GOVP1200722889

ekl ARRel A AL TEIH JHE

DEVELOPMENT OF CHEMICAL
THINNING PROGRAMS FOR APPLE



Ao FHFH A

u}”
g =

AlA ) szg 5 A

o) =
2

Mz AETY.

o]
=

]

o

O

2007

-

B



Rty

H
1

el

e

7.A _ .
.Mlﬁd.?i
‘Ul NE_EMV._/_ADE
O
T alps
A T oY
50 3 1
ﬂ_.w._obfxm“ﬂf
N
ol Nd 3
g ]
_;ﬂﬂ._.mhz_ﬂ_%,?
W ol 4 o=
#M_‘-.%../-A.D.ﬂ/l@w*
F T T e T
ﬂﬁﬂﬂpﬂozﬂoﬂm
OM;..@.;O_EM.M'E
o SR R
ﬂhoﬁauummox MM
ﬂb,ao]m:_ﬂil
SEET
Mﬂﬂﬂﬂhiidr
h:ﬂﬂlu,.mﬂﬁ_ﬂo
,A,IIOEZ =
= g e
o BT
"I .mﬁ.o,.* <
o T o= Y
@IWﬂﬂaW
wﬂ?%%_a
| —..J/_.
ﬂnm_o:__o_?
H.tﬂ_,wuo w.m_mww
..Hl.; w._ o
T NRAY

=
)
T~
=
— AF
o
<
ax
o ol
X0 !
B! o
= Ko
T ok
T T
T o
T
B M.
o Mo
O =
X
.0__ q_v_,_
.,§ :N
T o
T
2
mi )
NUNCY
el
N
o9 N
il
0 O
{ R
KU A

el A Al A3 (H /A3t E
e T2

M_O_U_LE._ =
o WORE R < £
RO
w2 :
L.}..ﬂu iy o
_ahommﬂ N
an» (XN
A1l 3 g
Eﬂa_ﬂw% malrm
—_— ___OH
%@%@&1 4
R
i -~ ]_.c
;OL ﬁlﬂ” qml.O*
o_LM.:m? ﬂMﬂ
| O.ll... : _
m_ﬂ.oﬁqromr%n..nﬂﬂz._o
o N U ~
A,m_.m“l lﬂ?w
T I
SR 4 = g o
o@omﬂﬁwm
m_xm:mﬂxﬁ%szﬁ
>
t =X o D oo
amﬂ._faaﬂlﬂﬁ_.
%ﬂ@ﬂ%%ﬂ
wymﬁjﬂﬂﬂ&dA
Q
Eom Hl&o o YT
It o P
~ —IMI_' ,Jw.m.ﬁl.m..l
MoMLuﬂuﬁoﬂlﬂl
ﬂiﬂnMo.Mﬁ hoﬂ.
ko_AAﬂAlﬂ il
HUﬁg_,_m,.: s
= Aimme%
w.m.a;»mu o
ﬂzfﬂ_zﬂa
i Uv.. _,\I.ﬂ.[.r-.,.
oﬁa.ﬁoﬂdwﬂﬁz
M T TN T s
HO

I oo &
MM A m
ﬂ.,o .EE m
wE
o
%Mo
o L3
fo 2 =
o om
= SERR
=
oy ok
< K mw
o N5
© oy B
) E o
& RO
LR
-O 7
o5 TR X
R
w7 i
W
a
T "
= b X
7 2 o
o
X N
o M ~
= o ©
_-_L.._.Il_l.v -
J
=
»)
-
Sy
A

20| 31

AAgAZA 7FE dd

S8 &

thiosulfate(ATS)el vk, 18 2
_ al



Sevine EH|U S#HojA Ago] AaHow A 7] tfFo Sevine T
A ZAHA e Aerd o ges] JAdYE
A B Aol = AA, ATSE vl

WMEECER FTA)T FAZANA i TEAAAE 2ALS, £4), 4
515 ABA AZA Sevind UAEAE @A HuloH ALE/AE F9
O

Accel®#} MaxCel®& A @3lo] Mdalaat shadvh AlA, e A sk 9F 43

A e AT ATEee 2ARL, AReR Sl AFAY Foz
A e AR zzade] 5842 AASAT

el FA A AsAl 13 AWAD (2004)
AR o ASAzE F2o ARARSAA Qe AHgE

Lime sulphurt IZFEE AMES AF &350 dAH= #AAZ adjuvant?!
fish 0ilS H7}sted v|BA 2F& ez Ao, ZF Z A
A= A 7|71 o]& FFo+ ddes ¥ &

|
A &9, FAYNAE 2 Al S A= P

2. AaA] A3, FA 2 AEFGo] HHa g vA= FF T
g &ol} A Eo oFA o] thgk phytotoxic WS <FAlY A 3o 4
EHfo] wat @t 4 vk w1 E 240 ARl TlEs dA]




oJHA7] Bue dulfezs o doll dAAH oFHAY] "o A3tAe HA
AAZIE F Adoz dAsTie f4A G oled By AEATVZE L4
HAAH ARade & 2 7 W7 "WEdd & AlddA s AgkAlE 40% vt
WA e 85% AR AlO &F S|

3. ‘A3E AFdAZA Accel®F MaxCel® A3

7F. AFAZA Accel A E
Accel2 Valent BioSciences Corp.(Libertyville, IL)o| A /¥
cytokinin®! 6-benzyladenine® X v & E GAue €40 Z FAY
sl 2o AHEHAS u e By ofyg YA AEFEHAE FAHA
43S v x| AR dHAH o] Seving diA AFHAZ A FH 3T

L AR A 2 A MaxCel A€

MaxCel2 Valent BioSciences Corp.(Libertyville, TL)oll 2]3 A Accel® T}
2ol NeE oA 2, 6-benzyladenineWr o2 ZA|FHo] v} wjF-o] Accel
HEot AFgarzt Holun #Hde AVIE FHATIIE ASE dEAH U,
2 Ao A ‘Z-2Z'e} ‘TR 3 aaE AP

1) A8ls = 24
AelEEe dAAE ¢3] gt FE=2o] MaxCel #E(0~125 ppm)E
77 10 mm #eoll A= stitt.

R EEHIEE:
7 224 Z2HE H4 AYs=s 474 6, 9, 12, 227 15 mm
oA Azete] APA7E BATFAL




100 ppm MaxCel & 1
of oA F-HI hFzF9 H| sl 4492

J
o
il
—E' ui]
S rlo,
=2
-
og 2\3
>
dp
il
&
=
=
~
2
>
ol
e

=i
of%
N

-

=

ue
jital <
o
<2
)
2

o

-

[

L
do

=R

o

A2

opi

19

=

N nﬂlo

_t‘zl
2 >

2

H

o

o

=

o

o

o|N

)

_C}‘L

~
2

offt w2

o

O rlo
>
!
o
o
ofd
Ol
nu
0
ok

e

ol

°
4%
o

ok 10 32 Lo

P
ik
o,
=2
o,
_iI}LL
2

C

2
X
2,
P
e}
)
=
)

Q

P
—
X

o < B
ofl
~J T
M
N
-.-.T..J
of%
5
s
D_.Ol'—_t',
4

S o

i
Sk
i
2
o
i

. ATS+MaxCel #| 2]
7 ok ey 74,
CEAY S 09% ATSE 85% w7 7e) A
ppm MaxCels %3 A3 wf, 40% Hxe FgzFo] 7
olfrv ‘RO AL-¢ vizIIAIG . Mok S I AQEE =
ol A7dl d=H o ‘FAAAE ATS+MaxCel & 22l 2] 8] A
S7F 59 Y E Jd g Sk g2 A a7
= AArEade] w82 Avlsrie] & BHA o] &=
=2%|

b
ol
19
[
=
=
-y
o
>,

ofl
I
o
T-l
o=

X
°
1o,
ofl
T
~
o
U N b
il

ol
tlo
g
N
52
3

NS
N

C

us)
i
1,
%2
o © K b
" ol @

i

>
-~
W

Lyl

o fobh mY
N

of ATSE 2Ar3Este] 27
%]




i ﬂLw..
50 =
Ho B gk
A 1
Lo
e e N
w B %
o] —
oo
oy —
ﬁo%_ﬂﬂlﬂ
< HoE
ﬂiuama
ﬂj_EOﬂO%OﬂE
zo_w_ouﬁlﬂ.o
X e T
= oy B A=
A g oH
mMﬂﬁ_ﬂﬂoT
F BR w
X .
) VR T
A P
Ml%oo_;N_.EuT_
R
=< AR
o B o
SRT T 4
QAM o - D Tl
° B - —
.OTU Z 0O ml
,m.%ﬂ..ﬁ.ol
o m ol JJ G
o7 = ™ 3o




SUMMARY

Development of Chemical Thinning Programs for Apple

The main objective of this research was to develop chemical thinning program
for 'Hongro' and 'Fuji' apples in Korea. The chemicals evaluated mcluded
ammonium thiosulfate (ATS) and lime sulphur (LS) as bloom thinners, and Accel
and MaxCel as post-bloom thinners. LS was mixed with fish oil (FO) as an
adjuvant. This research was conducted in the apple orchards in Jangsu-kun and
Iksan with 6-7 years old 'Hongro'/M.9 and 'Fuji'’/M.9 or M.26 apple.

In the first year of this study, we evaluated ATS and LS+FO as blossom
thinners to determine the application rate effective m reducing fruit set without any
phytotoxic effect. For 'Hongro', the most appropriate treatment was 0.6% ATS that
reduced fruit set by 33%, while, though effective in reducing fruit set (53%), 1%
ATS obviously injured spur leaves. 2% LS + 2% FO also caused leat damage and
overthinning as well as russet development on fruit surface. 0.8% ATS and 2% LS
+ 1% FO showed 44% and 38% of crop load reduction, respectively, but they
needed to be reevaluated due to their potential of causing phytotoxicity. 2% LS
alone had little effect on crop load reduction. For 'Fuji’, 0.8% ATS, 1.0% ATS,
and 2% LS + 1% FO treatments were selected for appropriate blossom thinners.
However, 2% LS + 2% FO caused leaf injury and russet development. We also
evaluated Accel (containing 6-benzyladenine and GA47) as a post-bloom thinner in
the range of 0~ 150ppm, and found it to be meffective in reducing crop load.

In the second year, we reevaluated several bloom-thinning treatments from the
first year, and finally found 0.6% ATS and 0.9% ATS to be the best bloom
thinners for 'Hongro' and 'Fuji', respectively. We also evaluated MaxCel (containing
only benzyladenine) as a post-bloom thinner, and found it to be effective in
reducing crop load. The optimal rates for 'Hongro' and 'Fuji' were 100 ppm and
125 ppm, respectively. The optimal timing of application was determined to be 9~

12 mm fruit size for 'Hongro' and 6~12 mm for 'Fuji. As compared to



Sevin-XLR, MaxCel was superior for thinning efficacy.

The effects of number of application, tree vigor and spray volume on thinning
efficacy were determined also in the second year. In general, double applications at
40% and 85% full bloom for both cultivars caused overthinning and leaf injury,

while single treatment showed a moderate level of thinning. Tree vigor had no

effect on thinning efficacy in both cultivars. Spray volume substantially influenced

the extent of thinning. High spray volume (4000 L/ha) overthinned and caused leaf

injury, compared to the moderate spray volume (3000 L/ha), the volume applied
just until prior to run off. This result would intensify the importance of spray
volume to prevent unnecessary damages on trees.

In the third year, we evaluated chemical thinning programs developed for
'Hongro' and 'Fuji' mn the commercial orchard at Jangsu-kun. For 'Hongro', 7-year
old 'Hongro'/M.9 trees were treated with 0.6% ATS at 85% full bloom, followed
by 100 ppm MaxCel at 12 mm fruit size (about 12 days after full bloom). This
combined treatment effectively reduced fruit set by 44%, mainly by increasing both
whole flower cluster removal and number of sites with a single fruit, which led to
a substantial reduction in hand-thinning requirement. It was reduced from 65 min

per tree that was taken for hand thinning of flowers and fruitlets by the growers to

7 min per tree. This treatment slightly but significantly increased fruit size, fruit

soluble solids content, and return bloom, while having no effect on russet
development, fruit shape, fruit coloring, and juice acidity. For 'Fuji', 7-year old
'Fuji'/M.9 trees were treated with 0.9% ATS at 85% full bloom, followed by 125
ppm MaxCel at 6-12 mm fruit size. This ATS + MaxCel treatment reduced fruit
set by 40% in the mode similar to 'Hongro', leading to a reduction in hand thin
requirement. This treatment also slightly increased fruit size, fruit soluble solids
content, and return bloom in 'Fuji’/M.9 apple trees.

Chemical costs were estimated for use of ATS and MaxCel in both cultivars. For
'Hongro', the chemicals would cost total ¥ 570,000 per ha (¥ 60,000 ATS + W
510,000 MaxCel), while in '"Fuji' would cost total ¥ 730,000 per ha (% 90,000
ATS + ¥ 640,000 MaxCel). These chemical thinning expenses were comparable to
W2,400,000 expended for hand thinning of flowers and fruitlets.
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M2 g =2 7ls7ig 9F

off 4 del SR Y= w

AR o= AMEHI v AAHo|T) o]l ofAF T o
T A dAatE ozl A A
b, AR, £Z AAst=H
+ caustic &0l J+=d o)gT FHgA ] e R7] A4+ MacDaniels
and Hiledrand(1340)o] 2J3l4] o] Atk 25 DNOC(Elgetol; dinitro-o—cresylate)Z
At o] F5of A glE W E9 dolrl AAEE AL BFSIAUIL ol
=2 1S gt o]FEEE DNOCe] ot B A7}

ol ot (g

3 2

s
=
)
o
it
=
N
A
S o
ofl
K¢}
il
-
MT
s
2
W
L

o HA T F A W] 19899 Alato] %
I AFHASH oI7]d=
sulfcarbamide, pelargonic acid 2 endothalle] X &HTHWilliams, 1993 &
1994). A 3AZA ZheAdo] A+ O E EZET ammonium thiosulfate(ATS),
ammonium nitrate, lime sulphur % hydrogen cynamide”Z} 2.TF. ATSYH lime
sulphure= @A H0E H|E3 58 AL A7t A Alel A A 24 A

