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Abstract

The effect of planting density (330-3178 trees/ha) on net production (t DW/ha/y) and partitioning was studied in 11 to 13-
year-old ‘Starking Delicious’ apple trees on M.9, M.26, M.7 and MM.106 without pruning. On all rootstocks, individual annual
dry matter production ( 4pn) and annual dry matter production per tree of fruit (fd), leaf (1d), branch (.4 pb), trunk (4 pt) and
root ( Apr) decreased as planting density (p) increased. The density effects on Apn, z (1d, Apb, Apt or Apr) and fd could be
represented by the following equations, respectively: 1/ 4 pn=A,p + B,, 1/z=A,p + B,, and fd =K exp (-kp). On all root-
stocks, net production ( 4Pn) and net production of leaf (Ld), branch ( APb), trunk ( 4Pt) and root (4 Pr) increased as planting
density (p) increased, but on three rootstocks excluding M.26, the net production of fruit (fruit production: Fd) was maximized
at the optimum planting density (p,,). The density effects on 4 Pn, Z (Ld, 4 Pb, 4 Ptor 4 Pr) and Fd could be represented by
the following equations, respectively: 1/ 4 Pn= A, + By/p, 1/Z= A, + B,/p, and Fd = H'p/(A,p + B,)". Partitioning ratio into
leaf (Ld/ 4 Pn), branch (4 Pb/ A4 Pn), trunk ( 4 Pt/ 4 Pn) and root (4 Pr/ A Pn) increased as planting density (p) increased, but
that into fruit (Fd/ 4 Pn) decreased. The density effects on Z/ 4 Pn (Ld/ 4 Pn, APb/ APn, APt/ APn or APr/ 4Pn)and
Fd/ 4 Pn could be represented by the following equations, respectively: 1/(Z/ APn) = A; + Bs/p and Fd/ 4Pn =K’ exp (-k'p).
The relationship between fruit production (Fd) and net production ( 4 Pn) could be represented by the following quadratic
function: Fd = —a,( 4 Pn)? + b,( 4 Pn) + ¢,. The relationship between fruit production (Fd) and partitioning ratio into fruit (Fd/
A Pn) could be represented by the following quadratic function: Fd = —a,(Fd/ A4 Pn)? + by(Fd/ A Pn) + c,. The relative relation
between the net production ( 4 Pn) and the partitioning ratio into fruit (Fd/ 4 Pn) was defined as A Pn/(Fd/ 4 Pn), and the
relations between fruit production (Fd) and A Pn/(Fd/ 4 Pn) plotted on the log~log coordinates (Fig. 6) showed the same
pattern as the log Fd~logp curves (Fig. 2). From these results, it was suggested that the density effect on fruit production is a
phenomenon that APn/(Fd/ APn) changes with planting density, and, as a result, fruit production changes.
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Table 1 Effect of planting density on fruit set percentage and
harvested fruit number per tree in ‘Starking Delicious’ apple
trees on M.9, M.26, M.7 and MM. 106.

Tree age Planting density  Fruit set Harvested fruit

Rootstock

(years) (trees/ha) percentage” number per tree
M.9 12 623 14.3¥ 352
1185 12.9 197
3178 8.1 47
M.26 11 623 9.2 453
1185 7.8 184
3178 7.7 28
M.7 13 330 8.6 564
623 7.1 357
1185 7.0 143
3178 6.4 20
MM.106 12 330 13.6 776
623 7.6 541
1185 6.7 226
3178 7.0 36

“Calculated as (number of setting fruits/number of flowers) x 100.
Y Values are means of two trees.
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Table 2 Effect of planting density on annual dry matter production per tree of each organ in ‘Starking Delicious’ apple trees on M.9, M.26,

M.7 and MM. 106.

