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Photosynthesis, Shoot Growth and Fruit Quality in ‘Fuji’/M.9 Mature Apple
Trees in Response to Prohexadione-calcium Treatments
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Abstract: This study was conducted to elucidate the influence of prohexadione-calcium (Pro-Ca) application on shoot growth
and fruit quality in ‘Fuji’/M.9 mature apple trees. Pro-Ca was applied at concentrations ranging from 100 to 400 mg-L'1 one
time at petal fall (PF; 5-10 cm terminal shoot growth) to the whole canopy of the tree, or at 100, 125, 150 mg-L" concentrations
two times, at PF and then 4-8 weeks after PF. Pro-Ca treatment generally reduced mean shoot growth, with its effect being
proportional to the application rate. Pro-Ca at 400 mg-L" significantly reduced the shoot growth by 15-22% compared to the
control, while its effect was not significantly different from Pro-Ca 200 mg-L'l. Pro-Ca treatments induced higher occurrence
of secondary growth compared to the control. Pro-Ca treatment increased the photosynthetic rate by 5-10% relative to the
control, and also increased soluble solid concentration and fruit red color. However, fruit weight was significantly reduced by
400 mg-L'1 Pro-Ca, which was attributable to the greater secondary growth caused Pro-Ca 400 mg-L" treatment compared

to the control and Pro-Ca 200 mg~L'1 treatment.
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ARRRO] A2 HA S & 3 Pro-Ca®] 214 4FsE
e s, F5 oA 9 A Soll wel thE ARt
HE 200mg-L" 0|52 243}3 9th(Byers and Yoder,
1999; Greene, 2008; Medjdoub et al., 2004; Schupp et al.,
2003; Yoon and Sagong, 2005). 121} 200mg-L" HLof A
NzAgo) s oAls) T Thaug W o] s
lth= X 31(Basak and Rademacher, 2000)7} ¢l+=7} 5}H
250mg L HE A= M.106 2 M.111 tj&of H=at
Aol A = A2 AA|E 7 QlSIths Hal(Miller,
2002)= Q= 5 AHARl whek Aatke] Zpo|7f A Haly
I Qlth

Pro-Ca A|z2Ab B ol S]Abof A= ARE-A] R of| Pro-Ca?
APEE 125me-L' S AXSHL gk e Sl
AL T A4S $ia) SAIE T el S5k 4
o] QL o5 2 A= Qs 79 o|$ = 22 A%
o] Al3lA WSl = 2 (Sagong and Yoon, 2010; Yoon et al.,
2005), 125mg-L'9] s E g I ‘T2 /M.9 AF}Ee]
SAE apd o g 7hAAZ 4= 9t Cho, 2004; Yoon and
Sagong, 2005). o]of| W AuiAlES AdEeR 2-33] 4
EFAL 250mg L FEE AELFEIL Qs Agolnk £
Qo) A= 250-450mg L HERE 13] AxsAL 5o
63-125mg-L"' =& 2-43] AFESH= = Pro-CaQ] AFEZA| 7|
= oF4] S EA X3t AEjo]th(Byers and Yoder, 1999;
Eltving et al., 2002; Greene 1999; Greene and Miller, 2005;
Prive et al., 2004; Schupp et al., 2003).

Miller(2002)= A7} 73t Alhite] Az RS at
o g AAEH| YaA= Pro-Cal] =2 AFLEK cumulative
dose)o] SOOmg-L'1 O| AL ]ojof 5}, 125mg-L'1 Trg
79 o 27} AEah 23} AHS IO oAt 5
kil sFcE 12y Yoon and Sagong(2005)-2 Pro-Ca 2
8] Aol e AR olAET T Al Hjol7}
7] Hizeoll AR Bt AskA AAls] siA =
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L5mQl ARPRE iAo R Fehilz7} 5-10cme] 23t 5
4 9ol iR BRVISL)E olg3te] 100, 150, 200,
250mg L' =R FyAA o] 242 13] A2]gt F(Pro-Ca
100, Pro-Ca 150, Pro-Ca 200, Pro-Ca 250)%} IOOmg-L'1 =
T2 59 9Yof| 12} AzJstal 452 331 69 5Yef 22} A7
3t J{Pro-Ca 100 + 100), 150mg-L" =2 59 9209 14}
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2L 22 BAEE FoUrh AlE wix]= 158 15t
HOg QA 4HEo]q]lr)

