wldw@ggfsmk VWA Sle /dsl osked /s Jl / SlallS glacis g o p sk

S SR 205 b S5 5 JoSe 55 50 Gl ahaks S axlllas
(Petuniaxhybrida) oJb\ 25185 b 5 oy,

\

- e *y o, . . \ . <
R e e f@‘)@&‘é%ﬂ)éé‘ﬂ
TRVIAYY <5l o ATAEVD 2l s o)

oA

bl (mialy 5 g Ay KR s b S g JeSa 553208 Gl phale S ) SRR nl Sl s
e Ly ol JolS S sl b by s sSB B o hlesl gl opl 4 .2 g (Petunia x hybrida Super cascade Blue)
Y YT XY A cole) Gl phate 52 55 1) (eSS 55 WAL STIPIN S\ J RUPL IR CICH TS5 ISR PY K SR el S
deo 3 A 1 ol 233 V0 e B g Voo Juls (e gl ¥8V) ol 5 (el £YO) 0 3 555 Soslate LS 5 51 ealinal b 5 (slals
3,80 sy Clae el 5> a8 sl Sl o s S SL s (Mall) ﬁ.LaJLié,; oY 58 9 A e s Ve :J‘T BWSTE KRR TR
Ga A3 Vot ol Ao ss Yo (55 i 3258 b a gl Hla e 55 b oS 5 g JeS 5 0 8 Gl ahaie s ()
lrbln gl Sle cady; (p 5 o/F) S 5 (0 FNNY) 5 055 5 S (0 5 2/AP) S 5 (0 SNONY) 5 055 o by
L5 (5 855 p8 53 p Sk /Y 5 VYA /YD /0¥ i) A5555,08 5 JS b @ slo Jds IS Chals (o il 7/9¥) il
(r Ao Sl YAV S mhaos (o Sl VEIE) (65 10 a8l gLyl o ey 3o 8 Ao 53 A & g 45310 (555 S 32,8
=S5 530l Glaj alaie Sl me iKen Kl gl corimman el ozt (VAY) gilor bl slias 5 (Ae/0) S sl
Vo i ml Aoy ¥o ol oS 5 5,8 b (CadlS 51 Ly 555 0F) (23 I8 b o e g 251 (23S b Cho p 5 b

Aol Cawsy 3l Y XYY colu 5 50 8 s s

BT g N T e e ]

S35 GaliSS ) 5 Shas 4 555 CoaS 5SS ol )3 YPRT
SLaeliso) 5 Lagdi sS85 L 3 )5 dla Jd s IS ilos 5 ol OWLS anmn i 5 A IS 36 Jae Lalse 5l 5
o fs s baps St S daps Sad Bler el o Dt e e b i 4w 0T e

C,_;M.xéj J__..jj; Qb_;.a u—lj:—‘:".‘." (YV}YY AY) :)‘J u.<.?.w.v dl—ﬁl-gs .. ;\j (s B 0) ol 4.13; )‘J; 5 5y '"I

Agn Lf”’-}bfé NiSHE ‘L;)')jL:S oA ls o L;L.a.e P i) L?’LJ'L' t}l& ojji R
tehranifar2009@yahoo.com : 55 xSl oy (L3S J g™

AY



VAN Sl /sl oskeds /ps s/ slabdS glacis 04 e

e Jgb (FA 5 1F) dS e eslinad sl ¥ VY el
Sy phle 53 51 S5 a3 (gean 55 mle 5 S8 0L
Fa O V8 ) el ei i o g el [l ol 5L
Jos oLl sl s O 55 gla b 158
S, Sae s b Sl Y JIYY cell sl pSacs
03 5 s el ails R A S5 olals
23 o5 i Sy Sde Ik 1B e ol S
Dt gman 550 e SLlalS s b
SLa)ls as gl 53 § S (ooman 550 0 eslital SSECS
Olay s 5 553 DS O35 Sols 25m b s o83
SSE 0 gt 6 S e 93 a 5s JeSe 55 gl
(S1OliSl S ales by, OlalS as IS S s s
= S 5 e 5055 p ik oSl (25 LSS
QA 5YA X0 08 OF ) el el el 5 53

Sl Joltie o sme 5 b 51 e 5L (slac
055 el Lol i lasblS N pamme () 55 5L el
s akex 3l sl S5 M4 (LED) 31dl slawY
Bl olin 0Lkl G e 53 Sl sl S A5 (Y b
s Kles 5 polal glacib Alg 5 55 4 ane S
(o2l (B 50N V) Wlazs 5 51 3 a5 3,50 ol 5 503
oml Pl s S A e 5 s LED glaceY s 8
355 OLalS U 35 4t 3 5 AL laah,
e 50 U S el s 0sSE (Yo 50 e)
S5 iy sles gz OLS a5 e L) g
@la s $2ls 5 et (bl (i IS L
SESTs o b s o LY 5 F8 YY) ol a3, plo
Olsmsany olantl glacib LS 55, oy 5o 0lalS
3oy S5l oMbl 5 ald il wblie 53 JoSe 5
ls

F e o3 e 2,08 J s (sl 5 Baa
phaie 55 53 JoSe 550 Olpsas Ssline il oS 5 L
s sla Sns » Go sl 5 (SKacd) il Sl

5 Laps Sl 5 3355 S coub sa la s IS
sl OIS o 03 ps S S 5 53 03 5 585 s
Sl 53 uolg e e85 ol ey g e ol ol o
Al andls ol ent ke S OLLS a5 LS CudS g
olS 05y 5058 dsiles (g3l opl 2 L(Fe 5 FY)
Lyl il 5 550 Gk 5 DS OT 03 5 A Al e
S s 5 S350 S35 Gl » e
s slcid oS5 e s 8 Hly s OlalS
©OF 5Y0 AV) il 138 5