Rootstock Tree age  Planting density Annual dry matter production per tree (kg DW/tree/y)
(years) (p: trees/ha) Fruit (fd) Leaf(1d)  Branch (4pb) Trunk (Apt) Root(Apr)  Total (Apn)
M.9 12 623 10.80” 3.86 1.87 0.87 1.35 18.75
1185 6.08 3.05 1.77 0.85 1.28 13.03
3178 1.26 1.64 1.50 0.78 1.12 6.30
M.26 11 623 14.47 5.53 2.24 1.23 1.65 25.12
1185 5.52 3.84 2.10 1.10 1.49 14.05
3178 0.78 1.77 1.91 0.95 1.36 6.77
M.7 13 330 14.79 10.68 6.39 1.81 421 37.88
623 9.29 8.73 5.50 1.63 3.59 28.74
1185 3.48 6.08 4.14 1.58 2.63 17.91
3178 0.48 3.04 2.14 0.90 1.34 7.90
MM.106 12 330 20.20 10.17 4.04 1.35 3.32 39.08
623 13.11 8.15 3.68 1.25 2.83 29.02
1185 5.74 5.63 3.44 1.05 2.14 18.00
3178 0.90 2.64 2.24 0.76 1.24 7.78

% Values are means of two trees.
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Table 3 Regression coefficients between reciprocal of annual dry
matter production per tree (1/ Apn), reciprocal of annual dry
matter production per tree of each organ (1/z) or fruit dry
matter production per tree (fd) and planting density (p) in
‘Starking Delicious’ apple trees on M.9, M.26, M.7 and
MM.106. Refer to Table 2 for abbreviations.

Tree age 1/ Apn=A,p +B,, Correlation
Rootstock (years) 1/z*= AzppvL B, olrp fd :]Ke’kp coefficient (r)
M.9 12 1/ Apn=0.00004p + 0.0278 0.999%**

1/1d = 0.00014p + 0.1690 0.999**

1/ 4pb = 0.00005p + 0.5033 0.999**

1/ 4pt=0.00005p + 1.1159 0.999**

1/ Apr =0.00006p + 0.7076 0.999%**

1/fd = 0.00029p — 0.1239 0.993**

fd = 17.236 ¢ 00080 0.999%*

M.26 11 1/ Apn=0.00004p +0.0177  0.997**
1/1d = 0.00015p + 0.0845 0.999**

1/ 4pb = 0.00003p + 0.4357 0.981**

1/ Apt=0.00009p + 0.7786 0.980%**

1/ Apr=0.00005p + 0.5948 0.950**

1/fd = 0.00050p — 0.3123 0.992%*

fd = 24.692 ¢ 00!1p 0.993%*

M.7 13 1/ Apn = 0.00004p + 0.0138 0.999**
1/1d = 0.00008p + 0.0645 0.999**

1/ Apb=10.00011p + 0.1192 0.996**

1/ Apt=0.00017p + 0.5048 0.999**

1/ Apr=0.00020p + 0.1519 0.999**

1/fd = 0.00074p — 0.3509 0.983**

fd =18.561 ¢ 00120 0.992%%

MM.106 12 1/ Apn=0.00004p + 0.0126 0.999**
1/1d = 0.00010p + 0.0624 0.990**

1/ Apb=0.00007p + 0.2214 0.995%*

1/ Apt=0.00020p + 0.6854 0.997**

1/ Apr=10.00018p + 0.2469 0.999**

1/fd = 0.00039p — 0.1658 0.984%*

fd = 26.085 ¢ *0011P 0.995%*

“z indicates 1d, Apb, Apt, Apr or fd.
** Significant at the 1% level by #-test (n =6 for M.9 and M.26
trees, and n = 8 for M.7 and MM. 106 trees).
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Table 4 Effect of planting density on net production of each organ in ‘Starking Delicious’ apple trees on M.9, M.26, M.7 and MM.106.

Rootstock Trecage  Planting density Net production (t DW/haly)
(vears)  (p:treesha) — Fryit(Fd)  Leaf(Ld) Branch (APb) Trunk (4Pt) Root(APr) Total (APn)
M.9 12 623 6.73 2.40 117 0.54 0.84 11.68
1185 7.20 2.10 1.01 1.52 15.44
3178 4.00 477 2.48 3.56 20.02
M.26 1 623 9.01 3.45 1.40 0.77 1.03 15.66
1185 6.54 4.55 2.49 130 1.77 16.65
3178 2.48 5.63 6.07 3.02 432 21.52
M.7 13 330 4.88 3.52 2.11 0.60 139 12.50
623 5.79 5.44 3.43 1.02 2.24 17.92
1185 412 7.20 491 1.87 3.12 2122
3178 1.53 9.66 6.80 2.86 4.6 25.11
MM.106 12 330 6.67 3.36 133 0.45 1.10 1291
623 8.17 5.08 2.29 0.78 176 18.08
1185 6.80 6.67 4.08 124 2.54 2133
3178 2.86 8.39 7.12 2.42 3.94 24.73