20050l = A7 AR O] AR S ety o
AAE 4= = A e @ AxHPS sk, A4
A7k 3.5 x 1L.5mQl ARPHRE tio s =427} go]
A= 4211 2m o]/4Fe] AdeFolut Pro-Cas: 4HXES
At AtAlZ7t 5-6cme] Dt 4 30g 0] vijEA B
712 o]83}e] 200, 250, 300mg-L" s=& 217+ 13] Az
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T 49 30Ye] 12} Aefstar 22f o] Sem WQ] 2 WAy
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WIS P FEI00] BRAFE ZANAT, FAF
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_Q_'E)‘]-OZ1 7L71—4 J_].M S 3H _'_(o]:JJ.:q ot Z7pH ) 94
Ht4HS Hunter a value2 4/\] 3t} 7FAl 113 % s}tk
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FF2 15 SmLE £5< 20mLE 3438 & 0.1N NaOH
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2010 0l= 79 19Yof] i HE IpchR] SRS 9
20j(F 10u) ] A Aste] FdEEE RARE F, SPAD
H]E|(SPAD-502, Minolta, Japan)E ©]-8510] $1o] A Hes
ZARIA B34 39 =% 7|(LI1-6400, LI-COR,
USA)E IAZE A = 3§(11-00 14:00) Z/\}‘S} 1:}, 5}
25 24 A7Hfe] F2ES 1,800-2,000umol -m”-s’, 7]e-&
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20031 AHTHAlRE Pro-Ca AFE 23 591 59 2320f| A
o] Zpo)7h T35k Vel Pro- CaA x%ﬂiiﬂ mT
2 AgRIA] g3} o} 150mg-L R 200mg-L R 250mg-L
A2 ol A AASHA AlzAgo] oA =21} 100mg L
& I "ol R, 100 + 100mg-L" 2|7 A 4]
A ZI7} WQkek Pro-Ca 150 + 150mg L #2]7= 4]
2R} Aol oA QAat 150me-L, 200mg-L", 250
mg L' A2|tets o7} YIIthFig. 1). 3L Ao
H|3l| Pro-Ca 2] = 3]0 BAglo] 79 o|Fof 2
2} Aol wek=t|(Fig. 1), ] Pro-Cag 250mg-L" %%
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Fig. 1. Changes in terminal shoot length in response to
prohexadione-calcium (Pro-Ca) application to ‘Fuji’/M.9 apple
tree in 2003. The data presented are the mean of four single
tree replicates + standard errors. Each tree replicate is the
mean of 10 shoots.
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¥ 31(Guak, 2013)9} H|223}9ich
=11 2m ofste] HaF A2 20031 2] %-¢- Pro-Ca®l
A AEeo] mE4E Wold|= AdE B, 4129 2
% B2 YAE)S Pro-Ca A 2]+t7} A2 2ot
3ol Stk ol#gh FAR2 2005\ o) =il ATk
(5721 2m o) RAPIAE FARHA Wbt L2t Pro-Ca
300mg-L" #2)Tte] 412484 oA A= Pro-Ca 200mg-L"
2] 9 23] A2 7Pro-Ca 150 + 150mg-L", Pro-Ca 200
+ 100mg-L™)9} §-2J3t o] 7} ggithTable 1). o] Alx
S Bt sl Ak} sl 150mg L o|ste]
T8 23] Abusls AR 300me L’ HEE 13] A2}
= Aol vfAstgtH= 2 1(Yoon and Sagong, 2005)2+=
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7} AR Wk Z(Table 1)-2 9H41 H3(Yoon and Sagong,

2005)= 394 GBS iAo R si9d uhy, B AEe =
A7} o] MEHs 8UA A5 ATHES fiifo R slol
300mg-L"9] Ay} SAof vlsl AT os W
o2 2R whekA 20063} 201000 $2417}
A 450 MRS ©S A 2A|X 71314} Pro-Ca
o] AirrE 400mg-L' 714 &St

200611} 201049 2231 2m ©]3}Q] Hat AlZAL 29 1
T $3)2]o] vl Pro-Ca A 2|77} FHaslgout, 20064
== Pro-Ca 200mg-L™ #]@]tato] FLxjlo] Hla f-oJ3t
ko] 7} Q1S EK(Table 1). 22k WY E-L 2@ WF Pro-Ca
400mg-L" H2]77}F 714 =9ka1, Pro-Ca 200mg L™ 2]

= FAeael 2olzt glgict.

