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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. 
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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) 

Size 1 

‘Abinas’ 20-25 2000-3000 

‘Eyeliner’ 15-20 500-1000 

‘Flash point’ 15-20 1000-2000 
‘Pinnacle’ 20-25 3000-4000 

‘Candy club’ 20-25 3000-4000 

‘Pink place’ 15-20 1000-2000 

Size 2 

‘Abinas’ 40-45 3000-4000 
‘Eyeliner’ 30-40 1500-2500 

‘Flash point’ 30-40 2000-3000 

‘Pinnacle’ 40-45 4000-5000 
‘Candy club’ 40-45 4000-5000 

‘Pink place’ 30-40 2000-3000 

Size 3 

‘Abinas’ 60-65 4000-5000 
‘Eyeliner’ 45-50 2500-3500 

‘Flash point’ 45-50 3000-4000 

‘Pinnacle’ 60-65 5000-6000 
‘Candy club’ 60-65 5000-6000 

‘Pink place’ 45-50 3000-4000 
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 A(2B‘Pinnacle’ .��(/� �� �  ��6'! g'`� :1 :25-20 :<'�    � 6��4000-3000 :<'�    ;6>

)A( .��(/� �� �  ��6'! g'`� �2 :45-40 :<'�    � 6��5000 -4000 :<'�    ;6>)B(  .��(/� �� �  ��6'! g'`� �3 :65-60 

:<'�    � 6��6000 -5000 :<'�   > ;6)C.(  :��'"� g*10 :<'�   6��.  
Figure1. 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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 Z��N& 0<G $B 0+� ?�	� v��*� ?#�

 0K<b �� v��*� �# � -#���WNAA  � $��� ��C $B

(
�B 45� 6y� ?'2a	�.  6B 6\#� :"'"`& �� ?'2a	�

 .�'> A��� �/W#;  ; /��(/W 45� &� X: �� .��N�+� �

NAA $O#� 6B ��� :#�� $O'
  � $�
�� 07c� 6y� A�

) $O#� ��	
 ?'\/�'� ?#6�O'B89/12  (.�'> �� �(G

) 0K<b ?#6&M�B ��89/12 :<'�  6�'% 6B ;6>NAA $B (

) 0+� .(
 =X�J $��� ��CAelaei et al., 2017 $C (

4� ;(G ?#� �J P'"`& |#��/ �B :# + 0+� ?�	� �6s

 ='%� $B4'K2& Z��N�� 6y� .(22C  ���'> �� (
� A��

.(
�B m<�n�  

  

 T�(E2 6y� ?'\/�'� $�#�"� .NAA )* + Z�NX :*6B � L<� �� )* + ('% & 6B 45� �   ; '<'% ;�5�� �� .(
 :#����B A��.  
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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‘Abinas’ 8.33±4.41
e

 63.33±1.67
c

 3.00±0.00
b

 6.00±0.00
a

 40.87±0.59
b

 1031.15±90.03
c

 3.00±0.00
b

 

‘Eyeliner’ 0.00±0.00
f

 100.00±0.00
a

 2.00±0.00
c

 4.00±0.00
c

 32.71±1.25
d

 756.60±5.08
d

 4.33±0.33
a

 

‘Flash point’ 75.00±2.89
b

 18.33±1.67
e

 1.60±0.06
d

 3.33±0.33
d

 24.17±0.44
g

 676.60±2.87
d

 2.33±0.33
b

 

‘Pinnacle’ 0.00±0.00
f

 100.00±0.00
a

 4.10±0.06
a

 5.00±0.00
b

 39.63±0.37
b

 2245.43±24.00
a

 4.67±0.33
a

 

‘Candy club’ 58.33±1.67
c

 100.00±0.00
a

 2.00±0.00
c

 4.67±0.33
b

 45.89±0.06
a

 2069.25±34.17
b

 4.67±0.33
a

 

‘Pink place’ 6.67±1.67
e

 85.00±2.89
b

 2.02±0.04
c

 4.00±0.00
c

 26.39±0.20
ef

 1080.74±1.33
c

 4.67±0.33
a
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A
A

 

‘Abinas’ 70.00±0.00
b

 10.00±0.00
f

 1.00±0.00
f

 5.00±0.00
b

 25.53±1.35
fg

 519.76±4.06
a

 2.67±0.33
b

 

