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Abstract

Introduction: Sclerotinia sclerotiorum is the causal agent of white rot in aerial parts of

a wide range of plants. The aim of this study was to compare the reaction of living

tissue of Indian mustard leaves on the growth of this fungus under open and closed leaf

stomata conditions. Materials and Methods: The pure isolate of the fungus was
prepared by the hyphal-tip method on water-agar medium. An experiment was
conducted in a fully randomized design with four treatments. The formation of fungal
growth inhibiting compounds in the leaf tissue of all treatments was examined using

GC-MS.

Results: Analysis of variance of the experimental data showed that the diameter of the

fungal colony was significantly smaller in the treatment with open leaf stomata than in

the other treatments. Gas chromatography data analysis showed that 1-propene-3-
isothiocyanate as a volatile compound inhibits fungal growth in this treatment.

Conclusion: The production of the volatile allyl isothiocyanate compound in Indian

mustard leaf inhibits the growth of S. sclerotiorum.

Key words: Indian mustard, Isothiocyanate, Sclerotinia , Stomata

D41 Corresponding author:faterahimi@gamil.com

28


mailto:faterahimi@gamil.com
http://dx.doi.org/10.52547/pps.9.2.28
https://dor.isc.ac/dor/20.1001.1.22519270.1399.9.2.2.2
http://yujs.yu.ac.ir/pps/article-1-293-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22519270.1399.9.2.2.2 ]

[ DOI: 10.52547/pps.9.2.28 ]

WA bl 5 5l ¥ alr o Jls LS (bt len Rl
Plant Pathology Science V0l.9(2), 2020

g allie
Sop Jo 5 S 4o Sclerotinia sclerotiorum wis y susls 3 o bwlbcds

R ENRNS T IESVITASIVE PESE T INESPNAE
5 Jlb s g ol Dliions dungo -V (lonind) (7o) pas (g oBetils (( SB5elS 095 )
2uSilo-Y ) by laalls Slihod S e 55y5liS @y 5 Shisel Slikes sl s
o1 olSily ¢ o 0aSiils =¥ L)l 05 Cladon 5 pgle axly codlwl ol5l olBisls «g 5 5l
S5 Dligins 5 pole ooy Lol
A& VARYER EEWETRY AR YRR WA I ST S
Sy sa sl alwlis (179 O Sz Y oo Slod, i pslam, b o>,
S ol e il Lo Jo,— > 5, s Sclerotinia sclerotiorum
.DOI:10.2982/PPS.9.2.28. FA-Y&#:(Y)A
oS

3 g el olse slaciand waw (Saws Jele Sclerotinia sclerotiorum gz ,18 :aoadio
ol el pgaie o, S pons; b o STy anolas (g ol 5l Bas Ll LS
d) S Sy 4 2B Sl Al wlar i gy 9 0lge g a5 5L slaaiss; Ll o 2,6

JSid ol plxl Jlad Jle b (Bolai MalS 7 b (B (o &Lnﬂ ._xio)fa\,,.@;)lﬂ ;’,Thﬁmds)
Al ey 3 GC-MS oo L Lo jlos dod S5 &8l (0 7,8 0l oaiyloslh slocuS 5

S5k ladizg, b jless jo 7,8 a5,y ,had as ols i Giolejl sleesls il lg 4y :basdly
Ols=e 4 1) «Dllawgeis -V ing n Ve s38 (S 5los,S Cowl (nplos 5l 7S (g)lo gme jsbo
T8 S5 cnl adgs remSammds o8 ololis e cnl ,o B ad; e losl 2 oS s

Db o S sclerotiorum z )8 o, 5l wile g Jo,5 Sy 0 Sllewgagy!

439, « Sclerotinia «llawssgnl (saa Jo,5 1gauds o jlg

Introduction EPRV
el LS L Sbhgcds o, 3l el)y oS S Brassica juncea (L.) Czern. guin o>
o 9 9 929 0 (ul GlakS yo a5 Cewl Jlaie s 90595 gl Sodglie (Y595 oIS
oSl Judody a5T slaes 5 (Dixon 2007) oei co 2SS o5 Lo san ol Sk

