[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

VWA (65 5 3T P oyled A Al (LS 5 SIS 5 aul B

2 GO berdsm 5 (3P 58 Sl 5 Of D S o Shes ol 515,30

sk, s e (Citrus reticulate)

Y - N Y \ s \ N
pie (U sl g gl o ¢ e el ol ) i
mdas slae g 5 SUS 0 dSKin g (SLEL p ke DidoS A o YOl Ol o&ESls (65,5 LaS saisls (S ok oy S '
Fals 085038 i 5 bl (Dladen Ol (g s £
QYA IYY il 5 pdy Fool AFAV/00/FY il s o ,0)

oS>

SN B pae ) 5 ogm s Shos Sl shiten colio (2 pde sl by, dlesl ) piS Kians 5§ K25 il Lyl 5 4 a2 55 L
Ver 9V0 00) b, Jailf.:ch..ua..,); (ho;3V 50 aw) ;,.J_,Slsch..«mﬂ sl ol 4l s, 05 slesg el
5 OUS o eaKiagn o LS aw b halas Slls T ab 2 St bl Ohsen m S5U ) (B cb b Aess
S o)l g 3 Mhos (sby 5 Cow oS ol OLE s .38 15 addlae 5,50 VYA Jlu 53 el (s Shed (slae goo
S 53 23l S olsae sk I Salia oS 5 O iy Sy O e gl JS 5 b @SS ol (O
Glos oo 3 Jghous o (g Hldie 5 SRl 1) OF G juae 1518 5 0 gm 3 ,Khes Jsloe dolr 3190 JS Ol e ¢ SIS G e
e wzmen 5l Al gyls ime gk 1) g K gl 5 U gems AenST s gun ﬁ}si Il (g1, ol oS e
OY) JS' 5 (A3 Vo) @ JAS (A3 A1) gm0 3 Shee (I3 crge (o)) b b Ao 00 ll s s A 0 gl
O panpds Ll b 4 ol (055 AY) l5, ala 5 (o3 1) S Ol Jomilty (M35 V) Sy ST s (gl giome (a3
2 ate Ol sloml jshtea (o)) S B o3 00) WA sk, A Ll S 5 Ol s (S O e cplply s S IS
23 2l Dpae S 5 oge s Shes P (Ko s BT Sl (glamS| S5 51 Jeole Jbb 05T gk S a5 Shals

2D gd Wﬁ@:gﬁ‘)“

6‘43)'_9) C’..g".\.h 4}UM> '\'..“"'S|J'.’..9““ ("-"J'J C.;Jw uS/ﬁ ck.w 6\.6.: ‘CJ’.’.J}Ji 0 g0 ‘;J."_,.»&)L'JT Zd.o\._JS 6\.&03“3

L ol i oy S oo Iy (6 2 St (ool Dl i 4edas
A glans 53 ab sl 58 Sl LS 5 M5 A o S Sl aoe Lol 5l S S
ol Saisl 5 ny oS mhaw o SRl Wsar S o3 st Ol il bl 53 (g5)5liS ¥ e kS
Dl e Ol el s sy0pl 31 S e sl S50 o230 Qaleel et al., 2009) 553 . slalmie 5
Ll et skl > JLSis sty Tt x e GRIBIL 5 ekd olS ST 5Ll el oS 5 s gles

agolchin2011@yah00.com : S5 mSI Sy 5Lis ¢ fame 0kins 55°


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

WA Jlo M ojled A il aLE 5 S, 5 i b A

Glble 1L S 5 o 55508 (555 sddplal Slaiassy
Brillante et al., ) I «(Garcia-Tejero et al., 2010)
(Denaxa et al., 2012) o o3 5 (2016; Glenn et al., 2010
antps 5 e Wlelns Gk 5l Ol oS sl Ol
Lis 1) S, O e lgios ( Joho O il 580
53 ks e Gl Ol G LIS 5 il 5 es S
5 Sl oS 5o 31 s O i Lol a8
slse dhar SIS Gl S5 o 53 S JB olss pead
LB anal 5 (Total Soluble Solid) JS' Jshe el
Ao s i8S 3U (Titratable Acidity) oyl 25
Fds OMS B e Gy sy AS e Caglis (SE
(Mills et al., 1997) 0,50 » 5 OY4E OLea 5 )
JB a5 Jsloee el slse Ol R3S Se
53 VL Sl slabes sls OLas St Lol 3 53 1y O el 23
Az o eSS pldle s ena Okl fad
S 53 S s (e bl 56l T Ol S8 L e
o) > (Yazici and Kaynak, 2009) 555 . s U
oLS 5 (Piskolczi et al., 2004) . Sl s ks
oo goo S 2alS 5 St sl (ENnab et al., 2017)
Sl sl 55158

Ghle 53 S e dpams 4 5l (S Olssn SUS
Sy w3 L el Ml S s 5 Jled
Ca e b LS ez OlS e el Lls (g555l8
Sog S SalS gl et 5l 8 JblS)
sl Cosbs 5 LS IS Sl s &S ey (W
Vo L Ve lssl ols e s L(Allen and Vu, 2009) s
3 sk 5 eesas les S VL Gles ks s
il laiasn gs 08 e cxpe 1 2L S Sl
D) e a5 VY/0 OUS o S5 nnd i
Gy g sles Sl 4> 5 (VYL pdie LB 5 s
(YY) OLKes 5 = 5) osmedor a3 TY B Y 0T L,
3,8 SOl

o35S Jld ps DS e ool 5 age fB) e

oS bl 5l K 0yl Sl 4 a2 5 L (IPCC, 2007) 53
3ol G Va5 oSk 5 s slede Ol O
A s LS ps Wl nS Sl oSl
GoaliS Sl e BT Okl fab s esa
.(Alizadeh, 2008) .l xS

Sesbs 5 e 0> Gy JemS SRl skee OlalS
losdinn 5 (S35 Slpds Ll i sla)lS 55l
oz 2l 5l Lol an _J(.s Lyl b a ol uSly sl gl
deSlss JWl el ey 5 lass, Sulla s
o 45 Sl S SIS 5 s ne glacil 4 o S
(Reactive Oxygen Species) Jl O5nS| slad S A5
Laieis 5 bk sldenST g 55 a5 cnl 53 035 5 s
Ol 5 ol el Jsko Slistle @ a5 5,8 o &g
Az o ralS 1 elS s Shes 5 L35S awliS,
oS ol b oablie gl 0elS L(Farooq et al., 2009)
eS| g e 1 eyl GOIS] BT 51 4Slas]
s b el e laolansl 5T 5 (SOD) 56 e
s b G olgen LolueS! BT ) S e eslinad
Ll 53 5 035 oo b 53 Jlab 0381 sl S e
sl Jest cmles clis cnd 1 oLas Six
4> .(Alscher et al., 2002; Krasensky and Jonak, 2012)
5 (Sheng Wu et al., 2006) .6 g5, &5 ol iass
SRl S plnil (Gomez et al., 2004) 1, o35 &,
Ld 55 Bl s SB ey eS| sl Clad
6 5ls Ol oS3y s @l pemes A4S edalie
Obes 3 5038 Joo 050 ey Olyeas L5 e s
o5 o & ] S 03S) b Gl S Mg
(Sircelj etal., 2007) .S (5,8 J

«(Relative Water Content) &, ol i (glyime
Water ) f G ,ze oLS 5 alS clacsl 55 O Jely
Sosere Lol me saslas e 1 (Use Efficiency
qcuﬁjwwﬁﬁ,\ﬁﬂm Jlesl 5 0lalS 5> Wy

.(Moghimi and Sepaskhah, 2014) WL, o jladias 55w


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

D10 s (Sidp s bl 5 O Brae L5 o SKes o 15 ST

5 4 Osu3 s (Glenn et al, 2010) I ol s
il s bis L 8 dsls ol (T4 o Kes
Sl GRS 1 S s Oler o S s 505056

