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Abstract.

Proper tree vigor and crop load were determined for ‘Fuji’/M.9 apple trees in high density plant-

ing system from 2001 to 2003. Leaf/fruit ratic was highly correlated to mean fruit weight (y=1.715x+
205.02, R?=0.66"") and yield (y=—35.156x+5963.7, R*=0.44""). In addition, there was a significant corre-
lation between the number of leaves per tree and mean fruit weight. However, crop load did not affect tree
growth, soluble solids content of fruit, and Hunter a value. To harvest the fruits heavier than 300 g without
biennial bearing, it was appropriate to crop 55 to 64 fruits in a tree with 55 leaves per fruit of adult tree. The
good indices for proper tree vigor could be 20 to 25 cm of mean shoot length and above 95% of shoot ter-
mination rate. Moreover, no secondary growth and 20 to 30% of spur formation could be the indices for

highly productive tree vigor.
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Introduction

Since 1995, the high density planting system using
M.9 rootstocks has been employed for enhancing com-
petitiveness of apple industry in Korea (Park, 1999). This
system has proved early and high productivity with
labor-saving. As a result, this system has increasingly
been applied to more cultivation area in Korea.

In high density planting system, ‘Fuji” has been a main
cultivar so far in Korea. Oh and Jang (1987) reported that
‘Fuji’ in growing season produced long shoots with less
medium bearing branches (20 cm). Poor fruit quality of
‘Fuji” apple trees has been a major problem in the high
density planting system with more than 1,900 trees/ha
because of excessive shoots growth and poor light pen-
etration. Especially, this phenomenon in highly produc-
tive age causes many problems including low yield, poor
fruit quality, and biennial bearing.

Therefore, management methods for stabilizing tree
vigor and ensuring effective fruiting of ‘Fuji’ apple trees
are required.
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This study was carried out to establish the high quality
fruit production technique in high density planting sys-
tem of ‘Fuji’ cultivar grafted on M.9 rootstock by adjust-
ing tree vigor and crop load for preventing biennial
bearing and stabilizing tree vigor.

Materials and Methods

Establishment of proper tree vigor

Five apple producing districts, Suwon, Chungju, An-
dong, Gunwi, and Jangsu, were selected for establishing
proper tree vigor in high density planting systems in
‘Fuji’/M.9 planted with the distance of 3.5x1.5 m (1,900
trees/ha) in each orchard. Tree ages were various from 2-
to 7-years-old per each three orchards at the same district
and ten trees were randomly selected from each orchard
for this study. The orchards were grouped into proper tree
vigor orchard without biennial bearing and poor tree
vigor orchard according to the report of Park (2004).
Tree growth characteristics such as mean shoot length
and shoot termination were measured on July 10, and
secondary growth was measured on August 10.
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Establishment of proper crop load

This experiment was performed from 2001 to 2003 in five
apple producing districts as Suwon, Chungju, Andong,
Gunwi, and Jangsu planted in March 1999 with 3.2x1.2m
(2,600 trees/ha) using even quality of ‘Fuji’ nursery.

In order to set the number of appropriate fruiting and
yield, each tree was controlled as 40, 60, and 80 of the
number of fruitings. Leaf/fruit ratio was calculated by the
number of total leaves on mid-July, and the tree growth
was performed by the same method as in the above.

Fruit quality was investigated with 20 fruits per tree. The
soluble solids content in the fruit juice including the fruit
skin was measured using a digital refract meter (model PR-
100, Atago Co., Tokyo, Japan). Fruit coloring skin color-
ation was indicated by Hunter value using a color differ-
ence meter (model JX-777, Conica Minolta, Japan). All
expetiments were employed in a randomized block design
with three replications as one tree by one block.

Results and Discussion

Establishment of proper tree vigor
To establish proper tree vigor during growing season

for ‘Fuji’’M.9 in a high density planting system, tree
growth characteristics were investigated (Table 1). The
mean shoot lengths in the proper orchards from 2-to 7-
years-old tree were 17.4~25.5 cm, whereas those of the
contrastive orchards were 24.6~38.2 cm. Shoot termina-
tions on July 10 within whole tree ages were 97~98% of
the proper orchards and at 90% of the contrastive or-
chards. Secondary growths in the proper orchards were
1.2~7.4% and those of non-proper orchards were 8.8~
22.2% at whole tree ages.

