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Article Info Extended Abstract
Article type: Introduction. Homozygous lines are essential for breeding new cultivars in both self-pollinated
Research Article and cross-pollinated species, and they are also valuable in many biological studies. Accelerating

the development of high-yielding and stress-resilient wheat cultivars is indispensable for ensuring
food security under the constraints of climate change, urbanization, population explosion, and
emerging biotic and abiotic stresses. However, conventional breeding approaches are inherently
slow, typically requiring 1214 years to develop a new cultivar, mainly due to the long generation
time of wheat and the need for multiple field seasons to achieve homozygosity and selection

Atrticle history: accuracy. To overcome these temporal limitations, speed breeding has emerged as a transformative
Received: December 01, 2024  technology that enables rapid generation advancement through controlled-environment cultivation
Received in revised form: under extended photoperiods, intense light, and optimized temperature regimes allowing breeders
March 05, 2025 to produce up to six generations of wheat, barley, or other crops per year, compared with only 1—
Accepted: March 26, 2025 2 under normal field conditions. This technology is, however, less efficient in winter cereals due

to vernalization requirement. The objective of this study was to develop an effective speed
breeding protocol for winter wheat varieties.

Materials and Methods. Three winter wheat varieties, Zarineh, Gaspard, and Gascogen, three
vernalization methods and two lighting regime including 360 pmol/m*s supplied by white LEDs
as well as 420 pmol/m?¥s provided by white LEDs plus nearly 15% supplemental purple grow light
were tested in this study. Embryo rescue technique was employed by culturing immature seeds in
MS medium to further shorten the growth duration of the plants. Flowering and maturity time,
total leaves number, and grains/spike were measured. The experiment was analyzed in a split
factorial design with six replications.

Results and Discussion. Seed to seed generation time of Zarineh, Gaspard, and Gascogen was
shortened to 95, 110, and 125 days under light vernalization followed by speed breeding. These
periods were 114, 137, and 146 under cold vernalization while being 106, 124, and 136 under
cold-chemical vernalization. Speed breeding under a combination of white and grow light (with
126.6 days to maturity) accelerated the growth cycle more than solely white LED lights (with
130.7 days to maturity). Zarineh completed its embryo and seed maturity in just 82 and 95 days,
respectively, under speed breeding condition. Gascogen showed the longest generation time (154
days) under cold vernalization most probably due to longer vernalization requirement. The results
showed that foliar application of gibberellic acid led to 7-10 days decline in generation time
N 8 . compared to conventional vernalization by cooling.

glbberelhc acid, Conclusion. This study evidenced that 16-hour photoperiod, 420 pmol m’s"' light intensity
light, . provided by a combination of white LEDs (85%) and purple grow light (15%) and 23/17° C
speed bree'dmg, (day/night) temperature was the optimum speed breeding condition for winter wheat. Through
vernalization, shortening the generation time to three months, this protocol makes it possible for the breeders to
winter wheat. advance four generations of winter lines per year.

Published online: September
23,2025

Keywords:
Embryo culture,
generation,

Cite this article: Mohammadi, V., Fathi, R., & Najafi Mirak, T. (2025). Speed breeding in winter bread wheat. Iranian Journal
of Field Crop Science, 56(3), 67-81. Doi: 10.22059/ijfcs.2025.386260.655114.

© The Authors. Publisher: University of Tehran Press.
DOI: 10.22059/ijfcs.2025.386260.655114




! (_;u}c;ﬂ,‘?ﬁ
| Ll »
TETY_ACAT s 0~ UL X

l.;,"/-"‘.fII.Z'J -'-r'.-'Lt-'
Homepage:https://ijfcs.ut.ac.ir/

Al § 0 PS40 &3 gw (59 Jog

¥ Py “] Y wal s B4y
Sy o wegi | T 28 L5, [T sezme Al g
vmohammadi@ut.ac.ir :4sbLl, .\ ul S (o)) o5 oKL ¢ b gilio 5 (655liS B (bl Mol g sl 09,8 ¢ Jgiue oding )
r.fathi32 1 @ut.ac.ir :4ebbl) .ol z,S ol o5 oKy ¢ amb mlio g (55,9l (Basiily «bls Mol 5 sl y; 09,5 .Y
Al @S @S g Jo a9 el Slaiod Ausge 559088 g3 5 Gbisel i lojls ¥

oS> Ao Sl

-

doly 4 isuces po gl i Gl )0 &S cwl olbagyold 5 (S m o (o0liae g Ve il £oi
o2 wh ilwoles 090 4 5L Lol il oads a8 S 5w LS sl g wMe > (ool
SpuiS 3 oy (g3]5ike dobogud A jolate 4y .Canl 00y yialS |y &ilinsj plB)) 45 (5)5l8
ojag Ay S )3 (giluosley Jlasl I ey (5ol g 2)lulSedin)5 puS o) du celbinns;

VFYANY bl s b
VYNNG 16 5550 & ,b
VEX/ N B 1 dy U
5ok Sl g ale caa Bl (hhon SYsk 0)53)58 9 by ad CoS e M3 vrerviy Lt b
Slass A5 428 )S 0400 MS Lo )0 )l jedy pin S SSS 1ol A jo )90 yidi il

b (655 03ll Al 3 by dlasi 9 Sy (oled dlawd (JolS iy U jgy dlaas o 2AS U 5, ojlgals
Siloolog 4 s 1y pB1 23 s 595 Vo b et S e (5L Jglore 48 3l (LS gl N
. : e . e . s jlwe

Ee el Yo alols ) 4l e o J909ySen ¥V 5 oad ol ialS” gle < I_’bd
< S1pw

Cebes FVA 0,93)88 {/iAD) ahs LED 55 5 (Z00) a5y 039 iy oY e 5 by ww.d:ﬁ
O ok

e @l sly e g cuslie (Gl jg)) SSbe 423 WINY les 5 (i) liana; S

Uiyay el g 4l yials ole dw &y 50 b )4y yloj ke byl ol 5> ] diliuns; (slapaiS s

23,5 o wld Jlo 53 Jus oz ¥

MN=EY (Y)OF o] 2l j lolS pole &ilis ()b p iS55 o s (63550 (VF+F) o «S yno (855 g 0oy ¢ 2B g ((ghaxo 1DLEI
DOI: 10.22059/1jfcs.2025.386260.655114
@O

