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Fig. 1. The interaction effect of cultivar and foliar spray on percentage of pollen grain germination. Columns with 

the same letters have no significant difference at the 5% level of probability using LSD test. 
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Fig. 2. The interaction effect of cultivar and foliar spray on olive inflorescence number. Columns with the same 

letters  have no significant difference at the 5% level of probability using LSD test. 
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Fig. 3. The interaction effect of cultivar and foliar spray on total flowers number of olive. Columns with the same 

letters have no significant difference at the 5% level of probability using LSD test. 
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Fig. 4. The interaction effect of cultivar and foliar spray on percentage of complete flower percent of olive. 

Columns with the same letters have no significant difference at the 5% level of probability using LSD test. 
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Fig 5. The interaction effect of cultivar and foliar spray on incomplete flower percent. *Columns with the same 

letters have no significant difference at the 5% level of probability using LSD test. 
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Fig.6. The interaction effect of cultivar and foliar spray on fruit-set. Columns with the same letters have no 

significant difference at the 5% level of probability using LSD test. 
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Fig. 7. The interaction effect of cultivar and foliar application on leaf boron content. Columns with the same letters  

have no significant difference at the 5% level of probability using LSD test. 
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Fig. 8. The interaction effect of cultivar and foliar spray on inflorescence boron content. Columns with the same 

letters  have no significant difference at the 5% level of probability using LSD test. 
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Table 1. Correlation of measured traits in three olive cultivars.  

�1� 25>�UV 

Inflorescence 

boron (ppm)  

�1� X�� 

Leaf 

boron 

(ppm)   

� �/  25

WD�
 

Incomplete 

flower (%)  

� �/  25

2��0 

Complete 

flower 

(%)  

����  20

25 

Total 

flower 

number  

���� 25>�UV 

Number of 

inflorescence  

���,�%  �
�/

�/�5 

Pollen 

grain 

germination  

	5,���"  

Characteristics 

      1 

 ���,�%�/�5 �
�/ 

Pollen 

germination  

i
g

l

j

c

i
e

k j i h i k
g

i
f d

h fg
b

i j

a

d

0
10
20
30
40
50
60
70

 �
��

�
C

o
n

tr
o

l  �
	


��
1 

S
te

p
 1

 �
	


��
2 

S
te

p
 2

 �
	


��
3 

S
te

p
 3

 �
	


��
1+2 

S
te

p
 1

+
2

 �
	


��
1+3 

S
te

p
 1

+
3

 �
	


��
2+3 

S
te

p
 2

+
3

 �
	


��
1+2+3 

S
te

p
 1

+
2

+
3

 �
��

�
C

o
n

tr
o

l  �
	


��
1 

S
te

p
 1

 �
	


��
2 

S
te

p
 2

 �
	


��
3 

S
te

p
 3

 �
	


��
1+2 

S
te

p
 1

+
2

 �
	


��
1+3 

S
te

p
 1

+
3

 �
	


��
2+3 

S
te

p
 2

+
3

 �
	


��
1+2+3 

S
te

p
 1

+
2

+
3

 �
��

�
C

o
n

tr
o

l  �
	


��
1 

S
te

p
 1

 �
	


��
2 

S
te

p
 2

 �
	


��
3 

S
te

p
 3

 �
	


��
1+2 

S
te

p
 1

+
2

 �
	


��
1+3 

S
te

p
 1

+
3

 �
	


��
2+3 

S
te

p
 2

+
3

 �
	


��
1+2+3 

S
te

p
 1

+
2

+
3

 ���	�Baladi  ����Mission  ��������Koroneiki

 X
�� 

�1�

L
ea

f 
b

o
ro

n
 c

o
n
te

n
t 

(p
p

m
)

