[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

VAR Cigus,l g opss9 b YO oled & W aLE 5 SIS 5 a3

(Zinnia elegans L.) jlal albesd g 5 50555 Glagmly » del KoKl 5T

s ke sboad o

2 AG 3y G2l 5 T3lF plb) mdlies S5 5040 (S e
:Lﬂff ;Ql;'.w) emb ‘63)‘,&5 RCSR4H gJL’PL: f}l& e};

(VWA 6700 5 alg By du )b YAV AT 13l 5 G ,0)

oS>

5858y At a5 AUl (S5 by (U 53 Ol b a5 el WS A3, 5 e Julge RS SN oS
SLodd Sl ) ol ol 5 DBl ilin g lE S LS ol o gae A5 gy 2108 e ST Sk gl g
S5 oo bl g Sl 8 pledsn 5 (K5 s Sy Fa o del Syl glckls 5 8 ol
G e 2 Jpea Koo At gAY er (s i b 5 Sd i ol 1S5 b B3kl Sl 2 b LB s eddes >
Bl Olgoa ;¥ sn Jen ¥ 91 o Chile an b dl S sSal (Sain SLdskoes 5 Ol 2 5 sl b Jol bele O goay
5SS 3T duﬁ;i ol (g g5 slao3&,y p 55 kS 45 sls 0L Wesls Suiljly wiow b Ad B S s o4
Slap Al IS (s p e 5 A GBI L LBl gyl e ST w5s, Bl Jske (22 (Sho 16505 SR
Il 5 S s AS Aigu, 8 b S @ s A0S I coe s dd el LBl Sl STy Sl Sl 5 5YBLS
WAt L5 b 53 505 o515 45 (su5b 4 8L GRIB 58 I, el g oS15 s Sk Gl L S SIaeS T, w5
Lol el Sy sl s cal g 0gde 2 46 e Jses S Vet s DS Rl 00 w6 e 5 Jges S
Sl Sl g ol Sie A 5 1Sy Sl Sl o 5T S 1655, Bl sladshe Jsb (1055, oS15 SRl
Sl sl Sl (g Sl Rl s S AS RalS b g ol SRl A sl O mls IS sbe S SlamST, 5 VB

S S OB 2l sl sl K oKl Kain 5,08 5 ek Slal s 3 sbwl sl ST b, SKul 5 VG

;ﬁ)}}; ‘)Lhi Jf ;dh.)ﬂb ‘J?w‘ &Sﬁ)vgs.wi 6.&.‘5 oS

s oA 3l Gress gys e sty s (et al., 2009 YRRV
54 555 e estizel NADPH 5 ATP (581 a5 (sl LS ol oS sy 5 e lelse s S G o
oalaal Lﬁg:)b.l?ﬁf;).’ JJSC,.;.\.:;&\JJNADPH }ATP &uw ‘gf‘_}SLT B szjj}j)}ﬁ ‘.l.w) ‘J:"’U DL U‘M.
AU S s 5 A3y gme g 5 el Ll sl Ol Zalens 5 sk plordsm 5 Sifnnd il
S e Ay wle kil cow S LS IS L Deng et al., 2012; Dai ) 3,138 o Jl oS 5 Shes 5 adlS

rezaeinejad.h@Ilu.ac.ir : S5 s Sy 5L 0 s 0dins 5°


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

14 Jlu K0 ojleds & il aLS 5 S, 5 i T

O 5 XU sy 5ol (Al 55 ks L (APX)
5 (CAT) VLI lag 5l e les Slies p S (55, (YIY)
53 Ll @il il AYY Lasale s (POD) Sl
23l Al IS 5 VB ol VA 5 T0r asall

23 U8k s Sl s L ables gl OllS
Aol S psSal g b b Il Jals oS (6,0 yre
b 03V romes 5 Ol RIBHL el s
BB e Gl gl lenST b allis g 501 (sl 1S
5 eemes ((Bartoli et al., 2006) 1S o eslinl xS
oS s 0 sSBS Dl del S S
Glacawl ol 55 1) OllS as > ) &5 353 e eslinal
S0 sl i,lS (Asada, 1999) LS o clibls (555
5o g Al S Sl gy J S o a0 5
.(Bartoli et al., 2005) ol o Oby S

85 b 6B WS BT S5 S bl S S
(Smimoff, 2005) ol T 55 Jydons 5 oS J S5
S e M5 sk el Sy ST il
2 edleny apd A5 S Jeols Jld O3St gl S
Loossie Sl ST diSsl, 03 S
Gl 0SS S Olpenr aiiee sba AnS]
P 5 Sop Dbl 3 deul Sy Sl S o Wl 18
sl 5,158 (Noctor and Foyer, 1998) s,ls &
lair o dol SopsSal cote 1 1 e g3
sy il LS pladsn 5 S5 p 0 il
Gl bl ilisl s o 5t a0l e alesl s ls
05 .(Huang et al., 2005) 5 S o )Lal e sl )T ai
0 gl S s sl Sl e e b
25 St 5o a8 518 S Sl i only 8 G2
.(Toledo et al., 2003)

S8 s ol K Ol sew Zinniaspp sl IS
s S L (Asteraceae) oLl S S sl OLLS
.(Dole and Wilkins, 2005) <ol G35 o g 5 SO,
il (il 55 & Conl Bl Gl IS o Sl LAl

52 G, WS B L s s el ileane
(Wittmann et al., 2001) s oo el S ce s
Wl g Jpame CokS 5 aAS s o G
oeals 1y olS IS a5 oud Jhals Ll el
Frantz and Bugbee, 2005; Nemali and Van ) das .
.(lersel, 2004
ST 5l (ol S35 2 5 kS & Aoy n Jhin
P et drwg 5 by sk 5 OS5 s
(Hogewoning et al., 2010, 2012) 108 o b e g
Sdd el sl g s SO sl oS e s
Ao ga alS 1y olS pr s O oS Cud b Lt 51 i
o=t Ll s (Dai et al,. 2009; Bertamini et al., 2006)
S gd oo 03,8 0 Sope o SASL el
boaddlad oo Lol 5 LS o dr A Sl S 505 5]
Al s o Il i b STy ST e w SR |
Bertaminia, 2006; Chenand ) » 35 o (6 55 535 slacJlab
S8 ATP (s b Ll 5 s Lle s (Murata, 2011
il S b o M5 D S i g 5 (S S )
.(Shao et al., 2014) 345 o oLS A, 2alS & el
sloas b )y 55 (Y1) OLKes 5 Pires mlo
P. morifolia, Passiflora ) _cele S 55 ;5 il
OLis (P. suberosa litoralis s palmeri var. sublanceolata
OllS & sl L3 gl Sl s s sl
3ol Bl JS s S chle Ll o LS g s edislS
bl pals wle 55 03 SU, OLS s alb |l oo
Elon bOT) LK 5 sl sy
Sl oo 03 b 4 e s GlS oS sla i
4~ cnl 4 Rosa hybrida cv. Avalanche 35VIs1 o3,
LS dduls 50 Josls @ Jdsls Olpe &5 L)
OLen 5 XU rassy il el ale ma 505
St ol St ST glasles S g5, (Yo )
sls oL Tall Fescue b (¢ 55 S 6o, o5 3l 5L
eS|y Dl Sl 5 (CAT) VB slags 51 cles oS