NG By © Oy olEily Sl L] duusga 136




£9 wliwnoj HU pkiS)0 50540

YPRVI|
oy ¥ (ol (S el lea 5 ol @5psliS Jpamme (yiare w0l LI 5l wa 5 a5 Bl 5l o puS
g gilopald o (63b5 Az g g il 1 4 Atn puS (3l (ol sla iy, 4Bl S b g Al s
elpad ol S3l5ige oo Jgb & o i sl 50 csla gieleg] 13 9813 ol o8 o} 9 o F6 B F2 Sl ol
sobate (pl (gl 45 Md (g 93 chelae ASsbla g SIS 07 LSS s (65,5 Wiledgs o ol (2,0l (o
dlge 51 gyl By 3 (aaie g (aRdolojl liuacs 4 5L ezmed (mlre Jud 4 Ciclie ASgbla ilesd sl
ol x5 ly ISy Jlid sige ol w5 B SpE pre belS Mg i p S
Ol a8 Cal ons slotin” @y (o330 AU A ugh (6)9ld ST b gy JueSS 53 (S3ba (Zhang et al., 2013)
3 o iz Jlo e b > icsn 9 e oo B G ol ) ot 55 oo 5 02 il ol
pAS s ity g5 oo @y (901500 (635 b &S Wlodly (LS ), Kiiey (Zheng et al., 2013 ) 5,8 Wi 1y LS
Zheng et al., 2013;) 5,5 g Jlo <O 1) 3555 Jus Can g o)lee IS Jus can wjlee o> Jud &5 ao)lye
™ d)l};@d .(Samineni etal.,2019; Yao et al., 2016; Ochatt et al., 2008; Watson et al., 2018; Ghosh et al., 2018
9 b Job 3 aled 5 (6398 w3y )9l 3 el sl o () S GIGET B L o)lee O ML 4
Wlisj O 53 Lol i a5 )3 olo 93 51 205" )3 5 04 )l (25 a0 &y sy 4y LS & Wigd o il (L o)
dgdioe alS ilye & gy cnl LB S eyl Sl siluo e sloyw 0)9d tin APy (cdulj alsye 4 39)9 gl oS

.(Cha et al., 2022 ; Liu et al., 2016; Hogewoning et al., 2010)

g ol 3188 At Lojus 0595 Sy )38 Wiojl (alj Al o 41399 9 (oagy 25 51 )35 (sl Alis slopaiS
o Aile alisee Jolos sl ol (olwlids 13187 5 95 puiS aSle LS 51 (g5l (59 0dudy (ol e oo b (g5lwo e
St IS5 (3o o Al)3 5 0y slaiygeson 5 9e5 Al yo i e molojus by oy ko g ()] 42 3) S0
o 3l oybg3 b 03)S CuiS b g caBgio oo Laslyd 4y dtay 45 w3l o oS (can]) (ojluo,los (Rawson et al., 1998)
—ar b aalin U ) ol jlale 4 3,5 00 ©yg0 (Jslite o 4 silue)lar (o5 5xS0jlNl S5 e 43,5
ol 4 (AL 55, Sloj dlols ials 5 b 5l paiS (Wang et al., 1995) Lol 48lu ,3" Sy ol olass & (g0 g,
A3l I 395 9" joy st (silwn)leg slay; b cod (aaE B g, o wmd e ylis (uiSTy (g5lwo,les jLS
950 JS 9 Sy 56l ey idlS Conge VA2 g 1Sy 55l @ g Cgo VinAlL (cilola sl y; LI Cunsg
.(Kiss et al., 2014; Turner et al., 2010; Mahfoozi et al., 2008; Trevaskis et al., 2007)

Wl pAS 1> (gilwoyle jlo Blo Corge duwl Sy Slands 0dlo I odlitwl a8 Wd S (5155 ) Ken g JM)ygus
O 2 S 80,8 Byme (gilwoyleg qomd (sl |y shude hay YoV Jlo jd ol Siimg}s (Sourbalal ef al., 2019) 5,5 .
daw 3 )k oA 418 5 (S /o)) cels ANF ()55 0)93 ol Sl 423 V- (slod (65,150 b (s3loolae cas o
Sl ly ilwo)leg (o9 5 (VYY) o, Ken 5 Sigw .(Cha et al., 2022) Lb o yiol38l dibiwe; slapaiS 23,4 5 S
Jolite  2lo yus 1539y dtuasiles S gud 45 39y pl dllie 93y Coudgazme Lol .0y H ) dilius jdows pAS 1> @y (6315000
Aoled Bl Gl sbapiS (g5luwoylo 51,

1. Pedigree

2. Modified bulk

3. Single seed descent
4. Speed breeding

5. Days to heading

6. Days to heading

7. Final leaf number
8. Vrn genes

9. Photoperiod genes



VFoF o 8ylasis i g oloeiy 5593 (ylpl (1) HLOLS pgle Ao v

2 Ode cpl &S Wites Galb bY@ obw glp iSd Jud Giid pilie A8 Mol Jglaie (sla i,
OSen P8l 4 a0l bl ol o (B @y (6313500 53 alzsl o Jobo 4 Jlo dw JBlis SIS )3 g Jlo i 4c e
aeboged 55 lnl 53 9 0392 edgw sl 0l pS (B3 Jus U o) s (IS 53 @y (30500 (66510 42510k ialS
ltas; (slopaiS )3 (6598 ol LS ) (sl e Sl el 00 (5158 5 (siloisag (V- VF) ohlSen 5 (oo Lo ]
u_lo d;ob}f OL‘} 3 l) Lg)'L.uo)l.Qd 093 S )‘3\5 l) olS U s ‘_dhh)&m‘) (S 9m> yd ul)fb‘)-‘-@e 5)0?-‘ )‘ ol dlS”
Wliwoj paiS 1> (gjlwoylos 0)9d ialS (gl gy (Bl Cansu ) o JLid |y Bu g3 il jimgls dwly opl j> .S
Alanej lopAiS > (B3 Jud @ o @y Sloo)lie 9 @ 50 Bl P93 9

