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ABSTRACT 
In order to investigate the effect of various concentrations of nano-chelated calcium (0, 2 and 3 g/l) on growth, 
morphological parameters and vase life of three gerbera cultivars in hydroponic system, a factorial experiment based 
on compelitly randomized design with three replications was carried out. The results showed that nano-chelated 
calcium treatment increases the post-harvest vase life of gerbera cut flower. The highest vase life (10 days) belonged 
in 3 l/g of nano-chelated calcium in Intense cultivar and the lowest vase life (5 days) was observed in control Amlet 
cultivar. By nano - chelated calcium spraying the calcium content in the treated plants increased compared to the 
control plants. There was a positive relationship between the application of nano-chelated calcium and increased 
photosynthetic pigment, relative leaves water content, soluble carbohydrate content and stomata conduction, while 
there was no positive relationship between nano - chelated calcium and proline. However, in different growth factors, 
there was no significant difference between two levels of 2 g/l and 3g/l. Therefore 2 g/l nano-chelated calcium 
treatment before harvesting is recommended to improve the growth conditions as well as to improve the post-harvest 
survival of gerbera cut flower.   
 
Keywords: Growth traits, hydroponic system, post-harvest. 
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 �0 ;�=�$* X.1'= >:
 GA'=Bates et al.  

)1973 (,�'1 B4$9.  
  
�
.�� !�"�  -�� � )5�6 /�  

>��:+� !$.9 ��5.
 /.�(- �� >�.9 C0 I�� =�'.A�$�. 
Tahmasebi et al. )2010,�'1 ( B4$9 .R6:0 ��'dM
 

C0 $��-�3 `6 <$9 C+'	+ `V3 ��:e 5 �(.
 $�.8 
&'()
 <$9 `6�:6$(-:.A� 2 &�
$+ >��54� � C0 ,:
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B �A ���� R0 !��
 �0 !�
� ��:e 70 �= 90 CK�� 
��+�A ��$9 ��$O >��� :+:
 .j* �� �:+��[9 >��2  �� 
[\�- �4�1 R	=�� �0 _F >5.+'6� C0 /Pe 100 �(.
 $�.8 

>:+�A� :
 .5 �(.
 $�.8 �� &'()
 �� C�
��$0 � b$#
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 �'A 4 &�
$+ GA'= >$rO ���p  C4�c�
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)3(                 A(meq∕lit)=((V1 ×N ×1000))/V2  
B(mg∕g) =A ×20 

V1��5.
 : R.A�� �4$2
 �NC�.8�
$+ : R.A�� �V2 :
/Pe >��2  B
��$0 >:
� B: ��5.
 /.�(- ;- >�.9.  
  

'���&��� 74 �
 (�
��� /�  

;9 ��! 6) B3�'M�3(��	.= $� !�$0 ;9 �� C(e$
 
�'(0 3-2 X6�� CL(9 !�� �K��3 BaK �0�6��� $	  
j* �� B
��$0 ;9 B
��$0 :+:
 .;9  ����6 !��

 $d+��&'D CO�A )40 ��+�A $�
 (�� 400 �A �A _F 
$rE
 �� >�vV6�
�F �� !�
� 1±24 CK�� ��+�A ���$9 

B0'D� �Z�+ 4±40 :1�� � �� 13 B �A �6�M
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 !��� 
>:��V
  :6�$v+)&�:K 1(.  
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 !��� �� &'D CO�A ;9 >:M�� �0 
&'()
 �
�* '+�+ ,"- /.�(- >:��V
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~6��+ ��V+ ��� �0 &'()
 �
�* '+�+ ,"- /.�(- ��:#= 
s$0 �� C='0 T6�54� B4�6 R6� �0 &�e �A�* <�O�� C0 

T6�54� Bd(\ '+�+ ,"- /.�(- C0 3 $�.8 �� <$9 
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 �'0 .C0 !�'D C- �� /O� ��! Cabana � Amlet �0 
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��V+ ��� Bd(\ .2 '+�+ $�.8 �� <$9 ,"- /.�(- BZ�+ 
C0 ����.9 &'()
 �
�* >:V+ �� /O� Cabana ]ZA 