‘Eyeliner’ 51.67±1.67
d

 41.67±1.67
d

 1.00±0.00
f

 4.00±0.00
c

 23.77±0.15
g

 492.83±0.15
e

 1.33±0.33
c

 

‘Flash point’ 91.67±1.67
a

 0.00±0.00
h

 ND ND ND ND ND 

‘Pinnacle’ 63.33±1.67
c

 18.33±1.67
e

 1.43±0.00
e

 3.67±0.33
cd

 36.80±0.44
c

 382.49±2.09
f

 2.33±0.33
b

 

‘Candy club’ 71.67±1.67
b

 8.33±1.67
fg

 1.00±0.00
f

 4.00±0.00
c

 28.11±0.11
e

 387.51±3.95
f

 2.33±0.33
b

 

‘Pink place’ 46.67±1.67
d

 5.00±0.00
g

 1.00±0.00
f

 4.00±0.00
c

 5.25±0.04
h

 369.71±2.95
f

 2.33±0.33
b

 

?'\/�'�    �+ 6� �� �� ±  ���(/��+� A�S*3 :� ��6�&    .(
�B�  �+ 6� ��'\/�'? ��:#  =5�(J �B#)  Z��N& (X�� |2! T�	�J� RS+ �� �z6�O� v6J

2V�: ���A (/��(/. 

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. 
ND (Not detected)  : :#�+�2
 ;(G  

  

 T�(E3 .��/#| ,f&#$ ���#L/� � 45� 6y� NAA % & 6B'(  � L<� �� )* +:*6B �*�
   ��A )* +   ��A ����B:# .(
  ;�5�� ��

; '<'%.  
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. 

Source of variation df 

Mean of squares 
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Cultivar 5 3341.111** 2761.667** 1.993** 2.820** 479.230** 763317.379** 2.509** 
NAA 1 15211.111** 36736.111** 17.710** 2.700** 1308.120** 7592885.825** 32.033** 

Cultivar × 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 

**: Z��N& 2V�:  ��� T�	�J� RS+ ��1 (X��.                                                                                           **: Significant difference at 1% of probability level. 
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���:   ���� ,��     � � � ������ 1�2� ���-& ,���

"#��    $3� 45) �6  

$C ��� �O/ A���W |#��/  $'%�� .��(/� �45� =B�"�� 6y�

$/� E (X�� 6B 0OC 6��B � )* +   $O#� �:/�    � :#��

)* + $O#� ��(V& :2V� ��    T�(E) 0+� .� B ���4 .(

$/� E (X�� ?#6&M�B   )* + �� :/�    .��(/� A��3  0OC

 45� �� 0'%6!:0'! 6��B �� .(
‘Pinnacle’  �,'� �B

100 $/� E (X�� .(�W 0+� $B (X��    �� :/�

)* +    .��(/� A��3 $+�� 6��B �� 45� ?'	�    Y�7#6"& A�

 �B 6B�6B64  =�
) � B (X��A-24�6B .(    .��(/� �45� -2C

$O#� (X�� 6B 0OC 6��B � )* + $'%��   )* + :#��    ��

:2V� 6y�    T�(E) ��� �O/ ���4)* + .(    .��(/� A��1 

$+�� 6��B ��    �.(
 0OC ;�5�� �� )# h'� �� A�

$O#�   )* + .(/(O/ ���    .��(/� A��2  6��B �� .(
 0OC

 45� �� �� �92& �$+��‘Abinas’  �‘Eyeliner’  ]'&6& $B

 �B33/58  �78/27  .(/(
 $O#� ('% & $B P� � �(X��

$O#�   )* + :#��    .��(/� A��3  �� �92& �$+�� 6��B ��

�� ;�5‘Eyeliner’ �‘Abinas’  �‘Pinnacle’  �B ]'&6& $B

100 �67  �24 $O#� (X��   )* + .(
 .(#� :#��    A��

 .��(/�2  �� -'B 0'%6!:0'! 6��B �� .(
 0OC80 
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 6� �� .(/��� �O/ :#��
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) � B (X��2 :B.(  ,'/ $O#� ��(V&

4�6B 6'y{& 0`&    6��B � )* + $'%�� .��(/� �45� -2C

 T�(E) � B 0OC4 6��B �� �$O#� ��(V& ?#6�O'B .(

)* + �� 0'%6!:0'!    .��(/� A��3  �2  45�‘Pinnacle’ 

 �,'� �B ]'&6& $B7/7  �3/7  =�
) (
 .(#�2 :C(. 

