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ABSTRACT 
The effect of nutrient solutions on the growth, development and flowering of calla lily was studied in a split plot design with 
completely randomized blocks design in soilless media cultures. The experiment was conducted with 16 treatments 
including four kinds of changed Quick nutrient solutions and four media cultures containing vermicompost and three 
replications and every replication included four pots. Results showed significant differences among different treatments 
regarding stem length, number of leaves, leaf area, number of flowers, spathe length, spathe width, root length, flowering 
period, pot life, amount of chlorophylls a, b, total and spathe anthocyanins. The highest number of leaves and the most 
amount of leaf chlorophylls resulted under the influence of nutrient solution 1 and vermicompost 5%. The highest root 
lenght resulted under the effect of nutrient solution 2 and vermicompost 5%. Treatment with nutrient solution 2 and 
vermicompost 15% showed the longest flowering period. Pot life of flower was longer than other treatments under the 
influence of nutrient solution 1 and without vermicompost. The highest number of flowers were seen as a result of nutrient 
solution 4 with vermicompost 5%. The amount of anthocyanins under the effect of nutrient solution 4 and vermicompost 
10% was higher than other treatments. The largest stem diameter was obtained from nutrient solution 2 and vermicompost 
15%. Also, it was concluded that nutrient solution 1 was more effective on vegetative characteristics of leaves because of 
having the most ammonium nitrate compared to other solutions and nutrient solution 2 had a significant effect on producing 
characteristics because of having the most potassium nitrate compared to other solutions. 
 
Keywords: Anthocyanin, chlorophyll, calcium nitrate, nutrient elements, spathe. 
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Table 1. Mineral concentrations in four kinds of nutrition solution. 
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pH 
EC 

(dS/m) 

Nutritional solution 1 80 11.6 153.6 141.3 285.6 492 489 7/8 1/8 6.79 1.68 

Nutritional solution 2 8 11.6 153.6 141.3 285.6 492 635.7 7/7.1 0.1/7.1 6.74 1.76 

Nutritional solution 3 40 5.8 76.8 70.65 142.8 246 244.5 3.5/4 0.5/4 6.96 1.24 
Nutritional solution 4 4 5.8 76.8 70.65 142.8 246 317.85 3.5/3.55 0.05/3.55 6.98 1.23 

  

%�2  2�3m�� . ����	�
 *���)�� -.&/	0. 

Table 2. Chemical characteristics of vermicompost. 
EC 

(dS/m) 
pH OC 

(%) 
OM 
(%) 

Fe 
(mg/kg) 

Zn 
(mg/kg) 

Mn 
(mg/kg) 

Cu 
(mg/kg) 

Ca 
(%) 

Mg 
(%) 

N 
(%) 

K 
(%) 

P 
(%) 

2.45 6.6 23.98 41.35 2986 116 636 39 1.61 0.26 1.3 0.73 0.61 

  

%�2  3-I0 *��$A;1 ���+, $M�=> ���) ..  
Table 3. Amount of nutritional elements of media cultures. 

N (%) P (%) K (%) Ca (%) Mg (%) Fe (mg/kg) Samples 

0.26 0.37 1.01 0.17 0.46 646 Vermicompost 5% 

0.81 0.37 1.04 0.19 0.49 889 Vermicompost 10% 
0.79 1.25 1.07 0.17 0.45 863 Vermicompost 15% 

0.41 0.12 0.98 0.23 0.64 330 Cocopeat + perlite 
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)Devecchi et al., 2003(.  
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(Zantedeschia pentlandii cv. Allure).  

Table 4. Results of variance analysis effect of nutrition solutions and vermicompost on growth and flowering 
characteristics of potted calla lily (Zantedeschia aethiopica cv. Allure). 

