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5 Rl Sl o e 35y 50 LSl Hlade (niden eaias (LIS 55 (Jeid Ol S ke &
A5 iz (alejT ol bt wlal 5 iog FYIVO pg/g FW jluie L ASF Lo o (slew Jole
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asle =)l sla a5 (Stevens et al.,, 1999) wil o 1y low Jole ade 5 2LS

5+ (Benhamou et al., 1998) Js;boliss 5 (Murphy et al., 2000) Solowdlo sl
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Table 1. Treatments in study of peroxidase and phenolic compounds in apple fruit in days 0,
2,4, 6 and 8 after pathogen inoculation
number treatments
P. guilliermondii (A6)- A
Si0.1%- S
P. expansum F1- F
P. guilliermondii (A6) + Si 0.1%- AS
P. expansum F1 + Si 0.1%- FS
P. expansum F1 + P. guilliermondii (A6) + Si 0.1%- ASF
7 Sterile distilled water- w
A= P. guilliermondii(A6); S= 0.1% Si; F= P. expansum (F1); AS= P. guilliermondii(A6)+ 0.1% Si; FS= P. expansum
(F1)+ 0.1% Si; ASF=P. guilliermondii (A6)+ P. expansum (F1)+ 0.1% Si; W= J, juul ,haie I

AN AW -

o lac gl ycia]
s Gl ST sl o ) s & em oflac gl
e 55 ale Jore JhaScams 8L 5l 6,8 G ol plxil 5 7,05 4 Gong et al. (2001)
@y W SIS sl S 4o PHEY) Vao +/+8 Slind il o) L ¥ o T, oo
sl Jbs s 1) alols ygmilig doldl 0T s 4 o lac jI (500 Lbslse s 45 )
Gloo o VB e v g 10 4880 VO Suke 4 Joudy kg S ollwd jo g Jaio o] Lo ¥
ST w3l Sl Gliee sz Saz (295 Dolie 05 ok il gl 4z o
D (6)ISS gl a2 p3 =V (glod (o 55,8 50 9 0l andls

et o 35T elled (i 0 )
Vetter et al., 50 ool (o, wlal p jloaSly o3l cudlad ol (650500l
oo 3l oolaiwl b slawns - byl .ol slxil Gorin & Heidema, (1974) lawgs (1958)
plxil &je0 waw Milton Roy Company- Unterfoehring -Germany ,oog8g mSoul
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'MES 3L yid Lo +/FOY. o0l 4 o,las 5 ) o,See YYIY Jolis 28Ty Lglis
To 1N el 68 s i 9,500 YYIY o 9 pH 0/0 L (Merck ,Darmstadt ,Germany)
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BBl slos jo asdo G oo 4 adli Ve Jolsd L FAO nm o i Jlade &y 0 LIS
gy PS5 shee 32 4B3S 1 55 e ik s o3l Cllad lade .l (6 ol
ol 3l e YWY Jlade 8L MES Jgo /) ags Cgz 0l Lo (AOD /Min./mg. protein)
Sl g NaOH e pH ) oolaul b 1y Joleo pH ol J> jhaie @l jd Lo Veer o

b it 010 (g5 arle S, kS

T Sl e (0]

e og0 j Jol gl poin]

IP sl 6,0 B,k o as i ale 10 o Bge Bl 5l 0 S lade a0
3 ol bglses ais (6,05 ojlac 5 4 SLalS o0 A Jsilie o oo Vo 5 i ool
az )b 4 oo 8l g el 3o oals acdlionilendl g ol ool jaue Vg0 Judo ax L
ojlac 4y g oS Blo g it wopo Ar Joilie yiud (oo du alows Jb p2 9 50 99 Jolo
A Geuty Ol dBB0 O Gl s daBo j0 490 Teo e o ol o)lac Wl ol adlsl sl
sl Al 3 sam Sl gy o el LS S 5 ol b g S g, i
.(Etebarian, 1988) o.&,laeSS (wagmmds az 0 -V slos o g d o Ve o)