@ +   B ; '<'% A��.��(/� �    �� 0OC �� L! �m<�n� A��

 ��`% �� �� Z��N& �� :V'+� m'[ $/�n<> �# � ?'��

:� �O/ A����B � (
� :7�/ ='�/��!    $C �63 �(2��

?''V& =��G    @ + $'%�� �� �0OC �� L! (
� .(22C

:�   )* + � (
�B    A6�O'B 0G6+ �B 6�>�,B A��
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Kumar et al., 2001 P'"`& |#��/ �Z�
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W  ��6'! g'`� 6''j& (X�� �,'� � 0�6> ��65    ��
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 .(#�
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 T�(E4; '<'% ;�5�� �� )* + Z�NX :*6B 6B )* + .��(/� � 0OC g'`� �45� 6y� L/�#��� $#,f& |#��/ ..  
Table 4. Results of variance analysis of cultivar, medium culture, and bulblet size effects on some traits of bulblet in 

lily cultivars. 

Sources of variation df 
Mean of squares 

Bulblet sprouting (%) Bulblet rooting (%) Root number 

Cultivar 5 5648.243
** 

2097.596
**
 21.369

**
 

Medium culture 1 8628.018
**
 122172.131

**
 273.158

**
 

Bulblet size 2 9180.964
**
 6485.063

**
 32.506

**
 

Cultivar × Medium culture 5 2173.075
**
 3129.363

**
 7.207

**
 

Cultivar × Bulblet size 10 2364.284
**
 1153.569

**
 3.486

**
 

Bulblet size × Medium culture 2 1257.100
**
 1443.624

**
 2.917

**
 

Cultivar × Bulblet size × Medium culture 6 1164.986
**
 694.042

**
 4.417

**
 

Error 64 121.767 42.882 0.219 

C.V. (%)  0.69 0.95 0.98 

:** Z��N& 2V�: ���  T�	�J� RS+ ��1 (X��   .                                                                  **: Significant difference at 1% of probability level. 
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 =�
2�� 6B )* + .��(/� � 0OC 6��B �45� 6y� ?'\/�'� $�#�"� .$/� E (X   ) :/�A$O#� (X�� �(   ) :#��B) )* + $O#� ��(V& � (C(.  

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). 

  

  
 =�
3'\/�'� $�#�"� .)  ��6'! g'`� 6''j& (X�� 6B )* + .��(/� � 0OC 6��B �45� 6y� ?A) )* + �� 6''j& (X�� � (B(.  

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. 
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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). 

j

ij
hij

j

ghi

fgh

j

hij

efg

j

ghi

efg
fgh

de
cd

hij

efg

de

hij

cd

ef

bc

ab a

ef

c c

0.0

20.0

40.0

60.0

80.0

100.0

Abinas Eyeliner Pinnacle

B
u

lb
le

t 
S

p
r
o

u
ti

n
g

 

p
e
r
c
e
n

ta
g

e
 a

ft
e
r
 D

o
r
m

a
n

c
y

 

b
r
e
a

k
in

g
 

Size 1/Heating Size 1/GA3 Size 1/Chilling Size 2/Heating Size 2/GA3

c c

a

c

a a

c

ab

a

c

ab

a

bc

a a

c

a a

bc

a aa a a

a

a a

0.0

20.0

40.0

60.0

80.0

100.0

120.0

Abinas Eyeliner Pinnacle

S
te

m
m

y
 B

u
lb

le
t 

p
e
r
c
e
n

ta
g

e
 a

ft
e
r
 

D
o

r
m

a
n

c
y

 b
r
e
a

k
in

g
 

Cultivar

(A) 

(B) 



1016  ���  :����	� � � !�"�#$� % &'( �)* + �,��#- .��(/� � 0��
 1� * �� (23 45� �'67#( ... 

 

  
 =�
5$/� E .    ('% & � :/�F6B A�� ) :�<�A( ) :<X� $5�+ �B(  .��(/� )* + :�(<> �)* + 0OC �� L! .�� ��3  �� (VB

��N�+� �B 1� * 0��
 ;�5�� �� ('+� )'%67'E �� .‘Pinnacle’ )C � (‘Eyeliner’ )D(. 

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 GA3 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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