LA ezman 5 Ol 35S ey oS OAde S
old o $5oslaS SV g A5 s el bl
ol sl Bim 5 O a8 g gl Sal; S
5 S ke 3 Ol OAsESls e 2K s
S Sl e o s Sl b s S
il ol sy (SO ey dsb s g Y
3G Olsea (58wl Giuas olS 5ol esland
5y ol e i 5 G JalS Oy e gla Sl
5345 S Ol e el )l Ulas s ax 5 bl (55,0
Ob55 sas S b Gihdsle DI ) o s
€ooi > 0SE 5 3ls asmy WS ele SlDLI CLS
a SL S S B s S G 3G
s Sl fash Gl ol K e s
S s 5 by 25 Olejes 3B L G sl
o5 oS Gl e gl gy SO s
g 2Ll ST 5 els S8 Lol syse |y sk
Al 5 Ll 4 e (SOU @y e Sl
Aasslel 1 J:J)_,ls ch.w

b b, g2l
St S o o sme 5 DS o 0dSin sy 53 ol Guis
PP P b g0 GUae ok 4 sl
Sl =Y gl b Jles aids 0F 5 aryn T Uil i
Glaosls wlale (Sl o el 1A JLe s Ls ke
Sl ess b T SO0 Ad 053 4 by e bl e
JosSt ot bl ol edds S Jode ol
Dsbieay A plowil ST an b sl SLES & b LIG s
SEEE A N Sb Al 0 gladls (sl sl
ClS s LS 3y 13 o) VE Sawdl sboluls
xSl i b s el 558 e Sl adle

SN a8 03 pShaS Lpes 035 nl el gy (SU
sl sls ool Clementine 5 Minneola tangelo gt
BRSPS N P FRC N 5,L .(Chen et al., 2008)
Slege 03,85 s St sl s S Ll
el s |y Jgeame (sdam )L SEalS 5 e GU et
5LS s Lises (Asadi Kangarshahi et al., 2006) .ils
el Jotn Sl 55 gk 5 5 Jlel LS
S ) sy 5 S i L SSE s e o
(Y40 b) cl Sk 5l
Sl ) sldle 53 el e slaylSal, Sl S
SIS Sl s 5 Ol sl (gles ke LT L ollis
5 Gl DS 55l eslinad ope glapl o Ol e
o0 8 OIAE el P e Ak 8 el
ALSI05 ) S s e JT ltle UKy it auds
Syt Sl gy by 53 oland b 51 aS ol ((OH)4
Glennand ) 5,1l ;20 Jleliy Ols s 50 5 g3 o PH
sldodol 5y 3l Jise WSS L I8 (Puterka, 2005
s BB Ol | O 265 LS gles olS 4
Aas e Al 1y sk, 5 S a5 esls RalS
Slsme GRIA T Gae (Al L el ) sutey U
Rosati et ) col Jsams A4S 5 oS sla Shs 5 oIS
e S35 p edpll slaiagy 53 &S (al, 2006
Jifon and Syvertsen, ) &5 5 S (Thomas et al., 2004)
Saour and Makee, 2003; Guerfel ) o s 3 PR (2003
Gy gl rames (el 035 3520 SIS (et al, 2009
slge Olge Rl Wl oo (A4S o Shs oSS
M g sl BB el A Syl il
o St 5 (Melgarejo et al., 2004)
o s |y et L3b (Yazici and Kaynak, 2009)
b oS i 53 ol 0L (S G 05 sl
e Sl B 5 il (B 5 S sles el
Ben-) 558 o s e 5l Ble Okl fuad 3 S
S b iass =W .(Rouina and Ben-Ahmed, 2006


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

WA Jlo M ojled A il aLE 5 S, 5 i b AR

VAT Jlo anlas 350 adlate owlidlsn gla 2ol )l -\ Jgd

Sk Sl b, Sike by BlasSle Lo Sl .Sl Lo S0k
(mm) sk %) o “C) o
YY/o it B YV/A Y/Y sls
Vr oY YA/ YY/A YV/0 )
" £ YY/A Yo/t Ya/) s m
Y 4 Yo/ Yyr Y¥/40 J
Y g/A A AR Y/t AEVAY gy
adllae 5,50 S pland 5 (S5 Oleo g —Y o
pH (dsI.E(r;‘l) el ~ = : Sl e o o
(%) (mg. kg™
VA YA V/AA 1 VAL s o Yo \o

ORI VI R KPR R IR C GG L ey
o B dlasl CaSe e il

NS [N PECR RN PC R UV
eSS0 Sl sddag WPI5 Olipwr o 518) (s
SIS B b Bl e A eslisd 0L 5T
0385485 by U s Al Lo s (o3 V5 0 o)
S ST (il wll S e Sl SO gl s
odsl LA elliy P L Ca eSS sy LS,
s 0533 OLL U 5 058 el sl Ve 5 2L sl
IS A3 gl hle ial bole ja eSS Ak sl
s 5 m slacile J 8 5 e Jols SLel Sllae 43
DIFS Hhdhs g5 Sl s A plnil adlae e
A el il 455 s

S S sb @ s S il Ol i @l
Ve s A gl A e 0L S sl
SWI4R Jue) as sl 4ids 55 555 Aver 3 aids
YO e gl b ps e e ka5 (4l
Loy (A) b ol Ol 5 b sl 2 Jo
Sz sdsb 3 (K el ND-1000 Jue) e 55 55 S
2 LAl i e dd skl el T 40

5o clasie o Ad ag VY cl Lo,
(Y Jsd) Ao S e ealinad 3550 St slad
Sk Bl pl i el el s sl S0
Cob b Aoy VO (L5 Oa) ol b b Aoy Ve
(L 25) oy cwd b us s or o (i 25) el
Aops Vo5 0 Gio slackle U o Jsl Lald e
Sl ) 80 s S oS YN0, YO i S Sw)
o sl dlesl gl s s (Leom/ 0 &) gois
(161 AB00FL Jus) (gl Solmis olSaus 31 b,
S50 e S ladisel &S hpe ol 4 Al esland
DS 5 s olid Sl oK 5 1SS 4w b oandlas
W gad (i T 25 5 5l oy A 0303 513 5L e S
5 s S ek ey V00 glas L osT s 5 s
A3 S asnpe S b a3 S3s Sasb) des
Olyeas ol ja as 0 S b Cusby Lo )s 00 5 VO s
sl @y s w85 K Lad 5 i b,y A5
) e Sy lealol s LOIS b, i sk
L 035 (p 5 A= 3 253) ela (95515 law i (s, 5
b ae ol 03 505a8L50 5 OIS 8 O35 L2alS dslses L
Jles L3 OIS s 055 5 38 dlesl a5 555 glajles


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

DIV s (R bl 5 O Brae W18 0 SKes o 15 S50

cibse glacble Ol ool Ol 5 3 lulil oo
Irigoyen et ) 1s oLl Of 3 Jdoes gladd Olsee SIS
.al., 1992

szl gl (S s e ¥ s arels ol
Vo ot S 2 e VL sl Sl g b
Sl plem a4 JsH e s bl dd Saal 2 e
3B s slelr 5 s e £ Os SGLSI L S
)‘ oslaiul l; Jj,oj..l.s oY Cjﬁd)lﬂ).} o las =ED) )L‘b u.l;—
.(Bates et al., 1973) .,Li.sjf dewles Q:Uﬁ, a1kl s sad

ANSI-FSNNERR ISP I L SRR IS (KE P
Jol2) mlanal 3L 2y Sa Veve b (S a5l S
c)‘yjﬁul:a X} v.;.wlb_ Slans J_‘)la QY}AJL:A +/\ EDTA
DYsas S0 VO osd o3l 5 shs s OVsehe WY s
3310 S5l day 5 A3 S byloe (Ve 800 ¥ M5
33 spmge OLS 5 el beld oS L g sl Ol ypea
O 2D 9 r.g‘_).:T ngb- dAL:f M}mﬁuc.\..;(:\fwl a)L,a_C«
o ldaase 5y dads V0 Cdbas Jald 5 Lsed Jgls
LgLoJ)J J»S}Ji" )j‘. QMLW)).U%AAY&U&JM
Lodals 5 wses e s ol OGS sl 4 SUl
Ced s S o e 0Tz ped b s e s s S
oS e 2 o Bl Ay Sl 50 sy denS1 g 5T
.(Sheng Wu etal., 2006) s olo S » 5 O

Loges iolosl sla,les gars 3 sl 0 3sus
Rislsl 4 &S 5 oS alisl okieay 5 Las il
A Sbegs 035 ke domlws bogee 5 035 sl JUs)
08 o 5 (0n)3 GFB000 Ji) Jlomss (55515 L sles
A pf Sl 4 g 3 Slas wfal.:ﬁ FRE WA
Al Cowdds S

L (TSS) sms ol 3lsn JS o5 O 2l szl L
(0t Mini Digital Jas)  zws  esS by oK
358 (TA) Ol is BB adal Olge A (5, Se3ll

