olss dlon 1 S ool 25 5 (Si5lsm I
3oy 5 el Sinlogy o3y ol Jod sladumwl g uilwl 15 3bj Jg,STe,l8 oyzily s a0 laaigS opl sl osel
4,5 Vel e e 3 3 ol 15 g 03 Cuanl Bl (Slige el (2l (9l o)) o)l i
she 5 pab > 4 ohg 4 g cusl Lamiaceae el odlgls jl 050 .85ldi8,3 )1,8 )15 5 culS 590 (5,0 Oy
Ol ojye €9, (ISMan & Passreiter, 2001) .cul aisly 3,5 aily 5 slic dlgs (6)l0SS > iw jobdy ¢ 548
Rhizoctonia solani Botrytis cinerea ks  als «lislw bzt | ab o 1) 28  5,6us
(655l o j o Lo s 0 Luilul ol (BozZhilyiiK et al., 2015) .l o3l - Lis Phytophthora capsici ,
(BUrt, 2004) 358 o0 guie (olowd o iSE B (LRl sl cuslie Slan S Vb el 9 (6 i 55 G
Culygy 5l 093 3 4 9 CutS g ) 0loj 53 42 T )low SlagyBB J 5SS )3 0550 59y U1 (o) ol nle
sl 4 dx g5 b &S canl b 0 cpl S Wl (6550liS Y guate o 5 (5,805l Lioli8l > (6550 it Llgv e
5 odlis) ) bz 5 Gl cadl o] (il BT 4 s S5 5 olesd (o iSEHB Sl 005
B> sl 1876 &S Wlaly L pa ] Sladllas .ol 48,5 4118 a5 55 3 )50 (LS sla uilul aile b sla oy 55l
Olgie 4 lgien Fimly oo g Oglite 1 pusille s &) it Sotee ) 9 Juiliony 5ol 45 Y+ bl asle
Bekietal., ) 145 8ly 590 Trichoderma sladssS oglio balys o Joltte olbows sla iSs B ol 5k
0 0150 2 42 5 St @B S yiuy 2 A3y 0993 )3 dr (2B g )len S5 3 oy 4 da S cnl (2024
14053 (Shgd )8 Coonl 4y d2gi b S S8 (659l SV gz CudeS g () B 0le Sl 4 Wl oo il
04839350 Jolge (xS S (e lgie 4 o S5 5 jlon )8 aS) > 40 (pimen 9 (20l 9 (alie 8551 Bld 4,
2 oo oal Uy Gl Ve (6135 9 0550 189y Jeiliy adlllas cpl )3 I 0980 Cguie (slaeSy (S)yos )6 My
B )l 3,90 (S )B Canols 2 yglate 4y (ogmmds 42 )3 s (glod) bl Sl g izeed g olSitplol Loyl
Trichoderma (¢s, oslaiwl 3y90 oS 5 Jge cdale 5 (iSo )l Coslds (o =) 15l A5 )l Baos oyl Claal 8,8
Sgs0 = 5 3o S lowr IS (855 050 095 3 gzt S 3l e Y toltiloj] Ll psharzianum
eBalojl bl )3 0550 019y (2,05 Sl Glojen b)) ) Gimgs cnl rgly - Shg B (S g (o8 Cluoguad
68 Cumon g Jpamo (A5 5 o8 sloadls o] Sl o b oled ( STyt @B ixio CutS i izen
Olgisds 0550 9y 3| Jas oolatwl el (63,8 ass 35000 b adllas o) 0L 0 Bacillus velezensis e

