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Abstract

This study investigated the effects of flower and fruit thinning agents on fruit set and harvested
fruit quality attributes in ‘Gamhong’ apples. Lime sulfur, MaxCel (1.9% BA), and Fruitone (3.5%
NAA) were applied either at post-bloom or fruitlet stages to mature ‘Gamhong/M.9’ trees. In 2011,
the numbers of fruits per cluster in terminal flowers were 1.74, 0.82, and 1.15 for the control,
lime sulfur, and Maxcel (applied at 10-mm fruit stage) treatments, respectively. The percentages
of single fruit per cluster were 36.0, 47.9, and 48.7% for the control, lime sulfur, and Maxcel (10
mm) treatments, respectively, while the percentages of clusters with three fruits per cluster were
22.9, 1.4, and 5.8%. In lateral flowers, fruit numbers per cluster were 1.20, 0.36, and 0.50 for
the control, lime sulfur, and Maxcel (10 mm) treatments, respectively. In 2012, all the thinning
treatments showed a positive effect on flower and fruit thinning, compared with the control.
Moreover, the treatment with thinning agents did not affect fruit quality. Overall, the results
suggest that a single application of flower or fruit thinning agents would be sufficient, rather than
the mixed application of thinning agents, based on the observed decrease in fruit setting.

Additional key words: benzyladenine, fruit set ratio, lateral flowers, lime sulfur, naphthaleneacetic
acid, terminal flowers
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7 MK Malus X domestica Borkh,)= 3] Q1o E2F}stlof| A 1981 o] ‘Spur EarliBlaze ]| ‘Spur Golden Delicious’
£ wHiste] 1992 0] SA1E SHEE EEo]ch(Shin et al,, 1993). 7HE THA10] EAJS HH 741 0] H7]=400-450g0 &
tjtgo| il 87| = 108 X - F<eo|H, 52 Glei= 15°Brix O, AHe=040% A& An)7Hife- 945t E50 = 1
7P QIekShin et al, 1993), webA] 25U AHAPlA 1717} o bR A A Ao] H2h Shefe] i Ql= Aol

ALte] 78-9- AAQAA W29 A 2t 9l 3k ]l £20-5 flote] HapAtdS PA 0 = AASkl ItHChilder et al,
1995; Dennis, 2000; Kim and Guak, 2010; Kook et al., 2009; Yoo et al., 2014), Z1&L} FZ 2] ssof= 1 Slof| th2 1
] B Eego] AlalslT 9L T 2 Q18] o] AZHeHBAI R ST e S elutele] A9 Akl Al <)
L= Eolnl8-2 i Ay} zkeo] & L5910 12-16%= Z}A|5}L 9.0 (Park et al,, 1998, Yoo et al., 2014), YE=0] A
9 9 LpehTH e 24%0] 2k FeHKoike and One, 1998), 12512 Q12 A5HS e 4 Sl ORI o] 8+ 22}
9l A3} 71&7ldo] @ 5ct(Jang et al., 1998).

A 27FA] AR o] A kA Q1 Carbaryl-2 27} G317} Q) 2]9HBatjer and Billingsley, 1964) 22 w75, 53] 28 =
Ol FAF§-0 2 ARgo] AlekS Rl Qlof o] 5 thAe AakA| €] B g /Jo] T ItkDennis, 2000). - @5, vl 9
= Sof| A Al REo] A SHA| 2 A1 51530 HA| (Lime sulfur)2Fammonium thiosulfate(ATS) S, 21714 2 6-benzyladenine(BA)
2} naphthaleneacetic acid(NAA)E- ©]-85}37 QJtHBound et al,, 1997; Greene and Autio, 1989; Greene et al., 1992; Guak et
al., 2002; Kim and Guak, 2010; Robinson et al., 1998; Stover et al,, 2001; Wismer et al., 1995), o A= T2 2} ‘=2 A}
ol ATS, BA, NAA 50| 27A|=A Gzt 91t o d 7lekeole ko] §le 2 0% B E|o] QItGuak et al,, 2002:
Kim and Guak, 2010; Yoo et al,, 2014). 12|} 7F3" Apre]| tigt Ak 9 A o] Zarfe] tigt A= gl Aol

wfehq 2 Q7 7 BEL oo R sjetd o 20| 7] 2ol nlake Jge o 2A LR ye
Sz s 2 ApAle] A8}k AS AEsl A s
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F A1 20111 20124071 29715 A S5 A7) 5710l Aol SUe T THEUMS) B5E o