i

b
ef fg

i
e h

jk
m

jk
m

ef
l i j jk

g
d c d

kl

a a

b

0

10

20

30

40

50

60

 �
��

�
C

o
n

tr
o

l  �
	


��
1 

S
te

p
 1

 �
	


��
2 

S
te

p
 2

 �
	


��
3 

S
te

p
 3

 �
	


��
1+2 

S
te

p
 1

+
2

 �
	


��
1+3 

S
te

p
 1

+
3

 �
	


��
2+3 

S
te

p
 2

+
3

 �
	


��
1+2+3 

S
te

p
 1

+
2

+
3

 �
��

�
C

o
n

tr
o

l  �
	


��
1 

S
te

p
 1

 �
	


��
2 

S
te

p
 2

 �
	


��
3 

S
te

p
 3

 �
	


��
1+2 

S
te

p
 1

+
2

 �
	


��
1+3 

S
te

p
 1

+
3

 �
	


��
2+3 

S
te

p
 2

+
3

 �
	


��
1+2+3 

S
te

p
 1

+
2

+
3

 �
��

�
C

o
n

tr
o

l  �
	


��
1 

S
te

p
 1

 �
	


��
2 

S
te

p
 2

 �
	


��
3 

S
te

p
 3

 �
	


��
1+2 

S
te

p
 1

+
2

 �
	


��
1+3 

S
te

p
 1

+
3

 �
	


��
2+3 

S
te

p
 2

+
3

 �
	


��
1+2+3 

S
te

p
 1

+
2

+
3

 ���	�Baladi  ����Mission  ��������Koroneiki

2
5 

�1�
 

 >
�U

V

In
fl

o
re

sc
en

ce
 b

o
ro

n
 c

o
n
te

n
t 

(p
p

m
)

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
8.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
19

 ]
 

                             9 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.8.2
https://journal-irshs.ir/article-1-360-fa.html


����4�" 	
��M� 

82 

     1 0.05ns 

���� 25>�UV 

Number of 

inflorescence  

    1 0.94** 0.06 ns 

���� 25 20 

Total flower 

number  

   1 0.13ns 0.09ns 0.43** 

� �/ 2��0 25 

Complete 

flower (%) 

  1 -1 ** -0.13ns 0.09ns -0.43** 

WD�
 25 � �/ 

Incomplete 

flower (%)  

 1 -0.06 ns 0.06 ns -0.13 ns -0.19 ns 0.59** 
�1� X�� 

Leaf boron   

1 0.56** 0.07 ns -0.07 ns -0.11 ns -0.16** 0.43** 

�1� 25>�UV 

Inflorescence 

boron   

** Significant at the 0.01 level, * Significant at the 0.05 level, ns non-significant 
** 	�P� cZ98�R� �/ `� [\= �/ ��/ * 	�P� cZ98� R� �/ ��- [\= �/ ��/ns 	�P� cZ98� /��� �����/  

  

$.��-����  
 �� ���% ����39
!�" 	� �s�M G"�,- 7� ���V B=/ �� ��ab% �0 B��5 ��39
 >3�l ���%�1� 	� ��9�7 ��98�/ �/ �
��%

W8�� .�.F�� /��I� �� 	"��5 CI� !�"C">3�l  }���;����� ��9�7 ��98�/ 	��- � ��3=��1�  B��/�� 7� e- � Q3��- 7�

�/ R��3� 	���Q���% ���7 ���
� 25 �/ ��9S�7 ���7 �/ � 	����4� 25 �/  ��I��H�!�" 5 �� 	9�r� �"��8 	��I
 !��V��� � 	"��

 B��/ >�� ��3H�%�"  �/CD�!�"  � E�9F�	5,��!�" �V �� m����;���� �0 !��@ �� .B=� d���9� �" �� 	��-�1� ���,�%  �
�/