Y TER TR

wloyT b N-Y

5 ey 09,5 udy SBT3 1S5 (i g ol s by (ol JolST (slacS sl b B 3 sl & g0ss ialej]
Alsiea) olisg, Jale 5l L3gr cjlie ialesl 3590 (slaJole i plogl VY AN=VEY Jlo 5 olpes olKiisls bl 2!
S35 3oyl oy (sloylor ol (5lonylor ilizes g dus ¢ iy 5 e )55 S 5 9 s y5 ol (ol Sl
(39 g )kl )] Jald puiS 03 4 g (lop oliend (giloo)lee

Sibwe e sl slosd Y-

JEE o9y bt slace st 4y uaw g 0dd obiluns Ol J5I el YF oo 4 oy S5 Lid s jd S 1 L byl
Cbl gy (adhy Cundg b (slrdomalS G 805 (6l (3, Kk dn > VY=YV U1 Ll )0 50, iy 9 Jiiie (Slo
O 20 A S S S 4 08 L (Canss8) peletn Sl cudS gty (VY JS8) Wb S LS glagsi g
a5 ool LB (gyie Bl 93 U S 29 Bes )d 0djdilen (glaydy g o eoliiwl (Jokw YA L by g 51 Lingh
Gz )15 Billas a8 Wad Jate wiby SBT3 & Lis gla w0 0305 51,8 4 93 ol a3 a5 glasgS ey
Sl Yo ol 13) 4l oy o g JgagySee ¥Y+ ) ©ad (il jg)) Csls VA 093 53 51 (V+YF) o, San
9 Mo yob gy 90 4 yeb ol b edlatul x e (g3l5ie bl (gl (bl o) 3, Kl da 3 WINY (slod ¢ (jo5 auo
#S1yie LED @lg VY clacaeY 1 dbos yo8 uol (gl ol (yols (200 7000 5t ZAD G ) o 5 ity gl
5 oslitl ol g 508 )5 Sy &y ds oS 5 L B 02y slaylylly Sl Sty (B3I g el (sl 5 pgiles < 5 COB
09 3 b sl Cagh) (ljne 0d Saled onel iy el 4y allie cpl (glajloged g LSS ) dedes 9 i H55 S S
sy d S g 5 WL g (S pobd alye U Ll nl 5> leasalS gy (il jg)) Loy ADIFO S
215 bl e )3 59 93 g0k e g 6lig) (S b Abye U (ilel b Jless 5 (sl

e o 5t o Y

5o 3 Je9Sen YAD 595 b b (il jg)) sl AV 093,95 L ol Sl a s Jla a3y 4 (S ppid slaaals
SA85 05 ypels g VD by LSO LED Jgane (slbeeY 5l (shiegorns dlumsds aliy, 505 Litie 456 5 apo
b jg) 3 &5 QBul gyl (Vo WY) hlSan 5 (i pb dlde ol 2 085 3 (sl (alop siloo)lee sl 2ite o)
O 9 GRS W3y 53 59y VI ()9Sl g 59y VA 2)LuslS 59, VT a5 08 ol iy il (S (e JBla 44
Oliabo] (15 505 (65l Gy Al po 1 9 04313, 3h 0 031> gredgi piey oS @y (93l Laal b b 03y ST 4y 0519
b (p oS g 5 azalS )3 alEgy (Siuz 3529 «siluo)lac £959 5l

o g slowds 5 3w yleo F—Y

Ve Jglore dlsg 4 b p 4 obols I B (S poid slaazels Sl glal 435 (ol jles aSlen Jolpe don
.(Sourbalal et al., 2019) a5l Jsbro Cawl (g5l ylog @ jud 0519 dowl S pu 295 45 byg mlo i) 43 5,5 oo



v wliwnoj HU pkiS)0 50540

(65 by SBBTLY

C d[D1]: LelS o jlad ladal cojlaasa s ) JSE U 50

29 Sibwele O
LED 55 5 43 0329 ikis qeeY G ) @y (0l balpd b 0y BB 13 (s U S 53 090 plo )3 lnaals
0 U SG) sl Qlgd 0yg0 Bls s iS5l Gan .S )5 eolatwl 350 (pin culS (gl Hlos 2 )b slaydy
S oo Jab oy ¥emVe o oole baylpd )0 a8 ol &ily (0 0)9d Bl g ((glaian

23l i S Gy o SLiBlen,S 1 5o,V e S I Gy eonl yl el gl (See Gloj (2 0lsS e
s .8l ashl pl g 59, U, ol 9 1505 csS MS cusS lame (ggls Giad syt 53 9 03 )5 ol ot 9 03,5 I o8,
1) 32 )k 45 59y Ot b ploxil (YVY) (Ses 5 gdasme gy illas Lis (i 4 Lol JU] s 5 Lo
595 3085 g (malis 5o, ol Slio 35 el i Sl e o8 ol i o ol 35 Wl Ghaacs s B
ly ORimgh o4 Sloged (n )7 wheo BB CS S 2ld 3l 9 (3 (8 3,5) JolST () B gy 3asd et () U
Cawl 0lS JolS" yaioy U gy dlisd 5 (dalin U ) ol (6550300l wimd o 1,8 odliaial 3)50 & pw (631500 (g5log0S
(Cha et al., 2022)
Sl sloa i F—Y
&)yg0 (SAS Institute, 2008) SAS ,l33la 5 51 oolitul b (gylel (glaay jo5 ¢ JuST I8l 5 )3 e g lmodly (5 )yglzen 5 o
ialejl SlacSl 3 (1 (9208158 5 bojlogt 51 Sy o )3 alol slos s gl Sl el 4y Sl U cd S
W8)5 g0 o ys Ko prhaw 3 4SOl (slaiebisin 0l bl aodld uSile dunlie .us ol el

23 K okl e S o




Ve F g 8)losd piids g olxy 8,90 oIyl <1y j LS pale Ao vr

S g gy sasl ¥
Oty U joy ol (@l i LS5 B 59, dlaw e alin U 59, dlaws a8 ld L (Vo) Johiar) bodly (il jlg 4y 500 gulis
5 Sjlwoylos alise sla yogy wuil Cod (g)ld pme yabody puiS Calisee plB)l )3 dliiw ;0 &by dlawd 9 Sy (oled dlaws (JolS