2 AP PEAL AR RS R 54 3ER0 2 5 15575 A1sto] Al E = ARSI, 482 10 15|
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A 22|

20119 A2]: A2kA] A2)= A 273t Lime sulfur, Bé 22°) 100482 Atote] SH2HTA 1 D &5 7|0 & 33](5
2 1,2,4Y) A5t ar, A1kA| #)2]+= MaxCel[1.9% benzyladenine(BA), Valent BioSciences Corp., Libertyville, IL, USA]
£ 100mg - L™'9] 52 Fruitone[3.5% naphthaleneacetic acid(NAA), Amvac, LA, USA]-S 10mg - L™ 2] 5= & MaxCel 7}
MaxCel®+Fruitone 0] 2[2JA]7|i=2lote] F4aHe] 21730] omm A w5 129)2F 10mm Y Wi 19%9) & sto] 242+ 4
stodrt.

2012 A2): 22PA 0] ok A 2= A S)-53F5HA] 10082, MaxCel 100mg - L, Fruitone 10mg - L™ s 2 1 2P =2}
FAstA AAlsHlet ARl SAe T 1Y 5 71502 334 27,299, 59 1) A35131a7, MaxCel}
Fruitone-> 7 8}o 0] F-417 7H Z17J0] 10mm e 5Y 104l 2] 2]st3iet. A2z A 2ol 32] + MaxCel 2|72}
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A351q8FtA) 33] #|2] & MaxCel + Fruitone #]2]L, MaxCel T-8-%] 2] & MaxCel + Fruitone 2-84] 2|15 =31} 74
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219} 5l A9l = 201 AREF7 15 ARESHo] il A7 F 2740 8-10A] Afo]of LS, L Qlofl A efeljo] Hoj
Qe S e

T A 7t Aed STE 190 2 510] % 1570 tfste] Aslarol S84t 27k 37h2 414 5 galolet of
sjolz T45to] Bgto 2 LRSIt TH ) A7 A = SioHE Ugh i o2 Pt 19 25} 9 3} o4 A 7
afol Wigho 2 Ueholrk 2o A g wetks) Bag 4 ol 69 5] 2AtHAct

A0 EALC i EU5HA| 75 M 2|5, A1, IMIA L, 7184 TS W AHERS ZABIICE RAA B HHE G
207} A = Stof A2 6071 2HE S751e] Bt glo = e E]' ¥ 173‘5—153} 1 1mm plungerE A2SH I 7H &

7 (Fruit Tester, FT327, Italy) 2 AF&:5}0] 714 2= wof] 7] 2 7713t 5 w}Ale) 35] 2443} 24 B5}od Newton(N) ZEO.
2 UeRQIct A S 115 SmLE 0.1N NaOH 2 2 A5H 5 ALpat _gwwgmy 8] THE SRS U729 T
(PR-2010, ATAGO, Japan)& ©]-&5}o] 4519t

N
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Ty

201120129 7 dlo el 5% 47 1Te] 85 A 2E o] golol Ao AF AR ek 2 24712, 2 A7)
2,9 7|23} 22 109719] B2} & vlaste] LA

AT WA= d 3ukE o g sl HhEer s AJsilr) Aeizt Bagte] Hlws SPSS g 1=H(BM SPSS
Statistics 20, SPSS Inc., USA)& ©]-85}] Duncan th5-737 © 2 4=385}9iLt.

