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Summary

Photosynthesis in orchards were compared between 528 canopy shapes of an apple ‘Fuji’ in which all conditions

except for the canopy shapes were exactly fixed. This simulation experiments were pursuited using a formula to

estimate net photosynthetic rates of leaves and a model method. The model method consisted of the three

dimensional virtual grid and the orchard light environment analyzing system (OLEAS, Yamamoto, 1999). As the

results, improvement of orchard photosynthesis was found owing to difference of the canopy shape. The order of the

orchard photosynthesis among the 29 prototypes of canopy shapes was almost similar to that of the light environment

(Yamamoto, 2016). The same tendency also existed for the other two fruit tree species (Japanese persimmon and

cherry). A close relation between daily mean of leaf PPFD (DMPPFD) and daily mean of net photosynthetic rate

(DMPN) was found, but the relation was like a zonation and was not like one-track. The coefficient of variation of
DMPN in the 528 canopy shapes was smaller than that of DMPPFD. The light saturation curve of the photosynthesis
which was different at every hour in the daytime was considered as a cause. The effects of partial deformation

treatments on photosynthesis in orchards were investigated using the 528 canopy shapes of ‘Fuji’. The order of

improvement of the orchard photosynthesis among the 14 types of deformation treatments was almost similar to that

of the light environments (Yamamoto, 2017).

Key words : daily frequency distribution of net photosynthetic rate, leaf PPFD, light environment in orchard,

simulation, three dimensional virtual grid
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Table 1. The classifications of canopy shapes as prototype.

Codes Contents
A Trellis
B Body of revolution
C  Body of non-revolution
G Annular continuum of a cross section of foliage
E  Helix continuum of a cross section of foliage
Q  Annular scatter of an unit foliage (starting angle was same in all stairs)
H Annular scatter of an unit foliage (starting angle was shifted in each stair)
S Annular scatter of unit analogous foliages with disordered inclination angle
V' Annular scatter of unit analogous foliages with different size
X Annular scatter of unit analogous foliages with disordered inclination angle

and different size

Helix scatter of an unit foliage (starting angle was same in all circuit)
Helix scatter of an unit foliage (starting angle was shifted in each circuit)
Helix scatter of unit analogous foliages with disordered inclination angle
Helix scatter of unit analogous foliages with different size

Helix scatter of unit analogous foliages with disordered inclination angle
and different size

Radial scatter of foliages from the canopy center

Radial scatter of foliages from the canopy bottom

Disconnected scatter of large foliages

Top canopy and bottom one were different

Southern canopy and northern one were different

Canopy composed of four slender canopies

Canopy composed of two flat canopies

Canopy which CACOAS constructed

Canopy in which each foliage scatters with same distance

Canopy in which each foliage is randomly distributed

Special canopy which did not belong to A-L
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Table 2. The classification of partial deformations of canopy shapes.
The elliminated leaf blocks were finally relocated to another
empty blocks within original canopy as prototype using

random number in order to keep the total leaf block number.

Codes Contents
h Contraction of number of leaf blocks in a set area in the grid

Elimination of leaf blocks in a central area in the grid

Elimination of leaf blocks in a bottom area in the grid

Elimination of leaf blocks in a radiate area in the grid

Elimination of leaf blocks in a northern area, a southern area or the

both in the grid

u Elimination of leaf blocks in an oblique downward area in the northern
side, an oblique upper area in the southern side or the both

q Elimination of leaf blocks in several stairs, several rows or the both
in the grid

s Elimination of leaf blocks in the lengthwise erea cut off using several
cross section in the grid

j Elimination of leaf blocks within simple formed solids with
regularly-interval distributing in the grid

i Relocation of leaf blocks to delete large agglomerates after
diagnosis of the foliage distribution

b Relocation of leaf blocks to rise proportion of surface leaf blocks after
diagnosis of the foliage distribution

m Relocation of leaf blocks to decrease proportion of light leakage
to ground after diagnosis of the foliage distribution

g Relocation of leaf blocks to avoid simultaneous being of
under-population of leaf blocks and the overcrowding after diagnosis
of the foliage distribution

X Rotation of whole canopy

- 0T =~




34

DOHIEE (@), B4 2B Z B CRERIZE ) H-
TTELHHMNETT Y 7 ORIk (s), SFHFEICHIEL
7ZZHATEIENOE T Ty 7 ORI (), KRE&ETD
v 7 ROkRE (), BMERBIIZBT AT Ty 7 HH
E ORI (b), HE s SO E G O L
(m), ¥E7uv 7 OBBRFEREOHITHIEHLIE (g)
B L UBA 2R AEE HW2BDER £ 2 2 & o izt
B (x) Thol: (BB2FR). DN L 72850
FHUE LR oBEEM S WEORLS) 12k, BN
Hogimgs EO/NLFT VT 77Xy 8) 42D
LIS 0% CHIOBT) ZEML7zb0 (&
FRI7TEORLT) Tho7.