Pro-Ca #|2]of whe At Az W GAs o= Hs}

Table 1. Effects of Pro-Ca on shoot growth and the percent occurrence of the secondary growth of ‘Fuji’/M.9 apple tree over

4 years.
Year Treatment Mean shoozt growth Mean shoot growth Percent shoots showing the
by May” (cm) by December (cm) secondary growth (%)

2003 Control - 21.2 a 6.1 a
Pro-Ca 100 mg-L" - 19.0 abc 12.0 a
Pro-Ca 150 mg-L" - 16.1 bed 9.8 a
Pro-Ca 200 mg-L" - 13.6 d 8.6 a
Pro-Ca 250 mg-L" - 14.2 d 10.3 a
Pro-Ca 100 + 100 mg-L" - 19.2 abc 9.5 a
Pro-Ca 150 + 150 mg-L" - 15.6 cd 8.8 a

2005 Control 25.6 a 295 a 85b
Pro-Ca 200 mg-L" 120 b 19.3 bc 20.0 ab
Pro-Ca 250 mg-L" 109 b 25.0 ab 224 ab
Pro-Ca 300 mg-L"' 69 b 16.0 bc 19.2 ab
Pro-Ca 125 + 125 mg-L" 120 b 17.8 bc 18.7 ab
Pro-Ca 150 + 150 mg-L" 10.0 b 17.2 bc 19.4 ab
Pro-Ca 200 + 100 mg-L" 10.5 b 14.4 ¢ 269 a

2006 Control - 334 a 129 ab
Pro-Ca 200 mg-L" - 17.8 b 99 b
Pro-Ca 400 mg-L" - 25.9 ab 232 a

2010 Control - 248 a 129 b
Pro-Ca 200 mg-L" - 210 b 14.0 ab
Pro-Ca 400 mg-L" - 206 b 17.6 a

“For 2003, 2006 and 2010, shoot growth was measured for the shoots located below 2 m of tree height, while measured

from those above 2 m for 2005.

YMeans followed by the same letter are not significantly different using Duncan’s multiple range test at p = 0.05 for each year

within columns.
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=2 2A}517] $15ke] 20049 0]| Pro-Ca2: 150, 200, 250, 300
mgeL! SER AT ¥ AP 25 Fo} 45 o AT
£ A58l GA) S AT 1 A3 Pro-Ca A 5
£7} %895 GA, FRFS hasiorl A2 45 Fo) 38
He 295 2SIl HE It ARER v|AA).

ol2 gt 20044 HEHIZ ) GA, e AT vlgo] w
of, & Algloll A Pro-Ca A2]7.0] 23} WAl o] 572 wic}
=3 Z(Fig. 1 and Table 1) Pro-Cag AMEslH Aj]& o
2 HES YEE GAxolA a2 A2]2] 2do] Fof
W GA | 029 HehtA]S Apetheli A MZAIS FaAlA
2] X 343 F9F AR AA|SIAWHEvans et al., 1997,
1999; Rademacher, 1995; Schupp et al., 2003), ~1 o]Zof=
Pro-Ca®] GA 34 oAl AT} HojA T Aol et 8
2] ol Hwl ATk S WRAR A2} o) A
2 AR wlEo 2 7w it Basak and Rademacher,
2000; Elfving et al., 2002; Medjdoub et al., 2004; Winkler,
1997; Yoon and Sagong, 2005). E3F, 20063} 20104
Pro-Ca 2] 7tof| B+t 41272] 2to]7}h gIld A Pro-Ca
o] Ael st oS 23 AR A=t AsfiAths 2
(Yoon and Sagong, 2005)* &, Pro-Ca 400mg-L'1 2 2]+9]
22} BFAE0] Pro-Ca 200mg L' ]t Ec} £9b7] gio
2 A7 Rk Table 1). %, -§27]0 Pro-Ca] 18] 435
7} 284E HE AR HEIV} RolNE Aol
AR K Yoon and Sagong, 2005), Ad557]oll= Pro-Ca2] 13]
AESE7E300mg- L7 oVoR FolAE Az 22 AR
o] A HF 2B A &I} Pro-Ca 200mg L
18] A2 79h w]ZalAc Table 1),

oz
200393} 20051 T2 A2 7ol LR FFrel L
=7 [e]

THEEL A7k fIgle: 12y 200697} 2010 T2
Pro-Ca 400mg-L" A2|7gt £xj2] Rt Wokeh 7184
TEE R 2006137} 20101 H%E Pro-Ca 200mg L 3]
gt At E o =9k, AF SRS 2006EYE Pro-Ca
Ae]atzo] FA RN FolshA =quth 2HY == 2006
|3} 2010 K5 Pro-Ca A|2|4-50] FA]2]q et F2ls)
Al =4t Table 2).