Source of variation df 
Mean of squares 

Leaf area 
Leaf 
width 

Leaf 
length 

Root 
length 

Stem 
length 

Stem 
diameter 

Number of 
leaves 

Replication(R) 2 0.00 ns 0.025 ns 0.87 ns 0.18 ns 0.179ns 0.49 ns 0.40 ns 
Nutrition solution(N) 3 491.45** 0.93** 9.50** 41.82** 77.40** 17.80** 97.65** 
R×N 6 0.24 ns 0.15 ns 0.73* 0.26 ns 0.08 ns 0.42 ns 1.53 ns 
Vermicompost (V) 3 129.83** 0.43** 0.30 ns 18.62** 0.32** 3.24** 102.33** 
N×V 9 79.46** 0.15** 0.615** 34.43** 7.54** 5.12** 37.72** 
Error 24 0.12 0.03 0.26 1.26 1.81 8.01 29.00 

CV% - 0.67 4.06 4.12 4.53 1.96 3.94 3.35 

**�  * �ns  L��P# `�#$# 61�=B) %�	A]� {^. �� ���1 � 5 2M��  L��P# �&e< ��=B).��� 

**, *, ns: Significantly difference at 1 and 5% of probability level and non-significantly differences, respectively. 

  

 %�2  6)���4 w<����� 6�a# l��A< . $!�%&'() � ���+, *���)�� -.&/	0 �3m�� $1�<�2'3 *�&/�
 ��2'3 � 2
� *�� 

)Zantedeschia pentlandii cv. Allure.( 

Continued table 4. Results variance analysis effect of nutrition solutions and vermicompost on growth and 
flowering characteristics of potted calla lily (Zantedeschia aethiopica cv. Allure). 

Source of variations df 

Mean of squares 

Flowering 
Period 

Pot life of 
flower 

Number of 
flowers 

Spathe width Spathe length 

Replication(R) 2 0.70 ns 0.03 ns 0.19 ns 0.001 ns 0.0005 ns 
Nutrition solutions(N) 3 197.69** 58.94** 4.33** 0.16** 1.22** 
R×N 6 0.33 ns 0.20ns 0.07 ns 0.0006 ns 0.002 ns 
Vermicompost (V) 3 96.93** 4.97** 0.16 ns 0.05** 0.050** 
N×V 9 33.65** 11.47** 2.85** 0.07** 0.42** 
Error 24 1.03 0.12 0.30 0.0005 0.002 

CV% - 5.15 1.29 13.83 0.59 0.66 

**�  * �ns  L��P# `�#$# 61�=B) %�	A]� {^. �� ���1 � 5 2M�� �=B) L��P# �&e< �.��� 

**, *, ns: Significantly difference at 1 and 5% of probability level and non-significantly differences, respectively. 
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 )Zantedeschia pentlandi cv. Allure(.  

Table 5. Mean comparison effect of nutrition solutions and vermicompost on growth characteristics of potted calla 
lily (Zantedeschia pentlandii cv. Allure). 

Nutrient solutions 
Vermicompost 

(%) 
Leaf area 

(mm2) 
Leaf width 

(cm) 
Leaf length 

(cm) 
Root length 

(cm) 
Nutrient solution 1 0 50.04 i 5.08 a 13.63 a 17.40 O 
Nutrient solution 1 5 59.32 e 4.49 k 12.96 f 24j 
Nutrient solution 1 10 50 j 4.11 p 10.82 p 27.10d 
Nutrient solution 1 15 41.53 n 4.50 j 11.06 o 22.10n 
Nutrient solution 2 0 47.40 k 4.51 i 12.95 e 25.15i 
Nutrient solution 2 5 63.05 b 4.36 n 13.31 b 30.90a 
Nutrient solution 2 10 55.50 4.77 c 11.86 k 28.25c 
Nutrient solution 2 15 47.10 l 4.68 g 11.60 m 22.80 
Nutrient solution 3 0 54.53 g 4.11 p 12.80 h 25.30h 
Nutrient solution 3 5 63.43 a 4.63 h 13.04 d 25.95g 
Nutrient solution 3 10 60.22 d 4.72 f 12.25 i 26f 
Nutrient solution 3 15 50.58 h 4.83 b 11.76 l 26.43e 
Nutrient solution 4 0 60.48 c 4.50 j 12.92 g 29.03b 
Nutrient solution 4 5 57.24 f 4.28 o 13.10 c 22.25l 
Nutrient solution 4 10 42.09 m 4.46 l 11.14 n 22.46k 
Nutrient solution 4 15 41.35 o 4.43 m 11.87 j 22.15m 