“ Values are means of two trees.
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Table 5 Regression coefficients between reciprocal of net
production (1/ 4 Pn) or reciprocal of net production of each
organ (1/Z) and reciprocal of planting density (1/p) in
‘Starking Delicious’ apple trees on M.9, M.26, M.7 and
MM.106. Refer to Table 4 for the abbreviations.

Tree age 1/ APn=A.+B./p or Correlation
Rootstock (years) 1/27= A43+ B;/;f coefficient (r)
M.9 12 1/ APn=0.0413 +27.6/p 0.999%*

1/Ld=0.1342 + 174.8/p 0.999%**
1/ APb=0.0532 +499.7/p 0.999%*
1/ APt=10.0470 + 1123.2/p 0.999%*
1/ APr=0.0608 + 704.5/p 0.999%**
M.26 11 1/ APn=0.0448 + 13.0/p 0.914*
1/Ld = 0.1486 + 87.3/p 0.999%*
1/ 4Pb=0.0356 + 424.8/p 0.999%*
1/ APt=0.1125 + 746.0/p 0.999%**
1/ 4Pr=0.0638 + 570.2/p 0.999%*
M.7 13 1/ APn=10.0343 + 14.8/p 0.999%*
1/Ld =0.0816 + 66.3/p 0.999%*
1/ 4Pb=10.1038 + 121.0/p 0.999%**
1/ 4Pt=0.1651 +495.5/p 0.997%**
1/ A4Pr=0.1709 + 179.0/p 0.998%**
MM.106 12 1/ APn=0.0353 + 13.6/p 0.999%*
1/Ld = 0.0953 + 66.0/p 0.998%**
1/ APb=0.0640 + 227.5/p 0.999%*
1/ APt=10.2241 + 660.6/p 0.999%*
1/ 4Pr=0.1841 +239.7/p 0.999%**

*Z indicates Ld, 4Pb, APt or APr.
**and* Sionificant at the 1% and 5% level by #-test (n = 6 for M.9
and M.26 trees, and n = 8 for M.7 and MM. 106 trees).
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Fig. 1 Relationships between net production ( 4 Pn) and planting
density (p) in ‘Starking Delicious’ apple trees on M.9, M.26,
M.7 and MM.106. Markers express mean value of two trees.
Numbers in parentheses indicate tree age. The log 4Pn~logp
curves on each rootstock were described by the reciprocal
equation (6).
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Fd = (fd)p ©)

LEFETEXHDT, Fd & p oItk T 5E%ERE, R (3),
@) BID (9) mb, kA (10) L LTHEHTENTES.

Fd=H'p/(A,p + B)" (10)

52 RIE& B ARBIC KT 2 EE (10) THHE L.
logFd~logp FIfR A Y4 Titd7d D TH 5. M.26 BAE ~ &
», FEABE SR (100 THV- 72 logFd~logp HAfRITSEHI
EoBxrRFEL, X 10) NREEERCHET EE
RXE L THAMOB N LRI Tk, 2N
Dy DR EAPE BN KIS 7 B Bl HAREE (p,,) DFFAE
DRRDH AL, py L,

Pop=Bi/A (R = 1) (an

b, wE, X (1) TM9, M26, M.7 % X 08 MM.106
BARBICR TS p,, KitHT 2 &, ThEh 675, 345, 321
3 L 0V358 8 /ha ME B, ARERTO p,, NHEETE 5.
PDEo X5, RFEAERCETHHEEDSRER (10) 12
5 TR RERE T 5 HEHRR () EABTH
BT EDED LI, REAFERITHAEEE OBt - T
BT, p,, CIRAICEL THLEDIIEL 5 2 £2VRE
Nt 7ok, RELAEBCETLIHEEDRN (10) LxE
thoftiEERCRET2EEDREN (7) M2 DED, v
AF v 7 HEmC A0, B OB, R X OB 2R
BEREAhS 1 THoeDK LT, REAERIS > 1