22 A8 S s e Jsba 5L I x5 OlalS
YY) s 5 oS5, idiis S e 013 e S A
S Ele S g 58 OLalS ()55 glasls 3 pas (0
OV 5 YV) 55 i e s S e b slas w0 06T laws
3y S o pa Dby e e (15 (e
SalS 4 amie iy, OLLS il s ) L, e e
e Oley ol (O 5 FY FF) 55 5 o a5 slaay s
Glaas S e 53 ks, OlalS as IS gl 55 syl
3505 £3l5 Slaph 53 5 sl 17 JINY oy il
W 5o el 55 o e b Gy b 51 L oS 5L oS
Oy e posdle (00 5 A ) 55 0w S Lo s sl
el 35 0T 3 )8 ey ahae 5 Dt (JuSo 550 5 i
s (oS 3,5 b Sl s ge 5 Sl Ol sl
Sl Jlie Ol geas AL Soslate Wl o Hlatl 5, 50 Coua
IS Sdd L s gl (S50 Slagaly s
(b e 2 e S 0V o) JUoS 55 YO0
53 Jae oLl i 5L S 3 Lol LS e oS
Foo)Yo) JUSys Yeomfoe L, s odd filas
BV 519) ol o 4o 5 (50 2 o e 2 J 505 S

s Oley e Sl 1 slatads 5 (gl sbaailslS s
23 = ool phade 53 )3 Vgona [y 5 5ae 5 ale o5
el 5| (Day extension) ool o2 K 5 55 sl

5| (Night interruption)  S_i 2 &oysea b 5 YY JIA

A



v GBS R 2P b S5 JeSe 55305 Gl gl S axdlas

' :Jfﬁ%’%fz
A ) b

85%R : 15%B

U.aﬁl,wfQMQMJ}},}JGG‘,}OJ%‘DJJ.‘“JGLQ&U‘\JQ

035 S iz speb 5 laydy 5kl Sl e ki 818
I8 el 5Ol & s onl 4 s Ll syl
gk a3 VEEY slas 5 x50 LAl 5 VA
03,.5) Izme 03,8 53 53 5 VA Colu 51 s 5 LS (IS
SIYY el 5lpgs 05,8 5 TY L INA el 51U
03 JoSa 555 2l gl 5 ele e Sdeny Gl Y
g Sl () S8 ws S 18 (s GBI anay slaakaises
S i) @aldl sl let il 650 LS 5
il b 5 (st #70) 503 ik L (SENYANG LIGHT
St (9, a5 A eslazal sde Yoo slaas 4 (e 5L F2V)
sde Yo leslanal b .is Coa (Plexiglass) S oS
:WTijs\OdjijgthwY:v\p% 3 5 Y
Ao \Ve 5 503 oea¥ adoe YAos )5 1 5 50 3 o s3 AD
e ,d Aoy Ve u‘i oy Yo g0 S OAT Y
slal 4 5 ates glaabaizs 53 (63 gl Il glacwY el csw
ladais 55 o LIS, slacwY 5 xe Sla VoxPoxfo
C\.&Jﬂ b S 15 eslatal 5 4 e Sl Y YexPoxPo slal 4
Ode—esy Sl Bl b SLAS slaceY (sl dbiza iy

A4

bl OLalS s 1S laame oS IS8 Oles 5 s
ﬁJ_.A)l_«:.ﬁj;g:,_AY)f Jf‘)lsl.v@b M‘L?Laj)l.é.’;g:ﬁkﬁ

L

L fy sl
5 d—eSe o5 S Slas abade ) s tieay
bl il s s s s s slaS S
oels 51 Petunia * hybrida cv. Super cascade Blue
S e U ol S oS5k bl oL
23 JoSa 552,08 Sl dhate Jald bajlas 2 50 ol
el 5l 05,5 5 YY JDA csle 51 Jl ojjf)ch..«)s
Vool o Dl 53 o= sla=S 5 5 GlLL Y VY
ISP LV B W AR IV W T I ISP JU WP
dazl Lo g ((Qald) s JLEE ) oY 5 5 508 Ao jo Ve
Fo S o S s 00 b e sl Vo wlas b oaoluls
CilS 3l s LA 5 oY Ao Ve 5 S S S Ay
(g Yoo 0 glios U ams 53 SIS 0 53 4
(i b Lol (b 555 L s o3 Pe i o

(b e Jpes Soe Vo) JAS g Voo Dy



VAN Sl /sl oskeds /ps s/ slabdS glacis 04 e

slS e S Sl a8 Wo g aky, (o5 o) SKis
23 ALS 03l e SR 03 e o Oleses
53 a3 s om0 e (Y Jpdr)
(F7) bl O gmman JLalS a5 5leS 5 055 il sl
el ot e (P55 ¥0) i 5 alS (FA) ($35 £
Dt o o 0as s e sy S s
5 (Yo 507D a8 5 Lo ez 5 dilos OS5I 5 2 035
(F5 5 YE) (phnm JS 5 adiiy 035 LRl 2 O e Ll
3,00 =l s o Sl coialasl cpl 53 Klaxils oLal
il bl s e (o B diopn Vot ol s Yo s
3 oeS p (Aoys o/8) St 5 (o3 YIA) 5 053 Jls ors
03 0lalS s (oo yn V/Y) i 5 (o3 VONY) 5 05
S S e 3 Ao 3 A0 ol A3 V0 (g8 b dan s
0 ol 555 i e e S SOl e
(Y dsaz) 55 OLS S55 gla s

L5 Gl T o e e RIS
3 Ads o S s 5 (FY) 505 5525 OS5 (S s
5 ol ol @l 0) Sl 5 DL iy, 228
sady ol g e RIB s el ke I S
S el S OlalS ;) (6 g

=l Sl S sl Sl bl e
e 5 JS b @ gla i I8 Sl g o e 3 s
S o 3,8 (Y i) 35 3555, saallaSS,
Jo s YY/F gi-l‘}J\ S VS IR W ST A uj Ao ys Yo
B J2s S do s YY/A b L35 IS Ao s ANY @ Ly IS
o SLEE Y 5 L a5 W85 5,8 A3 0
Sz 5 5 055 @b S 4 Ol ul 5 ad (dals)
Lsls 0L Ll plow a4 S (5520 4 5 5l 2
sl s (alS slaasliS; ol 53 (Y Jsus)
(V) S e Wl |y ol 8 558 (65 50 ol o A 535,08
3 SASISE e S sl slag Sl
Ay Bl opl b (sls (g s AT 5 Shese