S yfilew] Lis slocile 4l Jalro 4y

o 5 e3sm oIS s Jsilie i) oo gty 5 1y Sl el o5 Gl -
o533 b g o 5 i inlesl S5 sle g s Sz Jslowe ol 51 ) oo
ol 5SS e Jeloe 5l it e #1050 a5 ol 4o odiley i) Lo Ve ek O
w‘d 09?5 &_i»..i.gls s.)..a:..u)‘ f)fg)g#A /\’5 P’ ‘&' ‘f’ ‘Yl’ 5Y’ s\’ ‘& %43..3).) dd' LQ dJ9J
.(Etebarian, 1988)

! Morpholino ETHANE sulfonic acid, Monohydrate
2 p- phenylenediamine
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clale )5 Si g P.oguilliermondii jese) AS Jles jo cudled o ias ¢ ais cdaliv
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3,08 3929 (s)lew Jole @18 (55 ale 5l ik g p)lez p9d b j9, y0 S (s
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Table 1. Treatments in study of peroxidase and phenolic compounds in apple
fruit in days 0, 2, 4, 6 and 8 after pathogen inoculation

number treatments
1 P. guilliermondii (A6)- A

Si0.1%- S

P. expansum F1- F

P. guilliermondii (A6) + Si 0.1%- AS

P. expansum F1 + Si.0.1%- FS

P. expansum F1 +P. guilliermondii (A6) + Si 0.1%- ASF

Sterile distilled water- w

aels iz (03] (wll il oas eols ()i S e gy L g e 0 4 plajles o 2 LSS ez sl Jles o
P14 0) cilas 9929 (51 gire Dglis SSls (6]

A= P. guilliermondii (A6); S= 0.1% Si; F= P. expansum (F1); AS= P. guilliermondii (A6)+

0.1% Si; FS=P. expansum (F1)+ 0.1% Si; ASF= P. guilliermondii (A6)+ P. expansum (F1)+

0.1% Si; W=} il jaze ol

NN A W

;o Si g P. guilliermondii A6 jeze b onls jlad slacaw jo Jod SluS 5 jlade
ng/g FW Ll 5o, plo 4 Cod p3o 33, 10 F1 (g e Jole 7,8 4 </ wt/vol clale
adl Sl plis g piie 5 il oo lez Slaje, 40 G 5 aBls ke o i VIV
o Sl 5 hde Sl bl e olosne Dl i 5 pgo sl g, 0 Sa]
Slesd O Goldgme Dl (g5len Jole )8 (55 ale 5l g p0 55, 50 el Bl Se2
;) Si g (P. guilliermondii jeze) A «(+/V/. wt/vol cdale jo Si g jeze) AS slo
Siyles a4 Jod OloS 5 lade (pyien iz e i canline (V) wtivol clale
Sl s ail alS g, 4 Jpb OLSS ke sler gy 0 ol ol
SlaS 5 lade o flien o il G950 by (plaisl S g ASF jles 4y jlade o i
(¥ Jsazr) o oamlie ASF L o jlows slo cops ,o Joid
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Table 3. Peroxidase activity in apple treated with Si and P. guilliermondii (A6) against P.
expansum (F1) in days 0, 2, 4, 6 and 8 after pathogen inoculations

Peroxidase activity (AOD 485 nm/Min/mg Protein)

treatments
8 6 4 2 0
157.1a 116.33a 134.2a 38.55b 24.97a ASF
168.58a 89.81a 65.96b 23.26¢ 12.87b AS
152.24a 83.06a 57.12b 55.6a 5¢ A
145.38a 33.24b 77.8b 60.98a 5.35¢ S
143.84a 86.64a 58.27b 35.62b 0.58d F
128.75a 77.49a 70.83b 26.81bc 14.78b FS
22.31b 20.77b 21.92¢ 19.63a 0.54d \\%

G Al aiz eel ulal il ool ools lis S i By b gt ;o 50 aS ale e o 09 J1SS e hle Jled je

