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Influence of Autumn Pruning and Foliar Spray of GAsz and Machine
Qil on Shoot Growth and Flowering in Citrus unshiu MARC,
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Department of Agricultural Life Science, Graduate School of Industry
Cheju National Uriversity
Supervised by Professor Hae-Ryong Han

Abstract

In order to develop the cultural practices of minimizing the fluctuation
in production due to alternate-bearing in satsuma mandarin, autumn
pruning and spray of GAj; and machine oil in winter were tested to
reduce the number of flowers in the on-year. 0, 40, 60, and 80% of
summer shoots by number were removed in middle October, and GAs
of 25 or 50mg/L. and/or diluted emulsion by 60 times of machine
0il(95%) were sprayed in December, January or February. In the
following season, the number of new shoots, leaves, and flowers was
investigated.

The results obtained are summarized as follows,

1. Removal of summer shoots more than 60% significantly increased the
number of new shoots and leaves, and the length of new shoot. The
increased removal of summer shoot resulting in the increased number

of of new shoots and leaves.

2. Removal of summer shoots more than 60% significantly decreased the



number of flowers, resulting in increased leaf/flower ratio; 1.39, 2.02

and 325, respectively in the plots of control, 60% and 80% pruning.

3. Removal of summer shoots more than 60% in autumn seemed to be
effective to correct alternate bearing by decreasing the number of

flowers while increasing the number of new shoots.

4. Foliar spray of GAjs in winter tended to increase the number of new
shoots; in case of GAsz alone spray in December was most effective
while in case of GAs mixed with machine oil spray in January was

most effective.

5. Foliar spray of GAs in winter significantly reduced the number of
flowers regardless of time of spray, and addition of machine oil

accelerated the reduction.

6. Spray of GAs of 25mg/L. mixed with machine 0il(95%) diluted by 60
times in December or January was considered to be effective In

correcting alternate-bearing by reducing the number of flowers while

increasing that of new shoots.
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Table 1. Treatments in this experiment.

Treatments Treatment time

Autumn pruning Remove 80% of summer shoots
Remove 60% of summer shoots

Oct. 20, 1998
Remove 40% of summer shoots

Control

AeAA Ade AA lBe BAS 40%, 60%, 80%E AAsE A
4z siglod, AUNAE & BE A oY wE QoA Auaa
o,
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Table 2. Treatments in this experiment.

Treatments Treatment time

Foliar spray Machine 0il(95%6) 60times Dec. 23, 1998
GA; 25mg/L Jan. 22, 1999

GA; 50meg/L Feb. 22, 1999

Machine 0il(95%6)60times+GAz 25me/L.
Machine 0il(95%)60times+GAz 50mg/L

Control

2
24
2

AALTE £EA & BRI o)gsgon, FF 404

= J—‘?‘ Qiﬁ}ﬂq

2. &2

Aelsel AgzAe F 3 dee = 7}%1(7}:4% BemH$)E A e ated
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A9, FFHLs, A3HE 19999 59 209 =2AE R T, Ay 3}
TR 89 1099 22 AN el £ 9 F & do] R $8 24
ahsieh.

3. 9% A& FF =4
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108 114 Z A71"E 5§ 2 10W4 Qe FHAAZ Ao
2 Y7 oF /‘e}ﬁ’—oﬂfﬂ TP F 66T FFARNNZE AX

A7 B2 BAste] Fa B o] &3stgr)

ZAE NRZAE BHAR 0522 30m micro-Kjeldahl Eehazo] ¢
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Table 3. Effect of the level of autumn pruning on the number of leaves
in the following spring in Citrus unshiu cv. Miyagawa Early.

Level of May. 1999
autumn
.z No. of new

pruning No. of old leaves Total
(%) leaves

Control 246.8a" 132.0b 378.8a
40 144.0b 132.6ab 336.6a
60 204.1ab 226.1ab 430.3a
80 153.5b 349.3a 502.8a

Percent summer shoots removed.

