s Al

10.22092/ijfpr.2020.121960  :(DOI) Jlizms anlis Ol o s SR Slidios ale 4y
98.1000/1735-0883.1399.28.3.80.2.1578.41  :(DOR) Jluzss aulis (VFA4) AYV=VFA amio ¥ ojlad YA s

93ky18 S Jlgigi 30 Kis 4 cwglio il 331 5 0396 9 B 30 9w Wb
(Quercus infectoria Oliv.)

f snoekes ol T il b el I S e & s S ool
Ol ) g5l o8l aed lie 5 (6355l waSils (g ls S 058 catyl gl IS wis sl s
n.seyedi@urmia.ac.ir : Sy xS oy o1l cane gl ol&sils (and el 5 oskes sasasls (3 55 B Oboliad J gt sty 5 =Y
Ol e sl e s ) o8ty (anb gl s sosles s aSdls «(5ls IS 058 s luutils =¥
Ol ctn ] sl o8l o she suSitils (pelidianss o5 8 lutils =¥

VAR YNV 1t sl AR/ A/YY rdl s b

oS

ol e s oS ﬁ\‘ oot R 03l e B ((Sas a5 4 Gl Caslie (s oSl
St b e ools) IS ol 51 Wl it s (Quercus infectoria Oliv.) y3lls sballgs » (Ss
sl LSS aw s ol oS g8k b JosSB 2 b LG s i) e N0t Jie age gl ol 4 ol e
O i) e Gachle b Hls iy O son 05350 5 wlscw s gy 900 0 5ekmdeSlsa b izl s bllg s s 8
i Jols pha a5y (Sas A5 e N ol 505 e Ssan ol e B L s (i) ) P PRL.UPATE
Jes » (ela) el s b Wl el 5 (g i) sl e b as,s 00 Wl Golal s L2s) ol
5 s A S A e 2 08l B8 Bt D31 AS o L s s el 5, VY e sl i e
7 oS g5 L S o iz Ol 31 ol pae bl sy Sls gae BIlg s e 5 oads Sl 5 o sShe clale
Sl bl s piise el i s S Sl 3151 S At sl oy ke Ja o S clle b Sas s
2 Gl sra ;«L (i ol i byl e ps b o S Dles Jlasl Ko Sl gre S sl ae ke 5 2,
e i andl it samline 053 50 5 s s oy Sidaw 5l oslazad b3l (o)lo sme ol Lol icazls s 5 Slade zalS
e 00 cBlE 55 0,350 5 wilscii ;s by S Jlasl ((Sas was i Ll e 5o M sba sy gi 5350 clls s
ey ol Sas s ol 5o slels ladlg s Jess cusls 1 s f;

5o il lacaa! 5 b K ) 5l aas ool e e doddio
» K 2l cbﬂ sS4 Vb owe b S JSCL“;\ aos Foospam 815 sla Sn

e S s 5o i e s o) O abiy 2 ot S 5 eols olanil s gia | 58 S K
ol ol 5> (Sagheb Talebi e al., 2014) cul sac S e ) Syl cBlim 5 Tsas] iow wol ool



o3 sl wlsed s o S 50

o5l 53 Jolos i 5 s Ol (2l 4 2
.(Shariat et al., 2010) .z (Eucalyptus occidentalis)

(Sas e Jlae s pblS S5l Sy Sa
Wl &S ol s, 4 plaws Wlosls Sll 3 coanl
Sl Fpge s (RPN il oblS eyl
oS cuoslie o sSbee Cute 5b 535 4l (Sacala, 2009)
o 9 Lo o (558 (Setis 5le smte o 25 Hl 5 5o
FCW IV V- PV K SPI PORIK SIS CVICA JIE
& Coed LS OS5l Bl Gl ol 50l el iy
Liang ef ) el (3 28 S o 0ii) i 5 o) b i
kit 35 e 48 ek s 4 5sSee al., 2005
s Ul ol 5 85 e S5 0 ek ]
©3) Al sad 3pdome 58] 5000 93 4 ol L)
Ak 558k (S J o 53 (8102 10 Sl 108160)
i oS 55 5 (SI(OH)) Koo &5 504
Epstein, ) ssi0 <8l oSk aSles &) 504
P oo 8":‘ S N oS 53 Sl 35S (1994
i, Sl culgss 5 eas va..é ol i 5 Jols
Rafi & Epstein, ) s)ls o 5o 1, S0 > b5 oS
LSl = (S gl S olsien 550 (1999
wile 53 5] Sl 5 osdy) Selg S35 s
5 s it Sl 5 a8 S 5 cy 5 S OO
Loosle ol cnlal st (AU ladsbe o)lms
S agi el 50s S b | oS cush, ol G
Bao-shan et al., ) 5,8 513 loS Ll,e 5o S oS
Ll s & S Sl edle oSl (2004
Sl b Loy 8 5 4 S oS Caslis
2 A sl 5l s Sdnbe 5 Sdn5e
bl 5o saSas) sla iy 5l 2l o, ls
5 Sida sbed oby cel oS 15 a8
P VN R U B PO [
i 5 o Gl s VB 5 5 e 508 5
.(Balakhnina & Borkowska, 2013) 5% .