jlee wald angbly alojl plosl 5 ey )5S @)B 55 lapiuss 3 1) alosd b iSE)B ) iSuls

93 wliiy )
03l 9390 (o2 SIS SluS 5 g Lpusls g S0

X cow Sk g (sl o8 b sz B jisu eSS | Trichoderma harzianum alas
augS Alyo yols ogge LIS €S 5 Lawgs a5 ) 53 oMl 3y90 850 (45, 15 4xgs NCBI 3 sasicus PX362677
o) Vo bl ol Jll )3 35250 (55 (slo i) 5l sl 0 (B ymo 5 pasitio asbl 3 ] Sge (gl oS o
L Bacillus velezensis UTB96 (¢S .l o odliiiw] cuio aalis lgic a4y o3 5l0i,l8 5 (Jsibios y 9 SSuo 49,
Shyss log B CulS i 3 Ao (S lsicds 45 €AF g0 > 2,155 pb g NCBI 3 CP036527.1 s s S5
Khabaz ) ig, 4 A. biSporus z,B8 SaMs’ g9y g6 opl olpolon b ans ohel <8 b 3l @b o odlatwl
93 3 3uis pl by 2o )3 YA o] ol e s o luiliwl (sla g, wloly .05 ), (JOlfaei et al., 2002
cd)3 pbol (N SitU) 7,8 gxuo cuiS yium g (iN Vitro) aKislejl pdaw



1P+ Foo90 6 Lo i g oloxiy 6590 (/| (S st LS il dy pdid YFA

Bacillus velezensis &gy (=S s 556 cddé J51uo) MBC' g (53,1930 cdadé Jlus) MIC' sz

29 s 590 93 1l Wl g3l il 9,5 (gl b oolitol 45y Sl (b led 903l 51 tale] cal plodl (s

S Lo )3 (389 Clalé (s (¥ (558 Camar oy ()

Lo 5> £35Sy slS olass iylads yskaie &y .5 oslizl Delitto et al., 2011 s, 5 655k Comod (a5 sl
206 b (6503l yregiby xSl olKiwd bawgi (6L clale uw g 4 o 5l atelw Y¥ i Nutrient Broth
PRS2 b a6 S cilies (slaclalé (gL (59) €8 (s Pl (gl A s < /0 F 00 OD 3 ol cmdey
A6l &g 4 Nutrient Agar cuis o (ol syl (650 CSLis )3 pasuin jlide 4y ol ags slacldale
W pll b SelS dlaw i jlows s (6 )@ Gl Y o 9 S
S Bdro 33 gy S (s

2 dprg A SN 3 0500 Eg) pliae Br eV e e Ve Ve glackle b plabaoe ans
O L Sl g g @3 Jorel Slapiaagiy S 1SS dw b Al Cjge 4 S e wrdans lalaoe ples
a5 e b dnsyiy i VF ygmobigSil 51 g 05 5% S bama (59 0k (s Cle b (555, chase
S5k i oo ol S e ;3 (49, 131 4 sald (65 b )] dumlie g cutSlame (g9, 003 alls (sla SglS
.(Jagessar et al., 2008) s asuin caliee slacdale j» ey, 5l Sy
GC-MS gGC slagygnsT il 20350 (95 99 992 90 $1321 g (o o599 30 Wl g [yt

adl dga 5 LS o Sutingly — gy iacd oSy smrs oKl & Ll o) 5 IS5 latigns g 5l o
A5 s ] s o> g olwlis GC-MS § GC (sl yge)l 5l olitnl b ojye 89, 53 39390 SluS 5 = gy
395 & 1y o oy AD-/Y Hlade L (Carvacrol) Jg)S1e,lS cuS 5 g oo odalin pj Jods 0 a5 jobjles
S5l )13 o slmod, [ ZYY/Y L (E-Caryophyllene) o 7va/5 L (Thymol) Joess o)l 51 us ol 031> oliazs|
b olelis o 7%+/\F (Caryophyllene oxide) o 7 +/V# (o-Humulene) <l s 5l Sl polie o pion
23,5 Sl wilel )3 9390 LS )5 51 A0/ 390 g gaxe

GC-MS 5 GC jl osliwl b ojpe (5, p ot olwlis ©luS 5 .Y Joua

Table 1: Compounds identified in savory oil using GC and GC-MS

8 ylowd S (%) woy
Number Component

) Thymol val?
v Carvacrol o-/¥
v E-Caryophyllene A%
Y a-Humulene -
? Caryophyllene oxide A\

