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Botrytis cinerea    *        
Effects of pre-harvest application of different nitrate to ammonium ratios and calcium levels 

on susceptibility of cut rose flowers to gray mold caused by Botrytis cinerea 
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Table 1. Relative virulence of various isolates of Botrytis cinerea, the causal agent of rose 

gray mold 
 

� +��"��
���5�� 
(Virulence) 

� ��('  ,� ���:�����  
 

���' �D
�� �FF �X�� 

t����  
(Days required for 

100% petal necrosis) 

  �0
�'�T;T' �� �D�A�N 

���
� (AUDPC rate) 

% day-1)(  

 *WRT'

D�����
��  
(Geographic 

location) 

����*  
(Isolate 

No.)  

High 5.7    D  47.5    A* Dezful A10  
High 6.7    CD  39.4    B  Dezful A8  
High 7.7    BCD  41.1    B  Dezful A9  
Moderate 8.0    BCD  28.9    C  Dezful A11  
Moderate 8.0    BCD  23.6    C  Mahallat A4  
Moderate 8.7     BCD  29.0    C  Mahallat A5  
Moderate 8.0    BCD  27.1    C  Dezful A7  
Low 9.7    ABC 16.8    D  Dezful A12  
Low 10.7    AB  11.8    DE  Lahijan  A3  
Low 10.7    AB  10.6    E  Dezful  A6  
 Very low 12.7    A  3.0    F  Lahijan  A2  

 
Analysis of variance  

Source of variability                              F Probability 
    ** Isolate No.  

*�T:' }@%1� �"
D P(%/ �	 �� *�
A' },�0 
� 
�T�B�
�' �' �X�� ZTN `R/ �� ���  �T�
�

) P(' )LSD.(  
*Means in each column carrying the same letter are not statistically different at α =0.05 (LSD 

Test). 

** Signi 

%� C
/� ���� Z�U 
' )�' V�� P�5��
�%�#
1 23# ���� �(�  � ��
%' 
�T� *�  � !� � , *
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Fig. 1. Correlation between days required for obtaining 100% petal necrosis and relative virulence using 
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� *����� ��*� +��" 
	��
���5���%�# ����  .TO �(�,�
��,
9� U��� � U

����* 
	 $�%&' B. cinerea�'� �> �:�X(]1  � *# 4�(� ���{ +
��
� 
��) +,
9%' �' � ����

)Chardonnet et al., 2000 .(
Y�)  ���
' ) *# ���� �� +
A��(	 , \) j�� �� -
Y�� ?(D � 

���
T����� U�*
	 A3 , A4#
� 
� ����  � 4�
9%/� �� ��'(� *���� , *WRT' � *A67� *� � U%��� !

� +��"��
���5��:y �
' )  � $��:� +
A���� }M0  .���
T��'  � U���� ,� P
� *A7 , A8 

���� *A7�� \
&%��  .Tr�	� �S�< �� h
� �
��� +�� *� *�(� 
� U�FK' �� �(3/� ���7� , �%
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�^P��
i�	 ,  :���� ������  � !�" ����
# ���
� *� +��%�� $�%&' 
	-(��(') ...   


��(� |8:7
���� ��
���5��:y � �S�< �� $�FE' �� �(3/� ���7��]� �%�� �� .�  � *# �� U

 �S�<�F�
 ' �� �(3/����7��(� 4�
9%/� �% .��W;� �� �'� U�
/ j/(� 4�� -
Y�� +
W�WW;' �� �� U

��  � !�
6� 5� �/� 4�� �)Volpin & Elad 1991; Bar-Tal et al. 2001; Capdeville et al. 2005.(.(.(.(   

  

 ?,��E��
� ���� �(� ��� +�� �� �(3/� �S�< , *��
��%�#
1 23#   �0
�' C
/���  � !� � �

T;T'�N �� �D�A��
�   
Table 2. Effect of isolate and inoculum concentration on disease severity of rose gray mold as 

expressed by area under disease progress curve (AUDPC)  

    

 

  �0
�'�T;T' ��N � �D�A

���
�  
AUDPC rate (% day-1) 

����*  
Isolate No. 