YMean separation within the columns by Duncan’s Multiple Range

Test, p=0.05
a83 ges AREAS P Az HAFEY ), ¥ A9 AdPe
5572 HUARE 60%0ld AAL ¢ Al 157] Wz Az daggko]

B A TR o4 A Bl TSI, Az Dok 60%°ld AR
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No. of shoots

o W Oy W

60%
Treatments®

Fig 1. Effect of the level of autumn pruning on the number of shoots in
the following spring in Citrus unshiu cv. Miyagawa Early.
%¥See Table 3.
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&% AA4E By
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Shoot length

control 40% 60% 80%
Treatments”

Fig 2. Effect of the level of autumn pruning on shoot length in the fol-
lowing spring in Citrus unshiu cv. Miyagawa Early.
*See Table 3.
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3 Hlgo] tha FolAE AL B Y}
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AojM FHo] A REE YR LM A o] a9 olatn Az},
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294.8 ab

300 —
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200

No. of flowers

100

control 40% 060% 0%
Treatments”

Fig 3. Effect of the level of autumn pruning on the number of flowers

in the following spring in Citrus unshiu cv. Miyagawa Early,
“YSee Table 3.

aet DA sl AYAES} B84 Eobd 80% AF Hel el
AR QEv £ 3RS B 355244 Y 5 AATHIH 4).

Table 4. Effect of the level of autumn pruning on the flowering in the
following spring in Citrus unshiu cv. Miyagawa Early.

No. of flowers per 100 nodes of fruiting mother
Level of autumn

pruning® branch
(%) Leafy flower Leafless flower Total
Control 7.3a" 78.5a 85.8b
40 6.8a 63.2a 70.0b
60 7.8a 95.4a 103.2a
80 4.0b 43.8a 47 8¢

“YSee Table 3
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% 5 71e4 ARAATED AZdAst 289 89 1099 G E =
A AR, FAAPAA Fur gel At AAHJY L, 7HERAEES
Zol 2 FHuj7t 2A Jebd, 80% AA & A4 dIuzt 196
oz 7HF =t

Leaf-flower ratio

control 40% 60% 80%
Treatments”

Fig. 4. Effect of the level of autumn pruning on leaf-flower ratio in the
following spring in Citrus unshiu cv. Miyagawa Early.
“See Table 3.

ol WA A TelA Age] Bo] 2B fEo] £H FEF Al
doljut A7t gobrM, g7 wopal Aol 7dd Aoz wydn
(e} #, 1994).

E6, 7€ 7HERAY AETH HAFAA vAe 9FE 2AHE Aol

}e Z71(A7), AAFAe BE HATAA FAGA v f-94 A
AAe S JeEhi AT
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Table 5. Effect of the level of autumn pruning on leaf-fruit ratio after
physiological drop(Aug. 10, 1999) in Citrus unshiu cv. Miyagawa
Early.

Level of autumn

pruning® (%) No. of leaves No. of fruits Leaf-fruit ratio
Control 369.9 30.3 13.0
40 366.5 28.8 13.9
60 384.9 249 16.7
80 401.9 21.8 19.6

NS within column
’See Table 3.

AHA=ERE A4E Bo| 84F AAE ARE PR ot 4%
Hejol olste] makgol Aastel A4 AW HYm, AGF BebAA
F2uT7 BUHy) AROE FSWY. ok LA A7 G
A34e Foln AZE BolxAl at Re ALIdT ANE AUk
A Eel A4 BAAT Zo] FEY A% BE ) FolNe AFE
GERE glo] o] E% AnF Aole] JAdd Aoz Az

Table 6. Effect of the autumn pruning on fruit outer quality in Citrus
unshiu cv. Miyagawa Early.

Level of autumn Width Weight Peel thickness Peel color
pruning” (%) (mm) (g) (mm) (a")
Control 55.7b" 74.0b 1.8b =217
40 59.6ab 89.5ab 1.9ab 1.27
60 58.6ab 8b.1ab 2.1a -4.80
80 60.9a 99.1a 2.0ab -0.89

“YSee Table 3.
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Table 7. Effect of the autumn pruning on fruit inner quality in Citrus

unshiu cv. Miyagawa Early.

Level of autumn Flesh ratio Specific Sugar content Acidity

pruning” (%) (%) gravity (Brix) (%)
Control 81.0ns 0.92ns 8.0a 1.82ns

40 81.6 0.91 7.6bc 1.65

60 30.2 0.91 7.9ab 1.73

80 816 0.91 7.5¢ 1.60

’See Table 3.

ol el ZAE FHste RY FAE & «©F 9F w0l |UF wol ¢4

ol /1A o8 £ 60 ~ 80%S HA dl= Aol 3 qAZHo=
Mg 23, Az 8 oy AEE §Y & Jg Aoz o
Ho] Ag,
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AY 2. GAs &} 7VAFrfrA A7) o) 58l A=A R AAste) vzl ¥

E 8 ALE GASH IAGHA L7} ol5a A B4 HAE JHLS
debd Aol

Table 8. Effect of the foliar spray of GAz and machine oil on the number of
leaves in the following spring in Citrus unshiu cv. Miyagawa Early.