I Lussme a3l (oyme ;5 Vs ;65 k5 Al co 053y 4 coas] 2 alwgas (e Jolos

D4 faterahimi@gamil.com

29


https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/w/index.php?title=Vassili%C4%AD_Matveievitch_Czernajew&action=edit&redlink=1
mailto:faterahimi@gamil.com
mailto:faterahimi@gamil.com
http://dx.doi.org/10.52547/pps.9.2.28
https://dor.isc.ac/dor/20.1001.1.22519270.1399.9.2.2.2
http://yujs.yu.ac.ir/pps/article-1-293-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22519270.1399.9.2.2.2 ]

[ DOI: 10.52547/pps.9.2.28 ]

o Ked § cou s Jo,> 5 s Sclerotinia sclerotiorum as; oasjlsjb ololes
Plant Pathology Science V0l.9(2), 2020

@ b e gl 5 kiblwssisnl delblws wile SlweS 5 SVsh3055l5 4520 5l 005 o0
ade Slbliwgsgn! iS5 can; cullad Sg5L (Wittstock and Halkier 2002) ol oo 9959
oeine ST 50 Sl oald ASLLD el f g peiene Sl g9 93 4 jeia (2B sla S e
el SYsame JS5 gl bmpl 5 bomdsn b ndilps 5 olaislne Sllssss
(Brader et al. 2006) wS o b pué | bag 3T bl & Sllewsionl el ply .oms oo 25T
COlSOl Slady ol ool ST oo LS b Joke (55, Sllawgigp! awiies pné 3l
eS| Caglia glis 53 logase alS glis oams JuSew HT5ke alimgas (Y5308 5l5
ean porns 0, p Sllwssgnl (Truman et al. 2010) ws olel Pl Soinw
, Warmington and Rahmanpour et al. 2008) <ol azils o 1 2L 5w bz,

. (Clarkson 2016
Slgond plo g aBle obw Sawws Jele a5 Sclerotinia sclerotiorum (Lib.) de Bary ¢z,
Gllize b oYU 6,55l s, KT 5 VoS alex 5l Gl 5l oy aals olsn
a5 08 oo g SJIST asile T glansl g 03,5 ay (al)T ey (15 Aol 5o 5 0)ls alizee
Jobo o)l920 0aiiS 125 slog T adg Lame ad (Guml b (raizmed (S (so suml | Jazme
5 @B Gle 2138 dlge ad ol 5 (BLS L (05 p el a5 Ll ke Loyl Ko
SIIST awwl (Hegedus et al. 2016) 50,5 co £9,d Wgds oo diiBrw LSl adgs Colgd yo
Sladsbo 1 aY g U an b a5 ol sk o)l (S olge 5 S (90 02008 sl
=SSt b sladiss Sty Gl (Swloil g opdoe ol 1) 2,8 sloans; ol Gl
Jo b sledls I 6,88d> 5 ag, sl ok 5 0 P! (Williams et al. 2011)
5 oo | qwyp gk pl 3l Bas (Yoruk and Marshall 2003) s4i o LS sl jlas]
=l JBgle Glye 4 Sllawgsanb sl o meOVo 35S s Josly (05 (ateie

.59 Sclerotionia sclerotiorum z 8 ol g9, o Jo,>

Materials and Methods L 59y 9 dlgo
Brassica juncea var. Cutlass oLS ¢ z,0 alos 535S
Jose ;9 5 9b as 755 )0 5 JW 4t 5 Lol Dliind dnge (5SS 5l arie sladiges

ool 5550 aslaz S 2Bisle)l e ples sl ol (5 )l ugmnds 4> )0 Sz les 4o

s 75 N 9 JW 4 9 ol wladss awewse I Brassica. j var. Cutlass ,& .cé,5 |13

30


https://en.wikipedia.org/wiki/Lib.
https://en.wikipedia.org/wiki/Heinrich_Anton_de_Bary
http://dx.doi.org/10.52547/pps.9.2.28
https://dor.isc.ac/dor/20.1001.1.22519270.1399.9.2.2.2
http://yujs.yu.ac.ir/pps/article-1-293-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22519270.1399.9.2.2.2 ]

[ DOI: 10.52547/pps.9.2.28 ]