*  X$]��* y'A[) ��  $���&A. ��I< 82=�� L��P# �=B) ��� �� {^. %�	A]� 5 2M�� �) 2
�1.  
* Different letters in each column indicate a significant difference at the 5% of probability level.  

  
 6)��� %�2 5D�E<��) 6;��?) .  $!�%&'() � ���+, *���)�� -.&/	0 �3m�� $1 �<�2'3 *�&/�
 43 2
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(Zantedeschia pentlandi.  
Continued table 5. Mean comparisons effect of nutrition solutions and vermicompost on growth characteristics of 

potted calla lily (Zantedeschia pentlandii cv. Allure). 
Nutrient solution Vermicompost (%) Stem length (cm) Stem diameter (mm) Number of leaves 
Nutrient solution1 0 16.37 d 13.60 i 30.25 k 
Nutrient solution1 5 16.68 c 14.96 f 30.50 j 
Nutrient solution1 10 17.37 a 15.53 e 34.62 g 
Nutrient solution1 15 16.99 b 14.37 h 31.58 hi 
Nutrient solution2 0 14.75 f 15.55 d 25.41 
Nutrient solution2 5 16.04 e 15.32 g 37.25 c 
Nutrient solution2 10 16 f 15.35 f 33.00 h 
Nutrient solution2 15 13.37 h 18.13 a 26.59 n 
Nutrient solution3 0 14.49 g 13.56 j 26.75 m 
Nutrient solution3 5 11.62 m 16.91 b 27.87 l 
Nutrient solution3 10 10.50 n 16 c 37.87 b 
Nutrient solution3 15 11.71 l 12.98 n 35.66 f 
Nutrient solution4 0 9.21 0 13.24 l 35.16 g 
Nutrient solution4 5 12.44 j 13.18 m 36.00 e 
Nutrient solution4 10 12.31 k 13.36 k 40.62 a 
Nutrient solution4 15 13.14 i 12.70 o 36.25 d 

*  X$]��* y'A[) ��  $���&A. ��I< 82=�� L��P# �=B) ��� �� {^. %�	A]� 5 2M�� �) 2
�1.  
* Different letters in each column indicate a significant difference at the 5% of probability level.  

  
%�2 6D�E<��) 6;��?) .  $!�%&'() � ���+, *���)�� -.&/	0 �3m�� $1 �<�2'3 *�&/�
 43 2
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(Zantedeschia pentlandii.  
Table 6. Mean comparison effect of nutrition solutions and vermicompost on growth characteristics of potted calla 

(Zantedeschia pentlandii cv. Allure). 

Nutrient solution 
Vermicompost  

(%) 
Flowering period 

(day) 
Number  

of flowers 
Pot life 
(day) 

Spathe width 
(cm) 

Spathe length 
(cm) 