cos o 5 dbs Bls s ol oS Jlel

\YA

Sl o b g oaden S5 bl Glal 4 Gua a5
PRNPC U R T A P CO PR P SR EN CER
Do el 5 ool des sl ] e Sl S
Ol s 4b ol Ol e 5 Lol shten b2,
(W Q; UL::\ DJ}L.;A.A‘:.‘.’: 9 6\.3:4;; )\ os\aul 4
Conl &.)S’“" u‘baaaj&) u‘L..;u A.ASJSJ)J;UA Ja.v\f.u u:’"J’
Xgd sy onl S ge pde o
e Olsiea (Sad Jame 0aila5l Jalse o 5o
5 Sax able Lo spea bW Wy a8 e
(Ludlow & Muchow, 1990) ..l . e Sasass
i e Olea 8o Gty 4 Cans Sas i
s &S nl e sleda oS5 e Silma
b o> (Nazari et al., 2013) 352 0 oS ss), LalS
Sl o‘j Slyme Bim 5 i Ll o blS (i S
ol ol b il gl s bl syx S 4 Al
oS oS 355 ol 350 G e L olS s ool 3
ol @ns e i L LS Llardpn lsme 5 a2,
Sl S5 pem b 5l 0T Gl sl ity oS
Sl Joil (oo 5 Jole bl un s S des
Nayyar ) s 5 plosl (5 soul (,J:.u G ams oo S8l 55
)L..é 6)\.;\@.{; ‘w L’\J‘*‘ BL) ¢c§\3).> (& Walla, 2003
Ao g ) Jolo ssmml wbin devsa e el
3 5 50 r\-?v" p*“y"'}‘*“ 53 ke bohus g S 5
& CNL sl s ] .(Nayyar & Walia, 2003)
Ll o Bl s s cuslin b a8 a5 5 (6l
4 S polis ol 55 s chle (JS Hsba sl
Gl s B 5o ol ) ol i s oWS
sl i ol ISl Gie 5 Joke s okl
sai 5,18 (Je olgea (Ashraf & Foolad, 2007)
LBl 5o s Lo sme Led cely Sas ou &S el
Norouzi Haroni ) 52 . (Robinia pseudoacacia L.)

& Tabari Koochksaraee, 2015; Kordrostami et al.,

‘r}.,.a.:\S Ol aS sl glas Jip =YY cb (2017



Y4

Gl 4 8515 o) Stng sy angissse S (25 Ll a5
93 GL’ ey cpl > (Mateos-Naranjo et al., 2013)
Crataegus ) S5 sladlg 5o S ob fles assn
(Pyrus boissieriana Buhse.) o i>, dg)kf 5 (aronia L.
e Koy w38 15 oSk sl laity cov &S
Bl ol (Sas i cos odsn s SOl
.(Ashkavand et al., 2015; Zarafshar et al., 2018)
S By sl O] I | Sk S350 @l
4ol 5 e S sl | ol ol ‘o-jps Ll s ssms b
Ashkavand ef ) azls o SObhus 5 s » ol L2l 3
Aal., 2015; Zarafshar et al., 2018
&8 an ) S (Quercus infectoria Oliv.) 55\ ,ls
S s &S el Ji o S5 s K 5o Lol Lol
s 2Bl Gl ia e 5 6 a8 Sal L b
5U oLt Lias s oo (Sagheb Talebi er al., 2014)
slackle s o35l 5 abowy Opon oSk
sl sblleys Sas 4 calie gl Gl

AL o

gy 9 Olge

bl SR el 5 (g, Jad Ll s bdle s
a4 bl rL?ﬁ\ Sl olae ol g @ml’ @\Jw
\.,\...y\ R WY J.v.....a 4,,6‘9)\ ol Lf""'L CL.A suSisls
mh Cante Gl 5y, wn Snes LIS !
Sy $pldlS 51l (e s ol Gl
Has sl g ad s gbpldlS s 5 eas ool
sl base Ldlgs cslS3h 5l 5, Yo cadS 5l a
N eslal u;;,,,uﬂ sl =)

4_\.>f 93 D u“-”ﬁj—’ O—.’-\ B ea\.c'x:_w\a)}a k;\.a:)h..g
ras oV olS eyl 5 wlhcit s (elde 53 5 Sk
o ol aes sl (oLl o anay 235, S
O+ 5 Ve D aw slacble U @Uuw\.ﬁy

sl ,» ;| (Ashkavand et al., 2015) =) pfglm

YU\A.ZY/\J.,\?Q‘}[‘}U;J) ‘5\0/'. O\ @k‘A‘J“"