Pro-Ca A|2]= 5 9 F80) JF& vAA] et
H 31(Awad and Jager, 2002; Byers and Yoder, 1999; Guak,
2013; Mayr and Schroder, 2002; Prive et al., 2004)7} ¢l+=7}
shel BE 9 748A WHE Fe] AATRe H(Basak

and Rademacher, 2000; Greene, 2008; McArtney et al., 20006;
Medjdoub et al., 2004; Schupp et al., 2003) 22> zH4 ol
7V 1 E SheFo] 2 Qitk= B 3(Costa et al., 2004;
Evans et al., 1997; Greene, 1999) It} & AJFoA =
20033}t 2005 2] 7H-9- Pro-Ca A e|q-52] el E4e F
22]9} Zpo| 7} Q1ZIA|E, 20062} 20104 o= Pro-Ca 400
mg-L" 2] e] 2o T2k} 7445911, Pro-Ca A
2le] 7hea MRE Fht A4 YES BAjelnc) 27}
= Aol UUcKTable 2).

| thof] FEFe = GAs FolA 7Y Sadt 43S
k= 212 GA1¥ GA4°|tH(Tromp, 2005). ©]of| & Al of|A]
= 20069 Pro-Ca A3 119 3(5¢ =) A U GA T}
GA4 oFd2 Al & A3, Pro-Ca A3 vt #2545
GA1TF GAy o] WolAl= Aol AUMI(At= v]A|A),
o] o 3=of| Pro-Ca 400mg L' H=& AHS o A
2 59 & 9 W GAr ¥ GA4 3heFo] FAjg|tH ot dA|st
Al s ke 2il(Kang et al,, 2010)9F F LAt o
A 7FA7} 23 RS ok U AAle] A g
WolAIAIE, o 50] S Slat BaMHRS| Anlw gk
BolA Al THAo] Aol WAt Bpate] HEAAL
7k Aetelo] o] whge] U 4717} e 5
AaIE 7Ptk I8 A JthKim et al., 2006). = A]
o A= Pro-Ca 400mg-L" A 2] 7Le] 23} HAYEL 4|2
Weh gelab 2ok, B = RA R Mo}
(Tables 1 and 2).

wleha] 2 AJF oA Pro-Ca 400mg-L"' ] 2]7te] ko]
A e tET Yol | Zl(Table 2)2 Pro-Ca 2o wh&
A122] 221 A7 (Table 1)of ofsf| HH= HAFd FoME0]
22} ARl R AREQY] B E(Kim et al, 2006)0] AL}
5 O NZEE B ARl F3E = 8 E s
9] GA FA(Tromp, 2005)2 Pro-Cao] Aoz A5}
7] YEoz2 FAETHGreene, 1999; 2008).

ok, Pro-Ca A efol ofeh 2H4 41 &37f 2006193}
201010 SATE A(Table )& AU} 255
Sepo] EalA] 4 ) BERo] 7HAICH B (Eecher
and Granelli, 2006; Granger et al., 1986)5 u]Fo] Hol,
2003 d0fl= A AIA7E 4.0 x 1.5mo]aL, 2005 ol 3 3t
Aol F& 49 URE Ao shof tlaTe] FA 4
%7} 16.9-17.9(hunter a value) A= 2FH, 200631} 2010
Yo YAMEL 3235 x 1.2-1.5m=, thx1o] 2 Je
7} 14.9-15.4(hunter a value) A== 2}t7] w20 Pro-Cao
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Table 2. Effects of Pro-Ca on mean fruit weight and some fruit quality attributes of ‘Fuji’/M.9 apple tree over 4 years.

Year Treatment Mean fruit weight” SsC Titratable acidity Fruit red color
(g (°Brix) (%) (Hunter a value)
2003 Control 294 o’ 13.2 a 035 a 179 a
Pro-Ca 100 mg-L'1 283 a 133 a 035 a 183 a
Pro-Ca 150 mg-L" 280 a 129 a 033 a 18.2 a
Pro-Ca 200 mg-L"* 289 a 131 a 0.35 a 185 a
Pro-Ca 250 mg-L"* 274 a 13.0 a 0.33 a 185 a
Pro-Ca 100 + 100 mg-L'1 289 a 131 a 0.36 a 181 a
Pro-Ca 150 + 150 mg-L'1 294 a 129 a 033 a 18.0 a
2005 Control 382 b 138 a 0.27 a 169 a
Pro-Ca 200 mg-L"* 402 ab 13.2 a 0.30 a 189 a
Pro-Ca 250 mg-L" 380 b 134 a 0.29 a 18.2 a
Pro-Ca 300 mg-L"* 397 ab 124 a 0.29 a 189 a
Pro-Ca 125 + 125 mg-L" 427 a 139 a 0.29 a 17.7 a
Pro-Ca 150 + 150 mg-L" 405 ab 134 a 0.28 a 184 a
Pro-Ca 200 + 100 mg-L’1 426 a 129 a 0.27 a 182 a
2006 Control 366 a 141 b 030 b 149 b
Pro-Ca 200 mg-L" 355 ab 154 a 0.39 a 187 a
Pro-Ca 400 mg-L" 332 b 145 b 0.36 a 19.0 a
2010 Control 275 a 123 b 032 a 154 b
Pro-Ca 200 mg-L"* 264 ab 131 a 0.30 a 191 a
Pro-Ca 400 mg-L" 261 b 12.5 ab 0.32 a 183 a