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

TV b 5 S5 gl » Al Sy Sl ST

Loy Sdd il el e S plesl bl slassla
LCAL (g st sb olSKiwd (55, oldinas T 31 eslazl
(LCA4, ADC Bioscientific, Ltd., Hoddesdon, England)
5ol s Sl bl e Jsb s
S S 53 sseb Ol Sl Al Sy Sl 3 sl
(oo a L) bl lesl b (CilS 51 awy aia 4u)
ka2 oty el Sy s Sl 2 a3 S Jlasl
A plsil 2 80l s Slis IS (g Sl 5 plosl

L olasss s Sy islain, s Sis ¢Sl
Gl s Se3ul WAl glaS Sl ool Sl etz
Jle S 5 Gop sSes Sen SOl p S s IS )
Sl5osless, oS15 (Image Tools, TX) 5 el
Wipy Bilw sladde (oie 5 dsb 5 oyl slad ke
Rezaei Nejad and Meeteren, ) 1 awuls 5 (¢, Sosll
oS eslal ) aaly 3l aiys,y esls acsle gl (2005
SI=[S/(E+S)] % 100 Vsl
$iy, yerls Sl
S ijzﬂdpﬁ G, 3l S
S Aok 53 ol ld e sl B

5 JHoAS plberdem G Shy Sl
ShA8s5,8 5 (ChD) 35S Olsee iz (gl 1 65,8
VY S bl s eslizd (VAAV) Lichtenthaler s,
43S O3gen Al Ogal ke V0 L oslb S S
Sodes 5 4t (6 Jee 10 SIB s edel sty o las
3 e 3,5 St Sl ais Ly sa £rre 53 aids 10
«(Mapada UV-1800 Jde) (s 2o 59 xSl b o9y J sovo
Sl 80 5 VY Ve lazgedsb 53 e ol
5 JS J2sAS b s @ IS Ol i Sl
S S 5 005 08 52 p S ke i g 536
LA dewloee 0 5 8 Y Ly, b
Y

Chla (mg/g) = (11.24 x A662) — (2.04 C A645)
Yok,
Chib (mg/g) = (20.13 x A645) — (4.19 x A662)

A8 OYAY (aS) 35 0 oslizal S0 8 Olgews
G o s 55 S mhan o es 2.5 7. elegans
oeemen 5 Ol b 5 I8 S5 Jsa 5 sl Zinnia
ol ok Wy w2550 WSS IS 5 S0 0 58
.(Louetal., 2011)
D3 s sk Ghad s olS S Olpea lal
Ol tlisee mlia 5o aSl L 35 o0 SIS (650 o L3
AYVO (i 5 0330t o) ool (g 55 oS LAl a8 o
sl aseia oSl Sos 3L Ol Ll (WWAY (S~
wloas 5 wlo Ll s s 1) obls ool Ol ST el
slad gl oS cls (g Badl= 5 ol SIbD
o e e ey cplply A3 dal 2l T
Guas Lol tags ol Ol wiy gl s ol
b bl 8 placdse 5 (S5dnmd sl o
Gl 3 el Sy ST 8 5 L sl e

Al g s Sl ol

L pss s 2l
Slides 45530 53 A Sl 540 Obeey (b 55 (bl ol
sUle = 4d 3 Sl Ol J oIy (53,5L28 easliils
BEYL RS WRNVRTT IV o (P PR LSRR VTG IR ST
oS 5wl (s o) S ls CiS o
s ciS (Sadlh SIS s gl Sl 4 sdew sy
Sl b LB s oy Skl Sy il
o e ol Sialesl pl s plonil LSS a3l
(6 2 e g, Sen VAT 51 Yen () 0 o
YO i) el S sSl CBle a5 Lol ile Ol e
Sl A a S R s e el Olsey (G5 e
BB L5 03 Gl e dpes S WA 8 S
S S5 e (Olole) Ol 225 LYo Sles (Wald)
m bl mere e S T kel 5 WY
L) 5 o Dl e A |l N SO s 0L

2 Obke (e s el ST gla 5y nlesl 5 sy


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

14 Jlu K0 ojleds & il aLS 5 S, 5 i Yy

SOl s il 3l e ol b gas ool b ST
0 e Dlind 3L 3 3T las 5 LA oy =l
Doty ool O il g 5 LS el (PH=Y) Y 50 s
Wids psVErer e Lol S tle amys & (gles 53 4ids Yo
o b g Sl olSis b el Hslids, oder A3 e Sl
Sl e (Zalgns b ekl e gl YA 2 ged b o
53 4hds 3 e dddlad b 63 SIol Ol oy 3
A Ol 3L o3 035 08 e

oo sl s n SNl tgds Sl o
Osla 52 (S p 4sei 23 8 plasil (VAVT) OSs 5 Bates
Lo Vbl Sl sl s I shomes 2 o 0 S5l 5or
Doty Jools sjlas 4y e bl 5 sl
ai3s 300 er s LS mle arys £ (sles L aids 0
S Sl Sl ol sy mbe 5l A e Y s sk 5l
Sl Al e ¥ 5 rodennl Some 1 o VL o jlas
amos Vo gles oy cole gl b 2l o
Sl Sads e 5l dn 285 515 SOT plax 51 5 5L
5 Wlal byl aw sl he b b (g5
S5 56 Sl s S sl Al U s B A ex) eaw
Sl Sl gl e s s S sl S WYL
Ll gl OFY padib 3 Ol A eslined s
ssle ol Jldie codspr syllial owe 3l eslid b 5 A
Aol 505508 e S e i 5 e

Sl G2le3T L besls o g bl s 5 4500
3 A5 el ST e b sl SIS il 2 b b s ok
) Minitah 5 (4,) (ge5e) SAS slalale 5 L Lassls
Ly s Shs pShe amlie A GGbsls ks (VA
S s gy bl o 53 LSD g3l 51 eslizal b anlllae