Distribution of shoot length in proper tree vigor
orchard on ‘Fuji’/M.9 was shown in Table 2. Less than 5
cm of shoot length in 2-years-old tree showed higher
than others. The frequency of the shoots with the length
of 6 to 10 cm was high in the trees of 2-years-old and
low in those of 7-years-old. Shoot length from 11 to 20
cm showed over 35% from 2- to 6-years-old trees and
29% in 7-years-old trees. Distribution over 31 cm was
higher in 5- to 7-years-old trees which approached in the
adult tree period than 2- to 4-years-old trees which were
young trees. Distributions of shoot length at entire tree
ages were in order of 11 ~20 cm>21~30 cm>the others.

For the production of 30~33 kg/tree and 300 g of

Table 1. Tree growth with different ages and tree vigors in ‘Fuji’/M.9 apple trees.

Shoot length (cm) Shoot termination (%) Secondary growth (%)’
Tree age Proper Non-proper Proper Non-proper Proper Non-proper
orchard orchard orchard orchard orchard orchard
2 17.4+1.0* 24.6+2.3 98.3+0.4 91.9+3.0 3.4%1.2 222471
3 21412 26.5+1.7 98.4+1.2 922+1.1 2.1+14 16.3+4.2
4 20.340.5 28.2+0.5 99.0+0.6 95.7£1.5 1.2+0.2 16.8+2.4
S 222406 30.8+1.7 97.8+0.8 94.7+2.2 46109 8.8+1.1
6 22.510.6 279+2.7 98.4+0.9 92.5%5.1 41+1.2 12.5+1.6
7 255403 3824238 97.6+1.3 91.3£0.8 7.4£0.8 153432
“Measured on July 10., Y"Measured on August 10. *Mean+ SE.
Table 2. Distribution of shoot length on tree age in proper tree vigor of ‘Fuji’/M.9 apple trees.
Distribution of shoot length (%)
Tree age
<5cm 6~10 11~20 21~30 31~40 >41 cm
2 6.1+£1.5% 24.0+2.7 382423 20.8%3.6 8.3+£2.1 2.7+0.7
3 23£04 129+1.9 38.7+1.8 28.912.0 11.9+2.1 5.3£3.3
4 24403 16.6+3.7 39.7+0.3 273+4.3 10.7+0.5 33409
5 57£0.9 153+2.1 33.6+2.1 23.142.3 11.6£0.5 10.0£2.6
6 44+1.7 149433 404425 263143 9.5+1.0 11.0£2.2
7 13204 8.4+1.2 29.0+1.5 35.9+0.7 156+1.1 9.6+1.4
*Mean+SE.
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Table 3. Yield on tree age and different tree vigor in ‘Fuji’/M.9 orchards.

No. of fruiting (No./tree) Fruit weight (g) Yield (kg/10a)*
Tree age Proper Non-proper Proper Non-proper Proper Non-proper
orchard orchard orchard orchard orchard orchard
2 18.7£2.2Y 16.8+4.4 301.7+£4.0z 319.3+6.2 1,068+125.3 999+255.0
3 40.0£4.7 203132 313.3+4.4 320.0+2.9 2,386+294.8  1,2391204.7
4 73.0+8.2 70.0+8.7 326.0+4.2 319.0£3.8 4,535£559.7  4,226+543.9
5 66.0+4.6 60.3+6.3 323.0+2.1 283.0£8.1 4,039+273.0  3,2321299.6
6 79.0+2.6 66.0+3.6 285.0+£2.9 271.7£6.0 4,412+83.9 3,415+2584
7 943432 757122 305.0+£5.8 294.0+5.9 5,463+£152.8  4,231+202.9
*Calculated by 3.5 x 1.5 m planting density,
YMean+SE
Table 4. Fruit quality on tree age and different tree vigor in ‘Fuji’/M.9 orchards.
Soluble solids (°Brix) Hunter a value
Tree age
Proper orchard Non-proper orchard Proper orchard Non-proper orchard
2 14.4£0.07 13.1+0.15 26.7£0.27 24.910.38
3 14.4+0.12 13.5+0.17 25.6+0.49 243+0.76
4 14.7+0.14 14.240.08 25.8+£0.37 22.6+0.38
5 14.8+0.20 13.9+0.17 27.5+0.51 23.510.40
6 14.2+0.18 13.1+0.31 243+0.26 21.1+0.49
7 13.8+0.20 13.2+0.29 23.9+0.93 21.9+0.76
"Mean+SE

average fruit weight in ‘Fuji’ apple with high density
planting system, they must planted at the rate of 1,250~
1,670 trees/ha, and the growth index reported for mean
shoot length was around 20 ¢cm and shoot terminations
on mid-June were 90~95% in Nagano province in Japan
(Byun, 1997). In addition, Kim ef al. (1996) reported that
high productive tree showed 15~30 cm of mean shoot
length. On the other hand, low productive tree produced
over 40 cm of mean shoot length and many water-sprout
shoots in ‘Fuji’/M.26. MAF (2002) reported that suitable
tree vigor for apple production of 3.3+0.5 tons/10a
between 2- to 4-years-old trees in ‘Fuji’/M.9 were 19+4
cm of over 5 cm of shoot length, 23+3 cm of terminal
shoot length and less 14% of shoot re-growth on 2-years-
old branches.