B3Iy paled Ty (yp g Cou 4 aaldl )3 45 CE)S 1B CgS g 595 CuS

e e Ll )3 puiS Sjglsid Slio Sl (B Gully 4 Y Jgde

X Mean Squares
Sources of variance

df Days to maturity Days to embryo maturity Days to heading
Block 5 14.19% 18.31°% 2646
Light 1 464.59* 655.14** 227.12**
Errorl 5 1.74 3.11 8.24
Genotype 2 13723.27** 7757.67** 8558.92**
Vernalization 2 2618.67** 1956.02** 2834.28**
LightxGenotype 2 97.81** 84.78** 18.1
nghtxvernallzatl.on 4 2 135.39** 57.81** 246.28*
Qenotypexvernallzatlon o 4 171.94** 23.91** 74.06**
Lightx Genotypexvernalization 4 55.20** 32.99%* 86.14**
Error 2 80 4.09 5.98 27.55
Coefficient of variation - 0.95 1.85 2.28

e 9 00 S o gy Jlais] o )3 ) e iy I gRE X

e 5 ulyd 3 puS Sujglsd Slio Sl Sy pilly 4 Y g
Mean Squares

Sources of variance

df NO of Final leaves Kernels/spike

Block 5 0.4718 0.69
Light 1 30.08* 52.08*
Errorl 5 0.38 52.08
Genotype 2 16.36* 427.56**
Vernalization 2 136" 35,39
Lighxt*Genotype 2 12.25** 53.69**
Lightxvernalization 2 1.1978 13.36**
Genotypexvernalization 4 0.76™ 1.45™
Lightx Genotypexvernalization 4 2.9078 1.09"
Error 2 80 0.45 1.19
Coefficient of variation - 14.13 9.61

S gire g Aoy Ky oy iy Jlein ] g )3 43 e i ey I gFE K

WS ctolojl slaylos o &8 3l L5 (V ) sibwoylee slagsdgy 9 w8) 9 2lidyy Jlie 51 (5:Sike dumlia

PS50 5 ke b ()5 (ilwelar by, olyed Al 0By 53 dets b (3 558 oS 5 Jled g bl 352 > dne
39NN 50k b (558wl 085 ) (o (gilwe)lon g olyed 4 b y55 Jlad g (mdliins U jg) Sl loj e
28 CadsS bl 5151 giloo)len (slosgy X o8y blite S (23bp (ol dd crge |y (oAl B gy G (o i
adnlio (V JS5) (gilunley (sloybsy X @B x )55 CudsS iliite &l 51 (1 S0lke Sluslie ol o (V Jga) (silunylee X o8, X
OO (VYY) hlSen 5 12335 oo bojlos plo 53 (m3alivn U g 3lass (2l crge oo 9 iy (oS 5 93 &5 00



22 wliwnoj HU pkiS)0 50540

51 onlazul aS wsly L5 peiomen Ll g8 o (mdalin U gy sl jzal el jo e Job 5 cobd Sul33l b as s,
Ao )Rimg3y (] dgde (3l U Gg) sl (EalS 4o )3 5 obS A5y Gy Gl sl 43 025 GWLED
i U 5oy ol ialS b g ol (daliian U 5oy ol (650305 (r yuo (00150 (4058 (08 (sl Ciio oy g aS Mgy

Sl gy iy SBUI ) 1) il puiS Jlo pd Juus dw g5 o0

140.0 -
a
120.0 - a i
a a
o 100.0 - a a a a a T m
—% a m b
% b a b o
[ 80.0 - b b o °
o
b
;}‘ 60.0 -
%
40.0 -
20.0 -

2 oSl lis ()l gtnn e 022305 Wagygins jo liia Bgp> paiS (mdalins B g, a2 gjluosley 13 085 X )98 CudeS _
il oo Sl g0l

RO B 395 1N 33 99 CukeS 3G 1Y
b o b idis 595 oS5 () Jgia) Sl I gine 30> S a3 )9 (ol 31483l (L eodlsy uil)ly 325 gl
B 59y AVIFA (:53ko b s 595 & Gl ailin pS 53 (03l @y sl JolST (i) o) AVIYS (S0
9 0393 Jobo g o Rl g A5 oy (slacasY loslitl 3,8 (B (YVVY) e 5 b (Y JS3) A (moaliins
W gaddliw dsyo 3)ly CuliS 1 L 5oy YA dod 50 45T ad (glwo)log pAS 1) 50 Wiy Sy iliel sl

o 31 () ol OVe—F e e claging 5 (50)8) staghl Voo Ve o slogig 4l 5 & w3 0 (L anly s
@) Sy an Camd o g 508 (9 b 90 ) S M Ol i g eSS lo g Jidg)lS ¢ 5y
Sl 4l 69 P4 398 (0 (AL S5k Slaptinss 58 53 by pSIl b 4 Sy el (395 (o0 0> by palb
ol 3 Jdspends (Hogewoning et al., 2010; Massa et al., 2008) &S o a5 olS Sy (sla Jsho Judg S 13 oliosds
A 4 olS (3905 Jbly S o o3lisl LS 9as 5 455 s p Sl jolate 4 A5 0y Sl Mg gl il

(YoVe) ohlKen 5 (ghouo(633) 3585 (o0 Cygeo jwb A juiie aile LS (goliine 50 y9 wad Jlos! 55



1P F o 6ylads spiicis g olxly 6,99 oyIp] <1y j HlOLS pale dlxo 124

. 880 b
3
X 860
o a
g‘ 84.0 l
% 820
oo 593 oA 9

Wggias yoo Aol e gy paS 3l b 53, 005 1 555 oS’ 31T JSUd
b ge SIS el )3 lapSibie I sime iglis sdimd i