P<+/- D) il 3925 5, Gxe Dglay SSls
A= P. guilliermondii (A6); S= 0.1% Si; F= P. expansum (F1); AS= P. guilliermondii (A6)+ 0.1% Si; FS= P. expansum
(F1)+0.1% Si; ASF=P. guilliermondii (A6)+ P. expansum (F1)+ 0.1% Si; W=}, zul Jlaie o
There were four replicates for each treatment. In each column, the means with the same letter had no significant difference
according to Duncan Multiple Range test (Putrescine 2.5 m/mol<0.05).
A= P. guilliermondii (A6), S= Si 0.1%, F= P. expansum (F1), AS=P. guilliermondii (A6) + Si 0.1%, FS= P. expansum F1
+Si 0.1%, ASF= P. expansum F1 + P. guilliermondii (A6) + Si 0.1%, W= Sterile distilled water.

AS oo gl 0g3 Gl il gl g,y 4 dple Jelse Jlie o lalS

eilSo oy yoges 0l S £l i G 20w, o,k 4 (Benhamou et al., 1998)
codled o iy saume jlis gl (Belanger et al., 1995) ail (el o o oSlow pais
Ok 9 P.guilliermondii (A6) jesee oS 5 L oo jloss 6ld ogun 10 jloweS Ty o 3]
) e g Wl e Sime S oS5 jled ol sy (oo Sl 4 0y pie g, 40
olidss oS o Wl g )lew Jole 7,8 ade ogue 8l o el i a5 all lasSTy,
oz 5l o ol codlad Gl g osSiliw (o8d pis <l 5 (rdizme K00
mM clale L Jb alise 68 s (Qin & Tian., 2005) S o o )lil jlausTy
Golowm Eoud 9 o 3l (6 ,S ol o T rosEUM L S5 aulo 51 L8 50 sl Vo e
canls b3l oo jlews s ogus 4o 5LiS g POD slo oo 5l sl b (6 8 gl ol a5 0
wlo 5l G it 9 g Slo)g, 50 slounSTyy oo 3] cdlad Ll s o (Biet al., 2006)
ol gls wlal 5ol saus APV g New Queen Bl ;o i 5 4y (g )lom Jole 7,8 55
556 oS (Gl ol Cudlad o iin (loj ) (o0 Sl A e K00 S g Bdod
e il a3l lisee Gilie 6] (5> 5 olises oS g5 S g5 s lan Jole
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SLS 5 5 00 o pmsly il n o (eiisS 095 oo ol (Quinin) (yeiessS ol & 5,
el See sl 5 alls IS, ol (6l oggd dwgy jo 45w slml () sl osed
(Campos-Vargas et al., 2002) aiie  ow jlows o>lpo o

A A 09 e 535 e gy )0 Bl 039 S paie (pl QLS 4 axg L
bS5 50 ezed 5 2l @ oSl 2L ate) (o iien Sladod ploxl v e
51l 00 S il blie ;o (rizen 5 o cilisee pB)l (59) p CendsSL Jalge oo
4 Cwglie dbml jo jaie (pl dpy g clie cdale Joax Gelate 4l (g ke Jalse

Ak 65,0 b s len

&lw

Benhamou, N. & Bélanger,R.R. 1998. Benzothiadiazole-mediated induced resistance to
Fusarium oxysporum f. sp. radicis-lycopersici.in tomato. Plant Physiology, 118:1203-
1212.

Bélanger, R. R., Bowen, P. A., Ehret, D. L., & Menzies, J. G. 1995. Soluble silicon: Its
role in crop and disease management of greenhouse crops. Plant Disease. 79:329-336.

Bi, Y., Tian, S.P., Guo, Y.R:, Ge, Y.H. & Qin, G.Z. 2006. Sodium silicate reduces
postharvest decay on Hami melons: Induced resistance and fungistatic effects. Plant
Disease, 90:279-283.

Campos-Vargas, R. & Saltveit, M.E. 2002. Involvement of putative chemical wound
signals in the induction of phenolic metabolism in wounded lettuce. Physiologia
Plantarum, 114:73-84.