No. of leaves No. of new

Treatments leaves per
Old leaf New leaf Total 100 old leaf

Control - 246.8ab” 132.0d 378.8b 55.6e

Dec .23, 1998 3029a  25b5.5bcd 5584ab 101.9de
GA3z 26mg/L Jan. 22, 1999 1885ab 239.0bcd 427.5b  132.4cde
Feb. 22, 1999 2264ab 188.0cd  414.4b 92.6dc
GAs 25mg/L. Dec. 23, 1998 151.3b  346.8abc 498.0ab 2581a
+

Maz:higle) oil Jan. 22, 1999  2359ab 3749abc 610.8ab 166.4bcd
95%
60times  Feb. 22, 1999 1823b  2373bcd 4195b  146.8bcd

Dec. 23, 1998 195.5ab 248.8bcd 444.3b  129.7cde
GA3z 50mg/L Jan. 22, 1999 2209ab 3975ab  6184ab 199.9abc
Feb. 22, 1999 2004ab 186.0cd  3864b 116.7cde
GAs 59mg/L Dec. 23, 1998 253.3ab 457.5a 710.8a  219.3ab

Machine oil Jan, 22, 1999 246.8ab 327.3abc 574.0ab 129.4cde
(95%)

60times ~ Feb. 22, 1999 222.8ab 2055abed 518.3ab 148.5bed
Machine of Dec 23, 1998  1996ab 239.0bcd 4386b  127.2cde
(95%)  Jan. 22,1999 235lab 2606bcd 5048ab 120.7cde

60times  pap 22,1999  2266ab  2548bcd  48l4ab 129.2cde

“See Table 3.
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E A7 FAel vig) Agdge] Be 3FE BAEH GA; 75
BAGC GAs @E8HE T GAt NARRFA EE AHTAN AE &
Aol o Frhstged, AAAYE 1249, 19 AT A9 LAl 7}
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Table 9. Effect of the foliar spray of GAs and machine oil on the number of
shoots in the following spring in Citrus unshiu cv. Miyagawa Early.

Treatments No. of shoots  Shoot length(cm)

Control - 2.8¢° 154a
Dec. 23, 1998 4.6de 17.4a
GAs 25mg/L Jan. 22, 1999 7.6bcde 14.1a
Feb. 22, 1999 5.9cde 17.9a
GAs 25mg/L + Dec. 23, 1998 10.6bc 15.6a
Machine 0il(95%)  Jan, 22, 1999 8.1bcde 19.1a
60times Feb. 22, 1999 8.8bcd 21.3a
Dec. 23, 1998 8.1bcde 18.0a
GA3 50mg/L Jan. 22, 1999 8.3bcde 16.4a
Feb. 22, 1999 5.1cde 20.0a
GA3 50mg/L + Dec. 23, 1998 18.2a 17.0a
Machine 0il(95%)  Jan. 22, 1999 12.6b 18.7a
60times Feb. 22, 1999 8.6bcde 20.8a
Dec. 23, 1998 3.8de 20.2a

Machine 0il(95%)
60times Jan. 22, 1999 3.6de 18.7a
Feb. 22, 1999 7.1bcde 16.9a

‘See Table 3.
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Table 10. Effect of the foliar spray of GAs and machine oil on the number of
flowering in the following spring in Citrus unshiu cv. Miyagawa

Early.
No. of flowers per 100 nodes of fruiting
mother branch
Treatments
Leafy Leafless Total
flower flower flower ratio
Control - 7.3ab* 785a 85.8a 0.10e

Dec. 23, 1998 59abc 49.1abcd  55.1bcd 0.16de
GAsz 25mg/L Jan. 22, 1999 7.0abc  35.4cdef 404cdef  0.21cde
Feb. 22, 1999  6.7abc 30.7cdef 37.4cdefg  0.19cde

GAs 25mg/L. Dec. 23,1998  6.5abc  15.2ef 21.7efg  0.34ab
Ma&lfs% oil Jan. 22, 1999  59abc 25.6cdef  31l.5cdefg  0.20cde
60times  Feb. 22, 1999 5.2bc 13.3ef 18.Afg 0.30abe
Dec. 23, 1998 6.9abc  31.7cdef 38.6cdefg  0.20cde
GAsz 50mg/L Jan. 22, 1999  84ab  434bcde 51.9bcde 0.18cde
Feb. 22, 1999  6.5abc 18.8def 25.3defg  0.26bcd

GAs 59mg/L Dec. 23, 1998 25¢  50f 7.6g 0.42a
Ma(cé%(r)}f) oil Jan. 22, 1999 49bc  32.4cdef 37.3cdefg  0.20cde
60times  Feb. 22, 1999 47bc  22.1cdef 26.7defg  0.23bcde

Machine oil Dec. 23, 1998  10.0a 70.1ab 80.1ab 0.14de

(95%) Jan. 22, 1999 8.3ab 53.1abc 61.4abc 0.13de

60times  Feb. 22, 1999  54bc  399bcde  45.3cdef  0.17cde

‘See Table 3.

