[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

YYY-Y\ taxin
https://doi.org/10.22034/13.59.211

VEOY slacigusl 5 cpas b 0% oyled AW Wi aLE 5 SIS 5 aul

b oS bt 5 U S F 2 I3l S
S s e (Anethum graveoelans L.)

Tk s Ui 5 ere 42
Ol ol pallasl 3131 ol &Sty (Blo S Aol g ¢ plidins § 035

OFY/ VN 1ol Bpdy )l NF Y0 0/YF il ) 3 ,0)

oS>

ks WS Sl 7 b B 53 b3 o8 8 513 s 3500 g oS Ul aslSly 5 (S35 25 OISy onl 5o
o 4w 53 (el Ol b ) (S5 185 S L g oS plendi g 5 ) Sliw 51 (F A plosl SLS s 1SS 4w b
o5 als 0L s s S ey A 02 p Sk Y0 ¥ mhe 55 00 Ju3lFasSh b sled 5 S5 b b Aoy Y 500 Ve
5 R sols nn sgb 4 1y S g (s g (eSS Ol cady ) Jsb 9 K 5 5 05y ile db 5 iS5 5 05y (S5
SRS 55 sl sl b ekt jleg sladisad s ax ST s e Sl 1 SO Cdlab 5 oy oS elml glad Olpe ilia s
L lons g 5 Wesiy Ol iy by o el «J3l5 e alSh b slag Ll b salie blu I b 5 Sy 5 055 53 ol me
U355 35S b ddles DLALE 5 ol Lisl5il (sl sine ssb & o sy okt led 3l alSh b oS L35 Cow DLALS | awylie o
2 25 fh Gl gme sb 4 Aald 5 Lo g edli Hled J5lFnsSl b aS SIS 4 Cond SUBK Cdld 5 s p g bl
ook WY Jos 859 b iy p K SDS-PAGE & 355 . udls Sslis 50 byl Ols 5581 ol poslle (P < 4740 e
3ol oS & dsd Caslia o polud (5 S el Dol sls OLE Ug3l 5 Sy ¥ MO/l e b e 5 dpkd 25 Jayl 8 )

Syl A5 fdes 5 ol S e dSL S

J’UU\S L3 ‘6}3«&3}3 6“6}:{.‘) ‘Q,;S;ﬁ L"J:ij_\_ L}J‘,éjfg‘ 6-@5 olods

Bailer et al., 2001; ) cuby)l 3,4 wpmr 5 Ll o8
5 5,08 ey &S s ub w5 a5 (Tian et al., 2011
Sy Olgs 4 Olpl 3 &S Sl i opl 3l sl S s
OYAD (Ol jilae) 358 o 2lS ST, 5%
L W3 a4 gl 5 T Sl 5l it (S i
Sl 4y Gl el s Gl 1SS 1SS e ol

&ﬁ)\b B L;:.U& s_é)L.a.A L: Jl u<.“: JALS Ju“fl WL

4o dle
wll o 5ls b el b dle Al s
5 opiege 3l S0 anlol o5 .ol 0L - L (Apiaceae)
S e DS Jals o8 ool alS slaess 500 L
ler 5 )] Sl e SUS 51 s gl
5 el 0,0 ol o i 31 SS Anethum o (VYA

< s> 5 Anethum graveoelans L. 5,05 3l slaai S

mehromah@yah00.com : S5 w1 Sy 5L ¢ ame 0kins 57


https://doi.org/10.22034/13.59.211
https://doi.org/10.22034/13.59.211
https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 TVY

Alscher et al., 2002; Halliwell, ) &S o L5 0551 5
4 CAT Ly 5 Sl o oS 5 G 355 H202 (2006
03 5 bdshe aas 53 03l pl ssde B O3St 5
Mittler et al., 2004; Finaud et ) > ls 5> e 55 oS
55 hlie 53 gls 53 age 2 CAT 4 SOD (al., 2006
A LIl 5o e 5L skdelll sslus]
L OllS buws Wl sy 5 ROS Ws il il
DL s b ST Jomd silenST 5T UL e b
Sl oS olis (i 2! (Wahid et al., 2014) 5,0
5 Ll 3 ph e b e 1 glabad 4 Od,
Glacanl 5 aBl . 8 5l ebs PR I RN RO
(Smirnoff, 1993) 55 § o sl G35 5 5
Lol 5ol Jeod ssg Gl SSUS Sl
RGN PN P R - NI [ NP P
Kb S leascbli= 5l eslatal Lol Slalas
sodiSebli= 5 oSt w5 SLS 5 i eSS
S Sy Ko 3 &S LS b a5 1y Sl gl
Garg et al., ) Lxes i jlew S 4 ol 0bLS
AL s sleeiS e .(2019; Desta and Amare, 2021
oslizal olS iy o B slp $300LES 53 Usens (PGRS)
el 5 el 5 Iy Sy A GlaediS B sl
Ashraf, 2010; ) 1,15 e Sl S s 5 ke Ol 51 o AL
05,5 opl (Garg et al., 2019; Desta and Amare, 2021
sl sl eS| ol &S 5505 54 Lo o a5
5 Sl il (Sl st (o S s
5 otk a0 ULl syl sl ot 5 sl
LSzl 5l s S sl daes ops 5 by
oo s SESS a5 ol Cer Sl S daes
S8 Gasb Sl pea e G5 Jes U s 4 s Lilens
OLlS L olaws) & L;uwﬂ wle oS o> pr
S8 e s bl ps el gl a8 (i e
S e Jy5L 5 ols 5 (Jaleel et al., 2007b) L5 o

‘Jj)‘j;j;}.lsl.: J.al.\:: JU}-\:JL;“ osliwl PGR S gods

i ) b lacaa] 5t cou Wlg e oS
Ll b 5 ) SRS Cilie gl gl S S
5 SSdns (B Sk s s S LS
3 5l Bl Ble 5 doslm 25ms 4 olS 53 plard s
(Yadav et al., 2020) Wi o oly5 olS a5 s
Skt Uy 25dn Cpmime Sop IS S Sis
5o ol Cosgdes ulb o5 UL glabes asle SSUS
SRR IPRTSY I Q3 P N VP TP L e e
,\})}T Ser9 b u_{.;;- JLJ .,\.gbf& dad .. 9 UL:
5 Six gble s olalS .(Hossain et al., 2016)
JA oS S S S o e o | Sl St ey
sl (Jo S A et sy SeS LSS e
{(Faroog et al., 2009) ;148 . 31 OWlS .. 5 Slday S
53 1 (ROS) O3St sl adIsl, Ol Six
5 A5 .(Smirnoff, 1993) das o il alS slad o
5 oS,y aps bl @l e (ol glaslis
Hasanuzzaman et al., ) 53 o oS ;3 Ss O3l8 pls
SP e SesilSe OLS a2 i 5 (2020
bl 5 (2l o3l LT oS S n slom) (0550558
«, .(Bosabalidis and Kofidis, 2002) Jas . =5 Lol 5 s
S Lyl 5B DSl ST i K 0LLS Jbe Olge
LS o J S 1y O5eSt T Gadsl, A Sl e A
5 3,03 345 OLLS 4ea 3 LROS e S s
3B e ST g (APX) lansl, ol Sl s
sleolawsl z1 5 (POX) jlaws!, (CAT) ;UGS (SOD)
5 SeosSul dul (GSH) 0p5b4l8 Jold a3l 2
Prochazkova et al., 2001; Rady and ) tceas Jj 355
P{EW ] Glan 51 CAT 5 SOD .(Gaballah, 2012
CJL»._SJ: “ b LFBROS S Lo Lhdjl.w DL aJ@&}-L&
HoO2 4 (53U somss <Jlad L 15 Or w5l cpl . owlaROS


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VY bt g b5 s S F 2 daslaasy

SHL) G g (Fore

A sl olS gyl 2alS (sl Jasl s slSh W ol o
Wanderley ) 5 55 o 03 5 518 4 45 pkr SIS OlalS
et al., 2014; Hua et al., 2014; Pinto et al., 2005;
Novita oLl sl s .(Francescangeli and Zagabria, 2008

O 535Sl SIS (S e sS gss (YY)
Cals adS il oS gl rals  slakle LB
e il glaamle LB 5k 1) aulS Ol cudls
ol pasdSl iy slilal &S eds 5,18 cplpesle
Slales (gpd ((Sat o a1l 5o 5 ObLS
Asare-Boamah et ) oS . Li- o6 5 oub L UL

al.,1986; Asamoah and Atkinson, 1985; Kraus and
Fletcher, 1994; Kraus et al., 1995; Fletcher et al., 2000;

s 1olasl o1 .(Marshall et al., 2000; Zhu et al., 2004
OB aile ylanSt sl 5T s S E 5 C el s Asle
L5 ol oS A SR s3It LSS
Srivastav et ) &S o sbml 1) A5 4 Coed Cuglie 5
Josil 5485 @l 2010; Somasundaram et al., 2009
(s bl wle OLLS Sl ol U OlS| =T gl
Percival and ) Ll o Blas o (S paxr S 5 adl oS

Salim AlBalushi, 2007; Sankar et al., 2007;
Manivannan et al., 2008; Somasundaram et al., 2009;

uels> (Srivastav et al., 2010; Mohamed et al., 2011
sl 3l el oddosls G J5l 5 5 4ISL @ 5 BAS
A2l 5o on 0B Sl J S s dils e 0T (6,8
Suse 4 sl 5 Jlanal (55, (Bazurto et al., 2022)
Sl Gl L ees S 03l b5 (S s

Gk 3l Jasl el 6,8, (Rademacher, 2015)
S e I3l isSh 05 ls (it i il ety
sedd Sl aly;y Guyb Sl s s e Jame o LT b
Xia et al., 2018; ) 55 0 o3l oo olS i, adlaie 4
Cregg and Ellison-Smith, 2020; Lima et al., 2020;
aisy 5> deul S ol e sUe (Guimaraes et al., 2021
b o 2 Jslisnslsly (Salssl s sss e el
Sopher et al., ) 5,8 o e e O glai, Jlezal
(1999

Ladssb 5 dates o 28 s BASYY 5 ol 5 Jasl S s
Lile ALS S slalses s O35 kS L1y olS A,
B o Sl s S el S e
S ) By Sl Wdssl 5 (Hajihashemi, 2018)
wlherdsn 5 (Ll Pl L3, (Sabsl iy s
S (ABA S e il 5 oS s ol il
Srivastav et al., 2010; Somasundaram et al., ) .S .
.(2009
[2RS, 3RS)-1-(4-  slard oL L Jylisslst

chlorophenyl)- 4, 4-dimethyl-2-(1H-1, 2, 4-trizol-1-yl)-
s llasl s clad il 5 e S 4 laze gentan-3-ol]

(Desta and Amare, 2021) c.l @ esas LS,
Assuro et al., 2012; Kamran ) s 33 e eslial a5d yams
Oljs 5 o5 S otd b gl 5 558G (et al, 2020
A s ol s s s ol ssba Osensm s
e S 55 sl 5 e dSL (Kim et al., 2012) 5,148
Pal et ) das oo SEalS 1) olS plis)l 5 35 0 4ty bl
L;.B‘}ii 4 Cuglie 5 A e Jul58l 5 4 (al, 2016
&S, (Syahputra et al., 2016) s> & =
oLS 45 Phoebe bournei , Lo clale b Jg3l 55580
Ll o Sl o 03 s s bl A B ) AT
Jail 558G (Lietal, 2023) das a5 1y als) 558 50
l) .X.;ﬁjj e DL 4.L>-JA dw &S Caw-ﬂ\ .L.A) a..’u.)‘.’)'\.: &.;
.(Fletcher et al., 2000) LS o 300 oyd e Sl (6l
-l & 0, 8-l OspldnST S50 W 4 Ll
Ol S pes Ay s gladle Ll sl e S
Lgd o oS wa Lao Soln 5 il i iyl 31 Sy sles
.(Pinto et al., 2005; Francescangeli and Zagabria, 2008)


