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Abstract

This study was conducted to collect primary data for high quality
production by evaluating the effect of old leaves from fruit bearing mother
shoot and new leaves from fruit bearing shoot on the growth and
development of ‘Shiranuhi’ [(C. wunshiu Marc.X C. sinensis Osbeck) < C
reticulate Blanco] fruit. The experiment had been performed for seventeen
months from 20th of December, 2014 to 11th of May, 2016 using fifteen
years old ‘Shiranuhi’ trees. Leaves of fruit bearing shoot and fruit bearing
mother shoot were defoliated. Two different defoliation methods for old
leaves defoliation were applied, the one defoliates all leaves except 4 new
leaves and the other left 8 new leaves. For new leaves defoliation, all new
leaves were defoliated leaving old leaves in July, October, and December
respectively after the secondary physiological fruit drop. Defoliation of old
leaves and the consequential changes on fruit weight, fruit length, fruit
diameter, fruit shape index, and fruit peel thickness were significantly lower
in 4 new leaves left than the control, but there was no difference between
the control and 8 new leaves left. Total soluble solids was lower and
acidity was higher in 4 new leaves left than the control. Therefore the ratio
of total soluble solids to acidity was highest in the control followed by &
new leaves left and 4 new leaves left, respectively. There was no
significant difference in the value of Hunter a for peel chromaticity. Axillary
bud sprouting was observed foremost in the control followed by 8 new
leaves left and 4 new leaves, successively. Number of return spring flush
was significantly reduced in 8 new leaves left and 4 new leaves left
respectively compared to the control. As the result of defoliation of new
leaves, there were no significant differences in fruit diameter and length,
weight, fruit shape, and peel chromaticity. Total soluble solids, acidity, and
ratio of total soluble solids to acidity were highest in July defoliation

followed by October, December defoliation, and the control without



significant differences. There were no tendency and no difference in
thickness and starch content of fruit bearing shoot between treatments.
Photosynthesis rate and chlorophyll index of old leaves left in fruit bearing
mother shoots were not affected by the defoliation of new leaves in the
bearing shoots and there were no significant differences. This study
indicated that old leaves from fruit bearing mother shoot affect the fruit
quality of ‘Shiranuhi’ more than new leaves from fruit bearing shoot, and
the maintenance control of old leaves could be a critical factor for high

quality fruit production.
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Fig. 1. Artificial defoliation of old leaves with or without new flushed leaves
in the bearing and bering mother shoots of 'Shiranuhi' citrus. Diagram
representing artificial defoliation treatments (A) and photos showing the

condition of trees and fruits before (B—1) and after treatment (B—2)



Fig. 2. Artificial defoliation of new flushed leaves except old leaves in the
bearing and bearing mother shoots of 'Shiranuhi' citrus. Diagram representing
artificial defoliation treatment (A) and photos showing the growth condition
of trees and fruits at the treatment time (B—1, July 1; B—2, October 1;
B—3, December 1) and at harvest (B—4)
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Table 1. Physical quality characteristics of fruits at harvest in 'Shiranuhi'

leafy fruits with the different numbers of new flushed leaves left in the

fruit bearing shoots after old leaves defoliation of the fruit bearing mother

shoots at the maturing stage (Dec. 20, 2015).

No. of ) Fruit Fruit Fruit Thickness
Weight . .
new (o) length diameter shape of pericarp
g .
leaves (mm) (mm) index (mm)
4 241.4+8.5”hY 86.5+1.4b  80.3+0.9b 1.1+0.0b 4.0£0.1b
8 278.3%x6.1a 95.6%x1.5a 82.9%0.8a 1.2+0.0a 4.1£0.1b
Control 277.7£11.9a 98.0%x2.2a 82.6%x1.2a 1.2£0.0a 4.7t02a
“ Values represent means * standard error (n=3).
¥ Mean separation within columns by Duncan’s multiple range test at 2 = 0.05.