27.9 A*  A8 
28.2 A  A4  

26.8 AB A7  
21.3 B A3  
3.5 C  A6  

   �(3/� �S�<)' �� �(3/����7��%(  
Spore concentration (spore m1-1) 

5.9 C 102  
17.3 B 104 
41.4 A 106 

 
Analysis of variance  

F Probability  Source of variability  
** Isolate No. 
**  Spore concentration  
** Isolate No. × Spore concentration 

*U�B�
�' 
	 }@%1� �"
D P(%/ �	 �� *�
A' },�0 
��T:'�' �X�� ZTN `R/ �� ��� �T�
�

) P(' )LSD.(  
* Means in each column carrying the same letter are not statistically different at α =0.05 (LSD 

Test). 
** Signi 
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 ?,������� �(� VT8�	�� �� +�� �� �(3/� �S�< , *��
��%�#
1 23#  C
/���  � !� 

  �0
�'�T;T' ��N �A� �D���
�   
Table 3. Interaction effects of isolate and inoculum concentration on disease severity of rose 

gray mold as expressed by area under disease progress curve (AUDPC)   

  �(3/� �S�<)' �� �(3/����7��%(  
Spore concentration (spore m1-1)  

 102 104 106 

����*  
Isolate No. 

  �0
�'�T;T' ��N �� �D�A��
�  
AUDPC rate (% day-1) 

A8 10.0 E* 26.5 C 47.3 B 
A4  5.3 FGH 27.0 C 52.2 A 
A7  5.1 FGH 22.9 D 52.4 A 
A3  6.0 FG 7.7 EF 50.4 AB 
A6  3.1 GH 2.5 H 4.7 FGH 

  

*U�B�
�' 
	�T:' }@%1� �"
D *�
A' },�0 
� `R/ �� ����' �X�� ZTN �T�
�) P(' )LSD.(  
*Mean carrying the same letter are not statistically different at P≤0.05 (LSD Test). 

 

� �S�<� �S�<� �S�<� �S�<������# , Pl,�%��# , Pl,�%��# , Pl,�%��# , Pl,�%���� � !� . � !� . � !� . � !� .        

�5D���(') �S�< V��M< ?(�;' �� -(���5D� *� �YT' �T:' V�� ���� , *"
/ !# Pl,�%

 �� t��) ?,��g .(��7� *� *�n�' U� !�/ �1
/ , \M�� x�
��(�(') �
W' �� -(� 
� *�

��7� *� +��%� }�]' ! �%�#l���� j/(� �W;� �� *# �/� 4
� +
W��"� �/� 4�� +
��� 

)Lorenzo et al. 2000; Rothstein & Cregg 2005( .� 
��� �S�< �(�, U� , t���� �� Pl,�%

���
� �;� *A� �� ����� *� +��%�(')��D�B� ���" -( .��(') ����
# 
���# �S�< -(� �� .

��T:' V	
# �
O� t���� , t�� �*A� �� ���) ?,��g .(��# �S�< V	
#�� �� .� *A

P
A� *# ���) 4�T	� VT8�	�����(') U���# , -(� 
��) \M� !;' �� .�T:�� � �	
S%' *A


/ P) ?
���� *# 4������" �
	� ��  � .	 4
��/� *%A� ��
%' *�n�' U .��������� 
� � 

��# \M� �� -(��(')�WW;' j/(� +��%�� 
� *��
W' �� .���:%' U/� +
��� *� � �/� 4�  

)Woodson & Boodley 1982; Nielsen & Starkey 1999; Rothstein & Cregg 2005 .(  

�5D� 
��' V���# P�5��M< ?(�;' �� .��� �S�< ��� �� �]T6 U��5D� t���� , t�� �*A� V��D
 .
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�^P��
i�	 ,  :���� ������  � !�" ����
# ���
� *� +��%�� $�%&' 
	-(��(') ...   