g Zol gtk olHF TR HAE AAFE ool At

o

ail
2

4 A0

O —
TE=E X A
gE P o] EEE gAY vE £
I

, oyt HdS AASt= 2ole AEAA=AA v HEA
9] E&d 2+ NAA(naphthalene acetic acid)”7} At} o] &L 1940d =713 =
Aol AlE Feo AFEEHUAY O olT:ZEE ‘N8 A A (post-bloom
thinner)" 241 9 AF&HAHTE NAA AHE A7 F5d w2k tg&d oy
BAd o7t 5-13 mme ® ETFHAQ) Acw oEAd QuHTurkey, 1965). 17
BE Ade(Ba], DM 2ATNA) 2712 FAAA pigmyFHA L
o). o F AL AAE = ethephon(2-chloroethylphosphonic acid) %=
2 $tth(Edgerton and Greenhalgh, 1969; Guak et al., 2002). o] &
ool we} 2 AAZ Holwd o]f v 27 ethephono ZHFE
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ol Aol WAEE Ao F g3& wH7] wEolvt. Cytokininol] <38
BA(Benzyl adenine)$} X|Wl&@=QA GAsuE &3t nwh7jsh @ 27 5ol
Aeldle W AAAEE AT ] 4 JtHStembridge and Morell,
1972). AccelA %2 BA® GA4qE N8 F7F A Accels NAA
7IAZE Aok A EA BAA
=, *145"’--?- Hf] A 3”% Uﬂ, Ao AEE FIATIE AR dEA 3
AA, QBRAZ 2ol AFA Fhutv o] E(carbamates)”} =t o] Foll»
Batjer and Westwood(1960) of S} A ]800 & B3
carbaryl(1-naphthyl-N-methyicarbamate) 9 A3 &= € A 3A o vlsjr &
ol AFAAol Hold Aoz LEA Jrk(Batjer and Billingsley, 1964).
Carbaryl= NAAY BA%} =33t A8 45 ¢ 43 Augasg d<=
4 At A dAI”AZAFT AT BASY TIARol ¥ AEEHAA =Y
ol = NAAZL #ae w§g oxat7] WEolt} a4 NAAY & =R
(3~5 ppm) carbaryl®} 28ste] AgE 45 2 AH2EE A& 5 UH.
Carbaryl2 F8I%5S% Y€ T Y7 q%] RZF5 AEHT  carbaryls
Sevin-XLRZ Ho] d 35} vbAo EdA %< 71 Sevine YAbe] @=7]7F
slE 7ol e} FASIe He| 2 H3E = o AT
o] A E oAM= AF7A FEL T/ HHIHAZE AL - A FEHY F
] AEA o2 ARgHOl A AR A Fuldlde FEE Sevinol ¥t o &

r
9
g
<
—
L
e
X
_E'I_I;
A
o
C}
HU
2
ko
_=
i

7FoAl A -
stal e AAcolth oA Sevinel X AV= F2 WAVIZ Yy #
Holl A Aldlste #74 5~16 mm AHrv @t dx= A3 ZF Jir
$-# gk T3 A=A Seving AR o83 BAR THY AL =
23} 3o FHAARANY HAA T LA @ol o]F YA T AMEL oFAe
Hdbo]l Als] o] g=oMe olo] i AF7F e A IFEHL S

|
o @A Fule) Al Aol 7bE AFE N - o) 8™ 71% “wxﬂﬂ o}
8§79 Aow ARHEH 1 olfE HA, A4 Tl A




3 Q7@

2% 9ol AR A AT B ATAAE Zuje] Al Ao F
Hq Agsrld zady bg 2 oles AnAle mgol ARARALE,
S5) AUNES D e gk Aee] upg 2A Debxs] gRolct. dA
o=, AFo2RY EE ANCHAL L8 uwr-:ﬂ AAzANA A T
e ; 3
L O

A A A o5 AF e oFA| A Fe) disht AR A2 A F A
A=, A= Aol d Al Ao, e HA
Ae RAH GFge] HAzsol ek wHo)A A '
WashingtonT=ol 4] @A X8 T AF=ZZ2 3988 Z315H(Washington Tree
Fruit Research Commission) & 8H(3)A| o]-&o 3t o] st HIFL & B
izt ol #AABAEAE o71E & v =EE9 EPA(Environmental
Protection Agency) 5 5°] AL E7Fs3lXHA Aol 957 ooty 1
0] AR ALgste= HAAES Sevings A fetiie Ao ®E ¢haAdo] ot
A @ 4 QY. Ammonium thiosulfate, calcium chloride, lime sulphur, fish oil
% mineral oil 50 47]0] EFHT AA o 27 L ALHFE Al 2A
7beAd el #EEo] Zuks] AF Fof tHGood Fruit Grower, 2003). ©) 7 gh
EREL J17 HolME 92357 W&o g ¢t XeFe “FHAPAE
27| “FrlERAd ot AL AFAEA g ATdE S Ao
2 gAg )

A4 Fu A gge g% ge APEEe &
T

= H r
(A AR MIS o &3 BAAu, BAA pu] W) FAH T B

- 20 -~



P
T

CERRET

92

A o] A

!

I, Fel Ao X

ar

o

—

(R-1a=

]

= E
= O

=79 o 2 A

A
T

—

[o1

ALELE7E7E LS

Tsjo] F7H7} A

=0l Th

- 21 -



Al Ajufoll A A ik RSl £E AASAY AR T AHE AAT
o2 7hsdEt Ao F B Fdel a9 F4E& PG B 4
of A& od MstE FA7I=H A (Ferree and Warrington, 2003). & 34
, =T B & 4~65FHd Al Eo]oF od )
A 4 9lth(Auchter, 1920).

g3t ofAlE FelA TheEHH, | e At A

2
O
=

b ARSI ARE A Aol oEetn Jdvk dAl g dE A}
%2l °FAl+= ATS(ammonium thiosulphate)®t Sevino. & ATSE 7H37]4,
Sevin #}74 5~15mm Al7]ol} ¥ slo] 32 AFHE Adsta Qo) &
B2 A3 Ao vl ATSE EdA o= v A ¢HHgE Ao = 7hF
531 QY (Wertheim, 2000)

ATS+ FA4] A (caustic) =4 IFHo ol AIAZ FE A Edojr} b=
2=

o 5o dHE Fo] 2 7S W o A
dAel e A BAe U T owk 2 ®H FEAE wE ZA H5
= oz 284 JrH(Williams, 1993a). ©)#3 FAZAL A dd wa}
271 WEol AHFd Ao o fAE & FHL ulf FLoI Aot B
ANgol A= ATSETE oyl A3 {34 (lime sulphur)E& S5 A9 ‘%
29 RS (A tigk AR AREEtY Adaas TSR dn.
°of T wF= AHT olwe FHE AP TR MO gyt At
oJF A= #AR X AAsted A3 =EFHo Fiol atEHM, FAS
AVANHEAo] A EFow HAS Ast QFHY) wEolth A3$ad
AE AAZ A8 B AAEIAE Holv FEANA TF T4 7
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SE AeZ AeA AUk oud FHE ABAATN AsA B AFANE A
Sgosgge ¥52 wan fal fish olS ERTOH Sxuge Zow
N Hoase fAsmA ST

1. 'g=9F "FA 0 Azt A3tA 12 ARAS

ToAMN: 1AAE A FHAAA ‘T 7HE A AIAAAU= ATS
0.6%=2 Ve 0.8% ATSS 2% lime sulphur+1% fish oil A &= A
#Aa&d TRoY ot okAM Gt paEol AAHEY et AU
1.0% ATS+ 93A Qo Azksk oFsl & kel liL, 2% lime sulphur +
2% fish oil A=t kA& Bt ofyzt Aop sy o FxEA dfol
Ao A A2 A}, 2% lime sulphur @53 2= vlojst A3 g3} o &
off Aw@to A AHAT. ‘Ao At A= 08% ATSeE 1.0%
ATS, 183 2% lime sulphur+1% fish oil °] v}, 2% lime sulphur +
2% fish oil A= dHA do ot ofryz} Ao xRS T
sto] AL HJ Y. AdE A A= oA B A Ade] 44
A4 93 VAR U

TR ANETEE AgER Agd A% AMY Y 634 ‘2/MY A
38 YUFE AFESEA T (Fig. 1-1). 'FA A¥aE2- AgSEE vd7]lsd &
Hdoll A 7dAd FX/M26E  o]Esit. AEH A AEE
ATS(Agritec Services, Lake Country, BC, Canada; 60% ai.) % lime
sulphur(EBM ¢lulol @ ¥l X&) 229 al)E& ARSI T Lime sulphurs adjuvant
o] fish oil(Crocker’s Fish Qil Inc., Quincy, WA, USA)¥ =3 =g 8t9+=d,
ol AT FEFEZ AHYH lime sulphur’l £F T AL FEA7]7
ool fish oile AMEEtY I FEFEE @57 Ao 24 &5 oish

Alge v 2
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3 =2 F A
1. Non-thinner control 1. Non-thinner control
2. ATS 0.6% a.i. 2. ATS 0.8% a.i.
3. ATS 0.8% a.i. 3. ATS 1.0% a..
4. ATS 1.0% a.i. 4. Lime sulphur 2% a.i.
5. Lime sulphur 2% a.l. 5. 2% lime sulphur + 1% fish oil
6. 2% lime sulphur + 1% fish oil 6. 2% lime sulphur + 2% fish oil
7. 2% lime sulphur + 2% fish oil

Fig. 1-1. A ‘Hongro’/M.9 orchard located at Jangsu-kun, Jeollabuk-do.

T FF 39, J3AE 8% “}711 Al(R3te] S48 7 A9 walE A F)e
Hestdk. Age TELHET7IE AHESIY vhge] FA[E ol 8~104
Atole]l AAEAEH, FEFE ﬂﬂlﬁ A 7E de A DA 7] AL Fo
2 39t Al¥dF £ Randomized Complete Block Designg AF&3le] 1578 1
HHE o= 5uE XAt EEL FAHE 7|Fe2 AAdGeH, A=
AAAH(TCSA) 7 3F4E 7|22 FEAD

Fo ZANFESZE FAIE, FFI 3FH S (percent defruited flower

ot
o
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W 2P 3 (fruit set distribution within the fruited cluster), 3
g, 68 93 FAT A" Ay AT R FHEE 2ARUTE 3
| 1 =

5

FA& ZAS7] Hel =8 Al 3070 AL S s3] 3, R e 53

A2 38 & FAE A HAdAFE 7ot Uird S o=

AREJS. =, 8 Ho UFERE AgE dde 5 PadAFoRE Fofo

Tk EE HA T 15 A S8 2ARE Y8 ARESER AL, UH A
S ZAEE7] fiste] 3T Ao Aetdth ‘B2

3
S
(-
|
[Se—
=
S~
L
Ol
:I_’
h
I
[a—
i
LN
\ag‘

7
Fd=4d FFHEGSO), AL 4 AFH =+ 10709 Ads Agste] SAH S
H, 35745 8mm ®3HS AT RHEO TEX 7d=A(Sun Scientific Co.
Ltd. Tokyo, Japan)= AR&3ste] Hde] FEFFEoA ZAsT. Tx
ATAGO "A¥ 243 =74 (Model: PR-32a, Tokyo, Japan)& AF&3% a1, 4t
Metrohm 27 Al(Model: 798 MPT Titrino, Herisau, Switzerland)S A}-& 3}
2
)

of Z2A& Ptk HAAAEE 15 ml F2F pH B17HA Z7FA17) =4
0.1 N NaOH¢| &o2 HAsFY. A & F4d A #8573 E 3
Lo AAlsigih

oz gt oAl Ay, Ayas ¥ HIEFHe A HHELS B AFEE &

A4 gBgow ALeHAT.

1
N

7F. &2

‘T2 /M9 A ATSS lime sulphur(1LS) + fish oil(FO) A g= &g A
o #4944 ZIA7F FRHJAG(Table 1-1). AFRHE ATSe RE %
1.0%)01 A &2 351007 sls 2ad fde] $)o] FAisd+d Fa A
v AMEFEEZE F7Hg wEl ok AT 06% ATSAHE &= tizaT e o
33% AT ZAE FAAHL, 08%F 44% 281 1.0%E 53% 71 242X

ok

1
th 2% LSE 9502 AHyaile wWe 1A v #FAAgart ofgxi7
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At FO& £33ty Agstad s 45 s &o] &dEATh 2%LS+1%FO
7V AR E 2% flSh oil> 66% A #HFE Ao
Aute dahe fdol A dHelA e dEulge Futel BAHE %%ﬂ A
AT (Table 1-1). 1.0% ATS AHF+= oF 50% A= slFol AUS e o
Al g2 W gz e oF 26%9 3lEvte] w98 @z kot 2/LS+2VFO
AT F 74%S F&FY s eS B 3 14E g
LS @595 A3t AA AT a4 oF 10% ol F71819 tH(Table
1-1). ¥k 371 o] S e sEe &L LS 94575 A e HaA g+

StARE 1.0% ATS o} 22%6LS+2%FO Aol ofsjr dax At g7] HdH o

kAl el 7l sl UEY ‘SEE S AgAEZRs AEeR ¢ FEER o
AR (Fig. 1-2). ATS 08%4 2%LS+1%FOA gloj & yHFo) we} 3] 7}
HEE7|E sto] o] sk gk AFFHo] SFHJUT B, 0.6% ATSO A=
e #EEA Gk 06% ATS AP F A F 9 AHE W3l Fig.
1-39 A Rof Xt

oj gt kAT s Aelwx B ofyzt v A8l # AHY & 74
Ao = FAZE JdE AR dEHA JdrH(Williams and Edgerton, 1981). 7}
SHel M= 2AF Aol AHEE A 08% ATSE AbgsteH, dAAsE
HE TAZE HA e oo BlEte BEAEAA ‘FEY AHIYHE 0.8% ATS
= AIYE wEslH =, ol ‘B2 MIALI AEE] we dARE o
Al Fw7h S7HE HE7E wdE R 2T EW ATS A § ddHe=
A=l ZAFAA okAe Fa7F S A FAFEE wEE T2 Y,
A3 A AEZA F5a90E ayeles AL WS- F88
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Fig. 1-2. Phytotoxic effect of chemical blossom thinners on 'Hongro/M.9 trees. Photos were
taken 2 days after spray. (A) Non-thinner control, (B) 0.6% ATS, (C) 0.8% ATS, (D) 1.0%
ATS, (E) 2% lime sulphur + 1% fish oil, and (F) 2% lime sulphur + 2% fish oil.

Fig. 1-3. Time sequence of changes in the section of a 'Hongro/M.9 tree treated with 0.6%
ATS at 85% full bloom. The photos were taken 1, 4, 7, and 10 days after treatment (DAT).
Note that there was no phytotoxic effect by ATS on leaves, and that some flowers within
the cluster remained unfertilized and ready to fall off, clearly seen 10 days after treatment.
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Table 1-1. Total fruit set, defruited cluster percentages, and fruit set distribution of
‘Hongro’/M.9 apple trees treated with various bloom-time thinning agents at 85%
full bloom. LS = lime sulphur, FO = Crocker's fish oil.

Total fruit Defruited Percentage fruiting sites with:™

Treatment : clusters
set (%) Single Double >3

Control 782 a" 258 ¢ 57.0 b 30.8 a 12.2 a
0.6% ATS 52.0 b 36.0 be 67.9 a 230 b 8.1 b
0.8% ATS 43.7 b 46.3 b 70.8 a 233 b 59 b
1.0% ATS 36.5 be 50.1 b 69.2 a 22.1'b 8.7 b
2% LS 714 a 28.6 60.7 b 26.6 ab 12.7 a
2% LS + 1% FO 482 b 69.2 a 68.8 a 243 b 6.9 b
2% LS + 2% FO 26.3 ¢ 73.7 a 70.2 a 23.0 b 6.8 b

“Number of fruit per 100 flower clusters.
"Percentage flower clusters with no fruit set at all.
"Percentage fruiting sites with 1, 2 or 3 or more fruits within the fruited cluster.