—@—MJ9 trees (12)
—0O—M.26 trees (11)
—A—M.7 trees (13)

- A= MM.106 trees (12)

Fruit production (Fd: t DW/ha/y)

100 1000
Planting density (0 : trees/ha)

Fig. 2 Relationships between fruit production (Fd) and planting
density (p) in ‘Starking Delicious’ apple trees on M.9, M.26,
M.7 and MM.106. Markers express mean value of two trees.
Numbers in parentheses indicate tree age. The log Fd~logp
relations on each rootstock are well fitted by the curves given
by the equation (10).

ThotcZ Lt X b (FERE - B, 1960).
6. MEEEOHAENANERICRIZTBEREDLE
B E 2 T Lich Wil X OEb WA Y v Tl
R HMAEREOBHANG IR AE 3 KR L. M9 A
KENZ I 2 AL O 5 Bl & B 5 &, 623 18 /ha Tl
REN0.576 LI b <, RWTHED 0.205, KD 0.100,
D 0.072 LHLE, #iX0.046 LR LECFTEEKRTH - 7.
3178 18 /ha TIXRFE~DOHFELRIL 0200 & 7o b, FAEEE
DI > TEM Y R L. LaL, 3E K, #®
X OBADOSERIE, ThEh 0260, 0238, 0.178 % X
080.124 &7 0, HAEBEE OHIMCAE > THIN L e,
EREOMEEL, M.26, M.7 3 L O MM.106 BB T 72

Partitioning ratio into each organ (Z//Pn)

623 1185

3178 623 1185 3178330

(d)
OFruit
ElLeaf
| EIBranch
ETrunk
M Root

623 1185 3178 330 623 1185 3178

Planting density (trees/ha)

Fig. 3 Effect of planting density on partitioning ratio into each organ (Z/ APn) in ‘Starking Delicious’ apple trees on M.9, M.26, M.7 and
MM.106. (a) M.9 trees (12-year-old); (b) M.26 trees (11-old-year); (c) M.7 trees (13-old-year); (d) MM.106 trees (12-old-year). Z
indicates Fd (fruit), Ld (leaf), 4Pb (branch), APt (trunk) or APr (root).
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Table 6 Regression coefficients among net production of each organ, net production and partitioning ratio into each organ in ‘Starking
Delicious’ apple trees on M.9, M.26, M.7 and MM.106. Refer to Table 4 for the abbreviation.

Fd Ld APb APt APn Fd/ APn  Ld/ APn APb/ APn APt/ APn
Ld —0.706**
APb —0.872%* 0.903**
APt —0.854** 0.754%* 0.931**
APr —0.872%* 0.845%* 0.980** 0.970%*
APn —0.669** 0.994** 0.938** 0.854** 0.915%**
Fd/ APn 0.914**  —0.869**  —0.974**  —0.925%*  —-0.977** —0.886**
Ld/ APn —0.646* 0.925%* 0.749%* 0.536* 0.673%** 0.775%*  —0.767**
APb/ APn —0.915%* 0.824%x* 0.974%* 0.919%* 0.970%** 0.860**  —0.988**  (0.703**
APt/ APn —0.814** 0.593* 0.835%* 0.971** 0.905** 0.727**  -0.856**  0.368™ 0.859%**
APr/ APn —0.891** 0.703** 0.908** 0.939** 0.961** 0.785**  —0.955**  0.565* 0.958** 0.926**

ns % and x Tngionificant and significant at the 1% and 5% level by #-test, respectively (n = 6 + 6 + 8 + 8 = 28).

