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SUMMARY

The study was conducted to solve the problem on low fertilization rate and

develop effective flower-thinning method in apple using inorganic chemical

C

ompounds. The study involved the determination of efficacies of chemical

spray as fertilization stimulant spray and flower—-thinning agent for apple. In
2003, ISTECH, Inc., Korea developed (1) a fertilization stimulant technology
that when sprayed on apple guarantees higher fertilization rate, and (2)

f

ower-thinning agent composed of inorganic chemicals that guarantees higher

f

ower-thinning rate in apple.

The following 1s the summary of the research result conducted for a period

of 3 vears.

1

. Development of fertilization stimulant spray

- Mixed treatment of fertilization stimulant and additives on Hongno
resulted in the highest fruit set rate of 60.3% while treatment of fertilization

stimulant alone resulted in 30.8-42.0% and that of the control was only
12.8%.

- Mixed treatment of fertilization stimulant and additives on the Hongno
did not result in the drying of leaves or any growth disorder. There was an
increase In number of seeds, but no significant differences among the
treatments was observed. Both treated and untreated resulted in relatively
high values for the other fruit quality parameters (sugar content, titratable
acidity, L/D ratio), but significant differences among the treatments were not

also observed.

- In Fuj, 'application of different kinds of additives at different
concentrations resulted in fruit set rate of 22.2% in bSmg/ml IS-2, 17.1% in
10mg/ml IS-1 and 10.9% in 15mg/ml IS-2. There was no uniform trend on
the fruit quality of Fuji treated with different kinds and concentrations of the

additives. Growth disorder was not also observed.



2. Development of flower—-thinning agent
- The most effective treatment time for the application of flower-thinning
agent 1s 2~-3 days after full bloom. In cases when cold temperature delays

flower blooming, application of flower—-thinning agent must be delayed.

- The effects of applying mixed solution of flower-thinning agents MnSOq

and ZnSQ0, and different concentrations of adjuvants did not show a clear
trend. The 6mM+GA MnSO; and 4mM+2GA ZnSO4 applied 3 days after full

bloom obtained the highest efficacies among the treatments.

- The successive treatments of fertilization stimulant and flower—thinning

agent resulted in lower {ruit weight and number of seeds while similar
values in sugar content, titratable acidity and L/D ratio were obtained except
for some treatments. Treatment of lime-sulfur solution caused a formation of
russet color, but treatment of flower—-thinning agent did not show any
physiological stress on the plants. |

- Analysis and purification of protein and S-RNase in self-incompatible
plants did not show distinct bands. In vitro, treatment of self-incompatibility
control substance which contains pollination promoting substance showed
control of S-RNase activity and pollen tube growth.

— Comparison between treatments of fertilization stimulant and upgraded
fertilization stimulant showed an Increased of fruit set rate from 6.8 to
15.3%. Fruit set rate in fertilization stimulant treatment and control was not
significantly different from each other while fruit set rate in upgraded

fertilization stimulant was significantly higher than that of the control.

3. Combined application of fertilization stimulant and flower-thinning agent
- Treatment of different kinds and concentrations of fertilization stimulant

additives 1nside the net house resulted in fruit set rate of 5.1% 1n IS-1 500
dilution rate and 4.2% 1n 15-3 500 dilution rate which translates to almost

_9_



7.3 and 6.0% increase compared to 0.7% fruit set rate of the control. Effect
of fertilization stimulant additives on the fruit quality analysis showed similar
trends among the treatment.

- The open field treatment of IS-1 at 500 dilution ratio resulted in 41.4%%
increased 1n pollination. The observed high fruit set rate can be attributed to
the increased pollen wviability. On the other hand, no significant differences
were obtained on the fruit quality analysis.

- The degree of self-pollination in the plants treated with different kinds
and concentrations of fertilization stimulant additives inside the net house
was determined by seed SSR analysis. Results showed that at IS-1 500 and
1000 dilution ratios, and IS-2 and IS-3 1000 dilution ratio, seeds were all
(10096) self-fertilized. Analysis also showed that rate of self-fertilization at
o000 dilution ratio of IS-2, IS-3 and IS-4 are 40, 78 and 63%, respectively,
while that of IS5-4 1000 dilution ratio was 60%. These results confirm the
presence of self-incompatibility control substances in the fertilization

stimulant causing self-fertilization to take place.

- A higher fruit set rate was obtained in flower-thinning agent SS+CN
1000 dilution ratio (11.0%) compared to that of the untreated (21.5%). On the
other hand, flower—thinning rate obtained in SS+CN 1000 dilution ratio was
around 48.8% higher compared to that.of the untreated. The lower fruit set
rate obtained mm the chemical flower—-thinning agent, which can be attributed

to treatment time, needs a more detailed investigation.

— Comparison of the degree of effect of the successive treatments of

fertilization stimulant and flower-thinning agent on the fruit quality

parameters such as L/D ratio, sugar content, titratable acidty, color, weight
between treatments did not show similar trends. The highest number of
seeds was obtained in lime-sulfur mixture treatment (8.6) followed by that
flower-thinning agent (4.2-8.0). The observed distinctly low number of seeds
(4.2) obtained in the treatment of chemical fruit thinning agent SS+CN,
which was probably due to damage caused by moist/watery environment,

needs more detailed investigation.



- An experiment aiming to develop a technology that uses i1norganic
chemicals as flower-thinning agent to be sprayed after application of
upgraded fertilization stimulant was conducted in Andong. SP (13.0718.2%)
and SS+CN (13.3-14.3%) treatments obtained lower fruit set rate compared
to the untreated (21.5%) which means both obtained higher flower-thinning
rate. In the case of SP, successive treatments of fertilization stimulant and
flower—thinning agent showed similar result while in freatment fime a more
detailed test for a more practical use of flower-thinning agent can be
conducted. Also, fruit quality values obtained in the treatment of fertilization

stimulant and upgraded fertilization stimulant were simular.

- In the experiment conducted in Youngju, Gyeongbuk, result showed that
fruit set rate in all fertilization stimulant treatments were at least 5026
higher than or similar with that of the untreated. In 2005, prevailing
atmospheric temperature was very high which caused an accelerated flower
blooming. Consequently, application of flower-thinning agent adapted to the
fast rate of flower blooming was needed. Also, fruit quality did not obtain a

significant difference between the fertilization stimulant treated and untreated

plots. |

- An experiment on the effect of successive treatments of fertilization

stimulant and different kinds and concentrations of flower-thinning agent 1n
Fuji variety was conducted in Cheongsong, Gyeongbuk. The recorded high

flower—-thinning rate in CC+CN treatment but low fruit set rate compared to
the control needs further detailed investigation.

— Based on the studies conducted by outside research -institutions,
fertilization stimulant treatment and control inside the net house did not
obtain a significantly different fruit set rate from each other. However, using
the upgraded fertilization stimulant treatment inside the net house, result
showed a higher self-fertilized fruit set rate (31%) compared to the control
(28%5). This observation was attributed to the effect of the upgraded

fertilization stimulant 1n promoting seli—-fertilization.



- The SP 3+5 day treatment obtained a lower flower—thinning rate (40%)
than the Japan-prepared chemical (56%6). The lower rate in SP needs further
studies on the effect of the preparation of the chemicals.

- The following are the results of the experiments on successive
treatments of wupgraded fertilization stimulant and inorganic chemical
tlower-thinning agents conducted at different places. In Uiseong Hongno
variety, Japan-prepared chemical obtained high flower-thinning rate while SP
and CN applied 4 days after flower blooming obtained the best efficacies. In
Cheongsong, treatment time, types and concentrations of chemicals did not
show regular _trénd in the result. In Andong, SP 3 and 4 days treatment
showed high flower-thinning rate. Also, fruit quality did not vary according
to the place of the experiment. Therefore, treatment time is the most

important factor affecting the flower-thinning rate.
4. Labor time reduction and quality

- The labor time required by the different flower-thinning methods per
10a was compared using manual flower-thinning method (100) as the basis.
The chemical flower-thinning agent reduced the labor time compared to
'SEVIN’ and lime-sulfur mixture by 30.4% by 5.49%, respectively.

- 'The Grade A harvest of control, fertilization stimulant and upgraded
fertilization stimulant were 20.4, 25.3 and 31.996, respectively, while for Grade
C were 62,7, 54.9 and 48.9%, respectively. Comparing the results in control

and the upgraded fetilization stimulant showed a higher fertilization rate in
Grade A than C.