@S:\y&ﬂ)zbsﬁj\oﬁk\ﬁjﬂu&w
DAL s o DS S pled 53 5 8 mbe O35 A
Jses S £0) JUS g Yoo b plp QLS HledS 5 Coand
B gk 3 AV Ll Les 5 (458 2 e e
4S 545 dal_<..a Sl pesls @JJ)L&)L@’J Jb..:«‘r.:}’-;)b)'
QLW}MM)L«Q‘JAQLQL;M‘)JG° )Jﬁ@‘)}
sba ‘_;l_aJ_:éleS Ol giee ‘uf"\;- cbasls &P‘ Py
55 Los Sk b pls s (Sl S 55,8 5 IS
(o/e0) g;_;bl_:dl_l“or.iﬁ d))(ﬁb@.)))ugf&,}
a3 Ve les Lol leslirad Ly Lacosl os 5 Sas
b o ol o Selusl 5 celu A Sl 4 sl
Jies (LI-COR®) ST Ul gy 55 olSws Ly igla]
cgfj_s de.w E) Sloas 6]:;@)\.1..‘ d‘f “;'3}:")‘:’ ¢l>u| LI-250A
e il Sl L 0UT Lol 8.8, 68 LS,
Jas (hp) CS b 2Kl b e 5 sled s Jsb
e = L Lo o cols o 5 Sl G3110
s gl sy bea ad ¢ S lul Image)-Win32
050 i 3l A 55508 5 JS sb @ Jbs IS s Seslul
Shestaal Ly Laesls Jdod 5 s dd sl ol (14Y4)
5LSD 04031 L LapSle auslie Minitab 16 Sl
)|J_e\¢J_. M@ L_&h)‘bj».: r.w)_} J..p)J Cn:.i JLQ.:?"CLM

W €l>.u.‘ Excel

o g s

AL b pard 58 Ab S5

208 b S el S 0 e Sl S e
S e o 3wl 5 5SS 5 5 055 Slis
Yo o5 S 3 Bl i, OLLS () Jsdx) 35 Ao
VONY) 5 835 cp i Sls 503 deopn Vo o ol Ao s
3 SN 5 055 5 5l 5 (05 2 IA9) Six 5 (0 5

Qc



C S SR 2 s b S5 JeSe 5535 Gl phaie S axdllas

s 6 SURE B e o f 2 o0 (7€ Q7 € 6D e o

=S ({7~ A Yooo/o Qoooo/o Qlocooo/o  Josocoafo  \ocooo/o  Looo/fo Jo\o/e Qoocssojs

Ay F e x LS 0D A w\ooo/e  gleeeofe  ghlesces/e gloscsssfe gloses/e glosesfe  ghess/s  glecsoca/o
F s R A YA PAV o VAL WQ4o/o BT VA S VL YA A/

ey o) \ w\oos/o  Adeeo/o  qhosoooo/o glossss/e gloses/e gloss/e glessse/s glesssoo/o

o 1 wAole/e L AVeoo/o ke ooo/e awloooofs  glovoofo loeoo/o  gAeoe/o eooo/o
SV g T e, P A 7T

MR o v fes 0L o= F0 =y m3 e (33—

= e

s o

“rhp MR alr 6 e | L opp FCee® € £ 5 EC K o e ooy (7

4



e

O0sd e

VAN Sl /sl esled /s Jlu/ Slaobds glacis

1,6 UL e <€ P (1€ ) € R ER e e

=S (™ I \ooooo/o Aolk L1470 /o A\ /o doocoocoo/o  jooooooo/o Loooooo/o \ooooo/o
Ay FCee x L D koo sals sabd/o wA4\ /o VAN wboo/e g\ovocooofo lecosco/e  glosoosofo qrleoesafs
i Py A VE AT 7 S VIV 2 W /7 S V2 \ N 7L G VT A0 /0 WAQAL /e s\ /e
L e \ su\eoooo/o kol sk o VIR sihdo/o  gq\oooosco/o glooscooo/o lovoocoo/o glocococo/o
o A su\ecoooo/o A/ \ stA Ao/ @@/ o WOAML L Meccocoo/o glecoosss’/e glessseo/e su\eooooo/o
0 il mﬁ
. . =T . Lt . . . .
(9 ~REe  emedo i€ 0 g5 i sée e 54 q steef s oy
) o g SrIemE o 550
C<v £ Mﬁaaﬁ
A e

[y <rep |

a¥



v GBS R 2P b S5 JeSe 55305 Gl gl S axdlas

bl s 3550 Slao 558 DS 5 S 5l awlis Y Julr

Gl s slacle slil - sl ola ) S Oy S 03 5 O35 L.
- - . . o —2
o YEPVR L Ay P 000 L
SS o= S S s Sl .
(mm) (®) ol
(mm) (cm) (cm) (® (®) (®
sP kS
\VAKS /o AV VV/FEAS Y/AVAS o/f¥Yd o/Yeyd o /0754 VYOS Veor T e
\ZARAE f/fY b VEZEYYS Y/YAYD o/ADY® o/YA\® °/AAOP VO/NeVE AR ST 7V
\ARRLS g/5YYe AACACEER VANAS o/AP\? o/Ye)d AMCE VOVYAS Ve T UYe
Y/avyd TIAOY Yo/yvyd o y/q¥Ye o /VYY© o/YYFE °/a)¥e LAZARLQRRPNE g1 h-L g

I Sl e M 10 ezl pedane 53 LSD §go3T by diten S 2ie G G sl Bl oS ol S0l Dt a5

Y Jod> aslsl
LSsSe,8 IS Jds s b Ly kS a |y IS ojfa\JuJ 3l sluws Sl gfﬁck.‘ Co
(mg/g FW) Fodst o Sy (cm”) Sl

o8 olS S
o /YOY* \/ooY® o/\ Y04 o /AFAC o/oof [dAYA's Fo/bood \£F/VYFd '/,\°°:&T e
o /YV oD \/VFVP o/YO\P o /AQVP £/¥\VP 4/AYY Ao /Qood YVY/eva2 '/,/\O:u.ﬂ JAIN
o/¥¥fva V/YANR o/YOY?2 \/oYve £/YVVP \ZAYa% VY/AYYD Yo/FaYh '/,\/°:&T AR
o/Yq5d °/40A o/ VAV® o /YY1 AQoo? QA PVE BV eeot  YAY/400C b LS