HHh, REERETMEANDOGERIMIF IS &, FEA
DHEEBENEE D, PICREBEREMALANOGEEI T E S
&, REAOHGEERERMIFIEI NS LW SBIRIC > T3
EDRbhot, TOZ LY, REAOGERK L FFAEREL
TALADHRLER & ORI KT 2 HEANATHD Z b b
WHEThD (B63R). FEROMNRIL, A6 - S (1995
LD TG,

7. MAEEOBFADEER L FKIEEEDORKR

A B B OBMAN G FLER & HER S OBItR A v o 2 F »
7 TS T L., 29, 3E, B, Bk X ORA
DIFELE D EL (1/(Ld/ APn), 1/( APb/ APn), 1/( APY APn)
IO APt/ APn)) EHMEEE OWE (1/p) & OBk
IR T ORER, 1/(Ld/ APn), 1/(APb/ APn), 1/(APY
APn) 5 X O 1/(APr/ APn) & 1/p DL, FEAR & $ 1E
DEBIAENEDLN (7%, Ld, 4Pb, APtk X
CAPr &% 7 THEILT D &, I, B, BB X O~
BT AW, RO X5 M (12) TEIhi

1/(Z/ APn)= A+ By/p (12)

(A & By 130, BAROHE S L OSHiLIc & - T&{b+
5 HRE0

Pbns, %k, Bk IOBRA05EERL Thbo
MAERE & & [FERIC, BAEFEE OB > TnL, <©n
TEEERICB N T—EtT 5 &2/RE T Palmer
(1988) 1% 4444 ~ 8889 15} /ha P T D HM B LBk & 1T
W, BEADOG IO HEEE OB L Z T ot l &k
WMELTWE0, ZHIEARBROEERG LM T5 L, &
HIESFMETCORBIC L D IEAOHEN—EL Lictd & H#E
EIND.

—7, BREAOSEFRICB L Tix, F0if (1/(Fd/ APn))
LR (p) DI, &HEAEE L IEOHFER RS
Robh (73, PHX, 1/(Fd APn)=Ap+B, (A &
B, 13480, AAROFEEY X OWIC X » TELT B 5750
BAL LT 5 X 5 iz, Lo, M26 BAE Tt
DRIEHEE D BESER LD BRTE), vadRAF v 7
P A Lo Te. F 2T, 2 ToBABCEET 58

BozoWTHE LR, RE~OGHEE (Fd/ 4Pn) &3
MEE (o) ok, X (13) OB RHTULE
LT EnFEdbLhe EE4R) . E-T, FEEADHEERIC
B o&Eshduy, X (13) TEIhLHLDEELZLNS.

Fd/ APn=K’exp(-k'p) (13)

(K" & k" B ARofEEIC X » TELT 5550
7ok, A (1D TRDIp, K (10), (7), (13) L O
(12) QA U CTEE L7 Fd, Ld, APb, APt, APr, Fd/ APn,

Table 7 Regression coefticients between reciprocal of partitioning
ratio into each organ (1/(Z/ 4 Pn)) and reciprocal of planting
density (1/p) or reciprocal of partitioning ratio into fruit
(1/(Fd/ 4Pn)) and planting density (p) in ‘Starking Delicious’
apple trees on M.9, M.26, M.7 and MM.106. Refer to Table 4
for the abbreviations.

Rootstock Tree age 1/(Z* 4 Pn)= As+ By/p Cor‘re'lation
(years) or I/(Fd/ APn)=Ap+B,  coefficient (r)
M.9 12 1/(Ld/ 4 Pn)=3.5963 + 799.2/p 0.999%*
1/(4 Pb/ A4 Pn)=3.1111 +4422.1/p 0.988**
1/( A4 Pt/ 4 Pn)=5.4458 + 10439.0/p  0.990**
1/( A4 Pr/ A Pn)=4.1004 + 6299.5/p 0.986**
1/(Fd/ 4 Pn)=0.0029p + 0.7698 0.995%*
M.26 11 1/(Ld/ 4 Pn)=3.4499 + 606.2/p 0.834*
1/(A4 Pb/ A Pn)=1.6781 +5921.1/p 0.999%*
1/(4 Pt/ 4Pn)=4.0352+10192.0/p  0.999**
1/(A4 Pr/ A Pn)=2.6131+7859.5/p 0.999**
1/(Fd/ 4 Pn) =0.0028p — 0.3581 0.995%*
M.7 13 1/(Ld/ 4 Pn)=2.6117 +334.1/p 0.956**
1/(4 Pb/ A Pn)=3.6215 + 808.7/p 0.972**
1/(A4 Pt/ 4 Pn) = 8.0802 + 4520.5/p 0.964%**
1/( A4 Pr/ A Pn)=5.7867 + 1130.0/p 0.975%*
1/(Fd/ 4 Pn)=0.0050p + 0.1188 0.994**
MM.106 12 1/(Ld/ 4 Pn)=29141 + 326.7/p 0.976**
1/( 4 Pb/ A Pn) =3.2829 +2271.1/p 0.969**
1/(4 Pt/ 4 Pn)=10.5110 + 6425.2/p  0.959**
1/(4 Pr/ A Pn)=6.4136 + 1917.9/p 0.953%**
1/(Fd/ 4 Pn) =0.0024p + 0.7462 0.988**

*Z indicates Ld, 4Pb, 4Pt or APr.