"Mean separation within columns by Duncan's multiple range test at 5% level.

64 Aeld d3F RS 9 209 AP LS dEAHYE Aos A
sl oFA A o] oA 37~52% 7beF w=%E AREHAIF AJHTable 1-2).
=2 ATSS LS+FO A g oA F7hatda, Fake A

3 1.09% ATSSF 2%LS+H2%FO A g T+ & oy

AuperA 7t Bd o] Fdo v A= FFS gEA Ki%h?—oﬂ TS Oﬂf‘%_ 3}
Aol BWHL/MD), FA FxwA, HAFEAE, T 3 4
LA S ALt ojugt feojide] HEHEXA %EEEHTable 13) Eb‘*% 1%
ATSet LS+FO = &9
A h(Fig. 1-4). /A
01111 S oFA| A Y =

3 3]
% g we Aurt gasdAw, gre) Wsis uu s

-
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Table 1-2. Time taken for hand thin (determined after June drop), mean fruit

weight at harvest and yield of ‘Hongro’/M.9 apple trees treated with various
bloom-time thinning agents at 85% full bloom.

Hand thin required Mean fruit Yield

Treatment i ;

(min/tree) weight (g) (kg/tree)
Control 180 260 ¢ 152 a
0.6% ATS 49 b 264 b 15.0 a
0.8% ATS 42 b 264 b 143 a
1.0% ATS 43 b 270 ab 10.1 b
2% LS 6.7 a 259 ¢ 154 a
2% LS + 1% FO 43 b 265 b 15.1 a
2% LS + 2% FO 37 a 275 a 87D

*Mean separation within columns by Duncan's multiple range test at 5% level.

Fig. 1-4. 'Hongro' fruits without russets (A) and with russet developed (B).
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Table 1-3. Fruit characteristics at harvest of ‘Hongro’/M.9 apple treated with various

bloom-time thinning agents at 85% full bloom.

Soluble

Fruit shape Redness Russet Firmness ' Titratable

Treatment (LD) o | O¥ o8 solids ey
| 0) (1-9)  (g/®8mm) CBrix)  acidity
Control 0.91 91.9 1.7 3421 14.7 3.43
0.6% ATS 0.90 90.2 2.0 3,415 15.0 3.27
0.8% ATS 0.90 88.6 2.5 3,124 14.5 3.46
1.0% ATS 0.91 89.9 1.8 3,380 15.2 3.08
2% LS 0.89 90.3 2.3 3,519 14.6 3.19
2% LS + 1% FO 0.91 90.1 3.7 3,426 15.2 3.24
2% LS + 2% FO 0.91 90.5 5.8 3,504 15.1 3.15
LSD (p=0.05) 0.02 5.6 0.5 231 0.56 0.35

‘Russet index: 1 = 0%, 3 = <1%, 5=1-5%, 7= 6 - 25%, 9 = >25%.

"Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.

Table 1-4. Fruit characteristics after storage (40 days at 3C) of ‘Hongro’/M.9 apple

treated with various bloom-time thinning agents at 85% full bloom.

Firmness Soluble solids Titratable
Treatment

(&/P8mm) (°Brix) acidity”
Control 3,369 14.3 2.15
0.6% ATS 3,018 14.4 2.08
0.8% ATS 3,215 13.6 2.37
1.0% ATS 3,187 14.1 2.51
2% LS 3,205 14.2 2.42
2% LS + 1% FO 3,098 14.1 2.51
2% LS + 2% FO 3,157 14.8
LSD (p=0.05) 286 0.48 0.38

‘Amount of 0.I1N NaOH used to titrate 15 ml of juice to pH 8.1.
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ATS 08%9F 1.0%A 2 &gt 23z gdave 242 17%9 30%°) A tHTable
1-5). 2%LS ©EAZE F94< A agnrt #EFHA PR T FOS A3
072 FFe FHHAY 2%WLS+1%BFO Aol s oF 34%2] ZHA7F A
3 2%F0¥ E%ste] AR S Ayde 3T%=E A E AT FUTEAY
ATSol ozt kA= 1.0%d A vl eFstAl, W5l wetA v 7= 3] gt
L8 g wil L ol wbid 2%LSH2%FOA = AglE ZE FA o A

3} _
A tHTable 1-5). 2% LS ©“EA S zﬂﬂﬁ RE X aoﬂ,ﬁ 13~939 7} 2 2]
;:i_]l—

2a3 gEnge] Fast BRHAth 338 g3l ARrEs A9
2 o 2% LS @5AYE A Aol 14 Adike e gFH gl
Z7h8 w0, 37 ool HAL Ane sFuge gayel, o TY Fita
e Jestant EAe AseklE T3 330se 445 gL
wRE oyl A 17l Hds PEe FFHlee TUMATIE AQddE, ol
oA ATSY LS+FO Al gAls Aol 840l #E oA
kA A = Ao £Q8HE AE YA oE A AFH THTable 1-6).
Aed G SAge 229 A FAHIG gl UF 7 128 o4

O
o] A& W, 1% ATSOIA = 738, 28T 2%LSH2%FOo A= ¢F 6.58 o] A
2 Ak #EL oA AYTAA Fhete AL Bow FaFd g
o159 Ae B BEHA QAT AT WLSUFO AL TN 5
o] FrHE AFL B, o)t SHAA Fxo] BN FAL AAY
A

a
°
|

O = AA L. T T

o) 7

G0 249 H99) T FIA BEeAe AL G4 Aol
2 Wb, ymx] FEdAE zolrzb giiti(Table  1-7).
2%LS+H2%F0 A 2l Gtoll A 71RF ®ol dA 8 ThHrusset index = 5.6). % &
o] o] %E-—‘E 15 °brix A=, 83%° JMALTCE wHc} 3CIAA 344
A g 5 ZAE S22 oET AHFekAlA g} AR F3S T
Agk Ao A#Eglel AwHEY HEE A4 o 10%8) 50% 7
(Table 1-8).

N

Ofﬂ

1

fte3
Horle i

_-__%

2 §2 ol oxr o= T
N

822

i
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Table 1-5. Total fruit set, defruited cluster percentages, and fruit set distribution of
'Fuji'/M.26 apple trees treated with various bloom-time thinning agents at 85% full

bloom.

Total fruit  Defruited Percentage fruiting sites with:
Treatment z

set clusters (%) Single Double >3

Control 136 a’ 22.1 ¢ 373 b 239 b 38.8 a
0.8% ATS 112 b 353 b 46.7 a 35.7 a 16.6 ¢
1.0% ATS 95 be 40.5 a 45.8 a 33.2 a 21.0 be
2% LS 128 a 23.1 ¢ 41.7 ab 33.6 a 24.7 b
2% LS + 1% FO 90 be 39.6 ab 512 a 30.5 a 18.3 ¢
2% LS + 2% FO 85 ¢ 45.1 a 48.0 a 252 b 26.8 b

“Number of fruit per 100 flower clusters.

"Mean separation within co.

umns by Duncan's multiple range test at 5% level.

Table 1-6. Hand thin requirement (time taken for hand thin after June drop), mean

fruit weight at harvest and yield of 'Fuji/M.26 apple trees treated with various

bloom-time thinning agents at 85% full bloom. LS = lime sulphur, FO = {fish oil.

Hand thin required Mean fruit Yield

Treatment . :
(min/tree) weight (g) (kg/tree)

Control 12.6 264 15.2
0.8% ATS 8.9 269 14.8
1.0% ATS 7.3 269 12.9
2% LS 10.4 265 15.6
2% LS + 1% FO 7.4 270 14.2
2% LS + 2% FO 6.5 276 11.2
LSD (p=0.05) 1.8 8.2 3.1
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Table 1-7. Fruit characteristics at harvest of 'Fuji'/M.26 apple treated with various

bloom-time thinning agents at 85% full bloom. LS = lime sulphur, FO = fish oil

Soluble
Redness  Russet  Firmness _ Titratable
Treatment L/D . solids ey
(Vo) (1-9)°  (z/P8mm) _ acidity

(°Brix)
Control 0.39 83 1.9 3,521 15.0 9.1
0.8% ATS 0.88 81 1.8 3,404 14.8 8.4
1.0% ATS 0.88 83 2.5 3,502 15.1 9.1
2% LS 0.89 85 2.0 3,305 14.9 9.8
2% LS + 1% FO 0.89 83 2.0 3,591 14.9 8.9
2% LS + 2% FO 0.87 82 5.6 3,584 15.3 8.4
L.SD (p=0.05) 0.02 4.5 1.2 356 0.5 0.4

“Russet index: 1 = 0%, 3

= <]1%,5=1-5%,7 =6 - 25%, 9 = >25%.
"Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.

Table 1-8. Fruit characteristics after storage (3 months at 3'C) of 'Fuji'/M.9 apple

treated with various bloom-time thinning agents at 85% full bloom. LS = lime
sulphur, FO = Crocker's fish oil.

Firmness Soluble solids Titratable
Treatment _

(2/®8mm) (°Brix) acidity”
Control 3,045 14.5 4.3
0.8% ATS 3,028 15.0 4.2
1.0% ATS 3,247 15.0 4.5
2% LS 3,156 14.7 4.7
2% LS + 1% FO 3,027 14.7 4.6
2% LS + 2% FO 3,196 15.2 4.2
LSD (p=0.05) 215 0.4 0.3

“Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
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Table 1-9. Total fruit set, defruited cluster percentages, and fruit set distribution
determined on terminal or lateral flowers of ‘Hongro’/M.9 apple trees treated with

various bloom-time thinning agents at 85% full bloom.

Total fruit set Defruited clusters (%)

Treatment

Terminal Lateral Total Terminal  Lateral Total
Control 87.0 79.1 86.5 44.6 45.7 454
0.6% ATS 62.5 53.5 55.2 65.2 60.2 62.5
0.8% ATS 61.2 48.0 534 65.4 62.4 64.1
2% LS + 1% FO 62.7 39.2 51.3 67.2 72.2 70.4
Hand thinned” 106.5 12.7 41.3 42.8 90.2 75.6
LSD (p=0.05) 8.5 10.1 12.1 6.4 8.9 6.5

“Thinning flowers during bloom period and also fruitlets after June drop

Table 1-10. Fruit set distribution within the fruited clusters, hand thin requirement
(after June drop), fruit weight, and yield of 'Hongro'/M.9 apple trees treated with

various bloom-time thinning agents at 85% full bloom.

% fruiting sites with: ~ Hand thin ., ¢ . vi4

Treatment required _ ,
Single  Double >3 (min/tree) weight (g) (kg/tree)

Control 60.9 32.1 7.0 17.0 244 16.1
0.6% ATS 70.5 25.2 4.3 9.2 249 15.4
0.8% ATS 69.2 25.5 5.3 9.5 250 14.1
2% LS + 1% FO 75.2 18.5 6.4 7.4 248 14.2
Hand thinned” 46.5 43.1 10.4 82 260 17.5
LSD (p=0.05) 4.3 6.8 1.5 3.4 4.1 0.46

“Hand thinning of both flowers during bloom period and fruitlets after June drop.
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Table 1-11. Fruit characteristics at harvest of ‘Hongro’/M.9 apple treated with

various bloom-time thinning agents at 85% full bloom.

Fruit shape Redness Russet  Firmness SOh_lble Titratable

Treatment N solids ey
(L/D) (%o) (1-9) (g/D8mm) (°Brix) acidity
Control 0.86 90.4 2.5 3,577 14.2 3.10
0.6% ATS 0.87 92.3 2.1 3,528 15.2 3.27
0.8% ATS 0.86 91.5 2.9 3,849 15.6 3.45
2% LS + 1% FO 0.89 38.3 6.4 4,036 15.7 3.49
Hand thinned” 0.87 90.5 2.8 3,971 15.1 3.25
LSD (p=0.05) 0.03 1.25 1.1 257 0.3 0.06

“Russet index: 1 = 0%, 3 =<1%, 5=1-5%,7 =6 - 25%, 9 = >25%.
"Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.
"Hand thinning of both flowers during bloom period and fruitlets after June drop.
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Table 1-12. Fruit characteristics after storage (40 days at 3°C) of Hongro'/M.9

apple treated with various bloom-time thinning agents at 85% full bloom.

Firmness Soluble solids Titratable
Treatment _ e

(g/D8mm) (°Brix) acidity
Control 3,408 14.2 2.28
0.6% ATS 3,425 15.0 2.34
0.8% ATS 3,487 15.6 2.41
2% LS + 1% FO 3,678 15.6 2.35
Hand thinned’ 3,510 15.3 2.23
L.SD (p=0.05) 215 0.42 0.15

“Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
"Hand thinning of both flowers during bloom period and fruitlets after June drop.
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Table 1-13. Total fruit set, defruited cluster percentages, and fruit set distribution of
'Fuji’/M.9 apple trees treated with various bloom-time thinning agents at 85% full bloom.

Total fruit  Defruited Percentage fruiting sites with:

Treatment z
set clusters (%)  Single Double >3
Control 154.3 24.1 32.9 27.3 39.8
0.8% ATS 124.3 34.3 44.6 31.0 24.4
1.0% ATS 108.6 38.5 58.5 28.2 13.3
2% LS + 1% FO 86.4 46.1 42.4 34.2 234
2% LS + 1.5% FO 78.3 45.1 46.5 28.7 24.8
LSD (p=.05) 11.2 3.2 5.3 4.8 6.7

“Number of fruit per 100 flower clusters.

Table 1-14. Hand thin requirement (time taken for hand thmn after June drop), mean
fruit weight at harvest and vyield of 'Fuji'/M.9 apple trees treated with various

bloom-time thinning agents at 85% full bloom.

o o o
(mintree)  Weight (&) (kgtree) TCSA)
Control 11.1 271 20.5 5.6
0.8% ATS 7.3 270 19.3 6.0
1.0% ATS 6.4 275 21.8 6.5
2% LS + 1% FO 5.1 277 15.8 5.9
2% LS + 1.5% FO 4.6 267 14.1 6.2
Hand thinned” 38.5 280 22.6 6.3
LSD (p=0.05) 1.8 33 2.1 0.4

“Hand thinning of both flowers during bloom period and fruitlets after June drop.

_39_



LS+FO2o] 5 o ofsir

Table 1-15. Fruit characteristics at harvest of 'Fuji'/M.9 apple treated with various

bloom-time thinning agents at 85% full bloom.

reatment i:; Redness  Russet  Firmness S;:jﬁzie Titr-atable
(L/D) (%) (1-9)°  (g/®8mm) (°Brix) acidity”
Control 0.85 84.1 2.9 3,409 14.7 8.52
0.8% ATS 0.85 86.6 3.2 3,394 15.3 8.49
1.0% ATS 0.87 86.5 3.2 3,443 15.0 0.21
2% LS + 1% FO 0.86 81.8 6.9 3,584 15.2 8.72
2% LS + 1.5% FO  0.85 84.2 7.3 3,578 15.6 8.62
LSD (p=0.05) 0.01 3.1 0.8 148 0.24 0.35

“Russet index: 1 = 0%, 3 = <1%, S=1-5%,7 =6 - 25%, 9 = >25%.
“"Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
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Table 1-16. Fruit characteristics after storage (80 days at 3°C) of 'Fuji'/M.9 apple

treated with various bloom-time thinning agents at 85% full bloom.