A Sl pme BB 0 Loz dg"‘ 4> LSD O}A).“ ool s S e G S glls PBlas &S JlLaJ_KJL:a O gt o 3"

MOt =l o33 V0 (65 i b (38 V/A) Sl slasile
I ol slaaile plis )l SKile op i 5 505 Ao
P NV R EVTS S P S O fy Gy W
el 3l 53 e 3 5 g el ama JT)}"C"“‘J"\ el Sz
03 e o5 oS balis 55 5 bl olS 5l
SLeMbl 55y ol LYY 5)A) Sl ok o,L3l Sliims
Sl Sl a8 o el i Ll 3 Gl
sy OLis ShlasT cpl s s e s 53 6lS l plis |
Yo 65 S 3,LS 5 ol 55l Tl sl e
Cl_[u")\)\:u_:u oalS 4 =i 308 Ao s Ve :O_J.Lp):
YW b glaaila slass [2als (dwys #/F) 558 0 a3l

qr

o 53 5 e byl e e OUT gl I3l S
AU ol s L (PV) 555 oS gy e pastls il
bt cilimes OLalS s Jods IS Ol sme o T S5
() Slm L5 OF) e ((F8) oo 1, O 5 0l 3158

Lles S 5158

3 Sl o J=el gale gl 8 b S S S

sl gLl sl
205 Gk S el B e Sl S e
St il cladlo pLisl (s 0 6l gl Sl
Oty (V Jsdr) 55 deo s G sl 3 il sladdle

Sless o i 5 (e LW VY/TY) (65 S 0 wsl gl



VAN Sl /sl oskeds /ps s/ slabdS glacis 04 e

S bl cos olals

S ol g o g5 b oS 5 S
e oS 35 0L L ik S5 Sl il
L (A2/0) S 1 sl 5 (o m jio Sl MIY/0V) Sy b
&L_wb‘\_gj'_/zf;.hp)b/\oZ&IM)b\OLg)jJMJJ{)\S
wsﬂ)tsj&b,;)j&@mﬂ\y\p.(v Jsd=) el
;fﬂ;\.wjfﬂcbﬂ‘f}wﬁ\/‘* :O_J.Lp).ﬂ”o S
550 eder ol LalS 5 (Mo VY 5 Y/F) Cil Jhals
i e QT grbans (20l ol ply iz i 5 Jas plos]
3p8n OLT anw g 5 Ay e 53 5 OLALS (lulde 215l
Lo 3l Ll o OIS S o mhave 5 ol 5 26 (Y )
ol o 38 el Ol g 8L andls il
Ol e JLBY 5 YY) 5ol 5 bl bl S e
s 035 Hlg 5 OA 5V 0) laads Jals 5 5, S e
(FY 5 76) gliad 5 S panr S olS S b 0l
w0l 3L gla yilesl 53 4S5 S w5 Wb ol 0ls 31
DS (o5 S romen 5 303 5 ol Slas s o
Loadaly 55 St 5 Sl o3 SuSS Sl ogline ad S
Sl i S om0 slaaaS 5 S5
S 3 LS ST sy cpl 55 3l 5l (g Ses mS
dos Ve bianolis 53 5o 3 Ao n A T a5 10 o) s
A bl oS S e ls pme bl 4 e 5055
Pl o3 Yo (58 S 3008 5 55 e SIS L
@i\;du;@\)ﬁﬂwujswJAE‘}AJEM):VO
g s Ol Gl LS ol rals (Y Jsi)
ol sl 58 55 (BY) bl 5 OY) a5 glaS 5 s ]

RS

asdlas 3,40 QLL@,;,,S:JHIS @Lajchinjﬂ
ke Jale oimlasl opl 3 andllas 5550 Slio Sls o

CLA)Jj‘\—LJJJOJJC*é_.pﬂJ&)}J:ﬂ)\S@LA)'

Al e 3 A3 A :ud_TJ_.p): VO s Cond b sl
(Y Jsa)

OLalS 51 5 53 (ol 5 35m s ae gl Sl 3l
5 (M) bl (V) (g i |5 (YY) (55505 O sman
35313 02) g syl iilen SWALS s gLl Shals
Sty Sls aS s 5,158 (YO) J sl 5 (OF)
gLl i s 1o aram Rl s e DlaLS ol
Jpmn $La05 3, e 5 Ol oy 1 ol L5 ol OUT
e (AE Gl S Sl s 5ol A e e sle
LS 5 s S s S GlaashiSS,) g 5 JWK sl 4
53 3 g Bl gLl 2alS et 3 5 o e ol
5 O e A5 GRS S K e s
o e opl gl e e (g9, Ay ol s tl_éjjl ol 53l
Olaos oo 1l 53 Ly S 5 S Cdlad Oljoe 5 3 Sas
Slail dyims dasms )3 350 ol 55 Sl 5 5
L s osam Mo OUT glis)) ot 5 OWaLS (55 31 oslina
Y 5N Q) ol me ol 55 5 5a ol

23 e o5 an O SRty 5 A R S |
35 =l s s mliarle Rl olel el jmals
Of 5 Ules S olal pliarls [aals 5 Llesl e il
Lo S S 5 Laps Snd JuSen m HU ams |
S sl ol bl ol = (A 5 TY) Wls e 3555 5e g5
o e 5 3 Ao AO 1 ol 43 V0 (5 3 S
o= Lalis 53 (e )3 08/0) bl slaadla slaas 2ol 53l
33 ol g a5 Ll (plels 5 AS e 3
G b Ao p3 Vot ol Ao ys Yo o) 5 and 3,58 5 b
coils JLisan |y (Ao YY) il slaasls slaws 2als
ol s a3 g el e a5 (Llarls als)
sl slasla sl o Sbe ol ol 5 o ela
el o=l as (F dsdsr) cdls Jlisas 50 1 (Ao Y4/7)
o3 e 3 e s ol sl i b s S
el s ol Bl bl el el st