J"‘L’ ol Ol Ll ditiseg 55 15 0lS 0 Sl g go el
Oolite 45 F 5 oSk il glachle s
oS (S 55ba (Parveen & Ashraf, 2010) ..l
5 s S Jaame W5 5 CwdS e Cel ly
2l Sl Gl K (I G
Tavakol Norabadi ef ) » 5 Laej\é 5 A Gl
5 e e il (2 e 3 ol iS L Kos (al., 2014
sbanlp Klge oSk oS UF e 2
j-’\" cos Lol olsle g s S3dn (Sl
ol 31l S gl ans e el b wams 13
5 e slams Blie 5o sl Sl e Mg jate
Shen ) aas o olas (6 iy Cuslis 354l o &
oS i 0> osSebe 05 olslp ndou et al., 2010
e ol K ol b ogon slea Jse womes
oialS a8l 5l (S mlyo ol s ARG
Slats) Sl eslial (aas e Gl Slols o)
S s S SLLS e o Sl dlan 3l Suae 4%
s olle b 5l Jsame sba S e s oS 0 sSke b
.(Rafi & Epstein, 1999) s Jb 5 o I 5 0s,

5 AU s sS 5 ealinad 45 Wkime o) Kamgy
oS Lo Lol ol Glaay 56 o) pon ol ol
sladsl by 45U ol (Braunack, 1995) a8 o SWS
ol s zagb Ver Sl S gl slal & 500 e aS
5 elerd (S 5l a8 ssi e el olpe ) S S
s olas s Sl s 5 oy Slosas (K5
syl abaw,y Gl 4 cus golae Sl 315 gl 5
5L 5l @& ¢pl (Monica & Cremonini, 2009) auS
T I P P e N BT ¢
A ol 85 5 o e s e S s
P VR A PR P SRR N
.Ju-Nam & Lead, 2008) sz sl o>

2> Baiasn aba o anse ol ey bl (o)
0dd O shane 52 r-*'g ab, Wl 25 olS & ans ol
0354 3505 oS 53 oSk 5l el &8s, by



o3 sl wlsed s o S 50

al » (e 2 ) oSk Bl xSl £5)
e 1SS 2 0 5 LIS aw s ol LS Sl
DS b 5L Sl Sosba s Jlesl 4L
S 5 e aw J S sl 5 oS S350
0+ o3l glel) Lo sie ((olol W) oz o Joli
ol e 5 GLS 55, an A sy e b as)s
a8 B8 Gy o aw a5 cd b oslailyy

Yo Saean 5 sladin Oopon o) i b L,

el s aan wls ool o as Jhel LUl 5 5

039=) IS Sl 5 05She 05 @Bly 52 &S o
s as S ks 58l [ sba 5 (0

S (Seas s ol pps de e

5 abou,s b S Lol i cbdlgs

dalean Jo) 86 CJI’ AL s J a8 s 58 5 05350

J..LLAJ“ L e:U.’:..a‘ 2090 6&)@&_&1@ Cj&w—\ J_ja\?

i 5 sk ol p9o > e

Leble 5 ol m ol il Il als s

O Oah

(0,350 5 alocat s lag sk (y5) ol

P 9N

A A5

EABTY P Sy,

T

PP SR Glsct s oSl

O Oah

A e Sk N0

P O9N

A A5

EABTY P S,

ST ]

Ak A

o3 p Sk

P NE

A2 Fde 0




i 050)) e S8 Sl Al o Sk
Dlin S, 5l il oSk 5 oliaol 8 4

e saal ¥ Jgds s eslizl

YU\A.ZY/\J.,\?Q‘}[‘}U;J) ‘5\0/'. O\ @,\:—A;r.'

(i e @ﬁ)«‘e.-\*iéﬁé)w aam 5l
VY S i Jlesl oo S i 0 S e
s 1Y Jods s Jelee 51 KK @L“ RYISTS

o

oinlasl 55 ealinuls 5 o & Ko U Slaidio =Y Jix

Ry I WA P P

SU ksl

Si02
$s5
Y BV

14

@LM J)"‘Jé
5
(e 5b) Ol,y3 651l lz“_,:.a

Upj‘k"’ Ao o

Sl sl 5 oSle Glulie Gl 5 4 ban
LA m\.é.:.w\

ShplhaSgs as sl olis 5, s i s
ol gme blie b Jatee Ol 5l g 2 0550 lasles
Ol (Y Jeas) asln bl s cans), ©lo
Cidize oy o S i gachle i
o L oSk s Joline ol Sl (Sas i
Ol ot St 25 | oS Sl G, (Sas
Jems OIS b s rizean 205 5l fme il
oliabl o 53 S b 2 0 5Sdon clile 5 7
5 Jin 15151 S Lal oas b 0o 44
e oS sLObus 5 ) s ol bl
LY Joax) 550 s
S e Sl S 5l L (Sl s3] s
Ol 5l iy ool g BYCT VROPR OU VW] L DO S
2 o) Sl oy xS S 5 0p abo;s oSl
e commen () JS2) wr emslie JS s
chle paz by bbb sbdlgs Sn ke