 <30�% �/ �3H�% >��9.3� � /�/ G��Q�� �"�� �� B�S
 ��9�7 CD� �= �" �/ �� �/�5 2M��� �T��4� �� E�9F���B=/  .��V

;����	�P� G��Q�� <�= ��/ �� ;�� ��M�� <30�% � ;�� ��M�� �/ 	��- ��/���� 25 �/ � 	4��
��0 CD� �/ 25 20 � >�UV

 G��Q�� Y��� ��M�� �= �" <30�%���� 25;���� �/ !�3�� CD� .�� >.3� CD� �/ 25 20 � >�UV <30�% � ��/ ��M�� 	��-

 >��9.3� .�
/�� WD�
 25 � �/ >��9�0 � 2��0 25 � �/ >��9.3� !���/ ��= ��M�� �/ 	4��
��0 CD� � ��= �� ��/ ��M��

 >.3� CD� �/ ��M�� �= �" <30�% �/ ez= � 	4��
��0 CD� �/ ��= �� ��/ � ��= �� ;�� 2M��� <30�% �/ ��3� 234.% � �/

;���� .�� ��"�.� !��9�� G��Q�� <�= ��= �� ��/ ��M�� <30�% �/ 	��-�1� 25 � X��>������� .��/�5 CD� �= �" �/ >�UVR 

 >9��5 �J
 �/ ���3H�%!�" �	� RCD� �" �/ E�9F./��
 ;���� CD� �" !��� <=��� ���7 �/ �� �J
 /��� ���3% ���%  

/��0	                                                                                                                                   References  

1 . .!7���.0 ���
���V1396 B
��P� R!7���.0 /�I� d��7� .���
��� ��� .d�@��%�� � d��Z@� !����� Q0�� R!/�A9D� � !Q�

 .	
��
�� dg�A�� :��=233 .~   

2 . .� .x R	���@��@1392 RQ���% ��T.
�/ d���.9
� .��"�35 	
�P� ��ab% ;� � .562 .~  

3. Amin, P.S. and A.R. Shahsavar. 2012. The influence of urea, boric acid and zinc sulphate on vegetative traits 

of olive. J. Biodivers. Environ. Sci. 6(16): 109-113. 

4. Barranco, D., R. Fernandez-Escobar and L. Rallo. 2010. Olive growing. RIRDC Australia. 756 p. 

5. Del Rio, C. and J.M. Caballero. 2005. Aptitud al enraizamiento. In: Rallo, L., Barranco, D., Caballero, J., Del 

Rio, C., Martin, A., Tous, J. and Trujillo, I (eds). Variedades de olivo en Espana. Junta de Andalucia, M.A.P.A. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
8.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
19

 ]
 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.8.2
https://journal-irshs.ir/article-1-360-fa.html


�H� ��- ;����	 1����7 �/ �!�"  �� E�9F�	5,��... !�" 

83 

and Mundi-Prensa, Madrid, Spain. p.277-308. 

6. Delgado, A., M. Benlloch and R. FernandezEscobar. 1994. Mobilization of boron in olive trees during 

flowering and fruit development. HortScience, 29: 616–618. 

7. Ganie, M., F. Akhter, M. Bhat, A. Malik, J. Junaid, M. Abas Shah, A. Bhat and T. Bhat. 2013. Boron – a 

critical nutrient element for plant growth and productivity with reference to temperate fruits. Current Sci. 104 

(1). 

8. Gupta, U.C. 1979. Boron nutrition of crops. Adv. Agron. 31: 273-307. 

9. Hanson, E.J. 1991. Sour cherry trees respond to foliar boron applications. HortScience, 26: 1142– 1145. 

10. Hegazi, E.S., R.A. El-Motaium, T.A. Yehia and M.E. Hashim. 2015. Effect of boron foliar application on 

olive (Olea europea L.) trees 1- vegetative growth, flowering, fruit set, yield and fruit quality. J. Hort. Sci. 

Ornament. Plants. 7(1): 48-55. 

11. Jones, J.B., B. Wolf and H.A. Mills. 1991. Plant analysis Handbook. Micro-Macro Publishing, Inc. 213 p. 

12. Liakopoulos, G. and G. Karabourniotis. 2005. Boron deficiency and concentration and composition of 

phenolic compounds in Olea europaea leaves: a combined growth chamber and field study. Tree Physiol. 