53 JLAJ.': Y 34w Lo s uT J;:Jdl._«: S O gl 25 L;Jl”

LS b S 5 055 05 p S e S ke
.(Arnon, 1949)

Chla = [127 Ags3 - 2.63 A545] x V/1000 x W
Chlb = [229 Aeas - 4.68 A653] x V/1000 x W
Total Chl. = [20.2 Agss + 8.02 Aggs] x V/1000 x W

sba Joé, s chle 554 Total Chl. 5 Chly, Chl, &S
Vgl T 5180 sl padsb 53 w50 ol A IS
S dele G5 ) s kil Sl
el p S e 2 S &gas 5 055 W s Gt ol

Slaks (RWC) S Of o (glsioms deslns (4l 5
A5 Sl T 5 055 5 4l e ke 0 slal & (S
iy cele Y Cdeny e s bk sl il Sl
Sty bt pes (65,5515 5l el st b elel
St U35 a5 gk 453 VO Slos 5 ol EA
2l Gb doss e S O e Gl S
(Weatherley, 1950) s S acul>s

RWC = ((FW - DW) / (TW - DW)) x 100

S i 055 DW (@) S 5o 5 035 FW alaly ol s
o @) S sladi s elel 035 TW 5 (@)

Sl il e ls 5ol ol Cansy )
S ) e Sl lal ke ol w8 eslinal S
S0y Gkl s 53 Stls ) ey alolisly 5 AL
A35 Je) (g5Lib aaimen oKis 3l eslinal L A5 sl 13
0> Span sleml 51Ol o ad sl s ammeay (I ]
(MPa) JSubliKs oy S O il Lz Jles! i
Sl o S ol ol S el 534 03V s S
.(Scholander et al., 1965) .i (g, Se3lkl Yo G Y
53S0 e glos Wibe (58 SVals @ by e gla el
LCis &S 2 jmn s (g S o3I olSaus b S o (slaiss, Culta
5 Ay e Jsb s (0SSl AADC Bioscientific Ltd)
s Al S G BT G el
oo b el 3 sl oS (¢ Sejlil ik pladl ot
LS 5 Jsbome Gl (T e 4 (S i g i3
S5 s Ol S ndy el el JsEo 8 S S

03l b s 5 (S, Se3 256 Y0 = pad b s Juol


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

WA Jlo M ojled A il aLE 5 S, 5 i b £VA

38 JB5 IS Glsmme op i 5 Sl S S e O
Grae Loy sy cd b Ao Ve Sl o e S
b e ars b O Jdaa) A saalie doys 0 658
Ll 5o Lis IS cbalaS, Ol 2als sel Csa
3 S Sl Bl Al 4 OlS e L sk, S
ol o sl ced g SSOU e STy O e
5 ;20 NADPH 5 ATP usle [2STs &Y puames Condss
s NADPH  J S50 OiiaeSt Jsay 5 Kb o
5 e a8 05Ul ks slitee, NADPT G as
o 5 038 Joe 05 0l S Dl 05eS1 IS5
g oS 35,5 058 b Sak S g 5 A
Mittler, ) dib axils o o 1) Lds IS saala, o 5
o5kl s s yoemes (2002; Saour and Makee, 2003
Sl s s Jo S Sleiy ele S SLUS b,
5 1m) ssdipe o n e e JBs IS Ctle gl
Chemlali o5 Osu3 Sy edell Slask OYAY s
5 (S 30Bd (S g s) 3,5 o 0 (Guerfel et al., 2009)
U5 6 s s ol e b L OYAY OLKes
oap S 58 35 IS (LSS, Olje S sk
sl
Slyme p Solssne sk S 4 sl Ol Rl
Slime  Llal 15 J1 5 o0y d3e WS by lS
SRR O] B VR I { (ORI e KU CORP R N W PN
il o Pl g Sy e gles 1Al 5 A
5 058l b sai S W 5l s edd S T il
cxle 5ol S e cwles sSllls i
355 o bl S P oS s S il
bl oy S sk 5 .(Lombardini et al., 2005)
ol (Saour, 2006) Osu 5 OYAY oyl (Gdams)
CLaliS, gl bix » IS8 cate 4 A2
g b S sl e kil s S by ks
S Ol OlS 5 cble a5l i Sl &S el

LSLQC».:M:.B )| LSJL:.M{_} eJJSL}Lb'u b Lﬁd:a)'_}) JJD/JA& ot.:f

s g SOL e I el bl Ol 5 LB
03 5 0l del S i

xS o p SAS ey Ol G LS Ul
.(Fereres and Soriano, 2007) .3 S acsles 5 alal, 3

WUE = Yo / W
oslatal S0 UTW 9 (kg) JS J;JA.G Y Total éj.s 419;‘) B

s (M) A2,y b sk s

2o Slesgd e S pon SlS e o Lﬁ?"}weuﬂ
fslons Ao p3 gt OF Hldie 5 S sdalie o g0 Sy
lagisn 5 edd ol ain s boge L3S
I CER U B WS U - S P K TCIV E t
w5 W o0 o Cols (68030 bl
Cl-) Jus (leaf area meter) S ~law (5 S0 31l ol b
0 53 (S gl doss s 3 S s (S ol 202
£r b Y O as, St pecll Aoy Yo U i) oy S
VaSy Ao A B 0 ad;doyn e BEy X as, ds)
3 s ARe) AL gduas, (B ad, dops Ve BA
RO CRERIPTONN

oSl alie 5 bty aps Jold bl s
oSols aglin i el (4/) i) SAS LIl 3 bauy
oo doss 0 Jliml w53 LSD 0sa31 L ks

Lk ey (ExCED STl 53le 5 L 5 La sl gad .25 S

oy mls
LS Jsdr 4oary LifSe b @ Jbs kS il
2 PP 5 by A5 Sen p aS AS asia (WLl
Vs 0 bl mske s Cosa S s A s S Ol
Ssime B D Lés IS Ol o Ll AE s me Ao
Osd il 3 s b L5 IS Ol o mi (Y Jsd) Sl
235 sdalie (ol Cod b doys Ver) b, i
Jsb s a8 sl Ol 58 5 s Jlise 3 (0 Juus)
doys 0 chle b, 5 glasles pled s ool 053

Lyl b g oo ) i S 5@ L35S (lgee 5


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

D19 s (K s bl s O Brae WS o SKes o 5 ST

Tt SN e gl pasls 5 olS gy Slho S G 5 by G5 O bty 4 Y Jser

Sl o Sl
slas .
dor sdim T T s s agas 0 T
i Srel Saole
INAY vey AT vy Va/e vy oAty sb, i
vy YA0 ¥ f/avo Yoo ™ Ve o™ oratt oy s
AV ov/V™ TAR oty ™ YA\l ATt s b i
Y Y /evo YYY N /AN EL A ot
ARV VYA AAL Y Ure AKVAY Ve/0 (A
6,|.ad'.uf.u, Aoy 09 ck...,.s,bu;u o Fa NS
T SN osm gl e ls 5 olS gty Slio Fp oS 5 b 5 OIS bty 4 —f Jssr
Sl o Sle
ool RN slge JS b Colda sles
. N - s 3 Shes ,L,.:sn A - df S b
e Oslis sk o S e ey
VAR A £ 77 S o CR A 1A T AT S V7R L Va S Ssbs
SRR | VA I TR o S V-F AP\ A \7A S Rt
\Wwe™ ot V4™ vae™ Yoo £0/A™ oM T AT S b
Y/0A \Ya% §/88 o/¥ VY/Y ) ey Ve \A o
VYA YA V0/0 Yo (VA VY \A/A Y/AA ()N i e
‘_;Jlaguu‘:.\p 9 Ao, 09) cb.., 23 I3 g i S NS g ke
T U osm gl pasls 5 olS g, Slhw Fp b e sk ST 5Ske anglis 0 Jgu
ol
T N M‘f}«ﬂ Sl J}im‘du,w b s, s w’j%uw
(TSS) J slous kgm®) BEESE <l (o5 b b)
(IU.mg FW) (mg.g FW™)
Vy/Aav® VWYY@ YV P Y4/8° V/AV? ol o s ) e
ve@ YV/AND Yo/t @ AV Van'k o b ds s Ve
VE/9) 2 VEAS g2 gv/v? /Ay ¢ s b ds s 00