Firmness Soluble solids Titratable
Treatment _ L

(g/®8mm) (°Brix) acidity
Control 3,216 14.7 6.52
0.8% ATS 3,204 15.0 6.35
1.0% ATS 3,362 15.2 6.89
2% LS + 1% FO 3,179 15.3 7.08
2% LS + 1.5% FO 3,302 15.7 7.31
LSD (p=0.05) 196 0.14 0.45

“Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
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Table 2-1. Effects of number of application of ATS and lime sulphur + fish oil on

total fruit set, determined on terminal and lateral flowers of ‘Hongro’/M.9 apple
frees. 1X = Treated once at 85% full bloom, 2X = Treated twice at 40% and 85%

full bloom.
Treatment Total fruit set”

Heatmeh Terminal flowers Lateral flowers Total
Control 97.2 86.8 90.5
0.6% ATS 1X 56.1 61.9 59.9
0.6% ATS 2X 31.6 43.8 39.5
2% LS + 1% FO 1X 51.1 59.6 56.3
2% LS + 1% FO 2X 25.3 28.1 27.2
LSD (p=0.05) 8.6 7.5 9.2

“Number of fruit per 100 flower clusters.

Table 2-2. Effects of number of application of ATS and lime sulphur + fish oil on

percent defruited clusters, determined on terminal lateral flowers of
‘Hongro’/M.9 apple trees. 1X = Treated once at 85% full bloom, 2X = Treated
twice at 40% and 85% full bloom.
Defruited clusters” (%)

{reatment Termmal flowers  Lateral flowers Total
Control 43.9 38.3 40.1

0.6% ATS 1X 66.7 59.4 61.7

0.6% ATS 2X 68.3 71.5 70.3

2% LS + 1% FO 1X 68.3 57.4 63.5

2% LS + 1% FO 2X 72.1 82.5 78.1

LSD (p=0.05) 6.5 6.1 5.6

“Percentage flower clusters with no fruit set at all.
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Table 2-3. Effects of number of application of ATS and lime sulphur + fish oil on
fruit set distribution within the cluster, hand thin requirement (time taken for hand
thin after June drop), fruit weight, and yield in 'Hongro'/M.9 apple trees. 1X =
Treated once at 85% full bloom, 2X = Treated twice at 40% and 85% full bloom.

% fruiting sites with Hand thin  Mean

Treatment requirement fruit wt (kY;terl:e)
Single  Double >3 (min/tree) (g) 5
Control 58.3 35.8 5.9 15.2 242 17.6
0.6%ATS 1X 63.7 30.9 5.5 8.5 245 18.9
0.6%ATS 2X 65.5 29.6 4.9 3.8 247 14.5
2%LS + 1%FO 1X  65.6 304 4.0 7.1 240 18.1
2%LS + 1%FO 2X  62.5 32.1 6.5 3.2 248 9.9
LSD (p=0.05) 4.8 3.5 3.6 3.1 54 2.8

ATSY 2%LS+1%FO H o] osiA 17hwe]l #9S @B sFH o] F71s

ATHTable 2-3). &A%k 37} o] o] #Ad& D FH[ &= Ao|7F BEAFX
Foivh EFF AoHE NS A A oM FHiEA=H, 5
ATSU LS+FOE 23] AT A5 433 dasdrh ofd gk 2 23] =
gof ofg Frjet FAFF A wjiFEQl A 2k HFol wAE AYY Fo%
A EHE UAARE oFAIAM ol o3 At HaAeE Hd Ar]e FUER oo
A= ZFe B, SR 8L ATSH LSHFO 23] g osjA] A=

A=, ol HHgk Ay AV d4dd A #Eoh

& = ALt ougt FEAMZ Fofido] #F
A ¢rertH(Table 2-4). 28y E=9A 2 ATSU 2%LS+H1%FO 23] A&l o
A Frol Aol BEEA

FeA Tde] FAL
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Table 2-4. Effects of number of application of ATS and lime sulphur + fish oil on
fruit quality characteristics at harvest of 'Hongro'/M.9 apple trees. 1X = Treated
once at 85% full bloom, 2X = Treated twice at 40% and 85% full bloom.

Fruit

Treatment shape Redness  Firmness Russezt DSSF: Acidity’
(%) (/®8mm)  (1-9) (°Brix)

(L/D)
Control 0.89 91.2 4,012 2.3 14.5 3.21
0.6% ATS 1X 0.88 90.5 4,113 1.9 14.3 3.08
0.6% ATS 2X 0.89 89.5 3,892 3.2 14.9 3.36
2%LS + 1%FO 1X  0.88 91.4 3,927 3.5 14.6 3.25
2%LS + 1%FO 2X 0.89 89.9 3,856 6.8 14.6 3.15
LSD (p=0.05) 0.02 1.3 358 2.1 0.3 0.21

“Russet index: 1 = 0%, 3 =<1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.
"Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.

ATSE 08%= 85% ®HNAlCl 13] A2 glS ) ¢F 25% AR 237 Zas
N3, 28] Ay AMelE oF 45%7F FAEHAHTable 2-5). 2% LS + 1% FO&
13] A Aol &= 34%9] &3} 7FA7F 23] A E Aol oF 45%9] ZHA 7 #EY
Aok, 72 sEelaes Ao oA Frhetd=H 2% LS + 1% LS 2%
Aol Foggdo. ATSY LS + FO 23 Aol ofafir Ao Az a7}
ds] A et

o] 3t A F 9 FoF 3= BEHA FUtH(Table 2-5). =2 7
ohet FHtE AT A" AT, S 08% ATS 23 AT 2% LS + 1%
FO A g FolA Fedoz AAHAY. 55844 ATSH LS + FO 23 A
o 23X F7IstA T (Table 2-5). #d, #}F4 5%, A, G B AEoA =

Aol ogt ojm et FoHQ Holw BIEA et}
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Table 2-5. Effects of number of application of ATS and lime sulphur + fish oil on
total fruit set, precent defruited clusters, fruit weight and yield of ‘Fuji’/M.9 apple
trees. 1X = Treated once at 85% full bloom, 2X = Treated twice at 40% and 85%
full bloom.

Total fruit Defruited Mean fruit Yield

Treatment
set” clusters” (%) wt (g) (kg/tree)

Control 141.6 33.9 266 20.3
0.8% ATS 1X 106.5 55.9 273 21.7
0.8% ATS 2X 78.5 57.5 272 15.9
2% LS + 1% FO 1X 92.7 55.8 270 18.5
2% LS + 1% FO 2X 77.1 75.7 265 13.9
LSD (p=0.05) 10.2 8.2 4.5 24

“Number of fruit per 100 flower clusters.

"Percentage flower clusters with no fruit set at all.

Table 2-6. Effects of number of application of ATS and lme sulphur + fish oil on
fruit characteristics at harvest of ‘Fuji’/M.9 apple trees. 1X = Treated once at 85%
full bloom, 2X = Treated twice at 40% and 85% full bloom.

Fruit Redness RliSSet Firmness SOh}ble Titratable
Treatment shape ; i 5 solids ey

(L/D) (%) (1-9) (g/®8mm) (°Brix) acidity
Control 0.88 86.2 2.4 3,405 14.6 3.64
0.8% ATS 1X 0.88 85.3 2.8 3,369 14.7 7.73
0.8% ATS 2X 0.88 85.5 6.5 3,412 15.0 8.34
2% LS + 1% FO 1X 0.87 86.3 4.1 3,310 15.3 7.65
2% LS + 1% FO 2X 0.89 87.2 7.2 3,487 14.5 7.22
LSD (p=0.05) 0.02 1.1 1.8 141 1.2 0.42

“Russet index: 1 = 0%, 3 = <1%, 5
"Amount of 0.IN NaOH used to titrate

—
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tHTables 2-9, 2-10).

Table 2-7. Effect of tree vigor on thinning of 7-year old ‘Hongro’’M.9 apple trees
treated by 0.6% ATS at 85% fuil bloom.

Total fruit  Defruited Percentage fruiting sites with:

Treatment

set” clusters (%) Single Double >3
Low vigor
Control 158.5 13.9 44.8 33.2 22.0
0.6% ATS 82.2 44.0 61.3 31.6 7.1
High vigor
Control 145.1 28.3 34.7 35.8 29.5
0.6% ATS 923 51.1 73.5 20.8 5.7
Significance
Vigor NS NS NS NS NS
ATS x Vigor NS NS NS NS NS

“Number of fruit per 100 flower clusters.

NS: *} #*ck Bk

Nonsignificant or significant at P

[IA

0.05, 0.001 or 0.0001,
respectively.
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Table 2-8. Effect of tree vigor on hand thin requirement (after June drop), mean

fruit weight, yield, and return bloom of 7-year old ‘Hongro’/M.9 apple trees treated
with 0.6% ATS at 85% full bloom.

H@d thin Mean fruit Yield Return bloom2
Treatment requirement (flower no./cm
(min/iree) wt (g) (kg/tree) TCSA)
Low vigor
Control 11.3 255 14.3 9.1
0.6% ATS 256 14.6 10.5
High vigor
Control 13.9 258 16.2 7.2
0.6% ATS 262 15.9 8.4
Significance
ATS NS NS
Vigor * *E NS
ATS x Vigor NS NS NS
NS T **Nonsigniﬁcant or significant at P < 0.05 or 0.01, respectively.

Table 2-9. Effect of tree vigor on fruit quality characteristics at harvest of 7-year

old ‘Hongro’/M.9 apple trees treated with 0.6% ATS at 85% full bloom.

Fruit Redness Russet  Firmness SOh.lble Titratable
Treatment shape (%) (1-9Y° (5/B8mm) solids acidity
(L/D) (°Brix)
Low vigor
Control 0.85 85.2 1.6 3,646 14.1 3.12
0.6% ATS 0.87 86.4 1.9 3,576 142 2.91
High vigor
Control 0.87 84.2 1.9 3,731 14.0 3.31
0.6% ATS 0.86 83.5 2.4 3,416 14.3 3.27
Significance
ATS NS NS NS NS NS NS
Vigor NS NS NS NS NS NS
ATS x Vigor NS NS NS NS NS NS

“Russet index: 1 =

0%, 3 = <1%, 5 =1 - 5%, 7 =6 - 25%, 9 = >25%.
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Table 2-10. Effect of tree vigor on fruit quality characteristics after storage (50
days at 3C) of 7-year old ‘Hongro’/M.9 apple trees treated with 0.6% ATS at
85% full bloom.

Firmness Soluble solids Titratable
Treatment : .1
(g/®8mm) (°Brix) acidity
Low vigor
Control 3,384 13.7 2.29
0.6% ATS 3,272 14.2 2.44
High vigor

Control 3,571 14.5 2.49
0.6% ATS 3,290 14.6 2.53
Significance

ATS NS NS NS

Vigor NS NS NS

ATS x Vigor NS NS NS
'}, F4

FAY B A ATSO) o@ FHwyg gad 9FL w HrHTable
2-11). 0.8% ATSE 85% WAl Al o AdlHo= sA7F oFs Y-
N oF 20060 AR AAA, B FAE AR GRAME 15%2
HAE Rol, FAZ 2852 AL dF W gaRUck FRA
= gAe) e A3 gauah et gol oleld AL FFol we ¢
=7 e B S o
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Table 2-11. Effect of tree vigor on thinning of 7-year old ‘Fuji’/M.9 apple trees
treated by 1.0% ATS at 85% full bloom.

reatment Total frui ¢ Ilel‘:lf;l;i;zd %’ercentage fruiting sites with:
set (%)’ Single Double >3

Low vigor

Control 69.0 26.9 51.2 29.7 19.1

1.0% ATS 55.4 39.8 52.2 31.6 16.2
High vigor

Control 70.9 30.1 49 .4 29.8 20.8

1.0% ATS 60.1 40.6 53.3 31.9 14.7

Significance

ATS * % % % %k NS NS %

Vigor * NS NS NS NS

ATS x Vigor NS NS NS NS NS

“Number of fruit per 100 flower clusters.
“Percentage flower clusters with no fruit set at all.

*® ¥k kkk
NS, *, *%

Nonsignificant or significant at P < 0.05, 0.01 or 0.001, respectively.
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Table 2-12. Effect of tree vigor on hand thin requirement (after June drop), mean
fruit weight, yield, and return bloom of 7-year old ‘Fuji’/M.9 apple trees treated
with 1.0% ATS at 85% full bloom.

hin : : Return bloom
Treatment r?éllﬁ?e;lem Mean fruit wt Yield (flower no./cm”
(min/tree) (&) (kg/tree) TCSA)
Low vigor
Control 6.1 272 18.2 6.1
1.0% ATS 4.7 273 17.9 6.4
High vigor
Control 5.9 276 18.9 4.9
1.0% ATS 4.7 274 20.6 5.1
Significance
ATS * NS NS NS
Vigor NS * * NS
ATS x Vigor NS NS NS NS

™ "Nonsignificant or significant at P < 0.05, respectively.

Table 2-13. Effect of tree vigor on fruit quality characteristics at harvest of 7-year
old ‘Fuji’’M.9 apple trees treated with 1.0% ATS at 85% full bloom.

Fruit Soluble

Redness Russet  Firmness : Titratable

[reatment ?}%‘; (%) (1-9)°  (g/08mm) ('i‘g;f)f) acidity

| Low vigor
Control 0.85 82.6 2.5 3,577 15.1 5.01
1.0% ATS 0.86 83.0 3.1 3,524 15.6 5.46

High vigor

Control 0.86 82.3 2.7 3,566 15.6 5.56
1.0% ATS 0.87 83.9 2.3 3,528 15.8 5.43
Significance
ATS NS NS NS NS NS NS
Vigor NS NS NS NS NS NS
ATS x Vigor NS NS NS NS NS NS

“Russet index: 1 = 0%, 3 = <1%, 5=1-35%, 7 =6 - 25%, 9 = >25%.
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Table 2-14. Effect of tree vigor on fruit quality characteristics after 80 days of

storage at 3 C of 7-year old ‘Fuji’’M.9 apple trees treated with 1.0% ATS at 85%
full bloom.

Firmness Soluble solids Titratable
Treatment
(g/®8mm) (°Brix) acidity”
Low vigor
Control 3,028 15.0 4.11
1.0% ATS 3,047 16.4 4.38
High vigor
Control 3,240 15.9 4.80
1.0% ATS 3,101 15.5 4.47
Significance
ATS NS NS NS
Vigor NS NS NS
ATS x Vigor NS NS NS

‘Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
“*Nonsignificant.
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B A go M= ATS A o] ‘F27¢} ‘2] ARggy FHo A= %
g FHEtuA 2006039 ASEE Ao A AddA TdA B
2/M9st ‘FA/MOES ZHA L AFedn. 4 552 A Y dxd, F,
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Fr R AR weofd AAolw SRl A2 FVIAF - A el F4

ANAM = FEx=o] WE Aol BEHA FPtHTable 2-18).