— Comparison of the cost for manual and chemical spray method of
flower-thinning showed a cost reduction by 875% in Fuji and 91.2% in
Tsugaro. Nowadays, due to aging and decreasing population, the lack of
labor 1in the fruit farming industry i1s becoming more and more of a problem.
Use of machine i apple flower-thinning 1s not vet possible until now.
However, using chemical spray 1s a practical way of mechanization of
flower—-thinning which can reduce the need for labor and cost of production,

and 1mprove the competitiveness of the fruit-farming industry.
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Fig. 1. A model for self-incompatibility mechanism.
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2) A 3A T

20043 AH3A AP AE HAFAA HAASIEY. FUAFES o83 Atd
A3 a3 AL A olHd Zo] AEsYETt. Manganese sulfate, Zinc
sulfate®t Zo| FAEE 713 —‘?*7@}53%—* o] &3tAtt. FAHEZA 1000u) Y A
gl & BEF7)E HIAE s, YUIAEE AX3AY. APA 7 E iy, w
e 19, BA%F 24, W% 3Y, RS 44, wAE 549 247t X e sk
Al gEe A9 FIISFES 2mM, 4mM, 6mM=Z stk E£F Heo FEo
Zrzy AWEd, H&AA e FEE dHlstd FAGHY. ZAIEEH ZAMPE S
A Tt

2000 AEA AL AE <A €AW AT, FE IFA A Fog
2 A8 5T A9 =N AAFH 2PEF 2A4L A% FYdn
TAHEINAE o]&sto FAS 4L 13 3 & FIJETE 5& o] &3
. A A ]

Calcium nitrate, Manganese sulfate, Zinc sulfate, Gibellelic acid, Lime sulfur

T

mixture T& & E£T @F AL, AEde FASAA AE 54 F
AASAT. HE FEE 500, 10008 oz a3yt s I AE 4
4 27do sHSIA 2 A FASIAAE S4ESHU L, 5¢
AT AE AS= 49 3049 FAZAA E A —"'r‘-;"é-%—ﬂzﬂ% ALY
3, 54 49 HIAE FEIRT AP 3F F HEE ZAEF o, ZAME
2 A2 99 Fdsith

20063 &= —4 A3A AR AE AE, &7, A4 HAASET F3A A F
A7 b2 59 277TL7HA] AP A3A ZEE ston, AFEL 549 578
A7AA] HEFE H3A HEE e, oAe 59 4£797A Ay FE H3)
A AEE SFET AR E B A S 99 Fdsit.

o
xi
iu,

3) AZIESEHA ddE G Ee 9 AHA
7H)Total protein # 3]
2 A8 Ssto 85 249 AE AFHe A5 ST dF
o]Z2Y AYFHANAM AHASFT. -70CA BRAI Z7zte) AME i3 35 24
F 150070 A AAE ¥ 35 WEAZ vg HAAbdd Yo myAzl
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& 2249 d(10mM Sodium phosphate, pH 6.0, 10mM EDTA, 1mM PMSF,
1%[W/V] polyvinyl pyrrolidine) 10ml& ¥o] €43 wfA| 7Y £4€ a4
£ 12,000rpme.2 20% F<t centrifugedt vt AT A& s, vAE Y
A AAEL 0.45mm Millex GV filter2 + 2] 3} % T

=
gl F o)l %= Bradford WHo g AT, standard curveE: A A S}V

ol A 100ug/ml e HY <9 BSA (Bovine Serum Albumin)g& AHE-3}%H T

I *
DN
O

thals gz o] SDS-PAGESF RNase activity gel staining &4

SDS-PAGE$}t activity staining2 12.5% SDS polyacrylamide gel& ©]8-3}4
359Gt AJ|DE Fo] SDSE A ASH] st 37CAA 25% isopropanol 3
10mM Tris-HCl (pH 74)° ®gA AT 2 d&d 37CoA 10mM Tris-HCI
(pH 7.4)& 7}A 3 29 rinsinge 3319t Gel2 37TCodA 100mM Tris-HCI
(pH 7.4)3} 300ug/mle) torula yeast RNA (Sigma)E 7RI 2A17F &< vEE-A
At 2812 W 9L gelolA RNATHS EASA dAs7] st 0.02%
toluidine blueE ¢ 5710EAE A 83+t (Singh et al. 1991).

ghalsSold S Tl Felof A

¢k 1500709 sl x2S AA Ao FYAIZ Y5 mortard 7HA| L vl St
o powder AEHE TE & 5mle extraction buffer(10mM sodium phosphate
[pH 6.0], 10mM EDTA, ImM PMSF and 1%[w/v] polyvinyl pyrrodine)S 37}
st E48 ANRE 4CoA 14,000mmeZ 2087 ARG g EHX
e ARE AAS7] A3 A5 AL Centrifree-CL filter (Millipore) o &3 A
ATk 5mie] BB 50mM sodium phosphate (pH 6.0) buffer® 3 F3}A)7l
Biogel P-60 column (1.5x83cm) (BioRad)& A &390, WAL F L% buffer
E 7}A| 3 elution 3FF L, 24449 fraction< 0.5mlA = gktl

b

2
S
o & vk2AMoZ 10mM sodium



phosphateE A}-83}% 1, torula yeast RNAE 71 dZ AF&3ty 3087 vr&AA
ok 98- AR AZ]7] Y3l 0.75% (w/v) uranyl acetate®} 25% (v/v) perchloric
acid€ A7 9. T35 E 260nmollA] A3}

Hh3E T A A}

24z} A3 e] S RNase®t th2 79 inhibitoret 74 FA7tsle sE#d N3-S
H 2 3l7] Y8t -8 F32E 20 mM Mes-KOH(pH 6.0), 0.07% Ca(INO3)2 -
4HZ20, 0.02% MgS04 - TH20, 0.02% ZnS04, 0.01% KNO3, 0.01% H3BO3, 226
sucroses XTI wjAo) LG 500 IE dEgAS ZhZhe] 2% i
T T FEHY AFE FEFIAVA(x20) 2 BEAT

ADASA-PCRE & o] &3 2713184 &3
AT A EAE o] 43t S FAAPE B
& WA= WHoZ S-RNase YA 7] u)
HEAC & 999 WadE 7|Eo2 FEY 3F primerg AAS I, 5

A A 6-FAMO R A% £831 FEYLEgss A4y @

=< MEE 71€22 7} S-RNase #dAHS FAAUA 2 T
primergE At AT ZF primer’l EFAA Eold FE(ASA)LE

Ag #2137 8] Al DNAE AHE8tY primerg £&3t4 PCR= 33}

APE 2] BAL YREF GSIHOTAMRAABDE AH&3ta, 33
DNA sequence(ABI PRISM 310 % 3100 Avant)® A7 F3%T} 15’451
GeneScang Al&3lo] ASA-PCR 4HE AW do|E AASHAL

ohekA Azt &4z Mm% FA F7 24

Fol @ A3} vlg3 (Folzdo] AT +9FNA Az) ¥ oYz
g ol 4% AHEY AT TAYTY Hg ARg 37, ek e
o = ﬂi—%&‘-’l 532 2R 4, 3 %2 ol £3324 A4 e
}
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Fig. 2. Temperature and amount of precipitation during flowering stage
(Cheongsong, 2004).
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Table 1. Comparison of the effects of additives on the fruit set rate of Hongno
applied at net house and open field (5mg/mL, Cheongsong, 2004).

Fruit set rate (%)

Treatment Open field Net house
central , .
side florets  central florets side florets
florets
FS™+IS-1 41.5cd 10.0d 0.0 a 1.9a
FS+IS-2 36.8b H.ba 9.7d 0.8ab
FSHIS-1+1S5-2 43.6d 7.3b 3.6 ab 2.7bc
FSHIS-1+]S-2+1S-3 41.4cd 6.8b H.3 abc 6.6cd
Hand-pollination 80.5e - 73.0 e —
FS 40.4c 8.8¢c 76bcd 2.7d
Cont. 30.6a 10.1d 12.8 cd 1.babc

FS, fertilization stimulant(contains self-incompatibility control substances); 1S-1, fertilization
stimulant+pollen wviability enhancer 1, IS-2, fertilization stimulant+pollen wiability enhancer 2, IS-3,
fertilization stimulant+pollen viability enhancer 3; IS-4, fertilization stimulant+pollen viability enhancer 4.