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 TVY

30 B AS Gln sl PYO 5 a5 ln sl
Joe e Sl oo La L35I8 sl sl #2Y
Sheslal Loy s g ,Seslul LSS aw s Rayleigh
A el W55 5,8 s b @ by IS Chle o5 glad e
Chla (ug/ml) = \Y/YYAsse - Y/VAAsks/p
Chlb (ug/ml) = YA/0 Asean- O/Y * Agsryy
Car (ug/ml) = (V+ ++ Agy. -V/AChla - AQ/+YChlb) / Y4A
Bates o, L odon S iodan Ol SRore
Sl L bl deac Gme Sl eslizd L (14VY)
ASas leg gl OV mpadsh s S sbadsls
e Sl eslinal U s e s (6 Sesll e il
o3 S ailoee Y= VYFAXH /0 0V Lt dslae 5 5l bkl
Sy edsSelel  glad g Selul C|j>'v.‘:.u‘
53 A esle 5lp 8 e ¥ Al L el 5l S o) s
Lgl»;lfpf g.j rho-): @iz VSl 4 Lo A J LI
Jos 5 3 e sy 5B 288 18 618 le e s Ve
S SS s ai e Ll dess A 6L ) s
o3l JSU s L el lesslas
53 Ssi e 5l e baelae sl W3l JRalS asiie
el glaad (o Se3lul (gl o daids Ve e 4 5 Qv
Miller iy, L sdeSlol lads .Lad eslisal ol
Sl VO &S s ) 4 0808) W (6Ll
Al Ghime 31 dke VO L sl JSU o las
03 aidy Yoo e 4y edd byl Sledle 5 i
ol 5l e b8 58 oS Sl a4 gles s solerys
T & doss Fr SBULE s el 30 e 40 Lol
Trdsb oo s e dad Ol s 51 ey 5 A es g5
L L3 (gl yme S ol st 2o gtbg Sl o 20 6l OVO
A sl SIS Ik o ) eslizud
S 5l o 5 0 e izl 1 e 5T 6 las 4@
e Osla 3 pHEAS L Use +/) Slivd 3L 1) L Y L
Ve e b 4285 10 ke o o7 s S 05 pan 3

o Slad 306 1l e Sl ¥ TC les j adds 3 s

R S G V-2 L NS | S NV
3 besdian 5 sy s Sy Fa 2 Jusl st

el g ol S Slantig n AS Sl i

CIETPIEIRS
Op b B L 0L S es s AlS s bl
oS LA s ol YYAYC s 5 aele V& (5)9 o0
3w Loy s ol 2 Olgaol A OB eSSl sl
SOl s i Sy M e Jkes L Spisas
o olalsl Las awils s b S gl g
Gl F b IS 4 ObLS 5 dd pll o) 586 o
Ldd esls ] LSS 4w L (RCBD) sl Uils
100 (uals) el e b Ve bbbl el bsles
S sy e I s (el D) el e b
Sigma- <52 5l eddglh 2) sl iessl 5 (Wil
g g s p S ke Y5 Y0 5 Lie clals | (Aldrich
Sesle Vo ble Jsb S s 5l gl e s 55 Jles!
QA Al el (S an boss e 03 L s el
Coze b SS e oler WS oI Jloe L olS
YO L JsilpslSt dsbe L oles (sl QLS .28 8 s
Slesia i) 53 oS e Fos Yo B U b 20 e
e ke i 0L i e (S el DL S
S 13 J sl S slS e 5 (Sas

A el plev

e baplil cpl il 5 dle S 035 e 2
5 edkd i 0l 318 Sle a3 VY gles s csli YA
S Oy e

e GRAIAS, o (aberdsn sl oie
LA Ol 53 oS 036 S eSS, ol Sl gl
Loy aids Vv Se w Jools (S5 sl 5 s ool
Slao Ky Slie S eh Bl alds 53 3 VP S
o3Il Lichtenthaler %y, 4 laassss,8 b sa Lo, )8

e glagsedsh 3 ol dr L08AY) w8


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

O L abesdam g gbEs s S5 F 2 daslSaasy

SHL) G g (Fore

J?XAJQ}?JPS~/~OC¥.,«)>\9 a%ews SPSS 1 eslaa!

R

-

@L;
¢|J¢\ S 05s 8 das e L) Jade 1 glee rl.\sl FI3Y
Al Al ol s (S A lesl b ol se
Lals OLLS Gl a5l 5 Sk b lad a2 Sl ol
S s ces 5 (L Ve el b b e okl
S G5 o (100 el b b B eddsull) mlls
338 e s (LY elys b B eddll) s
Lo Sles OLLS o olpe il 5 055 a5k
I3l 52550 Dlas o &8 SIS @ o sl 5580
5035 A A S (gl gme sk 4 Loy a8 S5 18
Foomglleble s dpe an a Gl gl el

23 b gme 5l 58U Ve MO/L 4 ol 5515558,
Y odsds g0 &S shila 1 gles ft.ut SN Y)
St O3y a8 el S 25 Jlesl o pd 0 sdalio
53l 558h slad A dald Wpai b aslie 53 ol 5a el
Sy Cow &S LS 4 ces 1) sl i 055
A s ()l e SRl i S5 18 Tl s
mo/L cble b ol jles OLLS ¢l olsn eIl Sl 055
Jol Sl Te mgll clle o ol dosl skt

23 e

ot S das e UL Y gl tady; § 05
Ll wlle SES 3 aly) 505 e el sl
055 JodlimslSly Jhed b asd o dald pad b anilin o
W23l Gl ol e sk 4 el s sl S
S 3 5o lSL ¥ Mo/l clale b oals s 5 055 ol
Sose mis JaslpeslSL Ye o mg/ll clle w
Dl o QLS 53 wiy) 5 035 pRlRl e Jasl 5l
Sy dals Ol 5l i, i

St Jlasl Jl s ady, Ss 05 iy S 05y
iz 03 oSSl (Y i) Sl rals s 5 ol

Kar and ) as eslil eyl el g, Seslul gl
.(Mishra, 1976

o & STy bl 15061 (.i;.ﬁ OO [ PPN 2SR
b Ugnhe 00 Slid 5 Ll e WA Juls 2 e ¥
YO 65St OT ids Ko Vor el olas PH=F/A
@ w3nSt T 058 Wlal b a5l cdled s g U
2 Lp ol Ol R A e b RSl bl
S 033l 5 day Jsl aids S Ls gl YE 2 edb
cJles (Chance and Maehly, 1955) a& ol 45,5
A O 53 & A arlos 3 adaly Sl eslial L UGS o 50
oo 5 (H0p clale) C 5 (s Jsb) b 5 (e sue)
el Sl Lol ai3s 3 /YA Moltem? i s el
oS Ok e 0 S e G T &

A= ebc

4 oS gl Bl 1S g Ol e
g AL 5 AlS Gladises a4 5L - 5 L L
I RT"ES TR SV PEVRNENPRE SR P T
aids 53 yas Ve Cepw b aids YO Sde 4 ol S sl
230 s e A o3y I3 Gladly b 0l 5o
Al e 5y S s Jsleee 8 SR v S
LS e syl sy Lo dises o s Hlas
Oyad o 3l 3 e /) &S &5 oo (Bradford, 1976)
02553 25500 Jslows 2 e O sl g 4 sl ol
Ai3 YO idS ) ey A3 35 ob S bl 5 0
o Rayleigh Jue e 55 xSl oS b aged ()5 ol
S8 o el S A skl el 090 £ sedsb
S Ol A5 ealial 3,1kl s s (51 (BSA)
Lt Wales 5 s llial gows 31 eslizad b alS glad s
A5 S alee y=4/0 VXYY

Uiy Gk SDS-PAGE s, S s sl
Laemmli, ) s plel 70 Aol o ST 51 eslanad b LU
bSOl wle S L adS et sslie gl (1970
L (¢ el S5, R250

L LSD 043l 5 (ANOVA) bl 5JUT L Laesls


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 YV$

L gd olS gud) Slho (B p p (SES  mhe 5 I35 BSL ST bty 4 i oY Jaaer

SEs O3 S Ojs 4 s
iy, Job dlo Jsb ) e S 05 i Sl 5055 ; St b
o, 4l 33l
Y4/0v% A AR VIR YR oen\E oeNE Y Ssb
VA F Y/YYns VIRRS & ey oen\E o/oasns Y A) Ko
VY /SE® ¥/q¥ns /ey oy YIRS o oEE Y (B) Jsl 5S4
V/40m f/V s Vrvaagns L Weee\ms e ¥ AxB
Y0 /Y Jeean) A VIR o YOOR Vv (Lo
$INV O/AY YY/Y Nias VY YoV - (1) Sl s o o
sl Sl e BU 5 52 ple o dasOliing 5 Ao s 0 Jlez! cbd 03 15 e Bl 3 g 5 s lasOLAS s
S 5 Ja5l g hSh Sen Sl sty ol s Dlie :Kile aylis - J gt
. L . . . . s 5
wiyy Jsb S O oy S 05 Al Jsb S 03 el 503 ‘ o
+ (1) ol es b
(cm) @ <oy @ (cm) @) 2lss ll @ ols
(mg/L) Js31 5 5 581
FIAEASOE /ARG YT e n ¥ AYARVATYR /e F8E /0048 YT/ Y VAR
ARV YRRV S TVIRS LENRYIV. SRS AR JLETVARRLENN VIS A7 SRS LENEVAR &LV PR \REVAS
AV 20/ ) VR 1= TVAR A LR VAL YIRS LR RYA £ 7Y\ SR TR YIRVE YIS LB VARE SV o A\EWAL
A2 20 8 CAENNRVIRYA- TYRRS LYY, - JYPA LR R VLT T/ DL VIS AT -TVIRY R VARE TR o /00
702 AL EEEEYIR & F VIS CRENEVALF TYIRV N VAF SO/ R CRENNRYIR & VPRS- I YIL T Sy Yo+ 00
VO /VEGVYED VA0S NS /e a$D VA /ST YERYZTYIRE CEERYERS SYPRL o fot/00
Y/Vs/fYOn YEARETVARS YIS v SYRRTUNNER YL ¢ Y90 SELENNEYIS & £ IVTRY LRIV SRRV A
V227N LY L F TV LERVARE VTR R IV VAT SWA L) VIR LT SRS CRNYAY - YIRS AEEYA
AW/OE /¥ Y2 v e ¥Qka /a0 \@ /N AZe /o0 YR /0% ASYD VRRRETVIRS LNENYIRF JYAREY \EEYA)

e 53 LoSile i I ime DUl 5525 0ae3 0L gt 2 53 (el Lial g o kin 31l Sl il £ Kl calts

Looks a5 oy edd Dl Jssl el L
osb o L ale Jsb chle s e g sl S slst
A J 5315551 Lo Slas LS i (g4l e
2 e S ke Froochle s bl Ik Sle J2alS Ll sl
s A e e S ke Yo Bl 4 s Jasl sl )
S5 e Il SL Lol e glads yad
o5 dlesl boaS aas o OLES Y Jadr tady, Jab

Iy Dl sme Jals dald el 4 Cand alyy Jsb Ko

ol P2 /00

2 p S e Yo s Fe B s sl SslSh Sl b oads
sobr isg el Dles Jil e lSL L oaS SlalS 5l 2
O Yeomg/ll cle b Jssl5ssSh s i ol sme
Vemg/ll clle v ol (ol pme sk w | al, S
Sl Gl J a5l 58 b edis Sl OaLS
b o Sax i sl L odle Jsb il Job
3 Sl Jib 2 (Y Jsas) cil malS gl e
S oy GBS Sl i 58 Jasl ek sl o LS


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VW abesdan g b5 s S F 2 daslmasy

SHL) G g (Fore

S e Jals OlalS s sl st ol b
o2 ol sb a4 s Ol S 5 mlle SO
foomg/ll clle s s Ole a8 ol asl
Yomg/l clle b oot jlas lalS 4 s U5l 5580
OlalS 53 Ja3l 5 5 lSL L edzs Hlas OWalS 5 sl 5 s 5lSL
D g S5 e 5 dall

S 53 kS ell gladd (gl gime rediSell (gl
Sl s 5 ol S D4 cald Ll SUs
dals 5 m5 Cow OS5 Jasl 5 eslSh cils gl ixs
Fomg/ll chle s il ol s sl LRIl A5l
(¥ Jsdr) s i Jasl 5558t

ml Sl &S das e 0L ¥ Jaae UG ("-337
Al Il s e sk Sis 2 Jlesl b 5UGLS
S RS Sy ald OS5 Jasl e slSh L e
Chle s cdled a5l ol i UGS ol sl sl
Yo mgil chle s 4 ced Jsslielst fe mg/l
Ll i 55 Ja3l 5 lS0 Ledss Sl QLS 5 Jusl 5 s 5lSL
230 i GOl pme pshy S5 Ok 5 S

s LA el Kis n Jlesl toetig s ldde
Ll OlS @ cd e 5 Las (SES 55 5 Ol
s e Bzl 5 e 53l 53 5 Olee Lol A
S Sl Cel sl 5 et b oolS Sl cuilns
Fomg/ll clhle U les 53 85 5 Ol L3 59 5 Ole
Lokl Slad ladiped boawlie 5o Jol5pslst
S A5 Ll il 5o agls s pme Gl J 5l 5 5 IS
@ S ol ieSL Y mo/ll chle L jles (SO
O Shle s Jil sl Lol Hles (ladi e
(F ) 550 sl (ol e oS

Cod als gl Ggei 53 s AL amlie
Loty sd ol JosliaalSh b oot Jlag 5 (Ko A
Fse 035 0l edd i JSUse 055 5 o Sl eslial
5 Sas p hsd slaaised odd SIS s sladil

Sope 4 O Tl s A 03 eSS Soses 50 S

5 als OblS ) ady; Jsb dslisslSh b sl Ll s S
s e SRl b sboa4 SS S s
@ s |y oadyy dsb Y moll L L Jssl s St
Il 558k L as SLlS 5 Jssl 55580 Y mo/l Ll
213 Gl ol pre sk 4 s el Sl

Sde &S das e Ol ) IS a Jdg ST (¢l e
S o s ol (Kot 5 Jlesl La s lS
(Qals) 7. Ve FC s Lo IS (gl gims .S o Ay (5515 sme
LSt ) LT FC  (mlle Six ) 700 FC
Seslanad s b pme Ol KuS L (i
3 s (SEs I Co LS 5 dals s gl slst
a 5,5 lymme slapme Rl ol ol S A5
DA b IS lde das e OLES odal s 4 @L:} A
A L dlaslsl A e e Sk Y s fr 2l
Loles e 3@ Jds S Ol 5 Lols Sl o Sl
A i Jg3l s SLFe mo/l clale