The numbser of fruitings, mean fruit weight, and yield
according to different tree ages and tree vigor were
shown in Table 3. The number of fruitings in 2-years-old
tree had no significant difference, but it was remarkably
differed as to elapsing of tree age. Fruit weight of entire
tree ages in the proper orchards produced around 300 g.

On the other hand, in case of improper orchard produced
around 320 g in young tree age (2- to 4-years-old tree)
and 270~290 g in adult tree age (5- to 7-years-old tree).
Yield per 10 a showed similar tendency with the number
of fruitings.

The soluble solids content of the proper orchards was
about 1.3°Brix higher than that of non-proper orchard
through the entire investigated tree ages. Similarly, Hun-
ter a value of proper orchard was about 2.5 higher than
that of improper orchard from 2- to 7-years-old tree
(Table 4). Generally, strong tree vigor has high nitrogen
content (Rapp and Ibrahim, 1995), insufficient light pen-
etration (Barritt ef al., 1987), and poor net productivity
because of increasing shoot growth (Koike ef al., 1990).
To prevent poor tree growth and fruit quality, the suit-
able fertilizing, pruning, and fruiting management has to
be considered. Park (2003) reported that incase of strong
vigor tree produced vigorous growth in shoot growth,
leaf area, and internodes length than those of poor vigor
tree. Moreover, it requires higher water content in
branches or leaves. Additionally, Hong et ol (1997)
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Table 5. Effect of leaf/fruit ratio on leaf area and mean shoot length in ‘Fuji’/M.9 apple trees from the 4th to 6th year after
planting.

N Leaf/fruit Shoot length (cm)
N(&\?;/ftrrlg;ng ratio Year after planting
4th 5th 6th
40 66+2.2% 17.4a 15.4a 25.1a
60 55+1.7 16.5a 13.3a 19.7ab
80 31£1.4 15.9a 11.7a 18.2b
*MeantSE,

YMean separation within columns by Duncan's multiple range test at 5% level.

Table 6. Effect of leaf/fruit ratio on terminal bud on spur formation in ‘Fuji’/M.9 apple trees from the 4th to 6th year after
planting.

The number of terminal buds on spur (No./tree)*
No. of fruiting

Year after planting

(No./tree)
4th 5th 6th
40 134.82” 149.5a 215.7a
60 130.6a 147.3a 201.0a
80 126.3a 126.0b 217.5a
“Mean separation within columns by Duncan’s multiple range test at 5% level,
"Mean+SE

Table 7. Effect of leaf/fruit ratio on fruit weight and fruit quality in ‘Fuji’/M.9 apples trees from the 4th to 6th year after
planting.

Fruit weight (g) Soluble solids (°Brix) Hunter a value
No. of fruiting Year afier olantin
(No./tree) ear after planting
4th Sth 6th 4th Sth 6th 4th 5th 6th
40 288.0a"  328.0a 337.1a 15.3a 13.4a 14.5a 24.1a 21.3a 23.7a
60 271.0ab  315.0ab  316.4ab 14.8a 12.8a 13.9a 21.9a 21.3a 24.0a
80 252.0b 296.0b 274.9b 14.6a 13.0a 14.0a 23.1a 18.8a 24.1a

“Mean separation within columns by Duncan’s multiple range test at 5% level.

reported that strong lateral shoot growth required high
water content in leaf and water condition was related to
tree growth. Tree vigor in same fertilizing and soil con-
dition considers rather absorption and transfer amount of
saps by water condition in soil and activity of roots than
nitrogen concentration in sap related to growth. In this
study, proper tree vigor orchard maintained good soil air
and water permeability and provided good light penetra-
tion, but excessive water supply and insufficient light
penetration cause strong tree vigor orchard (data not
shown). When trying to synthesize the result of above,
proper tree vigor during adult season in ‘Fuji’/M.9 high
density planting system involves 20~25cm of mean
shoot length, 95% of shoot termination, cessation of sec-

ond growth, and 20~30% of spur ratio.