ROl B 39 1 g 530 slet oy s G .Y—Y
Syl 2B 1> (gl gne Sl (gl o)l it slag) (1-F Jgia) osls by i Jgio S el ]
9 bl o]y (mdalin B o) olaad o o) AOIFF L (plop (il o)lae 9 npieS WIRY (5:0ka b (P JS3) ()95
Stz ygbas |y alien o) paiS 53 Juws i 0o @y e g @y il o)lae Bl L il (VYY) () en
609 0393 Su 2y 3 SB aw )3 1) baydy Ry cnlaimd (g Sl 53 Jus gy |y wlienes pB)l g 03l ials
Ll ol 03903 g0 Jato @ (63N5iae baslpd 4y e 9 001> J1)3 05 Blos sy Ve (glod o olidgy el YV SYsb
DSl 8) i) S ) (BAS & gy nl b S3elaiBpe ysbods o8 FO 0 (lesl A5 08, 01 oo 5148 o ol

120 -
a
3100 -
E! ‘ 7
03 80 A
260 4
3’ 40
n
Y a0 /
0 . . /7
839 S5l 0l tloyu + sl (g5l )l wtlogw (55l 0,k

gl 01 Lt Lggins o aldie pué gy . mdaliin U gy Slas p (gjlwoyles cilisce (gla by, 1LY JSS
Ao oS g3l 53 basSilee o sin

Jol5 (w3 6 395 It 9 395 CudeS 5l T —F
29 oS5l oad Y gme 80> Sy s )3 95 kol Pl ame L (V Jga2) Weodls uibyly 438 gl ()
SOl b s 595 4y Cond diliannj pAS 50 (a3 b @ el JolS sy B 59, WWH/00 (055be b s b a0
(B JSB) s 59, VYLV

SMS! ialoj] slalass oy a8 2l L5 (Vo) Jghin) (sbwoylae sty g o8y 9 (ldgy Jhlite 31 (:Soloo dumlia
Oy Oloj Do (32765 9y AD (S0lee b dlyyj 08 53 dedeo 9 D )55 S )T Aoy (695 (ilwo)loe 51 3929 Sl ixe
JINOFNG (5:Sikeo b (1595l 05 53 (s )95 o gy (93500 00y SBT3 )90 e 9) 2o byl 5 JolS
J58) ileojlee (sl sig) X wBpx 5g8 CarsS hlite I 5:S0ke avalie )3 A8 Gage |y oS ) B gy e o iden
2355 (o bl plod )3 JolS (o) B g Shass (ialS g oo g iy bglie g5 o 03 oanlita (¥



v wliwnoj HU pkiS)0 50540

obls el Ad)y lSBUI g S )3 0)93)58 Liulil 5 eouan slayes 5l edlawl 45T Cunl ooly Hlis i) Slalllas
3 PS5 53 oS iy B gy a5 2l 5 Jl g K B gy ol alS smadlin B g, slas
9 LED (slacweY jl oslizwl b (Y+YY) 4,8 o l> .(Ghosh et al., 2018, Watson e al., 2018, Zheng et al., 2013)
(VF+Y) ohlSen 5 (shazme dind (ygp Sl 50 Jus dw |y dilivesydas piS diiudlys ady sSBLT 1> 09,9 iuljdl
Lalpd )3 1) ojley puS (3 Jus aie S ko j5i Ay Capd M 9 L )58 oS5 ) QLS e oS Wb L
S o sy o (3500

S 5l 590 VF 08y (il 3 &5 gy sl 0ad 03l (LS 4y 08) 3 @ Sl JOS S B SIS
€9 PV oy el Bl (slaSyy (abeal o () S8 g, ol YA Soy s 95 68 siluso e (i 5g)
D92 w8y (il JolS” (s £ Y oy 9 (i 5 p1AY g, (omdaliins

180 -
160 1 : g i c g o f oS

Jol5' ydawy U g lans
-
s ® D
=333
————| &
| —

09031 22 BSilie ()0 sine o 21225 Liggius yoo il By JolS (20 b 59, 31055 2 (3lonylag X o8¢5 S (iiSamyy L€ JSd

Al 5SS
o132
ERESTS! b
N130
S o129
~ 128
33* 127 a
2 126
3 125
124
S )95 oA 49

Al 5S35 ysail )3 laeSilie o sine Cslis aaiBI UL ladgtas poo dildle i By puiS JolS i) b gy 0las5 2y kS 510 S



Ve F g 6yladd piids g olxly 8,99 Iyl <1yj LS pale Ao Vs

5 3 B = ]
-~ 4 sy . 3
T
" : ) 2
3 3 2 4 4 3
. V¥ YA Yo qv 11 F
iy 455 9 Loy sl L i 08 903 N SO
3 A i
5 i )
-~ 4 - N
P T
. o v
A
' YA ¥ gy YVAF VA

L 555 5 Loy o L 3)lelS 05, 903 Y JSW0

0Xb £9yd (639 (Silwoylay «CudS Sl o) VA & a3 e (L3 (Y JSB) )LlS 08 53 @y (93l Sl 05 93
3909 O Eok pI VWY o) (adaliinn £ ol AY g (ol adlo (slaS yy (Bl g (ol 5B 9,8 £l Y7 59y 9 o
ol 9 w3 e (L3 1) (35Sl 68 )3 @ 53l Jol a5 2 G g A JSS sl 039 08 gl ol (s 1 VYA
o 1V Y Jg) ekl o slaS Bl g (o) 5B 9y ol Y gy 9 m 90 5)95 silwoslae I VY g, )
el JolS” sy pI VYD S g cix Esh pI WYY g e moalitns

Ly b 45 ol Jagid )0 i 95 cuS 5 opyiael S JTLED Mo yd Yo g ja,8 LED suoyd Ae sl oS 5
5 My G oy yidly o8 Cudo S5U (Pennisi er al, 2019; Karimi er al., 2022) 5)l o o 1y ady slcsEll » lS
Cha et al., 2022; Watson et al., 2018; Ghosh et al., ) Cusl 0dds Aol &y (g3l5i0 alisie llllas jd LS aw,
|y alinne; b 43 I35 P, gy (ool 1y B y5 41 ¢y Ly 55 (52,5 4BLEI b (Y YY) e 5 i (2018
305 g (RS &y ,lolg