L Golae 2lS

Ol Jils 5 S O i (g Aas e halS 1 oS


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

WA Jlo M ojled A il aLE 5 S, 5 i b Y

@QSJJL’e‘”ﬂduua’u}eLdeJQWﬁcﬂjs‘ggyﬁj&Jc}h«&ﬁk;‘aﬁpw’&—-\ J}.\>

Slw

Solts Ol il B el e gl _ _ ASS by

/ . olsn Sl addsls .
sl Sz O gl 25 Sl 1) (e b

(mol.m?2.s™) (M Pa) A (mg. g FW™)

TR —oy e a/vs¢ oAV YU 0/¢ v % Y80 .
/eoyd YA MA@ YA/A® Ye/o @ YN 2 Ve 0 You
eyt _vve q/v d e Y¥/0 4 VAP 0/88” v
ey —v/00¢ VYV © Ve/vy T Y4 @ £/8° \ .
ferP -/t Ve AN Yoo Vet® £/10° 0 Ve
YRR — /8t C ye/yy @ Lave Yo/8 o/v ¢ y/evd %
oeart —+/40° YA/AV? 1/t 9 0V/48 Y/009 ARY )
/exye A VUALP WArE ATAN o/vs " /oy 0 o
ey —/A0® \v/ay P YA e A vAvf /40 ¢ %

1 13 s SN LSD 8051 bl 3 0 ezl pelas 53 sylie g b 5o ils O gt 2 5

Denaxa et al., 2012; Boussadia et al., ) 04 STICER
33 S Ol s Gl 3 6Kl ials (2008
A edalie JalS olal Sl 4 Cd sby 25 Ll s
sdalie 3 el LS00 (555 45 (6505 Jhasn 53 iaeen
5 i s sy SU L sk, 5SS
Sl s 2l L S O ey O e s
Shia el gy =k ks .(Gomes et al., 2010)
S5 s YU les Lals o gl 51 eslinad &S e
T e e M O LK g JE S IS
5 (Glenn, 2009) das o il il 1 oS T el S
T So e (S5 bl bl L S8 W1
S5 Oljae 5 S sles olS ool 5 Sk 5 S
5 odahaim oS O (lyme amips das o 1S 1 olS
Glenn and Puterka, ) b o Solpl S, ol il
Jifon ) s o S 55 S Ol d (glsee Li> (2005
Chondrolia Chalkidikis SPIES «(and Syvertsen, 2003

e L (WYAY (AL 555 s (Denaxa et al., 2012)

2yl Cillas s o CLU L JTVS Ll s s GI56

2 O3PS 5 by R RSes Ly S dsdr
aggme dosn Vb 53 S O Jedly 5 ol (5l g
sk SR L s ol mls (7 Jian) A
o ys 0 Gpae o) L b doss 00 las o ety
5 (Ao 3 V) S O s Glgime (I gm0 S8
Span Oy Bl d 4 S (Ao33 V) S O iy
75 Sl Jeudly 5 T d (Slgtmn eSS IS
sdalie IS8 b rme Dol 5 ol b b Aoy 00 s
(Vdsr) a4 S
S Sl el s e Gl slaarls
35S by N5 epss I s dmes oS T s
GRS 1y e by Dlpe a VL (slos ol pene
23S ol iy 5 Glisss ot Al oo 5 o3l
O ey Ol olple 2380 535 S slales
Sl s Sl 2 Gk Sl sk GRS il
28 0 S sk el 5 O Jeily a8 4 e S
4> .(Lawlor and Cornic, 2002; Anjum et al., 2011)

(Flexas and Medrano, 2002) S5l (55, stdplesl Siass


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

V) s (R bl 5 O Bae oS o SKes o 15 ST

Ll ol ags CJL, L5 (VYQY ‘ujdb'-) NP

S M Sl Tl s o
(V7 dsdr) Al s g Aoy 0 mha 55 IS 5 sk
Al 5o S ol 0L Sl alin sl S sy
0 b b 88 Goae (RIBI L by A5 glasles
o p M S 5 A analS S s Ol Sl Al
Loz 0 Grae by ol b b Ao Ve Gled o
oo oS Ldkims Oliies (1 Jsdr) 3 8 edalis ) 5518
osn s 0> Js e T cdld (bl sy s
53 OGSt 553 s o kiS5 w5l ol 2als
,s .(Manivannan et al., 2007) .l b, A5 Ll
Loy amdlsy e h Graml DLS Ld> 3 o)y i
b 2leS Sl Jeols Dbt sl Sl ST glaw S Gl
»> (Krasensky and Jonak, 2012) s 5 .« Jso :lis
S odan M G s S LU TS Ll 2
S eg (FAS S ol GRS Ceols Kby oS
Al s e g ey lain boablie s Llg s
S50 by o5 Rt s S il sl s
5551 5 (Ben-Rouina and Ben-Ahmed, 2006) O,
Oljee a8 L J 58 as 515 OLiS (Carvalho et al., 2015)
) S 2 odon Ol H202 5 ol )52k Jad LS 5
Sl Lzl

&by T s Iy, Colia 5 S el (les
5 Gsb) SR RS o sls DL Laesls illy 450
T 53 Sl Sl 5 Sl gles Ol IS
C‘)Ja.w;‘ o 0> (8 Jsd) LS Sl pme Aoy ) Jlexs|
b o3 S LS el Ol GBS s sk, S il
0 dae b LSS G IS L iy S e
DRl Gl i 5 Rl S les Olge Ao
gl sbes S S5k 4 (VW dsdr 5 ) S) il
5 oI o3 0 G me L glaisa, Culha iy 5 S
e 3 (P13 S b Ao pa Vo) A5 O Ll 0 o

G s Oad sled 53 Sl Culda o S 5 S sl

5 Shellie gbaasl ;5 S, OF file [l iman
Lo 053 s OTAY) A 5 5580 s (YerA) Glenn
Ll Bl e s

315 OLas Waesls bty 4 s sl s Jglowe gladid
oo ) Jlaisl w5 IS8 5 sk S glasles &S
Jlaze 3Ll as Sls me S p O 55 Jsloes slad3 Ol5ee 5
BB 4y L0 dods) A e Cdo ol L
Cosb,y SalS o a sdalin Jiash cpl Sl edel Csw
(0 Jsas) sls 2l 1y O s Jalos lanid Ol Sl
Sl 00 slos ol Ol (IS S ae L pimen
v}o@bw%ﬁl.ugﬂts,uu)uﬁ:@w
Ll ol 5o s s pme oslis L ol 51 o d 518 oo
o3 0 Sl 53 ol 5 Jolee glads Jlade g jmeS
Gl Ol (il cle (V Jadr) Al sdalin )5S
S B P T
5 b JUsl ool b, A kil s oS s S
wl el S, sladle 5o gl G rme 5 2T glass]
ol b ez oS Glacdl 55 Jgoms slad Ol
o by B el ps So i e R
sladd aw, o ke (Akinci and Lsel, 2009) 5,3 ..
ool oS las Sppon O g8 Lild 55 o
Lis 1y gl ool gl Jouily 85 L 5 03 S Jas
05 sl gladd Ol 2058l (Lisar et al., 2012) .S .
s (Rodriguez et al., 2012) ,Ul ,» iz o L2
el 0l 35055 55 (Ghaderi et al., 2006) S

OIS G S 5 sl Ol ey slaasl mls
b oamglie 55 1 S Of 55 Jsbe sladd Hltde Ll e
Aas o QLIS aS 5 ls 3 (gl s s LS dals LS
Sposbass, prm s oS £ gl a8 L IS
Lo oosls Shals 1y S glacil s op S ASles chale
s SEalS 4 e smpd JMie 5 e G
s s (Khalil, 2006) 55 8 s oS 53 O 53 Jslowe

(Khalil et al., 2012) u,uj.}b“)l{ D S0 S c.LJ:r[;u‘


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

WA Jlo M ojled A il aLE 5 S, 5 i b £YY

@:aga)b 0 g0 61&?\.5_99‘.; 6.\..:) olae fﬁﬁ&:‘ﬁsgﬁh’mcjhuj‘ &:ﬁuL_.’.a 4...‘.!.\.2.&—‘/ J_,.-\.>

Sles
- ) , — A
Pt Jobows daloslge U sammd dnSl g O 3 Jshos glads Ol G ume 1S ( )
Loy
(%) ©‘B) (IU.mg FW) (mg. g FW™?) (kg.m™®)