53 b 35S i sl Ol b b Jg A Ol
OLLS 4 o 55l 558G Fo MO/L Clale L e 4zt
oS o 5 als ObLS (sl Jssl St boedid Sl
Al SRl ol e b 4 caen 5 ol SUS
Josl g mslSL Yo mg/l clle jsb Loy IS (glsme o153
OLLS & ol I3l pl bl Co 8 s S a8
(Y JS8) 55 lo e (J 35558 L el Jlas

S & dase Ol ¥ SE ASsSs, Ol
A ol sme sl (S 15 Jleel L o ki 55508
05,5 53 S5 S lgme Jo5liadSh les Lol e
ssk o 5 wlle (S LS cad 5 (5 0u) dals
SRl b bds 5558 Sl Sl col Sl 6ol e
Yoomgll clle 4 ol Jsslisessy fr mg/l
B i Sold s sk J o5l s sSY

I dpdr s pode m el (o Sl
53 s Slagme I e (S 1 dlesd
oL g e el S 25 S


https://jispp.iut.ac.ir/article-1-1953-en.html

YA

Z

VEOE Il 08 o)lad Y dlr o alE 5 S 5 i b

= W /777

WAL 7 77 7 77

<1

3815k

- 48l
5 s siSL

Bl

7
&0
&
=

=
ol
g
=]
i
a

BOmgL U,

"

B /7777777777777

=

AN

50%

o

A
70%

OH 777

[

s o 2
(Ar A3/3u)
|9 5

30%

(F.C) 15 )b

é-
|

A
O
S

sl P/ 'Ock..« 53 ol gme Bl 545 Kl alinl
w kSl
=S
wohSL

- B G

o o y: 2y P

3 » )

SR R e

A= =oE B

3 % =2 H

2 4 g 8 B

= & oG o o

n.n‘u_; m m (=] [ -

H & 5 g8 d
S N =
B a a

ROW) S VAL FC VSTV DRy Sl alial
Wl P00 i 53 5l e Dl 5 g5 SSly 4liel

(F.C) oy i
50%
(F.C) 5 38

14
"
0

=] AV -t (] o
(A A3/5w)
ned |9 qffef oy

i 56T q

g it (SD) 5,10kl Bl £ 1S5 nKils sldel @ oIS Slkie p Jg5l FaslSl 5 Ki5 JuSen , SI-) JSS
NEPYPRSRTEIN(S15) BNPTRH W N PO R IV <IN KPS PNCU P UL RV PR [ JUIC NPT S ST SUNP [ Tt

Sy Kt (SD) 3 1kl Ol il 2 1S5 o Kils sldel b LS g IS Slade 5 g5l slSL 5 K5

[ 0£-80-G20z uo JrJe'inrddsif wou) papeojumoq ]


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

N L abedan 5 b5 b S5 F 2 daslmdsy

SHL) G g (Fore

b ol S5 id Dlho (S (KA A e 5 J 515 asS L ST Slls e gl Y s

GNPy s
o L3 oo ML b sl a ks ; Sl e

el &3
RV VAR o/evE VE/AYE VY/AYF VORL JARM Y S sk
~/~‘\'ﬁ:’ ./...a,& ./.\ns Y’\/\/Y’\* \\c/\c‘/ ./Y.e;:- ./.Oe;:- Y (A) ‘;’<; .
AL AREEY RN b YAV/SA® \idAkS o/e¥E VAR Y B) Jsil 55k
/v e AT VIRRES LEEERVIRRTL OFF/a* OY/AS* AYE oeE i AxB
AR ARRRER! AR < /OA VAte JARN AR \§ o

YA AKVAR \V/08 V/af V/AA V204 \ZAts - (1) Sl s s o

R | ):@m Sl 2959 r.LP slasOlii ns NS [} JL&"‘ ck-« B )‘JQ;:M Sl 2959 skasolis %

S 5 il S Sy San S5 A st ol sl sy Oliwe Sle anglis —F Jyus

SUBS cdlad Ole s Sl RATJRIRTA e e s
) ) oS el + (1) oy e b
(Unites/mgprotein) (mg/gFW) (umol/gFW)
(mg/gFW) (mg/L) Js3l 5 5 580
JNOF /D JAYSE /0TS AVANFEGO00C /YO /4 YT EYAZ
ARE A VA RRE YRR LA UAE Y2 22 YVES 458D AREYAR
JYFEe /5D JYPAE /40X X 0%\ 580 ARESVER Al \EEYAT
WAV YOR E VIR LI VA /E VI S LRV L VIR g T /00
VAREIVIRYZ) ERY~= TR S VAN TV A d VAAETVIRYZ Ye+/00
YEE /e 0C VIRV YIRS R VA2 WA T JESE/aYSC AL
/YVEN/AYYE VIR FSVERR L VV/VE TV DA CERYA & FVRR VAR
DAREVann oS/t AYAYEAYYE G FAR /400D Yot X
CYAE/eYYR oJeadEs /e 0N VAR ST OV /YR A\EEVAR

s 3 LSl s ian ST 5 g5 0830 D gt 2 53 ool 4LESL g o ki 3 Il Gl il 2 5 Kilie et

3 Ol bk yad 4 S5 5 ol anils Oly il s

s hds A5 bl g s by Sl S VY L el
Lyl s s edes JoslsesSL ¥ mo/ll cble Ul
FY XA QY Glats g ol nSh Db 5 LS
dzils Ol LRIpl 0sTls,lS Y 5 V8 A4 Y0 YA

53 ks 5 Ces SsllS Y 5 V8 slacss

Olag sy Ol Oly als ealis g sladsal

s A s s ) S ol Ole Jasls s St

S| P<H/00

S Ol bl 2 Ol falS 5 Bt DL Oy 13
o530 Ol SN ot s Jaen el i S
2 ommen ald OLLS 5 ek (S A5 OLLS s
Olas Gl J 31550 5L b e Sled 5 0l Sl QLS
Ol [l ciloes Lol )2 53 lapnlis (o o a5k s
A Ol i s e by sl 0L Oly sl L
Voockle b oaals wse s Oslshs V00 s AL
SIS RS o dged 5 JsilpsSL 1) s e S e


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 Y.

oslinal 5,50 Ko 55 e ) Ciliie slais ol
Afshari et al., 2020; Hajihashemi and ) .5 » I3
wioy Ay Gl 5 B Cla.w -5 .(Ehsanpour,2014
Miller, 2016) 55 o a5 ol 53 oS Cosll & j2ee
& 53l 755G S Sl S Sl eslizal oL 5 pge
5 Sl BIKE & el dnd Sl i 1580 LW
oy A Jlie 3 5 e e 2alS Bom sl s S e
.(Soumya et al, 2017) s, . UL ol ol gl I,
ol Sl OLALS s el sdaline g, uS|y RATSs
(Pinto et al., 2005) ol 3l i, Jals Jg5l 55U L
3L lae Sl iy alS s 4 bias J2alS o)
Ol o3 badssbys sl b olas e SSadsh e Sl s
Cools a4 & Cal oS w5l S e il
s 28 oS L1 Rl Bl sl by T )
by o ol Gl gty gbdsbe bl 5 Ik
2 o QMBI eer w2530 S e
o Jer 2ol sy ) AUSSL asle DS
wdlsil doslisslSh b Jske oo 5 A3, S5
.(Nasrullah et al., 2012; Runtunuwu et al., 2011) 5,5 .
Sl sl Sl Sl S S sl Jsliass
S5 oS s ol Sl Gla0 058 3 Sl
b G a5 alsh pll A g gems 3 &S &S o Ul
03 &I > (Santos Filhoa et al., 2022) Jas o jalS
Sl ez s Bl Jgb 5 Sisy 505 b ol
SSEE SR e e 4 dailelSt Lo ss OblS
Gonzales  lisbesl 53 Ll sls Ol (gl gms 2alS
03 5 055 dul e Sl Sled (g aar oy 2 (T0YY)
3013 olS 5 055 53 OIS o eisu e (SO
Jaleel et al., ) s)ls s>y o2 o0 A5 3 Hlyn
RS (OF89) OKan 5 uel S addlae s (20072
Sl e gole Ll s 55 Ol oS Jusl 5 slSt
o RS Bl d s bl A Wy 5 S SEx s 5 055

ol J'“..i\)él

S sls L s ol s Ad ) gl el (g Sl s
wlyadsy 5 el el dsb 5 S 5 5 055 (SO
I3l el b OLLS Jle das o 2alS (ol oms b
S doslppalSt b oS SlalS oo | Bl a5
a3l 5L Sles als Jals gols pre ssb a4 (lisg 0dlds
aiy Asy Sogboa cal gslee Ll oan, s,
Sl Al ol e sk 4 Jasl ISk Dles L 0L
(Y dsa)

oS Ay s hdiS s S8 (S5 el xS
S e sdoee s Wil e 58 ae dail 3 Ll ls
Sl s S el LB ST s, al
S0 5 b o3l (Jple b, g hals 5 Ses
oslle 35 anilsl iy bt 5 Al 08 Ll
st Sl Sl 53 el e Sl pl 28l ol
Sl Gl 2al spie ileesle a5 5 st s
5Pl gl (Johe o s cBle s ke
Siddique ) das e 13 56 o 1 Jsbe 0553 el
Sals 5 T s sl b Ks gsw ) (et al, 2000
Sl sy, Colds Ly, bbb gladde bl
Sleopast R iy S OF s 4 5 asl
Blum, ) &b o 2alS olS lisyl colg 5o 5 SK5ds e
sl el lla s Jlostl 3 b 5l Kot 2 (2005
N T APV RLYE NG I PN
Ly Al ol s g ey m S Al o se ek,
Khalid cic « L .(Zhang et al., 1997) 555 o oS
oLl o iy ol 85l S Al alS (Y f)
slga 5l eslinal (sl 4y olS 5 ol (25 55 Jal 3 olS
chli- lad S ¢ olsa il ady sl s34 5 e
S o M5 RSl s eiS

o2 gl sl Sl Al L5 ediS faas Jel e


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

YN bt g b5 s S F 2 dasl S aasy

SHL) G g (Fore

Slie (g, Se3ll (L et al., 2023) s> ,il53l bournei
Ol (YoTY) 0as 5 Li bove 5 deel SO ] 5 anS]
oS! s o g Sl b g3 5 5lSL (6 SIS oS sl
chls 5 L ol sk o4 Ll 4 sl )
OlEs s pl Oldlas s o 28 1) el el
SHae b Boes o3l iaslsl 4 sl slaos oS b
Aoy Ay S Gseen e Slasely 5 ALS Glale e
Slass 45 Wsls QLS rpdiizes ) 23,03 BLol S o J S 1
Ay 53 1 Aol S sl 5 eS| MJ;U WJ53l 5 8L
Js3 55886 .S e (5 Salanl s Phoebe bournei oLS «i
Sarm Sss 2 (YY) Gonzales axdlles s 1, alsy Jsb
s Fletcher cage 4 Lo sl ol dals boaslie s 50
Sl oseS Lulpd 5o Il isslsl s (Teen) LK
S A SR e atyy) SO 055 SRIE e e
o J Sl b Al A, SSSS S
Sles OLLS 5 aps a5 Ll s s OLLS Cwglas il
dald boanslie 5o xSl dasl et Lol
Joilpsssly hwy aly, Ad, LIl all Jls e 5
A3 by 0500 S s Ol SIS 4 LIS e
Gonzales &Lisle sl o] .(Fletcher and Arnold, 1986)
wiay F 05 Jasliessl oSG A sl olas (YY)
GG L 5 oS U5s s des e R (g e
Sl b o Ul il e Lol e 5 ol a0 J a5l 5 55080
Sy ke SF Ay et 50 Jaslisslst
O, 5 Cao olisbesl s .(Mohan et al., 2020) » 5
b ay Z619 3, by mhaw 5 sk Jojl 55080 (VYY)
sHua 2o158 lal osls 2alS 1 of s Js il
5 U537, Sl L 13I8 0lalS gl (V)9 0
(V0 mg/L) Jssl 5 dSL (6,88 w0l o ials 7YY
4 s 0+ G |, Curcuma alismatifolia oS gl
53> .Qungklang et al., 2017) sls _ialS sl les OlaLS
33, ¥+ Curcuma alismatifolia olS 55, » K5 iales]