“For 2003, 2006 and 2010, data were collected from whole canopy; for 2005, data were collected from above 2 m of tree

height.

YMeans followed by the same letter are not significantly different using Duncan’s multiple range test at p = 0.05 for each year

within columns.

ofgt A% oflE L 2] SO oloizl FoR A7
It Tables 1 and 2). T3k, ¢4 ®E3(Yoon and Sagong,
200500141 Pro-Ca Aejo] me 24 571 &I/} IE A
o NFARA 39 SR AF TA AESES] 42
o] N&E H ArR fto] A=A ghok7] wiEel Ao
2 2459t

Qlo| SPADZ I} TStMAE
2003 797 Pro-Ca A 159 B &
24.1cm”> MY 2 23] 9] 25.4cm* e} 2 AgFo]

9515
(Fig. 2A), B g=(specific leaf weight)> Pro-Ca #| 2|7}
8.8-9.Img-cm” W2 Fx2]9] 8.7mg-ecm” B} & Ak

o] A3AtHFig. 2B).
20109 797 Al F3F 4o =M Ao} FAAIEE

= Pro-Ca 2|77} T2 R} =& 7o) 911, Pro-Ca
400mg-L" A7} 7 Edth 7B EES SASE
I A] Pro-Ca 400mg-L" 2|37} 7} =9tk Table 3).
= A]&e] A¥)Fig. 2 and Table 3)2} 2] Yoon and Sagong
(2005)3} Lee et al.(2010)2 Pro-CaS AFLshH, 1o WA
2 FAjEEch HolHAT 91o] Tt HEA TR wil
& FobA Pro-Ca A e]19] 33520 FA e tET} =
oS Alolekal 245F31 AL, Guak et al(2001) $19] HA
2 Pro-Cac]l Gk WhA] ¢FA|uk, 125-250mg L 9]0l A]
HYe2 AExsErt 2248 S7RItaL a9ty %3
Glenn and Miller(2005)+= G-%27] Afli}5of| Pro-Ca2 450
mg-L! FEE ARSI 5w A7 9] Wae FojEgle
U =3 AR PR A do] WA e v
Al

‘]
o il
A gholekan shiiul, of @Al Pro-Cacl oJs) 7 Qe
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el ego] Zrle19ly] oz AztEL),

web 2 Ao Pro-Ca H2| 0] 7184 1HE Fhe
g ZPAo] FLAje]|thet =2 ko] I Z(Table 2)>
Pro-Ca A 2o oJaf 4l 7 o] oA = HA|(Table 1), 5~
W 3 FE3}-8&o| &0}z 1(Glenn and Miller, 2005; Privé et
al., 2004), H|GZ0] St ol(Fig. 2B), FdE=7F St
3}917] Wj¥(Table 3).& AJZF=|Qlch. Eak 200617} 2010
dof Pro-Ca 200mg-L" 2] 7-2] H5o] Fxjg]e} Zo|7}
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Fig. 2. Effects of Pro-Ca on mean leaf area (A) and specific
leaf weight (B) of ‘Fuji’/M.9 apple tree in 2003. The data
presented are the mean of four single tree replicates *
standard errors. Each tree replicate is the mean of 30 leaves.
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Table 3. Effects of Pro-Ca on SPAD value, photosynthetic rate, stomatal conductance and transpiration rate of ‘Fuji’/M.9 apple

tree in 2010.

Photosynthetic rate”

Stomatal conductance” Transpiration rate”

Treatment SPAD value (umol-m’z- 1 (mol-m'z's'l) (mmol-m’z-s'l)
Control 52.5 b 15.7 ¢ 0.31 ¢ 584 b
Pro-Ca 200 mg-L" 53.5 ab 16.5 b 036 b 6.11 b
Pro-Ca 400 mg-L"* 55.4 a 17.3 a 0.39 a 6.75 a

“Measurements were made between 11:00 and 14:00 on July 19.
YMeans followed by the same letter are not significantly different using Duncan’s multiple range test at p = 0.05.
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