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Effect of c—MH on the Sprouting and Growth of Summer and
Autumn Shoots in Satsuma Mandarin

Moon Doo-khil, Han Hae-ryong, Heo Young-jin
Summary

The chemical control of summer and autumn shoots in Satsuma mandarin (Citrus unshiu) was examined
using the foliar application of the choline salt of maleic hydrazide(c—MH). The results obtained are

summarized as follows:

1. The effects of the concentrations and the dates of application were investigated in two-year old trees
of ‘Hashimoto Early’.
1) While the occurrence of summer shoot was delayed by c~MH, many buds were stimulated to
grow afterwards. The growth of individual shoots, especially leaves, was conspicuously retarded.
2) The growth of summer shoot was affected by the applications of 250ppm or higher in July.
3) The occurrence of autumn shoot was completely inhibited by an application of 1.000ppm or
higher in late August.
2. Fruiting trees of ‘Okitsu Early’ were sprayed once or twice with 2,000ppm c—MH 1n late August after
artificial removal of summer-shoots.
1) Regrowth of new buds in the current season was totally restricted by ¢—MH.
2) Juice Brix of the fruit in the current season seemed to be increased by c—MH. while acid
content decreased.

3) Double sprays of 2.000ppm resulted in the delayed sprouting and the rosette-type shoots with

xo0] E2& 19855 FaY ¥EdF Z4vlel Yitd A7 A



underdeveloped wedge-shaped leaves in the following spring.

4) No differences in cell size were recognized under an optical microscope between the normal and

the underdeveloped leaves.

5) Flowering was also delayed and the number of flowers was

reduced by c-MH.

6) Abnormal fruits with protruded stem-end and thickened rough peel resulted from the double

sprays of 2,000ppm in the end of the previous growing season, but not from the single spray.

. It was demonstrated in fruiting trees of ‘Miyagawa Early’ and ‘Yonesawa' Satsuma mandarin that the

occurrence of summer flush could be inhibited by 2~3 sprays of 500ppm c¢—MH during the period

from late July to mid August and that of autumn flush by a spray of 1,000ppm in late August. The

effects of c~MH on the {ruit development and juice quality varied with years and orchards.
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Figure 1. Structural formula of choline salt of maleic hydrazide(c—MH). The chemical name is
choline sait of 1, 2—dihydro—3,6—pyridazinedione.
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Table 1. Dates of application and concentrations of MH sprayed on ‘Yonesawa' and ‘Miyagawa

Early’ Satsuma madarin in 1986.

IER EEREEE ol 4ERT IREOZ R
%kl 108 158 B - HKE R4EES BAAEHA
o},

1985 ABKE MH 16 =B E: HHERF
= EEAY ¥ BRENFE Gon sEsglo
Z2 1986l = &z ol B B4 BRIl 2~

3@ BEE HES WEishodch

Dates of application

Treatments

July 20 Aug.?2 Aug.12 Aug.30
A : Control - - — —
B: ¢-MH 500 ppm 500 ppm — 1,000 ppm
C: ¢c-MH 500 ppm 500 ppm 500 ppm 1,000 ppm
D: ¢ -MH 500 ppm 504} ppm 500 ppm 2,000 ppm
E: k¥ -MH 500 ppm 500 ppm 500 ppm 1,000 ppm

19855 B (sl olw] MR AT RBEH S
T FEEHT HEEE BN AR T HEBEY s
#1064 ZHIF4£(Miyagawa Early)g 3
st &% SRR AREO2 RK%sIdcl 78 208
—& Bl olv] BFX FHE EEpdl B
Fatgleh. B - KE B4 2 108 8Hd, B
e B THIREL 11A 50, £BEME 1
A 208 F#Es et

6. BAESHE 9 Hiow

-tk BARES B4Y RE X2 BRI
sl WBEL $A LE, slAS, slx o),
shel- %4 B/ESGADL HF skxRe], HF )
diel %& Fissch 5o 0@ 9L @
fER sl AMS 40—10 image analyser(Analy-
tical Measuring Systems Lid. o Z)2 FIf #m
WS WESHA T, Aoz 4£WEL gwEst
et MH @Bl o) ES 39 Als gz
3k7 flsled KSR B2 FHMo BE Y F

T+ AEe.2 #RYIAS abSo] 100 9 400£&0ll
A Kk

EE 15~200° REL EFSHESd e,
B, RE %o BEHRES ALY oS BK
rhagel grl dol Bite AN A BEWEHES F
A Brixg #lsgsle &b 0.1N NaOHZ g
WESIA ol & HBMEEoZ BEAC