- 29 -



F(1990)e &3 A7) GA; AXd 23 339 Ao JAH FH
29 1/40l8t2 3E 57 Aol wglE AZxe] BAFE GAs A 9
3 Borzitin e B ARAME FAS 273E 4T

GAz A¥A)7]o) el FHE 51902 IFZRALFAME dAT dES
ARA T 99 &R E 129 HE7kX e GAz AXAA B FREIFHIL
2AX, GAs = 5&5E A3 £& Al vz sdHed 2F
Wzto] FE|A olE 3= 1297 39 FEeE RAHI QAT Qg
HoZy 119 F& AFo @77 QA=A AnCERK, 1961 B, 1968),
oo A A ey En7Iel Aw ol A& th GAsQl
hobR-g A g7 olv] FEHEIT v BIU 2 (EE 1968)A ¢
A4=3 glo] Feld FEEHY) ol £ T2 X d GA; BAHE w3le
o] Fopa ST,

Mz2Pe GAs®l FE7F %845 BRo 53] GA; S0mg/Let 7)1 AF#
A (95%) 60uE EL3ste 1295 19 AP ml$ BA vebgt A
A7 GAs @4 HEFe 149 Hrt s%ou GAss 7IARHA &4
A e 129 A7t A JERS a8y 2 Az dolv Azt
Aol 7t gdth,

A& GAs®} 71AF-FA 427 Asle vX= d8e =AM ATHE 10)
RS AT FREYT B Astert Adev K43 v golAE
BEE BTk 538 GAz S0mg/Let 7]AR-7A1(95%) 608 &€& A 129
A oA Azt A wE fg8 vge vy A JdeEwd. =%
GAss} 1 AFFAE E43d dge® HAEF ARy A3sE dAs=
Aoz veigon FHEIHEE EolAE AL RYth ol Iwahorist
Ochata(1991), H5(1969)2 A7+A3 GAs X 9% sty Hie £3
& 717 {3 RuE Ee A Fa Fol dAYPUCY a3 e HA
@ A F = GAz A= & Frbe Aok A ssich

s

- 24 -



Table 11. Effect of the foliar spray of GAs and machine oil on leaf- flower
ratio and leaf-fruit ratio after physiological drop in Citrus

unshiu cv, Miyagawa Marly

Leaf-flower No. of No. of Leaf-fruit
ratio leaves fruits ratio

Control - 1.4¢* 369.9¢ 30.3ab  13.0e
Dec. 23 1998 2.4de 512.9abc  32.6a 16.6de

GA; 25mg/L Jan. 22 1999 3.1de 417.0bc  24.6ab  18.0cde

Feb. 22 1999 3.0de 383.9¢c 20.4ab  21.2bcde

GAs 25mg/L  Dec. 23 1998 6.5bc 5785abc 23.0ab  289bcd
Jan. 22 1999 46bcde 612.8ab  21.8ab  32.6b

Treatments

+
Machine oil
(95%) 60times Feb. 22 1999 7.2b 412.3bc  21.6ab  22.1bcde

Dec. 23 1998 3.0de 4276bc  196ab  23.4bcde
GA; 50mg/L.  Jan. 22 1999  26de  530.3abc 316a  23.8bcde
Feb. 22 1999  44becde 3880c ~ 244ab  19.9bcde

GA; 50mg/L.  Dec. 23 1998  17.0a 7020a  153b  485a
T Jan. 22 1999  38cde 68l5a  254ab  27.1bcd

Machine oil
(95%) 60times Feb. 22 1999 b.8bcd 5l17.3abc 21.7ab  31.5bc

Machine ~ Dec 231998 19 4264bc  271ab  19.2bcde
oil(95%)  Jan. 22 1999  17e 5196abc 315a  185cde
60times  gep 22 1999 4.9bcde 427.2bc  243ab  18.2cde

‘See Table 3.