WA bl 5 5l ¥ alr o Jls LS (bt len Rl
Plant Pathology Science V0l.9(2), 2020

Foghee VF s jla8 b (Seadl slaplalS (9,0 5 AlS 0 cllS pslaieds plalS g o
39 9 grmabi 423 TO B V- (glos )0 olo du D (S iyl 10pd o L) bogliie ST (g4l
— 39 S D — it jaw S L 51 (Rahmanpour et al. 2008) wols (6,lS b 59,
il 00lel PDA S lase 5l jelaie opl (sl o oolaul 7,8 (s5lulas <> (PDA) KT
& do,y0 00 gl ol b ol bvaises Lo 5 solaiwl jd 10 0,5 YA ol a4 Merck oS,
shie O L 4885 dw Goe @ plaS 1o Al 1o du )0 o B50D  Sghedd 48 b B aw Do
Gsilr g 35 15 45 5 wd S Sl dlo Kl aliws 4 olST .aad sols gaiud
0358 clrpgale 45 (K5, dhes Ceand | g 05 i 5 aleds 5 JSII L oad Jsaeas >l
595 ez 3l dm o 00ls 18 T s laome bag 50 e jabay il oo g8
Cawd a4 padacs 1 095 o, b clS oo o S50 5 uguends a0 YO slos jo ols 0l
aty oz 5l esliiul b s, <t lae il ooy 4 lapgiacs 45 (g ygbay el
blyd cod wae bae o 65y (28 sleaS n ad 6w lacSians (ST g
.(Rahmanpour et al. 2008) o ools 1,3 L3

G Jo,5 Syl (59, gyl Wy (w2

Brassica.j var. lawgie 5 o0e iz g ad ool [ 3 seb e blo &l ciS laxe )0 (g9,
S B8l gy o eols 18 ilo A8l (g, g 0l 48,5 ] S 55,5 ¢ ates Cutlass
Sl S5 aw g ol SelS b LB s b ialesT ot sl S 1 (55, S S o5 iz
PDA L 5l glail> L5 amls lsie ay Jsl jlasd s bols ialo] gl lows 0 ploxil Loy o
055 $9) PDA Lo ;5 7,8 0j5; Jz (ogbuns ail> pgo jlod jo w285 18 S 5 (s,
2 1P Sl b gy lp L) USE) ab ool S (sl L sladis, Lulpd g ok edls 8
S 599 28,5 LB PDA il s pod) oS (59, pom Jlerd )0 s sladiyy, Ll
23 sled 90 2 50 9 KT I8 e S 69, @B 0j9, Lz seslees Al o)l
3,90 Cato g0 dylews o (Cessna et al. 2000) wos oy mble 8L L LS 5 maw s
2B S e 9 PDA oS e (55, 5 )6 a5y 58 (5050l gl (285 )13 L)
el A a5 SPSS 5810 5 51 oslicil by g bl slosaliT s (6,50 il Wl 5 oy 51 65,

2555 s YNY ST 51 onliisl b by S 5 o

31


http://dx.doi.org/10.52547/pps.9.2.28
https://dor.isc.ac/dor/20.1001.1.22519270.1399.9.2.2.2
http://yujs.yu.ac.ir/pps/article-1-293-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22519270.1399.9.2.2.2 ]

[ DOI: 10.52547/pps.9.2.28 ]

o) 5 sou, s Jo,> 5 s Sclerotinia sclerotiorum as; oasjlsjb ololes
Plant Pathology Science V0l.9(2), 2020

—_—

Brassica juncea var. Cutlasss ,; 54, Sclerotinia sclerotiorum g luco dal> .y J5C&

Figure 1. Sclerotinia sclreotiorum fungal mycelium plug on B. j var. Cutlass leaf

017 T b gy 4 (555 (31,5 9ileg 5
oaim STy (slaJySge 4500l B 03,5 (g, el Wiy o loondigm a2l J5SU5e iz
ol5iws 4 jpome HP-6890 (555 81,5 gileg,S olfiws 050 (aseine o] Sleogas 5 ool lax
Ve oolol b (GlaS ol e (g0- Juid 0o j0 8) HP-5MS g1 g HP-5973 & >  oxiw 2l
2o, 19/299 poude .28 )3 118 colasiwl 0y50 /YT ould oodigy 4Y Hhad (e Jo /YO gy
Gled 5 wgmdis a0 YO+ 5,5 slos (00,8 colazul MI/MIn G ey U ol 55 lgae
Sl gleg,S Cledbl .cd) YL dx o i Gl 4 dS Oy ugaede 4z 0 £ lal jo jeiw