Nutrient solution1 0 21.58 e 4.50 e 32.33 a 4.25 c 7 h j 
Nutrient solution1 5 23.58 d 3.50 i 26.75 i 4.31 a 7.48 c 
Nutrient solution1 10 14.50 o 4.75 d 25.75 k 3.84 m 7.05 i 
Nutrient solution1 15 24.60 c 2.75 o 23.87 n 4.03 i 6.10 p 
Nutrient solution2 0 19.91 i 5.33 b 29.75 b 4.27 b 6.81 l 
Nutrient solution2 5 20.58 f 4.00 e 25.63 k 3.83 n 7.62 b 
Nutrient solution2 10 25.25 b 3.16 n 27.25 g 4.23 d 6.97 k 
Nutrient solution2 15 31.90 a 3.19 l 22.83 o 4 h 6.62 n 
Nutrient solution3 0 14.66 n 3.42 j 28.66 d 4.22 e 6.97 k 
Nutrient solution3 5 18.58 j 5.16 c 24.08 l 3.89 k 7.72 a 
Nutrient solution3 10 20.50 h 3.81 g 28.50 e 4 h 7.01 g 
Nutrient solution3 15 21.19 g 3.97 f 24 m 3.87 l 6.56 o 
Nutrient solution4 0 11.23 p 3.78 h 28.33 f 4.25 c 7.29 d 
Nutrient solution4 5 15.06 m 6.10 a 29.50 c 4.21 f 6.64 m 
Nutrient solution4 10 15.83 l 3.17 m 25.87 j 4.12 g 7.04 f 
Nutrient solution4 15 16.90 k 3.38 k 26.83 h 4.01 j 7.06 e 

*  X$]��* y'A[) ��  $���&A. ��I< 82=�� L��P# �=B) ��� �� {^. %�	A]� 5 2M�� �) 2
�1.  
* Different letters in each column indicate a significant difference at the 5% of probability level.  
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����! )Zantedeschia pentlandii cv. Allure(  

 %�2  l��A<7 �) ��I< 60 2��4�@�$'0 $���?) *��

a� b %&'() $�!"# -(# 40 � � ���+, *��

�)�� -.&/	0  %�	A]� {^. �� � -@$3 ��$J1  2M��
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37/0 25/0  �61/0 �$��) $# �9� H$3 $1 H$3

4�@�$'0 ���) D�$AI�1 *��a� b 40 �  2<�&1 ���� ��

 %�2 )8 .( ���+, %&'()2  ���) ��&1 ���� 4�V� 61

%&'() $E�� 61 -e;< $AI�1 40 �O�$A�< ���+, *��

4�@�$'0 ���) $1 � -
�+3 -et) $�!"# F$1 *��

.2��$3 �Y<7 _��@� `e. �G�
 D.&. 43 �� 

-g', $�!"# -(# 82	> �&C 61 4�@�$'0 y'A[) *��

%&'()A�< ��2?) _��@� � -@$3 ��$J ���+, *�� �O�$

 D�� l��A< �1 60 -.� 82
 �G�
 D�� _��@� �>�1

���� �E=��	� _��)97 )Marin et al., 2014(. 

)� ��&# 1��� -g', 60 �$0��* 1�$AI <��O�$A  F$1 ��

�@� �>�1�_ 3 �� F$1 {^.�8� V&# 61 6)��� �� � 82
�2 

1�$AI @�$'0�4 YA=)�  .-.� 82
 H&��&A<7 43 ��

\�.�A� -g', _��@� %&'() K� *����	�#) ���+, *��

6=�e. ���) _��@� 61 $a=) (6. �  *��2�}&=#���0 � ��

2
 F$1 )Fathollahi et al., 2017( 0 �1 6a�A< D�� 6

6A@��*�� )Veberic et al., 2005(  �Y<7 .���� �<�&[	�
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 60 ���� \��=) � D�7 :+  $1 60 *$�!"# �1 \�.�A�
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&A<7 ���) D�$AI�1.-
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 �$J ���+, %&'() H&�<&)7 ��2?) $�!"# -(# D�<��.&A<7
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 F$e'3 *��

D�<��.&A<7 %&'() �1 82
 6�+Z# 43 6h	R �� ��
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(Fathollahi et al., 2017)  �� �& &) 2�.� K�)&��

�)�� -.&/	0 43 Q<� _��@� �>�12��$3 ��. 

