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ABSTRACT

The formation of a flowering stem in Lilium requires the production of commercial bulblet and its breaking
dormancy. Three experiments, each as a completely randomized design based on a factorial experiment, were
conducted. The first was to evaluate the effects of cultivar and naphthalene acetic acid (NAA) (100 mg/L) on bulblet
production rate in scales. In the second, with the aim of investigating the effect of medium culture and bulblet size on
bulblet size-changing percentage, bulblets were classified into three sizes according to circumference and weight,
then cultivated in two peat:perlite (70:30) and sandy medium. Six commercial hybrids were used in these two
experiments. In the third, the effect of bulblet size, chilling, heating, and gibberellic acid on dormancy breaking of the
top three cultivars were investigated. In the first experiment, NAA did not have a positive effect on bulblet
production, and the highest production rate (4.1 bulblets per scale) was seen in not treated scales with NAA in
‘pinnacle’. According to the results of the second, the largest bulblet and peat:perlite medium showed the best results.
The highest bulblet circumference-changing percentage (99.7%) and the highest weight-changing percentage
(180.56%) were obtained in the largest size of ‘Pinnacle’ bulblet in peat:perlite medium. According to the results of
the third, more than 60% of gibberellic acid-treated bulblets in ‘Pinnacle’ and ‘Eyeliner’ flowered, and the largest bud
(8.57 cm) produced by the largest bulblet in ‘Pinnacle’. Therefore, ‘Pinnacle’ and ‘Eyeliner’ were introduced as
suitable cultivars for production and gibberellic acid as a chilling replacement for dormancy breaking.

Keywords: Bulb scale, Chilling, Lilium, Naphthalene acetic acid.

* Corresponding author E-mail: ghanbari66@yahoo.com



e Sy 08y iz ) Dl S 5 03l il oS g s Alie ) 5 53200 Voo f

Takayama & ) 59 oo oolaiwl dly, odgi pioren
ST 90,90 laxcds NAA oS | > (Misawa, 1979
ity il e )5 9 Joho (SaniS S 20 o
s b oS Ll (Wattimena, 1991) 05 5 o
09)° Sladigein; a5 oad (BIF VNV Jlo o
NAA gl Lol cutS Lo o5 poeld (slasnds
5 0098 b slaaiy, adg 4 0B plaSze wogd
yoe NAA (ST 982 0 b coslis s oy
3 090098 il GalS B Slo (pl &S Cenl on
pokd (Kundu et al, 2021) ail o aly, odg
9, 3B s ) asllae sl Jae ol G plgeay
) 3B aw 0y90 (nl (b &S Wl el 4 SS9
Sgbiss odd (@S 5By (ciag) Eob (Sl plee
Sloz 5l 5B s o a5 oald S8 calide Wi 55 o
2 g ol S5 ol ale LSis (oha) Esb
039 o (Sa3glsnied oo 3l Frotee S gm 39 0399 02
FICTERE AP S JPINC ZSUE JER O
YL s b S sl g Ll oolas Lol adle
Ailodges adgi Lol adle Aol Sl Lall cos
Taiz & Zeiger, 1998; Langens-Gerrits et al., )
L g )l ol & Sogw yoww, slp .(2003b
O aS ailee ady Jad 4w 4 sli ool 8
29 ISy SE g s ol SE g bt
39,5 50 Sl (6)1) oyt HB Eom 5] b
Naseri & Ebrahimi, 1998; Padasht Dehkaei ef al., )
a8 .(2006; Shafyii-Masouleh et al., 2010
VIO BN (5 009 o8y & dily (ould slaSs g
Clo> ek 50 K08 e E9oge wBlise el
ot gm 53 33,5 00 ol S5y 5| e o o3 g
Obled g2y by ol o o D> Sl o
S 5 Salsge sloshs, Ul 5o f
Ooye adyy RSy I pbpbs pezer S99
b Lulyd Dlo les (b yo Sdpdy valys
Sl CanSl S 4 Fgw Zulie glp Lol Jele
Le Nard, 1983; Le Nard & De Hertogh, ) ol
S gw oy 3l w poudd slaasss 251 .(1993
Gl ;5 moley slatin Wiz 090 Sy 4 LSy
aS (o5 il a0 0 U Y sleo) slazil e g ol