o 2o gboasle
slesl 5o plardon b bl @ Seslul ki
b Ly oYL et Sl S Sea s (2 0553
saase Lo bl s s sl Mgl oy eas
Loy (VAVY) oL 5 Bates iy, sb, S,
Apel =S 5 PD-303 UV Jie) e 55 Sl &z
rizad A8 g Sl sl OY e 2se Job 5o ()5
el FAO 50 Jsb s 5 5S0a oS 3l aslizal
(140%) o, 5 Dubois iy, elel 5 a5 g Seslul
Yoshida (g, 51 eslizal b S urbow 203 02 ol
oolizal b sy Jbd (poean .o sz (VAA) Hoshii
Lbdles gl 5 el oK cdo b S5
3o ot S el e il s b aShas 5l ealizal
Ve sl Lol 5o cole FA Gaeny biaises 6,50 5
sl 5 LS, Sas o3y oSkl o Ksle 4o
/eeN CEa b)) Jlhas ol L gy 5l Ko

A el (0 8
SPSS 18 153lp 5 51 esbisel b Wasls Julowsys 5
s oadlae oyse blse s sl el
sty a5 Gl sl iz Lol (S



o3 sl wlsed s o S 50

.(Y g}gdﬂ)-‘\ﬂﬂ&_/cyjﬁ-:)‘)) ";L{\*A\a’ ‘)\.e.u e bJLA

\YY

ol Dlade cp i S, sbay il mlEl S

Sla o 055k ~
REBIRCSE RPN
Bl Sax o3y S Sas 0 D) iy ks

\V/OVA ™ -/40Y ™ Va/fog Y/YFV o Y 05k § 5
-/fF S/YAY ™S \V/YEY o /pEm Y O sk lals
S/eyym VAL S Y\/YFA DS /FAN T Y S S
\/AVE S/eyom Y./ yyy o VAN 4 RYCU RO ER S W
</YEATS AR YO/YYY ™ /OAY ™ ¥ S A X Sk 7 53
“/A¥Y ™ S/YEY OY/q.v s /R 4 St i X G S Bl
/\VE “/VAV ™ $/YVA ™ -/YAQ ™ \Y et X S Bl X S £ 5
\/OAY \/exy VV/YAA \/AVA YA Uas

Dy gme e ™

b sl el (K (5T ol clle o Sl g5 Jlie 5 S Ol 51 Guilils 520 s ¥ Jsun

Ola o oSSl }
6ol as s Ol s o
e SO oAsz
“/-YNFE YY/Fov VAR R Y OS5
/AN FE YAy YV/-q¥ * Y O sk il
feegms YA/FYA S Yot/s.x ** Y Sas i
ey Vakids AT 2 oS ke X S p 5
s VA/AFY ns YE/YEN ¥ ¥ S A5 X Sk 5
. YE/EVa Yv/foy * 4 Sts i % Sk e
. s Y/YSEA ™ -/fvg \Y St 25X o S Bl X S p 5
/e-Y £Y/-4 A A- YA s

Ssgme e ™ 10053 80 pliabl o 55 ls gne ® 10055 98 Gliabl o 3 ls as *F



VFY

g»-:l:-w M2 )3
&
-
L

Yooled YA e ol 2l rsio s [ Slisios ale 425

J A8 ke

alacaz ;s o sSkew
il gl s

a1 3 ealinal b o Sk 55 i slsle 53 55leuls LI 5 S e Slae Gloneoliztl ) &0le anylie = S
e 2053 80 Dbl o 53l sme SN Sl i b Sl e SN

o

g-:-L:‘" Az

b
o
oY
oY
7y
S

Ao Saoe

Ao p S e sl S dan0e

g5k Liktine sacdile

05m31 31 33lizal o Sl e Slocile L 53Uls oI5 S b St Glinosliat ) o ils ali —Y IS

A 0033 80 ol o 53 s gae SN Sl alie i Gy oSS

dilize glachle S be e 255 25 oo Bala
A5l o s Jbgae s Dl 05k
PR 00 e 3 s e o peS  (Sas s
Sde b (gols g Hoba & dal sy 1 s oS
Oalis i 5o p 8 Jee V00 5 Lho slachle 5 s
CBLE s sy e b s ime OYenl Ul el