5 9 A7) A7} 74570 Aol s L el o8} ek 1A Q01 1) A Ele] T slolel
BUHTE W (Table 1), 7 AL TR 1747wl A58 38 Ak 708242 A7k gl
17, MaxCel(10mm) 2|2} GA| 22}=7}H1 15702 A3t @ahE Bt} S 2Hhe-& B 54277169 3%% 01 OFA|
AR TE230.5-52.7%2 2 43S Bt 121 wE ZLJ’H\L A ERe] 7 T AR HEgo] 8%, Tt 2T
£°]36.0%, 37 oV 2hHe Hlao] 22.9% 3. “12ut A2l oA 9 MaxCel(10mm) A2]7-5-2 7213 Hlzo] 22}
359%2} 21 4%%11, AT} 2 ko] 47.9%L} 48.7% = FA 2ol Hlol =2 2kg-S HGlom, 37) o4 2k vlgo] 7t
21149915 8% S0 H]a] o) So} sk sl 3 i, el el Al e RIS EA felS

ol e,
MNglole]| u) 2= k4| A1} G715 HH(Table 2), T4 2] = erd 2k71 1 207]93.2 1, MaxCel + Fruitone(10mm) 2]
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Table 1. Effects of flower and fruit thinning agents on fruit set of terminal flowers in ‘Gamhong’ apples (2011).

Rate No. of fruit per Fruit set rafe of % fruiting sites with: (on terminal flowers)

Treatment 1. cluster central fruit

(mg'L"ai) (ca) (%) 0 Single Double >3
Control - 174 a* 693a 80b 36.0b 33.0a 229a
Lime sulfur (3 times) % 100 082¢ 30.5¢ 359a 479a 148b 14b
MaxCel (6 mm) 100 1.29 abe 527b 21.7ab 40.8 ab 264 a 11.1ab
MaxCel (10 mm) 100 1.15bc 41.8bc 214ab 48.7a 24.1 ab 58b
MaxCel + Fruitone (6 mm) 100+10 1.21 abc 48.7b 304a 33.7b 239ab 12.1ab
MaxCel + Fruitone (10 mm) 100+ 10 141 ab 459bc 229ab 30.1b 326a 144 ab

“Lime sulfur, Bé 22°; MaxCel, 1.9% benzyladenine; Fruitone, 3.5% naphthaleneacetic acid. Lime sulfur was applied on May 1, 2, and 4, 2011 and PGRs were applied at
6 mm (May 12,2011) and/or 10 mm (May 19, 2011) king fruit diameter stage.

*The number of fruit per cluster.

*Means separation within columns by Duncans multiple range test, p = 0.05.

Table 2. Effects of flower and fruit thinning agents on fruit set of lateral flowers in ‘Gamhong’ apples (2011).

Rate No. of fruit per Fruit set rate of % fruiting sites with: (on lateral flowers)

Treatment” 1. cluster central fruit

(mg'L7ai) () %) ¢ Single Double =3
Control - 120a" 414a 123¢ 596a 25.1a 31la
Lime sulfur (3 times) %100 036d 145b 669a 29.7b 34bv 00a
MaxCel (6 mm) 100 0.84b 30.8 ab 29.7bc 577a 113b 13a
MaxCel (10 mm) 100 0.76 be 2120 363Db 510a 12.8 ab 00a
MaxCel + Fruitone (6 mm) 100+ 10 0.50 cd 222ab 6l.6a 27.6b 10.0b 0.8a
MaxCel + Fruitone (10 mm) 100+10 0.95 ab 26.8 ab 273bc 530a 16.5 ab 32a

“Lime sulfur, Bé 22°; MaxCel, 1.9% benzyladenine; Fruitone, 3.5% naphthaleneacetic acid. Lime sulfur was applied on May 1,2, and 4, 2011 and PGRs were applied at
6 mm (May 12,2011) and/or 10 mm (May 19, 2011) king fruit diameter stage.

*The number of fruit per cluster.

*Means separation within columns by Duncans multiple range test, p = 0.05.

2T AR o AR50 2= 03608472 WS, FAT 2Hke-2 415155131 33]9F MaxCel (10mm) #{2]
TE0] 212} 145%9} 21 2%2 - AV Bt T2 1 vkg Il o] ke FAE e FE7Rg0] 123%9A1, 20
oA} Zh1tE H-Z0] 28 2% STt 13U A A =S B A 31538A) 33], MaxCel (10mm) 2 MaxCel+Fruitone(6mm)
Ae]s FARE0] 36.3-66. 9% T2 o] Hloto] Rt vlgo] 1, 27 oV ke Hg0] 34-12.8% F-42o] H]
5l ot =2 A3t aikE W e ARe] 749 AR ARS Slote] IH-E A slotel ZbAl7] 1 Asjoh= A AT §lo B
= Asjote] A9 Fahkgo] =S gatdolgtal & 4= Qlrk

