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Effects of Intentional Alternate Bearing Methods on Tree Growth, Yield and Fruit Quality in
Young Tree of ‘Aoshima unshiu’ Satsuma Mandarin (Citrus unshiu Marc.)
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Summary

To improve the fruit quality and alternate bearing behavior of young ‘Aoshima unshiu’ trees, they
were subjected the following four bearing methods: (1) alternate whole tree bearing (AWB), (2)
unilateral bearing within the crown (UBC), (3) alternate branch unit bearing (ABB), (4) whole tree
annual bearing (WAB). The cumulative yield per tree during the 12 years in UBC was 8 to 13% higher
than those in other bearing methods. The yield in AWB was almost the same as that in WAB plot. In
WAB and ABB plots, more than 40% of fruits were classified as size 2L or larger, whereas 26% was
ranked in the same category in AWB. In AWB, as much as 70% of the marketable was graded M or L
size with high Brix value. Alternate bearing indices of WAB and ABB were, higher than those of
AWB and UBC, that of UBC ranked last. Brix values of UBC and AWB were higher than those of
WAB, while fruit coloring was significantly advanced in AWB. Volume of the tree crown was the
largest in AWB, followed by UBC. The crown volume of the 15-year-old AWB trees was 1.6 times

larger than that of the WAB trees.

Although UBC and AWB methods produced high marketable fruits of young ‘Aoshima unshiu’
every year. AWB was judged to be the most suitable based on the ease of labor management.
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Table 1. Effects of bearing method on fruit yield and biennial bearing of ‘Aoshima unshiu’ (from 1985 to 1996).

Yield

Bearing method”

kg/m? - canopy

Mean of alternate bearing index’

Number of fruits

/tree
kg/tree volume /tree /canopy volume
AWB 298.2a% 3.0a 295.2b 0.100a 0.082a
UBC 324.0b 3.8ab 267.2b 0.099a 0.093a
ABB 301.0a 4.4b 237.0a 0.154b 0.134b
WAB 287.5a 4.0b 201.8a 0.159b 0.117b

? Data are means for 12 years.
¥ Mean of biennial bearing indices for 12 years.

* AWB: intentional alternate bearing, UBC: unilateral bearing within the crown, ABB: alternate branch unit

bearing, WAB: whole tree annual bearing.

¥ Mean separation in columns by Tukey’s - test, P<0.05.
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Fig. 1. Annual changes in yield (A, on a tree basis ; B, on a

canopy volume basis) and biennial bearing index (G-
Xl / (Xi+Xi-1) ; X; , yield of a year) of ‘Aoshima unshiu’
grown under different bearing method. Treatments are
described in Table 1.
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Fig. 2. Increase in canopy volume (Maximum canopy diameter
X minimum canopy diameter X tree height X 0.7) of
‘Aoshima unshiu’ trees subjected to four bearing methods.
Treatments are discribed in Table 1. Means of fruit-
bearing and non - fruit- bearing trees are shown in AWB.
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Fig.3. Distributions of fruit size and mean fruit weight of
‘Aoshima unshiu’ trees subjected to four bearing methods.
Data are means for 12 years (1985 to 1996).Values in the
parenthesis indicate fruit diameter. Treatments are de-
scribed in Table 1. Different letters indicate mean sepa-

ration by Tukey’s - test, P< 0.05.
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Table 2. Effects of bearing method on fruit quality of ‘Aoshima unshiu’ (from 1985 to 1996)".

. ., Shape index of Peel puffing Peel color® Brix Acidity®
hod” . .
Bearing metho fruit (%) (index) (%) (%)
AWB 152b" 14.2b 8.9b 11.2b 0.90
UBC 150b 9.5a 8.6b 11.3b 0.91
ABB 147ab 9.6a 8.2b 11.0ab 0.93
WAB 143a 7.9a 7.1a 10.7a 0.92
? Data are mean for 12 years.
¥ Same as in Table 1.
* Peel color degrees which are divided from 0 (green) to 10 (perfectly colored orange).
¥ Described as citric acid equivalent.
¥ Mean separation in columns by Tukey’s - test, P< 0.05.
Table 3. Effects of bearing method on fruit size distribution and quality®.
. . Fruit weight Pulp percentage Brix Acidity* Peel color®
Y
Bearing method Class @ %) %) (%) (index)
S 74.7a% 80.5¢ 12.8¢ 1.00 7.9b
102.7b 78.1bc 12.8¢ 0.97 8.7c
AWB L 119.9¢ 76.9b 12.7¢ 1.01 8.9c
2L 149.9d 76.0b 12.3b 1.02 8.1b
3L 196.0¢ 73.9a 12.2ab 1.02 7.3a
S 71.3a 78.9bc 12.1ab 1.12 6.4a
M 105.7b 76.0b 12.2ab 1.10 7.5ab
WAB L 124.6¢ 75.1b 12.1ab 1.08 7.6ab
2L 152.5d 74.70 11.8a 1.05 7.1a
3L 189.4¢ 71.9a 11.6a 1.07 6.8a

* Fruits from five, 14 - year - old trees were analyzed on December 10, 1994,
¥ Same as in Table 1.

* Same as in Table 2.

¥ Mean separation in columns by Tukey’s - test, P< 0.05.
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Table 4. Effects of bearing method on the variation of fruit quality within a tree of ‘Aoshima unshiu’.

Bearing method® Maximum Minimum Mean * SD cvY
Brix (%)
AWB 12.5 9.9 11.6 = 0.5 4.3
WAB 12.5 9.8 11.0£ 0.6 5.5
Acidity (%)
AWB 1.24 0.82 1.04 £ 0.1 9.6
WAB 1.21 0.84 1.08 £ 0.1 9.3
Peel color (index)
AWB 10 8711 12.6
WAB 10 3 6718 26.8

A canopy of 15 - year - old tree was divided into four parts, i.e., upper part, middle part, lower part and inner
part. On December 12, 1995, 45 fruits were sampled from each part (180 fruits in total) and analyzed.

? Same as in Table 1.

¥ Data are CV (coefficient of variation) values of four parts.
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