1 Jom) ol ol ad s 5S¢ S V-

5 Seis i Bl o) Gl (Sl gl s
Ll 2 5o ooy ke ot S 0ls Bl o Sk 75
o5 el Cany ol [l 5 Ses was s
a0y ol er oS glaslas L Sl (Sies was
0 Jsax) ai s il 3l el (6 xS Hluie
St o Jlize S el oS3 p5e3] s
bg o s e o i a8 0l plis o S 22
BORNPIY- W PR VPP S-E RN AU gt Y g



o3 sl wlsed s o S 50

\FF

Ry ke S 1 Bl Ol 3 el s slasslasl £ ‘_,,ful,.o -0 Jse

(mg/g) o s i 5 e
S/AYE /00 aels

YE./vve Sl ;s o Sk O O
VY £ /NG O 55hen 56
\VARIE-RVAVAL aols
Y/VY £ /x5 alacays oSl Lo g
Y/\NE /Y5 0 55kems 53U

ANZAVE=R VAR Jals
NARE-RVAL RS Klscais & oSk e
AAERVida 55k it

s 4053 0 plisabl o 3l e sl Kl alew 8 Gy

oSk clile x Sas g Jlise O 3 wlad y d s Slaeslasl £ oSole =5 Jsa>

(mg/g) s » oSk clile B
AT E /00 Ao
VAV E - /fA Y EABT PR,
V¥ /09 A s SN e
VAL E VAR EABTY ST
ASERVAN A o
TALEVALE A3 e S0 L
Y/ & /0N FABTES EWRTE ”
AT RV EABTY ST
VE/A0 £ VAN Ao
¥/ oAE . /va A p S0
YASERYAC FABTES JEWRTE -
VA ERVARN Ao e S ke N0

sy Sdee b sascyss sbllgs =§Ji BYRgT o

23 e Sl o &S s Lasie 0350 5 abaw s
431.3‘(3]3 Oo9 o) /0 )'\j:.aS)aﬁ VS.\ALN 5BJ\§)J
RS R R A IR S N PSS [ TS

s 4053 0 plisabl o 3l e Ol Kby alew 8 Gy

& >
.

03585 2o Vo UK o 25,06 (lS (S b
Richmon & ) aas olas! Ll 4 1) 255 Sas

eses }J\;T S e o ibsy Lo J(Sussman, 2003



N CEO P IR K SICIVA AR ) B ISR IN K ¢
spie Bl 5 e slas s ool s
S ol aw Ll e s (Farooq et al, 2012)
Ao M Cmety el g s Jebs IS e Sle i
oS el &S .,\Jj“fda Ol Lgj<p Jolse é*’
Shcdsanl clle Wl Wi Jole o O Jeily
g aelsl 2 Jaul o o O dar b s il 311, 555
9 plaxl & o F"‘L” XL ‘cﬁ\”: VY
2 s e 1S 55 o) 5l Sl 5y sy el
Sobsme ssba Ses n Jlel b5kl sl s
e lsea bl cnl Gl ans e Ba sl )l
U"\ )\AL: CR A (Ol B o 'C) b\,g U”\ B L;J.«.w\
O Sl i &S ity 052y 2G5 5o bl
5 Sk g blise Ol ) s eazs sl bl s

s A6 e (255 (25 s Tl 5 Sk o
s Ol Ll 8 03 05 AU pae e e
Las w5 s J(Hanafy Ahmed er al., 2008) s
Sosba s b gme s e oSl 1 ((Sas
5 ok b S Ol S e B S (gl
2 edsn e Sldde ((Sas aan 2T o (j 6)‘«‘-&3
Ll o 5gm s b camgsyn b 2l g3l bk sbadle s
PR B IV PN R G B PR B PR P
Do S ol (S Jlash b K ooleay o5 o
W W w)\;/ “\’Ld“ u,u.o\Js\ &J"Jﬁf 9 8AD @T\"S U
g 9 d% 9 &\)\) 6\.543; o ;»....'» ORS Lol Y
Ashkavand ) sz e s 5 Gl a4 oSl Sl 58
oo by o et al., 2015; Zarafshar et al., 2018
oo il Ol el 0,350 5 alhe s o Sl
bjj CL../ A.hw\)d.a u\).)_y‘u Ju‘t: ‘w A g_fj BL)

YU\A.ZY/\J.,\?Q‘}[‘}U;J) ‘5\0/'. O\ @k‘A‘J“"