��U� �'� �W;� 
� 5���" +
W�
/ �WW;' ��  � !� �� U)Starkey & Pedersen 1997; Nielsen & Starkey 

1999; Mortensen et al. 2001(���� �W�
R'  .
T�%/� *� 27M:'� �t�� ��5D� U����� �� jWD V
	 

�FF:FF , �k:Ek� ��(') *� +��%� -( ���� �� , ��� w�kF:kF� ��(') *� +��%� �-(�5D�� �S�< V

��#��M< ?(�;' �� .���
� ����# �S�< �� ����" �� . 
	� � ����� t���� , *A) !8�

E .(�(> *���# �S�< *# �� .�T:' +�(]� t���� , *A� ���) P< 0.01 (�
� �;�� �


�%��� VT8�	��� ��(') *� +��%���# _(R/ , -(��D�� ���" . .W;� C
/� ��� -
Y�� +
W

 4�� V��5D� �S�<��#��M< ?(�;' �� .����(X�� 
�T� ��5D� *� �YT' �� �S�< V� �]T6 U

�*rT< � 
��� , 
	�����  � �  '�  *# �(�  � �%�^ ���M< ?(�;' �� -(��(') �S�<k/� 

���'��
� �h(' )Nielsen & Starkey 1999( .P
A� �'� U�� �S�< U�� �9T' �B%���	 4�T	�

 -(��(') , �� .���^���"	
�/�  � !� $�%&' .  

 ?,�����
� ����� � 
	� $�%&' ��(') *� +��%���# +,
9%' _(R/ , -(� ?(�;' �� .

�M<��� �S�< �� ���# , Pl,�%����" �� . 
	  � !� $�%&'   
Table 4. Nitrogen and calcium concentrations in the different parts of rose flower as affected 

by different nitrate to ammonium ratios and calcium levels in nutrient solution    

��#�.  
Calcium 

��Pl,�%  
Nitrogen  

(mg g-1) 

� ������(') *� +��%�-(  
Nitrate to ammonium ratio 

petal  leaf  stem  root petal  leaf  stem  root  
0.99 A  8.5 A  5.4 A  9.8 A  18.8 A  35.7 B  16.2 B  23.5 A*  100/0  
0.84 B  7.6 B  4.8 A  7.0 B  19.3 A  37.9 A  17.3 B  25.5 A  75/25  
0.55 C  5.9 C  4.7 A  4.0 C  19.9 A  38.5 A  18.4 A  24.9 A  50/50  
                ��# �S�<� .)'����h('(  

Calcium concentration (mM) 
0.68 B  6.5 B  4.8 A  5.4 B  19.7 A  37.5 A  16.9 A  24.7 A  1.6  
0.90 A 8.1 A 5.1 A 8.5 A 19.0 A 37.3 A 17.6 A 24.5 A 4.8 

Analysis of variance 
F Probability  Source of variability  

** ** n.s. ** n.s. ** ** n.s. Nitrate to ammonium ratio  
** ** n.s.  ** n.s.  n.s.  n.s.  n.s.  Calcium  
** n.s. n.s. ** n.s. n.s. n.s. n.s. Nitrate to ammonium ratio × 

Calcium 

*�T:' }@%1� �"
D P(%/ �	 �� *�
A' },�0 
� 
�T�B�
�'�' �X�� ZTN `R/ �� ��� �T�
�

) P(' )LSD.(  
*Means in each column carrying the same letter are not statistically different at P≤0.05 (LSD 

Test). 
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��
��
��
��%�#
1 23# �%�#
1 23# �%�#
1 23# �%�#
1 23#  � !�  � !�  � !�  � !�         

�
%�7
�)  � !X
0 Z���, 5��
� ,� [#�' |�
����� �
' ) ��5D� ��� P
A� V� �S�< V

�(')��M< ?(�;' �� -(���5D� *� �YT' �T:' V�� +�� �����
��%�#
1 23# ��  � !�  .

� ���' U� ���� P
�FF:FF� ��(') *� +��%� -()�(') �9X `R/�-( (�%�# *� �YT'�� U��
� 

�����5D� 
� 
'� ���(') V�' *� -(� P�5Ek , kF� �X�� �D�]' Pl,�%�   

���
�T:' �(> *� �����5D� � V� �D
) ?,��k .(
Y�)  ���� �� *# �W;� U� �(ST' *� �

�
� }M0��(') �� V	
# �� -(pH;' �� j�%� �� *A�� �D
�  � �P) \M� *Y�l(7(�8� MES 

���
T� ��(� 4�� 4�
9%/���
� U��(') ���5D� �� -(� V'�� P�5��
��%�#
1 23# ' �� �  *� P�(�

������ 
� �����(') ���# \M� �� -(�� j/(� .���� ���� *A .
���� ����# �S�< ��'� U� .

