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Abstract. This study was carried out to investigate the influence of defoliation by Marssonina blotch (Diplocarpon

mali Harada et Sawamura) on vegetative growth and fruit quality in ‘Fuji’/M.9 apple tree.
decreased when the defoliation percentage by Marssonina blotch was over 10% before t

Soluble solid contents
he end of September,

and fruit weight decreased when percentage of defoliation was over 30%. Fruit red color and starch contents
tend to decrease as percentage of defoliation near the fruit increased. Return bloom, fruit weight, and shoot
growth the following year tend to decrease as percentage of defoliation increased. Photosynthetic rate of healthy

leaves in bourse shoot during the end of September was maintained about 10 umol-m?-s”, effects in increasing

fruit growth and soluble solid contents after the end of September. Photosynthetic rates for the damaged leaf,
damaged area was over 50% on the leaf surface, while 30% of the photosynthetic rates of healthy leaf are
without damage applied with Marssonina blotch at the end of September. The results show that the decrease
of fruit quality in defoliation treatments may be caused by the decrease of starch contents in fruit, and that
was caused by the photosynthetic rates of leaves near fruit was decreased by Marssonina blotch in the wake

of August.
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Table 1. Influence of different defoliation degrees by Marssonina blotch on fruit quality of ‘Fuji’/M.9 apple tree in 2009.

Defoliation® No. of fruit Fruit weight Soluble solids Titratable acidity Fruit red color
(%) per tree (9) (°Brix) (%) (Hunter a value)
0.0-9.9 71 @ 330 a 14.6 a 0.29 a 175 a
10.0-19.9 73 a 310 ab 135 b 0.26 ab 153 a
20.0-29.9 70 a 309 ab 134 b 0.27 ab 14.7 a
30.0-39.9 70 a 298 bc 136 b 0.28 ab 16.3 a
40.0-49.9 70 a 291 bc 132 b 025 b 14.0 a
50.0-59.9 64 a 286 ¢ 132 b 025 b 16.2 a
Over 60.0% 72 a 282 c 134 b 0.24 b 16.8 a

“Trees were defoliated by Marssonina blotch in 2009. Percent defoliation was compared to trees that were not damaged by Marssonina
blotch. Checking time of total leaves per tree was at the end of September. Total leaves per tree that none damaged by Marssonina
blotch were about 3,700 leaves in the end of September on 2009.

YMeans followed by the same letter are not significantly different using Duncan’s multiple range test, P = 0.05

Table 2. Influence of different defoliation degrees by Marssonina blotch in bourse shoot on fruit quality of ‘Fuji’/M.9 apple tree

in 2010.
Defoliation® Fruit weight Soluble solids Titratable acidity Fruit red color  Starch pattern index’
(%) (9) (°Brix) (%) (Hunter a value) (0-6)
0.0 291 a* 13.0 a 0.36 a 14.2 a 33 a
0.1-29.9 281 b 125 b 033 b 13.9 a 33 a
30.0-49.9 266 ¢ 12.1 bc 031 b 12.3 ab 46 b
50.0-69.9 262 ¢ 11.6 cd 0.31 b 12.2 ab 44 b
70.0-99.9 259 ¢ 11.6 cd 0.31 b 12.0 ab 50c
100 245 d 11.2 d 0.31 b 99 b 57c¢

“Leaves in bourse shoot were defoliated by Marssonina blotch. Checking time was in the end of October. Percent of defoliation
was compared to bourse shoot that leaves were not damaged by Marssonina blotch. 0, not defoliation and remain leaves were
not damaged by Marssonina blotch; 0.1-29.9, defoliation was about 20.0% and remain leaves were covered under 50% by Marssonina
blotch; 30.0-49.9, defoliation was about 40.0% and remain leaves were covered under 50% by Marssonina blotch; 50.0-69.9,
defoliation was about 60.0% and remain leaves were covered over 50% by Marssonina blotch; 70.0-99.9, defoliation was about
80.0-90.0% and remain leaves were covered over 50% by Marssonina blotch; 100, remain leaves in bourse shoot were not exist.

YStarch pattern index value 0-6 with 0 = immaturity.