44 wliwnoj HU pkiS)0 50540

o g el
Wl 3 4 393

7Y A s \Y# VFD

-
-

55 g Lo ot b (3gSunlS 05, gai A JS

2 e S p & g S0 e Tl G F-Y
Syl jled () b g 59y S (ol aly 6 xS ojlul slang, Sl ME (S5l 9 (Seidlsm JBlre s Sl
Sl 9 Seiglam Sl S (e 3 LS ) cnl e 51 (VAR0) phlSen § g L5 il 13948 o0 03lil (o5
ol (3lo0)lop JooSS Ab (pens sl (erlie GBS g 03,87 uSaie onditna | (o] 4 (pag) aloye I JUin] s
Sope nl 4 oad S balpd ) Sy olag I e (398 lie Ballas 29 00 S (2lod Sas Ea el (gjlo )l
Bl (g9 S 5 Jae oSl 420 Ve alod Lulyd 4 oply slod 1 (lalS cgjlulas 0)93 p (slel > oS
oS0 Oledy 25 s ol dBlo 55, Sl a5 g 01 el p2yy S Sl b gl e Siled bl Lo
Sl A3y Sy el Sl 38l Wl 1503 olS g lay (Bl ol olS Sy oliws a4 s o JooSS a4y By (gl lae
D)l 3529 3 sime M (ptalofl (sloslos (o o 3l (i3 (A JS2) (gloolae slaists) b o) b by Jliso I
Ol b 0595l 53 (alop (gilooylae 9 Mo 9 g (nyieS SpF ke b 3)llS 08y )5 (b H5 g il
55 51ty M ilians plB ) 3 4 53,8 5SS (YAV) ) g (g 22313 |y Sy sle s iy 1)V
& 5 ol Sy & sy oo Sl 4y s 5 Mo LS Sy g i gjluso e sloges Jlie 53 85
osld uibyly 450 Jado guls olwl 298 g0 0auel (gilwoloe JroSS 0dgimte cdiald pl 48 dle o cili Sy
gl ol Lol ciztly (aleg S 2l s 5l )b stae gl (g )lol s 5l a5 (3lunylae s slatg, o) Jsie)
O SpVIFA L (olopw (silooyln g (558 YIVY 0nSSbe b (Ve JS3) 6595 slooylar &S psbots 395 oo
adls Ty Jol8 iy B 59, olass
A 30 418 31URT 39 29 g (59! 3o Tl gis i DY
SN talojl (slalags oy 48 0l Lt (V) JS5) (3lonylar sloby 53 o8y 50 by, Flite Sl (Sile aumlie
b siloo)lee g a3 ails ol o 18 PIA (3:Silio L (5508 08 )3 i 555 L (gilonylag slos 9 3,00 3529 )3 sine
ST a8 00,8 I3 (VoY) GhlKen 5l 0,8 g 1y altas )3 ails olas (s VPIV (560Le L )] 68 53 s 95
1S b o) s3l5ig Ay 1> AT yol ol Lol g5 im pBy) 5 3 3 i 3 s 3lass ialS mge g cs3l5izg
Ddise Mg dn Jud sl sl pllo als SIS Sl |5



1FeF qogw 8ylasis i 5 oloeiy 5599 3l €1y HOLS pgle Ao

VA

Lo pSilia 5l gine ciglas aaimd o Uts gy ol b By y> Sy olod dluwi py (g3lnylog X o8 % y95 CanisS (iiSamyy 1A JSWS
Libge 5S> 903l

Ve

3 A ¢ °

i £

k) /

LY

5 . 777
SF il oo dlge Gilwaslee  alew il o)l

2l + g2 lownd

iboe 5SS 903l 53 laeuSilie 3 sine glis oaimd L Leggiu p dlite ut Bgyn .Sy oled sy (gilolag jlows g5 1LY ¢ JSWS

18

Al > &l slaxs

I gize gl 01 yLis gty dliie pé gyl )3 &l Slawi p (gjlwo g X X 49 oS (iSeny S1.YY JSWS
Adlge oS ogeil 0 oSl




v wliwnoj HU pkiS)0 50540

&5 i F

89 97 eJgene aloyw (siloo)leg pogdle 39 @ 3l ST L (il loe ilises (lagsbgy Bl ingl cnl San
“0)la el Sy SaS & obord (Silooylae BT B Stalesl 3590 6y (iln)lae 9 oo atliend (sloo e
Ol 30k psesS i 9 ilo)lae 3 oS Gl B )3 1) gjleler loj e Gy Ve b cdn (ploju (g5le
My siloo)lee 5l (SYobo 0)93,95 9 )95 ord jloalitul b lgige 4 o> (U3 gulis . 28)5 51,8 oalisul 5,90 5 gl (g
S50 lhe & Cons (695 (5Ll 4 31 LIS @y (63150 2 (silooyloe i (sl g, L dliio 2,8 Bl 0lS gl
B 595 3133 595 Y (093 9 55y VY Jgl 45 s y5bt 392 5390 ailimej (slapdiS (3 Jus e (alS )3 (olojurm oliand
29 S 5 Aoy 4 (690 Silwoyla Laalpd )3 45 08 cadllae 3)90 pB)) (e 4531 (LS gl 3l il ol (e
O Oy U gy S o a8 (199 geie (6 el Yo bl 13) 4l o @uye e 3 Jgmg S FV+ B L didoo gyt
2 e ey Sl p3Y oloj e e 08y (med Sl & Iy (F USE) il | (59, A0) JolS” () 5 (AY)
0595wl 15y 4 barpe oS (s loj (ppidir b odmlitie o) VAT (1:SSlie b (olojos (gjloo)lae 9 oo )95 b
3ass) (03395 b lassye Clio  dibos g iy 595 S 5 3B 390 VOV/EF (3:0lio b (olo oo (5l lae g s 93 Laul >
29 S e b & (aland) 5 39 dads 595 51 pies (el (e U gy 0l g oot eSS U g, dlass (a5 U
B 59y o blod 5l i alllas 3)50 p8,1 0539 uds yg5 slod 5l 500395 Jgy Vo B b 2i3gr 03,5 A5 Ao g
9 WY N & ca lopw iloojlee baalpd 53 (595ls g 3Ll cay)j aaadls S 59, YY BV Jol (o
s 5l JolS yaowy B ey YYD 9 VY AD (5)88 (gjlwoylee 50 9 WWF 9 WWF Vo F olend— oloyw blpd > NFF
s eutS olej c i« SLBlod,S Sl g 9y YT el o i3 s 59y YV 51 G ae e 53 e (ol &S Jlopo (¥ JSL3)
o)lee pS 5o 1y oy oyl (V-VF) ()h)Sa g (goome 390 S Laworo 50 iy 4y )38 by cloj oyl 5 5395 9 990 (yw)b
)13 3955 paitine dbasly 2 pas (631500 9 (ilwoyloy (4SO L Clialie Wiled,ST 4135 SLidles S5l s Gy VE-IA
2 by losi 505 Bk b e 2l (giluo)lee b a3l Jicglhe oS sl mpw oYie lulpd air e g
b 58T Jle (sl ama e Il )98 Silwoylie 4 G 1) Wl sy 5 Ad a8y Co g oy (g3l
S35 o B glopw i)l cod a5 Sloj wusl yao (6555 (53lsoylae bl pb )3 ¢ maliis gl a)) o) 2loyw
oo 51 (B3 0,93 3929 ©,5 4o (g5 0 33,5 (oo JoUsS 655 (Sl s s (] Wl (1 5yl p0 g o) 0
JgegsSen ¥V + )95 oad Ll a8 ol (Lt glis S (o 5obisS” ()95 (silwosle 53 (5 1) liwnj lapiST (23 Jud 09
229395 {/iAD) s LED )55 5 (N0) 43 0325 ity quo¥ S 3 L (195 e (s ptoiibes Yo abold 1) el o pe o 2
2wl dlias) (SpaiS m puo (g3l5i0s (gl Ll oy ik (il 55,) oKl d )3 WITY (glod g (il jg) sl £/VA
S Uhyap Ol s ips (dl ials ole dw 4 Al )i o8y il wliwe) slapaiS > 4L UL oy e lasre
OIS g oaalie )b (1S gl o adllae (pl o 3j9liwd gy dalgs walyd Sl (sl Sl 5> Wl ST s
sl Rl 35 Lo s 55 (s 9 )98 gy e ailine slopaiS (gl o o conl (il 395 0