YA/ 2 V¥ YP £v/012 g0/11 2 AYAC .

q/1\° Yo/ro? Y0/00° rv/ave yo/xyd 0

AIVY P yyb v8/qv0 \RTATA Y1/4A° v

51 13 s SN LSD 8 a1 bl ko 53 0 ozl gela s lie g o by (sla ile O g 52 0

00 % Kkaolin BH5% Kkaolin H 7% kaolin

40 -

:‘3‘0,\30_ x e
32w
v 10
0

100

b

C C

75

(535 b b daoy) s, 25 oo

0 Jloaml mhanw 3 lis Sy b L pSilbe gt 2 03 Sy b by 5 sb) Gy GBI e sk 1Y IS

o G2 S S8 sk 0 Sl peen JRas
5551 5 (Rosati et al., 2006) elobs 5 33,5 «(Glenn, 2009)
A el sy 5 kla s (Glenn et al, 2010)
b S iy Selta bl 5 S mlaw slos a8
Slos ilpl aS sy o blas s S edaline SIS 6 s
Sasbs Gkl s (IS ass VG e L S,
nys 5 Sp e oy S mie Culhs Lse
534S A3k Ly, s Sas 5 (38 SVsls il s ddles
oRIB S gl s GalS s, culs Sl
Gindaba ) o (55, eliplal s b baail opl il e
3,03 cales (and Wand, 2007
45 (SOD) 36 pamsd Al p g wl Codlid
2o oS s by 5 Ol a8 sl OlE baesls (gl
V Jlezl mlaws 55 (SOD) 36 pamys LS| e m-ﬂ e

I Sl gme BN LSD O ga3l bl des s

b dens 00) s by S kil s S
SalS &S Ldiie paiee (N Jodr) LS edaline (ol
Cledd s sk A kld g dldss, ol
Culda ldde 53,8 e g 1ea gles il Al alddl
Glos 4 ;s 5 James slos 51l O oy S sl
Machado et al., 2002; Gomez et al., ) &S o i S 5
Cles Eal cleay aisby 55 Jal s s sl s (2004
Sposles @l ol 5 (S gladile (S pbe
o3> 0l Slllas (Reddy et al., 2004) b o ol
SRS e Sy e S5y ST L S S
LS glia, Culda Ol 1 dsn a0 S Ll HLis ol
Gindaba ) das o (28l 15 S i mlaw gles 5 xiliS 3G
5 b S o osbes s o Jgs il (and Wand, 2007

crl 53 sdal Cwsay s L (Miranda et al., 2007) SIS


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

VY s (R bl 5 O Brae WS o Ses o 815 ST

e Aoy 0 Chle B S s s s et
Jsd) s S b,y A5 Ll s olS s Sles 505
5 olS gay wle mle glad bl L 88 Yl (0
L OF gladshe e Ads osm 53 oSl oy 50 J2alS
S S sl odd S5 s 5 o o e
s (Puterka et al., 2002) SIS o 50 5 Shas il 581 Lol ol
L susby a5 Ll s 55 (Spiers et al., 2003) a=tl Jle
el Ll yn s ) gl b o SIS e
2 A 5 ks 5 M 0l O s gl
22 oells e dadr mlE L Gl Cl G ae oS
Lo Jadr b (8 Jad) Ad b pae Ao )s ) é@w
Sl e S DTG pae SIS Ol sk (25 ol B
doys 00 il el s g ralS o i oS glaSa sl
A s ml el pomes A sdalie ol co b
2B i 48 sl 0las O G e LIS Sl ks Xy,
Do & Sl 4 03 SIS A3 05,55 L Of G e
Oliee il 3l cnils il 3l Aoy £V I SIS G e Ok
53 Calee 3 g8 Gl LS e O e LS
Sl Gae LIS nsbs 8GRI LAl Ol s pns
S G e Ml S S Rein el
DD S e b alie 53 (o5 2 Shas) S D s
Sl Gae LU b Jpe b 5o (S (e el
Glenn et al.,, ) 1 5y 4 S0 b iass Al
olis (Asadi Kangarshahi et al., 2006) —Ls . 5 (2010

[P S Y B SR S PRI PR G T
s on S AeSlies slasl e (S ple Jelse Jdse
I o gp o Sl O500DeeS 2 S a8 5 Dl IS
Copan Jisas 35 o st bt Gl ST 3
Dol 53 oS 5 Bl G Sy Ol sl 218 8
ool Gpas o8 ol Of (glyme Li> L Ll s
Olis s jia g3 .(Glenn and Puterka, 2005) Jas o il 53!
Gindaba and ) v LS 5 sus WSS iy 45 Ll
o n>3 5 Li> L (Glenn et al., 2010) , ;51 5 (Wand, 2007

sl Ll ol el s bl s ls e Aoy
Ol by 5 dlesl b (8 Jadr) sl OLES s sme
S s (0 Jads) 3l il SOD sl el
4 Cod 5 SOD b Ol 550 Lok GISE 5,08
o3 0 Cbpame b Ol e oy S 5 5l il dals LS
Ol o bl a5 5o (V o) L3 5 518 o588
et sl b Les (Rl 5 by (55 S sk o5 oS
Jid gl S W5 5 ey 05,80 W e
3 SAeSI BT 25 e DA @ e OS]
SOD (sl (amds ooy 0> 33,8 oo 36 pomd LS| 5
o 53 S 53, 05558 5 STy Sl Sl Ss' L
LS o Jlge 1 BT 05mS| glae S Sl 05568
&, s sl o6 sy sk (Wang et al., 2011)
Jole 16S 5 g 4253 YA (los w0 2815 55 Jsb
Hussain etal., ) 31> 0L 1, SOD o 31 wodlad 21531 0T 5l
5ol ol Cands spe b S Ay e e (2018
Jd a8 s simem Aul b 53 Sy b slas 2alS
s |, SOD wﬂ Clled ami s 5 es S Slts 05S)
dlie sl b Lyl d ol b 56 iomen L SL 2l
S GeSI ST Glaptan i) 5 ST ol L
5SSl G 2 Ol (VL glos 5o 1) (g SKair  lablows
.(Bernardo et al., 2017) ool oals OLLS
S by 4 e a5 Lo ges 5 Shes
0 o 53 oo 3 Shee parld PS5 sk,
S sl ol Y s GLJ (8 Jadr) A s gae Ao s
Loy by A0 0 Dl 5o 0 3 Shas Ol o 2l
blaaal 6801 01y o Al Jols 55 Ao ys 0 G as
o3l L5l olS 3 Shae 108 30 else 51 S aS s S
Liy ol bl s GRIBl s bl pa st bl o
Al e Sl olS ST gsde Cuslie 5 e dE S o 6 g
S :es 5 edd axlse S 5L elS Lils ol o
L .(Garcia-Tejero et al., 2010) &S o Iy sl 33l J seame

S 5 by 5 Olegen b a4 bspe Jsdr e


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

WA Jlo M ojled A il aLE 5 S, 5 i b £y

O00% Kkaolin

100

B 5% kaolin ®7% kaolin

(5135 S B 1033) Fagl; (25 e

0l haw 3 lde Bg o b L Sile Ot o 53 g 3 Shas Ol p (Rgb) A5 5 G I e 7 ohaw J1 Y ISS

s AS oS epe gL s | bohla sy S
5 ) b G ks 55 Ll s s TSS Ol
o5e 53 1TSS il5sl (Walid et al., 2012 \Y4¢ O,
susbs 55kl s s (Garcia-Tejero et al., 2010) J
Daplls sy 5 a8 e al L Lol Gk
)Uom&ﬁdmdu;dmsw);w&glwu
Lol s cpl 03 b e falS olS 3 il S am
3ol el bobaas s Sl s S se Ol
(Green et al., 2003) .i daly iy OF (gilwe 3
Melgarejo ) Ul ;5 J 58 G me S TSS Ol 58l
(Shellie and King, 2013) 51 5 & (et al., 2004
el ol ass b lee &S il el T3y
b bl 3 & il atls g Dl 25 BB 4
o300 Sodla Sl Gy e Rl 500 S Ll g B 0 g
o o el Ol I s 338 e e )
6 Jsbme il sl ) e Sy Lt DTl
Sphe sk 8 Rl s (Opelas BB el
Palouetal., ) ,Ul 5, =as5 .(Akbarpour et al., 2010)
Uil (Walid et al., 2012) J5b & sl JUs 5 5 (2013
SIS sba sl 0l b, (55 bl s s 1 TA Ol
oo thord DLS S kS Sl cose dSE Dleg
Ll sk G55 il e S 005 e TA wibe