Table 2-15. Effect of spray volume on thinning of 7-year old ‘Hongro’/M.9 apple
trees. 0.6% ATS was treated at 85% full bloom with three levels of spray volume,

i.e., low spray volume (LSV), moderate spray volume (MSV), and high spray
volume (HSV).

Total fruit  Defruited Percentage fruiting sites with:
Treatment z l o
set clusters (o) gipele Double >3
Control 141.0 a’ 139 b 44.8 b 332 a 220 a
ATS LSV 1023 b 32.0 a 482 b 35.8 a 159 b
ATS MSV 86.1 ¢ 414 a 67.1 a 233 b 96 b
ATS HSV 829 ¢ 439 a 64.5 a 272 b 83 b

“Number of fruit per 100 flower clusters.

"Mean separation within columns by Duncan's multiple range test, 5% level.

Table 2-16. Effect of spray volume on hand thin requirement (after June drop),
mean fruit weight, yield, and return bloom of 7-year old ‘Hongro’/M.9 apple trees.
0.6% ATS was treated at 85% full bloom with three levels of spray volume, i.e.,
low spray volume (LSV), moderate spray volume (MSV), and high spray volume
(HSV). |

Han.d thin Mean fruit Vield eturn bloom2
Treatment requirement wt () (ke/tree) (flower no./cm

(min/tree) S 8 TCSA)
Control 10.7 a“ 250 b 15.1 a 54 a
ATS LSV 733 b 254 a 14.8 a 5.1 a
ATS MSV 595 b 256 a 145 a 49 a
ATS HSV 6.43 b 249 b 84 b 58 a

“Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 2-17. Effect of spray volume on fruit quality characteristics at harvest of
7-year old ‘Hongro’/M.9 apple trees. 0.6% ATS was treated at 85% full bloom

with three levels of spray volume, i.e., low spray volume (LSV), moderate spray
volume (MSV), and high spray volume (HSV).

Fruit Soluble _
Redness Russet  Firmness _ Titratable
Treatment shape %) (19 (o/D8mm) solids gy
- ITHI1 acldl
(L/D) i _ (°Brix) R4
Control 0.87 a’ 86.5 a 1.5 b 3,766 a 142 a 3.26 a
ATS LSV 0.88 a 88.0 a 22 b 3,499 a 14.0 a 2.74 a
ATS MSV 0.88 a 84.7 a 20 b 3,459 a 143 a 3.04 a
ATS HSV 0.88 a 84.9 a 54 a 3.479 a 14.7 a 330 a

“‘Russet index: 1 = 0%, 3 =<1%, 5=1-5%, 7=06 - 25%, 9 = >25%.
YAmount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.

"Mean separation within columns by Duncan's multiple range test, 5% level.

Table 2-18. Effect of spray volume on fruit quality characteristics after storage (50
days at 3C) of 7-year old ‘Hongro’/M.9 apple trees. 0.6% ATS was treated at
85% full bloom with three levels of spray volume, i.e., low spray volume (LSV),
moderate spray volume (MSV), and high spray volume (HSV).

Firmness " Soluble solids Titratable
Treatment _ e 7

(g/P8mm) (°Brix) acidity
Control 3215 &’ 143 a 2.20 a
ATS LSV 3287 a 13.8 a 205 a
ATS MSV 3,404 a 14.3 a 2.09 a
ATS HSV 3,387 a 14.5 a 2.15 a

“Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.

"Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 2-19. Effect of spray volume on thinning of 7-year old ‘Fuji’/M.9 apple
trees. 1.0% ATS was treated at 85% full bloom with three levels of spray volume,

1.e., low spray volume (LSV), moderate spray volume (MSV), and high spray volume (HSV).

Total fruit  Defruited Percentage fruiting sites with:
Treatment ; ) "
set clusters (%)  Single Double >3
Control 85.2 a 18.5 ¢ 50.1 a 25.5 a 24.5 a
ATS LSV 75.0 ab 25.7 be 53.5 a 29.8 a 16.8 b
ATS MSV 654 b 34.6 b 57.7 a 26.1 a 16.1 b

ATS HSV 53.9 ¢ 46.1 a 544 a 26.8 a 189 b

“Number of fruit per 100 flower clusters.

"Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 2-20. Effect of spray volume on hand thin requirement (after June drop),
mean fruit weight, yield, and return bloom of 7-year old ‘Fuji’’M.9 apple trees.
1.0% ATS was treated at 85% full bloom with three levels of spray volume, i.e.,
low spray volume (LSV), moderate spray volume (MSV), and high spray volume (HSV).

Har{d thin Mean fruit Vield Return blcu'ml2
Treatment requirement wt (2) (ke/tree) (flower no./cm

(min/tree) 5 5 TCSA)
Control 7.4 a° 263 b 18.2 a 43 a
ATS LSV 6.2 ab 261 b 19.2 a 45 a
ATS MSV 5.1 b 270 a 17.9 a 354 a
ATS HSV 4.8 b 265 b 11.3 b 54 a

“Mean separation within columns by Duncan's multiple range test, 5% level.

Table 2-21. Effect of spray volume on fruit quality characteristics at harvest of
7-year old ‘Fuji’’M.9 apple trees. 1.0% ATS was treated at 85% full bloom with
three levels of spray volume, 1e., low spray volume (LSV), moderate spray volume
(MSV), and high spray volume (HSV).

Fruit Redness Russet Firmness SO]‘?ble Titratable
Treatment shape ) i} solids ey

(L/D) . (%) (1-9) (g/D8mm) (°Brix) acidity
Control 0.85 a” 83 a 25 b 3,576 a 15.1 a 501 a
ATS LSV 0.86 a 84 a 2.5 b 3,499 a 15.0 a 4.82 a
ATS MSV 0.86 a 85 a 24 b 3,495 a 154 a 5.71 a
ATS HSV 0.87 a 86 a 58 a 3,603 a 15.5 a 642 a

“Russet index: 1 = 0%, 3 = <1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.
"Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
"Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 2-22. Effect of spray volume on fruit quality characteristics after storage (90
days at 3C) of 7-year old ‘Fuji’/M.9 apple trees. 1.0% ATS was treated at 85%
full bloom with three levels of spray volume, ie., low spray volume (LSV),
moderate spray volume (MSV), and high spray volume (HSV).

Firmness Soluble solids Titratable
Treatment _ e

(g/D8mm) (°Brix) acidity
Control 3,015 a’ 14.5 a 4.99 a
ATS LSV 2,988 a 15.1 a 390 a
ATS MSV 2,978 a 154 a 471 a
ATS HSV 3,141 a 154 a 5.02 a

‘Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
"Mean separation within columns by Duncan's multiple range test, 5% level.

_60_



]37@

Abrkg el Al =, 5 5
thinning agent) 24 AF& <1
¢} Westwoodell & dA 23}z
1960) carbaryl(Sevin)e]gt &
ppm O}/ol A=
1964, Way, 1967). @A
HEg ZA S A
carbaryl& 7] 5-15mm Apo]a]

2 carbaryle AFEEOE

carbaryl

Qitt. 3}

O

p——

| > A
= -J—-E-EE]-T

A THByers
ol /N&}) carbaryl A3

s TaelA AzE %

9] carbaryl?! Sevin—-XLR©|
(of: petal fall

T o] AR
AREstal A=,
ol A AFE F<Ql carbaryl<>

dEoiA 2 A7k #EE

==
=
O
=
S B
O)-

3‘3’. ot EHO 11 RO 1)

| H

A
T

Cytokinin®! 6-benzyladenine(BA)2 3}st4 A3 F 9
Z7HA7IE Aer LA
1995). Accel®(Valent BioSciences Corp., Liber

el AVIE

A oA 2
oh;}

=R
T .

Eio] T

7~E

¥ 93t e

kol ©
MaxCel®
Al 31k A 2

?’;i

T == A=,

7”:@].‘6’ Z1 7 J}xﬂ’

!

A
-

a3/t F7heA

o 11l o

TS A

A carbaryl> 2tsA|o)7] w19 é

= (Hislop®t Prokopy, 1981).

Jo Qo @

(19 g/L BA, Valent BioSciences, Libertyville, IL)o] 7}j'35| o
o] %R O ;GJ—JFE_J—} HHU} o}qa_ 4‘01_4 =z 7

Z A Accel®# MaxCel“A] &

A F7v A 7R3 A ZA| (post—bloom
A 7 avA Q) A2 19584 Batjer
24 7bsAdol S H(Batjersd Westwood,
2t} Carbaryl2 mild thinner= W7} 750
v ASZ dHA A (Southwick &,
vhelol| A Al Az 2 Tl 53t
Al o ¥ FHapkart ZHast
Axston A HAAS s 2 9o
s .Eq;q]?ﬂ o] ok71=

A #94 4

I
O
T

= 7HA AL
ATHGreene %, 1992; Wismer %,
yville, IL)& 7]=o| &
Jd&= 4 24 BA8g/L)9} GAs(1.
HE B HHgar)
2o (Bound, 2006). o BA

A EL Al

A 1

=

_61_



o AXEEE SXete] gado82 Ade AVE FsIE Foez ¢y A
Atk olEHg BAEAL2 Sevin®t T EA FAHAFA IAE FA F
(Thistlewood and Elfving, 1992; Green and Autio, 1994), Ao AF3)X| %=
E7] T gFEHoE ¢ FAT Byl o} AEFe] FF4 gk rlojz=za}
s FFAZE & Arh 7oF ol kA7) ‘B2e ‘TR A IAARX
Sevineg WAY 4 AotH FSE A0 Aty Le] AEst 7o E & Aolr
+ AP E ‘FE/MIS ‘TX/MIES AL Acceld MaxCel®] # 2 x
e R AHAMNZIE AAsth Y72 Sevin-XLR  ©EA | %
Sevin-XLR + NAA =83 E £33t Accel?r} MaxCel® dypaztel vl

skt

1. A A Z A Accel A g

=4,
o A=A "W AANF Firade= AFHA
Asids W 242 FAAF FLE2EaHATE AU (I Z:
F FARAAQ g7 AAAGE, ‘FA A=
Hd e FAoH(E=EA, AY, BE, ik, Ak,
ojw gt FY:= WA A AUty BEAOSE Accel F
A=A 2371 fAY.

2 4]

0,

TeAR: AFAAZ /MEP Accel2 6-benzyladenine®} GA47<
'T2'9 'T X0 (0, 50, 100, 150 ppm2.Z F4 10-mm A]7]
S Adt). stA T Sevine
4= (Z2-800 ppm, $X-1000 ppm)2.2 %+ 3 ppm NAAS} go=
11~16%, $A:
11~14%). Accelx =] ¢lg #AAdar7] Sl 23E B, F2qAE= %
a8z gt Accel B +=

2} FA A7

Ee

°} v 7} 3} 9

)

AR D P

H

L -

AE2 20043 HEE IS

AT AA FUER)Y AGEE FdVs

sal

BQEFA)ANA ADBAAT 634 FRIMOF I FAUM2GE AL}
th.  Accel®(Valent BioSciences Libertyville, IL)< -7 s

Corp., < F9

6-benzyladenine-S-

7l&o 2 0, 50, 100, 150 ppmoe & 0.1% 7 =2HA

Az

o gl x

st o). )& 2 T3 Sevin-XLR(Bayer CropScience, NC, USA) &% T+ NAA
(K-salt; Fruit Fix, AMVAC Chemical Corp., Los Angeles)?}¢] &8 A #Z ¥

N AT

- B2 -

‘T 2’= Sevin-XLR 800 ppm3} Sevin 800 ppm-XLR + 3 ppm NAAS =



Ay s, ‘22’ Sevin-XLR 1000 ppm¥} Sevin-XLR 1000 ppm + 3 ppm
NAAZ Azlatdrh. e vhge] B 07 84-104]¢] backpack ¥ T7]%
leate] Stk A £ 7lee 23T o4 FEHAT AFTE dAYY
AN 1F MIHOE SHROS S Y dAT 4T ANA
A ﬁ}% gz #Ade 5 Aot A ges AL, A A
o Eae ZAstel AmAd o¢ B EAHUL.

>~

7hE 22

Accelel 23t 7} A @3+ Sevin @ H+ Sevin + NAA T &8 v d)
S o) BAEA FRFTHTable 3-1). $AY 2T uRPL © Sevin BHEX
= ¢F 11%, Sevin + NAA A3+ 16% AE9 2y ZHAS37F 9oy =3
Accel 2] F23 3tFd| S0y AF Wl Ay Exe FEFS v[HA g
A9k Sevin THE E& SevintNAA AP+ F2F 3Fd]|E& X G2
HAA ggron) 1] HAe Wi HFH L F7IAA, Sevin] o e Hfa
et HE 95 A7 Fadd A 2k

Accel2 £3Z3o AQT+ A
SevintNAA A 2lo] <]

Qo oFzk Z7helE A%e Rt ol Accelod] 9§ FHzp i 7)<l
H 3d A7Me FIHF o e s AA o WA= Accelel S-H % ZIHTL
2 999 28T Accele FEEol ol AR E FFE WAA @

Sevin ©& X+ SevintNAA AT+ JANIE F7MA 7]l A3$E EIT
(Table 3-2). 5214 Fde] FAL olud Hejo] HHE gL

(Table 3-3).

1 E
1S @53tA FUA|T Sevin ©x EE
73

....63_.



Table 3-1. Effect of Accel on fruit set, defruited cluster percentages, and fruit set
distribution of 'Hongro'/M.9 apple trees treated with various rates at 10-mm fruit

diameter. Sevin-XLR only or with NAA were included for comparison.

Total fruit Defruited Percentage fruiting sites with:

Treatment 2 lusters (%)
> CHISIEES Lo Single Double >3
Control 73.9 26.1 55.5 37.5 7.1
Accel 50 ppm 78.3 21.5 36.7 28.4 14.8
Accel 100 ppm 72.3 27.7 60.3 30.1 0.1
Accel 150 ppm 80.8 19.2 59.5 31.7 8.8
Sevin 800 ppm 65.7 27.3 72.7 22.1 5.2

Sevin 800 ppm +

NAA 3 ppm 62.2 22.8 82.2 16.2 1.2
LSD 3.2 4.8 8.4 6.1 5.6

“Number of fruit per 100 flower clusters.

Table 3-2. Effect of Accel on hand thin requirement (time taken for hand thin after
June drop), mean fruit weight, yield, and return bloom of 'Hongro'/M.9 apple trees
treated with various rates at 10-mm fruit diameter. Sevin-XLR only or with NAA

were included for comparison.