#+ and & Sionificant at the 1% and 5% level by #test, respectively
(n=6 for M.9 and M.26 trees, and n =8 for M.7 and MM.106
trees).
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Fig. 4 Relationships between partitioning ratio into fruit (Fd/ APn)
and planting density (p) in ‘Starking Delicious’ apple trees
on M.9, M.26, M.7 and MM.106. Markers express mean
value of two trees. Numbers in parentheses indicate tree age.
** Significant at the 1% level by #-test (n =6 for M.9 and
M.26 trees, and n = 8 for M.7 and MM. 106 trees).
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Fig. 5 Relationships between fruit production (Fd) and net pro-
duction (4 Pn) in ‘Starking Delicious’ apple trees on M.9,
M.26, M.7 and MM.106. Markers express mean value of two
trees. Numbers in parentheses indicate tree age. ** Signifi-
cant at the 1% level by #-test (n =6 for M.9 and M.26 trees,
and n = 8 for M.7 and MM.106 trees).

Table 8 The estimated values of net production of each organ, net production and partitioning ratio into each organ at optimum planting
density (p,,,) in ‘Starking Delicious’ apple trees on M.9, M.26, M.7 and MM.106. Refer to Table 4 for the abbreviation.

Tree age Pont Net production (t DW/haly) Partitioning ratio
Rootstock 7 h
(years) (treesha) pgv [ g Apb* APE AP APn*  Fd/ APn® Ld/ APn® APb/ APn' APY APn' AP/ APn'
M.9 12 675 7.13 254 126 0.58 091 12.42 0.576 0.209 0.103 0.048 0.074
M.26 11 345 9.25 249 0.79 0.44 0.58 13.55 0.686 0.192 0.053 0.030 0.039
M.7 13 321 5.82 347 2.18 0.59 1.37 1343 0.383 0.274 0.162 0.045 0.107
MM.106 12 358 7.99 3.58 1.43 048 1.17 14.65 0.513 0.261 0.104 0.035 0.085
“Calculated by the equations (11).
»xwandv Caleylated by substituting P,y into equations (10), (7), (13) and (12), respectively.
" Calculated by the equation (2).
Ld/ APn, APb/ APn, APY APn % X ONAPr/ APn X (2)  Fd & APn OBIGRA RN L 72
TEIE L7 4Pn %5 8 TR T
! Fd = —a,( 4Pn)*+ b,(APn) + ¢, (15)

8. RELEBLMLEEEDHDIVIIRE~NDHEROKEFR

—ffic, RHEEER (Fd) 3R (APn) OKEX
ERFEADOHELE (Fd/ 4Pn) ORKEILCL->TRES. F
thb, kX (14) TERIN%S.

Fd= APn x Fd/ 4Pn (14)

WoT, ZOBREMH 2L, Fd OE\D APn DFE\IT
X BDH, Fdl APn DN X B DO EHBCTH I &
WTE%., £ I T, FdiZk3 % APn & Fd/ APn DR %
WS T Hicdic, ¥ Fd & APn DRIFRICO W THRE
L7z, Fd & APn ORI AR I BAEE (= 0.669%*) HFE
Hbhhteh B63R), TOBRIIE,L-/ koT, XD
WA OB A RS, BRSO PR A
Tote. FOfEE, Fd & APn & OEIICIE, &EABE D
X (15 OZEBEBOBNINRED bR BS5K). ok,
M.26 BARBHT OV TiE, 200 #f /ha ic3s13 % Fd & APn %
rhrzhdk (10) & (6) #HOTHIL, chbaimz T

(a, by FIOc, 3L BEROBERIC L > TELT S
(5YQ)

Wiz, Fd & Fd/ APn DBAREZ RS-, Fd & APn D
BAtR & MItRic, AARBHEC L HA L PR 2T -7 2D
fE59L Fd & Fd/ APn ORI, r=0.980 ~ 0.999%* i
TR (16) OZREBNBRSHEE T EnRBDbR
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WTHERTL, chba Nz CTFd & Fd/ APn D B4R % iRt
L.