Sosba g Giund Sy adlaes ;50 sllg s by ot
oy /8 i A s oSk ¢ S e \0+ Slas s oS
e il polanl e ) 4 by S 0
chle b oS o33 LUl agladss alssl plS
(Ma et al., 2004) 5,5 355 ol el s 1, sL;
S sl plas (Y4N0) o,\Sea 5 Ashkavand a5 b
S T VU PYRVRT: [ UE < 1 [P T P
Sbasl ol s o 3l D as Sy
e da o5 (Y9N0 1, &en 5 ZarafShar za g
S SKis 559 Ao V0 3pd iy N sl o
2 lesls 48 Gl oS 08 5w o5 e cal v
el i s o i

e jole Lo o,a8 (V440) Braunack b b
W O P L S o M A JC I RGP
Cdx ol S o ol ke SRy ml B
S aboayn oS boanlie s oSl Ol 5L
L 6ol sSbem 5 oS S &S L5050l i
K skt 5 Wl 0 e o) ol 3 sy 5o 5l S Gis
Gl B30 oS a2y by O LU L paose ol
s s il ity b oSk (Ma et al., 2004)
b Jasl S 4l b 5l ashsl s 5 sas Ol
olizd S350 5l 5 S s 5 S b3 glaay 45 ) 505
ol b R oS st Jasl 5 Cda e
syt bl S 0 it i 4 O5Seke
s Navarro ¢wasl .(Suriyaprabha er al., 2012)
slge iyl 3l s 4 sl plas (YeA) o, es
e CL a1y gdas alge b 0z Ck‘ abaul 4,
b & olS canglin (205 o bl it I U
& gl

G gl o oS Sl e S S
s ot dbe B 3 sl Slgn g (S
Sl 53 & 515 e ] Al o o baid ou
Soolamy S 5 sy oS kil oSl s sy il

0o gl ol Hlade &S s (¢ e b.xMSr,A.LH slga o gl



o3 sl wlsed s o S 50

Sl plas gy ool @l (JS 55ba oy Sl -
o 0ok Dl el (S wae g lle s
e 00 CBIE L o,5 50 &) pon b 5 abed O son
oS Bz s 1 slols caslie Wl 2l s S

s LaalS 1 ol Sas O se Sl s asls Gl 3l

eolaiwl 090 2ol

- Ashkavand, P., Tabari, M., Zarafshar, M., Tomaskova,
I. and Struve, D., 2015. Effect of SiO, nanoparticles
on drought resistance in hawthorn seedlings. Forest
Research Papers, 76(4): 350-359.

- Ashraf, M. and Foolad, M.R., 2007. Roles of glycine
betaine and proline in improving plant abiotic stress
resistance. Environmental and Experimental Botany,
59(2): 206-216.

- Balakhnina, T. and Borkowska, A., 2013. Effects of
silicon on plant resistance to environmental stresses:
review. International Agrophysics, 27(2): 225-232.

- Bao-shan, L., Shao-qi, D., Chun-hui, L., Li-jun, F.,
Shu-chun, Q. and Min, Y., 2004. Effect of TMS
(nanostructured silicon dioxide) on growth of
Changbai larch seedlings. Journal of Forestry
Research, 15(2): 138-140.

- Bates, L., Waldren, R.P. and Teare, 1.D., 1973. Rapid
determination of free proline for water-stress studies.
Plant and Soil, 39: 205-207.

- Braunack, M.V., 1995. Effect of aggregate size and
soil water content on emergence of soybean (Glycine
max, L. Merr.) and maize (Zea mays, L.). Soil and
Tillage Research, 33(3-4): 149-161.

- Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A.
and Smith, F., 1956. Colorimetric method for
determination of sugars and related substances.
Analytical Chemistry, 28(3): 350-356.

- Epstein, E., 1994. The anomaly of silicon in plant
biology. Proceedings of the National Academy of
Sciences of the United States of America, 91: 11-17.

- Farooq, M., Hussain, M., Wahid, A. and Siddique,
K.H.M., 2012. Drought stress in plants: An
overview: 1-33. In: Aroca, R. (Ed.). Plant Responses
to Drought Stress: From Morphological to
Molecular Features. Berlin, Heidelberg, Springer,
466p.

- Hanafy Ahmed, A.H., Harb, E.M., Higazy, M.A. and
Morgan, Sh.H., 2008. Effect of silicon and boron
foliar applications on wheat plants grown under
saline soil conditions. International Journal of
Agricultural Research, 3: 1-26.