Loedd Sl olals gl Sar A5 dlesl Sl awe

AeeSl s OMST ST Slam 3T s (S b S
L bl s Shes 5 5lastp b, Sl 5 506 b sanns
S 2 OV Shen 5 sbew Slilosl s sls 53l
L gl el (Si 5 Bld s 8 gk
Lood Dl pde bilps 5o (SO A5 58 Iy Jals
S sl Al Ao Y ) & i) J sl 5 s sSL
S s A o Jadl i SL L DL Dl e
YO 55 @y il A Ol sk Ad S i
Lookd Dlas f glaazalS 3 oy cudb do)s
R O R B
Loosy sldle sl op dess WY 5 Yoo CSs
5o Ske dsb s sk Wl gl 8 sl
(Antognozze et al., 1990) sls ialS |, S, ke
Aoy e Sike Yo 5 Ve L e Ll Sl
D3NN SN B e el i 05 Jasl st
Lay OYAA OLSan 5 galew) sls 2als aals b s lie
SaNto ) >4 oo axelS 3l 3558k (SHK L s Ol
OLs 5 Soumya L .lul, (Filho et al., 2022
LA sisnonl e oS Hs cal @ dssl 5 lSL (YY)
5 1 S laoge s Ol Anse J3 L cos
S3basl3l sls o 5L L e Sl sk das e
s el aS g c\a.ﬂj das o sl oL
Gl i 358 e axdlssl baod o ol & 5,
M5 e e Gl s Al men s S e 03 (S
ool alpn plhl el 5 i) 4 3550 Aol ]
Sl a5 ool sl psdSh 68 A8 e S
s (Carvalho-Zanao et al., 2018) Rosa hybrid
a5 |, (Sabino et al., 2021) Platycodon graniflorus
S 8 W3S sdalie (1TAA) OLKes 5 Jslaw .das s
03555 Jail Fp 8L Ve mo/L Slle b (g a4 Sl
aday Ly Ll das e il gl LB 5b a1, olS
ey b by cile U U3l e il

Phoebe oLS ;5 1; il slaais; sliad 5 4y, u.k;—ckw


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 YYY

G35 a3l 5L S0 @ fls,se 3 pptizes ol odiie
ol 5L (6 5l a0 O Sl eslizad 5l L3 ol ga

Glae S, Jlude (o Seslul 5l eel cows @ =
o eSSy ke (S Lyl s o o sl Ol (gt 8
L oLl Jles Ll Al s gldsWe L6 o0
oSl S et sbaepSs him s Jil iy
I35 5580 L eddsles OlalS s Laos S5, lude 4 5b
35 AL ol pme sk 4 et Jles DL L alis o
KA COIPR S CIR I ()

S RS oS S 8IS 58 s IS e Al
o= (Oraki et al., 2012) 51> 54 5 (godae SLisl S 5s
—05: S5 eSS L 5 s S S ke
S dzes plaolesle gl & 1 WS clis 8y,
TSP e R Pt S
oS S Ced Ly S Lals (Pospisilova et al., 2000)
Smimoff, ) =l ROS Law i zullos IS conl s a0 T
(V44¥) Draikewicz L « L, .(1995; Sairam et al., 1998
Aol S sl 5 ) oo Ay oS oy S )
03 B AS am 5o G Jele SUS, IS b LIl
Jo S CBlE LIk sl S ssSl ol (Sos Ll
5 dshe sl s IS slans (L1 el s IS e s
Chle Ll e oSy mae Ay s ad ke slas il
das il i e 0SS s 1y Jbsis
S o 5t Se 555, 153 (Kishorekumar et al., 2006)
sdalin Jo3l s lS Dl b plow 5 (S35 15 Cow
Percival and Noriss, 2008; Amina and Hanan, ) <ol ol
Jlas Jaulssl (2011; Pinhero and  Fletcher, 1994
Ll5 o da3l S lSh Sl b (Sl bl s a8
Percival ) aas 0L i b ablie 5 1 g5l 5 s slSL 2
.(and Noriss, 2008; Amina and Hanan, 2011
b sl 5 ¢f YVYO) @ by S Sltie Jsil s slSt
\W00) Lads 55,8 5 (1 ¥ /AA) IS by IS 5 (1 OF/0F)

o> 55 OlalS b avslie 3 (V00 r mg/L) Jsl 55581
Jungklang ) ss eS 4l e V/Y Jasl 5 e slSL Sles O
J53l 528U L oyd 0 035 axiel (and Saengil, 2012
L ais, SUs 055 adkae S aes Ll 4 5o (P mg/Ll)
3 SV 3 PO 5 SpVaspe VYN G
e Ol (S Laglie 53 (S \Y a5 7 FVA
c (Kamran et al., 2018) Jas o 2580 Jg5 5 5 5S4
S S 0LS s el i 055 (S Ll
5 LS L YVAY (B mgIL) Jssl 5 lSL L edd LS
dals b aslio 53 5 codls SRalS LYYl a0
OlalS S 035 wlie b 4 (Latimer, 1992) 5,5 UL
Sl SLLS (gl 5 L TR0 B a3l 5 s Sh b skd Sles
.(Bayat and Sepehri, 2012) sl jals /. YE/VV U ol
oS p S Ll s Jl et A e s U
O35 2 Solire Sl s (YY) 0l,&ea 5 Hutsch ()3
sdalin asdgams Olye 5 ady) v caldy; Jsb (S
S 3 alen pll 5 Ay, i 05y ShlBl LS
SSE R Cod paS OLS 55 Jaslielst Lol
Fan ke 5 .(Gilley and Fletcher, 1997) ol ol o>
(0 mg/L) Js3l5pslSt sl 5o (YY) 0L
0l Wa, TP Al 4 e LA S S oo
Sl Dbt s U3l 5 glSt Oay Si L anlie
53l e slSl sl cou Ol s aly; 5 xS 5 Al
335 O Six 035 5wty 3565 GNP s
55 A, gl bl sse OYAY (LBTaas 5 o3l3g5s))
LUl b sl 5 (S 5 cod glaanalS
Ao Comd sk ST (IB0 53 sl A8
s Maheshwari L « L, .(Berova and Zlater, 2003)
b i Jal b 3 5 b8 sed Js3l IS (V0TY) 0San
S S ope UL Bl 5 oaty; egss S
L ol il Jsilipslsly & Sls olal opl 4 Slides
S s olm K SlalS Ll des e ials

4.3 Ln_vj) UJ«‘ J‘ MJL;é (J':'L\Jﬁ\ \) GLS CLGJJ‘ d‘j)‘;yjlsb_


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

YWY bt 5 b, s S F 2 dasl S masy

SHL) G g (Fore

22 055 Olgee Sl Bl A edys (ald € gad) TN 0w ol
LS o S oS 4 S el olis S (S Lyl
ey ials OF Cle gl 1 Jsbe el Jeudly 6
5Lt 5 S Ol 3 S aelianl & sy
Ashraf and ) ol i Ll s 53 ROS iy, & s
Ol S © s Ll e senl (Foolad, 2007
S Jske Glaslis 5 LS 5 e S SaS cal
Faroog et ) AuS o Cladls s3l0ST 5 (S el sla 25
Chli= Jole b e gonl K Olgie 4 s (@l 2009
A Gdsn S Jer SAF S ol (el S
Gk bl Gdsl, Gl Syl Gl 3 e
5 (s 5 belie b)) Johe 055 glaolasls
sles (Afshari et al., 2020) 5,15 055,50 5 (oS 0,3
b odsn e Jsiliadsl Lodss OllS
Looddsles OLLS aKosb w0 ol Jhals (ool pme
I35 slSh b oodis Hles SLLS 4 s Jusl 50 4SL
Sled s s (Y dads) il S s
2l sy pdilae SIS s Sl Jl S sl
s n SMae J53l F g8 oS dslizel cpl p opdizes (P
Sles S s s e s ) (S e 5 SRl
LS 2 o3 1y s n Slie ol ome Lok 4 U3l St
MOf&di)M;y&ASb@uwaQQMJU\
L otd,ls Curcuma alismatifolia LS s .(et al., 2017
LSl S Ll s s S 8 sl S s sSY
Jungklang and Saengnil, ) 55 S odil les OLLS
S Lol 5l dsliel pl p o e ol (2012
GBS pl e XS o s ) 25 SIS a5l 55 80
g 45 el QL 8 oldlas syl g e
bl GBS @ e pslis OLLS s s
Turkan et al,, ) ¢l joul Ko Lo g5 oo, gs
SliylS s s g ) (20055 Jungklang et al., 2003
G o DS 3 ) s sl Jasl 5 lSL (gadane

Amina and Hanan, 2011; Percival and ) das e b8l

sk - .(Mog et al., 2019) aas . ilssl Jg5l 5 5 6lSL
G e (S35 A S ptS OLLS sl Jasl s St
odss LA OalS b anslas 53 i IS lads 7 YOV 215l
CBlE L Sl St st Jal S eSSl Ok
DL b LA.,\..;}:))SJL}:&)}JSJLI\EA 6&;))5 L v" mg/L
Kamran et al., ) das o il dals 0blS L awslis
SRS 5 O Rl s elie ke (2020
l) 6}“"‘}3 LSLA°J2'<") é.:.;— L):M; Co J))“;y}lsti
slaexls sl (Davari et al., 2022) das o [io158
b opl cd b s @ Jasl e lSL S L s IS
ks Sl cal ol 5 kS gt Ol e (253l s i eliS
ol O g 5l cmiles 5 s IS sm g (ol IS
.(Huang et al., 2019; Carvalho-Zanao et al., 2018)
CUCUmiS))L«}).b \) Jt_ejJLS Q‘J:.A J})‘fy}lsli LSJ;)K"
Stevia ) L sl 5 (Baninasab and Ghobadi, 2011) (sativus
58! (Hajihashemi and Ehsanpour, 2014) (rebandiana
o p3 Sa o (VYY) OLKea 5 Noori adlas 5 sls
ssb 4 Jos S slee S, (Cuminum cyminum L)

Jlde Jfals S ey fals ghenl A5 L (gl sne
i RS Cad ailnST 5 seme Al S IS
Sy 33 e 15, 2alS (Fathi and Tari, 2016) <.l
wpl cdls il s sS4 LS
Lol o3 s Sl il (S 55 o 5y IS
2 Sl 5 e A sl s Sl
Nou&fﬁ j:’\} J.S&.a ‘_}i.ls.? ‘) J.:ﬁjjls éuejzig)
(Noori etal., 2022) 3,15 |55 S twss »
osb a dsdolS s (S i bl s s s
OLKas 5 golew (¥ Jadr) by Olis il )l sme
Ol Bl s o oS 4 Six s el L (VY4A)
5 Olgee (i 05k L3 S edalin |y 0y Sl
Cud B AYO s S wges s (Y/F HGIGFW) LaS 0 s

b b ys (V2 GIGFW) s s Ol 0 S 5 215


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 YY¥

BL J\.;)‘} ‘5}.:ULJ U;ij )‘v\jﬁ U:MS Ja.i\j& L Lﬁ&:»wd)i;lb
s Noori lislesl s Ll Kawly lales aen S
axsi Lol als Jala b oanglie 365 slacaw ails s
Bl s sl st A IS s oo e 61
Chandra and ) 5,8 &y s0 LU OLLS 55 S e s 0
(Roychoudhury, 2020
s dlsl b dgs oS s sliSelsl gladd s
Dl b ol oS Ll s s b sl el Jnll S
03 Ol ppiie S e JasliasSh Lol
o> d))\f}.’}lsg b ol )L«.:J} u.<.~l> JTM.s o QLAL;g
Fhe 5 Jed el S Ldr S Al BIEg I
oLi e 0lalS s .(Mckersie and Lesham, 1994) <...|
odalin atulis C,:%_,.A 4 3o 3 J‘*’l} A3 JJJ‘JJ)_»}&SL: L
laas laze il (Kaur and Gopta, 1991) ool ou
Zhu et ) &S o baim ol oS Ll 55 1) S ol il
Ui Sl @ omie Of 3paS i 53 s e
.(Moradshahi et al., 2004) 5,5 oS ;3 Jslos (slans
A3y dwhtd ol (J5 S Al s Jasl S e dSL les
Yeshitela et al, 2004; ) sl il |, odSels
o5 sl s (Vijayalakshmi and Srinirasan, 1999
e )l sme psb 4 Jsil 5 lSL (S e (Sl
Josl 5 sslSt 30l sl dals 4y ol 1y Jsloee L3
Lf"]'-’-‘ 6\4,.1.5 DL L;(,.L;-)Lo.:: YO )Y" 6‘.&5)}) DL EM
&L, .(Sheikh Mohammadi et al., 2017) L& sdalio
oo Jgsl Sl (YeYe) OS5 Fan 218
Amorpha fruticosa oLS 5 |, J e gladd [llis LA
xS ool Rl AN s Sl OblS 4 el
i 3l ipslSh bosdis Sl 5 edd Jlas sla SO

oS Lld 53 L VOY S VNV 5w Jske sland

Jlae iul5el (Noriss, 2008; Tatar and Gvrek, 2008
DS 5,520 s =) W 5T Sl Gl s
Odan Sl el s s s s s 03 5SS,
U 55 ed 516 s 53 ST s 5 55550
o=l s pl by (Parida and Das, 2005) 35 e
Sl s s Gl I3l 5 8L Sles s 53 s
(YY) OKa 5 Mohamed axllas s .ol OF 4 j2s
OS5 Jsilipslst by BT s, chle
Gl Gl el cd b sy s al aly (S pas S
S Ll yd s e dald ) ie 45,6 V/OY ol &S
I35 5508 b e sles gla swesplal s 53T s Ol
Lopr ol Dlegd dpslinslSh b &S sp LS S xS
O, 5 Dwivedi i,158 > .(Sankar et al.,, 2014)
A S ol b eddlas paS OLLS (YY)
I35 5580 s edes 25 OLLS L alis s 7 ¥
S5 e S G55 S das e Ol bealy pl il
ol 53 5 S oz (s Chle 6 oar S L) (g RS
s Wl b G e dpSlinsSl oSS
Sso » (YY) 0K 5 Babarashi olislesl aise
a5 o J gl Sl SIS &S sl ol L
o (sl 580 O (SE2) VYA G s lide
ssba e e Il oS 5 05 0 8 1 ses See VIAV
S5 s Jailiasl S O sl s el
Davari et al., ) das o J2ul58l |y oy Jlais i
e glachle Lo glasdy sl e (2022
S SS n dsn Ol SIB) e a3l sl
il OTAA O an 5 Sslan) A3 dals b anglis s
5 (Khalid, 2006) Ol , 55 (Sas 25 153 s Olpee
oki oS 55 (Behnamnia et al., 2009) S sax S
Sl Bl (Y0TY) Ohlea 5 Noori ldlae ol
5 das e 0L |y Ssaml 55 53 sy lie alalle LG
O, Ken 5 Aghighi Shahverdi - 2i=s -l el L sl
S LS S (YY) OLs 5 Afshari 5 (Y+\V)