Return bloom

Han-d thin Mean fruit Yield 2
Treatment requirement (Flower no/cm
(min/tree) wt (g) (kg/tree) TCSA)
Control 8.3 242 14.1 7.5
Accel 50 ppm 8.6 251 15.9 8.4
Accel 100 ppm 8.2 257 14.9 7.1
Accel 150 ppm 8.0 251 16.4 6.7
Sevin 800 ppm 7.9 245 14.7 9.1
Sevin 800 ppm +
NAA 3 ppm 7.5 251 15.8 10.2
LSD 0.5 6.2 2.8 2.1
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Table 3-3. Effect of Accel on fruit quality characteristics at harvest of 'Hongro'/M.9
apple trees treated with various rates at 10-mm fruit diameter. Sevin-XLR only or

with NAA were included for comparison.

Fruit Solubl
Treatment . h?;e Redness  Russet Firmness s(:)ll; d: Titratable
% 1-9)° /D8 idity”
wpy 9 09 @0smm) o acidiy
Control 0.91 92.8 1.8 3,205 14.8 4.43
Accel 50 ppm 0.91 90.5 1.5 3,408 15.2 5.10
Accel 100 ppm 0.90 89.4 1.7 3,412 14.5 4.73
Accel 150 ppm 0.91 92.7 1.6 3,518 14.3 4.58
Sevin 800 ppm 0.92 90.4 1.9 3,306 14.9 4.88
Sevin 800 ppm +
NAA 3 ppm 0.92 01.4 1.1 3,215 14.5 4.58
LSD 0.02 2.5 0.5 156 0.3 0.35

“Russet index: 1 = 0%, 3 =<1%, 5=1-5%,7 =6 - 25%, 9 = >25%.
"Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
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Table 3-4. Effect of Accel on fruit set, defruited cluster percentages, and fruit set
distribution of 'Fuji'/M.26 apple trees treated with various rates at 10-mm fruit

diameter. Sevin-XLR only or with NAA were included for comparison.

Total fruit Defruited Percentage fruiting sites with: King

Treatment . clusters fruit set
set ({Vﬂ)‘)’ Smgle Double >3 (% )
Control 129 25 41.0 25.5 33.5 83.8
Accel 30 ppm 120 22 44.2 29.2 26.6 91.5
Accel 100 ppm 132 28 42.8 30.2 27.0 84.5
Accel 150 ppm 119 30 40.7 27.7 31.6 86.8
Sevin 1000 ppm 113 35 48.3 26.7 25.0 88.2

Sevin 1000 ppm +

NAA 3 ppm 111 34 494 30.2 20.4 83.6
LSD 11.5 3.2 6.2 3.8 5.6 6.2

“Number of fruit per 100 flower clusters, determined after June drop.

Percentage fruiting sites with at least king fruit out of total fruited clusters.

Table 3-5. Effect of Accel on hand thin requirement (time taken for hand thin after
June drop), mean fruit weight, yield and return bloom of 'Fuji'/M.26 apple trees
treated with various rates at 10-mm fruit diameter. Sevin-XLR only or with NAA

were included for comparison.

Han.d thin Mean fruit Vield ]}eturn bloom2
Treatment requirement t (2) (ketree) (Flower no/cm
(min/tree) WIS > TCSA)
Control 10.3 261 14.8 5.82
Accel 50 ppm 8.9 265 15.3 4.94
Accel 100 ppm 9.3 259 14.9 5.39
Accel 150 ppm 9.7 266 14.6 6.02
Sevin 1000 ppm 8.0 260 16.1 5.85
Sevin 1000 ppm +
NAA 3 ppm 7.1 265 15.2 6.15
LSD 2.5 9 2.6 2.14
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Table 3-6. Effect of Accel on fruit quality characteristics at harvest of 'Fuj'/M.26
apple trees treated with various rates at 10-mm fruit diameter. Sevin-XLR only or

with NAA were included for comparison.

Fruit lubl
Treatment shlrlie Redness Russet Firmness SS(;E 3: Titratable
0 1-9)° O . idity’
(L/D) (%) (1-9) (g/P8mm) °Brix) acidity
Control 0.86 84 2.5 4,112 14.7 7.6
Accel 50 ppm 0.84 84 2.8 4,213 14.3 8.2
Accel 100 ppm 0.86 85 2.1 4,042 14.9 8.4
Accel 150 ppm 0.87 83 2.5 4,091 15.2 7.9
Sevin 1000 ppm 0.86 87 3.4 3,903 14.8 8.7
Sevin 1000 ppm +
NAA 3 ppm 0.87 84 2.8 3,982 15.5 8.3
L.SD 0.03 5 0.7 227 0.35 0.43
“‘Russet index: 1 = 0%, 3 =<1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.

"Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
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P A 6 3dA 'T=2/MI # ‘FA/MOE AEst AEtat T2 A7
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Table 3-7. Determination of optimal concentration of MaxCel as a postbloom thinner

for 6-year old 'Hongro'/M.9 apple trees: Effect on fruit set, defruited cluster percentages,
and fruit set distribution. Trees were treated with 0, 75 or 100 ppm MaxCel at 10-mm

fruit diameter. Sevin-XI.R only or with MaxCel were included for comparison.

Total fruit set”

Defruited clusters (%)

Treatment Terminal Lateral Terminal Lateral
Total Total

flowers flowers flowers  flowers
Control 972 a 8.8a 905a 339b 283 b 30.1c
MaxCel 75 ppm 80.1 ab 744 a 80.8 b 33.0 b 40.0 a 38.7 b
MaxCel 100 ppm 785 b 642 b 678 ¢ 438 a 442 a 424 ab
Sevin 1000 ppm 87.7 b 81.7a 828b 361b 402a 381D
MaxCel 75 ppm+Sevin 698 ¢ 6l.1 b 635d 467 a 459 a 46.7 a

“Number of fruit per 100 f

ower clusters.

"Mean separation within co.

umns by Duncan's multipie range test, 5% level.

Table 3-8. Determination of optimal concentration of MaxCel as a postbloom
thinner for 'Hongro'/M.9 apple trees: Effect on fruit set distribution within the
cluster, hand thin requirement, mean fruit weight, and yield. Trees were treated with

0, 75 or 100 ppm MaxCel at 10-mm fruit diameter. Sevin-XLR only or with

MaxCel were included for comparison.

. : : Time
% fruiting sites with: Mean :

Treatment ~ taken fc?r fruit wi Yield
: hand thin (kg/tree)

Single Double >3 (min/tree) (g)
Control 583 b 358 a 59 a 17 a 2427 b 152 a
MaxCel 75 ppm 529 b 372 a 98 a 16 a 245.0 ab 14.5 a
MaxCel 100 ppm 723 a 220b 5.6 a 12 b 2493 a 16.5 a
Sevin 1000 ppm 682 a 258 b 6.1 a 15 ab 2403 b 153 a
MaxCel 75 ppm+Sevin 749 a 21,6 b 34 a 12 b 248.5 a 16.2 a

“Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 3-9.
thinner for 'Hongro'/M.9 apple trees:

Effect on fruit quality characteristics.

Determination of optimal concentration of MaxCel as a postbloom

Trees

were treated with 0, 75 or 100 ppm MaxCel at 10-mm fruit diameter. 1000 ppm

Sevin-XLR only or with 75 ppm MaxCel were included for comparison.

Fruit : ~

Treatmen tape SGES (0 e (B AT
Control 088a 942a 23 a 4092 a 148 a 283 a
MaxCel 75 ppm 0.87 ab 90.5 a 1.9 a 4036 a 146 a 283 a
MaxCel 100 ppm 085 b 910 a 1.7 a 4082 a 143 a 3.03 a
Sevin 1000 ppm 0.86 ab 922 a 3.0 a 3770 a 1477 a 3.03 a
MaxCel 75 ppm +

0.87 ab 904 a 3.6 a 3877 a 142 a 323 a

1000 ppm Sevin

“Russet index: 1 = 0%, 3 =<1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.
"Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.
"Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 3-10. Determination of optimal concentration of MaxCel as a postbloom
thinner for 'Fuji'/M.9 apple trees: Effect on fruit set, defruited cluster percentages,
and fruit set distribution. Trees were treated with 0, 100 or 125 ppm MaxCel at
10-mm fruit diameter. 1000 ppm Sevin-XLR only or with 100 ppm MaxCel were

included for comparison.

Total fruit Dciruited % fruiting sites with:
Treatment z clusters
set (%) Single Double >3
Control 1074 a° 24.1 b 383 b 38.2 a 23.5 a
MaxCel 100 ppm 81.5 b 356 a 442 a 364 a 194 b
MaxCel 125 ppm 793 b 35.1 a 44.6 a 385 a 16.9 b
Sevin 1000 ppm 91.2 ab  29.6 ab 42.8 a 373 a 19.9 b

MaxCel 100 ppm-+Sevin 725 ¢ 383 a 48.1 a 394 a 125 ¢

“Number of fruit per 100 flower clusters.

"Mean separation within columns by Duncan's multiple range test, 5% level.

Table 3-11. Determination of optimal concentration of MaxCel as a postbloom
thinner for 'Fuji’/M.9 apple trees: Effect on hand thin requirement, mean fruit
weight, and yield. Trees were treated with 0, 100 or 125 ppm MaxCel at 10-mm
fruit diameter. 1000 ppm Sevin-XLR only or with 100 ppm MaxCel were included

for comparison.

Treatment rIe{(;ili?eil;Et f 11:/[ fjtn (@) (kzj:rl:e)
(min/tree)

Control 114 a° 268 b 16.5 a

MaxCel 100 ppm 8.1 b 272 a 17.1 a

MaxCel 125 ppm 8.0 b 272 a 16.5 a

Sevin 1000 ppm 10.6 a 270 a 16.7 a

MaxCel 100 ppm + Sevin 6.4 b 274 a 15.6 a

“Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 3-12. Determination of optimal concentration of MaxCel as a postbloom
thinner for 'Fuji/M.9 apple trees: Effect on fruit quality characteristics. Trees were
freated with 0, 100 or 125 ppm MaxCel at 10-mm fruit diameter. 1000 ppm

Sevin-XLR only or with 100 ppm MaxCel were included for comparison.

Fruit : \
Treatment ?51]1:));: Re(f/‘{l; > 1;3;? lzglggﬁsf (%Sr(i;() Acidity”
Control 0.86 a 85 a 22a 3409 a 149 a 8.9 a
MaxCel 100ppm 0.85 a 85 a 26 a 3305a 152 a 8.5 a
MaxCel 125 ppm 0.87 a 36 a 26 a 3413 a 154 a 3.0 a
Sevin 1000 ppm 0.86 a 33 a 22 a 3,315a 150 a 8.8 a
MaxCel 100 ppm * 4¢72 872  31a 349 a 156a 75a
Sevin

“‘Russet index: 1 = 0%, 3 =<1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.
Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.
“Mean separation within columns by Duncan's multiple range test, 5% level.
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1) =

MaxCel 100 ppm= 74 6~15 mm Al 7] A& d & o F
b BEH e, 2 FAME 12 mm A= A77F 7 -5 gk 59 50%)
2 HYHTable 3-13). & Alg 2] MaxCel EJJrl‘ﬂ H ﬂl“@(ﬂ =5 AA)9
; ﬂ

Ae=d, 12 mm # 8] 9 "‘1 Eﬁrﬂ 7t E9k k. MaxCele
Hod &= AAH, A F 2745 FAAA A #Hde xz
St FEglo] e 7] Al Feld
o] &= #F MaxCel Azlol] ojst Ao &HQFH AlTFe @0 = o]
(Table 3-14). MaxCel A zlo oA Aol A7|7t F7tsle= B
T8kl = xlol7k U MaxCel A2l &siA 2d izt A
2 2] gokri(Table 3-14).
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Fig. 3-1. 'Hongro' apple fruits from non-thinner control (A) and 100 ppm
MaxCel-treated trees at 12 mm (B). Note that non-thinner control shows a fruit
cluster tightly set, whereas MaxCel treatment made fruit cluster loose by abscising

some fruitlets.

Table 3-13. Determination of optimal application time of MaxCel as a postbloom
thinner for 'Hongro'/M.9 apple trees: Effect on fruit set, defruited cluster
percentages, and fruit set distribution. Trees were treated with 100 ppm MaxCel at
6, 9, 12 or 15 mm fruit size.

Total fruit Defruited Percent fruiting sites with:
Treatment "
set clusters (%) Single Double =3

Control 78.9 a’ 31.5 ¢ 512 ¢ 302 a 12.6 a
6 mm 494 b 50.6 b 66.9 b 25.5 a 7.6 b
9 mm 42.9 bc 533 a 798 a 144 b 58 b
12 mm 392 ¢ 575 a 799 a 15.1 b 50b
15 mm 44.7 b 5.1 B 779 a 151 b 7.0 b

“Number of fruit per 100 flower clusters.

*Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 3-14. Determination of optimal application time of MaxCel as a postbloom

.

thinner for 'Hongro'/M.9 apple trees: Effect on hand thin requirement, mean fruit

weight, yield, and return bloom. Trees were treated with 100 ppm MaxCel at 6, 9,

12 or 15 mm fruit size.

Hand thin Return bloom

. Mean Yield 2
Treatment requirement fruit wt (2) (ke/tree) (Flower no/cm

(min/tree) TCSA)
Control 8.9 a° 251 b 14.5 a 6.3 a
6 mm 63 b 255 ab 13.9 a 6.0 a
9 mm 5.7 b 2358 a 12.8 a 59 a
12 mm 5.6 b 254 ab 15.1 a 6.3 a
15 mm 6.8 b 259 a 14.9 a 6.5 a

“Mean separation within columns by Duncan's multiple range test, 5% level.

Table 3-15. Determination of optimal application time of MaxCel as a postbloom
thinner for 'Hongro'/M.9 apple trees: Effect on fruit quality characteristics at harvest.
Trees were treated with 100 ppm MaxCel at 6, 9, 12 or 15 mm fruit size.

Fruit _
Treatment EE?]I; e) Re(c{i)z)e > I({luj; ;::;[ lzgljr;;?;s; (OSBSIE() Acidity’
Control 0.88 a” 88 a 20a 3481 a 13.7b 328 ab
6 mm 0.89 a 92 a 1.8 a 3470 a 146 a 3.21 ab
9 mm 0.88 a 91 a 1.7 a 3392 a 142 ab 3.10 b
12 mm 0.89 a 91 a 14 a 3,198 b 148 a 3.23 ab
15 mm 0.89 a 86 a 1.8 a 3231b 141 ab 342 a

“Russet index: 1 = 0%, 3 =<1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.
"Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
"Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 3-16. Determination of optimal application time of MaxCel as a postbloom
thinner for 'Hongro'/M.9 apple trees: Effect on fruit quality characteristics after
storage (40 days at 37C). Trees were treated with 100 ppm MaxCel at 6, 9, 12 or

15 mm fruit size.

Firmness

Treatment (&/®8mm) SSC (°Brix) Acidity”
Control 3417 & 144 a 225 a
6 mm 3,287 b 142 a 2.20 a
9 mm 3,391 ab 13.9 a 2.28 a
12 mm 3,206 b 14.5 a 241 a
15 mm 3,183 b 143 a 248 a

“Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.
"Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 3-17. Determination of optimal application time of MaxCel as a postbloom
thinner for 'Fuji’/M.9 apple trees: Effect on fruit set, defruited cluster percentages,
and fruit set distribution. Trees were treated with 125 ppm MaxCel at 6, 9, 12 or

15 mm fruit size.