&b O

Currey, J., & Lopez R.G. (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. Horticultural Science, 48(4), 428-434.

Cha, J., Hickey, L.T., O’Connor, K., Alahmad, S., Lee, J.H., Dinglasan, E., Park, H., Lee, S.M., Hirsz, D., Kwon,
S.W., Kwon, Y., Kim, K.M., Ko, J.M., Shin, D., & Dixon, L.E. (2022). Speed vernalization to accelerate
generation advance in winter cereal crops. Molecular Plant, 15, 1-10.

Ghosh, S., Watson, A., Gonzalez-Navarro, O.E., Ramirez-Gonzalez, R.H., Yanes, L., Mendoza-Sua‘rez, M.,
Simmonds, J., Wells, R., Rayner, T., & Green, P. (2018). Speed breeding in growth chambers and glasshouses
for crop breeding and model plant research. Nature Protocols, 13, 2944-2963. https://doi.org/10.1038/
$41596-018-0072-z.



1FeF qogw 8ylasis i 5 oloeiy 5599 3 lptl €1y HOLS pgle Ao A

Hickey, L.T., Hafeez, A., Robinson, H., Jackson, S.A., Leal-Bertioli, S.C.M., Tester, M., Gao, C., Godwin, 1.D.,
Hayes, B.J., & Wulff, B.B.H. (2019). Breeding crops to feed 10 billion. Nature Biotechnology, 37, 744-754.
https://doi.org/10.1038/541587-019-0152-9.

Hogewoning, S.W., Trouwborst, G., Maljaars, H., Poorter, H., van Ieperen, W., & 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.

Karimi, M., Aliniaeifard, S., Mohammadian, M., Hami, A., Seifkalhor, M., Rozban, M.R., & Mousavi, H. (2022).
Effect of different light spectra on growth and morphology of lettuce in plant factory system. Agricultural
Mechanization and Systems Research, 23(83), 69-86. Doi: 10.22092/amsr.2023.360729.1433.

Kiss, T., Balla, K., Veisz, O., Lang, L., Bed6, Z., & Griffiths, S. (2014) Allele frequencies in the VRN-A1, VRN-
B and VRN-D1 vernalization response and PPD-B1 and PPD-D] photoperiod sensitivity genes, and their
effects on heading in a diverse set of wheat cultivars (Triticum aestivum L.). Molecular Breeding, 34(2),297—
310. pmid:25076837.

Kumar, A.A., Mishra, P., Kumari, K., & Panigrahi, K.C. (2012). Environmental stress influencing plant
development and flowering. Frontiers in Bioscience (Schol Ed), 4, 1315-1324.

Kalaji, H.M., Jajoo, A., Oukarroum, A., Brestic, M., Zivcak, M., Samborska, I.A., Cetner, M.D., Lukasik, I.,
Goltsev, V., & Ladle, R.J. (2016). Chlorophyll a fluorescence as a tool to monitor physiological status of
plants under abiotic stress conditions. Acta Physiologiae Plantarum, 38, 102. https://doi.org/10.1007/s11738-
016-2113.

Liu, H., Zwer, P., Wang, H., Liu, C., Lu, Z., Wang, Y., & Yan, G. (2016). A fast generation cycling system for oat
and triticale breeding. Plant Breeding, 135(5), 574-579.

Mahfoozi, S., Limin, A.E., & Fowler, D.B. (2001), Influence of vernalization and photoperiod responses on cold
hardiness in winter cereals. Crop Science, 41, 1006-1011. https://doi.org/10.2135/cropsci2001.4141006x.
Mahfoozi, S., Hosseini-Salekdeh, G., Mardi, M., & Karimzadeh, G. (2008). Freezing resistance from the lab to the
field in wheat: What should we breed for Proceedings of the 10th Crop Science s Congress, Karaj, Iran. (In

Persian).

Massa, G.D., Kim, H.H., Wheeler, R.M., & Mitchell, C.A. (2008). Plant productivity in response to LED lighting.
Horticultural Science, 43, 1951-1956.

Mohammadi, V., Soltani, F., & Najafi, T. (2024). The impact of drought stress and light quality on wheat speed
breeding. [ranian Journal of Field Crop Science. (Under Press).