S i sl Chromatography Data System Validator Lwgs oiws l38le 5 50 39250
0 plil 3 s a4 IS >l e (Brown 1996) g oo o, JIS Axxiom Chromatography
Jass o Sl S i syl oo 005l Saei il sl o el il oS g ke
A885 (0,90 Feee aiBo 003l Do lp g aag |y Bk Oy ol adlal dg) @ eal yudads
CH2Clz ;o Lo cuan .o a8lsl Joloe a4 ((Yge +/+)) CaCly d Lo 50 0505 5o sl
03) o i $9) Sl 4 A VO Doy e 9 03,8 5L 1) BJb s ad adlol dlg) o
508 59lae (YL aY) JT Y 0l jeuis yile diBs 1o j0 Frv v aiBo id Gde 4y 0
Sae gl g ol ailoy Bk Oyl adlal NazSOs p,5 +/F .l cols )13 S>85 B )b o
3 eolaiul b ddiges .ol palie liog S g0 a0 B,k o aS 0l Cds o S cele SO
(Brown et al. ) o sl o35 31,5 g5lg,S oKiws 4 (Teflon, PP.45 M) oliws  sbo g

2 yolo 8 GBS sles S )8 Sla s T al> e 50 1996

32


http://dx.doi.org/10.52547/pps.9.2.28
https://dor.isc.ac/dor/20.1001.1.22519270.1399.9.2.2.2
http://yujs.yu.ac.ir/pps/article-1-293-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22519270.1399.9.2.2.2 ]

[ DOI: 10.52547/pps.9.2.28 ]

WA bl 5 5l ¥ alr o Jls LS (bt len Rl
Plant Pathology Science V0l.9(2), 2020

Results basl
O Sy (59, 0 g8 a8 aly yo byl )..JL’ as ol las iolesl slasols il lg a5
W Slaaiys, b oy Sy 6y @ a5 n 0d; oS5 anslie 0 aiee K0S b (g o g

SV USE) 090 0m8hl g 5L sy, b slaS 5l ieS L
Obes 5 SlslE a8 wiad Qlulid oS 5 ¥ ez riecib s & 63 STl ,S L
Sy &5 Sllawgignl -Y o -V wozge Sllwgsnl Gl o 5l g ails bz o)losk
[+ Slgld g ands VIVY glosl pley a5 il olulis So gl o Sllewsag ! LI

s lolid Lol Sy olsie 4 a5 55 ol Slasis 51 (MAU)

Discussion =y
Ay Cawgrgy § Scwgy O § S 0 detl Siwgy 4,54 Sclerotinia sclerotioum 6
zoy ST Jlb glaaisS 5 SIS sl 5 Ik ol eaiSay i sl 5 WS o
St b 4 (e sl Jols axs jo 35 oLS (Guimaraes and Stotz 2004) sgis o
o Jl 5o olo las laadly o5l o0 g3lule) lilugeisnl 5 00,5 algi SY5n 5656l g 5l 5900

L alin 3 CutS dame g)l5 451 b ol 19,000 VL Sl sl lime S5 Lo

B Colony diameter on petri
. B Colony diameter on the leaves
0 -

Mycelium ~ Paraffin + PDA  Paraffin + Mycelium

I
w
L

[\ ¥
L

Fungal Growth (centimeter)
=
== wu
1 1

o
w
|

Treatments
b9 dis laasys, Ll coo Sclerotinia sclerotioum z,8 48, ol awlas .V o

. Brassica juncea var. Cutlass 5 .,

Figure 2. Comparison of Sclerotinia sclerotiorum colony growth on open and closed
stomata leaf of Brassica juncea var. Cutlass.

33


http://dx.doi.org/10.52547/pps.9.2.28
https://dor.isc.ac/dor/20.1001.1.22519270.1399.9.2.2.2
http://yujs.yu.ac.ir/pps/article-1-293-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22519270.1399.9.2.2.2 ]

[ DOI: 10.52547/pps.9.2.28 ]

o Ked § cou s Jo,> 5 s Sclerotinia sclerotiorum as; oasjlsjb ololes
Plant Pathology Science V0l.9(2), 2020

Sl yga> ;o laaije, (Guimaraes and Stotz 2004) 5.5 o ype Sl @ 18 LS 5
Cessna et ) 593 oo 9lsi (5 50ie Sllwgiisnl § 9,55 o0 o8 & KT Jolsd 5 00l o520 SIS
A Y0565 o8 o 58 Y gamme a5 lillawgs ¢ b b s decllasgssgy! L@l 2000
oy s b sl )5 35S Jlab (slotisT 055 b olyad i, o diy el
(Ca ") pudS Cllog 9 Joho J3lo S5t Jld slodisS mozs SHAM & wlus