- Ju-Nam, Y. and Lead, J.R., 2008. Manufactured

\F&

o5 3 josgie oS by iy Cde ool
Ol B L S s (o 3wl s e ol s g alsc s
i S Mo ss 05d e i o) S oSl bl
o5 Ll s 5 ad e o S e 00 clle s oy alS
e dar &S ] Cz\, adl oz sanlin S nas
RSP FCH | TR RO - W WX W PYCA S
‘JSJQ w\.\: d}\m ém} A e\.:; w‘g\.ﬁa BEl Ll ‘J}w@
Mﬂ)b&%rﬁéya’ gﬁklsaji.\“c ‘JBC)%\}\

..)_9.3
el ool Wl (Bao-Shan e al., 2004) azl, aals oS
Sheslamad 56 cow piagy ol oot s
Isb 035t oS Jdoa il m a8l ool i3 S5 515 0 Sk
Sboslas s gy ol Gl aassloasl s e
Sl s J a8 cov bome odil Ll e 5 az ol
e 2l S o Bl s B sl S
JUsl b it Libss b ssmy il g LIS b
S5 4 kel 5o oS el Gbaiags cdsl e 0 sSke
Al 225 5] a2l ol sz ol ol ) 5o s3lls S
SLosSdh S Guotn Sl e Olssa Ol
oS elaal Sos nn Co LS o550 5 alscas s
OsShew Sl olaal 555000 el laiasn Sag
090 Su o Ji; R X L H VP O WO P YO
)\S))L.u 9 eé\é 4:\)\ ngvo,d) cLA .\u\yw j&yjjﬁ' ";YLA)
P L;L».’ua s s Jz\f 0 ol 4 c-u\.' 53 ol o
S sl tasy bl izman S ST | a8
Sl el ensa J S5 LW ol
.4\)\))@ b)\ﬁ u.v\ D9 jjv grjﬁj )\.4\.0.4 ‘bfwj]la)f u\.ﬂ'é
Ll o s omman e ealizal o5l sy o oSl
oo e Ll el o Sl Jlasl ( (Sas as
S V| PR Ol WO | RV SRR W PNy | P ;fj By



- Zarafshar, M., Akbari Nia, M., Hosaini,

growth and photosynthetic attributes of two maize
(Zea mays L.) cultivars grown hydroponically.
Pakistan Journal of Botany, 42(3): 1675-1684.

- Rafi, M.M. and Epstein, E., 1999. Silicon absorption

by wheat (Triticum aestivum L.). Plant and Soil,
211: 223-230.

- Richmond, K.E. and Sussman, M., 2003. Got Silicon?

The non-essential beneficial plant nutrient. Current
Opinion in Plant Biology, 6: 268-272.

- Sacala, E., 2009. Role of silicon in plant resistance to

water stress. Journal of Elementology, 14(3): 619-
630.

- Sagheb Talebi, Kh., Sajedi, T. and Pourhashemi, M.,

2014. Forests of Iran: A Treasure from the Past, A
Hope for the Future. Springer, 152p.

- Shariat, A., Assarech, M.H. and Ghamari-Zare, A.,

2010. Effects of cadmium on some physiological
characteristics of Eucalyptus occidentalis. Journal of
Water and Soil Science, 14(53): 145-154 (In
Persian).

- Shen, X., Zhou, Y., Duan, L., Li, Z., Eneji, A.E. and

Li, J., 2010. Silicon effects on photosynthesis and
antioxidant parameters of soybean seedlings under
drought and ultraviolet-B radiation. Journal of Plant
Physiology, 167(15): 1248-1252.

- Suriyaprabha, R., Karunakaran, G., Yuvakkumar, R.,

Rajendran, V. and Kannan, N., 2012. Silica
nanoparticles for increased silica availability in
maize (Zea mays. L) seeds under hydroponic
conditions. Current Nanoscience, 8(6): 902-908.

- Tavakol Norabadi, M., Sahebani, N. and Etebarian,

H.R., 2014. Management of tomato wilt disease
caused by Fusarium oxysporum f. sp. lycopersici
with silicon and Pseudomonas fluorescens (CHAQ)
and assaying activity of phenylalanine ammonia
lyase (PAL). Research in Plant Pathology, 2(3): 13-
26 (In Persian).

- Yoshida, M. and Hoshii, H., 1980. Nutritive value of

spirulina, green algae, for poultry feed. Japanese
Poultry Science, 17(1): 27-30.

S.M.,
Sattarian, A. and Niyakan, M., 2018. The effects of
TiO, and SiO; nanoparticles on wild pear seedlings
under drought condition. Applied Biology, 31(2):
101-118 (In Persian).

- Zarafshar, M., Akbarinia, M., Askari, H., Hosseini,

S.M., Rahaie, M. and Struve, D., 2015. Toxicity
assessment of SiO, nanoparticles to pear seedlings.
International ~ Journal of Nanoscience and
Nanotechnology, 11(1): 13-22.

YU\A.ZY/\J.,\?O‘}[‘}U;J) ‘5\0/'. O\ @L“Air-'

nanoparticles: an overview of their chemistry,
interactions and potential environmental
implications. Science of the Total Environment,
400(1-3): 396-414.

Kordrostami, F., Shirvany, A., Attarod, P. and
Khoshnevis, M., 2017. Physiological responses of
Robinia pseudoacacia seedlings to drought stress.
Forest and Wood Products, 70(3): 393-400 (In
Persian).