29 QoM FAZAARIIESY AAEZE T A8 HIAAZ FHF
A o] m e gL golr ] 93 Aol F 1 2 38 77 T2 A

A £74E, s=d & ZA4&S Hug Ae= "éﬂo-r: 5, 10, 15mg/ml ©]

-‘W

AR & e TAYT 306%, FRAENA AT 404%, AFFET 805%, IS-1 *

415%, IS-2 A2 36.8%, IS-1+IS-2 A& T 43.6%, I1S-1+IS-2+IS-3 # &
T 41.4%2 JeERd T 1S-1+1S-2 ;HEHW} 136%E 7MY =& AXNLELS HYo
H, FA T 304%0 Hl&] oF 1425% =2 AAES H4Y W AF, T4
AA &L FAYT 128%, AFFET 73.0%, IS-1 AT+ 0%, 1S-2 AHF
9.7%, IS-1+IS-2 A& F 3.6%, IS-1+IS-2+IS-3 A &+ 5.3%= }ebytc).




Table 2. Comparison of the effects of additives on the fruit set rate of Hongno
applied at net house and open field (10mg/ml, Cheongsong, 2004).

Fruit set rate (%)

Treat - Open field Net house
central _ central _
| side florets side florets
florets florets
FS™+IS-1 11.1a 3.6a 32.9b 4.3c
FS+IS-2 | 33.9¢ 51D 30.8b 6.7d
FS+IS-1+15-2 42.6d 3.7c 41.1c 7.5d
FS+IS-3 29.5b 5.7 bc 42.0c 0.5¢e
FS+IS—1+IS—-2+IS¥3 31.1bc 5.6 bc 60.3d 7.3d
Hand-—pollination 30.5e = 73.0e —~
FS 40.4d 3.3d 7.6a 2.7Tb
Cont. | 30.6bc 10.1 e 12.8a 1.ba

‘TS, fertilization stimulant(contains self-incompatibility control substances); IS-1, fertilization

stimulant+pollen wviability enhancer 1, IS-2, fertilization stimulant+pollen wiability enhancer 2, IS-3,
fertilization stimulant+pollen viability enhancer 3; IS4, fertilization stimulant+pollen viability enhancer 4.

¥ 204 BE AR Zo] H/A 10mg/mlE H7He AaAude A% £33
T 306%, FAEAA AT 404%, AFFET 805%, IS-1 AT 11.1%,
IS-2 AT 339%, IS-1+1S-2 A&F, 426%, IS-3 AT 295%,
IS-1+IS-2+IS-3 A& T 3L1%= el IS-1+1S-2 H& 77 426% =2 7H3
=L ANES Bgon, EXgT 304%0) "} ¢F 1425% =& AALEE EY
oh 2o A, A8 AAELS FAYTF 128%, AFFET 73.0%, IS-1 AP+
32.9%, IS-2 A&+ 308%, IS-1+I1S-2 HAFF 41.7%, I1S-3 42.0%,
[S-1+IS-2+IS-3 A&+ 60.3%= e




Table 3. Comparison of the effects of additives on the fruit set rate of Hongno

applied at net house and open field (15mg/ml., Cheongsong, 2004).

Fruit set rate(%)

Treat Open field Net house
central , central ,
| side florets side florets
florets | florets
FS™+IS-1 42.3b 2.9 a 20.0d 0.0a
FS+H[S-2 46.2¢ 58D 0.0 be 0.0a
FS+HIS-1+1S5-2 33.3a 56D 125¢ 2.1a
FSHIS-1+I5-2+1S5-3 48.9¢ 85¢ 136 ¢ 1.1a
Hand-pollination 80.5d - 730e -
FS 40.4b 8.8¢C 76 a 2. {a
Cont. 30.6a 10.1 d 12.8 ab | 15a

"FS, fertilization stimulant(contains self-incompatibility ~control sitbstances); 1S-1, fertilization
stimulant+pollen wviability enhancer 1; IS-2, fertilization stimulant+pollen wviabihty enhancer 2, 15—,
fertilization stimulant+pollen viahility enhancer 3; IS—4, fertilization stimulant+pollen viahility enhancer 4.

Z 394 EE R o] HJIA 15mg/mlE E7HE AAurd el A%, FAE
T 306%, FREAA AT 404%, AFFET 805%, IS-1 AT 42.3%,
IS-2 AT 462%, 1S-1+IS-2 A& T, 33.3%, IS-1+IS-2+IS-3 A& T 48.9%=
el IS-1+1S-2+1S-3 A T7 489%=2 713 & AA&S Byod, ¥
AT 306% BlE oF 150.8% =& AALS HA @ AS FAs A4
£& EXFT 128%, AFFET 73.0%, I1S-1 AT 200%, IS-1 AT 0.0%,
IS-1+1S-2 A8 F 125%, 1S-1+1S-2+1S-3 A& T 136%= vrehdoh IS-19 A
Y77t 200%E 7+ & 2AES EATH '

¥ 19 A% FHYTFE uFESS HAE Hbe AP TN EF Oh 9
o AALS Bgoen ¥ 29 AS$ HAAAEZE A A FAA dR2FRUY =
& AA&E BRYvd oy HAY TR wHE FZHAE FAIEHARH




et em, A7
Bl B8 AT 603%2 %

5o AU Hel TAROIYEY ot FAZVAANA HT/ AR
g BA fAAY BHS JANAD R AFE FAAA PR L et
2o il oste] $HFH EARE ML OB ARTAT

o AHAER L 5ol we FA HKER)

Table 4. Effects of different additives on the fruit quality of Hongno applied at
net house and open field (bmg/mlL, Cheongsong, 2004).

No. of : Titratable
seeds Wﬁlg)ht L/D Sug za(l;égltent acidity
(ea) 8 (%) Physiol
1cal
Treat net net net net net g%lgss
no  ves no yes no ves no ves no - yes
FS™+IS-1 npha 1.0a 223a 142a 091ab 0.90a 125a 124a 0.25ab 0.26a None
FS+I5-2 38a 1.2a 207a 174b 090ab 0.8%a 129a 126a 0.3lab 0.30a
ES+HS-1+15-2 4'fa 14a 220a  16lab 0.92ab 0.88a 13.0a 1272 0.26a (.28a ”
oS- HS2453  35ba 1.ba 20hba  148a (0.94b 0.89a 12.8a 82a 027a 0.27a "
Hand-—pollination 85b  5.6b 241a  179b 0.89ab 0.90a 133a 134a 0.29a 0.29a 7
ES 44a 1.7a 228a  177b 0.86a 0.93a 142a 14.1a 0.28ab (0.35a "
Cont. 40a 12a 220a  180b 0.92b 0.90a 13.7a - 0.27b 0.29a ”

14.3a

'FS, fertilization stimulant(contains self-incompatibility control substances); IS-1, fertilization
stimulant+pollen wviability enhancer 1, IS-2, fertilization stimulant+pollen viability enhancer 2; IS-3,

fertilization stimulant+pollen viabiity enhancer 3; I5-4, fertilization stimulant+pollen viability enhancer 4.

— a1
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Table 5. Effects of different additives on the fruit quality of Hongno applied at
net house and open field (10mg/mL, Cheongsong, 2004).

. Titratable
No. of seeds Weight Sugar content by
(ea) (g) L/D (°Bx) acgdlt}’ |
(%) Physi
Treat 01(;%1(:
net net net net net stress
no Ves no ves no ves no yes no ves
FS™+1S-1 43a 1.2a 200a 150a 090ab 0.85a 13.0a 13.2ab 0.27a 0.26a None
FS+IS-2 322 1.2a 211a 152a 0.90ab 0.90bc 13.3a 13.0ab 0.31a 0.2%a "
FSHS-1+1S-2 h4a 1.6a 214a 16bHa 0.93b 0.89bc 13.4a 13.4ab 0.30a 0.27a "
FS+S-3 37a 0.8a 203a  14bab 0.93b 0.88ab 13.3a 11.7a 0.29a 0.27a "
FSHS-14S-245-3 Hla 0.8a 214a 214b (0.93b 0.89bc 13.7a 13.0ab 0.29a 0.27a "
Hand-pollination  85b  5.6b 241a 179ab 0.88ab 0.90bc 13.3a 13.4ab 0.29a 0.29a !
FS 44a 1.7a 228a 177ab 0.864a 0.93c 142a 14.1b 0282 0.35b
Cont. 40a 1.2a 220a  180ab 092b  0.90be 13.7a 14.3ab 0272 0.29a "

'FS, fertilization stimulant(contains self-incompatibility control substances); IS-1, fertilization

stimulant+pollen wiability enhancer 1, IS-2, fertilization stimulant+pollen wiabihty enhancer 2, IS-3,

fertilization stimulant+pollen viahility enhancer 3, IS4, fertilization stimulant+pollen wiability enhancer 4.
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Table 6. Effects of different additives on the fruit quality of Hongno applied at
net house and open field (15mg/mL, Cheongsong, 2004).