Establishment of proper crop load

To establish proper crop load in ‘Fuji’/M.9, the num-
ber of fruitings per tree was controlled as 40, 60, 80 and
leaf/fruit ratio was in the order of 66+2.2, 55+1.7, and
31+1.4 (Table 5). Mean shoot length in the block of 40
fruits per bearing tree was longer than that of 80 fruits
when we compared at sixth year after planting. The num-
ber of terminal bud on spur was higher in the trees with
40 or 60 fruits than in 80’s (Table 6).

When we compared the fruit yield and quality among
the different number of fruitings (Table 7), the fruit
weight was heavier in the block of 40 fruits per tree than
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Fig. 1. Correlation between leaf/fruit ratio and mean fruit
weight in “Fuji’/M.9 apple trees from the 4th to 6th years
after planting,

in that of 80 fruit’s. Soluble solids content and Hunter a
value were not significantly different.

In the relationship between leaf/fruit ratio and the
mean fruit weight (Fig. 1), leaf/fruit ratio and mean fruit
weight showed highly positive relation as each 80, 55,
and 30 of leaf/fruit ratios were 340, 300, and 260~270 g
of mean fruit weight. Fig. 2 showed the correlation bet-
ween leaf/fruit ratio and yield. Increasing leaf/fruit ratio
caused decreasing yield as negative relation. As a result,
increasing leaf/fruit ratio caused increase of fruit weight
but decrease of mean yield.

Although, Magness et al. (1939) reported that mini-
mum leaves to increase fruit size in ‘Delicious’, ‘Rome
Beauty’, ‘Jonathan’, and ‘Wine shop’ cultivar with seed-
ling stock were 30~40, in the case of our study, it needed
about 50 leaves for ‘Fuji’/M.9. Meanwhile, Koike ef al.
(1990) reported that the proper number of fruitings could
be considered by leaf/fruit ratio, mean fruit weight, shoot
dry weight, yields, and the number of apical buds of spur.
Decreasing yield was related to increases in fruit weight,
leaf/fruit ratio, and the number of apical buds of spur. In
addition, for the production of 300~350 g of fruit in
‘Fuji’/M.26, the leaf/fruit ratio needed 50~60 fruits per
tree in adult tree age. However, it was not accordance
when using M.9 rootstock. Fruit size among various fac-
tors of fruit quality was affected by rather changing of
fruiting loads than leaf area and maximum yield with
high fruit quality conflicts the proper number of fruitings
as explained by Grappadelli et al (1997). Especially,
‘Fuji’ cultivar, which showing strong biannual bearing,
has to be controlled tree vigor, the number of flowerings
and fruitings for improving fruit quality and yields (Bar-
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Fig. 2. Correlation between leaf/fruit ratio and yield in
‘Fuji’/M.9 apple trees from the 4th to 6th year after plant-
ing.

ritt, 1997). There were many studies about the proper
number of fruitings and leaves, and one of that accom-
plished by Myers and Ferree (1990). They performed
that proper tree vigor and management for fruiting needs
to prevent poor yield because of decreasing terminal bud
formation when shoot length was over 25 cm. Leaf area
of 500 cm? per fruit transfers 35~45% of total carbohy-
drate to fiuit and the rest of them transfers branch for
increasing branch volume, while those of 300 cm? trans-
fers 55~75% of total carbohydrate to fruit (Hansen,
1978).

This study also performed that 66 of leaf/fruit ratio
was longer shoot length and heavier fruit weight than
others, on the other hand, in case of 31 of leaf/fruit ratio
showed shorter shoot length and lighter fruit weight than
others. This result was due to transfer assimilation prod-
ucts rather branch than fruit. Chalmers et al (1983)
insisted that fruiting set tree in peach may affect amount
of water consumption because it produced low transpi-
ration rate during slow fruit increment and high transpi-
ration rate during rapid fruit increment compared with
non-fruiting set tree. Finally, sap flow in non-fruiting set
tree may be increased by many shoot growth volumes
whereas those of fruiting set tree may be decreased by
fruiting. Although many studies conceming correlations
between fruit increment and the number of leaves and
between fruit development and shoot growth had done,
our experiment recorded different leaf/fruit ratio in M.9
rootstock. When considering the better quality of fruit
and the maximum yield in high density orchard system
with ‘Fuji’/M.9, appropriate leaf/fruit ratio was thought
to be 55.
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