Slac b il s g gl olS O e Lis L

5 ls e NI LSD 903 bl 5 ey

38 e Ly Dl G IS I Ol e
O ool 8 B adeul 5 (TSS) Jplone ol 3100 JS
U5t el s sl mls b Gl (TA)
5 (TSS) Jslows il sy IS Jlde 5 5 sk
O Sy e 5 (TA) Osenl 8 JB gl
53 (TA) Osenl o5 I andeal Ol 2 (W58 5 sk
TSS axls Ll 5l Ll i s pme dsys 0 Jloz| Cla.‘
o 6 3l OLE gl (8 J) S OLE s e i
Sl TSS Ol [k 51 el b b dsy3 00 VO s
Ssbs O odd Ll L Ll Sl sy ol e
(0 o) il il dals Jled 4 G TSS Ol
o3 0 Gaae by <3S 13 dgls 5l cos TSS
(Y Jsior) sls 0L il Jslous dals 3le Olpee o 518
pled L34S ad oals Ol S0l aglie Jpdr s b
TA Ule (W58 Grae (RIB L usby 25 7l
Vor Slad o 58 TA Ol S Sy s ine L2alS
sdalie IS Uoys 0 Grme Loy ol b b ds s
by Bl O ash, 15l 5o (1 dsar) A2
g ol 4 i esle 5 A3 s 5 avl EalS o
RIS SP cﬂ)ﬂ Sl s bl e Al
S ko 5,8l dd ez Sl 503 S LS 55855 5 SIS
GRS Ul el s sk, 5 Bl s S
St ol leS L oablie [ lea oS 5wl


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

£Y0 s (Kidp s bl 5 O Brae L8 o SKes o 15 ST

53 J(Alvarez et al., 2015) 13 S g S pwclol
SRS pdSE e S R Sheun
s (Melgarejo et al., 2004) Ul ;3 o4 St gl

el sl 35158 (Colavita et al., 2011) SIS

S S o
0 clle b 8 Giae a5 sl 0L Jlagh ol mS
N N B I LIS~ ) IS PR S-S S P P W
Cusbs Sl (S s 35S Ol (R3Sl (25
SR imen 5 oge 3 Shes 5 S ST il o
Ogeel 25 BB andad 5 s Gl oS mlaw sloo
S oIS s 5 SIS e 05 Ll 4 il s
A s 5 lsss Sale 5 gl S L alS G b
Lim 5 e QD GBI corpe oS S5 5 S
R 5 SMST BT o e S 55 2 O b
53 15elS G ndydess 5 a8 05t Jlb sk S s
dr s LI sl gl TeS 5 Ol i sle S Ll
23 prmen 538 3 Ol 3paS 5 il Ll 2w
» S sletn JHE Gl Ced s O3 e
b ol 515 b gl 51 0S5 VL slos Jasl 15 5 Olensls
Li e iS5 S o LU gy Ao 0 clale
3MeS) a2 Al 5 ege Jpd B kS 5 S
5o sl LU a0 VU les 5 (Ko Sl Jol-

.J;M\}}ybc}ﬁﬁéjlﬁigh_éfm);

b S5 slege W5 Eel SUssYE L osisa o
Osk Dles & S S TA L slen 2o Of Ol
bgiler (U L3 58 lulie mlo 338 515 G s
(Ennab et al., 2017) al Jl& ,; 5 (Chabbal et al., 2014)
el Csay
s 5l Jole gl el (S g T A
S DBl o> G S Cilie sl LS 3l
sy 0L Sls gme Ol doys ) Jleil mlav 3 e
Sl Kot sl Aos S5 e L (8 )
SIS dos V50 slasles s Sl b de il ials
A edalie Sl g ol St peol dogs Ll
ald a4 Sl Sl 53 a3 Sl doys s
a5, 3 (Ko Bl (auasy Sl Gl 5 3ls 0L tals
B A P B K I SV
Sit s o8 glash by L o5 pdtes SR b
Jifonand ) 55 5 s sbl o5 555 SSU Cusb ol waws
Ll e ol e L L )8 (Syvertsen, 2003
sge o Slos [2AS pimen 5 s o Lo goe mlaw 4y &S
Ll opl 53 A8 e cwles ol 4> 3l i Lase S
G e BB Ol 1y et el Glae s Loy
(Glenn, 2009) das o Aul5dl 1y egme (ghews 5l 5 esls
s wiliS b ope cy ISSS S el
o 5 XS 3l el e 5 slaaY
P e I Dl I (Jk ol DAd s
5 sl bl 4 ool Sl cuiles b oS 5 8
ey s 53 e DL ke Sl ege gladsle
5LJ s> (Gindaba and Wand, 2007) .S e (5,8 s>

@\.:.a

S OAE (35 o kS 5 CoaS 5 s Sleogar s LT oS Glasles I OTAL) o el 5o e e ot

TN Lk el

055 o ol Sdnsd S S Fa n FES Bl H e A7) e 55T 5 0 ebas od an

AR A dpbjf\))g:)ywd)jbﬁj@)}


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

WAA Jlo M oyled A dl ( alS 5 S, 5 anl b £

(S50 g s sl «Dlides Olojle (35liS sler Sulis B At OS5 gl S 15 (1Y40) L b
S e St S gn 5 DS 0l 3 ( SLEL pole Dliis a5

S S8 a 2,5 08, O Wl Ol 5 (KA S 8 4 0555 Jshse o3, Ol Ol mul (OFAY) Ll Al
Ol Ol e S ol KSls (685 asbObL L Oliw g ol Lol 5

QM AK.:,..;\J Q\)L}J;‘ ‘-’\Ji\ DL QLSJ.A U;Jjﬁ (W’ﬁi) C srv\jﬁ ft‘-ﬁ ERS) ‘L;‘iﬁjg L;-j:ﬁ

.Cc@kﬁub Sadge 9 £ cufbg dazm S L;E:z.n (_;Ut:umq “ QU:Lsf Q,ULEA (5LAML§.A AYAY) &S .)T Jﬂ E) .u»\ T c\j..u.

g (33 oK ls il Ll

Q\J.’.\ c)‘ﬁ.:u c)‘j.:.;: aK.iJl: ‘v\-\;’)‘ L;\NLAA;’)S ML}QL&L} H)LJ 0 9P

Vj) JLASﬁ ;:}ﬁubij&ijjjﬁ]; Lgu:;}u fﬁju’:!):gj;‘ (Y4) Ll (oliin Jap‘j.v ‘va e cJJ.éL;)iE.a
AV=AC DA Ol GSLel Oy 5 e ke st Sl
.\—\‘\:\/JMSJ_)S)\SJ.\;J).:))(JJ

Bl Sla ia s 455 01l g 53 DS e e e S 55 50 (V) 5 il 5 il (ol S
AY=-YY ¥

Akbarpour, V., Hemmati, K., Sharifani, M. and Bashiri Sadr, Z. (2010) Multivariate analysis of physical and chemical
characteristics in some pomegranate (Punica granatum) cultivars of Iran. Food, Agriculture and Environment
8: 244-248.

Akinct, S. and Lsel, D. M. (2009) The soluble sugars determination in Cucurbitaceae species under water stress and
recovery periods. Advances in Environmental Biology 3: 175-183.

Alizadeh, A. (2008) Principles of Applied Hydrology. University of Emam Reza Press, Mashhad.

Allen, L. H. and Vu, J. V. C. (2009) Carbon dioxide and High temperature effects on growth of young orange tree in a
humid, tropical environment. Agricultural and Forest Meteorology 149: 820-830.

Alscher, R. G., Erturk, A. N. D. and Heath, L. S. (2002) Role of superoxide (SODs) in controlling oxidative stress in
plants. Journal of Experimental Botany 372: 1331-1341.

Alvarez, H. L., DiBella, C. M., Colavita, G. M., Oricchio, P. and Strachnoy, J. (2015) Comparative effects of kaolin and
calcium carbonate on apple fruit surface temperature and leaf net CO, assimilation. Applied Horticulture
17: 176-180.

Anjum, S. A, Xie, X. Y., Wang, L. C., Saleem, M. F., Man, C. and Lei, W. (2011) Morphological, physiological and
biochemical responses of plants to drought. Agricultural Research 6: 2026-2032.