No. of seeds | Weight : Sugar content Titratable acidity
(ea) (g) L/D ratio (°Bx) (%) Physiol
Treat net net net net net ogical
stress
no Ves no ves no Ves no yes no Ves
FS™+I8-1 40a 1.2a 211a 150a 0.89ab 0.92b 12.4a 127a (0.26a 0.25ab None
FS+IS-2 46a 1.0a 2072 170a 090ab 0.85a 123a 131a 027a 0.25b —
FS+IS-1+15-2 42a 1.0a 218a 160a 0.92b 0.88ab 12.1a 137a 0.26ab 0.28ab -
FS+IS-141S5-241S-3  3.8a 1.2a 204a 1682  090ab  0.90ab 129a 16.1a 0.J3lab 0.26ab -
Hand-pollination 85b  5.6b 24la  179a 0.89ab  0.90ab 13.3a 134a 0.29a 0.29a —
FS 44a 1.7a 228a 177a - 0.86a 0.93b 142a 14.1a 0.28ab 0.35ab -
Cont. 40a 1.2a 220a  180a  0.92b 0.90ab 137a 143a 027  0.29ab -
‘FS, fertilization stimulant(contains self-incompatibility control. substances); I5-1, fertilization

stimulant+pollen wviability enhancer 1, IS-2, fertilization stimulant+pollen wiability enhancer 2 IS-3,

fertilization stimulant+pollen viability enhancer 3, IS-4, fertilization stimulant+pollen viability enhancer 4.
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Table 7. Comparison of the effects of additives on the fruit set rate of Fuj
applied at net house and open field (bmg/ml., Cheongsong, 2004).

Fruit set rate (%)

Treat Open field | Net house
central _ central _
side florets side florets
florets florets
FS™+IS-1 _ 9.4a 0.9a 5.5ba 1.4c
FS+IS-2 22.2b 1.4a 6.1a 1.5c
FS+IS-1+]S-2 NE) (.ha 4.4a 1.1bc
FS+IS-1+IS-2+15-3 12.2a 1.8ab 6.0a 1.5¢c
Hand-pollination 60.8c = 58.6b -
ES 21.3b . 3.7b 3.3a 0.5ab
Cont. 0.0a 1.4a 0.ha 0.1a

‘FS, fertilization stimulant(contains self-incompatibility control substances); IS-1, fertilization
stimulant+pollen wviability enhancer 1, IS-2, fertilization stimulant+pollen wviability enhancer 2; IS-3,
fertilization stimulant+pollen viability enhancer 3; IS—4, fertilization stimulant+pollen viability enhancer 4.

Tzo BU% wHoz TR Ha shgon ZAPIH E 5 5}
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IS-1 A2+ 94%, IS-2 AT+ 22.2%, IS-1+IS-2 A& T 8.7%, I1S-1+IS-2+1S-3
AT 122%=2 JERGT 1S-2 A 77 222%2 7MY 5L AALL o]
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Table 8. Comparison of the effects of additives on the fruit set rate of Fuji
applied at net house and open field (10mg/mL, Cheongsong, 2004).

Fruit set rate (%)

Treat Open field Net house
central _ central ,
florets side florets florets side florets

- FS™+IS-1 171c 0.6b D.3a 1.3b
FS+IS-2 15.6 bc 0.0b D.0a 1.4b
FS+IS-1+15-2 0.0 ab 0.0b 0.ba 1.4b
FS+I5-3 4.8 a 0.0b 0.3a 1.3b
FS+IS—-—1+IS--2+IS~3 0.3 a 0.0b 6.2a 1.5b
Hand—pollinétion 60.8 d - - 58.6b -
RS 213 ¢ 3.7a 3.8a 0.5a
Cont. 0.0a 1.4a 0.5a 0.1a

FS, fertilization stimulant(contains self-incompatibility control substances); IS-1, fertilization
stimulant+pollen wiability enhancer 1; I5-2, fertilization stimulantt+pollen wiability enhancer 2, 1S3,
fertilization stimulant+pollen viability enhancer 3; IS—4, fertilization stimulant+pollen viability enhancer 4.
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Table 9. Comparison of the effects of additives on the fruit set rate of Fuji

applied at net house and open field (15mg/ml., Cheongsong, 2004).

Fruit set rate (%)

Treat Open field Net house
central , central _
side florets side florets
florets florets
FS*+IS-1 7.5a 1.6b 4.1a 1.0ab
FS+IS-2 10.9a 2.3b 5.3a 1.3b
FS+IS-1+15-2 9.8a 2.5b 49a 1.2b
FS+IS-1+I5-2+1S-3 10.3a 2.6b 6.ba 2.1c
Hand-pollination 60.8c = 58.6b =
FS 21.3b 3.7c 3.8a 0.5ab
Cont. (.0a 14a - 0.ba 0.1a

'FS, fertilization stimulant(contains self-incompatibility control substances); IS-1, fertilization

stimulant+pollen wiahility enhancer 1, IS-2, fertilization stimulant+pollen viability enhancer 2; IS-3
fertilization stimulant+pollen viability enhancer 3; 1S54, fertilization stimulant+pollen viahility enhancer 4.
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Table 10. Effects of different additives on the fruit quality of Fuji appled at
net house and open field (5mg/ml, Cheongsong, 2004).

‘ Titratable
No. (()éa?eeds Wag)ht L/D ratio Suga(x; Efgltent acidity
(%) Phys
- iololg
reat :
net net net net net Slt(i‘aes
S
no  yes no ves no  yes no yes no  yes
FS™+IS-1 2.7a 1.0a 1652 192¢  0.85a 0.90de 8la 150c 0.40b 0.38a None
FS+IS5-2 4.0a 1.0a 190ab 129a 0.83a 0.87b 9.3 ab 134b 0.39b 0.3% -
ES+HIS-1+15-2 3.hba 1.0a | 183a 160b (0.83a 0.96f 86 ab 12.3a 0.38ab  0.38a -
FSHS-1415-24S-3 27a  10a  166a 1382  084a 09le 907ab 136b  037a 038 -
Hand-pollination 6.9b 7.7 260b  301d 0.89a 0.88bc 11.1 ab 13.5b 0.39b 0.39a -
o 47ab  2.0a 265b  188c 0.84a 0.82a 10.7 ab 13.1ah  0.39 0.39a -
Cont. 3.0a 1.1a 226ab 163b 0.83a 0.89cd 112 b 12.7ab 0.38ab  0.39a =

‘FS, fertilization stimulant(contains self-incompatibility control substances); IS-1, fertilization stimulant+pollen

viahility enhancer 1; 1S-2, fertilization stimulant+pollen viability enhancer 2; IS5-3, fertilization stimulant+pollen
viahility enhancer 3; I1S-4, fertilization stimulant+pollen viability enhancer 4.
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Table 11. Effects of different additives on the fruit quality of Fuji applied at
" net house and open field (10mg/ml, Cheongsong, 2004).
: Titratable
No. of seeds Weight : Sugar content Ny
(ea) (g) L/D ratio (°Bx) a%%;:y Physio
Treat logical
net net net net net stress
no Ves no ves no Ves no ves no yes
FS™I5-1 4.2ab 1.0a 16ba 144a 08ba  0.91bcd 97cd 112b 040b 039  None
FS+IS-2 h.lab 1.0a 1883ab  230d 0.80a  0.96d 00a 121c¢c 039%b 0.38a -
FS+IS-1415-2 hhab 2.0b 175a 158ab 0.95b (.93cd 11.3d 11.0b 0.39a 0.38a =
FSt15-3 4.5Habh 1.5ab 228ab  200cd 0.834a 0.86ab 76abh 90a 038ab 0.38a -
ES+I5-1+15-2+15-
q 4.4ah - 174ab - (0.88ab = 3.0 bc = 0.39ab - -
Hand-pollination  6.9b  7.7¢ 260b 301e 0.89ab 0.88ab 111d 123 cd 0.39ab 0.33a -
FS 47ab 2.0b 263b 188bc 0.8da 0.8Z2a 1074 131d 03%b 0.39a -
Cont. 30a 1.la Z226ab 163abc  0.83a  0.89bc 11.2d 127cd 038a 0.39a -
‘FS, fertilization stimulant(contains self-incompatibility control substances); IS-1, fertilization

stimulant+pollen wiability enhancer 1; I5-2, fertilization stimulant+pollen wiability enhancer 2, I1S-3,
fertilization stimulant+pollen viahility enhancer 3; IS4, fertilization stimulant+pollen iriabﬂity enhancer 4.
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Table 12

Effects of different additives on the fruit quality of Fuji applied at
net house and open field (15mg/ml., Cheongsong, 2004).