Total fruit Defruited Percent fruiting sites with:
Treatment . .
set clusters (%) Single Double >3

Control 78.5 a’ 26.0 b 36.2 b 422 a 21.6 a
6 mm 542 b 355 a 49.5 a 40.9 a 9.6 b
9 mm 519 b 36.2 a 51.2 a 41.8 a 7.0 b
12 mm 552 b 375 a 50.3 a 42.5 a 72 b
15 mm 593 b 355 a 49.5 a 40.2 a 103 b

“Number of fruit per 100 flower clusters.

"Mean separation within columns by Duncan's multiple range test, 5% level.

Table 3-18. Determmation of optimal application time of MaxCel as a postbloom
thinner for 'Fuji'/M.9 apple trees: Effect on hand thin requirement, mean fruit

weight, yield, and return bloom. Trees were treated with 125 ppm MaxCel at 6, 9,

12 or 15 mm fruit size.

Hand thin ) Return bloom

. Mean Yield 7

Treatment requirement fruit wt (2) (ke/tree) (Flower no/cm
(min/tree) S 5 TCSA)
Control 8.4 a° 263 b 16.2 a 52 a
6 mm 6.3 b 268 ab 15.9 a 5.1 a
9 mm 6.5 b 266 ab 16.9 a 4.9 a
12 mm 59 b 270 a 16.0 a 5.7 a
15 mm 6.1 b 266 ab 152 a 5.2 a

“Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 3-19. Determination of optimal application time of MaxCel as a postbloom
thinner for 'Fuji/M.9 apple trees: Effect on fruit quality characteristics at harvest.
Trees were treated with 125 ppm MaxCel at 6, 9, 12 or 15 mm fruit size.

Fruit , .
e g e e Fm S
Control 0.88 a 86 a 21 a 3545 a 148 a 3.21 a
6 mm 0.89 a 84 a 24 a 3502 a 152a 792a
90 mm 0.89 a 83 a 2.0 a 3514 a 150 a 8.82 a
12 mm | 0.89 a 83 a 1.8a 3,404 a 15.1 a 8.05 a
15 mm 0.90 a 82 a 2.5 a 3539 a 15.2 a 7.82 a

“‘Russet index: 1 = 0%, 3 =<1%, 5=1-5%, 7 =06 - 25%, 9 = >25%.
Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.
"Mean separation within columns by Duncan's multiple range test, 5% level.

Table 3-20. Determination of optimal application time of MaxCel as a postbloom
thinner for 'Fuji/M.9 apple trees: Effect on fruit quality characteristics after storage.
Trees were treated with 125 ppm MaxCel at 6, 9, 12 or 15 mm fruit size.

Treatment _ fglj'glgﬁ)s SSC (°Brix) Acidity’
Control | 3,105 a’ 14.6 a 6.04 a
6 mm 3,307 a - 15.0 a 592 a
9 mm 3,006 a 15.1 a 6.24 a
12 mm 3,327 a 15.0 a 6.05 a
15 mm 3,105 a 15.5 a 6.26 a

“Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.
"Mean separation within columns by Duncan's multiple range test, 5% level.

_78_



A4 A AgE AsiAe AaA e A

T8 A3 AJA=ZA ATSS AH{AZA MaxCels B AZsgS o,
‘2’0l A9 0.6% ATS + 100 ppm MaxCel A7} 71 £& A3la &
S BAY. &4 Lo Ao D= ol g 5 do Frhet &
2 TARA mHE BEHUG. ‘TA' A5 09%9 1.0% ATSO 125
ppm MaxCel2e W3 A=s$= W 2a34AHA AHf7E o|fd Az Y. vt
1.0% ATS9 A% A9 =7 T+ HAxFd o, 48X &aA
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T

= MM eE =
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972 98 Aste] Hun

=
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gty 18l ar ‘%iﬂ]}ﬂ}i 0.7% ATSE, ‘FANAM = 09% ATSE A gd
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ggto 2 ATSSF MaxCel?] @583 3 424 a3E AT

ANdoze JdoEE Fad &4 A 73 3wy ‘32/M9S
A3l ATSE 8% WAl 0, 06 £+ 07% =22 Z} 3% % 1059
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4% 2 5%

M ‘g279 23Eo] et oz A H 3 H(Table 4-1).
BA8 gzt v 2 dle] 0.6%$} 0.7% ATS # 8= sz Z} 34%9}F 44%9] TAE
& mglom, 100 ppm MaxCel BEAE 20%2 #AARALE Fisigirt
ATS 2} MaxCelS H 3l X a)lst9 S 1 MaxCel-2 9F 15%9] =715l A3 gaE
HEY. F23 shEn]& ATSeE MaxCelA glol] oA F7tstdih. @4 17
de 9e 35 ¥R ATS9 MaxCele] ¥= T #Hxgo] s F
H A= 0.7% ATS + MaxCel AHeoA] 714 vl o7 37] o|Ate]
O,

<)

olf

ATS2} MaxCelo]] 9
BTIA

=

PE= 3Fo vled 7oA A FAEHUAY 0.7% ATS Ao o3 A,
|, AAEF olos HEES o, Ao k7t A7t B2 T
' OF & A 3o =4 T U THTable

e N

=
R
2

YA
B

-1—4

=1
1
Z-
Ol
)

L2 E',] S

= (=

T AAMH(Fig. 4-1). 5 F o= Zol7F gidler, dr)stA
A O
=

Aol oM FLE= BEFe EAtH(Table 4-2).

Table 4-1. Effects of ATS and MaxCel on fruit set, defruited cluster percentages, and fruit set
distribution of 'Hongro/M.9 apple trees. Trees were treated with 0.6% or 0.7% ATS at 85%
full bloom, and half of them were treated with 100 ppm MaxCel at 10 mm fruit size.

eatment Total zfm it ]2 fuﬁsl{clﬁgg 'Percent fruiting sites with:
: set (%) Single Double >3
Control 158.5 13.9 44.8 33.2 22.0
ATS 0.6% 104.8 33.7 58.6 32.7 12.3
ATS 0.7% 89.0 38.2 61.3 28.9 6.5
MaxCel only 128.6 24.3 31.4 31.6 15.9
ATS 0.6% + MaxCel 82.3 44.0 64.9 28.5 7.1
ATS 0.7% + MaxCel 65.4 51.9 69.4 26.3 4.3
Significance
Maxcel xR ok ok %k & * k
ATS x MaxCel NS NS NS NS NS

“Number of fruit per 100 flower clusters.
NS% TR "Nonsignificant or significant at P < 0.05, 0.01, 0.001 or 0.0001

respectively.
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Table 4-2. Effects of ATS and MaxCel on hand thin requirement, mean fruit

weight, yield, and return bloom in the following season in 'Hongro'/M.9 apple trees.

Hand thin : Return bloom
Treatment requirement M can Yield (Flower

(min/tree) fruit wt (g) (kgftree) no/cm’> TCSA)
Control 12.8 252 15.1 6.2
ATS 0.6% 8.4 257 14.7 6.5
ATS 0.7% 6.9 256 15.4 7.3
MaxCel only 8.7 258 16.2 6.3
ATS 0.6% + MaxCel 7.1 260 14.9 6.9
ATS 0.7% + MaxCel 7.1 256 15.0 7.1
Significance
ATS Rk * NS NS
MaxCel * * NS NS
ATS x MaxCel NS NS NS NS

NS, *, *#=%

——

Nonsignificant or significant at P < 0.05 or 0.0001, respectively.

40
® Control
Hongro | . o 0 6% ATS
——-v——— MaxCel 100 ppm

30 - — - —F— - 0.6% ATS + MaxCel
<
oy
=
O 20 -
-
>
D
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50 100 150 200 250 300 350 400

Fruit size category (g/fruit)

Fig. 4-1. Distribution of fruit size category of 'Hongro'/M.9 trees treated with 0.6%
ATS, 100 ppm MaxCel or 0.6% ATS + 100 ppm MaxCel.
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MaxCel A Elo ol3fA FHLel F74/F7AnE&o] A7 FolAE A Yt
(Table 4-3). ATSo|| 2lsjA] o] oF7F WA A T 231;:_35 o _tf,L o] v) 3l 2=
B

Toloj A FE S AL olu

=
oA 714 77} ]_,421 Al oA FE} ﬁ,}%ﬂﬂl}ﬂh MaxCelOﬂ -4‘61 3

= #HAEX godrt. FaE oA MaxCeld] tldt Al g oA (A34) MaxCeld]
of gt W= o] %RE‘*EJ%I%E-. A, HsFdE B AdRdeE oud JIx
MR A gtk A 3ol 2AbE Ao EFZO JoME A 7+ foHel &
o= {13 THTable 4-4).

Table 4-3. Effects of ATS and MaxCel on fruit quality characteristics at harvest of
'Hongro'/M.9 apple trees. Trees were treated with 0.6% or 0.7% ATS at 85% full
bloom, and half of them were treated with 100 ppm MaxCel at 10 mm fruit size.

Fruit
Redness Russet Firmness SSC  Titratable

{reatment hAPS (%) (1~9)  @osmm)  (Brix)  Acidity

(L/D)
Control 0.88 87 1.5 3,776 14.2 3.26
ATS 0.6% 0.88 85 1.9 3,544 14.3 3.47
ATS 0.7% 0.89 90 2.7 3,547 14.7 3.32
MaxCel only 0.87 84 1.8 3,548 14.0 3.20
ATS 0.6% + MaxCel 0.86 87 2.0 3,596 14.2 3.58
ATS 0.7% -+ MaxCel 0.88 87 2.6 3,582 14.3 3.62
Significance
ATS | NS NS * NS bk NS
MaxCel * NS NS NS NS NS
ATS x MaxCel NS NS NS NS NS NS

“Russet index: 1 = 0%, 3 =<1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.
"Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.

"> % "Nonsignificant or significant at P < 0.05 or 0.01, respectively.
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Table 4-4. Effects of ATS and MaxCel on fruit quality characteristics after storage
of 'Hongro'/M.9 apple trees. ATS was sprayed at 85% full bloom, and half of ATS

treated-trees were sprayed with 100 ppm MaxCel at 10 mm fruit size.

Treatment l(:glfglgléisl? SSC (°Brix) ];tgia;iatl;lye
Control 3,384 13.7 2.29
ATS 0.6% 3,272 14.2 2.44
ATS 0.7% 3,253 13.9 2.40
MaxCel only 3,506 13.8 2.21
ATS 0.6% + MaxCel 3,466 14.0 2.35
ATS 0.7% + MaxCel 3,344 14.1 2.33
Significance

ATS NS NS NS

MaxCel NS NS NS

ATS x MaxCel NS NS NS
“Russet index:1 = 0%, 3 = <1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.

Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.

MNEgaze detse s &4 Aol 794 Add3d ‘Tx°/M.92
ATk ATS+ 8% WA 0, 09 EF 10% =& ZF & 3T 1059
backpack = 71& AF&3sle] APttt o] &+ ZE¥E2S 34 10 mm W} 125
ppm MaxCelS AHZ3tH T}t A3+ & Randomized Complete Block Designg
o] &30} 15 1HE o2 5ukE v X&),
Ao Hat3 sls o 2AYE Hdo 5 e
e del ), T stevle 9 AHREEZE AL U FHAL

+8A 9 A5 2ApEhg
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ATS 0.9%%} 1.0%0)] o3k &=k 7HAE zhzh 25%9} 33%9%) tH(Table 4-5). 125
ppm MaxCel @E5H = ATS 9EAHHRUE 237 A0 tH(13%). ATS<9}
MaxCele 3 Azgdoz oF 10~15%9 F714 AfALeHE 92 F U
o Hd= 17HE‘Jr"': DA @2 5o HlE&E ATSS MaxCelA 2ol oA
S Haste Held FF E¥e U Sy 17

Aol ofsi A FIFeER A, 37) oY A&

}'_,

U‘%EW A 7} ﬁ:ﬂﬂt AlZko} oFal A gloll ofsA 24~41% 7t @EEH =
b, ATS+MaxCel A #]FolA ZH7F 7FF ZUrHTable 4-6). FH=& ATSH
MaxCelx &) e]siA ZF7talict 3hd #do] Ao mE FEE
2o A E ATS® MaxCel Ao oA ¢ & A Aikeo] F7t
(Fig. 4-2). 822 1.0% ATS + MaxCel Az FoA ZAEE HAEgS
A 7E oAl Zole #EHA Fghrh

g AT ATSHEA o)A AAH Y =H(Table 4-6), ol “FX"A &
AdAHRFdo]l A3 T4 27 HFHSIEHE T AAF AT o}
Fdo Wg FosttheE AS v g

Aele FeEdd o FTFE XA FYriTable 4-7). ‘T2’ 5
ATS Al 7oA st FFsQed FA A ol e ATS Ede BBHX
oFokth. MaxCel2 34 F o] AXo] JFE v XA For}, 3/ A=A
A T Z2AE ALoN ¢ & A=AV oFHSS #AEATY & A rHTable
4-8).

H~l
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Table 4-5. Effects of ATS and MaxCel on fruit set, defruited cluster percentages,
and fruit set distribution of 'Fuji'/M.9 apple trees. Trees were treated with 0.9% or
1.0% ATS at 85% full bloom, and half of them were treated with 125 ppm

MaxCel at 10 mm fruit size.

Total fruit Defruited Percent fruiting sites with:

Treatment , clusters
set (%) Single Double >3

Control 89.2 22.8 49.0 30.5 19.5
ATS 0.9% 67.2 32.8 56.5 28.2 15.3
ATS 1.0% 58.9 35.0 53.9 33.7 12.4
MaxCel only 77.2 31.0 52.4 32.8 14.8
ATS 0.9% + MaxCel 57.5 42.5 59.8 29.7 10.5
ATS 1.0% + MaxCel 55.4 38.6 60.5 29.4 10.1
Sienificance
MaxCel * *x * NS *
ATS x MaxCel NS NS NS NS NS

‘Number of fruit per 100 flower clusters.

Table 4-6. Effects of ATS and MaxCel on hand thin requirement, mean fruit
weight, yield, and return bloom in the following season in 'Fuji'/M.9 apple trees.
ATS was treated at 85% full bloom, and MaxCel was treated at 10 mm fruit size.

- Hand thin Return bloom

Treatment requirement M cdn Yield Flower
(glin/tree) fruit wt (g) (kg/tree) 110/0(11?12 TCSA)

Control 7.8 264 16.1 4.8
ATS 0.9% 5.9 266 15.2 5.6
ATS 1.0% 5.2 268 15.5 5.9
MaxCel only 6.0 266 15.9 4.7
ATS 0.9% + MaxCel 4.6 271 16.5 5.6
ATS 1.0% + MaxCel 5.0 270 14.8 6.2
Significance

ATS - EE * NS *
MaxCel * * NS NS
ATS x MaxCel NS NS NS NS
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Fig. 4-2. Distribution of fruit size category of 'Fuji'/M.9 trees treated with 0.9%
ATS, 125 ppm MaxCel or 0.9% ATS + 125 ppm MaxCel.