Sl S e m gl el WSl
gl 5 o5 odd G sl ol () Jsae) sl

Total Chl (mg/g) = chla+chlb § adal,
0 aal,

Car = 1000 x (A470 - 1.90 Chl a—63.14 Chl b) / 214

Sl Sl 5 ST GYBL sl 5T (g S5l
5 Chance 3y, b VUK ﬁ}ﬂ zlAd laest
O3 5 e a3l sslas A5 el (VA40) Maehly
L oVse ks 00 sl Dleed 3L s cmle 3l s Ladd o
5 A5 gl PVP 5 EDTA (g5l V sl anid
0> 43 Yo ety 5 gy il o8 b ol O gl s
St Sle ais 5o V8o a b a8 e am s £ sles
Sl Bl mly S b Bl cl e ol s
OSaodes 2y S Yoo (PH=V) Ve Jw Vo ol
S A S Yo ol 5 0,80l el pdy Ol e ST
s JEEl Sus 4 Sp gl eddpl Sl olas Sl
Trdsb 3 ests pSal b adds 5o Sdeas Ol
sl Sl e (ulgss AS (5 Selul rest YE
oS o 3 i3y G edddled b w3 5mSIOT Ols
A0k S8l o6 05

s MacAdam x5, Sl 5laeSly w3l 6 Sesll )y
Slatisad w5l zlpnal gl eslizal (144Y) O)San
V dsbs andeal b Yo e 00 ol Sl L 51 S
£ glos L3 aids Yo Sdes ol Osmilon s 5 oslinad
38 e Bl aids g3 VEeer Has ool S Sl ax s
Slics 3l 25K WY oyl cdls e sl
O3asded ads Se 00 b PH=Y) N e o) il
IS s S 00 05 iy Ol S|y
Clmss 5 sy DS b s ebas0 s Sl Ol sen
VO zyedsb 53 jasdysSeul boadds 5 Ddea ol
e 1 e e (alss A (S eIl e gl
033 p 5 A 53 adds SO L3 ekddled b 658100 Ol
A Ole sl o3l

Nakano s, jldeSl, b, Sl (”Jﬂ o)Al sl
cde Jals (o, ol el s eslaal (Y4AY) Asada

QMOJT\.‘S\ )\ J;L LY A:MN\ J:"fl‘ Yq. Cjﬂd}b L ))j


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

YW b 5 S5 gl » Al Sy Sl ST

Sl (51555 s Sy bty 4 s ) Jsix

sl oS5 il Sk Ik Bl Sl 20 S5, pal slia oS sl ey S s
ASAO™ YeNE AT £Y/4 Vvyy Y PYTRGIAR:
qvo \/£V ARYN YAAn N4y 1 (Ea) Lol glax
V40\™ TIAV™S VLA nARt ALV Y Aol Sy Sl
Yy o £rve J/YOY™ oM * Yyyns ¢ Ao Sy Sl X 8 s
Yy VoV V/4AD V/8V ¥4 \Y (Eb) s 5 slax
72 AVAN \ZAR Y ALY (1) & s 0

we | a
180
160

140
120
100
i)
4l
20
0
1300

l*.~'— P2 PR Al S g8 oA

trt ) slaiseg oS 7
=

€ mp
L

S gl s S ke

c)|.>‘;'.'.é s :f;r.&ﬁ ns

180 b

140

2120

k]

% 100

:'l; 80
60

4,

T, 40

_l'J 20
L1}

[\JLJ‘_‘LJ"J_J.S-_ ..i..,-|

&Jf&dﬁ‘bbdhwﬁnb )L&‘ ALS 6‘4'0-9)(‘5‘}’)"(]))"“‘”‘ &...J‘,S..J_,(a) yu.&wu‘y‘—\ Js“"

Ll (1=Y) 5 lku) gl sdasOlis (63 508 byl . Aiued LSD b}aﬁ sl p 70 Jlazst ch.u SERTEILLY)

bl als gl g, el y s ods

Jsr) G-lols s s ipsds) sdghw oS15
5> ookl Gadsha o155 L8 s Gl s sl ol )
S s il ol e Y Ao ) Sl e
Aol Sy Sl 5 L5 o blize 35 dewl Sy Sl
Sl anlie 51 0L (gols gre Ml Shs ol (s
soodal Sladsle (S5 58 ods als &S sl ol
e g dses S Ve lad o8 () sba ol aily JLals
R s 2 dea S ) als e @ el 436
(Ya <_}i..:-) Sl ghe ;3 YV Al (a3t

Sl aps b Bl Jde o 5 Jb
o5 ok Jlize Sy e odd 5b oS sl olis (1 i)

o3 gnn B Bilows Jgb Jgb  dol Sy ST

0 olel e 53 Al SpsSl s ey ) sl
s blae Ll Clls sy (gols pme SV s s
Solme Sul6 Shs opl oy Aol SepsSal 5 L
Olsee B oos A di..ilj-_é\ L oaS sl Ol c»L.; Sl olas
bl 5Sle dglie el odd w2333l sl oS5
2P DAd @ by (SISl a8 o 0L () a (IS9)
0P D 3 eS 5 b e e dges Sen VA
olBl S AS edalie U mpe e Jse S T
b A edalie (1455, oS5 (alye 3 L) 6 eodir
il L3 (O s s, petls Sl e
Sl Sop Sl 5 55 il e bl 1y L5 oas
s Sis S Al SeuSal 5 s ol
Sl L aS sl Ol Sl anslie L Db eae b))


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

14 Jlu K0 ojleds & il aLS 5 S, 5 i ARt

932 a
A | ?
i 9.0 \
]l
89
i &8
ERY b
J 86
< RS
I“ .
- B4
83
600 1200 1800

e - [ AT
e s :r;-';--‘,-:urj,:sv:-- P

700 b
a
60 b
YL
. =)0
4 c
Y400
3; 300
L 0
H
B
0
G0 1200 1800

Cagll go mupnfa g gy Sl o0 Sodd

BN gl S e O S Pl b sl Kl HlaT oLE (D) Lablows S (2 5 5 (A) Loa sy (S5 s oad JI-Y s

sl (0=Y) 3,05kl gUas saiasOLES (65508 (Lo, g Ak LSD O ga 30 sl p 70 Jlazst ch.a 25 SIl3 paa

S IS L das e DL oS A2 edaliie b e
Wals 0S4 Gl doys \TR A s IS s 5
Sl Sosonr (G 2 mpe e dges S VAMY)
Ve doe ¥ bl iman (Fa Jﬁ;z) ol a5l
b5 IS (g gome (o s VT alS s el Sy S
A (el SepsSl 0 dals Sl 4 e @
(b S)

S sl Ol b s (F Jpde) by 4 s
5 os oas Blie s del Sy Sl Gy ol b
53 Sol3me BVt addllan 3y5e (S del S sS]
L oS sl 0l gl bl sy dos | Jlens! e
o=l dons WE D L35 IS gae 5 s Rl
Slyme Aol S sSal Ve oo ¥ Sl iomen 5L
S sSal 05) dals L b oanglie 3 1, b 3, IS
T g ol Sl s sl LmalS o WWVE (Al
oSl Vpa eV 2lile il 2 et 2 Jyes S
OF Ve oo ¥ clale 5 (Moys YE/A) lssl Esl A
SLS U aslin 53 b LisIS (Aoys YY/T) 2alS o g
el Sty Sl 5,18 05y Lol ailie 58 s b sl jlas
WU e s S Ve 5T 0 ol s s
b Jds IS o, ol sne J"’l‘ Al Sty 5l b d sl
(Y Jsdo) il