. ' Titratable
e ?éa?eeds TW(Elg)h?t L/D ratio Sugaéé::}?)n tent acidity Physi
Treat & (%) olc;%lc
net net net net net stress
no ves no yes no ves no yes no  yes
FS™+1S-1 10a 1.0a 170ab 124a 0.86a (.88abc 6.7a 155b 0.39a 0.38a None
FS+IS-2 25ab 15a 20lbc 152abc  0.85a 0.86ab 84 ab 128a 0.3%3a (.39 -
FS5+1S-1+15-2 1.0a 13a 122a 127ab 0.98b 0.94c 10.3 bc 11.7a 0.40a 0.39b -
FS+IS-1+1S-2+1S-3 3.0b  20a 214bc 173c 0.89ab (0.90bc 124 ¢ 105a 0.40a 0.39 =
Hand-pollination 69d 77b  260d 301d 0.89a 0.88abc 111 ¢ 134ab 0.39a 0.39b =
FS 47c  20a  263d 188¢ 0.84a 0.82a - 107¢  131ab 039 0.3% -
Cont. 30b lila 226cd 163bc 083a 089 112¢ 127a 0.38a (.39 -
"FS, fertilization stimulant(contains self-incompatibility control substances), IS-1, fertilization

stimulant+pollen viability enhancer 1; IS-2, fertilization stimulant+pollen viability enhancer 2;

I5-3,

fertilization stimulant+pollen viability enhancer 3; IS-4, fertilization stimulant+pollen viability enhancer 4.
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Table 13. Comparison of fruit thinning rate of Fuji at varying concentrations of

different inorganic chemicals (Cheongsong, 2004).

Fruit set rate of central florets(%)

Treat Conc. full bloom 1 day after 2 day after 3 day after 4 day after 5 day after
stage full bloom  full bloom full bloom full bloom . full bloom
2mM 112abc  12.1 de 209cd  213cd 22.8 ghijk  11.8 cdef
4mM 155 de 12.0 deiC 22.5 cd 16.2 a 176 cd 11.3 bede
6mM 233h 130 ef 25cd 285k 20.4 efgh  14.7 fghi
2mM+adjuvants 127 bed 238 k 25.0 de 154 a 113 b 9.2 abcd
dmM+adjuvants 275 3k 9.3 be - 267 ef 20.8 cd 124 b 6.1 a
omM+adjuvants  23.9 hyg 165 g 12.4 be 17.1 ab 173 ¢ 10.2 bede
MnSO; |
2ZmM+GA 25.0 ijk 83 Db 26.4 ef 22.6 def 25.7 Im 12.0 defg
AmM+GA 194 fg 19.7 hi 30.5 fg 23.7efghi  230klm  15.6 ghij
6mM+GA 3331 162 g 3811 33.6 1 - 27.2 mn 13.5 efgh
2mM+2GA 185 ef i5bg 35.5 hi 34.71 24.2 ikl 17.9 hij
AmM+2GA 14.7 de 22.9 ik 30.1 fg 25.2 fghij 289 no 11.1 bede
6mM+2GA 36.3 m 20.7 hij 22.3 be 3291 22.1 fghij 233 ijk
................................... 2 mM147Cd112de167ab2436fgh1108b125defg
4mM 15.5 de 10.1 be 24.8 de 23.8 defgh  19.6 def 7.4 ab
6mM 11.7 abc  12.6 def 14.0 a 16.7 ab 230 hijk  12.3 defg
2mM+adjuvants 8.9 a 44 a 28.8 ef 20.1 be 2b.6 Im 12.6 defg
dmM+adjuvants 11.1 ab 16.8 g 19.1 abc 22.7 defg 18.7 cde 13.6 efgh
80 6mM+adjuvants  19.2 {g 11.4 cd 16.7 ab 26.1 hij 20.7 defg  14.8 fghi
. 2mM+GA 14.8 de 190 h 32.1 gh 373 m 20.3 efghi 258 n
4mM+GA 19.8 fg 170 g 30.2 fg 42.0 n 23.2 1jkl 19.0 jki
6mM+GA 14.1 cd 13.6 ef 25.9 de 26.4 hij 20.8 efghi  23.2 mn
2mM+2GA 28.0 k 22.5 1kl 23.7 ef 21.2 1k 18.5 cde 22.0 Im
AmM+2GA 24.2 ik 43.0'1 52.5 ] 26.2 jk 28.0 mn 19.4 jkl
6mM+2GA 282 k 21.2 ijk 51.7 37.8 m 3160 17.0 hij
- Smfursommn lgofg 139f 175ab257ghu253 Soabc
Cont217gh ....................... 2171]1{ ................................ T T v S fghu TR T

"GA1g/liter;2GA, 2g/liter. Adjuvants brand name is chakchak.
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Table 14. Comparison of quality of Fuji at varying concentrations of different
inorganic chemicals applied during full bloom stage (Cheongsong, 2004).

No. of Titratable Physiolo

Weight Sugar content

Treat

Conc.

seeds

(ea)

(g)

L/D ratio

(°Bx)

acidity

(%)

gical
stress

2mM
4mM

4.2ab

4.1ab -

186ab
173ab

0.88ab
0.88ab

11.4 be
10.3 abc

0.39a
0.40a

None

6mM 6.2ab 201ab 0.83ab 10.2 ab 0.40a -
2mM+adjuvants 3.9ab 196ab 0.85ab 11.6 abc 0.39a =
dmM+adjuvants 2.8ab 190ab 0.83ab 10.3 a (.38a =
omM+adjuvants 3.2ab 207ab 0.87ab 11.2 abc 0.38a -
MoSOi o M+GA* 30ab 158ab  084ab  107abc  03% -
AmM+GA™ 5.1ab 182ab 0.83ab 12.0 abc 0.38a -
6mM+GA 50ab  169ab 0.88ab 11.1 be 0.39a -
2ZmM+2GA 1.6a 140a 0.88a 9.9 abc 0.40a -
4mM+2GA 3lab  130ab  0.88ab 111abc  040a -
6mM+2GA 3.8ab 141ab 0.89ab 10.5 be 0.39a —
e o -
AmM 3.1ab 181ab 0.87ab 9.6 abc 0.39a -
6mM 3.0ab 183ab 0.87ab 9.8 abc 0.38a -
2mM-+adjuvants ~ 3.7ab  177ab 0.88ab 103abc  0.39a -
AmM+adjuvants 4.3ab 207ab 0.87ab 10.6 abc 0.40a -
70S0; omM +adjuvants 4.1ab 174ab 0.87ab 8.5 abc 0.39a -
2mM+GA 4.0ab 182ab 0.83ab 6.8 ab 0.39a -
4mM+GA 3.0ab 159ab 0.86ab 10.6 abc 0.38a -
6mM+GA 2.4ab 175ab 0.85ab 10.8 abc 0.39a -
2mM+2GA 3.1ab 159ab 0.85ab 11.5 abc 0.40a —
4mM+2GA 3.3ab 155ab 0.90ab 114 c 0.40a -

6mM+2GA
lime sulfur solution ~~ 3.0ab
Cont.

2.9ab

73b

150ab

_A75b
232b

086ab

0.80ab
0.84b

12.1 abc

11.1 abc

13 abc 4

"GA,lg/liter; "2GA, 2g/liter. Adjuvants brand name is chakchak.
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Table 15. Comparison of quality of Fuji at varying concentrations of different

Treat

inorganic chemicals applied 1 day after full bloom (Cheongsong,2004).

Conc.