25(3): 307-315. 

13. Nyomora, A.M.S. 1995. The effect of boron deficiency on the reproductive processes of almond (Prunus 

dulcis [Mill] D.A. Webb). Ph.D. dissertation University of California, USA. 

14. Nyomora, A.M.S., P.H. Brown and M. Freeman. 1997. Fall foliar-applied boron increases tissue boron 

concentration and nut set of almond. Amer. Soc. Hort. Sci. 122: 405–410.  

15. Nyomora, A.M.S., P.H. Brown and B. Krueger. 1999. Rate and time of boron application increase almond 

productivity and tissue boron concentration. HortScience, 34: 242–245. 

16. Perica, S., P. Brown, J. Connell, A. Nyomora, C. Dordas and H. Hu. 2001. Foliar boron application improves 

flower fertility and fruit set of olive. HortScience, 36(4):714–716. 

17. Spinardi, A. and D. Bassi. 2012. Olive fertility as affected by cross-pollination and boron. Scientific World J. 

doi:10.1100/2012/375631. 

18. Stellacci, A.M., A. Caliandro, M.A. Mastro and D. Guarini. 2010. Effect of foliar boron application on olive 

Olea europaea L. fruit set and yield. Acta Hort. 868: 267-272. 

19. Thotegowdanapalya, C.M. and E.J. Alexandra. 2018. Determination of Boron Content Using a Simple and 

Rapid Miniaturized Curcumin Assay. Bio-Protocol. 8(2), Jounuary 20. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
8.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
19

 ]
 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.8.2
https://journal-irshs.ir/article-1-360-fa.html


����4�" 	
��M� 

84 

20. Tsadilas, C.D. and K.S. Chartzoulakis. 1999. Boron deficiency in olive trees in Greece in relation to soil boron 

concentration. Acta Hort. 474: 341-344. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
8.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
19

 ]
 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.8.2
https://journal-irshs.ir/article-1-360-fa.html


�H� ��- ;����	 1����7 �/ �!�"  �� E�9F�	5,��... !�" 

85 

 
Iranian Journal of Horticultural Science and Technology 21 (1): 73 - 82 (2020) 
Research article 

 

Effect of Boron Foliar Spray at Different Times on Flowering and Fruit Set 

of Three Olive (Olea europaea L.) Cultivars 
 

B. Rahmani*, M. Ghasemnezhad, R. Fotouhi Ghazvini and A. Forghani1 

 

Boron deficiency can be a limiting factor for flowers and fruits formation in some olive 

orchards. The appropriate time of boron foliar application in different areas and cultivars needs 

more investigations. This study was conducted to investigate the effects of spraying with an 

optimum concentration of boron (350 mg/l) at different phenological stages on flowering and 

fruit formation in three olive cultivars (Baladi, Mission and Koroneiki). Foliar spraying stages 

were included after fruit harvest in autumn (first stage), the flower bud differentiation in winter 

(second stage), during anthesis in spring (third stage), alone and in combination. The 

characteristics such as inflorescences number, total flowers number, complete and incomplete 

flowers percent, final fruit set, percentage of pollen germination, and leaf and inflorescence 

boron content were evaluated. Boron spraying increased the percentage of pollen germination 

in all three cultivars compared to control. Also, foliar spraying in the first stage and in 

combination of the first and the second stages increased the total number of flowers and 

inflorescences in Koroneiki, and the combination of all three stages increased these 

characteristics in Mission cultivar. Baladi cultivar with spraying in second stage and in 

combination of second and third stages, and Koroneiki in third stage, showed the highest 

percent of complete flowers. The highest percent of fruit set was observed in combination of 

the first and the third stages, and in combination of the second and the third stages in Koroneiki 

and then in combination of all three stages in Mission. Spraying in combination of the second 

and the third stages increased leaf and inflorescence boron contend in all three cultivars. 

Keywords: Olive, Pollen germination, Inflorescences, Boron, Fruit-set. 
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