T6�54� 22 !:1�� ��:#= s$0 �� C='0  :6�$9)&�:K 
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 �'aV
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C0 
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C�6�E
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��� `V3 >�.9 C+'*  �'-� )Dordas, 2001 (� 
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� )Liu et al., 2005��� �( $= � `V3 CV6� �� 
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 C+��� �� $0 T��- $.HZ= � l$#= 

)Mortazavi et al., 2007(� /.dM= !5	A� � !��:6�* 
>��'6� �8'(A m �0 T6�54� !�'�)
 �Z�+ _F ;9 
C3�
 >:6$0 �$0�7 >:
 BA� )Albino-Garduno et al., 

2008.(  
�0 T6�54� Bd(\ '+�+ ,"- /.�(- ��5.
 ;.4�$(- 

a� � ;.4�$(- b C0  �'D�M#
 !��� )01/0P< (T6�54� 
B4�6 .�� $� qrA /O� �0 T6�54� Bd(\ '+�+ ,"- 

/.�(- m �0 T6�54� �M#
 !��� �� ��5.
 >5.v+� !�� 
!5�MA'�4 ;.4�$(- a � ;.4�$(- b :6�$9 .R6$�V.0 

��5.
 >5.v+� �� �� /O� Intense �� Bd(\ 3  �� <$9
'+�+ $�.8 ,"- /.�(- >:��V
 :
 8�e��� C- R6$�	- 

��5.
 Y'0$
 C0 /O� Amlet �� Bd(\ :��
 �'0.  
  

 &�:K1$%� j+�6��� C65P= ~6��+ . '+�+ ,"- /.�(-   /O� �$0 �9U6� !�� 
'��67'8'4� � ��67'8'65.4 �$0�7 
Table 1. Results of variance analysis effect of calcium nanoparticles and cultivar on morphological and physiological 

characters of gerbera  
 

  Mean of squares 

Source of variation df 
Scape  

number 
Scape  
length 

Leaf  
number 

Leaf area 
Leaf fresh  

weight 
Leaf dry  
weight  

Root fresh  
weight 

Root dry  
weight 

Cultivar 2 1.92** 1025.59** 0.012** 0.032ns 288.58** 0.34ns 94.43** 0.40ns 
Nanoparticls 2 30.48** 51.14ns 0.004ns 0.009ns 248.72** 0.38ns 93.54** 0.43* 
Cultivar× Nanoparticles 4 1.42** 19.25ns 0.023** 0.020ns 856.12** 0.60** 3.21ns 0.62** 
Eror 8 0.22 32.85 0.0016 0.015 10.31 0.113 5.09 0.11 
C.V. (%)  7.35 8.94 2.28 2.52 5.12 10.84 1.90 1.48 

ns� *�  :**,��S= �'Z+ ].=$= C0 �M#
 ���� �M#
 ,��S= ��� �� }'rA &�	�e� 5 � 1 .:1�� 

ns, *, **: Non-significant differences, significant at the 5 and 1% respectively. 

  
&�:K 2. ;0�E�
 $%� R.v+�.
 C�6�E
 '+�+ ,"- /.�(- /O� � $0 �9U6� !�� 
'��67'8'4� � ��67'8'65.4 �$0�7  

Table 2. Mean comparison interaction effect of calcium nanoparticles and cultivar on morphological and 
physiological characters of gerbera  

Cultivar 
Calcium 

nanaoparticles 
(g/l) 

Scape 
number 

Scape 
length 
(cm) 

Leaf 
number 

Leaf 
area 

(mm2) 

Leaf fresh 
weight 

(g) 

Leaf dry 
weight (g) 

Root fresh 
weight 

(g) 

Root dry 
weight 

(g) 
 0.00 4.33 d¥ 47.67 b 9.33 bc 62008 ab 63.10 c 8.35 c-e 121.14 a 22.84 cd 

Cabana 2.00 6.33 bc 54.00 b 11.42 a 74226 ab 62.01 c 9.36 b-e 121.76 a 22.97 b-d 
 3.00 7.00 b 54.00 b 8.35 c 63605 ab 44.96 d 7.29 de 121.56 a 22.70 cd 
 0.00 4.66 d 64.00 a 8.94 c 58165 b 50.05 d 6.70 e 116.23 bc 22.59 d 