Fd = —a,(Fd/ APn)’+ b,(Fd/ APn) +c, (16)

(a, b, &L Oc, (28D & AROMBIC X - TELT %
FRED

DA ED#ER D, REARERIIMAER & RE~OHE
ROMGIZBERL, Lrd eh bl “RBEKIBER TS %
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Fig. 6 Relationships between fruit production (Fd) and net
production/partitioning ratio into fruit ( 4Pn/(Fd/ 4Pn)) in
‘Starking Delicious’ apple trees on M.9, M.26, M.7 and
MM.106. Markers express mean value of two trees. Numbers
in parentheses indicate tree age.

THEIETE 5. APn/(Fd/ APn) % i %I, APn & &
50, Fd/APn E T X H50DODFENE2 LIS
2, Fd/ APn i3 APn & B AU HBIRCIE R4 % D T, APn/
(Fd/ A Pn) & 5113 A Pn 2 Ed 5 FEROADNER) T
BrHrEvzh —J, BEETOERGCERAENZ, APn/
(Fd/ APn) 2K F & % TR APn/(Fd/ APn) (TS % Z &
WWEoTRIETE S, ZO¥H, 4Pn K Il
Fd/ APn (X BB S £ 5 DT, APn/(Fd/ APn) &K F X
HHIITAPn KT I HFRYENIR VI LI 5.
CHONPBELEEDD RICBE OBRMEEEHEIEONETH
Do fef2 L, A RE R IIE DML RE & & HBABR Y B B DT
(6%, MAERORMIEORAICL > RETES
LD EEZ LD, T X BB oW EBUE B T
X, TEHRRTFLIBHEIEAEZRD, BEEORET-
e bREMEARFT 5 &5 FHVEER Y, BEOREIC X Hilid:
EEDEBIREEL DN .

I, B 8 Fh HILTBALFIMARE Bk X OBALGI 55 Al
NEROFEIHICEAGR 7 <, Fd>Ld> APb> APr> APt &
Fd/ APn>Ld/ APn> APb/ APn> APr/ APn> APt/ APn ®
IHICIA TN B Z ENRBDBNSD. IR ERERE I
BT BWOTH- T, WEHFEE LT oo i dyE 4 2RI
HRLTWHLDEMHMEIND. i, M9 & M26 BK
BCIE M7 & MM.106 AARBHC il L €, RE~DSEER
NEWEEAAR LIS, S, bR E b
BARE & DA TR DA IRT L O T, B E
BLORFEAOHERICERZRB LKL T, REE
EMAEDOTL L5 EE2LLRS.

wm

MiAEPER (CHHE /ha/ ) &= OBHARNSFLC I8
TEEEE O 8 2 B R AE D o\ M3 L OB\ B AR F
AV va ‘Rx—Fv 7 «FY v R B LR
L. AEFEMEER (dpn) LRE, E B, BRIV
B 112470 0 FEREFER (fd, 1d, Apb, AptsLApr)
X, BEAREE S HEBE (o) oINS TR L
Apn, z (d, Apb, Apt BB\ Apr) kX O fd B8+ %
TSR, FhER 1/ Apn=Ap+B, l/z=Ap+B, ¥
XU fd=K exp (-k'p) &\ o BIFRA TR I e, MiAER
(4Pn) EL3E, K%, ¥k L OMoMMAER (Ld, 4Pb, APt
FLOAP) 13, FAENEE LKL (p) OWINCfE-
THML. LasL, REEER Fd) 12 M26 5ARBILL
NOEARE T, ThiRKICT 5RERBEHEE (p,)
HAE LT, APn, Z (Ld, APb, APt H B\ E APr) B X
O Fd B3 2 BES R, £hZEh 1/4Pn=A;+B,/p,
1/Z=A,+B/p ¥ XL O Fd=H'p/(A,p+B) L5 THEX
e BEOR, B X OO EER (Ld/ 4 Pn, A Pb/A Pn,
AP APn k5 X OV APr/ APn) 1%, FEARE & b HMEE (o)
DI - THIN L ey, REAOHER (Fd/ 4Pn) 1%
WA Ut Z/ APn (Ld/ APn, APY/ APn, APY APn % %