22PAE(201210) kA A2 w2 Asjote] A B B (Table 3), 5 MH4== FA] 2] 2.5470]] Hof E A
2] 70] 2710981 42712 WQITE. T2 1 wpg e M O] A A 2] 0] A R g2 0%%101, Ta T A
023 6%, 37]| oA} 2kl H]-80] 47 8% AL}, L} A Al FS0] R2H8-C 24 7-37.1%5 T2 2] o] H]§l =9k, 3
7§ o 2tk vl-8-2 8. 2-17 2% FA{2]ol| vlal Foteh. 53], A3|53334A] 38] A 2|42} MaxCel +Fruitone 4 2] 7= &
U3t 2kgo] Zk7E40 3%+ 40.7% 2 FA =) et Hlwsto] 2 2ahkg-g B ot

Hslolo]| m|2|i= At GAE HH(Table 4), FA )= g Z47H L7170, BE oA A=HE0] Zalre=
049-0677]&2 ket T12j1 mgd dHA0) 2= T 2| L0] 79 Fafakgo] 0%, 270 oo THdo] ke Hl-&o]
61293t 1 OFA) A58 B F2akg0] 43.7-54.6%= A 2]o] vlste] Fatakgo] =11, 271 o Zake vlg
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Table 3. Effects of flower and fruit thinning agents on fruit set of terminal flowers in ‘Gamhong’ apples (2012).

Rate No.offruit ~ Fruit set rafe of % fruiting sites with: (on terminal flowers)
Treatment” 1. per cluster central fruit
(mgL"ai) (ca) (%) 0 Single Double >3

Control - 2.54a" 46.1 ab 00b 23.6b 286a 478a
Lime sulfur (3 times) x 100 1.18b 56.7a 283a 403a 18.0 abc 133b
Lime sulfur (3 times) + MaxCel (x 100)+ 100 1.06b 328be 348a 368 ab 158 be 12.6b
Lime sulfur (3 times) + MaxCel + Fruitone ~ (x 100)+ 100 + 10 1420 572a 247a 31.6ab 26.5ab 172b
MaxCel 100 0.98b 32.6bc 371a 399ab 148 ¢ 82b
MaxCel + Fruitone 100+ 10 1.14b 309¢ 28.8a 40.7a 20.3 abe 102b

“Lime sulfur, Bé 22°; MaxCel, 1.9% benzyladenine; Fruitone, 3.5% naphthaleneacetic acid. Lime sulfur was applied on April 27, 29, and May 1, 2012 and PGRs were
applied at 10 mm (May 10, 2012) king fiuit diameter stage.

*The number of fruit per cluster.

*Means separation within columns by Duncans multiple range test, p = 0.05.

Table 4. Effects of flower and fruit thinning agents on fruit set of lateral flowers in ‘Gamhong’ apples (2012).

Rate No. of fruitper  Fruit set rate of % fruiting sites with: (on lateral flowers)

Treatment” 1. cluster central fruit

(mgL"ai) (ca) (%) 0 Single Double >3
Control - 1.71a" 447 a 0.0b 38.8a 51.7a 95a
Lime sulfur (3 times) %100 049b 327a 50.6a 494a 00b 00b
Lime sulfur (3 times) + MaxCel (x 100)+ 100 0.60b 376a 537a 358a 83b 22b
Lime sulfur (3 times) + MaxCel + Fruitone (x100)+ 100+ 10 0.62b 39.0a 45.6a 46.7a 7.7b 0.0b
MaxCel 100 0.67b 436a 437a 47.1a 7.6b 1.6b
MaxCel + Fruitone 100+10 0.61b 34.1a 54.6a 33.6a 92b 26b

“Lime sulfur, Bé 22°; MaxCel, 1.9% benzyladenine; Fruitone, 3.5% naphthaleneacetic acid. Lime sulfur was applied on April 27, 29, and May 1, 2012 and PGRs were
applied at 10 mm (May 10, 2012) king fruit diameter stage.

*The number of fruit per cluster.

*Means separation within columns by Duncans multiple range test, p = 0.05.