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

YO L abesdam g gbEs s S F 2 dail S aasy

SHL) G g (Fore

Glaaiss 53 1 36 yamd deuSl s 5 3I0ST o Slag i
5 UL Z619 3, 4y

S 38 My JalS (S et 53 lapeSs e
mle S04 s s 55 Il s el ol oS
ssb a L SRl Ol Jaslilsl Sles ass Sla e
Lostiples QLS aSosb 4 55 S (gob g
G o n ediisles DS & s a3l slSt
Joil St bl 28 a4 (Y Jads) dils
Srr 3 &SI s L I3 el s s Blee s
Sy il L S afis g Sl St Cagb, il
cotle Sl el 55 s OV O 5 sslans)
5 o) spdie 3 sl OSUS slaplkl sy 5y
Bl S s GRIB S ssba (YA Wb
Lo e oo &S Lt LapSs Ol (e SRIBD S
olibel s (Campalans et al.,, 2001) das o il53l
SMEe g e JsslpsslSt (Y27Y) Oa 5 Cao
sl sy glaalyy S

Sl Sas Ll s s OllS 5s gl sl »
Aacpodeas LEA larpssy aber 5l dias o 0L 0Ly
5 OMeS1 BT Glan 3T ¢ 23 0w & bgy 1o SlaSs
Sha Vali Khan et ) ¢jel Chli= 4 by o sla 55 5
S cmiles 5 ol Bli- i« axs L (al, 2007
b SMe JRIBl S Cow bappSs, Odd ey pls
e (15 o s Sl RIH 4 OS5 e 1) Lecns
Jle 3 O (BT gee 5 esl3s50)) 3l o Sis
Gl e SIS o A5 50 S s sldae Jials
il lp 3l sy Sl SalS 5 s Jals s
S ROS WJ g adl 5 (Havaux et al., 1987) ail sy
Lol n 04s 0,80 by Gl Sole falS o
O Ll s WSy e mals JUs s 5l Wl e
Sgherri and Navari-1zzo, ) c.l Sox cow SEx
2 S lie Ll e oS 52 Jgl 5 81 (1995
Ulez~! .(Nouriyani et al., 2012) s> ol (Ko Ll

Mohamed ) >4 io dals 4 ool (el cd b /L 94)
Sy dlexial 3l ue Y Mg/l B U5 luas (et al, 2011
Stevia rebaudiana oLS > i Ll i s Jssl 5 s sSL
Gl il ey i OLS L oawslis 5> Bertoni
Jlae bl (Hajihashemi and  Ehsanpour, 2014)
Looddobod et redoem 03 S Jobe o
ot ok Sral Gl 5l el S U3l 58
(Maheshwari et al., 2022) .l 5L i 25 Ll 5
53 SUBE Bl s oS sl L Stagy ) =l
Sles 5 LS e My Rl ol pre ssb 4 S Ll S
e S b 4 XS e 5 5 0T sl 5508
Sl 5 Si 15 o ObLS s 0luST 5T BT
I3l 558G (F Jadr) s 3525 J sl 5L L el
UL 1 s JS 5 bolaest o1 5lads (ROS i s 3 en
Joil 558t (Rady and Gaballah, 2012) o, ..
SOD culed b gie (Sisans adlas 3 (Frr mg/l)
S s Ol & ol )3 s 1, APX 5 CAT POX
(Kamran et al,, 2020) das o 21380 J g5l 55 6SL O 9
ol (YeYe) Os 5 Forghani  glie 5b o
I3 505 b ot i o 1) OleST ST slags
S kS e LS IS pd o0 o
Sl 53 GRIP 4 e Jsliassl oS
et 333 i L oS L ald L weslie > GSHIGSSG
OS5 psluast ool ) sl Slast - Sy sl
Jungklang axlzs s .(Pal et al., 2016) s 55 o S5 pax S
C omelis nla LOlnSI BT (& 55 (YY) 0L
U331 55850 L Sy ;3 SOD 5 CAT cJles S E el
P U I I et
s ol 5 Ay i) plecdan 5SS el
LS oo oW1 (Lot 5T cdlad 2al5dl s sldia
SSix 4 |y Curcuma alismatifolia oS Xl o o0l s
(YY) OLKes 5 Cao olilsl s s pslis
Clled (gols pme s 4 /N ME/LEble L g5 5 s SL


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR Jlu 08 o)led N Wi alS 5 S,IS 5 a3 YY§

Loratsn onl Josli s lSh b eddsles LS 55 55 0
53 1y OWlS Js3l i slSh aS s cnl 4 Lpd e asle
(Kraus et al., 1995) .S » L= LS Las o Ll
s BopSsp (P e F) (S RS (B ol
s iy 03 s 5 S gl il by e
Lawlor, ) ol g mems Lozl o oS0 lagntsn
Sl Olsts S s ulme lanSs,s e (2002
Sl Gl Y b s (Sa 5551 e 1 dle
BE .(Schmadel-Hagebolling et al., 1998)
L gl 95 » (Y+)Y¥) Ehsanpour 3 Hajihashemi asllUae
s WJalish sles Ok b5 ol (SU A
L YO KD (pfsn Wl ol (JoSd5m 055 b glagets
SOk okl s s (S S g ol Ll
53 s il 35U ysd 4 Caglie 3 aS YO KD 5
PSS s (ol B (pes b S o olS e
Sl 5 oss 5 ((Amini et al. 2007) sy oud
Danietal., ) aas jolslly oo ey Ols Ll e
S (VAY) OLKes 5 Hassanpour aslas s (2005
sl = oad JslsSy ks Menta pulegium
22 YIKD 5 ol plll o YKD oS50 055 40 (55 2
oo b ddr 2855 Dl5 i 5 das o I8l ) el
5 ler plll e s 5s 0l S VY SNy ST
2Ll n ol B el cpl s b badly
oseb boaddllas s il b S5 S a4 Caplas 058l
Lok 5 Ll (S 5 Ll 5 s WV KD 5y
52 s oS 5o ) sl Bl A8 sl s S0
i SaS b 1 Ulaast s e 0lis S b abilis

Sy o Jlasl s ul law g 50 Jasl 5 slSL u g

Cailos 5 teslie lapylisn Corbo WL Jl 55581
il ol e SR Gk Sl S
5 onSsn S RIBL Cape dsn Ol A1
5w el Cuslie Gl culg s s Ll Sl bl
Sie OTAY (BT 5 esligss) s e S
)WJ@L&&ASLJVSQJJQ}E(@}APQ:%JJ?
mar 03 beds 5 LS s slke a5l 5 S0
o3 Sy o adls s (Gopi et al., 2007) sls )58
Lol a8 Ws S edalin (YoV) LK 5 Kamran
C 1 oefan slde L5 Jasl5sssly sl glackils
s e Ll S Laas St 55 Jlesl 51 e 35,10
P b e sk 4 S5 dlesl Slas YO BT 5,
Ol a8 5,05 54 - s wlie olayl S Al
)P S LS |y s e J31 5 s ST s e
(2Blsas 5 03305 55)) Aoz e SRIBI AT 05k Ll 3
3y (VoY) 0L 5 Igbal L b . .(\YAY
Abelmoschus  oLS ,  Sist i Cow Js)l 5 slSt
JS Jshe slacpig n oss e 03 LI esculentus L.
33 alie 5ol e SRl J a3l ISl SRl L el en
s ArZani Jy3l 5 ISk 5 (Si 0w el 03 O o)
STy Ol Sist a8 W5 S edaline (Y40 A) Yazdani
I3 5seslSh Wl tas e SRl W35 5 e o 1y Jslows
5o0r 3N AS (6,8 sl Jsloes sl w1 L5 e
Lils S Ulpe & M5 e JaslisnsSl s B w
wlapts g e LA Joo (SO A5 e 5o LS
s s LS s el Galss ST asl gladd
Arzani and Yazdani, ) 55 0 Coailes S 55 O ganslydins
SLiSs g M 5 mexd 5 Ll e sl 55 iSL (2008
b Lol A4S (S e (HSP) )l > S

wrle ol lug 0 il Ll o pL S s

GL&:

,> (Smyrnium cordifolium Boiss) JsusT os)ls olS Sulul pliewdsid oy ((O0YAA) [Laiiul (Ol collas L,y

OV=YA ONT (ool g0 Olis g il (glaolSiy 5


https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

YW abesdan 5 s, gl Shy o doil S asSL S S5 So e 5 Sune

OV-F\ ()0 (S %,/’pzp S ol

Brassica napus ) 131S slaazmalS ;s Kot a4 Joss 35 Jsil 555080 JUL OYAY) 6 e« Soses 5 by wljs o,

FE-YN ()Y (ol 5 SIS ol .(INVItro) aies 05,3 dul 3 s (L.

SS9 5 psle S jms cos( Petroselinum sativum Mill) (s asr olS 54 550 5 sddy sla s ls
TV=AY N elbls

5 Sl Uyt 208 ppen 1 bl (O0F48) e Shens 5l Sy ol abl lcwn (283 Dl el S
L sla pimgi sysh i 4 SiiS)y 5> (Ocimum basilicum L) Ol olS shsy e S5 0 Jasl 5w slSL 5 5008
SID. https://sid.ir/paper/155723/fa .YY=\ (VY «(xnb wlio s (siisliS psle) olS

ol Kb Slisl oler Sl 0l OlalS (el Sia 5 .(VYA0) lll s (0L yalas

Afshari, F., Nakhaei, F., Mosavi, S., & Seghatoleslami, M. (2020). Evaluating the role of nutri-priming in improving
PEG-induced drought stress tolerance of stevia (Stevia rebuadiana Bertoni). Iranian Journal of Plant Physiology,
11, 3509-3522. doi:10.30495/ijpp.2020.1912363.1261

Aghighi Shahverdi, M., Omidi, H., & Tabatabaei, S. J. (2017). Effect of nutri-priming on germination indices and
physiological characteristics of stevia seedling under salinity stress. Journal of Seed Science, 39(4), 353-362.
https://doi.org/10.1590/2317-1545v39n4172539

Alscher, R. G., Erturk, N., & Heath, L. S. (2002). Role of superoxide dismutases (SODs) in controlling oxidative stress
in plants. Journal of Experimental Botany, 53, 372, 1331-1341. https://doi.org/10.1093/jexbot/53.372.1331

Amina, A. A, & Hanan, H. L. (2011). Differential effects of paclobutrazol on water stress alleviation through
electrolyte leakage, phytohormones, reduced glutathione and lipid peroxidation in some wheat genotypes (Triticum
aestivum L.) grown in vitro. Romanian Biotechnological Letters, 6, 6710-6721.

Amini, F., Ehsanpour, A. A., Hoang, Q. T., & Shin, J. S. (2007). Protein pattern changes in tomato under in vitro salt
stress. Russian Journal of Plant Physiology, 54(4), 464-471. https://doi.org/10.1134/S102144370704005X

Antognozze, E., Frenguelli, G., & Ferranti, F. (1990). Histological and anatomical modifications in roots, stems and
leaves of olive (Olea europaea L.) treated with paclobutrazol. Journal of Horticultural Sciences, 60, 553.
https://doi.org/10.17660/ActaHortic.1986.179.97

Arzani, K, & Yazdani, N. (2008). The influence of drought stress and paclobutrazol on quantitative changes of
proteins in olive (Olea europaea L.) cultivars bladi and mission. Acta Horticulture, 791, 527-530.
https://doi.org/10.17660/ActaHortic.2008.791.81.