BEMO Hit5He TERSH KR EL 7
Foll 5% Kol 4 W] HEEHKFED 0B F
1B Mt el

1. c-MH & B/} 5 - s 84
ol sl BE

c—MH 1,000ppm%& 100 RfEo 2 SIS
welste 1o EEI &R 7R dEd 2s Bl
& ERY & £880 Hose RE £ 7ha 2
ol o5le MBislv HEOU oY ity AR

— 40 —



BHEH & - Ee B4 Y 4R vlie o-MHe HE 5

£ ZEslA oo (R2). 2ael W B Foishel wol T kM Y BER BPsI
p= HE M KE A F A Aol B8 2z g At ool s Ropoz 5|
Se @mEE 2o, el Abxg obs o o et

Aol mAslde EF 49 BEZ O

Table 2. Effect of the dates of the foliar application of 1,000ppm c—MH on summer—and
autumn-shoot growth in young ‘Hashimoto Early’ Satsuma mandarin.

Date of application June July Aug. Sept,
Cont.
{tems 15 25 6 15 25 6 25 5

Summer shoot

Fresh weight (g /plant) 62 58 52 52 53 61 59 54 61
Total length(cm/plant) 107 130 92 145 130 173 110 98 96
Number of nodes(ea/plant) 70:b') 83ab 56a 112b 95ab 163¢ 72ab 6%ab 66ab
Number of shoots(ea/plant) 6a 10ab 6a 16bc 12ab 21c Ta 6a 6a
Mean length{mm /shoot) 187bc 144abc 189bc 95a 124ab 86a 199bc 223c 169abc
Number of nodes{ea/shoot ) 12bcd 9abc 11abed 7a 9ab 8a 12bed 13d 11abcd
Length of node( mm{/node) 156¢ 16c 16¢ 11ab 12abe 9a 15bc 16¢ 14bc

Autumn shoot

Fresh weight(§/plant) 3 0 2 0 1} 2 9 0 0

z) Mean separation within row by DMR. 5% level. Figures without following letters are not
significantly different within row.

oo} . l

800 B : Mean leaf fresh weight 30
= [C; Mean leaf area
5700— g de {25
‘.C;‘ Cde b Cde z) o
T 600 C cd ' lhn &
i 6 'dubcd cd cd 20 g
[ 5 .
hd abc
-— 500 Obc(]b ']5 05
- a @
8 a -
c 400 @ L 0 §
(o} [ ]
s b3

300 15

0 0

Cont. 15 25 6 15 25 6 25 5
June July Aug. Sept.
Date of foliar application
Figure 2. Leaf growth on summer shoot in young ‘Hashimoto Early’ Satsuma mandarin as
affected by the foliar application of 1,000ppm c—MH on the different dates.
z) Mean separation by DMR, 5% level.
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Table 3. Effect of MH of various concentrations and different salts on summer-shoot growth in
young ‘Hashimoto Early’ Satsuma mandarin. Solutions were sprayed onto the canopy

on July 15.
‘Ireatment ¢-MH k-MH
Control.

items 125 250 500 1,000 2,000 500 ppm
Fresh weight (g/plant) 576c3 32a 72¢ 49ab 62bc 6lbe Gibe
Total length(cm /plant) 93ab 49a 1924 113be 163cd 186d 121be
Number of nodes(ea/plant) 68ab 29a 179e 87be 119¢d 160de 104bc
Number of shoots(ea/shoot) 6ab 3a 20cd 9ab 14bc 22d 12b
Mean length(ea/shoot) 157a 260b 97a 139a 134a 9la 125a
Numder of nodes(ea/shoot) 1lbe l4c 9ab 11abc %ab 8a 10ab
Length of node(mm/ node)} 12a 17o 10a 14ab 12a 1a 1la

z) See Table 2.
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Concentration of treatment

Figure 3. Leaf grwoth on summer shoot in young ‘Hashimoto Early’ Satsuma mandarin as
affected by the foliar application of the different concentrations of ¢c—MH and
k—MH. Solutions were sprayed onto the canopy on July 15.
Z) Mean separation by DMR, 5% level.
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Table 4. Effect of MH of various concentrations and different salts on autumn-shoot growth
in young ‘Hashimoto Early' Satsuma mandarin. Solutions were sprayed onto the
canopy on Aug. 25.