St S sl 0L (F Jsie) el 4 mls

A e S ol o e Koo Sl Ll il
o odd EalS L as sl ol bl Sl i Sle sl
CLE A S o s cdl il bbb Jgle b
35 5 Gl VN EalS Cel el Sy Sl Y ge Jue ¥
0l comse 4l e e Jses S Ve led
Sl shone e Sl 4 s Blows o J b s
djajuj_dyjjﬁza\\’n Sl oo Al wlis 8 ol
b olsgmn i sl S ST 2L sl a5
Aol Sy sl 31 (Y U)ol 3 4m s Lablowe J gk
S 03 A ls pme 0/00 mha s Bile Jgle 5 5
Aol Syl 55 s Jlise J 5 L5 ol b &S
@L’ sl bdle Jgke 50 (5, ols gme OO
ol S sSal ibdglons Lol 0L 0 S0ls alie
Yoo chle oS gsba 3l Al Lile Jshe 5 e
30 e (L sl o) Al & ol Y e L
(Yb &) cils Jrals ds s VY
Lol 4 @l AL 5 s sle K,
el Sy Sl 5 8 o 5U S sl OlE (F Jsas)
2> Gl g s e A3 ) bl w3 @ s S
ol SosSal 5 os s bl i S el J-
ST NGEN N J,<.>L.a awslie ;3 3500 Hls sae uf}’ﬁ
2 s S Ny g ol a5 a2l

2 s S WA 58 DA 53 S 5 Gl e e


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

Y0 pbendisn 5 S5 Sl g el Sy Sl

[§

@ s AS bl Jshu Job (slaihy, pails b Shs p del Sopsfal 5 55 s bl 1 5 Kke polie Y Jpd

SMeeST el O S dds s b Jdsls gl dsb el el S Sl s s
Losloen sl
(umol mint g FW?)  (umol g FW?) (mg gt FW) (mM) (umol m?s™)
(um) )
¥/ ove v/end vo/4? o/VY* V/YYe Yy/g YY/0® .
V/+ YO 0/8A° VY pe 0/08° VARS \AvARY YY/A \ VAs
V4. 0/g+" Y P 0/0+° VYY® Ya/8° Yo/v? \
Y/A0? ¥/44% YA AR Y/ YY/A Yo/AY ~
aty ath £/ Y\ % i A \ VYo
VAN £/7YC VA% v/l \/AYO yy/q0e Y./ Y
WA Y/VVE Y8V VY42 AL Y/ vebe Y1/4 .
N \ARN ATARS V¢/42 £/ A Yo v VAN \ T
\TE Y/ege o/0Y% A Y/01° Yo/A VAV Y
sl LSD O o351 31 o3liasl b s s SNl as Sl 0l Sy
Sl pbendim 5 S5 8  S S ns bty 4 @S Y g
SloSal Slaesly VES Gdsn ke S isls Lsls LS e
) b a P Ol i @L;A
Sl Js &\
RV Va\ o AT avq LE 7S 7 VN RVt VA R \ BYHICNR
oes) e\ et YY/\ VAR SNV & UEVIR ) SERVARY- 1 (Ea) Lol sla=
V2RSS 37 AR VAL SO | | A 77 PRGN VIT ¥ AN Y/S R RS /o A \ Sl Sy 5T
TRERY- LR VAL e V7 \ A VS VA [ e T et il Sy Sl X s
VEERS VIRV VIR A/ SYEV/eg0 /Y AA Y (Eb) s 5 sl
Yy/e g/0Y 0/ A YY/A oo ARV WA VYo (1) &l s

2y ) 50 Jleas! ch..« 25 o fa s gae SN s

(8 JS8) ol sl il 53l
S ols QL (F Jsdr) S Jds S il 4o s
A3 ) Jlaim oo s ol Sy Sl 5 55 s 6
0 mecb—wﬁ Aol Sty 55l 5 L5 ol Bl
SRy ol mlESdb s ol e SV Ao
o=lBL S 8IS G ol fals Ollgea a8 sl 0L
T L oAl e IS b IS o i oS gosba (il

03,5 4 Sl S AS Jols LU et 5 ges S

# ol gae SN S gpAe NS

Sl LS55 Sy g dens ) Jleil mhau 3 5
o ke s del S sSl I s cdls (5l e
Gl ale el Sy Al Syl 5 8 o
R ErS e Sen Tov 550 ol 5l OLES (6515 sae
05 DA 5 (505 e S e YVY) 0k (e e 450
W) 50ke (psieS 456 5 oo Jges S VACe
S sls ol st 4y A3y (5 05s e S ke

M)bQO/V M}JJSJ\J@J}J IR ULASLMJ& QL.';.:


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

14 Jlu K0 ojleds & il aLS 5 S, 5 i ARS

ERTNTE L N

a
a
10
]
h
[
c

4 l
2
L]

] 1200 1800

(il 4 el ol JJu_q___i._..a?' PR R P

a0 b

A0

a a
7.0 L
6.0
5.0
4.0
30
0
L0
no
0 1 1

[Py E S Sy S

(A Da pe A A s

BN gyl S ie G K Bl b Kl T oS a2 Jds NS 5 () el Koyl 5 @) 55 Sdd ol 1Y S

sl (=Y 3,05kl gUas saiasOLES (65 508 Lo, 5 At LSD O ga0 sl p 70 Jlazst ch.a 23 SIl3 paa

AR ) b S
-
n

A

=
th

H]
b
C
: l
0.0
e 1200 1800

(adld 42 ‘_u___p_,.ﬁ_,;ﬁ-__..;,_!_,.ﬁ_q_,i__.l]d,__d ik
J‘.,/o dl&;"ch.ﬂjé 6)‘3&“ d}&;”‘ 6‘)‘2 6}-:’.5 JF&.&J}‘J«’L}&L&@{;‘:& .JUAT °lﬁ§ J«:jﬂJlSﬁ)}J Q.k.i;‘—f, JS.:

ol (=1 5, 0kl (glas o kiasOLE (65 508 (SUa,) 5 diins LSD O o5l ulusl

L5 s b a8 sl 0L il 4 bl s n

el Sy Sl 55 s Bl I el Sy Sl
Jode) 55 Jls gme Lo s ) JL@T}‘CE..NJJ 83 (Sl g
g Ly ki bl &S s ol (Sl anslis (F
bk b OLLS s 5 LS s n Gl SRl
dons ke oy [2alS 1 s e Al S sSul
2 dses S WY 5 Sles s s Gl Sl
e 2 dss S W) dald 4 cod B e e
5N Co el S Sl 05 Il s s (6
s WWer 5 Ol remen 8L Al As s VYA
Npohe VBl U me e  Jses S0 VA