430 B2 -

M3 AP APn) & Fd/ APn B33 2 EEFL, FhFh
1/(Z/ APn) = A5+ Bs/p & Fd/ APn =K’ exp (-k'p) £ \» 5 AT
KInr FEEERS Fd) Li4ERs (4Pn) OBRRE, X
Fd=-a,(4 PnyY+b(APn)+c, TEIN, REAERE Fd) LR
FEADIELE (Fd/ 4Pn) DOBEFRE, 2 Fd=—ay,Fd/ APn)
+b,(Fd/ 4 Pn)+c, TEIhfe. MiAdERE (APn) EFEHE~AD
S (Fd/ APn) DEFIBESR%A APn/(Fd/ APn) & EFE L
T, BFEAER (Fd) & APn/(Fd/ A Pn) % log~log Bz X
AT B E, WMEDORRIL (BB 6 X) X log Fd~logp i
2R LD A2 —vER LI, UEOfER»L, R
FAPERICEET A MESIF, BMBEIC X > T APn/(Fd/
APn) BEAL L, FRIT X o TREAERIELT 2HE
tEZ2bNIA.

# OB ARBRoSEmcEE LT, duERERRS 0%
BEBEE, &0 HHEHE, HRAREFCREKRO I
EaTE. CCRAELTELS#HELYETS.

51 B SRk

FRERIK « HFRAK « BRFERS 1958 7y 7 a v o4k
Tk JETHOME & HEFHEE OFE— 57D DA
ARERBOMHAIER 2 Al & U fii—. EBAERE
8:36-49.

FEREAIK « IG5 EE. 1960, a0 w2 A5 » 7 M.
p.272-304. TF RAERMR. A7 AR2 Bl 4EBL T

Jackson, J. E. 1970. Aspects of light climate within apple
orchards. J. Applied. Ecol. 7: 207-216.

BEER - EEEIE. 1995, Y TIMIEEE: & s Y
vl ST O LB IS Lo L. FE A
64:509-515.

HHBZ « TEME. 1999. b\l L bbb EEAF]

TFHER

)

MY v T OIERERICRIT TR O, M
68:312-320.

RHHZ - TERE. 2000. btk X O EbWHEAAF
A v T OTEFTEROC BT TR DR, A
69:298-307.

RG22« TIEME. 2002. M.26 H\WEAARFIA Y~ 2
I\ B AR FERE S & OGBSI ST TR L O R
54 71: 544-552.

REAZ - TEMEZ. 2004 bk X OEbWEAAR
FR Y v Tk 0 2 Bl & % & OBIfh.
54,  73:250-258.

BEWGZ - THERME. 2006, bWk L OEbWEHARE
FIALEY v T ‘2Ax—F%v 7« FY o2 BoR
RN BT TR L OB, 7M. 75: 91-99.

BHZ « TEMNE « EILRIE. 1997. bW s 03D
WHEBRFIH Y v TBhC R 13 5 MR E & REIWED
BAGR. M 66:35-43.

BHEZ « TIRE « TEMEZ. 1996 b ks L0
WHEBARFIHEY v Il ks 5 REEE L AR O
R FEEHE. 65:227-236

Palmer, J. W. 1988. Annual dry matter production and partition-
ing over the first 5 years of a bed system of Crispin/M.27
apple trees at four spacings. J. Appl. Ecol. 25: 569-578.

Shinozaki, K. and T. Kira. 1956. Intraspecific competition among
higher plants. VII. Logistic theory of the C-D effect. J. Inst.
Polytech. Osaka City Univ. Ser. D7: 35-72.

Tustin, D. S., P. M. Hirst and I. J. Warrington. 1988. Influence of
orientation and position of fruiting laterals on canopy light
penetration, yield, and fruit quality of ‘Granny Smith’
apple. J. Amer. Soc. Hort. Sci. 113: 693—699.