Arnon, D. (1949) Copper enzymes in isolated chloroplasts polyphenol oxidase in Beta Vulgaris. Plant Physiology
24: 1-15.

Asadi Kangarshahi, A., Akhlaghi Amiri, N., Malakouti, M. J. and Arzani, K. (2006) Effect of irrigation methods and
balanced fertilization on yield and water use efficiency of citrus in Mazandaran. 27" International Horticultural
Congress and Exhibition, Seoul, Korea.

Bates, L. S., Waldren, R. P. and Teare, I. D. (1973) Rapid determination of free proline for waterstress studies. Plant
and Soil 39: 205-207.

Ben-Rouina, B. and Ben-Ahmed, C. (2006) Water relations, proline accumulation and photosynthetic activity in olive
tree (Olea europaea L. cv. "Chemlali") in response to salt stress. Pakistan Journal of Botany 38: 1397-1406.

Bernardo, S., Dinis, L. T., Luzio, A., Gl oria Pinto, M., Valledor, A., Conde, H. and Ger'os, C. M. (2017) Kaolin
particle film application lowers oxidative damage and DNA methylation on grapevine (Vitis vinifera L.).
Environmental and Experimental Botany 139: 39-47.

Boussadia, O., Mariem, F. B., Mechri, B. and Bousseta, W. (2008) Response to drought of two olive tree cultivars (cv.
Koroneki and Meski). Scientia Horticulturae 116: 388-393.

Brillante, L., Belfiore, N., Gaiotti, F., Lovat, L., Sansone, L. and Poni, S. (2016) Comparing kaolin and pinolene to
improve sustainable grapevine production during drought. Public Library of Science since 11: 156-163.


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

YV s (S bl 5 O Bae ol o Ses ol 18 50

Carvalho, L., Vidigal, P. and Amancio, S. (2015) Oxidative stress homeostasis in grapevine (Vitis vinifera L.). Frontiers
in Environmental Science 3: 1-15.

Chabbal, M. D., Piccoli, A. B., Martinez, G. C., Avanza, M. M., Mazza, S. M. and Rodriguez, V. A. (2014) Kaolin
applications to control sunburn in 'Okitsu’ mandarin. Cultivos Tropicales 35: 50-56.

Chen, C. X., Grosser, J. W., Alovic, P., Serrano, G., Pasquali, J., Gmitter, F. G. and Gmitter, J. R. (2008) Verification
of mandarin + pummel somatic hybrids by EST-SSR marker analysis. Journal of American Society Horticultural
Science 133: 1-7.

Colavita, G. M., Blackhall, V. and Valdez, S. (2011) Effect of kaolin particle films on the temperature and solar injury
of pear fruits. Acta Horticulturae 909: 609-616.

Denaxa, N. K., Roussos, P. A., Damvakaris, T. and Stournaras, V. (2012) Comparative effects of exogenous glycine
betaine, kaolin clay particles and Ambiol on photosynthesis, leaf sclerophylly indexes and heat load of olive cv.
Chondrolia Chalkidikis under drought. Scientia Horticulturae 137: 87-94.

Ennab, H. A., El-Sayed, S. A. and Abo EI-Enin, M. M. S. (2017) Effect of kaolin applications on fruit sunburn, Yield
and Fruit quality of balady mandarin (Citrus Reticulata, Blanco). Agricultural research 2: 129-138.

Farooq, M. W. A., Kobayashi, N., Fujita, D. and Basra, S. M. (2009) Plant drought stress: effects, mechanisms and
management. Agronomy for Sustainable Development 29: 185-212.

Fereres, E. and Soriano, M. A. (2007) Deficit irrigation for reducing agricultural water use. Experimental Botany
58: 147-159.

Flexas, J. and Medrano, H. (2002) Drought-inhibition of photosynthesis in C3 plants: Stomatal and non stomatal
limitation revisited. Annals of Botany 89: 183-189.

Garcia-Tejero, 1., Jimenez-Bocanega, J. A., Martinez, G., Romero, R., Duran-Zuazo, V. H. and Muriel-Fernandez, J.
(2010) Positive impact of regulated deficit irrigation on yield and fruit quality in a commercial citrus orchard (Citrus
sinensis L.) Osbeck, cv. Salustiano. Agricultural Water Management 97: 614-622.

Ghaderi, N., Siosemardeh, A. and Shahoei, S. (2006) The effect of water stress on some physiological characterstics in
Rashe and Khoshnove grape cultivars. Acta Horticulturae 754: 317-322.

Gindaba, J. and Wand, S. J. (2007) Do fruit sunburn control measures affect leaf photosynthetic rate and stomatal
conductance in ‘Royal Gala’ apple? Environmental and Experimental Botany 59: 160-165.

Glenn, D. M. and Puterka, G. J. (2005) Particle films: a new technology for agriculture. Horticultural Review 31: 1-44.

Glenn, D. M. (2009) Particle film mechanisms of action that reduce the effect of environmental stress in “Empire”
apple. American Society for Horticultural Science 134: 314-321.

Glenn, D. M., Cooley, N., Walker, R., Clingeleffer, P. and Shellie, K. (2010) Impact of kaolin particle film and water
deficit on wine grape water use efficiency and plant water relations. Horticultural Science 45: 1178-1187.

Gomez, M. M., Lagoa, A. M., Medina, C. L., Machado, E. C. and Machado, M. A. (2004) Inter actions between leaf
water potential, stomata conductance and abscisic acid content of orange trees submitted to drought stress. Plant
Physiology 16: 155-161.

Gomes, F. P., Oliva, M. A., Mielke, M. S., Almeida, A. A. F. and Aquino, L. A. (2010) Osmotic adjustment, proline
accumulation and membrane stability in leaves of Cocos nuciera submitted to drought stress. Scientia Horticulturae
126: 379-384.

Green, D. M., Erez, A. and Puterka, G. J. (2003) Reflective particle films affect photosynthesis and yield in Empire
apple. American Society for Horticultural Sciences 128: 175-181.

Guerfel, M., Ouni, Y., Boujnah, D. and Zarrouk, M. (2009) Photosynthesis parameters and activities of enzymes of
oxidative stress in two young ‘Chemlali’ and ‘Chetoui’ olive trees under water deficit. Photosynthetica 47: 340-346.

Hussain, S., Khalid, M. F., Sagib, M., Ahmad, S. H., Zafar, W., Rao, M. J., Morillon, R. and Anjum, M. A. (2018)
Drought tolerance in citrus rootstocks is associated with better antioxidant defense mechanism. Acta Physiologiae
Plantarum 40: 135.

IPCC (2007) Climate Change 2007: synthesis report. In: Contribution of Working Groups I, 1l and 111 to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change. (eds. Pachauri, R. K. and Reisinger, A.)
Pp.104-105. IPCC, Geneva, Switzerland.

Irigoyen, J. J., Emerich, D. W. and Sanchez-Diaz, M. (1992) Water stress induced changes in concentrations of proline
and total soluble sugars in nodulated alfalfa (Medicago sativa). Physiologia Plantarum 84: 55-60.

Jaleel, C. A., Manivannan, P., Wahid, A., Farooq, M., Al-Juburi, H. J., Somasundaram, R. and Panneerselvam, R.
(2009) Drought stress in plants: a review on morphological characteristics and pigments composition. International
Journal of Agriculture and Biology 11: 100-105.

Jifon, J. L. and Syvertsen, J. P. (2003) Kaolin particle film applications can increase photosynthesis and water use
efficiency of ‘Ruby Red’ grapefruit leaves. American Society for Horticultural Science 128: 107-112.

Khalil, S. E. (2006) Physiological study on sesame plants grown under saline water irrigation condition. PhD thesis,
Cairo University, Egypt.

Khalil, S. E., Hussein, M. M., Silva, T. (2012) Roles of antitranspirants in improving growth and water relations of


https://www.journals.elsevier.com/environmental-and-experimental-botany
http://journal.ashspublications.org/
https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

WAA Jlo M oyled A dl ( alS 5 S, 5 anl b £YA

Jatropha curcas L. grown under water stress condition. Plants stress 6: 49-54.

Krasensky, J. and Jonak, C. (2012) Drought, salt and temperature stress induced metabolic rearrangements and
regulatory networks. Journal of Experimental Botany 63: 1593-1608.