� �� �(�('��5D� 
� *# �/� t���� , t�� �*A�' V��(') P�5��M< ?(�;' �� -(�� �(> *� 

T:'� ��� V	
# �*%D
  ���) ?,���.(  
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 !8�e�T8�	�� ���� V
	� $�%&' ��(') *� +��%���# +,
9%' _(R/ , -(���# �S�< �� .� .

�� *A)A ( t���� ,)B ( � !�.  
Fig. 2. Interaction effects of different nitrate to ammonium ratios and calcium levels on Ca concentration of root (A) and 

Petal (B) of rose flower.   
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 ?,��k��
� ����� �
	� $�%&' ��(') *� +��%���# _(R/ , -(�/
�0 �� .� *�  � !� �

���
��%�#
1 23#   �0
�' C
/��� �T;T'��N �� �D�A��
�) '�B�
� ,� U

�
�������� �(  
Table 5. Effect of different nitrate to ammonium ratios and calcium levels on disease severity 

of rose gray mold as expressed by area under disease progress curve (AUDPC) 

(means of two sampling dates).   

  �0
�'�T;T' �� 

N�� �D�A��
�  
AUDPC rate (% day-1)  

� ������(') *� +��%�-(  
Nitrate to ammonium ratio 

21.4 C* 100/0  
25.4 B  75/25  
31.6 A  50/50  
  ��# �S�<�.) '����h('(  

Calcium concentration (mM) 
29.1 A 1.6 
23.2 B 4.8  

 
Analysis of variance  

F Probability  Source of variability  
** Nitrate to ammonium ratio  
**  Calcium  
n.s. Date 
** Nitrate to ammonium ratio × 

Calcium 
n.s. Nitrate to ammonium ratio × 

Calcium × Date 

*�T:' }@%1� �"
D P(%/ �	 �� *�
A' },�0 
� 
�T�B�
�'�' �X�� ZTN `R/ �� ��� �T�
�

) P(' )LSD.(  
*Means in each column carrying the same letter are not statistically different at p =0.05 (LSD 

Test). 

��D���(7) �T� j/(� B. cinerea�W� *�0�' �
�O *� �' .����� .�  *��(�� �� �(3/� 

' �D
� !1�� *� {(9� �{(9�  � !�" ��� �t���� `R/� {(9�  � �:� ��� , P
�5)Elad 1997 .(

��# �(��#��
� .�M��  � ��(') *�'(�� *� �YT' �7(�/ ?
�6� �� ?@%1� �
Y���# � .

)Marschner 1995 (�
� 
� , 4�� 
������ �� ~(]1 *��� �� ��' �
�O U�5D� *� �YT' *�0�� V

� +����
��%�#
1 23# '  � �� � ���� .TO ������ U�R��M< ��(' �A� �� *� ?(�/  � 
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�D%/@N(N) � t���� `R/ , )Simon, 1978 (
W7� *� �YT'*��(� � � , 4�� �(3/� 

#���7) +
��� ��%A��� ��  �� {(9�  � !�" ��� %1��� �
�' ���" ���
�� �	�)Volpin & Elad, 

1991; Elad & Evensen, 1995 .(� }�>  ��� -
8;%/� V	
# �B�7(�/ 4��(��&� , � j/(� P) [

5�)�
��7(%8N �%� 2)Liptay & Dierendock, 1987; Hammer & Evensen, 1994(7(� � j/(� 4�� �

B. cinerea'  ���� �� *T� *O�	 {(9� �� �%A�� U� .	��D t���� �D
� !1�� *� ���
�'� *# �T#

� *6(�Y'� U����� *:/(� *� �YT' j��
���� P�(� [/
T' +�(X �� �;' j�R�' ����� .

B%���	 �(�,�9T' �T:' , � ���)r2=0.78 (����# �S�< U�� +�� , t���� .��
�P
A�  4�T	�

�
����# ���' ��� V	
# �� .��
��%�#
1 23#  �/�  � !� ) !8�� .(��
%� �'� U�W;� Z�+
W 

T�' 4�� -
Y����
� �� ���# ���
8' *:/(� �� .�
�'5� *� �',
W' �� U��
�
� �� ��' �� �T#  

)Volpin & Elad 1991; Elad & Volpin 1993.( 
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 !8���B%���	 �� ���# �S�< U�/
�0 , ����� .�� *�  � !� ���
��%�#
1 23# �
� �  � .Botrytis cinerea   

Fig. 3. Correlation between Ca concentration in petals and susceptibility of rose flowers to gray mold 

disease caused by Botrytis cinerea. 
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	-(��(') ...   