Amlet 2.00 6.33 bc 70.00 a 11.42 a 84602 ab 64.59 c 11.76 a-c 119.15 ab 23.44 ab 
 3.00 9.33 a 71.67 a 10.24 ab 65184 ab 75.29 b 12.32 ab 116.57 bc 23.51 ab 
 0.00 5.00 d 72.33 a 8.35 c 80302 ab 74.38 b 10.49 a-d 114.34 c 23.24 a-c 

Intense 2.00 6.00 c 71.67 a 6.86 d 68498 ab 45.80 d 7.72 de 115.21 bc 22.69 cd 
 3.00 8.66 a 71.33 a 10.69 a 87343 a 83.69 a 14.06 a 115.85 bc 23.75 a 

* �� $� ��'�A R.v+�.
 !�� �0 b�$e ,��S�
 z�A�$0 �'
�F :Mp CM
�� !� R�+�� �� qrA &�	�e� ~M* :1�� ,��S= �M#
 :+��� !���. 

* Different letter(s) represent significant differences according Duncan multiple range test (P=0.05). 
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 �Z�+ _F s$0 �$0�7 .  

Figure 1. Mean comparison interaction effect of calcium nanoparticles and cultivar on relative water content (RWC) 
of gerbera  
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�* ;9 !�� <'.(.8 �0 :6$(- /.�(- m �0 
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��5.
 �'0$-,��:. &'()
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�'0$-s$0 &'()
 ,��:. �� $� CA /O� �A�$0��'
 
:6�$9 .�A�* <�O�� C0 T6�54� Bd(\ '+�+ ,"- /.�(- �� 

2  C03 $�.8 �� <$9 ,��S�
 �'0 �� <�O�� cabana � 
Intense !:+�� �V6�54� ��V+ ��� �8� �� /O� Amlet 
T��- �M#
 !��� �� Bd(\ 3 $�.8 �� <$9 BZ�+ C0 2 

$�.8 �� <$9 >:��V
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��$0 '+�+ ,��n /.�(- �� ;9 
C3�
 >:6$0 �6$
�$��8F ��5.
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�K &'()
 �� 

T6�54� �
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Figure 2. Mean comparison interaction effect of calcium nanoparticles and cultivar on chlorophyll a and b of gerbera  
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Figure 3. Mean comparison interaction effect of calcium nanoparticles and cultivar on total soluble sugers of gerbera  
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B8�3� C�
�� � T6�54� /.�(- ���� ��4�0 ]ZA �'Za0 
!��:6�* >��'6� ��8'(A T6�54� !�'�)
 �Z�+ �_F gSe 
!�'�)
 ) ;.4�$(-Mortazavi et al., 2007; Albino-

Garduno et al., 2008( � T6�54� �6���- 
�'.A".�-'0$- �  5�MA'�4
� �'
 C- �+��CP. �F 

�'Za0 ;0�O CK'= z�
'.0 ����.9 �
 �'
 )Dordas et al., 

2009; Liu et al., 2005; Supanjani et al., 2005(.  
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 R.8�$* s$0 

��V+ ��� C- �� C	� <�O�� �A�$0��'
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) B4�64( .
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FCM. �ZrO$.\ BA� C- �� 
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����.9 i	P= �
 :0�6 )Matysik et al., 2002 .(~6��+ 
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�* >:
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�:+ i	P= .$�	- R.8�$* 
R�	
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Figure 4. Mean comparison interaction effect of calcium nanoparticles and cultivar on prolin content of gerbera  
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Figure 5. Mean comparison interaction effect of calcium nanoparticles and cultivar on endogenous calcium of gerbera  
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Figure 6. Mean comparison interaction effect of calcium nanoparticles and cultivar on stomatal conductance of gerbera  
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Figure 7. Mean comparison interaction effect of calcium nanoparticles and cultivar on vase life of gerbera  
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