4o
059 (Bub) 2o s )ls S (n frotes 3l (S poekd
@ Lo onp a2l GloJS om0 1) )z a5, &S
S oo Sliz 9 5y cde 4 g ools plaisl oy
S e il ail oo ol Pl s goladl s
9 S Ole e 395 5 ) olds) dJer
Thakur et al., 2006; Van Tuyl ) s o 1y g,
) gdaw (& Arens, 2011; De Hertogh et al., 2012
Bl aids jiS @ ] o e Ae aS oo S B -
JW b jlaae ool Ll (Arens ef al., 2014) col aiils
JSe QAL & L.’J.m wils jgiS o ol 4 YY)
hoae gl Jsb jo &5 cal (Ghge 53 cal g oo,
Centraal ) ail oo LS VY 050> b casSudss o
31 olpl o .(Bureau voor de Statistiek, 2022
odiS oy (sl ,9iS 3l peld Fow @lddS b Jlo
30 ol Glsly e a5 (G ebas .l sns (gl
0093 9,92 \Y-FFY L_)ﬁ‘ﬁ )%54.5 \VAY J9| JL“W""
yodle dls 2 iy cpo (Azadi, 2006) ol
s By eas 3l 5l oYL dle z95
Ol 5S4 podd Fow Dhojly LS 0 en
335 oo ool 3 (sladai 3 (slags o g BT 394
BUCIPE-S Ly poskd Fow (Khosravi et al., 2008)
axao S5 (59, p (Scale) G....u; ould pas 8 8
Ol alesy 4 podd obojl a5 4 S ISS LKL
ezt 5SS G s,y il S S s
(SIS pld gy (AN, 2015) 59, oo Hleud 4y Lis yo
ok 50 IS by piauie oS 5 00 @i
31 eolail (Xiuting ef al., 2020) 598 oo Cgmze
2SS 53 (grmg pobds 55 (BT W (SlaosisS e
Hanks & ) ols 0,5 JofFgw oiu) LS v,
Rees, 1977; Lestari et al., 2019; Kundu et al.,

5 obd 3l Bulblet) SSgw 5,5 S5 ;0 NAA)



Veed VE) ol oF 8,Las O 850 o))l SLEL pole

)‘ oolaiwl l.: C}w J..Jja o u...aﬁ}a 9 Sl ool
2 o Db B Sl e pg Caws slagge
Sldod gl all aldls adgy sloas e rals
Slgaw 3l udd 05 las L as cols jlis asds
Ol o3l s Sz g stag) 0,90 5 3 S5
S g 6lp adgl iy Lal b aloe lds lals
;o (Franssen & Voskens, 1997) 5gi oo o2l,3
4 pedcewd lagaw jl eolaiul Sl Lol b
SIS Lalpd 5o (s (9 )STaz L) SEpm lge
ol o el a8 S 13 ) 3yee S8l sl
2 CiS e g S g adsl o3l o8, 5l bl
SEew 039 9 Ol Lt oIl ek ws )
669$L0)M ).a‘ ‘Q”‘ » og)LC w‘ AW 0wt
@lizes o3lail d Olgs cuss jo s g (2L T
il Sl B w08y A 0 SEgm
9 Vb o3 SEsm 25 b canlio g1 (3 g3y
9 o3l Gl 2SS (gl (oe (SS9 )l izmen
clis o3l b plagom 9iS J2Is 50 Glgn sy

Dy iS5 5 algi el

B w95 9 dMgo

$2LS Slgo
bopsekd 6yl slovy e 5l o8, &y slagsw
el 4 (Oriental x Trumpet) OT slice
‘Candy «Pinnacle’ <Flash point’ (‘Abinas’
LA slise L o3, S ¢ ‘Pink place’ «club’
4 ‘Eyeliner’ sb 4 (longiflorum X Asiatic)
2 ool JS SBasSady S S ey
(wda ;525 51 6,1 poad jly oaiiSs)lg) e
Al o 4y g ool S L SO Fgw cpl ol Ay
Sl ob (3l B g eda, ealf
oedgy b Slidss 4lklS 0 YA bovay
3 &ly $5,3laS S5l oRamghy )0 (glased
Car wfonols S U eas bl 28
4 gy (7,8 (Tl pas 5l Jluebl 5 alosesn
ax,0 YO) alds gl o e SO Do
ol lauld T 5| s 5 4 5,0 (5 il