Total identified 7aa/a

3l o lojlo 4l 2500 g2 ye il Bl gely S 5) 3 0550 (i) diged (g9 eadplnl (slagygeil
G ) 3l Blhe gk (Seb 3 5 Sy oals Lols cmls cla S & 3 olis mls (o)

1. Minimum Inhibitory Concentration
2. Minimum Bactericidal Concentration



Y2 K0 g iwgo / . il 381 sAgaricus bisporus) ) S T8 o S Glow J5S 0550 (3€9, »] ((istg s — cole)

SOP-RDD-544 3, L digei (ogasce (359 «soS slogygnj] G 13 0 U155 0 (g 925 diged ) 455 5oy
099y bl 1 3 gdul das Ll oud po 3 kil s byl y Lw: &S o] Cawdady + ADF o) e g b (S0l
Jbssl dlais piored )l )3 5 skl Jad BB o3l j0 a8 w5155 9,5 1y KOH 5 Lie+,+ Y ,102.SOP-RDD-500
Loy 9051 (colod ool Josds zulis dy dn g5 b ol s 1y S gl 5l 5 laie SOP-RDD-90L g, b diges (4195 9)

ol 20l 390 S i jl diged g anily )3 5 laskisl e3ga5xe

(Plate assay) 2l 3T sl w4

o S 5 slow Jolo iy 510330 B9 5 il

csly oo plosl (Ve 2 V) ghlSen 5 TiaN 29y &) Jow S5 ()lowr Jolo 0y 32 (U3 5 0550 29y ST 650l
Pllae O Voo Veeo Yoo ¥eon clackle 5 15,5 odliisl PDA cuiS laso b (uilul bYW g, 5l jslate oy
CuiS b by )3 poidee 0 jh8 @ g)B I (alacSiund 5 20,5 Lol cutS bazee 4 Ve () g 0jy0 1)
o 9 035 (S eSSl wgead an ) YO glod )0 (gy0 s SKLis g b oald I8 glate slacdale gqls
Sy 42 ot 5 Ly 10l (5 K05 85 o B 05 (550 &l )8 psess solos 15, el V¥
sald plgie 4 Lo (+1+0) A 35 Jglome (g9l cutS lame b plosl 1S5 ez 5 iulejl cnl ag Jlkdl JolS
(Tian et al., 2001) s dolxe yo5 Jgoy8 jl aiiy (Sa)bjl a9 ud a8 )3 Hlas >

Aald )3 &Sy jlad — (odylojl diges ) Sy jlad

SN,5b sy = o x 100 () abal,

(In situ) Gaio S yuns B33 30 B gilo 3T
1395 T8 Sl s Ll gl 53 Yo U135 9030 B gy P (w2
o S5 (5 low 555 310330 0 256 (I
290l 5 (hagy 28y (8l Ak 0jb (s & ugpadis 2 S VAL YO (slod )3 1l S S (ko Jole )8

B yomol s po pl 5 g 055 Cygo S0l jobdy jaul aei Ul 00l CuiS 59, Ve UV e 4 09 o aslil ]
9 5V Sygo 50 5 b ookl yiegiawgen pY 5l ygel LByled (sl i ookl V- T cfu/mI clale b jew S

Jols yganiluw g s oniluy olgzdd o 4y Clale (B> 90 Gdo 4y Al (3 jed Vor e Gy 50 (43,5 Saudy sl b
wlisee gedale 3 Ve (b1 g 0jye () (e 03,5 Jlosl @pa o 3 il (oo B lise & pidgy SB- aw
B oy s Sjale SB a juw SS (glow Jole )8 ccunss dlsyo o 0 a3 )5 a5 1> b jlewd (gl g 4
9 Jlow o) pllo z)B dals S (mjla)lS g Ul sl iS7HB) Cute dals g Jold calizee clasals dales
(Abdel-Kader et al., 2011) wi 8,5, ;5 (595