Vochle osen ol Ol Bl Ao VEV dals
G e 1y S SIS sl desl Sy sSl Y s s
L3 1078 (el Sy sSal 3L e pe) dals e
S Sl Lol ik sloms OLLS IS L35 IS 015 2als
o5 e 3 Aol Sy Sl Sl bavalie 55 Ao
OF Npoho ¥ Chle il o mpmsie  Jpos Soo o
e e Vochle 5 ud ghoys VWO SalS Carge
23 S S ol il el S ST
308 456wy ie g dges S YAt 50T 5 i
LS S Sas Sl U el S sS

Y dsi)


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

YV b 5 S35 gl 2 dl Sy Sl 35T

(Y o) sl [l sl Sy Sl 55080

(F Jsd) lls amd mls Sy S oKl
Sl Sl Bl Sl Ol s s S sls ol
el Sy Sl s a0 Jlaas| o 3 SMeS1
Al (gl pme Ml A s ) Solal Cla.ﬂ 33 ('-ijj oyl
ol S el Sy Sl 5 L8 DA o Blise I Jy
L oS s Ol gl ol 0L (b ol Shs
Olsee ool Sy Sl 3,58 e 5 59 Sl 58l
alie 3L B st ol Sl gl el
Sl Sl 5T b Olsn iy oS 3l LS (SSkee
by (5055 08 2 akds n dpes S 1/0849) Sl
S 5wl et g Jsas S WA L ol L
SAd a by (5055 pS pakds e /1Y)
A o3 VoY) b e e g S Ve s
Sty sl 5,508 3550 55 (08 JS2) 54 (Aals 4 o
SlosSul sl cled S 5 e B A
R O R S B L FW 1
S sSnl Ve oo ¥l oS ol 035 0T 5L s
s 4 S 1 ety Sl sSal Bl s i
(ob JK5) sls 558l Ao s OV/Y dalis
L, da}u)(.sb;,}; IRV ST U i S TR
G35 Bl S5k I s I oyl slad s o515
5 SN0 Sl i Jale Lp Dk 3L Shals
sy Sdd sl (Pazourek, 1970) ol OlalS e 5L
s osd e S CE.N Aty 5o Wiy, slad ulsil Cel
Cow (oob) A B eddplnil gla s 5 mlaln 435, 503
ol &3, Uk (Lee et al., 2007) el 55 ooas it
Aasamaa and Aphalo, ) ol 8,5 wle s aslis,
S pmad el sees Sl e mls L« (2017
o 3wl oS Sl S 50 el wss, sesla 5 4,
Lombardini et al,. 2009; Brodribb and ) Jx.s oS

Yochle 5 ae,s AVY 5 WY Ol ded Sy Sl
Ao NV 5 WA G denl SopSal Ve e
o dd Leddsles LS b anslis 53 1 s gl
)jso,\,;:);.;\;yls.x:w\&w}{whﬂtsﬁ.uulgm
S sSal il Gl oo 5 JgesSn e
SYBIS w5l b Ol bl i = I
5 deul Sy Sl Gy ol L5t aS sl olas (F )
alllas 350 S o ool oy Sl 5 55 Sdd Llize
sl demy Loy Vo Jlasd CE“ BE L;)‘JL;'\M f;i}
Dl LS sl OLas (Y Jadr) blize ol Sl as i
S Sles 5 cdl il VB ﬁﬁ N PRI
s Jlsl b asb e e dges oo VALY 5
(Ao YA VB 5T cdlad Ol ol Sy 580l
35ms Gl e el Of b ble n & il sl
fcfﬂfdyjjgf‘ \Yeo }-\" )}j CJ..LJ:)J RGN
S (] GNP U W B U S T
(Y Jsd) Sl g)ls pme
A Sty el el Ol el Sy ST
aS sy oS @L.; RO WERTI 6JLATC]G.A)§ L;)b&;;u
gl et Jses S WA Sl ol Jlals L
Al b L e Jpes S Nee g s
Jheel eoman a8l S0l asys Y slalst,
Ghons YME 2alS Comge del Sy Sl 50 hons
pde) dald OLLS 4 Cowd STy sl b
s 0l ke anglie s (sl Sy Sl 3L gl
fcj‘]ufdfjjiﬁfﬂ YA }\Y" e 6[.&)[.&.})345
TUA S danl SopsSal Ve e Voclile 456
Al Sy Sl Ve oo ¥ il 5 o ys £A/A 5 0TV
Ly slaeast, rﬂz’ﬂ Cled Aoy VE 5 087 A LS Sa
Ll alie 5 old L osldples OLLS L alis o


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

14 Jlu K0 ojleds & il aLS 5 S, 5 i YA

¥
o a .
oo ) ab
! -
b % 008
W
- -
'-_I Ia' 'D..M
= i
1
- o= D2
ey
L0
k0 1200 1R

(il o mo g gy Sea) g Cald
gl L L

0.14 b
0.12
0.10

i
b
0.08 c

.06
< 0.04
3 002
" 0.0

1] 1 1

(Y4 et) o S 80T

HedmaS] g 2l 5 e
o A adds g gay Soad

G K Bl b sl pKile T ol laanST 5 Sl oKl f_;i Clld p (0) dol Ky 08l 5 (@) 5 s ol j1 -0 IS

@) 5Ll las 0aasOLE (53508 Sla)lg et LSD O s3] ulul 3 70 Jloim! o 3 (555 im0 S (sl S it

RIS JBs S 5D s IS @ J5 IS Ol wle e
Sl el sl Sy Sl Ve e Y Clle 5 anl
AL 8 A5 Ol ramen o Sewl el LIS
OLas 5 Zhao  Eags 5y acdl lpl 8 ol
ol b s IS Ol (Y0V)) O, Kes 5 Pires 5 (Y41 Y)
o gy Olllee boas adl Ll gl sl
S O OLen 5 aldss Eash 53 .3l o sees
Olgen closls plowil kS Ll b s 1y asasle Jlas
Glo plaw GRBIL S Jdo k5 5 b a5 s @ sl
ol T gl Ll s s sl gass bl cob jials
5 ot Sslie bayg Sl ssd e Sl aS cl 4 S
5 AMIN addlls s AL gees g 9> o Cu
Gip L el Sy Sl wi asiie (YerA) OKs
sb s IS @ Ly )8 (masm sbali, Ll s
5 S sy ml ol pxS s S by S
Aol Sy sSul 3,58 LS sl olas (T oK
s ls bl 5 Lasss b sy s @ fis 5 ol
oI55 (Origanum majorana L.) g5 e olS 55 S
e a0l oS ol pallae S5l tann mls LS
el o3l 35 50 lacdale G
S5 Obl, Bl w4 ke (St 8L S o