Table 2. Comparison of physical quality characteristics in fruits classified
with weight at harvest in 'Shiranuhi' leafy fruits with the different numbers
of new flushed leaves left in the bearing shoots after old leaves defoliation

of the bearing mother shoots at the maturing stage (Dec. 20, 2015).

No. of < 250g 251g—299¢g 300g <

new

leaves FD FL TP FD FL TP FD FL TP
4 77.0a 82.4b 3.9p 82.6a 91.5b 4.1b 88.4a 92.7c¢ 4.5b
8 75.4a 89.6a 4.2a 84.2a 97.1a 4.1b 86.1a 97.4b 4.2b

Control 76.1a 88.4a 4.3a 80.9a 99.5a 4.9a 88.6a 105.2a 5.0a

z FD, FL, and TP represents fruit diameter, fruit length, and thickness of pericarp,
respectively.

¥ Mean separation within columns by Duncan’s multiple range test at 2 = 0.05.
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Table 3. Total soluble solids (TSS), acidity, and peel chromaticity of fruits
at harvest in 'Shiranuhi' leafy fruits with the different numbers of new
flushed leaves left in the bearing shoots after old leaves defoliation of the

bearing mother shoots at the maturing stage (Dec. 20, 2015).

No. of o Peel
TSS Acidity o ..
new ) TSS/acidity chromaticity
(°Brix) (%)
leaves (ax)
4 12.940.3%pY 1.24+0.08a 11.1£0.5b 25.5%0.2a
8 12.8+0.2b 1.0+0.04b 12.9£0.4a 25.5%+0.1a
Control 13.3%0.1a 1.0+0.05b 13.0%+1.5ab 25.9%0.3a

? Values represent means * standard error (n=3).

¥ Mean separation within columns by Duncan's multiple range test at 2 = 0.05.



Table 4. Effect of the different numbers of new flushed leaves left in the

bearing shoots after old leaves defoliation of the bearing mother shoots at

the fruit maturing stage (Dec.

sprouting and bloom in ‘Shiranuhi’ citrus.

20, 2015) on the time of return bud

No. of Date
- Axillary Young leaf Flower '
Flowering
leaves bud shape shape Full bloom
start
sprouting appearance appearance
4 16th Apr 24th Apr 1st May 4th May 11th May
8 12th Apr 20th Apr 30th Apr 2nd May 8th May
Control 31st Mar 8th Apr 16th Apr 24th Apr 2nd May




Table 5. Characterisitics of return spring flush and bloom in ‘Shiranuhi’
citrus with the different numbers of new flushed leaves left in the bearing
shoots after old leaves defoliation of the bearing mother shoots at the fruit

maturing stage (Dec. 20, 2015).

Length of No. of Flower
No. of new No. of spring

spring flush flower per diameter

leaves flush

(cm) flush (cm)

4 21.6%+1.2° 11.2+1.0 1.3£0.02 2.6£0.8
8 26.2%0.8 13.6%1.3 1.5+0.04 3.5£0.9
Control 31.5%+1.1 16.4+1.4 25.8+0.97 4.0£1.3

“ Values represent means * standard error (n=3).
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Fig. 3. Changes of fruit diameter and length in the leafy fruits of ‘Shranuhi’
citrus with the whole defoliation of the bearing shoot leaves at the different

fruit developmental stages.



Table 6. Effect of the defoliation of new leaves in the bearing shoots at the
different fruit developmental stages on the external quality of ‘Shiranuhi’

citrus fruits at harvest.

o Fruit Fruit Fruit Fruit Peel
Defoliation . . .
" weight length diameter shape chromaticity
ime
(2) (mm) (mm) index (Hunter a)

Jul. 1 326.149.2°  90.742.0  90.1+£0.5 1.01£0.01 28.5+0.22"
Oct. 1 291.1£3.6  92.0£1.3  89.7£0.8 1.03%£0.02  28.6%0.1a
Dec. 1 336.9+£9.9  94.4%+1.5 92.7£0.4 1.02£0.01  28.1£0.3a

Control 282.4£5.9  90.4%+0.2  88.7+£0.3 1.02%£0.01 24.8%0.1b

Z Values represent means =+ standard error (n=3).