*Means followed by the same letter are not significantly different using Duncan’s multiple range test, P = 0.05.
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Fig. 1. Fruit production and distribution of fruit weight of
‘Fuji’/M.9 apple tree under different defoliation degrees by
Marssonina blotch in 2009. Vertical bars indicate standard
errors of fruit production in 5 trees.
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Fig. 2. Return bloom of ‘Fuji’’M.9 apple tree under different
defoliation degrees by Marssonina blotch in 2009. Vertical
bars indicate standard errors of 5 trees.
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Table 3. Influence of different defoliation degrees by Marssonina blotch in 2009 and 2010 on fruit quality of ‘Fuji’/M.9 apple tree

in 2010.

(llgzgoliationz Nfo. of Fruit Soluble Titratable Fruit red color
ruit weight soolu_:is acidity (Hunter a)

2009 2010 per tree (9) (°Brix) (%)

Under 30.0 Under 30.0 67 260 12.2 0.33 14.8

Under 30.0 Over 30.0 64 248 11.9 0.31 15.7

Over 30.0 Under 30.0 58 244 11.9 0.31 15.8

Over 30.0 Over 30.0 55 240 11.4 0.30 16.9

ANOVA

A (Defoliation in 2009) NS * NS NS NS

B (Defoliation in 2010) NS NS NS NS NS

AxB NS NS NS NS NS

“Trees were defoliated by Marssonina blotch in 2009, and defoliation by Marssonina blotch also happened the following year (2010).
Percent of defoliation was compared to trees that were not damaged by Marssonina blotch in each year. Checking time of total
leaves per tree was in the end of September in 2010. Total leaves per tree that none damaged by Marssonina blotch were

about 3,700 leaves.

NS’ Indicated non-significant and significant differences at P < 0.05, respectively.
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Fig. 3. Fruit production and distribution of fruit weight of
‘Fuji’/M.9 apple tree in 2010 under different degrees of
defoliation by Marssonina blotch in 2009 and 2010. Trees
were defoliated by Marssonina blotch in 2009, and defoliation
by Marssonina blotch also happened the following year
(2010). Vertical bars indicate standard errors of fruit production
in 5 trees.
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Table 4. Influence of different defoliation degrees by Marssonina blotch in 2009 and 2010 on vegetative growth of ‘Fuji’/M.9 apple
tree in 2010.

Defoliation” (%) TCA increment No. of shoot Total shoot growth
2009 2010 (cm?®) per tree (cm)

Under 30.0% Under 30.0% 4.5 172 3,348
Under 30.0% Over 30.0% 5.0 158 3,360

Over 30.0% Under 30.0% 4.4 145 2,629

Over 30.0% Over 30.0% 5.5 142 2,986
ANOVA

A (Defoliation in 2009) NS b b

B (Defoliation in 2010) NS NS NS

A xB NS NS NS

*See the footnote of Table 3.
NS™Indicated non-significant and significant differences at P < 0.001, respectively.

Table 5. Influence of different degrees of Marssonina blotch in the leaf of bourse shoot on photosynthetic rate, stomatal conductance,
transpiration rate, and leaf-to-air water vapor pressure deficit on Tleaf (VpdL) of ‘Fuji/M.9 apple tree in 2010.

Degrees_ of Z Photosynythetic Stomatal Transpiration VpdL
Marssonina blotch rate conductance rate

(%) (umol-m?s™) (mol-m2-s™) (mmol-m?s™) (kPa)
24th August”

0.0 125 a" 0.32 a 6.91 a 240 b
Over 50 6.4 b 0.14 b 3.78 b 3.18 a
30th September”

0.0 13.3 a“ 0.29 a 4.07 a 1.58 ¢
Under 50 95 b 0.26 a 3.94 a 1.77 b
Over 50 39¢c 017 b 3.16 b 2.08 a

*Degrees of Marssonina blotch in the leaf surface was checked by visual. 0, Marssonina blotch was not in the leaf; Under 50,
Marssonina blotch was covered under 50% in the leaf surface; Over 50, Marssonina blotch was covered over 50% in the leaf
surface.

YMeans calculated as average values from 10:00 to 14:00.

*Avg. air temperature range was from 29 6 to 31.7°C, light level range was from 1,000 to 2,000 umol-m?s™, and CO, concentration
range was from 380 to 400 umol- mol”

“Means followed by the same letter are not significantly different using T-test, P = 0.05.

Avg. air temperature range was from 11 3 to 19.0C, light level range was from 1,500 to 1,600 umol'm?-s™”, and CO, concentration
range was from 390 to 400 umol- mol™.

“Means followed by the same letter are not significantly different using Duncan’s multiple range test, P = 0.05.
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