No. of Fresh Length of No. of Length of
shoots weight shoots nodes node

Treatments
r (ea,” (g (ecm/ (ea” (e
plant) plant) plant) plant) node )
No pretreatment Control 0 0 - - -
¢-MH 250ppm 0.4 0.4 2.4 3.2 0.3
500 0.6 0.3 0.9 1.1 0.2
1,000 0 0 - - -
2,000 0 1] - - -
4,000 0 0 - - -
k-MH 1,000 0 0 - - -
500ppm c-MH Control 1.4 6.2 7.9 6.2 0.8
sprayed on
July 15 ¢c-MH  250ppm 0.8 2.0 3.8 3.2 0.4
500 7.0 4.7 1.7 2.1 0.3
1,000 0 0 - - -
2,000 0 0 - - -
4,000 0.2 0.3 1.4 1.4 0.2
500 k-MH )
sprayed on K-MH 1,000 0.4 0.4 0.5 0.7 0.1
July 15
BEE«- L5 A9 Fo| #HG ot bl HRALH A EESUT 9 Hr] Rokd dly
9| RS s o] Fojzx potc, HE [l 4 FEH] c—-MH EB% £EY ®&E
F5v BB EFEE £XO #F ¥ Bimsol 9} 7o oro 2 s, O KBEJNA+ HFHF
old BES AAS A RES ¢ EE RKY o2 s ARl A Qoo FiES X4
BEC SHEM % "HES 5 9 g st = ol s Y4 BHol HHSIAS
el HEMLS ZEsa detch 22d c-MH 2o ook, RE Vol 1985FE AR KBE
EBEx $ithe] @BE 9.5 LESR BERE Mol 44 8R 298, 2,000ppm 1] fEEEN AL &
9.00 ©la) sl HEES 2o, MEES BRE HHAA o|xF BF| MEls Aol et
EEREE 1,690 dls EEEE LSONUTR wedl, 4o BES BHET BR(1YEY4) 7 =
mAsE HEas ¥ ddeh ko X o3 ®EEES EHERM @R 2
REY HH AN EEME ZR27 ddod dle ZR7F 3= A2 Bol4 MHel o3 £
($%6), BFM} BEs|o| EBEEES FfA HEs Mol MEs A T olebe AL
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Table 5. Effect of the foliar applications of the concentrated c—MH and k—MH on the fruit

characters in the current season in 'Okitsu Early’ Satsuma mandarin{Cheju, 1985).
Investigated on Nov. 18.

Fresh Peel Flesh Flesh Juice Acid
Treatments weight LengthWidth ¢p;ck- weight ratio Brix content
ness as citric
(g) mm) @mm @m (g) (%) %
Control 156 56 74 3.1 117 75 9.0 1.69
¢ ~MH

2,000ppm on Aug. 19 159 55 74 2.8 120 76 9.7 1.26

2,000ppm on Aug.l9

and 29 161 58 74 2,9 123 16 9.5 1.44

k -MH
2,000ppm on Aug. 19 134 54 6y 2.6 104 78 9.3 1.46
and 29

NS within columns.

Table 6. Effect of the foliar applications of the concentrated c—MH and k—MH on the
number of flowers and spring-shoots in the following season in 'Okitsu Early’
Satsuma mandarin. Solutions were sprayed in 1985 and the investigations were
carried out on June 25 in 1986.

number of flowers number of spring-shoots

T t

reatments (ea, 100 old leaves) (ea 100 old leaves)

Control 64 45

c-MH
2,000ppm on Aug. 19 25 4
2,000ppm on Aug.19 and 29 23 39

k-MH :
2,000ppm on Aug.19 and 29 38 40

NS within columns.
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Table 9. Effect of the foliar sprays of MH on the summer-shoot growth in ‘Yonesawa' Satsuma

mandarin (Seogwipo, 1985),

Fresh

Treatments weight

No. of Length of No. of Length of
shoots hoot nodes node

(g/plant) (ea plant)an shoot) (ea/shoot )(an’node )

1. Control 199
2. ¢-MH 500ppm on July 16 280

3. ¢-MH 2,000ppm on Aug. 27 161
4. ¢-MH 500ppm on July 16
and 2,000ppm on Aug. 27

5. k-MH 500ppm on July 16
and 2,000ppm on Aug. 27

260

73

19 19.0 12 1.6
38 15.2 9 1.4
16 17.5 11 1.4
28 19.3 1 1.7
9 20.5 12 1.7

NS within columns.
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Table 10. Effect of the foliar sprays of MH on the autumn-shoot growth in ‘Yonesawa’
Satsuma mandarin (Seogwipo, 1985).