0] 0-118%2 Aol H[af o Yob 52 o} &k HSEk o) BA, NAA 52 ofe] HapA|2A 7} o1, ol
TNsh&o] ot ke n) 2|2 etk A|AI51%7] whEol|(Guak et al,, 2002; Kim and Guak, 2010), 2 7o)l A= o
o8-8 ASHA SISH=T, A1) 22 AR5 Aol o721 A} gkt B,

A2 Al (ime sulfur)©] 73-¢- A1 (caustic) =2 2A] Z9lolut famwelof mshE F-of -t 7S Helfol 2}
T-E A4-A1Z10HDennis, 2000). Jang et al. (1998)2 417" vlo]] 224 = A 2]5=tA|(Bé 0.3° AM)E 1-2712}e] vl 7]
oF 3-4Histe] Th7l & 1o 22] 2|2fsetola ol 21keo] 48-62% =0 & 25 A7 = B} el shgich 71
2|1 thE Aol gt AE B 13] A2} E AQlet 23] Ei= 33] H2]7F k40| 3{rHChun et al,, 2012). T2 94
eytokinin54] BAC] 75 Mclntosh’ A}l A2l 1) #2] 14-152 % gl 3ol gl AJskslo] it s
7} cka? SFItH(Yuan and Greene, 2000), Schroder and Bangerth (2006)+= Elstar’, ‘Jonagold’ Af}o]| BAE A 2]5}5-2 o
10-48%] kS Sk SYick, EF BAHEIAIS B B0} 541 9] 415} 27]7} 6-15mm Alole] Helsi]
L}, 70 20 Sof| oFAIE A& otiS vl At S F <0t rHGuak et al,, 2009; Sally et al., 1991; Yoo etal,, 2014). NAA
o1 79 Afthe] MRS 1) 910] TS HSHAIA FEEA AN 0 2 ST AL kel ke 5
Lokt 5HItHRobinson et al,, 1998; Moon and Kim, 1986), = A2 || A= 7|&0] A LATET} 2} kA o] ofjsh 5}
2 23] ap} BTS20 2 e
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Jelm e 78 Aol 2835 skl 4516 263t Aol q slotel afstololl R G Sl 94 A
5 715 BT, AT MaxCel®] 95 207 A Qb kS BT, Tei 2130 27 sl 4wk S84
Fok A AT AL Aot Anp) T Hel o] vlsto] o 944 At S Kol 9ot B8 He) B
aAe g Ao wg,

Wb ZHE AR @l A2 8 0 2 a)7)7] SIS HA) sk Halg RIS ) 19 el 1
APESY o} 7)Aol kel Aftelis AFENE 131 1-29) 7.0 2 F7h 28] AL 17) LS A vl 82 403-
47992 AR 2 S Teld NS4 S TA 4327} ol it b} Bl 3 A Mo 34

344 2173 6-10mm 1 v} 100mg L 5122 AHES T} 71417 2 Qo] ko] T8-S TP 2 ek v
sk
I 2 EY

12PAEQ011E) 2] ZF A 2fof| w2 A E/d-& A B (Table 5), M5-2 541 2] 7171 276g %1 §HH OFA| A 2] 52 300g ©]
go]ar, 2| et 4t FtRE A 2] 1F Aol 5 Kol 2] oholtt M 0] et 7h g RS SRR ARt A 2jo| 5 Ho|
71i= SRR o= A ALt SFA A 2l 2o whiE F-E1g Rk Kol x| ofot efAlA o] tit avfer| Bk pARE 5
2 IR EE o 2ol whe At o] EIQItHGuak et al., 2009). FAR2] 79 K Aol 2G1=T, o] 22 7
S}710]| Zh2- 740 At 107 Hot7 | 2 H Th -2 22 2[00 & QIsto] itk 7o) 2 o] fof 2| 2] ofot = A2
oA F2 /o] B 7| whEQl 2 0 = FheE|QlehFig. 1).
2APAE012W) ] MHIEEL G, 5, A S 2ol 5 Kol 2] 81T, A §/d-2 MaxCel A2 Lof|A] f-2olskA|
EUARFA AL} OFA| A 2t ol g TSRt RS Kol ghot o= 2Rl iE-0] oA Ql a-Eol whiE 4 At
F7g0] Elt(Table 6). 12|11 7}8/d 1198 = b2 Aol Al 394 +MaxCel 2] 2|0l thA =& ATHE HGIA|qH o]
S U] A=, el 2, RaTte] 2jelof ofsf LR Axtetal et QItHGuak et al, 2009). 12 AR AR
Thax 2fol & H QI 742 Aol eF A upA] #]e] TA] S A15-0] 71/ ”%M 0] 94 2), Lo A, el 27 5 of 2]
Qolo] A3} gae} IpAEA o °§5}:— n]% 7] gii2el 7.0 2 metw] 9 tHGuak et al., 2009; Yoo et al,, 2014).
opge] 27 e] A ANE Fotol £ mf Agslore] ¢ M%%@Zﬂ 32] A7t 7P et Ak a ks Bl vhE
© & MaxCel(10mm) #2727} -85 a71= Kot} dglote] AQ: daprt 27} tha: 2ol Hol7|= 5kl x]qt 21
2+ A Aol A 27 A2 AaRE B, E5] Asfole] Hls }04 Halotol| A B L4t At BIHE H I} 1237 A3}