- Liang, Y., Wong, J.W.C. and Wei, L., 2005. Silicon-

mediated enhancement of cadmium tolerance in
maize (Zea mays L.) grown in cadmium
contaminated soil. Chemosphere, 58(4): 475-483.

Ludlow, M.M. and Muchow, R.C., 1990. A critical
evaluation of traits in proving crop yields in water-
limited environments. Advances in Agronomy, 43:
107-153.

- Ma, J.F., Mitani, N., Nagao, S., Konishi, S., Tamai, K.,

Iwashita, T. and Yano, M., 2004. Characterization of
the silicon uptake system and molecular mapping of

the silicon transporter gene in rice. Plant Physiology,
136(2): 3284-3289.

- Mateos-Naranjo, E., Andrades-Moreno, L. and Davy,

A.J., 2013. Silicon alleviates deleterious effects of
high salinity on the halophytic grass Spartina
densiflora. Plant Physiology and Biochemistry, 63:
115-121.

- Monica, R.C. and Cremonini, R., 2009. Nanoparticles

and higher plants. Caryologia, 62(2): 161-165.

Navarro, E., Baun, A., Behra, R., Hartmann, N.B.,
Filser, J., Miao, AJ. ... and Sigg, L., 2008.
Environmental behavior and ecotoxicity of
engineered nanoparticles to algae, plants, and fungi.
Ecotoxicology, 17: 372-386.

Nayyar, H. and Walia, D.P., 2003. Water stress
induced proline accumulation in contrasting wheat
genotypes as affected by calcium and abscisic acid.
Biologia Plantarum, 46(2): 275-279.

Nazari, M., Zolfaghari, R. and Fayyaz, P., 2013.
Variations of the secondary compounds under
drought stress in Quercus brantii, Q. infectoria and
Q. libani seedlings. Journal of Forest and Wood
Products, 66(1): 1-14 (In Persian).

Norouzi Haroni, N. and Tabari Koochksaraee, M.,
2015. Morpho-physiological responses of black
locust (Robinia pseudoacacia L.) seedlings to
drought stress. Journal of Forest and Wood Products,
68(3): 715-727 (In Persian).

- Parveen, N. and Ashraf, M., 2010. Role of silicon in

mitigating the adverse effects of salt stress on



Iranian Journal of Forest and Poplar Research Vol. 28 No. 2, 2020

The effect of coarse and nano particles of silica on increasing drought resistance

in seedlings of gall oak (Quercus infectoria Oliv.)

Sh. Tashakori !, N. Seyedi >, A. Banj Shafiei * and N. Abbaspour *

148

1- M.Sc. Graduated of Forestry, Department of Forestry, Faculty of Agriculture and Natural Resources, Urmia University, Urmia,

Iran

2"- Corresponding author, Assistant Prof., Department of Forestry, Faculty of Agriculture and Natural Resources, Urmia University,
Urmia, Iran. E-mail: n.seyedi@urmia.ac.ir

3- Associate Prof., Department of Forestry, Faculty of Agriculture and Natural Resources, Urmia University, Urmia, Iran

4- Associate Prof., Department of Biology., Faculty of Sciences, Urmia University, Urmia, Iran

Received: 15.04.2020 Accepted: 16.06.2020

Abstract

Silicon plays an important role in increasing plant resistance to drought-stress. In this
study, the effect of silicon on drought-stress in seedlings of gall oak (Quercus infectoria Oliv.)
was investigated. The seedlings were transferred from forest nursery of Marivan Natural
Resources Office to Urmia University and were subject to an experiment as a factorial design
based on complete randomized blocks in three replications. Seedlings were irrigated by two
types of silicon (coarse and nanoparticles) in different concentrations (0, 50, 100 and 150 mg L~
") pre-treatment during a 30-day period based on field capacity. Then, drought stress was
imposed on three levels, which consisted of control (based on field capacity), moderate stress
(based on 50% field capacity) and severe stress (water withholding) for 21 days. The results
showed significant and main effects of silicon type on the amount of silica, drought stress on
proline and silicon concentration on proline and silica. However, the interaction effects of
drought stress with silicon type and drought stress with silicon concentration were significant
only on the proline. None of independent and interaction effects of the fixed factors on growth
parameters and the amount of carbohydrate were significant. Generally, silicone application had
only a significant effect on severe drought stress in reducing proline content, but there no
difference was observed between coarse and nanoparticles. The absorption of silica was
obviously higher in the nanoparticle type. Finally, the application of silicon at a concentration of
50 mg L' in severe drought stress conditions was concluded to enable increasing the tolerance
of Q. infectoria seedlings against drought stress.

Keywords: Carbohydrate, proline, silica, stress.