, Fresh No. of Length of No. of Length of
Treatments®™ -  weight shoots shoot nodes node

(g/plant) (easplant) (cm/shoot) (ea/shoot) {cm/node)

1 24 11 11.3 10b” 1.1
2 78 26 7.3 6ab 0.8
3 3 2 2.9 3a 0.4
4 20 7 2.0 2a 0.3
5 32 7 3.3 2a 0.4

2) See Table 9.
¥ ) Mean separation wi;hin columm by DMR, 59% level.

Table 11. Effect of the foliar sprays of MH on fruit characters in ‘Yonesawa' Satsuma mandarin
(Seogwipo, 1985).

Treatments" S:gs:t Length Width thicpif:elss \l:ffl:;:t 2??2 é::ie :gl?:i‘i(:?:em
(g) (@w (@m @) (g O %)
1 l6ob” 58b  74b 2.6 12b 79 9.1b  l.l6a
2 153b 56a 73b 2.6 122b 80 9.2b 1.18ab
3 157b 56a 73b 2.6 125b 79 8.9b 1.22ap0
4 140a 55a 70a 2.6 1lia 79 8.9b 1.14a
5 157b 56a 74b 2.7 124b 79 8.6a 1.26b

z) See Table 9.
y) Mean separation within columns by DMR, 5% level.
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Table 12. Effect of the foliar sprays of c—MH on the summer-shoot growth in ‘Okitsu Early’
Satsuma mandarin (Cheju, 1985).

Fresh No. of Length of No. of Length of
Treatments weight shoots shoot nodes node
(g~/plant) (ea-plant ) (em shoot)(eashoot) (cm node)

Control 136 8 18.5b”  9.4b 1.2b
500ppm on July 16 0 0 - - -

2,000ppm on Aug. 29 84 5 16.6b 9.6b 1.3b
500ppm on July 16 and 11 2 2.8a 2.1a 0.3a

2,000ppm on Aug. 29

z) Mean separation within cloumns by DMR, 5% level.

Table 13. Effect of the foliar sprays of c—MH on the autumn-shoot growth in ‘Okitsu Early’
Satsuma mandarin (Cheju, 1985).

Fresh No. of Length of No, of  Length of
Treatments weight shoots shoot nodes node

(g-plant) (eaplant) {cm~shoot Y ea shoot) (cm node)

Control 23
500ppm on July 16 10
2,000ppm on Aug. 29 0
500ppm on July 16 and 19

2,000ppm on Aug. 29

q 12.1 8.7 1.0
5 6.7 6.4 0.8
0 - - -

6 5.5 3.9 0.7

NS within columns.

1986 F+ KfFfFo2 F - #kE Bo] 3o
MAAevl 2Y 6ol RE wpel o] c—MH
500ppm 2[E19} 1,000ppm 1 WAL H - B %
£¢ £33 WHE F AUk R(ENIRE)
RISCRBBEM) = B - BE B4 uld MHY &
BEEEBRET vebd Aoloh & gAY o}
Zro] 3~4f@l¢] c—MH =& k-MH gEe
B BB BRFE RAMSE M BH
o] 4 Efoll 500ppm c—MHE 2@ @Es Bt
Ed A€ 88 sl B ol BES S 4 fol
talF=lslovt, 8H 288 =¥ o3zl 88 30H
1,000ppm c-MH M2 #iFs|gicl, z2zlo Z

NPE (R4 BERES| FHEE7T %2 3L
EEH] et BRE BRE s o Foloh B
BEWe EBAEE 1,000ppm(BC ¥ EgE)o
2E K5 AREE Burh

MHe| FMEE7 REKe RBFd vla B
B RE «el datoh HHIRE(RIS)NAE
MH @B BK 27 58 %E9 EA7 fi
SAn RpEe] FANZ O BEsE gobd £l
KEEM (RN RE ¥ RAE M+
tHEe ¥z KEREMHY c—MH 2,000ppm #
HEdA Reygo|l ETHUcH Rite #EEEe
(®17 o X19) + S 25 MH RBEAA ¢
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Figure 6. Photograph of ‘Miyagawa Early’ Satsuma mandarin trees with and without the foliar
application of c—MH. Note the sparsely grown summer shoots on the control tree,
and the compact canopy without summer shoots of the treated. c—MH was sprayed
on July 20(500ppm), Aug. 2(500ppm) and Aug. 30(1,000ppm}.