25,18 3L5 sS oo (Vernalization) (s5lwe,les ol
OlF b (plaggw wilgh g oad Sby bl Sls> U
JFn o Sl wnles alg kS g Sjal
@olopw g b Vol 0y90 S L Loy
Streck, ) ail oo oigiy 4 diunly ol (pl a5 WSS 0
31 S sbas (2002; Shafyii-Masouleh et al., 2010
caby by b dlsy b Soaw clls ol
b oid @ od) @ a2 b o5 oy <ol b slagom
YE) oo oligS 05 b el 30 ooy ole
Ol by Rl Oleea e (Celo
b (Niimi ef al., 1988) sg05 W ) a3 s gi5ailg>
e b e 85 60 ol VY L o aulesl
Jlis 4 Siale 5l aw 1) S 5 drwg canl S
A, 929 4 bSSgw a0 g wil il
Jlo o Ly aee yo (Gerrits et al., 1992) oSS
525 5 ol 5lod S gy b (oilafl o Y1
S SlaSEse Sly CaSh n sl S
sl Sl S T3 S oad 3155 L
G S g aSl ool alnSs S guw Ul LS &
V) ol CBIE G L (o3l Lama 5 o caiS
g Ao dlawi (SEgw Jld iy (i o 05 e
Gl JES) 5l am Geizmen 9 00,8 Wi 1) ew S p
eSS g o, WlS o (555l § S @ b SS g
JUNPTRONN S AP E NI SIS I S W
4 .(Mojtahedi et al., 2014) Klodges ddg o,los
<lg> ‘Snow Queen’ ygmen ooigi 5l S p
a0 F0 O jo aiels p obo S s SO L laggw
oS cwl b o ol clSl salys 50 ol 5 le
Star iy Sy cess 0 55l gs pole S
.(Langens-Gerrits et al., 2001) <ol ailas Gazer’
Gl Gbgsw Syn gbalkls s
S3 eslital 8590 (a8 0)98 S (sl e (Sl
2 5 g A 5 o 28 5T Juls o 05,5 s
5 ogame slaws Gl jo il e gum slroyge
3 (pgocwws boFgw) L8 oul cuiS slaFgw
SS 0 pd g SBOMS wisled ez g e Bblie
4 baze (ormb (SLAS Gl Sl G B Neb o
il S5 4 gy cal 5| o955 g, JS



Qe 1B, Wiz 0 Ol CllSd g ojlasl ]38l (S g 0 g8 anglie 1)) e gy D8 Voot

ESRRISENERCT S NPT SR B
st e uld 5o 5l S g 1285 25 Gezren Slio
50 s B8 sl ady SSsw e o W
oad adgi ity dlasi g pliads) we ) ( SE s

28518 2bs)l 9 90 eSS e

Sy 9 S gm0 adsl o3l o8y H1 o)y 903
SSow 0139 9 030l Lo i (e g CllS
ay Juad (b

O ead (Feaedd b SEew bl cnl e
w50 059 9 ool dame a5 5l S ae (o8,
Syr g (V o3lash) lawgte o) o3l SsS o3l
2 adslh oslal JIL ol gaazes (V7 o5l
an S b S ojlwl s (e
039 5 Ol b (o5 Dglitin 4y Az i b 0g
PGl o8, o 0wl plB)] 0 S
5 ob abal o3, olen o ojlul Ll Ll
g Olyie 4 () Jouz) o9 03 ples it
‘Pinnacle’ o3, ;0 ool (gumaiwdy sl S gu
30 Wy Sy L S g b plB)l 51 G as
30 Sled, o 0 el sl ool las VS
2 lasle yn 5 (FeV ) codpioay cas
oy My Jad (b SE s ol s Gl
30 eddgandiwd b SEaw S Gl e ol
AoxBexY e (o) olol b (Seadly sladr
2 smb sy absie sbhaer e Sl
OV oldlizr Jsb b g)s e y0 o] Glse
Py S Al T aiss -y Az
Flods 4l FO 5 addo YA 5 az 0 YO L8l 5
Sl b ol ools I8 canl )58 Gl
om0 b b llph e laSsse
Odsl Al e 3l e atie g ey CBAS
Oy ol a3l byl Gl Jad o SE g
LSS an ohai, woy 5 gralex aoje
doyd g el lase sl duo)o ddy, olass
Sl bSGaw 535 2,6 b bSEsw (159 e
b jati wo s (liee (8,5 O 50 SiS
09,5 dsle (1) abayl, 5ab oS gus y30l ey