DSl i STy gl S i 5l el sl

|

Fol= ass L as (Jordan, 2011; Sun et al,. 2003
ol Olosan g g, dldad (L1l ioeaa sl 6")}("“
Sl OW Sl Sk sl Al el SO el
ol aaiss, oL Bl b oelS bug a5l i
5 Okl a5 (Hetherington and Woodward, 2003)
$isy o2, 5 Jdsb o i oS sl 0L (YFAY) O
e 2y S W g odie by ) IS 85 s
o35 (Aald) VY 5 0Ys (Vi Glajled & Cons 43
A edalie bslass (m solsime sl oS15 8 1 s
23 4y (S5 s L (VAVY) Pazourek ey s
sy s Ll dris hollandica) sada o3 S L
ws S b s elS 55 Ao Ve 5 VO TV Y il
2 e Ay s W, WSIS S sl Ol ks
NG LAV BV E IR W
Fes Gly S L wle 5 wsbad, OblS
ol sl Bl Sl gl ol gl S e 3L
e 5 S e Rl psle S Ol 1y L5 3 peeS
T3 s IS Jlie ametiys s 3550 Sy 3 bae 355,
el s (Hamerlynck et al,, 2000) b o 058
S ssde e Bl Jole U325 (g 58
SsSl 5 o5 sy 53 Lo NS Glad s OdiaS)

SR LS ol UL LSl e il S e 6,8 S


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

YW bedn 5 S5 gl » Al Sy Sl ST

53 Sl 5 VB clled dlis v*’f Sy (YY)
oals T g e asale s g sl LYY asals
Sy sSul &8 L3 S o158 OFAY) olen 5 gsl3l il
SlaSTy Sl Sl 5 SV el il el
25t
Gl 5 s o5 DS QI L Sl e s
Wb malS s e el Sy sSul abd o b
G S o e s el Ol e Sl oDl s
chle Ol 3L i kol s s 1) s Sl sl
Hayat et al., ) M.Ju.a olis )@)Lw L;Lauj,\m BE ROS
sl S s S G Sl b s (2012
Lim 53 5 S5 4 maly 0 &S o050l sy e
osle & Q\,&M d}l«a BE Q’.‘.’Uﬁ: U’l\ 2 AJB’\.C« .(al., 2010
Léd}ﬁjﬂ CA..;)J Lﬁp;ﬂ} va.ijj)‘j OJ;JA} eJ.L}SoJ‘.M\
o5 (Hare et al, 1998) .S o clabls 225 ol s
o2 Yuxiangyouzhan IS (Y+V0) 0L 5 Mo
o 55 s Ol sl Jlas dlesl L oas sl LS
33 O Ol 55 US s (OVAY) 0K 5 sl s
o) dals 4 cad Al S Sul b edi ks gla IS

23 Aol (ASA ¥ 5n s

S S o
S b OlalS sluad o sliad >l b 0 Sl a5 L
(s il 5 Okt s GlLbD o wle 5 ale Ll 5
Lol i s Slal Sl estizal ol oo« 5doms 555 oSS
b G Gt e gl mlb Ol Gl 5wl
LS als 0L Shasy onl 5 el s S e ol
5 A8 D S @ J3s IS Ol H5 s tals
OF SAE SRl L iamen 3L LI IS ey IS
(SIS osbas (dl Ll S gl patle 5 WSS

53450 w2 Jpes,Sn WA L5 Dl s Glaiss

OS5 bl gl syl Ol (ROS)
STy il ROS Slgs slag 5l 51 5 1 5 Sl 5
<Ly Sl (CAT) VB (SOD) 5 sass donST 5 o
(Sharma et al., 2012) Kles S bl |, (APX) laSl
Sl L5 Sd Rl LS sl Ol adllas cpl mls
Sy w31l wl 23l CAT 5 APX (slas 5
e S WYee & e 51,0 al (sl b oss (POD)
W3l RS VAL sl 53 SRl m e e
T e Ol il SNl e s
APX ol Sl Sl [yl s ol 2ll |, APX
4 > a3, oS (Raven ElL 2000) &b o il
b sla S (el s oS Sl Sl —0s6 8
CAT b of Jlsa 5 et Jld ajls 28 O3S
slaSt m5 ls 3 1y oS Cglis oS Al e Sl
IS 555 e b Dixitetal, 2001) das o iyl
sls oLis (Rosa hybrida cv. ‘Avalanche’) J';Nj o2 5o
o8 53 VB 5 3ty Sl sSal lap 3T s oS
sShao ays s .(Bayat et al, 2018) sl 1580 YL
S Anoectochilus roxburghii oLS g5, (Y+18) OL,Kea
oG 53 OlS s POD CJJM Sl 3l s 5, 0
OLalS 31 i ol sxe sba b 58 /Y S UYL
s Sy 7S CAT b o Jb- 5355 700 5l s
Lh eSS Snogs (V) OLKes 5 Xu
5 VB Glan Sl cdls a5 sls olis (Tall Fescue)
2 dssSe 00 oo Ll L3 STy ol Sl
Sl oSl edd 1S Bl Il U e e e
5oL g ond [ Zldul s Sty by Sl ol
.(Schoner and Krause, 1990) Lb o aol580 ol gles
Odsdle &S WL S ELS (Yoo 0Ls 5 Schmidt
sl op s s wleees Jlsslr S s VU b g
V-:jj Clled il 5 50 3 55 L b s Ol B iy
Sl L5 s 4 oS 5 5 0T JUEI L eaS S s VB

OLKes 5 Xu Jiass s (Mishra et al., 1995) sl


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

A4 Jlu F0 o)lad & dr o alE 5 S, s auT s YV

Losh S hlsilas ol 0L il S ssbay sl )5l odle sy adl p mpe e Jses, S Vv 58 oud ol
Sl Cdld (s e JhIE s 8IS el 5 odan Bl NI cam e H8 s RISl
ol lal s (35 sl el st ol Sl 5 VBl STy Sl Sl 5 5laenS |y GYBE o 5T ol

S S Al el el Sy Sl S 308 @ e Aol Sy Sl 35,8 S il I s ol s S
A 5 VB lan 3l cdld 5 sy chle Olpe s

2L eSSl Sl Bl cdl 5 as s,

o

S A Ol SIS OLS 5 s s 0L el sl S sl 5 (oI OFV0) (5 ¢ i 5 | coslspal

St L a3 Aol SapsSal G0 OFAY) 6 (oo 5 3 (o o o sl cp sl (O s
YOYY N Slelpse w5, S Bl il Bl 5 (6 et (oliandi s

b Sk 5 3l lapals sl Sop Sl 1 OTAY) L golail 5.5 (alblb ol (i w o p i3l
AY=0) Y 50 Sl 4 5 (G pd R S 0S5 o

SaslES ol g e gl s 5y 8 a3 50 laiss L, garllas (VTAY) e Ol3ss 5 e se cp Oladl>
A=)

($38US pske 1 (T sl gla J8) Juad sla IS (\WYAY) 2 e~

MVO=ITY DA GlallS glaciis 04 5 p ke als .(Rosa hybrida cv. Avalanche)

Q‘J:':’U )'\ tﬁ’LJ'f 2 J\:w«\ &f)}g.wi 6‘)[)}}: >ﬁ)l5 J:JL“ (““\') r g&bﬁl& E) a Q;LJ ;.6 “5',\,).)5 «“ 46)')_3?-3&-«’

NOANIVY Ol SLEL psle 4 0 ()5 A5 ol (Origanum majorana L.) s g3, olasd 5 5

Aasamaa, K. and Aphalo, P. J. (2017) The acclimation of Tilia cordata stomatal opening in response to light, and
stomatal anatomy to vegetational shade and its components. Tree Physiology 37: 209-219.

