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ABSTRACT 
In order to investigate the state of carbohydrates and the effect of naphthalene acetic acid (NAA) application on yield 
and alternate bearing of Miyagawa Satsuma mandarin, two separate experiments were performed an Miyagawa Satsuma 
mandarin oechard. In the first experiment, the trend of changes in the concentration of carbohydrates (soluble sugars and 
starches) in the leaves and roots of trees were investigated. The second experiment were performed as randomized complete 
blocks design with 4 replications during 7 years. Treatments included: control; 150, 300 and 450 mg/l NAA spraying before 
physiological abscission of fruitlets. The results of the first experiment showed that the average changes of starch and 
soluble sugars in foliar leaves and roots were about 6.3 times and 2.34 times higher, respectively. The results of the second 
experiment showed that NAA application in the first stage of fruit growth in “on” years, increased yield in “off” years, and 
gradually yield variation in “on” and “off” years decreased. So that treatment 300 mg NAA l-1 had the highest cumulative 
yield and the lowest alternate bearing index. However, all NAA treatments reduced alternate bearing index compare to 
control, significantly. Therefore, based on the results of this project to modulate alternate bearing, spray NAA in “on” at a 
concentration of 300 milligrams per liter from 25 days after flowering to about 40 days after flowering is recommended. 
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L :�)1. ^A��IB � �L  I  J@" W�$ >AFO� tA��+. 
Table 1. Soil analysis results before running the experiment. 

Cu Mn Zn Fe Mg  K P O.M T.N.V. CEC 
pH EC Depth 

 mg/kg soil % % cmol/kg dS/m cm 
1.01 3.7 1.5 4.6 545  447 21 1.98 25 23.5 7.7 0.97 0-30 
0.98 3.6 1.4 5.2 489  248 12 1.30 28 25 7.9 1.24 31-60 

Soil texture: Clay loam 
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:�)L 2. ^A��IB � �L  I  J@" r�� >AFO� tA��+.  

Table 2. Leaf analysis results before running the experiment. 
B Cu Mn Zn Fe Ca Mg K P N 

Concentration in leaf 
g/g leaf dry weightµ % Based on leaf dry weight 

54 15.30 22.12 18.20 195 4.30 0.27 0.94 0.16 2.10 Sample 

  

 :�)L3 �����  !"#$  � !%�
�&'( �)* )  �)+I�� |�
 ��  ��T��� �.E+  !&+��+ )
� �`.1.'U JY ��  .1395(  
Table 3. Phenological growth stages of Miyagawa Satsuma mandarin in east of Mazandaran  

(Asadi Kangarshahi & AkhlaghiAmiri, 2016)   

Miyagawa Satsuma mandarin Phonological growth Fruit development 
30 March – 9 April Spring shoot - 
25- 30 April Hollow ball 

Phase I 5 – 15 May Beginning of fruit set 
5 – 10 June Beginning of physiological fruit drop 
15 – 20 June End of physiological fruit drop 
15 – 20 June Beginning of cell enlargement 

Phase II 1 – 6 September Beginning of autumn shoot 
6 – 11 September Beginning of fruit colouring (colour – break) 
16 – 21 September Fruit ripe for picking 
20 September – 20 October Fruit ripe for consumption Phase III 
1 – 11 November End of autumn shoot - 

 
 :�)L4 V(�� s+�A� � >AFO� tA��+ .)�*  4��*  3�1��2+ �/   ��T��� �.E+  !&+��+ ?.�� -�2= !$�� � !%���� 8��'� f$�
 ��. 

Table 4. Results of combined analysis of variance of the effect of naphthalene acetic acid on alternate bearing index and 

some traits of Miyagawa Satsuma mandarin fruit. 
Mean of squares 

df Source of 

Variation Fruit yield Fruit diameter Fruit weight Alternate bearing index 

5411** 712** 1127* 0.359** 3 NAA 
14287** 1698* 12045* 0.165* 6 Year 
923** 81* 1989* 0.121* 18 NAA × year 
21.81 11.98 14.25 15.98 - CV% 

ns �.@+ V���� >� :* � * �-��2� !'D� � � �-��2� !'D� :�	�Y  lm* �� � �5  �1 .)=��  
ns, *, **: Non-significantly difference, and significantly difference at 5% and 1% of probability level, respectively. 
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(��� d( :�*) ����+.  
Table 5. Changes of soluble sugars and starch in leaves and fibrous roots of Miyagawa Satsuma mandarin trees inon 

year and off year. 