Table 4-7. Effects of ATS and MaxCel on fruit quality characteristics at harvest of

'Fuji'/M.9 apple trees. Trees were freated with 0.9% or 1.0% ATS at 85% full
bloom, and half of them were treated with 125 ppm MaxCel at 10 mm fruit size.

Treatment ;T;Z Redness Russet Firmness SS(? Titrf:lt‘able
(%) (1~9)° (g/®8mm) (°Brix) Acidity”
(L/D)
Control 0.85 85 2.7 3,634 15.8 5.64
ATS 0.9% 0.85 82 2.3 3,444 15.5 5.34
ATS 1.0% 0.87 33 2.7 3,385 15.1 5.38
MaxCel only 0.85 80 2.3 3,519 14.5 4.38
ATS 0.9% + MaxCel 0.85 83 2.5 3,591 15.5 5.40
ATS 1.0% + MaxCel 0.86 83 3.4 3,664 15.6 3.54
Significance
ATS NS NS NS NS NS NS
MaxCel NS NS NS NS NS NS
TS x MaxCel NS NS NS NS NS NS

“Russet index:l1 = 0%, 3 = <1%, 5 =1 - 5%, 7= 6 - 25%, 9 = >25%.
*Amount of 0.IN NaOH used to titrate 15 ml of juice to pH 8.1.
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Table 4-8. Effects of ATS and MaxCel on fruit quality characteristics after storage
of 'Fuji/M.9 apple trees. Trees were treated with 0.9% or 1.0% ATS at 85% full
bloom, and halt of them were treated with 125 ppm MaxCel at 10 mm fruit size.

Treatment f;gmi? SSC (°Brix) T:g?;?gge
Control 3,050 15.7 4.70
ATS 0.9% 2,979 15.3 427
ATS 1.0% 3,013 15.6 4.43
MaxCel only 2,669 14.6 3.76
ATS 0.9% + MaxCel 2,649 15.3 4.40
ATS 1.0% + MaxCel 2,751 15.6 4.80
Significance

ATS NS NS NS
MaxCel * NS NS
ATS x MaxCel NS NS NS

“Russet index:1 = 0%, 3 =<1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.
Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.
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hel HadzgdE HAT ‘329 A ATS
R L, A A = ATS AHE & 24 A 5 H
w5 8% MaxCel A 5 49 A9} 6¢
2]

1. 3=

ATS 0.6%= 85% Tk 7l AHzgt = 100 ppm MaxCelS 7 10 mm A7)
o AEPE W &L 4% 7 ZFAEQTHTable 5-1). ATS ©EH# =
37%2] TAE HY5, MaxCel d=AdE 23% AL 742942 59}, &
A2 dz&+2F vBlalste] ATS+MaxCelH gldl| oA F23 slEFo v]&3F 13
23p Bpgo] Hlwo] 23% A FILE AT S 7] ol HYU S WE 3o
Bleas Ea4om Aol Ads A2 (ATS+MaxCel)o] X gtz &
g 4 A rHFig. 5-1).

Ao x ATS+MaxCel A 2o oA &4 3e A%+ A7He & T
tH(Table 5-2). #F A A (A g+525 8 A+A 2 H 3ol YHiEF L229

A2 & 65F°] AFE=H Hlste, ATS+MaxCelx 2]o] ofsjir e o 7 -

QEAT HLe HA7|= ATSeF MaxCel @5 o oJdA F7HE A=)

ATS+MaxCele] W sl ] ol A 7FAF 2o] Z=7}16}5 th4d.4%). &)A| wh

T ARt okt Akt £28E #Hde] AU g E¥XE 2 o ATSY

ATS+MaxCel *| 2ol A 7} o] Bo] AAEG S L brh(Fig. 5-2).

= el Aolrh gl duilg= ATSAHE O olsiA okzt EU)E gl o,

MaxCel2 o|u st J& % m X x| ekt (Table 5-2).

j
A wdd VA= 9%e ZAEE W dEE AT FHAA A
ofH Aol AEHA SR H(Table 5-3). T ATSO| oaiA] o3t F7shad
t}. 40 $ T A% 9% 9 AdeE gAdoz I gasgdA

b AL A A
=2

Aol WRE A BTH(Table 5-4).
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Fig. 5-1. 'Hongro' fruitlets from non-thinner control (left) and 0.6% ATS -+ 100
ppm MaxCel treatment, 15 days after MaxCel treatment.

Table 5-1. Orchard trial of the chemical thinning program developed for
"Hongro'/M.9: Effect on fruit set, defruited cluster percentages, and fruit set
distribution. Trees were treated with 0.6% ATS at 85% full bloom, and half of
them were treated with 100 ppm MaxCel at 12 mm fruit size.

Total fruit Tt Percent fruiting sites with:
Treatment 5 clusters
st (%) Single Double =3
Control 126.8 22.8 43.2 359 20.9
ATS 0.6% 79.3 40.1 60.9 28.0 111
MaxCel only 08.2 343 53.2 32.0 14.8
ATS 0.6% + MaxCel 71.3 45.6 65.2 29.5 5.3
Significance
ATS sk #osk ok & B
MaxCel e e * NS i
ATS x MaxCel NS NS NS NS NS
“Number of fruit per 100 flower clusters.

NS) *’ **, *

"Nonsignificant or significant at P < 0.05, 0.01 or 0.001, respectively.
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Table 5-2. Orchard frial of the chemical thinning program developed for "Hongro/M.9 trees:
Effect on hand thin requirement, mean fruit weight, yield, and return bloom.

Hand thin . Return bloom
Treatment requirement Mean Yield (Flower
(minftree) Ut Wt (g) o (kgltree) o2 TCSA)
Control 11.3 252.1 16.5 7.6
ATS 0.6% 7.2 260.2 18.3 8.3
MaxCel only 9.5 257.5 16.7 8.2
ATS 0.6% + MaxCel 6.9 263.5 17.0 8.9
Hand thin 65.2 266.7 17.3 9.3
Significance
ATS * &k * %k NS K
MaxCel B F * NS NS
ATS x MaxCel NS NS NS NS

NS, =|== Fk FEE

 Nonsignificant or significant at P < 0.05, 0.01 or 0.001, respectively.

40
® Control
........ O OG%ATS
Hongro ——-y———  (.6% ATS + 100 ppm MaxCel
4 - —-—#-—  Hand thin
30
S
9
S 20 A
-
o
D
LL.
10 -
0
100 150 200 250 300 350 400

Fruit size category (g/ffruit)

Fig. 5-2. Distribution of fruit size category of 'Hongro'/M.9 trees treated with 0.6%
ATS or 0.6% ATS + 100 ppm MaxCel. Non-thinner control is also included.
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Table 5-3. Orchard trial

'Hongro'/M.9 trees: Effect on fruit quality characteristics at harvest.

of the chemical thinning program developed for

Treatment SILI-;;Z Refiness Russe: Firmness DSS? Titr:at'able
(L/D) (%) (1-9) (g/®8mm) (°Brix) Acidity

Control 0.89 85 1.8 3,527 14.5 3.38
ATS 0.6% 0.88 86 1.7 3,635 14.8 3.05
MaxCel only 0.87 86 2.5 3,549 14.1 3.15
ATS 0.6% + MaxCel 0.88 84 2.0 3,508 14.6 3.42
Hand thin 0.88 85 2.0 3,468 14.8 3.25
Significance

ATS NS NS NS NS * NS

MaxCel NS NS NS NS NS NS

ATS x MaxCel NS NS NS NS NS NS
“‘Russet index: 1 = 0%, 3 = <1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.

"Amount of 0.1N NaOH used to titrate 15 m! of juice to pH 8.1.

™ "Nonsignificant or significant at P < 0.05.

Table 5-4. Orchard trial of the

'Hongro'/M.9 trees: Effect on fruit quality characteristics after storage.

chemical thinning program developed for

Treatment lzglggnmii)s SSC (°Brix) jitg?;?t:lf
Control 3,384 13.5 2.29
ATS 0.6% 3,355 14.4 2.34
MaxCel only 3,506 13.8 2.33
ATS 0.6% + MaxCel 3,417 13.4 221
Hand thin 3,452 13.8 2.15
Significance

ATS NS NS NS
MaxCel NS NS NS
ATS x MaxCel NS NS NS

“Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.
“Nonsignificant.
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B
ol

2 0.9% ATSE 85% /7)o A3E sk & MaxCel= 125 ppmo. 2 373
10 mm A7)0l A2 32 u} F 40%7) A5, ATSe MaxCel W #8225
747y 33%9F 17% A% 729 tHTable 5-5). ©)&]3F &} 7tas T3y 3%
o g 13} #3 HEe Wgo] Zrkety] ol thFig 53). T 37

] 1

ABHo g Ao 285 wFE FAALe] FAlA e ofshA T U
tH(Table 5-6). #al 4 2y oz £ 3}/A 342 fﬁﬁﬂﬁg Al U 338 0] &
85+ B ATS+MaxCel A 2lo A= oF 68 0] HQHQth Hdo Z7]+=  oF
Al X 2ol ofaj A wAAE AT HAH A oz deld oA Hde =
715 7HY sk, ATSHMaxCel AP E AU Z7|= FAHE g%
7ol HvlsiA T A FTHEATG%). TEE HFdS el =Tl wet
R Ae W TRk vaste] FAA o oA vl v Bo] AU
25 FHze 4 QArhFig. 5-4). =2 ATS+MaxCel A o)A k7t HASHE
Bds o A4 w2 giSiti(Table 5-6). i 7Hstel] mix= G
S 2R, ATSY MaxCele] W= dlo) os)A <7Fs9l 3, ATS+HMaxCel H
gPaelol) oA vl Ho] F7lE U TH(Table 5-6). MaxCelol] o}t 7§3}57F &3
T B2 AT OE AgolAs WEEHA Fol ofo gk HFol ©] olFHA &
@7t 9Tk

Qo] EALe ok Tle] oA gL wx &grrHTable 5-7). T s =
AA ol de IAER] AT ATS+MaxCel A 2] o} #al2 A 1A 2] -] A
b = A vebsth 31 A2 A & el FEEs 2AARES W, AT F
oA zpol= #/AEHA FUT Ao ARl A9 e HASH I,
FET T3 v 5S4 th(Table 5-8).

2=

ATS¢ MaxCelE 1 haoll AHBste=d AL d+= v &L ey Zo] F=AHG
o}, ‘T2 A kAW == H7uk(06% ATS 65Hg + 100 ppm MaxCel 51
Qﬁii TR A= = 73U 09% ATS 9wk + 125 ppm
< ATk o]y gl ‘;’wk?‘ﬂz#ﬂ Hl &2 &2 3/4 0o A5
H-8-Q1 240%H 3} n] o =) )T}

_93_



Table 5-5. Orchard trial of the chemical thinning program developed for 'Fuji'/M.9:
Effect on fruit set, defruited cluster percentages, and fruit set distribution. Trees
were treated with 0.9% ATS at 85% full bloom, and half of them were treated
with 125 ppm MaxCel at 10 mm fruit size.

Total fruit Defiuie Percent fruiting sites with:
Treatment 5 clusters
s (%) Single Double =3
Control 83.5 294 46.2 35.3 18.5
ATS 0.9% 60.8 374 532 34.2 12.6
MaxCel only T2 30.6 56.1 30.5 13.4
ATS 0.9% + MaxCel 50.5 45.5 39.3 30.6 10.1
Significance
ATS L ook Ea NS R
MaxCel L ¥ . NS A
ATS x MaxCel NS NS NS NS NS

“Number of fruit per 100 flower clusters.

NSRS ™Nonsignificant or significant at P < 0.05, 0.01, 0.001 or 0.0001,
respectively.

Fig. 5-3. 'Fuji' fruitlets from non-thinner control (A), 0.9% ATS (B), and 125 ppm
MaxCel (C), 27 days after full bloom (15 days after MaxCel treatment).
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Table 5-6. Orchard trial of the chemical thinning program developed for 'Fuji’/M.9

trees: Effect on hand thin requirement, mean fruit weight, yield, and return bloom.

Hand thin . Return bloom
Treatment requirement Mean Yield (Flower
(minfree) Tt Wt (@) (kefree) oem? Tesa)
Control 8.3 262.1 18.6 4.1
ATS 0.9% 5.9 266.2 18.2 6.2
MaxCel only 7.0 265.5 17.2 5.7
ATS 0.9% + MaxCel 6.1 270.5 17.0 6.9
Hand thin 33.0 2744 18.5 6.8
Significance
MaxCel E * NS *
- ATS x MaxCel NS NS NS NS

NS:, *1 * %k ¥ koK

> Nonsignificant or significant at P < 0.05, 0.01 or 0.001, respectively.

40
® Control
Fuii = | S 0.9% ATS
——-y——— 0.9%ATS+125 ppm MaxCel
30 - —-—y-—- Hand thin

Frequency (%)

100 150 200 250 300 350 400

Fruit size category (g/fruit)

Fig. 5-4. Distribution of fruit size category of 'Fuji'’/M.9 trees treated with 0.9%
ATS or 0.9% ATS + 125 ppm MaxCel. Non-thinner control is also included.
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Table 5-7. Orchard trial of the chemical thinning program developed for "Fuji'/M.9

trees: Effect on fruit quality characteristics at harvest.

Fruit

Redness Russet  Firmness SSC  Titratable
freatment ?}jﬁ‘g‘; (%)  (1~9 (go8mm) (°Brix) Acidity’
Control 0.85 84 2.6 3,605 15.0 6.05
ATS 0.9% 0.85 83 2.3 3,554 15.2 5.87
MaxCel only 0.86 32 2.8 3,592 15.0 5.90
ATS 0.9% + MaxCel 0.85 84 3.4 3,498 15.5 6.06
Hand thin 0.86 83 2.9 3,675 15.5 6.25
Significance
ATS NS NS NS NS NS NS
MaxCel NS NS NS NS NS NS
ATS x MaxCel NS NS NS NS NS NS

“‘Russet index: 1 = 0%, 3 =<1%, 5=1-5%, 7 =6 - 25%, 9 = >25%.
"Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.
"Nonsignificant.

Table 5-8. Orchard trial of the chemical thinning program developed for 'Fuji'/M.9

trees: Effect on fruit quality characteristics after 3 months of air storage at 3.

Treatment s SSC (°Brix) o
Control 3,025 14.8 4.53
ATS 0.9% 3,104 15.3 4.28
MaxCel only 3,082 14.9 4.35
ATS 0.9% + MaxCel 3,143 15.2 4.75
Hand thin 3,113 15.2 4.57
Significance

ATS NS NS NS
MaxCel | NS NS NS
ATS x MaxCel NS NS NS

“Amount of 0.1N NaOH used to titrate 15 ml of juice to pH 8.1.
“*Nonsignificant.
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