Ochatt, S.J., & Sangwan, R.S. (2008). In vitro shortening of generation time in Arabidopsis thaliana. Plant Cell,
Tissue and Organ Culture, 93(2), 133-137.

Pennisi, G., Orsini, F., Blasioli, S., et al. (2019). Resource use efficiency of indoor lettuce (Lactuca sativa L.)
cultivation as affected by red:blue ratio provided by LED lighting. Scientific Reports, 9, 14127.
https://doi.org/10.1038/541598-019-50783-z.

Rawson, H.M., Zajac, M., & Penros, L.D.J. (1998). Effects of seedling temperature and its duration on
development of wheat cultivars differing in vernalization response. Field Crops Research, 57, 289-300.

Rosenzweig, C., & Tubiello, F.N. (1996). Effects of changes in minimum and maximum temperature on wheat
yield in the central U.S.A simulation study. Agricultural and Forest Meteorology, 80, 215-230.

Samineni, S., Sen, M., Sajja, S.B., & Gaur, P.M. (2020). Rapid generation advance (RGA) in chickpea to produce
up to seven generations per year and enable speed breeding. The Crop Journal, 8(1), 164-169.

Sarhadi, E., Mahfoozi, S., Majidi Hervan, A., & Amini, A. (2012). Determination of vernalization requirement and
cold tolerance in two bread wheat cultivars. Jranian Journal of Crop Sciences, 14(1), 29 -43. (In Persian).
Sharifi, H.R., Kiani, M.R., & Gorbani, A. (2011). Response of some beard wheat (Triticum aestivum L.) genotypes

to vernalization. Seed and Plant Production Journal, 29(2), 129-145. Doi: 10.22092/spp;j.2017.110428.

Shourbalal, S.K., Soleymani, A., & Javanmard, H.R. (2019). Shortening vernalization in winter wheat (Triticum
aestivum L.) using plant growth regulators and cold stratification. Journal of Cleaner Production, 219, 443-
450.

Song, Y., Duan, X., Wang, P., Li., X., Yuan, X., Wang, Zh., Wan, L., Yang, G., & Hong, D. (2022). Comprehensive
speed breeding: A high-throughput and rapid generation system for long-day crops. Plant Biotechnology
Journal, 20, 13—15. Doi: 10.1111/pbi.13726.

Sysoeva, M.1., Markovskaya, E.F., & Shibaeva, T.G. (2010). Plants under continuous light: A review. Plant Stress
4, 5-17.

Trevaskis, B., Bagnall, D.J., Ellis, M.H., Peacock, W.J., & Dennis, E.S. (2003). MADS box genes control
vernalization-induced flowering in cereals. Proceedings of the National Academy of Sciences of the United
States of America 100, 13 099-13 104. Doi:10.1073/pnas.1635053100.

Trevaskis, B., Greenup, A., Peacock, W.J., & Dennis, E.S. (2009). The molecular biology of seasonal flowering-
responses in Arabidopsis and the cereals. Annals of Botany, 103, 1165-1172. Doi:10.1093/aob/mcp063.


https://doi.org/10.22092/sppj.2017.110428

Al wliwnoj U pliS )0 50154

Trevaskis, B., Hemming, M.N., Fieg, S., Peacock, W.J., & Dennis, E.S. (2009). Regions associated with repression
of the barley (Hordeum vulgare) VERNALIZATIONI gene are not required for cold induction. Molecular
Genetics and Genomics, 282, 107-117. Doi:10.1007/s00438- 009-0449-3.

Trevaskis, B., Hemming, M.N., Peacock, W.J., & Dennis, E.S. (2008). Lowtemperature and daylength cues are
integrated to regulate FLOWERING LOCUS T in barley. Plant Physiology, 147, 355-366.
Doi:10.1104/pp.108.116418.

Trevaskis, B., Tadege, M., Hemming, M.N., Peacock, W.J., Dennis, E.S., & Sheldon, C. (2007). Short vegetative
phase-like MADS-box genes inhibit floral meristem identity in barley. Plant Physiology, 143, 225-235.
Doi:10.1104/pp.106.090860.

Trevaskis, B., Hemming, M., Dennis, E., & Peacock, J. (2007). The molecular basis of vernalization-induced
flowering in cereals. Trends in Plant Science, 12(8), 352-357.

Turner, A., Beales, J., Faure, S., Dunford, R., & Laurie, D. (2005) The pseudo-response regulator Ppd-H1 provides
adaptation to photoperiod in barley. Science, 310, 1031-1034.

Tester, M., & Langridge, P. (2010). Breeding technologies to increase crop production in a changing world.
Science, 327(5967), 818-822.

Watson, A., Ghosh, S., Williams, M., Cuddy, W., & Simmonds, J. (2018). Speed breeding is a powerful tool to
accelerate crop research and breeding. Nature Plants, 4, 23-29.

Wheeler, R., Mackowiak, C.K., & Sager, J.C. (1991). Soybean stem growth under high pressure sodium with
supplemental blue lighting. Agronomy Journal, 83, 903-906.

Yao, Y., Zhang, P., Liu, H., Lu, Zh., & Yan, G. (2016). A fully in vitro protocol towards large scale production of
recombinant inbred lines in wheat (Triticum aestivum L.). Plant Cell, Tissue and Organ Culture, 128, 655—
661.

Yao, Y., Zhang, P., Wang, H.B., Lu, Z.Y., Liu, CJ., Liu, H., & Yan, G.J. (2016). How to advance up to seven
generations of canola (Brassica napus L.) per annum for the production of pure line populations. Euphytica,
209(1), 113-119.

Yan, G., Liu, H., Wang, H., Lu, Z., Wang, Y., Mullan, D., & Liu, C. (2017). Accelerated generation of selfed pure
line plants for gene identification and crop breeding. Frontiers in Plant Science, 8, 1786.

Yazdi-Samadi, B., Mohammadi, V., & Abdmishani, S. (2010). Breeding Field Crops. Nashre Daneshgahi, Tehran.

Zheng, Z., Wang, H.B., Chen, G.D., Yan, G.J., & Liu, C.J. (2013). A procedure allowing up to eight generations
of wheat and nine generations of barley per annum. Euphytica, 191(2), 311-316.