o)

ol

FH i:ltl
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Table 5. Effects of flower and fruit thinning agents on fruit quality attributes at harvest in ‘Gamhong’ apples (2011).

Rate F mit Fruit No. of Flesh Soll.1ble Titl‘?te}ble

Treatment” (mg'L" ai) weight L/D seed firmness ioll@s acidity

(© ratio (ca) (Nfpllmm) (‘Brix) (o)
Control - 2763 b 092a 2.6ab 564 ¢ 124¢ 041 ab
Lime sulfur (3 times) %100 3052a 092a 19b 609b 13.8ab 042a
MaxCel (6 mm) 100 3063 a 093a 36a 59.7b 13.1bc 0.40 ab
MaxCel (10 mm) 100 3035a 092a 20b 59.4b 124¢ 0.38b
MaxCel + Fruitone (6 mm) 100+10 3023 a 091a 29ab 59.0bc 126¢ 037b
MaxCel + Fruitone (10 mm) 100+ 10 3199a 091a 23b 653a 146a 042a

“Lime sulfur, Bé 22°; MaxCel, 1.9% benzyladenine; Fruitone, 3.5% naphthaleneacetic acid. Lime sulfur was applied on May 1, 2, and 4, 2011 and PGRs were applied at
6 mm (May 12,2011) and/or 10 mm (May 19, 2011) king fruit diameter stage.
*Means separation within columns by Duncans multiple range test, p = 0.05.
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Table 6. Effects of flower and fruit thinning agents on fruit quality attributes at harvest in ‘Gamhong’ apples (2012).

Rate F@t Fruit No. of Flesh Soh.lble Tit[tdtk.lble
Treatment” (mg'L ai) weight L/D seed firmness iohds acidity
(2 ratio (ea) (N/p11mm) ("Brix) (%)
Control - 33694 0.95 ab 57b 641a 13.8b 03la
Lime sulfur (3 times) %100 3458 a 0.94b 42bc 613a 143 ab 033a
Lime sulfur (3 times) + MaxCel (x 100)+ 100 335.1a 099a 39¢ 65.1a 154a 033a
Lime sulfur (3 times) + MaxCel + Fruitone (x100)+ 100+ 10 3369 a 099a 42bc 62.7a 13.5b 031a
MaxCel 100 330.7a 0.96 ab 77a 634a 133b 03la
MaxCel + Fruitone 100+10 336.7a 097 ab 44bc 65.1a 133b 033a

“Lime sulfur, Bé 22°; MaxCel, 1.9% benzyladenine; Fruitone, 3.5% naphthaleneacetic acid. Lime sulfur was applied on April 27, 29, and May 1, 2012 and PGRs were
applied at 10 mm (May 10, 2012) king fiuit diameter stage.
*Means separation within columns by Duncans multiple range test, p = 0.05.
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Fig. 1. Daily air temperature and precipitation from April 1 to May 31 in 2011-2012 in Sangju. Solid line arrow: flower thinner
spray times; dotted line arrow: fruit thinner spray times.
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