Gj9) oo B Wgd co pmmnn gowl,] Jow ol o ST G s og5 ¢ (Hossain et al. 2013)

Lyl,s o (Khokon et al. 2011) sgi lag B 4 aos g Ol (ols casd 5l g ©05S ju 4 ymie
T8 k8 09,00 YL Sllwasonl odgs Ol 5 ilew alox @850 a5 Cle (nl 4 L slaasjy,
i 5 ool ogalans ail> a8 Sloj 5 oS o oy 2lS sali b duglie jo cutS Lo
sldijs, kuls o z,B saS b, (Guimaraes and Stotz 2004) sei co yin Sllawgsg !
Williams et al. ) 05 o 7,5 Sblawgign! aiil 5L ladisg, a5 adge a5 ol o cde & 5L
. (2011

Conclusion S oS Az
adol U=l 5 S glaaiyy; 5load gilule, Sllawsdsnl =Y cnon -V D3 oS5 Wy
oo YglS a8l oihw Sows sl Jele Sclerotinia sclerotioum z,6 4  Sodl
0lS Asu (p ) 50 Lile Glyiedy Vo0 S kS 09 o0 @) dxwg g w5l (Swijlosly
P eSSl S Jee S len 390 plp 0 oS Sediee (B slis g5l sbml by
s, S 5o Sezee V56595 5l B bodn, oled 5l G 5 ke B a3, o ylssl

ol 030] D995 (GO

References &b

1. Ahuja I, De Vos R C, Rohloff J, (2016) Arabidopsis myrosinases link the
glucosinolate-myrosinase system and the cuticle. Scientific Reports 66:1-14.

2. Brader G Mikkelsen, M D, Halkier B A, Tapio Palva E (2006) Altering glucosinolate
profiles modulates disease resistance in plants. The Plant Journal 46:758-767.

3. Brown P D, Morra M J (1996) Hydrolysis products of glucosinolates in Brassica
napus tissues as inhibitors of seed germination. Plant and Soil 181:307-316.

34


http://dx.doi.org/10.52547/pps.9.2.28
https://dor.isc.ac/dor/20.1001.1.22519270.1399.9.2.2.2
http://yujs.yu.ac.ir/pps/article-1-293-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22519270.1399.9.2.2.2 ]

[ DOI: 10.52547/pps.9.2.28 ]

WA bl 5 5l ¥ alr o Jls LS (bt len Rl
Plant Pathology Science V0l.9(2), 2020

4. Brown P D, Morra M J, McCaffrey J P, Auld D L, Williams L (1991)
Allelochemicals produced during glucosinolate degradation in soil. Journal of
Chemical Ecology 17:2021-2034.

5. Brown P D, Tokuhisa J G, Reichelt M, Gershenzon J (2003) Variation of
glucosinolate accumulation among different organs and developmental stages of
Arabidopsis thaliana. Phytochemistry 62:471-481.

6. Cessna S G, Sears V E, Dickman M B, Low P S (2000) Oxalic acid, a pathogenicity
factor for Sclerotinia sclerotiorum, suppresses the oxidative burst of the host
plant. The Plant Cell 12:2191-2199.

7. Dixon G R (2007) Vegetable Brassicas and Related Crucifers (No. 14). CABI, 327p.

8. Fahey J W, Zalcmann A T, Talalay P (2001) The chemical diversity and distribution
of glucosinolates and isothiocyanates among plants. Phytochemistry 56:5-51.

9. Guimaraes R L, Stotz H U (2004) Oxalate production by Sclerotinia sclerotiorum
deregulates guard cells during infection. Plant Physiology 136:3703-3711.

10. Hegedus D D, Rimmer S R (2005) Sclerotinia sclerotiorum: when “to be or not to
be” a pathogen? FEMS Microbiology Letters 251:177-84

11. Hegedus D D, Gerbrandt K, Coutu C (2016) The eukaryotic protein kinase
superfamily  of the necrotrophic  fungal plant  pathogen, Sclerotinia
sclerotiorum. Molecular Plant Pathology 17:634-647.