Q¥



v GBS R 2P b S5 JeSe 55305 Gl gl S axdlas

0.918
0.916 -
0.914
0.912
0.91 ~
0.908 -
0.906 -
0.904 -
0.902

(0 ) adsy 5035

a
b I
T1 T2

L}"S‘)J’;"ﬁ)lsuf;uj(thj‘

70 ~ a
5 be d Cde ab
3 60 |
3 50
j” 40 A
-y
-y
3 30 1 ET1
\«*'i 20 nT2
' 10
3 ff
3 0-

L1 L2 L3 L4

25 b oS 5

(o o) Sl ¥ 1YY ol TY 5 YY A sl TY iy, 5 055 oo s 2018 e glaie 1Y I3
L}‘}/!\o .di/\o LY L}‘}JJSL\ u@éﬁbbjﬁ)_’-"&%;JJ&J"séﬁJ\sduj&jﬁ&w;|j

(ORISR ESE S IR 2 SS9 PATH A D A

S5 2 O b DS 5 5 g Dl e
comedbl (VY 5 YY) il ol sl (gl OlalS s IS
Db g el Sde Jsb S ol ol als, AL
o o 51 JEl 5l S50 0T (o JS 0o 55 kS
sde 7 sls oS S das e s5) A ls s
3,008 ol s OlalS eoslize gl STy .(VF) il S
SlaaliSS,) wsline 5 Shas Jsay ccils )5 glacib
Laps S sd U (o8 slasd S Ole 51 (Fo 5 V) ol OUT
032 3r) L St S 5 (a3 5 50 3 slay s 3lr)
53 Gl sis e 5 slacib Ol Sl (L
ot b 3 G QLS (a3 IS S35 s 3
o Lol o S5 208 508 OF OY) Conl sl
OLalS il o, 1 2105 JIL s om0 03 L 53
YA 5TV) G ol atlis 5t a
2 ey Syt S G o Wae b ST o5 2 S
Gy ol L 5 (Fo 5 YV V) Wlazadls e 0balS (.00 8
Lol (YA 58) dles S 5 ,me 33 305 55 Ailen (g550>
o AL 5500 3L B ST S5 A 5B e
3503 (5 i sla sy 4 5L LS A IS s Shas

a0

= 03y aS sl plis @L_:;.sﬁ,b@mw);&idmg
O godn 3L Y JIYY Celo 5l JoSe 53,8 L Al
YY AINA cela 5l JoSe 55 a8 55 Slej 5l o s e
oS 55 055 B ax STAY JSS 5 Jadr) A 02 JSw:
S o) S sl 3 01 3, 51 5 55 Sacs S o
r))\_o\ SIS s g s 5 OalS L;a.»u}f B (gl:.éT P
sy Slio b alaly s Sl oledbl Ll (08 5 F) sis
gl s s S e B ates pl T o S
O caallas )50 oo sy Slio Ol 31 aS sl Olis ey

L3S S -’,—utsdlﬂjcﬁﬂxjtﬁ"ddﬁ)f

b S5y JeS 58 08 Sl e JuSes S
N ST

0522 0lS Glas phade iSen (6ol s Sl s
Tl 53 (23S L o 5 b S5 s JeSa
Go S 2,58 b IS Glaans 555 Aoy G oz
Losslbl Y JIYY Celi 5l 50 3 Aoy Vo o T o js Yo
235 =S 7 slaoles plo balie ) 5ls pme SO
(Y USE 5 ) Jpde) L 2l



VAN Sl /sl oskeds /ps s/ slabdS glacis 04 e

S sleams (8 IS e Olgsa (Y JS2) 255 15
N ap Ao Ve o o Ye gl oS 53,5 L
335 308 5| e Sl e JSE 4 YY A sl
Sl 5 oll Y NYY Cele 5l i jLAS e
= (Abelmoschus esculentus) |, S| LS L alaly ;5 aliee
o 3 e ) 05 SRS S s el S e
waS oy bl eslil sl wolS ol 5o 1y e 8 ol
) il s ) (63 o sslinad SSCECd o g
sl ez 3l e 5L slacaY ax STl
LIS 5 W S s ol glis 03 o suan s b
S 4y oy 5 OLaLS (6550 5L LS ) skae &S
DL i ool gl Ll s e oalinad gl 51 SCas
5l o0 slacab 5l ol slaces 5,18 Yl oS sls
sE Gl pY Oles s Jls ine A 4 e a3
Lol 5 b e SLad s Y 5 L aglin o 8 slaanes
oo oo el glaci b 5l ol placd s L
SN S 235 Ol BT b 5l ey Sl
o L Y 8 (S b Al 3 ls pne

Sl gy SSaCS IS

S S 4o
o b SS e Sl e ol b
L3310 (o5 o 308 g bl olS s, Sl
Sl gLy sy Slio (& 55 503 Aoy AD
S NS 5 (S slin 5 o (Sl Bl sland (g 55 5
S5 05,5 53 a3 Aoy Ve ol Aoy e (68 o
Sl s ) 5 5leS p SES 5 5 05) ) Sl
e (L5508 5 Js by s b LIS a Ly IS
2l Ll 5ol pme SN L Sslis o 2l Jgea
eSS 555 kS Gl shade Sl (6558 e
o= Bl L OLalS 555 ls ae io S5 055 S