No. of
seeds
(ea)

@

L/D ratio

Sugar
content
(°Bx)

Titratabl Physiol
e acidity ogical

(%)

stress

2mM
4mM

o6mM

2mM+adjuvants

AmM+adjuvants

6mM-+adjuvants

MnSO4 omm+GA

AmM+GA™
6mM+GA

ZmM+2GA

AmM+2GA

omM+2GA

2mM

4mM
omM

* 9mM-+adjuvants

ZnS 04

Cont.

dmM+ adjuvants

omM+adjuvants
2mM+GA
AmM+GA
omM+GA

OmM+2GA

4mM+2GA
bmM+2GA

2.9abcd
4.7d

2.6abc

2.7abc

3.8cd

2.8abcd
1.7ab
3. 7cd

3.3bcd

1.5ab

2.4ahc

3.0abcd
4.2cd

4.1cd
3.2bcd

2. fabc
3.3bcd

3.4bcd
2. 7abc
3.8cd
3.8cd
2.8abcd

1.2a
2.93}309“

lime sulfur solution 3.0abcd

7.3

167ab
193ab

174ab
168ab

159a

142a
156a
165ab

183ab

15la

179ab
179ab

193ab

166ab
161ab

150ab
186ab

165ab
166ab
164ab
141a

184ab

158a
144a

160ab
232b

0.89hcde
0.83a

0.86abcde
0.83a
0.84abc

0.87abcde
0.90e
0.86abcde

0.85abcd

0.89de

0.87abcde

0.85abcde
0.89de

0.84ab
0.85abcde

0.87abcde
0.89cde

0.88abcde
0.87abcde

0.85abcd
(J.86ahcde
().86abcde

(.80abcde
0.85abcd

104 ab
10.3 ab

8.2 a

9.3 ab

0.9 ab

124 b
11.9 ab
123 b

11.3 ab

11.4 ab

120Db
10.5 ab

ggab

105 ab
11.3 ab

10.6 ab
10.1 ab

10.6 ab
9.5 ab
10.2 ab
99 ab
8.4 ab

9.0 ab
11.1 ab

0.84abc

10.5 ab
11.3 ab

0.40a
(0.39a

0.39a
0.38a

(.3%9%a

0.38a
().38a
().40a

0.40a

0.39a

().38a
().39a

(0.40a
0.40a

0.40a
(.39a

0.39a
0.38a

0.39a
(0.39a
0.39a

().38a
0.40_51_

"GA lg/liter; "2GA, 2g/liter. Adjuvants brand name is chakchak.

0.39a

039 a

None

T



Table 16. Comparison of quality of Fuji at varying concentrations of different

inorganic chemicals applied 2 day after full bloom (Cheongsong, 2004).

Treat

Conc.

No. of
seeds
(ea)

Weight
(g)

L/D ratio

Sugar
content
(°Bx)

Titratable Physiolo

acidity
(%)

gical
stress

MnSOy

ZnS0y

|||||||||||||||||||||||||||||||||||||||||||||||||||||

2ZmM

4mM
o6mM

2mM+adjuvants
AmM+adjuvants

omM-+adjuvants
2mM+GA”™
AmM+GA
6mM+GA
2mM+2GA™
4mM+2GA

omM
2mM+adjuvants

AmM+adjuvants

6mM+adjuvants

2mM+GA
4mM+GA
omM+GA
2mM+2GA
AmM+2GA

iiiiiiiiii

4.8abc

4.2abc
3.4ab

4.3abc
4.1ab

5.6bc

3.4ab
3.1ab
3.6ab
3.6ab
2.8ab

3.1ab

5.2abc

3.2ab
3.6ab

3.4ab

3.7ab

3.8ab

2.9ab
3.1ab
2.1a

2.4ab
3. 7ab
4.3abc

11111

7.3¢

3.0ab

204ab

198ab
176ab

167ab
190ab

200ab

165ab

174ab
180ab
161ab

161ab
190ab

Akl bhd FAERE RN R (REIEN TN RPN I RN LI N DAL LT LR

208ab
169ab

168ab

171ab

187ab

153a
177ab
183ab
179ab
162ab
209b

o
232b

0.86a

0.86a
0.88a

0.87a
0.84a

0.85a

0.86ba

0.86a
0.85a
0.86a

(0.37a
0.36a

0833

0.86a
0.83a

0.87a

0.86a

0.83a

0.87a
0.85a
0.85a

0.86a
0.86a

0.83a

o
0.84a

"GA,1g/liter; " 2GA, 2g/liter. Adjuvants brand name is chakchak.

12.1 ab
10.7 ab

- 10.7 ab

10.2 ab
39 a

11.1 ab

11.3 ab

119 ab
11.8 ab
10.3 ab

12.6 ab

11.1 ab

0.40a

0.39a

0.33a
0.38a
0.39a

0.40a

0.39a

(0.39a
0.38a
0.39a

0.39a
0.40a

104 ab
9.3 ab
5.6 ab

10.5 ab

11.1 ab

9.9 ab

115 ab
13.0b
11.7 ab

99b
10.3 ab
10.5 ab

1033
11.3 ab

|||||

0.39a
0.39a

0.38a

0.40a

0.38a

0.39a
0.40a
0.40a

0.39a
(0.39a
0.38a

0398

T
0.39a

None



Table 17. Comparison of quality of Fuji at varying concentrations of different

inorganic chemicals applied 3 day after full bloom (Cheongsong, 2004).

Sugar  Titratable Physiol

content acidity ogical
(°Bx) (%) stress

No. of seeds Weight

( e 8.) ( g) L/D ratio

Treat Conc.

2mM
4mM

4.6bcde
4 {cde

178ab
178ab

0.84ab
0.88bcd

12.7a
11.3a

(.39a
0.40a

None

omM 6.2ef 203ab 0.86ahc 12.4a 0.38a ~
2mM+adjuvants  4.7cde 171ab  0.85abc 10.4a 0.40a -
dmM+adjuvants  5.1de 183ab 0.82ab 12.1a 0.39a -
6mM+adjuvants 4.3abcde  160ab  0.86abc 12.0a 0.39a -
MnSQO;
2mM+GA 2.{ab 167ab 0.92d 11.1a 0.38a ~
AmM+GA 2.9abc 153a 0.88bcd 11.5a 0.39a -
omM+GA 4.3abcde 177ab 0.8%bcd 11.3a 0.39%a —
2mM+2GA™ 2.6a 163ab  0.90cd 11.4a 0.40a -
ImM+2GA 2.{ab 170ab 0.90abc 12.5a (0.40a -
emM+2GA 3.4abcd 18bab 0.8babc 11.3a 0.40a -
2IIM298.Z)C 19433084ab90a0393 e
4mM 4.6bcde 181ab 0.87bcd 9.7a 0.39a -
6mM 6.1lef 198ab 0.86abc O.1a 0.40a -
mM+adjuvants  4.8cde 157ab  0.84ab 10.3a 0.38a -
AmM+adjuvants  4.8cde 190ab  0.86abc 11.2a 0.39a -
omM+adjuvants  3.6abcd 166ab 0.32a 10.5a 0.40a ~
/nSQOy
2mM+GA 4.6bcde 160ab 0.84ab 11.3a 0.38a -
AmM+GA 3.4abed 178ab 0.85ab 10.7a 0.33a
omM+GA 4.6bcde 181ab 0.87abcd 10.4a 0.39a -
2mM+2GA 2.6a 164ab 0.84ab 9.7a 0.39a -
AmM+2GA 3.4abcd 173ab 0.88bcd 9.7a 0.39a -

arm

lime sulfur solution

Cont.

bmM+2GA

. 5lde
232b

73f

17oab

172ab

. 08oabc

0.84ab

‘GA,lg/liter; " 2GA, 2g/liter. Adjuvants brand name is chakchak.

1 O '] 83
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11.3a
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0 [ ] 3 a
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0.39a



Table 18. Comparison of quality of Fuji at varying concentrations of different
inorganic chemicals applied 4 day after full bloom (Cheongsong, 2004).

Sugar content

No. of | Titratable Physiolo
Welght ,
/D ratio

seeds ] acidity
(ea) (g) (°Bx) (%)

Treat Conc. gical

stress

2mM
4mM

6mM+2GA

mamwnn nn e mE g rakhd hmrnd bad wdbad rw b bkl FEA Rl Pl bl bl R R R b g bR FRHPA PR BT RHET FEA PP F B 4D

4mM

lime sulfur solution

3.1a
2.4a

4.'7ab

4.0a

3.8a

2.7a

200a
2044

179a

éaégmwwmm

187a

179a

188a

0.84a
0.84a

0.89a

084 a

0.84a

0 . 848.
Ehwmnd mnd b bl ik b DR kR g b Rk Bl Rd i e FRAH AR

0.8ba

12.4 de
139 de

11.3 abcde

11.5 bede

12.1 abcde

109 abcde

13.7 cde

(.39a
0.39a

0.40a

0383

0.38a

0.38a

None

6mM 3.7a 225a 0.88a 12.9 bede 0.39a -
mM+adjuvants 3.9a 183a 0.85a 12.5 de 0.39a -
4mM-+adjuvants 3.8a 191a 0.84a 12.7 de 0.38a -
omM+adjuvants 3.9a 210a 0.83a 14.0 de 0.38a -
MnS0: 2mM+GA’ 45ab  208a 0.87a 129 e 0.40a -
ImM+GA 3.0a 177a 0.85a 11.6 bede 0.39a -
6mM+GA 4.2ab 171a 0.86a 11.8 bede 0.33a -
2mM+2GA™ 28a  175a 0.85a 9.8 abc 0.3% -
AmM+2GA 3.1a 189a 0.86a 8.3 a (.39a -

6mM 4.8ab 176a 0.83a 11.5 abcde  0.39a -
2mM+adjuvants 4.2ab  18la 0.86a 10.2 abed 0.39a -
4mM+adjuvants b3ab  207a 0.84a 11.4 bede 0.39a —
7nS0, 6mM+adjuvants 3.2a 185a 0.84a 12.2 bede 0.40a -
2mM+GA 3.0a 2242 0.88a 10.2 ab 0.38a ~
4mM+GA 3.5a 18ba 0.87a 10.3 bede 0.38a -
6mM+GA 3.3a 159a 0.87a 9.7 cde 0.38a -
2mM+2GA 36a  177a  084a  124cde  03% -
AmM+2GA 2.9a 195a 0.87a 11.8 bede 0.38a -

3.0a

........................................................................................................................................................................