SR 51902 GAs%t 7 rAIE E83te 4Xd Z AT 5o
A&7 AAFHAAL, FHeldFZANA GA; 26mg/L £ 15mg/Lst 71 AF
A 40u) Zzte] EFAS AT AR o= AX Agsrt AAEA HFa
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No. of flowers

Treatment §

Fig 5. Number of flowers per 100 nodes of fruiting mother branch as
affected by the foliar spray in January of GAs and machine oil in
Citrus unshiu cv. Miyagawa Early.

“T1 : Non-spray T2 : GAs 25mg/L, T3 : GAs 25mg/L+Machine
0il(9526)60times, T4 : GAs 50mg/L, T5 : GAs 50mg/L + Machine
0il(95%)60times , T6 : Machine 0il(9596)60times
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Fig 6. Leaf-flower ratio as affected by the fohar spray of GAz and
machine oil in Citrus unshiu cv. Miyagawa Early.
’See Fig. 5
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N content(%)

Dec. 23 Jan. 22 Feb. 23 Oct. 11
1998 1999

Date of observation

Fig 7. Influence of the foliar spray of GAs and machine oil on N-contents

of leaf in Citrus unshiu cv. Miyagawa Early
‘See Fig. 5
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Table 12. Effect of the foliar spray of GAs and machine oil on fruit outer
quality in Citrus unshiu cv. Miyagawa Early.

. . Peel
Treatments. Width ~ Weight thickness Peel E:olor
(mm) (g) (a")
(mm)
Control - 5H.7ns 74.0ns 1.8ns -2.7Tns

Dec. 23, 1998 59.9 957 2.2 4.69

GAz 26mg/L  Jan. 22, 1999 h84 26.0 25 2.05

Feb. 22, 1999 58.9 945 2.3 6.12

GA; 25mg/L + Dec. 23, 1998 64.2 107.8 2.3 3.20
Machine

0il(95%) 60 Jan. 22, 1999 63.0 107.9 21 3.30

times Feb. 22, 1999  64.1 109.4 1.9 6.18

Dec. 23, 1998 615 103.4 2.6 1.09

GA3 50mg/L  Jan. 22, 1999 60.3 96.7 1.9 1.38

Feb. 22, 1999 62.0 101.0 2.1 3.74

GA3z 50mg/1. + Dec. 23, 1998 6R8.9 130.8 24 112
Machine

0il(95%) 60 Jan., 22, 1999 63.6 103.7 2.1 0.21

times Feb. 22, 1999 640 108.5 2.2 -1.05

Machine Dec. 23, 1998 59.3 94.6 24 6.04

0il(95%) 60 Jan. 22, 1999 59.0 877 2.4 1.18

times Feb. 22, 1999 587 9%0.7 2.1 9.60

®12, 132 GAs A7} FAEA PiXs FFE 2AR FFo|r). #HA9
A7 FAe REAYTFAA FAHE T vlated AXe AFS LHoH,
53] GA3 50mg/L + 7] A+/A1(95%) 608 £-8& 129 Az FoA FHH=7],
A BF A4 AXE 20§ vebdoh
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Table 13. Effect of the foliar spray of GAs and machine oil on fruit inner
quality in Citrus unshiu cv. Miyagawa Early.

Flesh Sugar

Treatments ratio Slizsliilc content A((:;c/h)ty

%) FEVY gy 0

Control - 81.0ns 0.92ns 3.0abc 1.82a
Dec. 23, 1998 82.1 091ab 79abc 1.74ab
GAsz 25mg/I. Jan. 22, 1999  81.1 0.91ab 7.7bc 1.78ab
Feb. 22, 1999 819 0.91ab 8.2ab 151b
GAsz 25mg/L + Dec. 23, 1998  81.1 0.90bc 7.8abc 1.73ab

Machine
0il(95%) Jan, 22, 1999 816 0.90ab 8.1abc 1.61ab
60times  Feb. 22, 1999 823 0.91ab 8.0abc 1.74ab
Dec. 23, 1998 81.0 0.91ab 7.9abc 1.68ab
GA3 50mg/L  Jan. 22, 1999 814 0.91ab 8.1ahc 1.63ab
Feb. 22, 1999 824 091ab 8.0abc 1.60ab
GAz 50mg/L + Dec. 23, 1998 80.6 0.89¢ 7.8hc 1.73ab
Machine

0il(95%) Jan. 22, 1999 81.9 0.91ab 8.1labc 1.76ab
60times  Feb, 22, 1999  81.3 0.90abc 75¢ 1.78ab
Machine  Dec. 23, 1998  80.8 0.90bc 7.7bc 1.57ab
0il(95%) Jan. 22, 1999 30.6 0.91ab 7.8bc 1.76ab
60times  pep 22 1999 827 0.92a 8.4a 1.77ab
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