Chérif, M., Asselin, A., & Bélanger, R. R. 1994. Defense responses induced by soluble
silicon in cucumber roots infected by Pythium spp. Phytopathology, 84, 236-242.

El-Ghaouth, A., Wilson, C. L., & Wisniewski, M. 1998. Ultrastructural and cytochemical
aspects of the biological control of Botrytis cinerea by Candida saitoana in apple
fruit. Phytopathology, 88: 282-291.

Epstein, E. 1999. Silicon. Annual Review of Plant Physiological Molecular Biology, 50:
641-64.

Etebarian, H. R. 1988. Evaluation of quantity changes in phenolic compound in races of
barley during growth of Puccinia hordei, and their relation with the resistance of these
races to leaf rust of barley. Iranian Journal of plant pathology, 24: 61-67 (In Persian).

Etebarian, H.R., Sholberg, P.L., Eastwell, K.C., Sayler, R.J. 2005. Biological control of
apple blue mold with Pseudomonas fluorescens. Canadian Journal of Microbiology,
51:591-598.


www.sid.ir

VWA 5l ¥ ojled pges als o S0l S AN

Ghasemi, R. 2010. Studies on Biological Control of Blue and Grean Mold of Orange
with Some Yesats and Antagonism Mechanisms Involved. MSc thesis. Aboureihan
Campus, University of Tehran. (In Persian).

Gholamnejad, J., Etebarian, H.R. & Sahebani, N. 2010. Biological control of apple blue
mold with Candida membranifaciens and Rhodotorula mucilaginosa. African Journal
of Food Science, 4: 001-007

Gong, Y., Toivonen, M.A., Lau, O.L. & Wiersma, A. 2001. Antioxidant system level in
Braeburn apple is related to its browing disorder. Botanical Bulletin of Academic
Sinica, 42:259-264.

Gorin, N., & Heidema, F.T. 1976. Proxidase activity in Golden Delicious apples as a
possible parameter of ripening and senescence. Journal of Agricultural and Food
Chemistry, 24: 200-201

Murphy, A.M., Holcombe, L.J. & Carr, J.P. 2000. Characteristics of salicylic acid-
induced delay in disease caused by a necrotrophic fungal pathogen in tobacco.
Physiological Molecular Plant Pathology, 57:47-54.

Qin, G.Z. & Tian, S.P. 2005. Enhancement of biocontrol activity of Cryptococcus
laurentii by silicon and the possible mechanisms involved. Phytopathology, 95:69-75.

Stevens, C., Khan, V. A., Lu, J. Y., Wilson, C. L., Chalutz, E., Droby, S., Kabwe, M. K.,
Haung, Z., Adeyeye, O., Pusey, L. P., & Tang, A. Y. A. 1999. Induced resistance of
sweet potato to Fusarium root rot by UV-C hormesis. Crop Protection, 18: 463-470.

Vetter, J.L., Steinoerg, M.P. Nelson, A. 1958. Quantitative determination of Proxidase in
sweet corn. Journal of Agricultural and Food Chemistry, 6:39-41.


www.sid.ir

— S
Plant Protection Journal
2011, 3 (3): 223 - 233

ST

Defense responses of apple treated with the yeast Pichia
guilliermondii and silicon against Penicillium expansum

Leila FARAHANI
Young Researchers Club, Arak Branch, Islamic Azad University, Arak, Iran
(Corresponding author, E-mail: Lfarahani@alumni.ut.ac.ir)

Hassan Reza ETEBARIAN
Abureihan Campus, University of Tehran, Tehran, Iran

Abstract

In this study variation of Peroxidase activity and phenolic compounds were
studied after treating with Pichia guilliermondii (A6) and silicon (Si) and
inoculation with Penicillium expansum (F1). The samples were taken in zero,
second, fourth, sixth and eighth days after pathogen inoculation. The results
showed that Peroxidase activity increased during these days and achieved the
highest activity in sixth and eighth days. These results indicated that the phenolic
compounds were in maximum amount in the second day after pathogen
inoculation. These findings-emphasized that increase in peroxidase activity and
phenolic compounds could be the reason for induction of resistance in apple
fruits.
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