Guney et al., ) 15,5 Bi> >,5 00 cuml 4
ssbe 4 plle GlasSgn 5 lagudd o 2017
Sl ok 5o cebe b e 4 (e Ssiens
RV T SC VAPV I IRV I I PR B
A s S Y Sl b ol S 6 sl
LSS g budd (Soaend 5l Wad jgabse
a0 YO les yo cele i U ke Soe a

IR E FRR PR KO IPH T CR R S g

SLSS g wdsi 5 NAA 5 o8 J1 (o) 22 0903

sl
Gl w8, S 5l edy S ey sekiie
Jlowsl 5 xSy e ay o oolizasl ,Sall 3od
Marinangeli et al., ) Sle slo udd ojlail og
530 S adsi sl audd ool e (2003
P20 0ad Jgacas sla s e 5 )8 cola]
Lol ol S5 ol utid S o 53 0,
b ocaS bl (FeVe) el see
Calbes b ciaS s 5l Y SO a8 i (ua
3 o, Sedly 3 el 10 B )
Sy ) ol alols b ld sae Yo
Sl dw i Geed 40 ools 18 0T (g,
ooly HI,8 uld sue Vo ¥ o 0 g CllS o
o b el s,y ol 3T 48 5 as
VO L Ve Togus cwlies b cud picas bolss 40Y
Al mrp Sz peizres b oaildg (6 e Sl
ol 3 ets SWIL (2SS 25 2 NAA
oad oolaiwl g, ubo colaiwl 0)90 Wl pla
4285 ¥+ Sowe 4 «(2017) Guney et al. lawgs
o e Ve Sl L NAA Jybue s s s
JoB Al alie G g aaS jgabss ) o
Golel ol Jloo a5 asai ol cas Sadly o
33 00,8 u...oia Gy A Cugb U al pl!
S S e s ah ey Sy e
JAS i Sypen bl el 5 cd S
s 595 Eh R Loy 45 S jse oal 4005 e
S e el o)l LSaadly o 35 5L L L
@@lpp o> Ehow VO L Ve SaDL e )0



Voy VE ) i oF 5,Les O 8,05 o)l Ll pole

b s do o=

Lo oo Jed 56 s )l Ay S g 90l o Lare O)'L)Jl*w r:l.i;.lz: 3 S g u}ol}y s o)'L)J\ d.]a.gl)

x\ e

Siges (g6l

cuis ﬁl.i;.a’ 5 &5}.» 05“}"" Jaw a)'bdl N)

WSS g 539 9 O3l Lanme elel g pguld calisie e )] slacSS g (sanais N Jeoa

Table 1. Bulblets sorting of different cultivars of Lilium according to the bulblet circumference and weight.

Bulblet size Cultivar Bulblet circumference (mm) Bulblet weight (mg)
‘Abinas’ 20-25 2000-3000
‘Eyeliner’ 15-20 500-1000
Size 1 ‘Flash point’ 15-20 1000-2000
‘Pinnacle’ 20-25 3000-4000
‘Candy club’ 20-25 3000-4000
‘Pink place’ 15-20 1000-2000
‘Abinas’ 40-45 3000-4000
‘Eyeliner’ 30-40 1500-2500
Size2 ‘Flash point’ 30-40 2000-3000
‘Pinnacle’ 40-45 4000-5000
‘Candy club’ 40-45 4000-5000
‘Pink place’ 30-40 2000-3000
‘Abinas’ 60-65 4000-5000
‘Eyeliner’ 45-50 2500-3500
Size 3 ‘Flash point’ 45-50 3000-4000
‘Pinnacle’ 60-65 5000-6000
‘Candy club’ 60-65 5000-6000
‘Pink place’ 45-50 3000-4000
@A)

Scale bar: —

S Yoo ¥ g o Lo Yo-YO Y o3lail 59 9 (g0l yu daaors Pinnacle’ o3, ool (gaainws oS gw ) S
Fe-rFO Y o)"JJ‘ 0)5505'011‘3" .‘a.:.?bos ®B) ﬁ;&:ﬁ foooleoo 5}».0&3.0 f--fo:y o)"d.}‘ )99 us.o‘)..u Ja...?:A‘(A)

ashes Ve lide b3 (C) )5 (Lo Be e Fre e g e s
Figurel. The sorted bulblets of ‘Pinnacle’ cultivar: bulblet circumference and weight of size 1: 20-25 mm and 3000-
4000 mg (A), bulblet circumference and weight of size 2: 40-45 mm and 4000-5000 mg (B), bulblet circumference
and weight of size 3: 60-65 mm and 5000-6000 mg (C). Scale bar: 10 mm.
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Table 2. Mean comparison of NAA and cultivar effects

on bulblet production from bulb scale and some traits of

regenerated bulblets in lily cultivars.
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The values in each column represent means =+ standard error of three replicates. In each column means followed by at least a common letter, are not

significantly different at 5% probability level.
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Table 3. Results of variance analysis of cultivar and NAA effects on bulblet production from bulb scale and some
traits of regenerated bulblets in lily cultivars.