Cont. 7.3b 232a 0.84a 11.3 abcd 0.39a —

‘GA,1g/liter; " 2GA, 2g/liter. Adjuvants brand name is chakchak.



Table 19. Comparison of quality of Fuji at varying concentrations of different

Treat

inorganic chemicals applied 5 day after full bloom (Cheongsong, 2004).

Conc.

(ea)

No. of seeds Weight

(2)

L/D ratio

Sugar
content
(°Bx)

acldity
(%)

Titratable Physiolo

gical
stress

MnS0s o Vadiuvants

ZnS0;

Iime sulfur solution
Cont.

"GA lg/liter; "2GA, 2g/liter. Adjuvants brand name is chakchak.

2mM
AmM
6mM

2mM+adjuvants

AmM+adjuvants

IMM+GA”

AmM+GA
6mM+GA

IMM+2GA™
AmM+2GA
6mM+2GA

2mM
AmM
6mM

2mM-+adjuvants

4mM-+adjuvants
6mM+adjuvants

2mM+GA
AmM+GA
6mM+GA

2ZmM+2GA
AmM+2GA

6mM+2GA

3.7abc
4.1abcd
2.6abc

3.7abc

3.babc

2.5abc

1.9ab
2.1abc
2.4abc

6.4de

1.9a

3.2abc

2.9abc
1.7a
4.8cde

4.4abcde

4.2abcd
3.8abc
3.6abc

2.3abc

2.0abc
3.6abc
4. 7bcde

2.2abc
3.0abhc

e

194a
185a
209a

189a
173a

191a

170a
163a
174a
196a
163a
169a

183a

194a
200a

208a
179a

176a
175a

184a

168a
178a

177a

173a

179a
BT

0.86ab
0.85ab
0.87ab

0.86ab

0.85ab

0.86ab

0.87ab
(0.86ab
0.87ab
0.83a

0.87ab

0.89b
(0.86ab

0.86ab
0.87ab

0.87ab

0.85ab
0.88b
0.86ab

0.89b

0.87ab
0.87ab

0.83ab

0.87ab

0.85ab

LB B R L LB R ek B LE L Ed b bd RRE ke bmrad Faddn bad BT

9.5 ab
12.6 be
10.6 be

9.9 abe
12.9 abc

12.6 abc

10.2 bc
10.1 ab
11.3 ab
11.8 ab
105 ¢

10.1 ab
9.0 ab
7.9 a

9.8 abc

12.4 bc

11.6 be
9.5 ab

10.8 abc

10.5 be
11.9 ab

11.3 ab
10.7 ab

105 ab
T

10.7 ab

0.38a
0.38a
(0.39a

(0.39a
0.38a

0.39a

0.39a
0.40a
0.3Y9a
0.40a
0.40a
0.39a

0.38a

0.40a
(0.39a

0.39a

0.38a

0.3%9

0.38a
0.33a

0.39a
0.3%a

| 0.3%a

0.39a

0.39a
T

None
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Picture 1. Active staining of treated and untreated budding flower.

o

.

L i ' .
Picture 2. Active staining of treated and untreated fully opened flower,

Picture 3. Silver staining of treated and untreated fully opened flower.

AHA 39 AR ydeld AL W= FEo] RNase 845 UeliE FE0)
U 2% 43 MAEZA = S-RNases Uedle W=7 AF 2HHA FUt



Y. A7HEEEA @9 JUMAe 2% 244

AZVES A ZAA+ANA/FZEHE AT HAHAY ESAEH AUMES
A4 ZHA+AEA Ao <3 S-RNase 84 Ad AAL Y5t g e
7FAl= FeS04, MnS04, ZnS04< ©| &3t th RNaseEA & E# A d47
72 #AZE vk RNasest #FAEo] 23 A% A= 9FE A $
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Picture 4. Effects of sulfate on the inhibition of pollen tube growth. A Manganese
sulfate+fertilization stimulant(contains self-incompatibility control
substances) 1000ppm; B,Zinc sulfate+fertilization stimulant(contains
self-incompatibility control substances) 1000ppm; C, fertilization
stimulant(contains self-incompatibility control substances) 1000ppm.

. S-RNase%} ﬁ--Ev-% A4 in vitro Al 8 Z=A
Azl 5 S-RNase H7to] wE 3EF Ao B ZALZA &8 A3
A Wl A7) e FFzAqr 2ZHE S-RNaseE FE9E st 3
=% AFds #FF Aot FEFA AFe #FAIT £ Qgled o
S-RNase?l BE# A% 9% 71X 2 lhe A& € £ Jdsuoh



S-RNase none

Picture 5. Effects of S RNase on the pollen tube growth. Medium,1% agar

and 10% sucrose ,

2. SSR Wl 9% Alg Fabe] ArtER B4

‘F uji’

Seed.d

Seed.2

Beed.3

Fig. 3. Model for SSR gene analysis of self-fertilized seeds in apple fruit.
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Fig. 4. Actual SSR gene analysis of self-fertilized seeds in apple fruit.
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‘Fig. 5. Temperature, amount of precipitation during flowering stage(2005).
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Fig. 6. Comparison of fertilization rate of Fuj treated with fertilization

stimulant (Andong, 2005).
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Table 20. Effect of chemical additives on the fertilization rate of Fuji treated
inside a net house (Cheongsong, 2005).

No. of flower

et Cone. Noof invesiigaed  FUiC setraeto
cluster central side central side
Cont. - 721 72 2884  07cd  O.dbc
IS-1° 1000 354 354 1416 2.5b 0.3abc
500 356 356 1424 5.1a 0.5a
IS-2 1000 392 392 1568 0.5d 0.0c
500 301 301 1204 0.3d 0.0c
1S-3 1000 324 324 1296  15bed  00c
500 306 306 1224 4.2a 0.4ab
IS4 1000 340 340 1360 12bcd  0.3abc
500 195 195 780 21bc  0.0c

"IS-1, fertilization stimulant+pollen viability enhancer 1; 1S-2, fertilization stimulant+pollen viahility
enhancer 2, I5-3, fertilization stimulant+pollen viability enhancer 3, IS4, fertilization stimulant+pollen
viability enhancer 4.
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Table 21. Effects of chemical additives on the fruit quality of Fuji treated
inside a net house (Cheongsong, 2005).

: Physi

: : No. of Sugar Titrabable :

Treat Conc. Weight Diameter Length L/D Color’ Hardness seeds content  acidity ologic
(g) (cm) {cm) ratio (ea)  (°Brix) (%) al

stress

Cont, - 266a 82.1a 72.3a 0.88a 108 41bc 08ab 14.1bc 05lbcd None

15-1" 1000 950a 798b  708ab 089 1077108  42bc  12ab 164a  0.66a -
500 226ab 799ab  67.6ab 085a 1077108 44ab 08ab 152ab  0.49cd -
1S-2 1000 184h 72.9b 639b 088%a 108 44ab  12ab 127c¢  05lbed -

200 207ab 7{lab  685ab 0892 1077108 4lbc 27a 130c 0.51bcd -

IS-3 1000 213ab 80bab  689ab 0.86a 1077108 46a 15ab 14.0bc 0.43d -
000 249a 83.7a 71.2a 08ba 1077108  4Z2bc  23ab . 14.7b 0.57abc -
IS-4 1000 2h2a 8l.ba 716a 0.88a 1077108 44ab 0.7b 154ab 0.63ab -

500 226ab 3l.ba 09.6ab (.86a 1077108 44ab 1.2ab 151ab 0.70a -

‘108, deep red; 107, vivid red; 106, bright red (The ministry of agriculture, forestry and fisheries of Japan
“IS-1, fertilization stimulant+pollen viability enhancer 1; IS-2, fertilization stimulant+pollen viability

enhancer 2, IS—3, fertilization stimulant+pollen wviability enhancer 3; IS-4, fertilization stimulant+pollen
viability enhancer 4.
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Table 22. Effects of chemical additives on the fertilization rate of Fuj {reated
at the open field (Cheongsong, 2005).