12. Hossain M S, Ye W, Hossain M A Okuma E, Uraji M, Nakamura Y, Murata, Y
(2013) Glucosinolate degradation products, isothiocyanates, nitriles, and
thiocyanates, induce stomatal closure accompanied by peroxidase-mediated reactive
oxygen species production in Arabidopsis thaliana. Bioscience, biotechnology, and
biochemistry 120928.

13. Khokon M A R, Jahan M S (2011) Allyl isothiocyanate (AITC) induces stomatal
closure in Arabidopsis. Plant, Cell & Environment 34:1900-1906.

14, Rahmanpour S, Backhouse D, Nonhebel H M (2008) Studies on the role of the
glucosinolate-myrosinase system resistance of oilseed rape to Sclerotinia
sclerotiorum, Ph.D. Thesis, University of New England, Australia.

15. Rahmanpour S, Backhouse D, Nonhebel H M (2010) Reaction of glucosinolate-
myrosinase defence system in Brassica plants to pathogenicity factor of Sclerotinia
sclerotiorum. European Journal of Plant Pathology 128:429-433.

16.Redovnikovic I R, Glivetic T, Vorkapic-Furac J (2008) Glucosinolates and their
potential role in the ant. Periodical Biologorum 110:297-3009.

17. Rollins J A, Dickman M B (2001) pH signaling in Sclerotinia sclerotiorum:
identification of a pacC/RIM1 homolog. Applied and Environmental Microbiology
67:75-81.

18. Stotz, H U, Sawada Y, Shimada Y, Hirai, M Y, Sasaki E, Krischke M, Kamiya
Y (2011) Role of camalexin, indole glucosinolates, and side-chain modification of
glucosinolate-derived isothiocyanates in defense of Arabidopsis against Sclerotinia
sclerotiorum. The Plant Journal 67:81-93.

35


http://dx.doi.org/10.52547/pps.9.2.28
https://dor.isc.ac/dor/20.1001.1.22519270.1399.9.2.2.2
http://yujs.yu.ac.ir/pps/article-1-293-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-19 ]

[ DOR: 20.1001.1.22519270.1399.9.2.2.2 ]

[ DOI: 10.52547/pps.9.2.28 ]

o Ked § cou s Jo,> 5 s Sclerotinia sclerotiorum as; oasjlsjb ololes
Plant Pathology Science V0l.9(2), 2020

19. Tholl D, Boland W, Hansel A, Loreto F, Rose U S R, Schnitzler J (2006) Practical
approaches to plant volatile analysis. The Plant Journal 45:540-560.

20. Truman W M, Bennett M H, Trumbull C G, Grant M R (2010) Arabidopsis
auxin mutants are compromised in systemic acquired resistance and exhibit aberrant
accumulation of various indolic compounds. Plant Physiology 152:1562-1573.

21.  Warmington R, Clarkson J P (2016) Volatiles from biofumigant plants has a
direct effect on carpogenic germination of sclerotia and mycelial growth
of Sclerotinia sclerotiorum. Plant and Soil 401:213-229.

22.  Williams B, Kabbage M, Kim H J, Britt R, Dickman M B (2011) Tipping the
balance sclerotinia sclerotiorum secreted oxalic acid suppresses host defenses by
manipulation of the host redox environment. PLoS Pathogens 1002107

23.  Wittstock U, Halkier B A (2002) Glucosinolate research in the Arabidopsis era.
Trends in Plant Science 7:263-270.

24.  Xu L, Li G, Jiang D, Chen W (2018) Sclerotinia sclerotiorum: an evaluation of
virulence theories. Annual Review of Phytopathology 56:311-338.

25.  Yoruk R, Marshall M R (2003) A survey on the potential mode of inhibition for
oxalic acid on polyphenol oxidase. Journal of Food Science 68:2479-2485.

26. Sziics Z, Plaszko T, Cziaky Z, Kiss-Szikszai A, Emri T, Bertoti R, Gonda S (2018).
Endophytic fungi from the roots of horseradish (Armoracia rusticana) and their
interactions with the defensive metabolites of the glucosinolate-myrosinase-
isothiocyanate system. BMC Plant Biology 18:85.

36


http://dx.doi.org/10.52547/pps.9.2.28
https://dor.isc.ac/dor/20.1001.1.22519270.1399.9.2.2.2
http://yujs.yu.ac.ir/pps/article-1-293-en.html
http://www.tcpdf.org