�)�� -.&/	0 15  ���) DA
�� 4�V� 61 2M��

 D�<��.&A<7 ���) 9�$1 `e. �< $AI�1 2�.� K�)&��

6h	R �� *$AI�143 *��$3 �� D�=h	� .-.� 82��

�) D�<��.&A<7 ��2?) *���&A0�@ j�$C 9� 2<�&#

 � �)� �&< 2=<�) �P'A[)pH  �� .�$�3 ��$J $�!"# -(#

 ���+, %&'()4� pH %&'() $E�� 9� ���+, *��

 �� �& &) 2�.� K�)&�� ���) .�&1 $AI�1

�)�� -.&/	0 5  H$3&'�0 K� �� 2�.� K�)&�� H$3

�)�� -.&/	0 .�&1 

  

 %�2 7.  w<����� 6�a# l��A< $!�%&'() � ���+, *���)�� -.&/	0 �3m�� $1 �<�2'3 *�&/�
 43 ����	�
&�1 *��
(Zantedeschia pentlandii cv. Allure). 

Table 7. Results of variance analysis effect of nutrition solutions and vermicompost concentration on biochemical 

characteristics of potted calla lily (Zantedeschia pentlandii cv. Allure). 

Source of variations df Mean of squares 

Chlorophylls a Chlorophylls b Total chlorophylls Anthocyanins concentration 
Replication 2 0.001 ns 0.00005 ns 0.001 ns 1.63ns 
Nutrition solutions(N) 3 0.0073** 0.003** 0.02** 337.73** 

R×N 6 0.0004 ns 0.0006 ns 0.0007ns 11.11 ns 

Vermicompost (V) 3 0.012** 0.002** 0.019** 147.02** 
N×V 9 0.018** 0.005** 0.04** 91.87** 

Error 24 0.0004 0.0003 0.0009 4.79 

CV  7.98 10.67 7.28 9.43 

**�  * �ns  L��P# `�#$# 61�=B) %�	A]� {^. �� ���1 � 5 2M�� �=B) L��P# �&e< �.��� 

**, *, ns: Significantly difference at 1 and 5% of probability level and non-significantly differences, respectively. 
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Table 8. Mean comparison effect of nutrition solutions and vermicompost on biochemical characteristics of  potted 

calla lily (Zantedeschia pentlandii cv. Allure). 
Nutrient 
solution 

Vermicompost 
(%) 

Chlorophyll a Chlorophyll b Total chlorophyll Anthocyanin 

(μg/g FW) ( μg /g FW) ( μg /g FW) (mg/g FW) 

Nutrient solution1 0 0.35 c 0.21 b 0.56 c 19.17 k 

Nutrient solution1 5 0.20 j 0.18 e 0.38 g 24.26 f 

Nutrient solution1 10 0.19 j 0.15 0.35 j 25.83 e 
Nutrient solution1 15 0.21 i 0.18 e 0.38 g 18.05 m 

Nutrient solution2 0 0.37 a 0.25 a 0.61 a 19.30 j 

Nutrient solution2 5 0.20 j 0.12 j 0.32 l 20.09 h 
Nutrient solution2 10 0.16 k 0.11 k 0.27 n 28.76 c 

Nutrient solution2 15 0.30 e 0.16 g 0.46 e 17.96 n 

Nutrient solution3 0 0.20 j 0.17 f 0.37 h 14.40 p 
Nutrient solution3 5 0.16 k 0.15 h 0.31 m 15.40 o 

Nutrient solution3 10 0.28 g 0.13 l 0.42 f 26.82 g 

Nutrient solution3 15 0.22 h 0.14 i 0.36 i 27.44 d 
Nutrient solution4 0 0.36 b 0.11 k 0.33 k 19.11 l 

Nutrient solution4 5 0.22 h 0.20 c 0.57 b 35.30 b 
Nutrient solution4 10 0.29 f 0.17 f 0.46 e 39.91 a 

Nutrient solution4 15 0.31 d 0.19 d 0.50 d 19.38 i 

*  X$]��* y'A[) ��  $���&A. ��I< 82=�� L��P# �=B) ��� �� {^. %�	A]� 5 2M�� �) 2
�1.  
* Different letters in each column indicate a significant difference at the 5% of probability level.  
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