Amin, A. A., Rashad. E. M. and Gharib, A. E. (2008) Changes in morphological, physiological and reproductive
characters of wheat plants as affected by foliar application with salicylic acid and ascorbic acid. Australian Journal
of Basic and Applied Sciences 2: 252-261.

Asada, K. (1999) The water-water cycle in chloroplasts: scavenging of active oxygens and dissipation of excess
photons. Annual Review of Plant Biology 50: 601-639.

Bartoli, C. G., Guiamet, J. J., Kiddle, G., Pastori, G. D., Cagno, R., Theodoulou, F. L. and Foyer, Ch. (2005) The
relationship between Lgalactono 1, 4-lactone dehydrogenase (GalLDH) and ascorbate content in leaves under
optimal and stress conditions. Plant, Cell and Environment 28: 1073-1081.

Bartoli, C. G., Yu, J., Gomez, F., Fernandez, L., McIntosh, L. and Foyer, C. H. (2006) Inter relationships between light
and respiration in the control of ascorbic acid synthesis and accumulation in Arabidopsis thaliana leaves. Journal of
Experimental Botany 57: 1621-1631.

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

Bayat, L., Arab, M., Aliniaeifard, S., Seif, M., Lastochkina, O. and Li, T. (2018) Effects of growth under different light
spectra on the subsequent high light tolerance in rose plants. AoB Plants 10: 52.

Bertamini, M., Muthuchelian, K., Rubinigg, M., Zorer, R., Velasco, R. and Nedunchezhian, N. (2006) Low-night
temperature increased the photo inhibition of photosynthesis in grapevine (Vitis vinifera L. cv. Riesling) leaves.
Environmental and Experimental Botany 57: 25-31.

Brodribb, T. J. and Jordan, G. J. (2011) Water supply and demand remain balanced during leaf acclimation of
Nothofagus cunninghamii trees. New Phytologist 192: 437-448.

Chance, B. and Maehly, A. C. (1995) Assay of catalas and proxidase. In: Methods in Enzymology. (eds. Colowick, S.
P. and Kaplan, N. D.) Pp. 764-775. Academic Press, New York.


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

WV pberdan 5 S35 el p del S Sl 5T

Chen, T. H. H. and Murata, N. (2011) Glycinebetaine protects plants against abiotic stress: mechanisms and
biotechnological applications. Plant, Cell and Environment 34: 1-20.

Dai, Y., Shen, Z., Liu, Y., Wang, L., Hannaway, D. and Lu, H. (2009) Effects of shade treatments on the photosynthetic
capacity, chlorophyll fluorescence, and chlorophyll content of Tetrastigma hemsleyanum Diels et Gilg.
Environmental and Experimental Botany 65; 177-182.

Deng, Y. M., Li, C. C,, Shao, Q. S., Ye, X. Q. and She, J. M. (2012) Differential responses of double petal and multi
petal jasmine to shading: I. Photosynthetic characteristics and chloroplast ultrastructure. Plant Physiology and
Biochemistry 55: 93-102.

Dixit, V., Pandey, V. and Shyam, R. (2001) Differential antioxidative responses to cadmium in roots and leaves of pea
(Pisum sativum). Journal of Experimental Botany 52: 1101-11009.

Dole, J. M. and Wilkins, H. F. (2005) Floriculture: Principles and Species. Prentice Hall, USA.

Frantz, J. M. and Bugbee, B. (2005) Acclimation to shade: Photosynthesis, respiration, canopy quantum yield, and
carbon use efficiency. Journal of the American Society for Horticultural Science, 130: 918-927.

Hamerlynck, E. P., Tuba, Z., Csintalan, Z., Nagy, Z., Henebry, G. and Goodin, D. (2000) Diurnal variation in
photochemical dynamics and surface reflectance of the desiccation-tolerant moss, Tortula ruralis. Plant Ecology
151: 55-63.

Hare, P. D., Cress, W. A. and Van Staden, J. (1998) Dissecting the roles of osmolyte accumulation during stress, Plant,
Cell and Environment 21: 535-553.

Hayat, S., Hayat, Q., Alyemeni, M. N., Wani, A. S. and Pichtel, J. (2012) Role of proline under changing environments:
A review. Plant signaling and behavior 7: 1456-1466.

Hetherington, A. M. and Woodward F. I. (2003) The role of stomata in sensing and driving environmental change.
Nature 424: 901-908.

Hogewoning, S. W., Trouwborst, G., Maljaars, H., Poorter, H., Van leperen, W. and Harbinson, J. (2010) Blue light
dose-responses of leaf photosynthesis, morphology, and chemical composition of Cucumis sativus grown under
different combinations of red and blue light. Journal of Experimental Botany 61: 3107-3117.

Hogewoning, S. W., Trouwborst, G., Meinen, E. and Van leperen, W. (2012) Finding the optimal growth-light
spectrum for greenhouse crops. Acta horticulturae 956: 357-363.

Huang, C., Gua, W., He, J., Su, X. and Zhang, L. (2005) Increased sensitivity to salt stress in an ascorbate-deficient
Arabidopsis mutant. Journal of Experimental Botany 56: 3041-3049.

Lee, S. H., Tewari, R. K., Hahn, E. J. and Paek, K. Y. (2007) Photon flux density and light quality induce changes in
growth, stomatal development, photosynthesis and transpiration of Withania somnifera L. Dunal. Plantlets. Plant
Cell Tissue and Organ Culture 90: 141-151.

Lichtenthaler, H. K. (1987) Chlorophylls and carotenoids: Pigments of photosynthetic biomembrane. Methods of
Enzymology 148: 350.

Lombardini, L., Restrepo-Diaz, H. and Volder, A. (2009) Photosynthetic light response and epidermal characteristics of
sun and shade pecan leaves. Journal of the American Society for Horticultural Science 134: 372-378.

Lou, X., Lu, T., Li, M, Pang, R., Ye, Y. and Bao, M. (2011) Combining ability among male sterile two-type and
restorer lines of Zinnia elegans and implications for the breeding of this ornamental species. Scientia Horticulturae
129: 862-868.