�5D� ��W;� U�� ���' V���# P�5��M< ?(�;' �� .��  � K/� *� �/�' ��� V	
# *� �YT' �h('

T:'�� �����
��%�#
1 23# ���  � !� � �) ?,��k .('�� 
����� �� jWD V	
# U
	 

�FF:FF , �k:Ek� ��(') *� +��%�� -(� �� 4�) ?,��K .(� -(�9' *��' �B�� P�5��
� ���� �� 

kF:kF� ��(') *� +��%��M< ?(�;' -(���
� �;� ���# ��� *# �D�B� ���" .�7� *� *�n�' U� V	
# !

��# \M���5D� +�(X �� .��(') V�' *� -(� P�5kF� !# �X�� �D�]' Pl,�%��/�  .�� *%8� U

('��5D� *# ���) ����# �S�< V��M< ?(�;' �� .���	 �
T:' *� *A�
W' �1
/ , \M� � �

h
�� ��
� , �]T6 U�� V	
# �� P) ���
��M< �X
T6 , 4�(�� ��� \M� �� ��(' ����� �]T6 U 

�	����,��D ���T%�	  .�(> *� ���� �� *# kF:kF� ��(') *� +��%�(�M< ?(�;' -�� �S�< 

��#� *� t���� .kk/F' ���� 2A1 4�
' -�� �� -���	
� V	
# �� *# �D
� �0  � �%�# ���W' U

���;����# �� ��(' .� t����  
)�F/F' ���-�� �� -�� (���� �
9
z, �7(�/ $� ���) )De 

Kreij et al., 1992 .(�
����# ��� +�
�1 V	
# �� .��
��%�#
1 23# �� W;� ��  � � +
W

N�A�� U�/� +
��� *� 5� �/� 4�)Starkey & Pedersen, 1997; Bar-Tal et al., 2001; Capdeville et al., 

2005 .(�
� -�6�MN���� �S�< �����  � t���� Pl,�%
	� $�%&' ��(') *� +��%� , -(

��#�D�]' .��' P
A� ���(7) *� VT#�, �� t���� �/
N *# �	�� j/(� B. cinerea jWD 

��# �S�<  � ��
%'�%D
� .�� �S�< , 4�(� � Pl,�%� �� t����� �/
N U�
���/� *%���� � .

 �(�,B%���	�9T' �� ���# �S�< U�� +�� , t���� .��
�  � � *R��� �(�� , }�> 2

� *�
A'�� �S�< U� , t���� Pl,�%�%0 
�' 
� t�� �� P�5��
�) 
%�� Z�/� 4�A� *m��� ( *�

(1��� ��(� �� �/
N U�' *��T# .
%� �y
0 V	,�N�W;� Z���" +
W�T�' � �',
W' �(��� �� 


��� ������  � |N�� �� *� ����  � 4���
��%�#
1 23#  �S�< ����
# ��� �� �� 

��# [/
T'�
� .��' �� �T#) Volpin & Elad, 1991; Elad & Volpin, 1993; Starkey & Pedersen, 
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Table 6. Interaction effects of different nitrate to ammonium ratios and calcium levels on susceptibility of  

rose flower to gray mold as expressed by area under disease progress curve (means of two sampling dates) 

 ��# �S�<� .)'����h('(  
Calcium concentration (mM) 

 1.6 4.8 

� ������(') *� +��%�-(  
Nitrate to ammonium ratio  

  �0
�'�T;T' ��N � �D�A

���
�  
AUDPC rate (% day-1) 

100/0  27.4 C* 15.4 E 
75/25  28.0 BC 22.7 D 
50/50  31.9 A 31.3 AB 

*U�B�
�' 
	�T:' }@%1� �"
D *�
A' },�0 
��' �X�� ZTN `R/ �� ��� �T�
�) P(' )LSD.(  
*Means carrying the same letter are not statistically different at P≤0.05 (LSD Test). 
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