Sl Bl iy Ay 5058 (SSRGS egd 4 S

Sl bl OLS b el 3 sy ol ol (TA 5 YV)
sy (VS8 55 G 55 s 53 BT S e 23 )8
e QLT Ol a5 Wils o il cdlad S a1y T 5
SN s e IS slaaslelm & iy o o 2leS 4
poS b dld o8 ks Wsa ) 508 55 mmen (V7
s 5 s Ay (PIT) g5 S 5d Jled o 3 4 (Pr)
S sl 0L Jialesl cnl s (YO 5 ) il o 330 OlalS
(Y JS8) 330l e ot s a1y (oan JS 303 555008
05 0l 5 Bls 45 503 55 g B gy S b SenSl 5
SLALS S 153 a3 1€ i 5 5 o5 o Hokn
2 UL S e 5 (PO 5 YY) o s edlel il
Lilen QLS 51 2 0 02 508 55 2,0 g 3 (a3 S
ST cledd 555 a8 S8 s addy bl
55 83 S 33,8 Al L of el ol mls oS (@
5 Laps S b Olosan Sl vt 53 5 503 5 ol 55
23S S e 3 e el L Lap s S5 S
e ] 5 sy ol ol S (0F) Llandls OlalS
Slacib s e 6 Sl hasn ool @l 4 81 s
2Ll Loy bl 0bLS s 8 o 58
Glac—S 558 Ol pde ailis Slidiss 51 s & 0
e sl Y s 60 gl I sl il
(FY 5 F8) ol o35 OWLS ol as IS
Wb, OlalS as |5 SO o Ly s 5 08U
ST )lS b alie 53 GScd st JoSo 5528
Lo i 5 Sl add p3sl 555 OBl 5l dny
o 3 lS s it Jales 5 Ol s 5s ol
ol s (FF 5 6) Wlesls DL St sty JoSi
L oo IS Olos cp 5obisS a8 58 b 1y alie ol 23,
(Y JS8) del sy (S0 b oo & oS 585,08
S il LBl 05 e sy ool s ple 5 L L
23S e S 53 Sl e Sl e
o= b slac=S S g s Ab oo lesl 5 e 0lalS

45



v GBS R 2P b S5 JeSe 55305 Gl gl S axdlas

slacS 5l (Fpa )8 a8 s Silge ) diss ) 05 o b sl S5 JoSe 5508 Sl shie S
Gailad b cbie Sl s LS h5 Ulsen s b (1S glaases S USE 5 IS Ce e Gk 8
adllas coss QLS ity 5 dasy i) S8 el Ao Vet ol o s Yo )9 o 3,8 L 550 ls ns
54 Slm 5L sspe Olay e s dms 13 b cos 1y sl Sl S S laase (oSacd O pon pe

das el S glaasee el Cesas @UJA{A;.-)SL:..UJ\..ZJALB ol oS 5

el )40 CLA

1. Adams, S.R., V.M. Valdes and F.A. Langton. 2008. Why does low intensity, long-day lighting promote growth in
petunia, impatiens, and tomato? J. Hort. Sci. Biotech. 83(5): 609-615.

2. Agarwal, S. and V. Pandi. 2004. Antioxidant enzyme responses to NaCl stress in Cassia angustifolia. Biol. Plant.
48: 555-560.

3. Al-Chalabi, M. 2015. Vertical farming: Skyscraper sustainability. Sustain. Cities Soc. 18: 74-77.

4. Anderson, N.O. 2007. Flower Breeding and Genetics. Springer, The Netherlands.

5. Arteca, R. 1995. Plant Growth Substances: Principles and Applications. Springer, USA.

6. Baba-Kasai, A., N. Hara and M. Takano. 2014. Tissue-specific and light-dependent regulation of phytochrome gene
expression in rice. Plant Cell Environ. 37: 2654-2666.

7. Bagnall, D.J., R-W. King and R.P. Hangarter. 1996. Blue-light promotion of flowering is absent in hy4 mutants of
Arabidopsis. Planta 200: 278-280.

8. Banerjee, C. 2014. Up, up and away! The economics of vertical farming. J. Agric. Stud. 2(1): 40-60.

9. Bernie, G. and C. Perilleux. 2005. A physiological overview of the genetics of flowering time control. Plant Biotech.
J. 3:3-16.

10. Brown, C.S., A.C. Schuerger and J.C. Sager. 1995. Growth and photomorphogenesis of pepper plants under red
light-emitting-diodes with supplemental blue or far-red lighting. J. Am. Soc. Hort. Sci. 120: 808-813.

11. Cerdan, P.D. and J. Chory. 2003. Regulation of flowering time by light quality. Nat. 423: 881-885.

12.Chen, A., C. Li, W. Hu, M.Y. Hau, H. Lin, N.C. Rockwell, S.S. Martin, J.A. Jernstedt, J.C. Lagarias and J.
Dubcovsky. 2014. Phytochrome C plays a major role in the acceleration of wheat flowering under long-day
photoperiod. Proc. of the Nat. Acad. of Sci. of the United States of America 111(28): 10037-10044.

13. Cope, K.R. and B. Bugbee. 2013. Spectral effects of three types of white light-emitting diodes on plant growth and
development. Absolute versus relative amount of blue light. HortSci. 48(4): 504-509.

14. Craig, D.S. and E.S. Runkle. 2012. Using LEDs to qualify the effect of the red to far-red ratio of night-interruption
lighting on flowering of photoperiodic crops. Acta Hort. 956: 179-186.

15. Currey, J. and R.G. Lopez. 2013. Cuttings of impatient, pelargunium and petunia propagated under light-emitting
diodes and high-pressure sodium lamp have vomparable growth, morphology, gas exchange and post-transplant
performance. HortSci. 48(4): 428-434.

16.Dole, J. and H.F. Wilkins. 2005. Floriculture: Principles and Species. 2" edition, Pearson Higher Ed., USA.

17.Fan, X., Z. Xu, X. Liu, C. Tang and L. Wang. 2013. Effect of light intensity on the growth and leaf development of
young tomato plants grown under a combination of red and blue light. Sci. Hort. 153: 50-55.

18. Fausey, B.A., R.D. Heins and A.C. Cameron. 2005. Daily light integral affects flowering and quality of greenhouse-
grown achillea, gaura and lavandula. HortSci. 40: 114-118.

19.Folta, K.M. and E.P. Spalding. 2001. Unexpected roles for cryptochrome 2 and phototropin revealed by high-
resolution analysis of blue light-mediated hypocotyl growth inhibition. The Plant J. 26: 471-478.

20. Folta, K.M., L.L. Koss, R. McMorrow, H. Kim, J.D. Kenitz, R. Wheeler and J. Sager. 2005. Design and fabrication
of adjustable red-green-blue LED light arrays for plant research. BMC Plant Biol. 5: 17-28.

21.Fukuda, N. and J.E. Olsen. 2011. Effects of light quality under red and blue light emitting diodes on growth and
expression of FBP28 in petunia. Acta Hort. 907: 361-366.

22.Fukuda, N., C. Ajima, T. Yukawa and J. Olsen. 2016. Antagonistic action of blue and red light on shoot elongation
in petunia depends on gibberellin, but the effects on flowering are not generally linked to gibberellin. Environ. Exp.
Bot. 121: 102-111.