Mean of squares
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Cultivar 5 3341.1117 2761.667" 1.993"  2.8207  479.2307 763317.379" 2.509"
NAA 1 152111117 36736.1117  17.710™  2.700”  1308.120"  7592885.825"  32.033"
Cultivar x NAA 5 719.444" 1069.444™ 0.877"  0.533" 80.290" 777566.954" 1.533™
Error 24 11.806 5.556 0.004 0.091 1.179 2702.867 0.303
C.V. (%) 0.57 0.80 0.52 0.18 0.36 0.71 0.40

**: Significant difference at 1% of probability level.
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Table 4. Results of variance analysis of cultivar, medium culture, and bulblet size effects on some traits of bulblet in
lily cultivars.

Mean of squares

Sources of variation df Bulblet sprouting (%) Bulblet rooting (%) Root number

Cultivar 5 5648.243 2097.596 21.369
Medium culture 1 8628.018" 122172.1317 273.158"
Bulblet size 2 9180.964" 6485.063" 32.506"
Cultivar x Medium culture 5 2173.075~ 3129.363" 7.207"
Cultivar x Bulblet size 10 2364.284" 1153.569" 3.486
Bulblet size x Medium culture 2 1257.100" 1443.624" 2917
Cultivar x Bulblet size x Medium culture 6 1164.986" 694.042" 447"
Error 64 121.767 42.882 0219
C.V. (%) 0.69 0.95 0.98

**: Significant difference at 1% of probability level.
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Figure 2. Means comparison of the effects of cultivar, medium culture, and bulblet size on bulblet sprouting

percentage (A), rooting percentage (B), and root number (C).
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Figure 3. Means comparison of th effects of cultivar, medium culture, and bulblet size on bulblet circumference

changing percentage (A) and weight changing percentage (B).
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Table 5. Results of variance analysis of the effects of cultivar, bulblet size, and treatments of dormancy breaking on
bulblets sprouting percentage and stemmed bulblets percentage after dormancy breaking, flowering percentage and
bud length in lily cultivars.

Mean of squares
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Cultivar 2 3761.692 37993.827 1667.569 33.750
Bulblet size 2 10412.153 10401.235 6339.875 128.017
Dormancy breaking treatment 2 3367.172 4660.494 764.890 12.486
Cultivar x Bulblet size 4 165.668 4012.346 1667.569 33.750
Cultivar x Dormancy breaking treatment 4 74.704™ 1327.160™ 237.823 3.126
Bulblet size x Dormancy breaking treatment 4 529.461 123.457" 764.890 12.486
Cultivar x Bulblet size *x Dormancy breaking treatment 8 98.256 1512.346 237.823 3.126
Error 54 43.151 524.691 29.343 0.063
C.V. (%) 0.63 0.46 0.47 0.45
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** * ns: Significant difference at 1 and 5% of probability levels, and non-significant difference, respectively.
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Figure 4. Means comparison of the effects of cultivar, bulblet size, and treatments of dormancy breaking on bulblet
sprouting percentage (A) and stemmed bulblet percentage after dormancy breaking (B).



A)

Flowering (%)

(B)

Bud Length (cm)

o Sy 185 Wiz 0 Olss Sl g o3lail al381 (S g a9 dnlie 1)K g 5N VeNg

©) D)

oV olul S gu 2al8 (S g CuiS 5l oo 90 (B) Lol 4Bl 5 (A) owdd oS s adgi g Jails> 0 i
.(D) ‘Eyeliner’ 4 (C) ‘Pinnacle’ pl3,| jo sl I poz 5l oolainl b Clgs Sl

Figure 5. Sprouting and production of scaly leaf (A) and main stem (B) two months after bulblet potting, flowering of
size 3 bulblet after dormancy breaking by GA; in ‘Pinnacle’ (C) and ‘Eyeliner’ (D) cultivars.
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Figure 6. Mean comparisons of the effect of cultivar, bulblet size, and treatments of dormancy breaking on flowering
percentage (A) and bud length (B) four months after sprouting in lily cultivars.
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