T35 T & A Slaogad o8 Shes S aly 50 oEey b (9

PISB e Sl B dgds Colius a4y by SB L acusgueS . 150)S (6 AEY s Cugby g (wgemdus 4> )3 V5
35 sl (23S il gy 55 (RS (slo bl (8 Lol 5 SET a5l S5, 53 pssbess duglh 45, 5 505
3l g8 ely gMasl an Ly JolS” Eoby 51 8 Lo )8 ¢ 2S5 51 (g 59)VA b ool sl g 4y byl jlada

1. Potato Dextrose Agar



1F+Fipgo 8losd yoicds g oliy 6,90 o5y ) (S jod LS il 4y puii YV-

Oles g o p)S [0 CE b Jliowd (g95ly5 5l oalaiwl b bag B 5 50 ¢id9—0d jaed 3 u g BAS Cadldyy A
(SIS (b (59 Bl () yslaieds ad 8 (W) adgl (g plgieds Bged 12 5059 piomen Ad &l )6 5,Shes
059 <59y b b3S | e b (6 )lSS (Jgene dig8d g bame slod) L alKislejl o lulinl baylys cov lndiges
5 sl (g ST s b a8 gy (28l 0oy 35 a5 (Wa) 4l i oy 5 s pSoldl bbaoe lag 6
2oy o) 9 Vo ol 131 (eySeiluil jolate & ad duslme Vev dae 3 Juols s g sl (g 86
Mol oo B 53 ool gt g yjg il Mopd (S 2 )3 3 )Slee Sl pel (S )6 gy slapasls
el [l 5185 aw ) aals Jlos ¥+ (iSe B jlas F) les £ b ol

S yh s e ialejl Agaricus bisporus  S1yes z,8 céb b olie 2bs)) jolaieds 3 y8 (hw (& 3050 310
B A 93 Gl o (gly .ad plosl ) )ST aw j Lutron FR-5120 g i olKiws jl edleiw! b aile gl g0 il
o b b (b £ Selal ainly SISy o 5 a8 csplls JS5 55 5| eges a3 (3O &S 13,8 ey
o3kl 3y90 gy kb e yialofl cpl 3 08,8 plonl 6lis bt ) iy b )8 KoM 2865 il g9 5 olKiwd
(Kredics et al., 2022) 1 48,5 ,la 5 7,8 SaMS 13 g0 Juo O 3985 Bos 5 4l 3 yio Lo ¥ 358 s puo 0lStd

Se il e lide o elel ol b SO 803 5 €l (T bl (550l CodS 15 P CulsS 2L
Qiang et al., 2011) cil, (olais] Jlo 5 o coss b s slag, 3
S boT Jukxd g 4 2

ey b layhges pay ab odlitwl SAS 9.4 l5bla s 5l oo opl 5l odel cunday claodly oo g 4jos (slp
il 8,5 Sygo dopy K Jlais! pdaw b LSD g0l oslizal b b ik awglis 5 2016)Office (Excel ;3!
st S5 S lei] @l 3| sl Jgas sl 15 ol 1S5t 5 o b b ol IS ko B 3 2