Asamoah, T. E. O, & Atkinson, D. (1985). The effect of paclobutrazol and root pruning in the growth, water
use and response to drought of colt cherry rootstocks. Plant Growth Regulation, 3, 37-45.
https://doi.org/10.1007/BF00037633

Asare-Boamah, N. K., Hofstra, R. A., Fletcher, R. A., & Dumbroff, E. B. (1986). Triadimefon protects bean plants from
water stress through its effects on abscisic acid. Plant and Cell Physiology, 27 (3), 383-390,
https://doi.org/10.1093/oxfordjournals.pcp.a077114

Ashraf, M. (2010). Inducing drought tolerance in plants: Some recent advances. Biotechnology Advances, 28 (1), 169-
183. https://doi.org/10.1016/j.biotechadv.2009.11.005

Ashraf, M. F, & Foolad, M. R. (2007). Roles of glycine betaine and proline in improving plant abiotic stress resistance.
Environmental and Experimental Botany, 59 (2), 206-216. http://dx.doi.org/10.1016/j.envexpbot.2005.12.006

Assuero, S. G., Lorenzo, M., Pe rez Ramirez, N. M., Vela” zquez, L. M., & Tognetti, J. A. (2012). Tillering promotion
by paclobutrazol in wheat and its relationship with plant carbohydrate status. New Zealand Journal of Agricaltural
Research, 554 (4), 347-58. https://doi.org/10.1080/00288233.2012.706223

Babarashi, E., Rokhzadi, A., Pasari, B., & Mohammadi, K. (2021). Ameliorating effects of exogenous PBZ and
putrescine on mung bean (Vigna Maheshwari et al. 10.3389/fpls.2022.1008993 Frontiers in Plant Science 12
frontiersin.org radiata (L.) wilczek) under water deficit stress. Plant Soil Environment, 67 (1), 40-45.
https://doi.org/10.17221/437/2020-PSE

Bailer, J., Aichinger, T., Hackl, G., Hueber, K., & Dachler, M. (2001). Essential oil content and composition in
commercially available dill cultivars in comparison to caraway. Industrial Crops and Products, 14, 229-239.


https://doi.org/10.1590/2317-1545v39n4172539
https://doi.org/10.1134/S102144370704005X
https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR Jle 08 oyled ¥ W aLE 5 SIS g aul s YYA

http://dx.doi.org/10.1016/S0926-6690(01)00088-7

Baninasab, B, & Ghobadi, C. (2011). Influence of paclobutrazol and application methods on high temperature stress
injury in cucumber seedlings. Journal of Plant Growth Regulation, 30, 213-219. http://dx.doi.org/10.1007/s00344-
010-9188-2

Bates, L. S., Waldren, R. P., & Teare, I. D. (1973). Rapid determination of free proline for water-stress studies. Plant
and Soil. Short Communication, 39, 205-207. https://doi.org/10.1007/BF00018060

Bayat, S, & Sepehri, A. (2012). Paclobutrazol and salicylic acid application ameliorates the negative effect of water
stress on growth and yield of maize plants. Journal of Research in Agricultural Science, 8 (2), 127-139.

Bazurto, F. P., Celi, A., Corozo, L., & Solis, L. (2022). Importance of paclobutrazol in out-of-season citrus production.
Manglar, 19(1), 117-127. http://doi.org/10.17268/manglar.2022.015

Berova, M, & Zlatev, Z. (2003). Physiological response of paclobutrazol treated triticale plants to water stress. Biologia
Plantarum, 46, 133-136, https://doi.org/10.1023/A:1022360809008

Behnamnia, M., Kalantary, K. M., & Rezanejad, F. (2009). Exogenous application of Brassinosteroid alleviates
drought-induced oxidative stress in Lycopersicon esculentum L. General and Applied Plant Physiology, 35, 22-34.
Available online at www.bio21.bas.bg/ipp/

Blum, A. (2005). Drought resistance, water-use efficiency, and vyield potential-are they compatible, dissonant,
or  mutually  exclusive?  Australian  Journal of  Agricultural Research, 56, 1159-1168
http://dx.doi.org/10.1071/AR05069

Bosabalidis, A. M, & Kofidis, G. (2002). Comparative effects of drought stress on leaf anatomy of two Olive cultivars.
Plant Science, 163, 375-379. https://doi.org/10.1016/S0168-9452 (02)00135-8

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing
the principle of protein dye binding. Analytical Biochemistry, 72, 248-254. https://doi.org/10.1016/0003-
2697(76)90527-3

Campalans, A., Pages, M., & Messeguer, R. (2001). Identification of differentially expressed genes by the cDNA AFLP
technique during dehydration of almond (Prunus amygdalus). Tree Physiology, 21, 633-643.
https://doi.org/10.1093/treephys/21.10.633

Cao, Z., Wang, X., & Gao, Y. (2022). Effect of plant growth regulators on cotton seedling root growth parameters and
enzyme activity. Plants, 11, 2964. https:// doi.org/10.3390/plants11212964

Carvalho-Zanao, M. P., Zanao Junior, L. A., Grossi, J. A. S., & Pereira, N. (2018). Potted rose cultivars with
paclobutrazol drench applications. Ciencia Rural, 48 (8), p. €20161002. http://dx.doi.org/10.1590/0103-
8478cr20161002

Chance, B, & Maehly, A. C. (1955). Assay of catalase and peroxidase. Methods in Enzymology, 2, 764-775.
http://dx.doi.org/10.1016/S0076-6879 (55)02300-8

Chandra, S, & Roychoudhury, A. (2020). Penconazole, paclobutrazol, and triacontanol in overcoming environmental
stress in plants. Protective Chemical Agents in the Amelioration of Plant Abiotic Stress: Biochemical and Molecular
Perspectives, 510-534. https://doi.org/10.1002/9781119552154.ch26

Cregg, B, & Ellison-Smith, D. (2020). Application of paclobutrazol to mitigate environmental stress of urban street
trees. Forests, 11 (3), 355. http://dx.doi.org/10.3390/ 11030355

Dani, V., Simon, W. J., Duranti, M., & Croy, R. R. (2005). Changes in the tobacco leaf apoplast proteome in response
to salt stress. Proteomics, 5, 737-745. https://doi.org/10.1002/pmic.200401119

Davari, K., Rokhzadi, A., Mohammadi, K., & Pasari, B. (2022). Paclobutrazol and amino acid-based biostimulant as
beneficial compounds in alleviating the drought stress effects on safflower (Carthamus tinctorius L.). Journal of
Soil Science and Plant Nutrition, 22 (1), 674-690. http://dx.doi.org/10.1007/s42729-021-00677-9

Desta, B, & Amare, G. (2021). PBZ as a plant growth regulator. Chemical and Biological Technologies in Agriculture.
8 (1), 1-15. https://doi.org/10.1186/540538-020-00199-z

Draikewicz, M. (1994). Chlorophylase occurrence functions, mechanism of action, effect of extera and internal factor.
Photosynthetica, 30, 321-327.

Dwivedi, S. K., Arora, A., & Kumar, S. (2017). PBZ-induced alleviation of water-deficit damage in relation to
photosynthetic characteristics and expression of stress markers in contrasting wheat genotypes. Photosynthetica, 55
(2), 351-359. https://doi.org/10.1007/s11099-016-0652-5

Fan, Z. X., Li, S. C., & Sun, H. L. (2020). PBZ modulates physiological and hormonal changes in amorpha
fruticosa  under  drought. Russian  Journal of  Plant  Physiology, 67 (2), 122-130.
http://dx.doi.org/10.1134/S1021443720010069

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D., & Basra, S. M. A. (2009). Plant drought stress: Effects, mechanisms
and management. Agronomy for Sustainable Development, 29 (1), 185-212. https://doi.org/10.1051/agro:2008021

Fathi, A, & Tari, D. B. (2016). Effect of drought stress and its mechanism in plants. International Journal of Life
Sciences, 10(1), 1-6. https://doi.org/10.3126/1JL.S.VV1011.14509

Finaud, J., Lac, G., & Filaire, E. (2006). Oxidative stress: Relationship with exercise training. Sports Medicine, 36, 327-


http://dx.doi.org/10.1016/S0926-6690\(01\)00088-7
http://doi.org/10.17268/manglar.2022.015
https://doi.org/10.1023/A:1022360809008
https://doi.org/10.1016/S0168-9452
https://doi.org/10.1016/0003-2697\(76\)90527-3
https://doi.org/10.1016/0003-2697\(76\)90527-3
http://dx.doi.org/10.1590/0103-8478cr20161002
http://dx.doi.org/10.1590/0103-8478cr20161002
https://doi.org/10.1002/9781119552154.ch26
http://dx.doi.org/10.1134/S1021443720010069
https://doi.org/10.1051/agro:2008021
https://doi.org/10.3126/IJLS.V10I1.14509
https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

YYA L abesdan 5 sy sl Shy o doil S asSL S S5 So e 5 Sune

359. https://doi.org/10.2165/00007256-200636040-00004

Fletcher, R. A, & Arnold, V. (1986). Stimulation of cytokinins and chlorophyll synthesis in cucumber cotyledons by
triadimefon. Physiologia Plantarum, 66(2), 197-201. https://doi.org/10.1111/j.1399-3054.1986.tb02408.x

Fletcher, R. A., Gilley, A., Davis, T. D., & Sankhla, N. (2000). Triazoles as plant growth regulators and stress
protectants. In book: Horticultural Reviews, 24, 55-138. http://dx.doi.org/10.1002/9780470650776.ch3

Forghani, A. H., Almodares, A., & Ehsanpour, A. A. (2020). The role of gibberellic acid and PBZ on oxidative stress
responses induced by in vitro salt stress in sweet sorghum. Russian Journal of Plant Physiology, 67 (3), 555-563.
https://doi.org/10.1134/S1021443720030073

Francescangeli, N, & Zagabria, A. (2008). Paclobutrazol for control of petunias. Chilean Journal of Agricultural
Research, 68, 309-314. http://dx.doi.org/10.4067/S0718-58392008000300012

Garg, N. K., Maheshwari, C., Changan, S. S., Kumar, V., Kumar, A., Singh, A,, et al. (2019). PBZ induced physio-
biochemical manifestations to ameliorate water deficit stress in rice (Oryza sativa). The Indian Journal of
Agricultural Sciences, 89 (11), 80-84. https://doi.org/10.56093/ijas.v89i11.95305

Gilley, A. & Fletcher, R. A. (1997). Relative efficacy of paclobutrazol, propiconazole and tetraconazole as stress
protectants in wheat seedlings. Plant Growth Regulation, 21, 169-175. https://doi.org/10.1023/A:1005804717016

Gonzales, L. M. R. (2021). Enhancing productivity and quality of parsley (Petroselinum crispum (Mill.) Nyman ex A.
W. Hill) by plant growth regulator application. Eurasian Journal of Agricultural Research, 5(2), 110-120.

Gopi, R., Abdul Jaleel, C., Sairam, R., Lakshmanan, G. M. A., Gomathinayagam, M., & Panneerselvam, R. (2007).
Differential effects of hexaconazole and paclobutrazol on biomass, electrolyte leakage, lipid peroxidation and
antioxidant potential of Daucus carota L. Colloids and Surfaces Biointerfaces, 60, 180-186.

Graebe, J. E. (1987). Gibberellin biosynthesis and control. Annual Review of Plant Physiology, 38, 419-465.
https://doi.org/10.1146/annurev.pp.38.060187.002223

Guimaraes, R. F., Maia Junior, S. D. O,, Lima, R. F. D., Souza, A. R. D., Andrade, J. R. D., & Nascimento, R. D.
(2021). Growth and physiology of ornamental sunflower under salinity in function of paclobutrazol application
methods. Revista Brasileira de Engenharia Agricola e Ambiental, 25(12), 853-861. http://dx.doi.org/10.1590/1807-
1929/agriambi.v25n12p853-861

Hajihashemi, S. (2018). Physiological, biochemical, antioxidant and growth characterizations of gibberellin and PBZ-
treated sweet leaf (Stevia rebaudiana B.) herb. Journal of Plant Biochemistry and Biotechnology, 27 (2), 237-240.
http://dx.doi.org/10.1007/s13562-017-0428-4

Hajihashemi, S, & Ehsanpour, A. A. (2014). Antioxidant response of Stevia rebaudiana B. to polyethylene glycol and
PBZ treatments under in vitro culture. Applied Biochemistry and Biotechnology, 172 (8), 4038-4052.
https://doi.org/10.1007/s12010-014-0791-8

Halliwell, B. (2006). Reactive species and antioxidants. Redox biology is a fundamental theme of aerobic life. Plant
Physiology, 141, 312-322. https://doi.org/10.1104/pp.106.077073

Hasanuzzaman, M., Bhuyan, M. H., Zulfigar, F., Raza, A., Mohsin, S. M., Mahmud, J. A., et al. (2020). Reactive
oxygen species and antioxidant defense in plants under abiotic stress: Revisiting the crucial role of a universal
defense regulator. Antioxidants, 9 (8), 681. https://doi.org/10.3390/antiox9080681

Hassanpour, H., Khavari-Nejad, R. A., Niknam, V., Najafi, F., & Razavi, K. (2012). Effects of penconazole and water
deficit stress on physiological and antioxidative responses in pennyroyal (Mentha pulegium L.). Acta Physiologiae
Plantarum, 34, 1537-1549. http://dx.doi.org/10.1007/s11738-012-0952-8

Havaux, M., canaai, O., & Malkin, S. (1987). Inhibition of photosynthetic activies under slow water stress measured in
vivo by photoacoustic method. Physiologia Plantarum, 70, 503-510.

Hossain, M. A., Wani, Sh. H., Bhattacharjee, S., Burritt, D. J., & Tran, L. S. P. (2016). Drought stress in plants: Causes,
consequences, and tolerance. Drought Stress Tolerance in Plants, 11-16. https://doi.org/10.1007/978-3-319-28899-
41

Hua, S., Zhang, Y., Yu, H., Lin, B., Ding, H., Zhang, D., et al. (2014). PBZ application effects on plant height seed
yield and carbohydrate metabolism in canola. International Journal of Agriculture and Biology, 16 (3), 471-479.