No. of No. of 1lower Fruit set rate(A)

Treat  Conc. flOWer o investigated """
cluster  central side central 31de
Cont. - 612 612 2448 3.0cd 0.5¢
IS-1° 1000 446 446 1784 1.1d 1.2bc
500 321 321 1284 44.4a 4.2a
IS-2 1000 424 424 1696 2.0d 0.9bc
500 464 464 1856 49¢ 1.9b
IS-3 1000 394 394 1576 5.7¢ 0.9bc
- 500 446 446 1784 3.0cd 1.0bc
IS-4 1000 448 448 1792 8.7b 0.5¢
500 424 424 1696 1.0d 1.4bc

"IS-1, fertilization stimulant+pollen wviability enhancer 1; IS-2, fertilization stimulant+pollen viability
enhancer 2, IS-3, fertilization stimulant+pollen viability enhancer 3; IS-4, fertilization stimulant+pollen

viability enhancer 4.
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Table 23. Effects of chemical additives on the fruit quality of Fuj treated at

the open field (Cheongsong, 2005).

rort e U Digmeter Lengh LD o g Nl S0 T sl

ment ‘ %g) (cm) (cm) ratio (ea)  (°Brix) (%) y st?éss
Cont. - 2l6a 783a 674a  0.86a 108 41ab 38  148b  057ab None
IS-1" 1000 214a  780a 6582  0.84a 108 42ab 37a  141bc  05lab -

500 224a  790a  650a 082 1077108 Ada  4la  144bc  054ab -
IS-2 1000 24la  8l2a 698  0.86a 108 d4ab 31a  146b  059%b -
500 224 777a 669  0.86a 108 40b 36a 132  047b -
IS-3 1000 233a 787a 672a 0853 108 43ab 40a 165a  06da -
500 2482 8l4a  693a  085a 1077108 40b 452  147b  062ab -
IS-4 1000 243a 835a 718  0.86a 108 42ab 44a  150b  056ab -
500 222a 80.2a 68.4a (.86a .108 44ab 3.la 14.3bc 0.54ab ~

108, deep red; 107, vivid red; 106, bright red(The ministry of agricultui'e, forestry and fishenes of
Japan)“IS-1, fertilization stimulant+pollen wiability enhancer 1; IS-2, fertilization stimulant+pollen
viahility enhancer 2, I[5-3, fertilization stimulanttpollen wiabiity enhancer 3, [5-4, fertilization
stimulant+pollen viability enhancer 4.
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Table 24. SSR gene analysis of self-fertilization rate in seed of Fuji treated
inside a net house (Cheongsong, 2005). '

No. of Self-fertiliz Cross-— Self
Treat Conc. seeds ed fertilized N Ot- fertilizatio
certain n rate
analyzed (a) (b) a/(a+b)
Cont. -7 0 3 4 0%
IS-1" 500 5 2 0 3 1009
1000 6 3 0 3 100%
IS5-2 500 8 2 3 3 40%
1000 6 6 0 0 100%
IS-3 500 9 7 2 0 78%
1000 8 7 0 1 10096
1S~4 500 8 5 3 0 63%
1000 5 3 2 0 60%

1S-1, fertilization stimulant+pollen viablity enhancer 1; IS-2, fertilization stimulant+polien wiability
enhancer 2; IS-3, fertilization stimulant+pollen wiability enhancer 3 IS-4, fertilization stimulant+pollen
viability enhancer 4.
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Table 25. Fruit set rate of Fuji apple treated subseqguently with fertilization
stimulant and flower-thinning agent (Andong, 2005).

No.of No.of flower

Treat Conc. flower ___ Investigated let seF rate(‘y)

cluster central side  central side
Cont. ~ 150 150 600 42.0b 21.5¢c
Lime sulfur mixture 100 127 127 508 48.8a 23.5a
SS° 1000 150 150 600 27.3cd 12.8ef
SS 500 150 150 600 43.3ab 21.8c
SP” 1000 150 150 600 24.7de 17.5d
SP 500 150 150 600 32.0c 14.2¢
CA’ 1000 150 150 600 30.0cd 16.5d
CA 500 150 150 600 42.7ab 25.3b
SS+CN° 1000 150 150 600 20.0ef 13.3ef
SS+CN 500 150 150 600 16.7f 11.0f
SP+CA 1000 150 150 600 47.3ab 22.8¢
SP+CA 500 150 150 600 47.3ab 25.0b

"CAcalcium acetate monohydrate; CN calcium nitrate tetrahydrate; oP,sodium sulfate; SStrisodium phosphate,
dodecahydrate; Control fertilization stimulant treatment.
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Table 26. Fruit quality of Fuji apple treated subsequently with fertilization
stimulant and flower-thinning agent (Andong, 2005).

. . No. of Sugar Titratabl Physi
L Hard
Treat Conc W(EI%ht Dl?me)t e LzangT);h /D Colors o seeds content e acidity 01[;%10
5 - - ratio eSS (ga)  (°Brix) (%)  stress
Cont. - 288ab 876ab 71.8a 0.82ab 1077108 37a  7.0ab  13.3ab  0.4lab None
Lime - sulfur o 290ab  858ab 728a  085a 108 37a 86a  136ab  0.39%b &
mixture
g8™ 1000 2%69b  833b  71.0a 0.85a 108 38a 58bcd 13.1ab  0837ab -
SS 500 987ab  86.2ab 71.6a 0.83ab 1077108 37a  80ab  13.0ab 038ab -
Sp** 1000 988ab  86.3ab 72.7a 084ab 108 38a  59bcd 14.2a 04lab -
SP 500 987ab  875ab  71.2a 08lab 1077108 37a 72ab 128  035b -
CA™ 1000 279ab  857ab  69.8a 08lab 108 37a  67abc 131ab  037ab -
CA 500 294ab  86.7ab  725a 0.84ab 1077108 38a  7.4ab  13.lab 037ab -
SS+CN™ 1000 282ab 873ab  719a 082ab 108 37a  47cd  142ab  04lab -
$S+CN 500 2%67b  836b  709a 085ab 108 38a  4.2d 142a  042a -
SP+CA 1000 307a  893a  723a 081b 1077108 37a  7.2ab  136ab 036ab -
SP+CA 500 2092ab  858ab 715a 083ab 108 38  74ab  133ab 036ab -

"108, deep red; 107, vivid red; 106, bright red (The ministry of agriculture, forestry and fisheries of Japan).
"CAcalcium acetate monohydrate; CN,calcium nitrate tetrahydrate; SPsodium sulfate; SStrisodium

phosphate, dodecahydrate; Control fertilization stimulant treatment.
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Table 27. Fruit set rate of Fuji treated 'subsequently with upgraded fertilization

stimulant and flower-thinning agent (Andong, 2005).

No. of No. of ﬂower

Fruit set rate(%)

cluster central  side central side
Cont. - 150 150 600 5l.3ab 22.3b
Lime sulfur mxture 100 150 150 600 57.3ab 17.3c
SS° | 1000 150 150 600 28.7de 13.3d
SS9 500 150 150 600 HH.3ab 26.3a
SP” - 1000 150 150 600 36.0c 13.0d
SP 500 150 150 600 32.7cd 18.2c
CA’ 1000 150 150 600 34.0cd 21.7b
CA 500 150 150 600 6l.3a 18.2¢c
SS+CN° 1000 150 150 600 2D.3e 14.3d
So+CN 000 150 150 600 15.31 13.3d
SP+CA -~ 1000 150 150 600 41.7b 21.7b
SP+CA 500 150 150 600 3b.3c 20.3b

"CAcalcium acetate monohydrate; CN calcium nitrate tetrahydrate; SP,sodium sulfate; SStrisodium phosphate,

dodecahydrate; Control,upgraded fertilization stimulant treatment.



Table 28. Fruit quality of Fuji treated subsequently with upgraded fertilization
stimulant and flower-thinning agent (Andong, 2005).
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