Lawlor, D. W. and Cornic, G. (2002) Photosynthetic carbon assimilation and associated metabolism in relation to water
deficits in higher plants. Plant, Cell and Environment 25: 275-294.

Lisar, S. Y. S., Motafakkerazad, R., Hossain, M. M. and Rahman, I. (2012) Water Stress in Plants: Causes, Effects and
Responses Water Stress. (eds. Ismail, M. d. and Mofizur, R.)

Lombardini, L., Harris, M. K. and Glenn, D. M. (2005) Effects of particle film application on leaf gas exchange, water
relations, nut yield, and insect populations in pecan trees. Horticultural Science 40: 1376-1380.

Machado, E. C., Medina, C. L., Gomes, M. M. A. and Habermann, G. (2002) Seasonal variation of photosynthetic rates,
stomatal conductance and leaf water potential in ‘Valencia’ orange trees. Scientia Agricola 59: 53-58.

Manivannan, P., Jaleel, C. A., Sankar, B., Kishorekumar, A., Somasundaram, R., Lakshmanan, G. M. A. and
Panneerselvam, R. (2007) Growth, biochemical modifications and proline metabolism in Helianthus annuus L. as
induced by drought stress. Colloids and Surfaces B: Biointerfaces: 59: 141-149.

Melgarejo, P., Martinez, J., Hernandez, F., Martinez-Font, R., Barrows, P. and Erez, A. (2004) Kaolin treatment to
reduce pomegranate sunburn. Scientia Horticulturae 100: 349-353.

Mills, T. M., Clothier, B. E. and Behboudian, M. H. (1997) Water relations of Braeburn apple fruit grown under deficit
irrigation. Acta Horticulturae 446: 385-392.

Miranda, C., Arzoz, E., Santesteban, L., Laquidain, M., Gonzales, J. and Royo, J. (2007) Efecto de la aplicacion de
caolin sobre la temperatura de las hojas en naranjo (Citrus sinensis) y peral (Pyrus communis). Acta Horticulture
48: 434-437.

Mittler, R. (2002) Oxidative stress, antioxidant and stress tolerance. Annual Review of Plant Science 7: 405-415.

Moghimi, M. M. and Sepaskhah, A. R. (2014) Consideration of water productivity for farm water management in
different conditions of water availability for dominant summer crops. Iran Agricultural Research 33: 47-62

Palou, L., Intrigliolo, D. S., Nortes, P. S., Rojas-Argudo, C., Taberner, V., Bartual, J. and Perez-Gago, M. B. (2013)
Effect of sustained and regulated deficit irrigation on fruit quality of pomegranate cv. Mollar de Elche at harvest and
during cold storage. Agricultural Water Management 125: 61-70.

Piskolczi, M., Varga, C. and Racsko, J. (2004) A review of the meteorological causes of sunburn injury on the surface
of apple fruit (Malus domestica). Fruit and Ornamental Plant Research 12: 245-252.

Puterka, G. J., Glenn, D. M., Sekutwski, D. G., Unruh, T. R. and Jones, S. K. (2002) Progress toward liquid
formulations of particle films for insect and disease control in pear. Environmental Entomology 29: 329-339.

Reddy, A. R., Chaitanya, K.V. and Vivekanandan, M. (2004) Drought-induced responses of photosynthesis and
antioxidant metabolism in higher plants. Plant Physiology 161: 1189-1202.

Rodriguez, P., Mellisho, C. D., Conejero, W., Cruz, Z. N., Ortuno, M. F., Galindo, A. and Torrecillas, A. (2012) Plant
water relations of leaves of pomegranate trees under different irrigation conditions. Environment 77: 19-24.

Rosati, A., Metcalf, S., Buchner, R., Fulton, A. and Lampinen, B. (2006) Physiological effects of kaolin in well-
irrigated and water-stressed walnut and almond tree. Annals of Botany 98: 267-275.

Saour, G. and Makee, H. (2003) Effects of kaolin particle film on olive fruit yield, oil content and quality. Advances in
Horticultural Science 17: 204-206.

Saour, G. (2006) Morphological assessment of olive seedling treated with kaolin- based particle film and bistimulant.
Advances in Horticultural Science 20: 1-5.

Scholander, P. F., Hammel, H. T., Bradsteet, E. D. and Hemmingsen, E. A. (1965) Sap pressure in vascular plants.
Science 148: 339-346.

Shellie, K. and Glenn, M. (2008) Wine grape response to foliar particle film under differing levels of preveraison water
stress. Hortscience 43: 1392-1397.

Shellie, K. and King, B. A. (2013) Kaolin-based foliar reflectant and water deficit influence on Malbec leaf and berry
temperature pigments, photosynthesis. Enology and Viticulture 64: 223-230.

Sheng Wu, Q., Ning Zou, Y. and Xue Xia, R. (2006) Effect of water stress and arbuscular mycorrhizal fungi on reactive
oxygen metabolism and antioxidant production by citrus (Citrus tangerine) roots. Europian Journal of Soil Biology
42:166-172.

Sircelj, H., Tausz, M., Gill, D. and Batic, F. (2007) Detecting different levels of drought stress in apple trees (Malus
domestica Borkh.) with selected biochemical and physiological parameters. Scientia Horticulturae 113: 362-369.
Spiers, J. D., Matta, F. and Marshall, D. A. (2003) Effects of kaolin clay particles film on southern highbush

(Vaccinium corymbosum L.) blueberry plants. Small Fruits Review 2: 29-36.

Thomas, A. L., Muller, M. E., Dodson, B. R., Ellersieck, M. R. and Kaps, M. (2004) Kaolin-based particle film
suppresses certain insect and fungal pests while reducing heat stress in apples. Journal American Pomological
Society 58: 42-52.


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

Y4y (S bl 5 O Bae oS o SKes ol 518 5T

Walid, M. A. R., Radwan, Y., AjoMalak, M., AngorTareq, O., Nabeel, M. and Bani-Hani, J. (2012) Impact pf different
irrigation level and harvesting periods on the quantity and quality of navel oranges (citrus sinensis) and fruit juice.
Food, Agriculture and Environment 10: 115-119.

Wang, Y., Ma, F., Li, M., Liang, D. and Zou, J. (2011) Physiological responses of kiwifruit plants to exogenous ABA
under drought conditions. Plant Growth Regulation 64: 63-74.

Weatherley, P. E. (1950) Studies in water relations of cotton plants. I. The field measurement of water deficits in leaves.
New Phytology 49: 8197.

Yazici, K. and Kaynak, L. (2009) Effects of air temperature, relative humidity and solar radiation on fruit surface
temperatures and sunburn damage in pomegranate (Punica granatum L.cv. Hicaznar). Acta Horticulturae
818: 181-186.


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.17.7
https://jispp.iut.ac.ir/article-1-1094-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.23222727.1398.8.33.17.7 ]

WAA Jlo M oyled A dl ( alS 5 S, 5 anl b A

Effect of kaolin on yield, water use efficiency and physiological and biochemical
responses of Page Mandarin (Citrus reticulate) under moisture stress
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Abstract

With respect to arid and semi-arid climatic conditions of the country, it is important to apply appropriate management
methods in order to increase yield and water use efficiency. For this purpose, the effect of kaolin with three levels (0, 5
and 7 percent) and with three levels of moisture condition (100, 75 and 50 percent of field capacity) on page mandarin
as a factorial experiment based on a completely randomized design with three replications was evaluated in 2017 at the
Citrus and Subtropical Fruits Research Center of Ramsar. The results showed that under moisture stress, fruit yield,
water use efficiency, chlorophyll a and total contents, the relative water content of leaves, leaf water potential, and
stomatal conductance were decreased significantly. While kaolin application increased the total soluble solids, fruit
yield, and water use efficiency it decreased the proline content, carbohydrates, leaf surface temperature, stomatal
conductance, superoxide dismutase activity, and fruit sunburn significantly. Also, in the treatment of 50% of field
capacity, 5% Kaolin application, increased fruit yield (91%), chlorophyll a (70), total chlorophyll (52%), leaf relative
water content (76%), stomatal conductivity (87%) and leaf water potential (19%) compared to the treatment without
applying kaolin. Therefore, kaolin application in summer with severe moisture stress conditions (50% field capacity),
are recommended to create a positive effect on the reduction of production of reactive oxygen species resulting from of
oxidative stress, reduction of fruit sunburn, the increase of fruit yield and water use efficiency.
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