Huang, S., Luo, H., Ashraf, U., Abrar, M., He, L., Zheng, A., Wang, Z., Zhang, T., & Tang, X. (2019). Seed treatment
with paclobutrazol affects early growth, photosynthesis, chlorophyll fluorescence and physiology of rice. Applied
Ecology and Environmental Research, 17(1), 999-1012. http:// dx.doi.org/10.15666/aeer/1701_9991012

Hitsch, B. W., Kehm, L., & Schubert, S. (2023). Does the plant growth regulator paclobutrazol enhance root growth of
maize exposed to drought stress during flowering? Journal of Agronomy and Crop Science, 00, 1-16.
https://doi.org/10.1111/jac.12646

Igbal, S., Parveen, N., Bahadur, S., Ahmad, T., Shuaib, M., Nizamani, M. M., et al. (2020). PBZ mediated changes in
growth and physio-biochemical traits of okra (Abelmoschus esculentus L.) grown under drought stress. Gene
Reports, 21, 100908. https://doi.org/10.3389/fpls.2022.1008993

Jaleel, C. A., Gopi, R., Manivannan, P., & Panneerselvam, R. (2007a). Responses of antioxidant defense system of
Catharanthus roseus (L.) to paclobutrazol treatment under salinity. Acta Physiologiae Plantarum, 29, 205-209.


https://doi.org/10.2165/00007256-200636040-00004
http://dx.doi.org/10.4067/S0718-58392008000300012
https://doi.org/10.56093/ijas.v89i11.95305
https://doi.org/10.1023/A:1005804717016
https://doi.org/10.1146/annurev.pp.38.060187.002223
http://dx.doi.org/10.1590/1807-1929/agriambi.v25n12p853-861
http://dx.doi.org/10.1590/1807-1929/agriambi.v25n12p853-861
https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR Jlo 08 oyled AV A aLE 5 S8 sl s T

Jaleel, C. A., Manivannan, P., Kishorekumar, A., Sankar, B., Gopi, R., Somasundaram, R., & Panneerselvam, R.
(2007b). Alterations in osmoregulation, antioxidant enzymes and indole alkaloid levels in Catharanthus roseus
exposed to  water deficit. Colloids and  Surfaces B:  Biointerfaces, 59(2), 150-157.
https://doi.org/10.1016/j.colsurfb.2007.05.001

Jungklang, J., Usui, K., & Matsumoto, H. (2003). Differences in physiological responses to NaCl between salt-tolerant
Seshania rostrata Brem. & Oberm. and non-tolerant Phaseolus vulgaris L. Weed Biology and Management, 3, 21-
27. https://doi.org/10.1046/].1445-6664.2003.00077.x

Jungklang, J, & Saengnil, K. (2012). Effect of paclobutrazol on Patumma cv. Chiang Mai Pink under water stress.
Songklanakarin Journal of Science and Technology, 34, 361-366.

Jungklang, J., Saengnil, K., & Uthaibutra, J. (2017). Effects of water-deficit stress and PBZ on growth, relative water
content, electrolyte leakage, proline content and some antioxidant changes in curcuma Alismatifolia gagnep. cv.
Chiang Mai Pink. Saudi Journal of Biological Sciences, 24 ), 1505-1512.
https://doi.org/10.1016/j.sjbs.2015.09.017

Kamran, M., Ahmad, S., Ahmad, I., Hussain, I., Meng, X., Zhang, X., et al. (2020). PBZ application favors yield
improvement of maize under semiarid regions by delaying leaf senescence and regulating photosynthetic
capacity and  antioxidant  system  during  grain-filling  stage. = Agronomy, 10 (2), 187.
https://doi.org/10.3390/agronomy10020187

Kamran, M., Wennan, S., Ahmad, I., Xiangping, M., Wenwen, C., Xudong, Z., et al. (2018). Application of PBZ affect
maize grain yield by regulating root morphological and physiological characteristics under a semi-arid region.
Scientific Reports, 8 (1), 4818. https://doi.org/10.1038/s41598-018-23166-z

Kar, M, & Mishra, D. (1976). Catalase, peroxidase, and polyphenoloxidase activities during rice leaf senescence. Plant
Physiology, 57, 315-319. https://doi.org/10.1104%2Fpp.57.2.315

Kaur, C, & Gupta, K. (1991). Effect of triazole-type plant growth regulators on sunflower and safflower seed viability.
Canadian Journal of Botany, 69 (6), 1344-1348. https://doi.org/10.1139/b91-174

Khalid, K. A. (2006). Influence of water stress on growth, essential oil and chemical composition of herbs (Ocimum
sp.). International Agrophysics, 20, 289-296.

Kim, J., Wilson, R. L., Case, J. B., & Binder, B. M. (2012). A comparative study of ethylene growth response kinetics
in eudicots and monocots reveals a role for gibberellin in growth inhibition and recovery. Plant Physiology, 160 (3),
1567-80. https://doi.org/10.1104%2Fpp.112.205799

Kishorekumar, A., Abdul Jaleel, C., Manivannan, P., Sankar, B., Sridharan, R., Somasundaram, R., & Panneerselvam,
R. (2006). Differential effects of hexaconazole and paclobutrazol on the foliage characteristics of Chinese potato
(Solenostemon rotundifolius). Acta Biologica Szegediensis, 50, 127-129.

Kraus, T. E., Pauls, K. P., & Fletcher, R. A. (1995). Paclobutrazol and hardening-induced thermo tolerance of
wheat: Are heat shock proteins involved? Plant Cell Physiology, 26, 59-67.
http://dx.doi.org/10.1093/oxfordjournals.pcp.a078745

Kraus, T. E, & Fletcher, R. A. (1994). Paclobutrazol protects wheat seedlings from heat and paraquat injury.
Is  detoxification  of  active  oxygen involved?  Plant  Cell Physiology, 35,  45-52.
https://doi.org/10.1093/OXFORDJOURNALS.PCP.A078569

Laemmli, U. K. (1970). Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature,
227, 680-685. https://doi.org/10.1038/227680a0

Latimer, J. G. (1992). Drought, paclobutrazol, abscisic acid, and gibberellic acid as alternatives to daminozide in tomato
transplant production. Journal of the American Society for Horticultural Science, 117 (2), 243-247.
http://dx.doi.org/10.21273/JASHS.117.2.243

Lawlor, D. W. (2002). Limitation to photosynthesis in water-stressed leaves: Stomata vs. metabolism and the role of
ATP. Annals of Botany, 89, 871-885. https://doi.org/10.1093/aob/mcf110

Li, J., Xu, P., Zhang, B., Song, Y., Wen, S., Bai, Y., Ji, L., Lai, Y., He, G., & Zhang, D. (2023). Paclobutrazol promotes
root development of difficult-to-root plants by coordinating auxin and abscisic acid signaling pathways in Phoebe
bournei. International Journal of Molecular Sciences, 13, (4), 3753. https://doi.org/10.3390/ijms24043753. PMID:
36835160; PMCID: PMC9958905

Lichtenthaler, H. K. (1987). Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods in
Enzymology, 148, 350-382. http://dx.doi.org/10.1016/0076-6879(87)48036-1

Lima, B. H. D., Santos, P. L. F. D., Bezerra, J. C. M., Pagliarini, M. K., & Castilho, R. M. M. D. (2020). Paclobutrazol
as growth regulator in Bahiagrass. Ornamental Horticulture, 26(3), 413-421. http://dx.doi.org/10.1590/2447-
536x.v26i3.2205

Maheshwari, C., Garg, N. K., Hasan, M, V. P., Meena, N. L., Singh, A., & Tyagi, A. (2022). Insight of PBZ mediated
drought  amelioration in crop plants. Frontiers in Plant  Science, 13, 1008993.
https://doi.org/10.3389/fpls.2022.1008993

Manivanna, P., Jaleel, C. A., Kishorekumar, A., Sankar, B., Somasundaram, R., & Panneerselvam, R. (2008).


https://doi.org/10.1038/227680a0
https://doi.org/10.1093/aob/mcf110
http://dx.doi.org/10.1016/0076-6879\(87\)48036-1
http://dx.doi.org/10.1590/2447-536x.v26i3.2205
http://dx.doi.org/10.1590/2447-536x.v26i3.2205
https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

WY abesdan 5 sy gl Shy o doil S aSL S S5 So e 5 Sune

Protection of Vigna unguiculata (L.) Walp. Plants from salt stress by paclobutrazol. Colloids and Surfaces. B,
Biointerfaces, 61 (2), 315-318. https://doi.org/10.1016/j.colsurfb.2007.09.007

Marshall, J. G., Rutledge, R. G., Blumwald, E., & Dumbroff, E. B. (2000). Reduction in turgid water volume in jack
pine, white spruce and black spruce in response to drought and paclobutrazol. Tree Physiology, 20, 701-707.
https://doi.org/10.1093/treephys/20.10.701

McKersie, B. D, & Leshem, Y. Y. (1994). Stress and Stress Coping in Cultivated Plants. Dordrecht-Boston-London:
Kluwer Academic Publishers.

Miller, G. N. (1959). Use of dinitrosalicylic acid reagent for determination of reducing sugars. Journal of Analytical
Chemistry, 31, 426-428. http://dx.doi.org/10.1021/ac60147a030

Miller, G. L. (2016). Effect of watered-in demethylation-inhibitor fungicide and paclobutrazol applications on foliar
disease severity and turfgrass quality of creeping bentgrass putting greens. Crop Protection, 79, 64-69. http://dx.doi.
0rg/10.1016/j.cropro.2015.10.008

Mittler, R., Vanderauwera, S., Gollery, M., & Breusegem, F. V. (2004). Reactive oxygen gene network of plants.
Trends Plant Sciences, 9, 490-498. https://doi.org/10.1016/j.tplants.2004.08.009

Mog, B., Janani, P., Nayak, M. G., Adiga, J. D., & Meena, R. (2019). Manipulation of vegetative growth and
improvement of yield potential of cashew (Anacardium occidentale L.) by PBZ. Scientia Horticulturae, 257,
108748. http://dx.doi.org/10.1016/j.scienta.2019.108748

Mohamed, G. F., Agamy, R. A., & Rady, M. M. (2011). Ameliorative effects of some antioxidants on water-stressed
tomato (Lycopersicon esculentum Mill.) plants. Journal of Applied Sciences Research. 7, 2470-2478.

Mohan, R., Kaur, T., Bhat, H. A., Khajuria, M., Pal, S., & Vyas, D. (2020). Paclobutrazol induces photochemical
efficiency in mulberry (Morus alba L.) under water stress and affects leaf yield without influencing biotic
interactions. Journal of Plant Growth Regulation, 39(1), 205-215. http://dx.doi. org/10.1007/s00344-019-09975-0

Moradshahi, A. B., Eskandari, S., & Choldebarin, B. (2004). Some physiological response of canola (Brassica rapus
L.) to water deficit stress under laboratory condition. Iranian Journal Science and Technology, 28, 43-50.
https://doi.org/10.22099/ijsts.2004.2832

Moradi, S., Baninasab, B., Gholami, M., & Ghobadi, C. (2017). PBZ application enhances antioxidant enzyme
activities in pomegranate plants affected by cold stress. The Journal of Horticultural Science and Biotechnology, 92
(1), 65-71. https://doi.org/10.1080/14620316.2016.1224605

Nasrullah, N., Wati, Y. M., & Utami, D. W. (2012). Induction of bougainville flower (Bougainvillea spectabilis wild)
with retardant and medium composition in a polluted environment. Jurnal Lanskap Indonesia, 4, 59-65.

Noori, H., Moosavi, S. G., Seghatolaslami, M., & Fazeli, R. M. (2022). Responses of cumin (Cuminum cyminum L.) to
different seed priming methods under osmotic stress. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 50(1),
12600. https://doi.org/10.15835/nbha50112600

Nouriyani, H., Majidi, E., Seyyednejad, S. M., Siadat, S. A., & Naderi, A. (2012). Effect of paclobutrazol under
different levels of nitrogen on some physiological traits of two wheat cultivars (Triticum aestivum L.). World
Applied Sciences Journal, 16, 1-6.