Table 14. Effect of the foliar sprays of MH on the summer-and autumn-shoot growth in
'Miyagawa Early' Satsuma mandarin (Seogwipo, 1986).

Fresh weight No. of shoots Length of shoot Mean length

Treatments” (g/plant) (eaplant) (cm/plant)  (cm-shoot)
A 2,293.5b” 283b 5,205.2b 18.6b
8.3a lla 46.2a 3.7a
C 2.8a la 11.3a 5.6a
D l.6a 3a 10.5a 1.3a
E 6.2a 1a 22.0a 1.5a

z) See Table 1.
. y) Mean separation within columns by DMR, 5% level.
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Table 15. Effect of the foliar sprays of MH on the summer- and autumn-shoot growth in
‘Yonesawa' Satsuma mandarin (Seogwipo, 1986).

Treatments"' Fresh weig‘ht No. of shoots Length ol shoot Mean length
(g blant) (ea/plant) (cm/plant)  (cm/shoot)

A 627.2b” 52b 1,200.6b 24.3b

B 21.3a 21b 117.9a 7.9a

C 4.0a 2a 10.3a 6.0a

D 8.2a 6a 40.7a 6.9a

E 9.4a 8a 46.6a 5.1a

z) See Table 1.
¥) Mean separation within columns by DMR, 5% level.

Table 16. Effect of the foliar sprays of MH on the fruit development in ‘Miyagawa Early
Satsuma mandarin (Seogwipo, 1986). Investigated on Nov. 5.

& LI e e
Trea tments" \'v:;:t Length Width thi!égiss »'v:i);::t 'rz!a(t:'t
(g) (mm) (mm) (mmy (g) Yo
A 138a” 61 69a 3.3b 106a 76.8a
B 165b 63 73b 3.1ab 127b 76.9a
C 156ab 62 Tlab 3.0a 122b 78.lab
D 156ab 62 T0ab 3.0a 122b 78.3b
E 170b 64 73b 3.2ab 131b 77.2ab

z) See Table 1.
¥) Mean separation within columns by DMR, 5% level.

oldo=t AR FIREANA M= U g1 fFR dEdo f ERBEY LRWLE
BRMANAE —FY @HES Hob¥ + gilch I BERS Bl Hasd veld Aoz #
EEF KEEM A c—-MHY EgEE= 2K B £ ub B BRekol =el EREE oA
EMERS BiRkss A Ruch BEH BR + MHY ®E: S#std @eslelcte Byl
el vzl MHO| HRe REXRHA M & th

—52 —
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Table 17. Effect of the foliar sprays of MH on the juice quality of fruit in ‘Miyagawa Early’
Satsuma mandarin (Seogwipo, 1986). Investigated on Nov. 5.

Treatments® Juice Brix Acid content(%) BrixAcid ratio
A 9.0b” 1.68b 5.4
B 7.7a 1.51a 5.1
C 8.2a 1.49a 5.5
D 8.1a 1.50a 5.4
E 7.7a 1.56a 5.0

2) See Table 1.
y) Mean separation within columns by DMR, 5% level.

Table 18. Effect of the foliar sprays of MH on the fruit development in ‘Yonesawa' Satsuma
mandarin (Seogwipo, 1986). Investigated on Nov. 20.

Trea tments® 52?:& Length . Width thic[;f:t:ss \I::v:e?gstt:t !;Letsiho
: (8) (mm) (mm) m) (8) 9
A 166 58 76 3 127 76.3cd”
B 150 57 72 3.3 116 77.1d
C 148 59 71 3.4 113 75.0abc
D 159 59 73 3.5 117 73.6a
E 161 59 74 3.2 121 75.6bcd

z) See Table 1.
¥) Mean separation within columns by DMR, 5% level.

Table 19. Effect of the foliar sprays of MH on the juice quality of fruit in ‘Yonesawa' Satsuma
mandarin (Seogwipo, 1986). Investigated on Nov. 20.

Treatments” Juice Brix Acid content (%) Brix/Acid ratio
A 9.6b” 1.36 7.1
B 8.9ab 111 6.4ab
C 8.5a 1.45 5.7a
D 8.3a 1.30 6.4ab
E 8.9ab 1.48 6.0a

z) See Table 1.
y) Mean separation within columns by DMR, 5% level.
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