23. Hamamoto, H., H. Shimaji and T. Higashinde. 2003. Budding and bolting responses of horticultural plants to night-
break treatments with LEDs of various colors. J. Agric. Meteor. 59: 103-110.

24.Heo, J., C. Lee, D. Chakrabarty and K. Paek. 2002. Growth responses of marigold and salvia bedding plants as

v



VAN Sl /sl oskeds /ps s/ slabdS glacis 04 e

affected by monochromic or mixture radiation provided by a light-emitting diode (LED). Plant Growth Regul. 38:
225-230.

25.1Islam, M.A., G. Kuwar, J. Clarke, D.R. Blystad, H.R. Gislerod and J.E. Olsen. 2012. Artificial light from light
emitting diodes (LEDs) with a high portion of blue light results in shorter poinsettias compared to high pressure
sodium (HPS) lamps. Sci. Hort. 147: 136-143.

26.1zhaki, A., S.M. Swain, T.S. Tseng, A. Borochov, N.E. Olszewski and D. Weiss. 2001. The role of SPY and TPR
domain in the regulation of gibberellin action throughout the life cycle of petunia hybrida plants. The Plant J. 28(2):
181-190.

27.Jeong, S.W., S.H. Hogewoning and W.V. Ieperen. 2014. Responses of supplemental blue light on flowering and
stem extension growth of cut chrysanthemum. Sci. Hort. 165: 69-74.

28. Kenneth, E. 1992. Light-quality effects on arabidopsis development. Red, blue and far-red regulation of flowering
and morphology. Plant Physiol. 86: 439-444.

29.Kim, H.H., R.D. Heins and W.H. Carlson. 2002. Development and flowering of petunia grown in a far-red deficient
light environment. Acta Hort. 580: 127-135.

30.Kim, Y.J., H.J. Lee and K.S. Kim 2011. Night inerruption promotes vegetative growth and flowering of cymbidium.
Sci. Hort. 130: 887-893.

31.Klein, R.M. 1992. Effect of green light on biological systems. Biol. Rev. 67: 199-284.

32.Kohler, K.H., M. Dorfler and H. Goring. 1980. The influence of light on the cytokinin content of amaranthus
seedlings. Biol. Plant. 22(2): 128-134.

33. Langton, F.A., S.R. Adams and K.E. Cockshull. 2003. Effects of photoperiod on leaf greeness of four bedding plant
species. J. Hort. Sci. Biotech. 78(3): 400-404.

34.Liu, X., Z. Xu, S. Guo, T. Chang, Z. Xu and T. Tezuka. 2012. Regulation of the growth and photosynthesis of
cherry tomato seedlings by different light irradiations of light emitting diodes (LED). Aftr. J. Biotech. 11(22): 6169-
6177.

35.Lone, A.B., L.K. Unemoto, E.A.P. Ferrari, L.S,A. Takahashi and R.T. de Faria. 2014. The effects of light
wavelength and intensity on the germination of pitaya seed genotypes. Aust. J. Crop Sci. 8(11): 1475-1480.

36.Lopez, R.G. and E.S. Runkle. 2008. Photosynthetic daily light integral during propagation influences rooting and
growth of cuttings and subsequent development of New Guinea impatiens and petunia. HortSci. 43: 2052-2059.

37.Mattson, N.S. and J.E. Erwin. 2005. The impact of photoperiod and irradiance on flowering of several herbaceous
ornamentals. Sci. Hort. 104: 275-292.

38.Meng, O. and E.S. Runkle. 2015. Low intensity blue light in night interruptoin lighting does not influence flowering
of herbaceous ornamentals. Sci. Hort. 186: 230-238.

39.Muleo, R. and S. Morini. 2008. Physioligical dissection of blue and red light regulation of apical dominance and
branching in M9 apple rootstock growing in vitro. J. Plant Physiol. 165(17): 1838-1846.

40.Mozley, D. and B. Thomas. 1995. Developmental and photobiological factors affecting photoperiodic induction in
Arabidopsis thaliana Heynh. Landsberg erecta. J. Exp. Bot. 46: 173-179.

41.Nhut, D.T., T. Takamura, H. Watanabe, K. Okamoto and M. Tanaka. 2003. Responses of strawberry plantlets
cultured in vitro under superbright red and blue light-emitting diodes (LEDs). Plant Cell Tiss. Org. Cult. 73: 43-52.

42.0h, W., E.S. Runkel and R.M. Warner. 2010. Timing and duration of supplemental lighting during the seedling
stage influence quality and flowering in petunia and pansy. HortSci. 45(9): 1332-1337.

43. Ohashi-Kaneko, K., M. Takase, N. Kon, K. Fujiwara and K. Kurata. 2007. Effect of light quality on growth and
vegetable quality in leaf lettuce, spinach and komatsuna. Environ. Control Biol. 45: 189-198.

44.Park, Y.J., Y.J. Kim and K.S. Kim. 2013. Vegetative growth and flowering of Dianthus, Zinnia, and Pelargonium as
affected by night interruption at different timings. Hort. Environ. Biotech. 54: 236-242.

45.Pinho, P., M. Oskari, T. Eino and H. Lisa. 2004. Photobiological aspects of crop plants grown under light emitting
diodes. In: Proceeding of CIE Expert Symposium on LED Light Sources, Tokyo, Japan, 7-8 June, pp. 71-74.

46.Randall, W.C. and R.G. Lopez. 2014. Comparison of supplemental lighting from high-pressure sodium lamps and
light-emitting diodes during bedding plant seedling production. HortSci. 49(5): 589-595.

47.Randall, W.C. and R.G. Lopez. 2015. Comparison of supplemental lighting from high-pressure sodium lamps and
light-emitting diodes during bedding plant seedling production. HortSci. 50(5): 705-713.

48. Riikonen, J., N. Kettunen, M. Gritsevich, T. Hakala, L. Sarkka and R. Tahvonen. 2016. Growth and development of
Norway spruce and Scots pine seedlings under different light spectra. Environ. Exp. Bot. 121: 112-120.