Novita, A. (2021). The effect of gibberellin (GA3) and paclobutrazol on growth and production on tomato
(Lycopersicum esculentum Mill.). International Seminar on Tropical Peatlands. IOP Conferans Series: Earth and
Environmental Science. doi:10.1088/1755-1315/1025/1/012037

Oraki, H., Parhizkar khajani, F., & Aghaalikhana, M. (2012). Effect of water deficit stress on proline contents, soluble
sugars, chlorophyll and grain yield of sunflower (Helianthus annuus L.) hybrids. African Journal of Biotechnology,
25, 164-168. https://doi.org/10.5897/AJB11.619

Pal, S., Zhao, J., Khan, A., Yadav, N. S., Batushansky, A., Barak, S., et al. (2016). PBZ induces tolerance in tomato to
deficit irrigation through diversified effects on plant morphology, physiology and metabolism. Scientific Reports, 6,
39321. https://doi.org/10.1038%2Fsrep39321

Parida, A. K, & Das, A. (2005). Salt tolerance and salinity effects on plants: A review. Ecotoxicology and
Environmwntal Safety, 60, 324-349. https://doi.org/10.1016/j.ecoenv.2004.06.010

Percival, G. C, & Salim AlBalushi, A. M. (2007). Paclobutrazol-induced drought tolerance in containerized English and
evergreen oak. Arboriculture & Urban Forestry Online, 33, 397-4009. https://doi.org/10.48044/jauf.2007.046

Percival, G. C, & Noviss, K. (2008). Triazole induced drought tolerance in horse-chestnut (Aesculus hippocastanum).
Tree Physiology, 28, 1685-1692. https://doi.org/10.1093/treephys/28.11.1685

Pinhero, R, & Fletcher, R. (1994). Paclobutrazol and ancymidol protect corn seedlings from high and low temperature
stresses. Plant Growth Regulation, 15, 47-53. https://doi.org/10.1007/BF00024676

Pinto, A. C. R., Rodrigues, T., Leite, I. C., & Barbosa, J. C. (2005). Growth retardants on development and ornamental
quality of potted ‘lilliput’ Zinnia elegans jacq. CROP SCIENCE. Scientia Agricola, 62 (4), 337-345.
https://doi.org/10.1590/S0103-90162005000400006

Pospisilova, J., Synkova, H., & Rulcova, J. (2000). Cytokinkins and water stress. Biologia Plantarum, 43 (3), 321-328.
http://dx.doi.org/10.1023/A:1026754404857


http://dx.doi.org/10.1021/ac60147a030
https://doi.org/10.1080/14620316.2016.1224605
https://doi.org/10.15835/nbha50112600
https://doi.org/10.5897/AJB11.619
https://doi.org/10.1016/j.ecoenv.2004.06.010
https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR o 08 oyled Y A aLE 5 SIS sl s TYY

Prochazkova, D., Sairam, R. K., Srivastava, G. C., & Singh, D. V. (2001). Oxidative stress and antioxidant activity as
the basis of senescence in maize leaves. Plant Science, 161(4), 765-771. https://doi.org/10.1016/S0168-
9452(01)00462-9

Rademacher, W. (2015). Plant growth regulators: Backgrounds and uses in plant production. Journal of Plant Growth
Regulation, 34(4), 845-872. https://doi.org/10.1007/s00344-015-9541-6

Rady, M, & Gaballah, S. (2012). Improving barley yield grown under water stress conditions. Research Journal of
Recent Sciences. An International Peer Reviewed Journal, 1(6), 1-6. Available online at: www.isca.in

Runtunuwu, S. D., Mamarimbing, R., Tumewu, P., & Sondakh, T. (2011). The concentration of paclobutrazol on the
growth of seedling cloves height (Syzygium aromaticum (L.) Merryl & Perry), Euginia, 17, 135-141.

Sabino, J. H. F., Grossi, J. A. S, Silva, T. L., & Verly, O. (2021). Potted cotyledon production in response to
paclobutrazol. Pesquisa Agropecuaria Tropical, 51. https://doi.org/10.1590/1983-40632021v5168949

Sairam, R. K., Deshmukh, P. S., & Saxena, D. C. (1998). Role of antioxidant systems in wheat genotype tolerance to
water stress. Biologia Plantarum, 41, 387-394. https://doi.org/10.1023/A:1001898310321

Sankar, B., Jaleel, C. A., Manivannan, P., Kishorekumar, A., Somasundaram, R., & Panneerselvam, R. (2007). Effect of
PBZ on water stress amelioration through antioxidants and free radical scavenging enzymes in Arachis hypogaea L.
Colloids Surf B Biointerfaces, 60 (2), 229-235. doi: 10.1016/j.colsurfb.2007.06.016

Sankar, B., Gopinathan, P., Karthishwaran, K., & Somasundaram, R. (2014). Biochemical content variation in arachis
hypogaea under drought stress with or without PBZ and abscisic acid. Journal of Ecobiotechnol 6, 9-14.

Santos Filhoa, F. B., Silvaa, T. I, Diasa, M. G., Alvesa, A. C. L., & Grossi, J. A. S. (2022). Paclobutrazol reduces
growth and increases chlorophyll indices and gas exchanges of basil (Ocimum basilicum). Brazilian Journal of
Biology, 82, e262364. https://doi.org/10.1590/1519-6984.262364

Schmadel-Hagebolling, H. E., Engel, C., Schmitt, V., & Wild, A. (1998). The combined effects of CO,, ozone and
drought on rubisco and nitrogen metabolism of young Oak trees (Quercus petraea). Chemosphere, 36(4), 789-794.
https://doi.org/10.1016/S0045-6535 (97)10125-4

Sgherri, C. L. M, & Navari-lzzo, F. (1995). Sunflower seedling subjected to increasing water deficit stress: Oxidative
stress and defence mechanisms. Physiologia Plantarum, 93, 25-30. http://dx.doi.org/10.1034/j.1399-
3054.1995.930105.x

Sha Vali Khan, P. S., Hoffman, L., Renaut, J., & Housman, J. F. (2007). Current initiatives in proteomic for analysis of
plant salt tolerance. Current Sciences, 93, 807-817.

Sheikh Mohammadi, M. H. S., Etemadi, N., Arab, M. M., Aalifar, M., Arab, M., & Pessarakli, M. (2017). Molecular
and physiological responses of lIranian perennial ryegrass as affected by trinexapac ethyl, PBZ and abscisic
acid under drought stress. Plant Physiology and Biochemistry, 111, 129-143.
https://doi.org/10.1016/j.plaphy.2016.11.014

Siddique, M. R. B., Hamid, A., & Islam, M. S. (2000). Drought stress effects on water relations of wheat. Botanical
Bulletin of Academia Sinica, 41, 35-39.

Smirnoff, N. (1993). The role of active oxygen in the response of plants to water deficit and desiccation. New
Phytologist, 125, 27-58. https://doi.org/10.1111/j.1469-8137.1993.th03863.x

Smirnoff, N. (1995). “Antioxidant systems and plant responses to the environment,” In: Environment and Plant
Metabolism: Flexibility and Acclimation (ed. Smirnoff, VV.) Oxford, UK: Bios Scientific Publishers.

Sopher, C., Krol, M., Huner, N., Moore, A., & Fletcher, A. (1999). Chloroplastic changes associated with
paclobutrazol induced stress protection in maize seedlings. Canadian Journal of Botany, 77(2), 279-290.
https://doi.org/10.1139/b98-236

Somasundaram, R., Abdul Jaleel, C., Sindhu, S. A., Azooz, M. M., & Panneerselvam, R. (2009). Role of PBZ and ABA
in drought stress amelioration in Sesamum indicum L. Global Journal of Molecular Sciences, 4(2), 49-55.

Soumya, P., Kumar, P., & Pal, M. (2017). Paclobutrazol: A novel plant growth regulator and multi-stress ameliorant.
Indian Journal of Plant Physiology, 22(3), 267-278. http:// dx.doi.org/10.1007/s40502-017-0316-x

Srivastav, M., Kishor, A., Dahuja, A., & Sharma, R. R. (2010). Effect of PBZ and salinity on ion leakage, proline
content and activities of antioxidant enzymes in mango (Mangifera indica L.). Scientia Horticulturae, 125 (4), 785-
788. http://dx.doi.org/10.1016/j.scienta.2010.05.023

Syahputra, B. S. A., Sinniah, U. R., Ismail, M. R., & Swamy, M. K. (2016). Optimization of paclobutrazol
concentration and application time for increased lodging resistance and yield in field-grown rice. Philippine
Agricultural Scientist, 99 (3), 221-228.

Tatar, O, & Gevrek, M. N. (2008). Influence of water on proline accumulation, lipid peroxidation and water content of
wheat. Asian Journal of Plant Sciences, 34, 1-4. https://doi.org/10.3923/ajps.2008.409.412

Tian, J., Ban, X., Zeng, H., Huang, B., & Wang, Y. (2011). In vitro and in vivo activity of essential oil from
dill (Anethum graveolens L.) against fungal spoilage of cherry tomatoes. Food Control, 22, 1992-1999.
http://dx.doi.org/10.1016/j.foodcont.2011.05.018

Turkan, 1., Bor, M., Ozdemir, F., & Koca, H. (2005). Differential responses of lipid peroxidation and antioxidants in the


https://doi.org/10.1016/S0168-9452\(01\)00462-9
https://doi.org/10.1016/S0168-9452\(01\)00462-9
https://doi.org/10.1590/1983-40632021v5168949
https://doi.org/10.1023/A:1001898310321
https://doi.org/10.1590/1519-6984.262364
https://doi.org/10.1016/S0045-6535
https://doi.org/10.1016/j.plaphy.2016.11.014
https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

WY abesdan 5 s, gl Shy o doil S aSL S S5 So e 5 Sune

leaves of drought-tolerant Phaseolus acutifolius gray and drought-sensitive P. vulgaris L. subjected to polyethylene
glycol mediated water stress. Plant Science, 168, 223-231. http://dx.doi.org/10.1016/j.plantsci.2004.07.032

Vijayalakshmi, D, & Srinivasan, P. S. (1999). Morphophysiological changes as influenced by chemicals and growth
regulators in alternate bearing Mango cv. ‘Alphonso’. Madras Agricultural Journal, 86, 485-487.

Wahid, A., Faroog, M., & Siddique, K. H. M. (2014). “Implications of oxidative stress for plant growth and
productivity,” In: Handbook of Plant and Crop Physiology. (ed. Pessarakli, M.) Pp. 549-556. Broken Sound
Parkway, Suite 300, Boca Raton, FL 33487 USA: Taylor & Francis Group.

Wanderley, C. S., Faria, R. T., Ventura, M. U., & Vendrame, W. (2014). The effect of plant growth regulators on height
control in potted Arundina graminifolia orchids (growth regulators in Arundina graminifolia). Acta Scientific, 36,
489-494. https://doi.org/10.4025/actasciagron.v36i4.18085

Xia, X., Tang, Y., Wei, M., & Zhao, D. (2018). Effect of paclobutrazol application on plant photosynthetic performance
and leaf greenness of herbaceous peony. Horticulturae, 4(1), 5. http://dx.doi.org/10.3390/horticulturae4010005

Yadav, S., Modi, P., Dave, A., Vijapura, A., Patel, D., & Patel, M. (2020). Effect of abiotic stress on crops. Sustainable
Crop Production, 1-21. https://doi.org/ 10.5772/ intechopen.88434

Yeshitela, T., Robberto, P. J., & Stassen, P. J. C. (2004). Paclobutrazol suppressed vegetative growth and improved
yield as well as fruit quality of 'Tommy Atkins' mango (Mangifera indica) in Ethiopia. New Zealand Journal of
Crop Horticulture Science, 32, 281-293.

Zhang, J., Jia, W., & Zhang, D. P. (1997). Reexport and metabolism of xylem-delivered ABA in attached maize leaves
under different transpirational fluxes and xylem ABA concentration. Journal of Experimental Botany, 48, 1557-
1564.

Zhu, L. H., Peppel, A. V., Li, X. Y., & Welander, M. (2004). Changes of leaf water potential and endogenous cytokines
in young apple trees treated with or without paclobutrazol under drought condition. Scientia Horticulturae, 99, 133-
141. https://doi.org/10.1016/S0304-4238(03)00089-X


https://doi.org/10.4025/actasciagron.v36i4.18085
http://dx.doi.org/10.3390/horticulturae4010005
https://doi.org/10.1016/S0304-4238\(03\)00089-X
https://jispp.iut.ac.ir/article-1-1953-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-08-30 ]

VR Jle 08 oyled ¥ W aLE 5 SIS 5 ai s YT

The effect of paclobutrazol on some growth and biochemical characteristics of
dill (Anethum graveolans L.) plants under drought stress

Razieh Moieni and Mehrnaz Mahmoudi Zarandi”
Department of Biology, Kerman Branch, Islamic Azad University, Kerman, Iran
(Received: 2023/08/15, Accepted: 2023/10/07)

Abstract

In this study, the effects of drought stress and paclobutrazol on Anethum graveolans L. were investigated. The
experiment was carried out as a factorial based on a completely randomized design with three replications in a
greenhouse. Some growth and biochemical characteristics of dill under drought stress (irrigation-based) at three levels
(30%, 50% and 70% field capacity) and paclobutrazol at two concentrations (20 and 40 mg/L) were investigated.
Drought stress caused a significant reduction in the fresh and dry weight and length of both stem and root, as well as the
contents of photosynthetic pigments and proteins, whereas this stress induced reduced sugar and proline content and
catalase activity. Although fresh and dry weight and length of stem decreased in plants treated with paclobutrazol,
paclobutrazol treatment significantly increased the root growth parameters and the contents of pigments and proteins in
relation to drought stress and paclobutrazol treatment. In plants treated with paclobutrazol, the content of sugars, proline
and catalase activity were significantly higher compared to non-treated plants and controls (P<0/05). Moreover, the
patterns of protein expression were different. SDS-PAGE analysis revealed a protein with a molecular weight of 11 KD
under severe stress conditions and treatment with 40 mg/L paclobutrazol. This protein probably has a major role in dill
resistance to drought and the stress amelioration effect of paclobutrazol.
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