MacAdam, J. W., Nelson, C. J. and Sharp, R. E. (1992) Peroxidase activity in the leaf elongation zone of tall fescue I.
Spatial distribution of ionically bound peroxidase activity in genotypes differing in length of the elongation zone.
Plant Physiology 99: 872-878.

Mishra, N. P., Fatma, T. and Singhal, G. S. (1995) Development of antioxidative defense system of wheat seedlings in
response to high light. Physiologia Plantarum 95: 77-82.

Mo, Z., Li, W., Pan, S., Fitzgerald, T. L., Xiao, F., Tang, Y. and Tang, X. (2015) Shading during the grain filling period
increases 2-acetyl-1-pyrroline content in fragrant rice. Rice 8: 9.

Nakano, Y. and Asada, K. (1981) Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant Cell Physiology 22: 867-880.

Nemali, K. S. and van lersel, M. W. (2004) Light effects on wax begonia: Photosynthesis, growth respiration,
maintenance respiration, and carbon use efficiency. Journal of the American Society for Horticultural Science
129: 416-424.

Noctor, G. and Foyer, C. H. (1998) Ascorbate and glutathione. Keeping active oxygen under control. Annual Review of
Plant Physiology 49: 249-279.

Pazourek, J. (1970) The effect of light intensity on stomatal frequency in leaves of Iris hollandica hort var. Wedgwood.
Biologia Plantarum 12: 208-215.

Phang, J. M., Liu, W. and Zabirnyk, O. (2010) Proline metabolism and microenvironmental stress. Annual Review of
Nutrition 30: 441-463.

Pires, M. V., Almeida, A. A., Figueiredo, A. L., Gomes, F. P. and Souza, M. M. (2011) Photosynthetic characteristics


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

A4 o F0 oyled & al (Al 3 S, s anl s YWY

of ornamental passion flowers grown under different light intensities. Photosynthetica 49: 593-602.

Raven, E. L. (2000) Peroxidase-catalyzed oxidation of ascorbate structural, spectroscopic and mechanistic correlations
in ascorbate peroxidase. Subcellar Biochemistry 35: 317-349.

Rezaei Nejad, A. and van Meeteren, U. (2005) Stomatal response characteristics of Tradescantia virginiana grown at
high relative air humidity. Physiologia Plantarum 125: 324-32.

Schmidt, M., Grief, J. and Feierabend, J. (2006) Mode of translational activation of the catalase (catl) mRNA of rye
leaves (Secale cereale L.) and its control through blue light and reactive oxygen. Planta 223; 835-846.

Schoner, S. and Krause, G. H. (1990) Protective systems against active oxygen species in spinach: response to cold
acclimation in excess light. Planta 180: 383-389.

Shao, Q., Wang, H., Guo, H., Zhou, A., Huang, Y., Sun, Y. and Li, M. (2014) Effects of shade treatments on
photosynthetic characteristics, chloroplast ultrastructure, and physiology of Anoectochilus roxburghii. Plos One
9: 85996.

Sharma, P., Jha, A. B., Dubey, R. S. and Pessarakli, M. (2012) Reactive oxygen species, oxidative damage, and
antioxidative defense mechanism in plants under stressful conditions. American Journal of Botany 1-26.

Smirnoff, N. (2005) Ascorbate, tocopherol and carotenoids: metabolism, pathway engineering and function. In:
Antioxidants and Reactive Oxygen Species in Plants. (ed. Smirnoff, N.) Pp. 53-86. Blackwell Publishing Ltd,
Oxford, UK.

Sun, B., Dilcher, D. L., Beerling, D. J., Zhang, C., Yan, D. and Kowalski, E. (2003) Variation in Ginkgo biloba L. leaf
characters across a climatic gradient in China. Proceedings of the National Academy of Sciences of the United
States of America 100: 7141-7146.

Toledo, M. E. A, Ueda, Y., Imahori, Y. and Ayaki, M. (2003) L-Ascorbic acid metabolism in spinach (Spinacia
oleracea L.) during postharvest storage in light and dark. Postharvest Biology and Technology 28: 47-57.

Wittmann, C., Aschan, G. and Pfanz, H. (2001) Leaf and twig photosynthesis of young beech (Fagus sylvatica) and
aspen (Populus tremula) trees grown under different light regime. Basic and Applied Ecology 2: 145-154.

Xu, C., Yin, Y., Cai, R., Wang, P., Ni, Y., Guo, J. and Yang, D. (2013) Responses of photosynthetic characteristics and
antioxidative metabolism in winter wheat to post-anthesis shading. Photosynthetica 51: 139-150.

Xu, Y., Sun, X., Jin, J. and Zhou, H. (2010) Protective effect of nitric oxide on light induced oxidative damage in leaves
of tall fescue. Journal of Plant Physiology 167: 512-518.

Zhao, D., Hao, Z. and Tao, J. (2012) Effects of shade on plant growth and flower quality in the herbaceous peony
(Paeonia lactiflora Pall.). Plant Physiology and Biochemistry 61: 187-196.


https://dorl.net/dor/20.1001.1.23222727.1399.9.35.11.2
https://jispp.iut.ac.ir/article-1-1147-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-01 ]

[ DOR: 20.1001.1.23222727.1399.9.35.11.2 ]

T berd e 5 S35 el p del S Sl ST

Effects of ascorbic acid on physiological and biochemical responses of Zinnia
elegans L. to different levels of light intensity

Mehri Madavifard, Abdolhossein Rezaei Nejad” and Sadegh Mousavifard

Department of Horticultural Sciences, Faculty of Agriculture, Lorestan University, Khorramabad,
Iran
(Received: 14/11/2018, Accepted: 25/06/2019)

Abstract

The aim of this study was to investigate the effects of different light intensities and ascorbic acid on some physiological
and biochemical characteristics of Zinnia elegans L. The experiment was designed as a completely randomized design
in a form of split-plot with three replications. The treatments consisted of three light intensity levels (600, 1200 and
1800 umol m™ s™) as the main factor using shade net and weekly spraying three ascorbic acid concentrations (0, 1, 2
mM) as sub-plots. Analysis of variance showed that light intensity had a significant effect on all the studied traits,
except for the guard cell width. As light intensity increased, proline content, catalase, and ascorbate peroxidase activity
increased. The lower light intensity increased chlorophyll a and b, carotenoids, total chlorophyll, and peroxidase
enzyme activity. Furthemore, with increasing light intensity, stomatal density and index, and epidermal cells density
increased, so that stomatal density of plants grown under 1800 pmol m™ s light intensity was twice of that under 600
pmol m? s light intensity. Moreover, application of ascorbic acid increased ascorbate peroxidase enzyme activity,
stomatal density, guard cell length, while, it reduced proline content, catalase and peroxidase enzyme activities. Overall,
the results showed that increasing light intensity induced stress in Zinnia and weekly application of ascorbic acid
alleviated the stress effects.

Key words: Ascorbic acid, Proline, Shading, Zinnia elegans L.
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