49.Runkle, E.S., R.D. Heins, A.C. Cameron and W.H. Carlson. 1998. Flowering of herbaceous perennials under
various night interruption and cyclic lighting treatments. HortSci. 33: 672-677.

50.Runkle, E.S. and R. D. Heins. 2003. Photocontrol of flowering and extension growth in the long day plant pansy. J.
Am. Soc. Hort. Sci. 128: 479-485.

51.Runkle, E.S. and R.D. Heins. 2006. Manipulating the light environment to control flowering and morphogenesis of

aA



v GBS R 2P b S5 JeSe 55305 Gl gl S axdlas

herbaceous plants. Acta Hort. 711: 51-59.

52.Samuoliene, G., A. Urbonaviciute, A. Brazaityte, G. Sabajeviene, J. Sakalauskaite and P. Duchovskis. 2011. The
impact of LED illumination on antioxidant properties of sprouted seeds. Central Eur. J. Biol. 6(1): 68-74.

53. Shimizu, M., Z. Ma and M. Douzono. 2006. Blue light inhibits stem elongation of chrysanthemum. Acta Hort. 711:
363-368.

54. Shin, J.H., H. Jung and K.S. Kim. 2010. Night interruption using light emitting diodes (LEDs) promotes flowering
of cyclamen persicum in winter cultivation. Hort. Environ. Biotech. 51(5): 391-395.

55.Singh Mer, M. and V. Lal Attri. 2015. Effect of photoperiod on flowering in ornamental annuals. J. Med. Plants
Stud. 3(4): 121-126.

56. Takemiya, A., S. Inoue, M. Doi and T. Kinoshita. 2005. Phototropins promote plant growth in response to blue light
in low light environments. The Plant Cell 17: 1120-1127.

57. Tamulaitis, G., P. Duchovskis, Z. Bliznikas, K. Breive, R. Ulinskaite, A. Brazaityte, A. Novickovas and A.
Zukauskas. 2005. High-power light-emitting diode based facility for plant cultivation. J. Appl. Phys. 38: 3182-3187.

58. Terfa, M.T., K.A. Solhaug, H.R. Gislerod, J.E. Olsen and S. Torre. 2013. A high proportion of blue light increases
the photosynthesis capacity and leaf formation rate of Rose x hybrida but dose not affect time to flower opening.
Physiol. Plant. 148: 146-159.

59. Thomas, B. and D. Vince-Prue. 1997. Photoperiodism in Plants. 2" edition, Academic Press, London.

60. Wheeler, R., C.K. Mackowiak and J.C. Sager. 1991. Soybean stem growth under high pressure sodium with
supplemental blue lighting. Agron. J. 83: 903-906.

61. Whitman, C.M., R.D. Heins, A.C. Cameron and W.H. Carlson. 1998. Lamp type and irradiance level for daylength
extensions influence flowering of Campanula carpatica 'Blue clips', Coreopsis grandiflora 'Early Sunrise', and
Coreopsis verticillata 'Moonbeam'. J. Am. Soc. Hort. Sci. 123: 802-807.

62. Wojciechowska, R., A. Kolton, O. Grochowska and E. Knop. 2016. Nitrate content in Valerianella locusta L. plants
is affected by supplemental LED lighting. Sci. Hort. 211: 179-186.

63. Wollaeger, H.M. and E.S. Runkle. 2014. Growth of impatiens, petunia, salvia and tomato seedling under blue, green
and red light emitting diodes. HortSci. 49(6): 734-740.

64. Yadave, S. and C. Chaturvedi. 2015. Light colour and intensity alters reproductive/seasonal responses in Japanese
quail. Physiol. Behavior 147: 163-168.

65.Yano, M., Y. Katayose, M. Ashikari, U. Yamanouchi, L. Monna, T. Fuse, T. Baba, K. Yamamoto, Y. Umehara, Y.
Nagamura and T. Sasaki. 2000. Hd1, a major photoperiod sensitivity quantitative trait locus in rice, is closely related
to the arabidopsis flowering time gene CONSTANS. Plant Cell 12: 2473-2483.

66. Yorio, N.C., G.D. Goins, H.R. Kagie, R.M. Wheeler and J.C. Sager. 2001. Improving spinach, radish and lettuce
growth under red light-emitting diodes (LEDs) with blue light supplementation. HortSci. 36: 380-383.

aq



J. Sci. & Technol. Greenhouse Culture, Vol. 10, No. 1, Spring 2019, Isfahan Univ. Technol., Isf., Iran. " Science and Technology of

Greenhouse Culture

Effect of Light Combination and Timing of Supplemental Lighting on
Vegetative Traits and Flowering Time of Petunia (Petunia x hybrida)

A. Rashidil, A. Tehranifar’ and S. H. Nemati'

(Received: 7 October 2017 ; Accepted : 15 November 2018)

Abstract

The aim of this study was to examine how timing of supplemental lighting and different light combinations affect the
vegetative and reproductive responses of petunia (Pefunia > hybrida Super cascade Blue). This experiment was
designed as a factorial based on a randomized complete blocks design with three replications. After being in the
greenhouse for 12 hours, the plants received supplemental lighting at two different times (from 6 p.m. to 10 p.m. and 10
p.m. to 2 a.m.) by the usage of various combinations of red light (R, 625 nm) and blue light (B, 467 nm) including
100% R, 15% B : 85% R, 30% B : 70% R and high pressure sodium lamp (HPS, serving as control). Results showed
that there was not significant interaction between light combination and the timing of supplemental lighting on
vegetative characteristics. Plants under 30% B : 70% R light ratio had the highest foliage fresh weight (15.73 g) and dry
weight (0.86 g), root fresh weight (1.13 g) and dry weight (0.3 g), average height of lateral shoots (6.63 cm),
Chlorophyll a, b, total and carotenoids contents (1.03, 0.35, 1.38 and 0.44 mg/g FW, respectively) and the plants under
15% B : 85% R light ratio had the highest height of central stem (14.4 cm), leaf area (313.07 cm?), number of leaves
(80.5) and number of lateral shoots (9.83). Also, results revealed that there was significant interaction between timing of
supplemental lighting and light combination on the flowering time, and the shortest time to flowering (56 days after
sowing) was obtained under 30% B : 70% R light ratio from 10 p.m. to 2 a.m.
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