¥ Mean separation within columns by Duncan's multiple range test at 2 = 0.05.



Table 7. Effect of the defoliation of new leaves in the bearing shoots at the

different fruit developmental stages on the internal quality of ‘Shiranuhi’

citrus fruits at harvest.

Total soluble solids

Defoliation time (*Brix) Acidity (%) TSS/acidity
Jul. 1 15.5+0.1%a" 0.71£0.02a 22.21+0.2a
Oct. 1 15.4%+0.1a 0.72£0.03a 21.8+0.2a
Dec. 1 14.8+0.0b 0.69x0.02a 21.9+0.3a
Control 14.1+0.2¢ 0.77x0.04a 19.6%+0.5a

Z Values represent means =+ standard error(n=3).

¥ Mean separation within columns by Duncan's multiple range test at 2 = 0.05.
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Aol HAAg oA 15.5Brix® 7F4 =4 dedz 10€ 49, 12¢€ 1Y
R FAE Fo® A YErgon fo] Xl atolE HATE AbgERF] QlojA
= Al AGA7Tel BAGle] Hlzste] A (F ApolE HolA| Forh. Ak
o delAdE= AP AQAE I o] FolAFE FUkste BIFS HIYo

Fro] Aol w BFen Ae 1k FoHQ Aol vhehiA ergie.
ArjzkA FAsh AR Gl Yol AT AFS tEhhA ggrov] A
o) 4gA71el e A b Aolw vhehbA gghvk(Table 8).

duf7A] Adgel QA F ondririA] e A5a Aot FRETE

(Song et al, 1997). ¥ A7AFAE oejat 7had ult) Fde Ao Ak
A ebdth(Fig. 3). & o] FAHAAE

ui7bA o] AFe AAsHE A7lell BAgle]l el Aok I FEjel=
arol7h i Ao JEt=E(Table 6), ondvl7tAe] +94& AAs = 4
9-(Table 1)¢} Hlw3] B¥ F2e] 779 Feole Agurt 1+ Fa3s
F ATk ole IS FAstE AE] ok Av]el o3 e Ar)7r 2

X
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Table 8. Effect of the defoliation of new leaves in the fruit bearing shoots
at the different fruit developmental stages on the thickness and starch

content of fruit bearing shoots at harvest in ‘Shiranuhi’ citrus.

o . Shoot thickness Starch content
Defoliation time _q
(mm) (mg'g DW)
Jul. 1 3.8+0.12 10.4£0.7
Oct. 1 3.44+0.03 10.9+1.2
Dec. 1 3.9£0.11 12.5%£0.9
Control 3.4%0.07 9.7£2.1
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Table 9. Effect of the defoliation of new leaves in the bearing shoots at the

different fruit developmental stages on the photosynthesis rate (P)(umol

CO2'm %s™1) and chlorophyll index (Chl) of old leaves left in fruit bearing

mother shoots during fruit growth and development in ‘Shiranuhi’ citrus.

July October December
Defoliation (Growth) (Coloration) (Maturity)
time ,

Chl* P Chl P Chl P
Jul. 1 78.8£1.1* 19.740.9 71.9+1.5 4.7+0.1 71.1+1.7 3.0%0.2
Oct. 1 - - 74.4%x1.1 4.6%x0.1 73.3x1.4 2.5%0.1
Dec. 1 — — — - 72.3£1.8 2.5%0.1
Control 78.7+1.0 19.4+1.1 73.4%£1.8 4.6%£0.1 70.9£2.1 2.5%0.1

“ Chl was represented with SPAD value.

¥ Values represent means * standard error (n=3).
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