Carbohydrate Organs 
Consecutive Years 

On Off On Off On Off 

Soluble sugars (mg/g) 
Leave 96c 115ab 87.5d 121a 98.4c 109.3b 

Root 27.7c 56.4ab 31c 53.8b 32.3c 60.1a 

Starch (mg/g) 
Leave 48.3c 117a 46.7c 112.5ab 50.2c 109.7b 
Root 21.6c 152.5a 24.4c 146b 26.2c 157.2a 
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Figure 1. Effect of year on yield of Miyagawa Satsuma mandarin trees in NAA foliar application experiment (1 = first 

year, 2 = second year, 3 = third year, 4 = fourth year, 5 = sixth year and 6 = seventh year). 
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Figure 2. Mean comparison effect of NAA on yield of Miyagawa Satsuma mandarin trees in seven consecutive years 

(87 = 2008, 88 = 2009, 89 = 2010, 90 = 2011, 91 = 2012, 92 = 2013 and 93 = 2014). 
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Figure 3. Mean comparison effect NAA on cumulative yield of Miyagawa Satsuma mandarin trees during seven years (T1= 

control, T2= foliar application of 150 mg/l NAA, T3= foliar application of 300 mg/l NAA, T4= foliar application of 450 mg/l NAA). 
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Figure 4. Mean comparison effect of NAA on alternate bearing index of Miyagawa Satsuma mandarin during seven 

years (T1= control, T2= foliar application of 150 mg/l NAA, T3= foliar application of 300 mg/l NAA, T4= foliar application of 

450 mg/l NAA). 
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Figure 5. Mean comparison effect of NAA on average fruit weight of Miyagawa Satsuma mandarin in seven 

consecutive years (87 = 2008, 88 = 2009, 89 = 2010, 90 = 2011, 91 = 2012, 92 = 2013 and 93 = 2014). 
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Figure 6. Mean comparison effect of NAA on fruit average weight of Miyagawa Satsuma mandarin during seven years (T1= 
control, T2= foliar application of 150 mg/l NAA, T3= foliar application of 300 mg/l NAA, T4= foliar application of 450 mg/l NAA). 
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Figure 7. Mean comparison interaction effect of year and NAA on fruit average weight of Miyagawa Satsuma mandarin (Y1 
= first year, Y2 = second year, Y3 = third year, Y4 = fourth year, Y5 = sixth year and Y6 = seventh year and T1= control, T2= 

foliar application of 150 mg/l NAA, T3= foliar application of 300 mg/l NAA, T4= foliar application of 450 mg/l NAA). 
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Figure 8. Mean comparison effect of NAA on fruit average diameter of Miyagawa Satsuma mandarin in seven 

consecutive years (87 = 2008, 88 = 2009, 89 = 2010, 90 = 2011, 91 = 2012, 92 = 2013 and 93 = 2014). 
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Figure 9. Mean comparison effect of NAA on fruit average diameter of Miyagawa Satsuma mandarin during seven 

consecutive years (T1= control, T2= foliar application of 150 mg/l NAA, T3= foliar application of 300 mg/l NAA, T4= foliar 

application of 450 mg/l NAA). 
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Figure 10. Mean comparison interaction effect of year and NAA on fruit average diameter of Miyagawa Satsuma mandarin 

(Y1 = first year, Y2 = second year, Y3 = third year, Y4 = fourth year, Y5 = sixth year and Y6 = seventh year and T1= control, 

T2= foliar application of 150 mg/l NAA, T3= foliar application of 300 mg/l NAA, T4= foliar application of 450 mg/l NAA). 
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