g H sbadl
T. harzianum g ¥+ 6193 9030 9y 52 JB00 I

Jole @B 23y g BB (SHoil 51 bl Yo bl g 0jp0 g, 4 ol (s e talejl ) ol gl
Ol gyl e yebay 55 S,k ko iS5 oyl clale ()58l L s T, harzianum e S sjlew
S35k a9 uiS S JolS jsbboas |, T. harzianum wiy acsly cuS )5 90y epl o o Vev v cdale o .cdly
Sl low Jole )8 Job5 psboar sl clale (] )3 0jy0 589y 389y el nli () JSB) dwy 20> Ve &
A5 oy ol g2 Vooe b oplp cuS 5 93 ya 6l (MIC) sy (S5 )ik clale ol wsslcwna gols ool .l
b5 05 e plisia) e e S5 93 0 ECB0 g pl s Yoo v Jobo ol (MFC) oariS clale JBlis « puizmon
o530 > JoS19) 5 (BUIL, 2004) (il )3 sailolisw (LS slayés) aSande lis iy oS (o)
0jp0 &3 paid puingl Luill (2 BB 51wy ,d s > )Bus cld Jgiue (Farzaneh et al., 2015) b jos
Do+ (il opuingl (6l )8 pordune by 31 (S5)lo5L cdale J3las Rhizopus stolonifera g,5 J,x8 5 ol 4
5 o 5,503 555 y>-(Behdad et al., 2013) 15 35 i) 1 sl San Yoo ol 5 0550 sl 5 50 5 sl Sen
N gas 5 il Y guao o lie Y guame 0aiSodgll lag )5 1) jl Wlgi e 05y rgy 4 L3l i o Ken
» (Moskoki et al., 2020) cusl 58" olewd g1 dlge b & L350 4 PB yuised WS 5S> 2y
o’ o)l g sladnd gy bl s > Aspergillus flavus z,8 Llie 5 05y 9y (598 ()8 culled alal, oy
Jolis 2lS hiolon 2Bz p ke JB >Bas Il bjpe £, (Dikbas et al., 2008) cul oiis



YV K0 g (iwgd / e i) 381 gAgaricus bisporus) ) (ST,08 & 5B jaw S8 5 skows J 58 3 0550 €9y 21 (g iy — sale)

ol 5, Botrytis sp. , Phytophthora capsici Fusarium equiseti Rhizoctonia solani Nigrospora oryzae
R. solani ¢ N. oryzae ,» )] 1 cp i g o g, B opl sogelune 13y (S50 cel cilises (slajed j3 il
.(Bozhiiylik et al., 2015) 1> 5 sanliw

Ml 1, Trichoderma harzianum ., el Yoor cdale 0¥ U g 0jpe gy a8 b Lis Lo aalllas
»ly ald slayes, MFC s MIC & o) Ka2 g Angelini adllas 9> Slabss ol b 4l ol a8 o Cabgio
&S Ladins > cpiomen (ANGEING, 2006) Cusl gusod l63)S ynd olie s SS glgil  T. harzianum L ablae
@ 30 59y Ol biws polde cond o,y p Pleurotus sp. z,8 cuss bylys o T harzianum  p gls cé 0 o84,
(Angelini, 2008) cuwl lwso sacdale g boegy YU Jowils odind jlis &S oud oo dog8 JB )lpo
g, b cisllas yous o g} 1> ECs0= 1000 ppm ¢ MFC = 2000 ppm MIC = 2000 ppm ,slie oyl
ol 3o K5 U558 33 S5 o) o 38 (sl 5 50l agh o 012830 ey (ol

Xedathane 20

ppm

500 [f€
&

700
ppm

Trichoderma harzianum ;s S (gjlan J558 5 Ve ob1j 5 050 589y (pligie B0 Feradere¥eeedens ) Giliso clackale Bl wyp Y JSW5

Figure 1. Evaluation of the effect of different concentrations (500, 700, 1000, 2000, and 3000 ppm) of savory
oil and Xedathane 20 on the control of green mold disease caused by T. harzianum.
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Figure 2. Evaluation of the effect of culture media containing 2000 ppm Xedathane 20 and savory oil on the
bacterial population of B. velezensis UTB96 at concentrations of 10”7 and 10®8 CFU/mL.
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Table 1. The effect of savory oil and Xedathane 20 on the growth indices of A. bisporus in industrial

cultivation media
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Figure 2. Diagram of the effect of different treatments on the yield of A. bisporus 23 days after cultivation
of button mushroom in industrial substrate
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Figure 3. Effect of commercial formulations of savory oil and Xedathane 20 on the control of Green

mold disease in the button mushroom (Agaricus bisporus) after treatment.
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