2. REBEXRESLURBERERD IaL—2 3
CEB &

FEERERE T — & 12OV, BEE (LA, 20165 11
R, 2017) THOLNZL DR ZFD T EFREGH T — 412
iz, 20w 212, REERDGAERO LKERICBIT 5
BIESMCIE, REEDLEREE O IRFER D & & DRESR
A (AR, 2016 5 IhAR, 2017) c&<HLUbOEH 7
B, FENOEEFEP->T, T THEICRRLTEBE
72w, DFD, HLWKRESOED) LT (BHEHIR
#)3.5m, ek H ) BR 5 K9 0.6m, B PE A 1) PR Am 4
SO ACEIIE IR 4m), &5 L w3Es, S5 s
), A8 BEEE 4m 35 & OV B ] BE A 6m o0 FRRE B AE, 7]
— W — R (BT 7 A T HoMERN 2R H &
SRHOEFET—5, FMx3. 22 & 050
wZF0FERAN AW 3WIcE 7 ) v Fiddm X
4m X Am DR, 10 %2155 L2 0T, #BeEHlR
21871y 7w (3428m), HHEEMEIREIX3 70y
7% (5057lm) ThHo7z. Fhh s, FHLAL (LAlo
=1186), THTA®Y ¥ T'5 L OETO vy 7 NIER
BEOFYHEE L O SO MERZO3IE»HHE L
E ) M TZEHNIC656MH DTy Z EEE L2 (1
A, 2016). OLEASIZHW: 72785 X — 2D\ TIE 3.
BRIz, % 7 A THICEE L7201,
oI AL OZORE, EEFIZIZTT P—IEL
TR OB L 25 2 L I2MA, BFEIEA R
Wit EZ 20 THSL (LA, 2014).

BB R ORI OV TEEEH (LA, 2016 5 11
AR, 2017) IZREL72DS, RMTHEE CHWzZ &h
5, TICHHICHAL TBE v, FELIREIIEE

34

Wi RER S () 188 1%

NEEDOFEMPPFDO HFHHETH ), BHRHIZIE
CDMPPFD O g4, 2K H121% ODMPPFD D5 % Hi
W7z HAIZuE -m i s ' Thotz. LT, BEN
HEREOH %, bbb HL30L050RE %1k
9 %720\, R PPFD OG5 12 B 5 B RE
D 13WEH) (6HE~18WFDAIEH]) O FIfE CPEEBIR
¥, W5 1XDMPPFDCV) %MW/, Zo¥a, BRH
\21ZCDMPPFDCV, &K H (21X ODMPPFDCV O 5
EHV BALIE% T, BED/NS WIZERBREOY
—HEDPENT ERR LA (LA, 2016). %8, Bk
(IUAR, 2016) Tld WL S0L5ORE OffiEEL LT
CDMCV & ODMCV Dlig7 % FHv 72745, A TILE
WD, TR FRMGICET L2 L EBTD
>THL.
BEELGROY I 2L —3 a VERFTEICOVT
&, BEH (LA, 2014) TS L7z 72720, Ak
TIE R EDGE ORI T 22 &0 TH L wWd
BrEATZID, ZITHEMRHLTBE W, oF
D, OLEASIZE B 32—y a YEMEBRECEA O
EOIEMMPPFDAHM I N2 s, DL ZDOHEH
PPFD, Wi, W%, &R, oz &2 FIEICH
TEDOMAGEHRE (LLF, Pn) % \EFHEE L 72
bOTHD. 5B, ERFEHHHES L OHEEXOFEM
IZDoWTIE3, #ZBE v, BSNRAEPnICD
W - SR OV THERTL, MOBEBOREED H
¥ (DMPN. HA{71dmgCO,-dm > -h™") %5 L
7o Bk, BERHIZIZCDMPN OIS, 2£KHIZIE
ODMPN O#& 5 % w7z, & 512, BHENOPnd—
&, WhwWws PnotbORE %K 572912, Pn
DEREATIZ BV B BRI D 1304 (6FE~18 D %
K% OFHE CFEZERE, #5512 DMPNCY) %
M7z, =B, BEHIZIZCDMPNCV Olgs, ZKH
IZIZODMPNCV O lg5 % a7z, HAE % T, s
INEZEPn DB N L EIRL T

AHRCIE H MO EBGEE (DMPN) OHALE LT
mgCO, - dm - h '&# w7z, ZoOHAE Hw/2H#H
X, REWIRETCRLLSMHINTELASLTHD,
CNUA OB EIZ 2, TES 20 1H Y720 ofties
ik (gCO, - tree '+ d ™) HAHWVIZEH10aM4720) 1H
720 ofEA R (kgCO, - (10a) 7'+ d ™) (2#s§
5121F (1) Adbswviz 2) KEHE I EHNTEL.
1B 4720 1H B 7 0 oHta s = DMPN,1000 X



B OE N & R EDEGR — A

TR (cm®) X3S (Ko /100 X 13 1)
10224720 1 H 24720 oftita iz = (1) oflE X 1000
/ (4X6) /1000 2)

Z22C, (1) RSB B EZERRE & ARTERITH 72
R LZBECTH o7, basIZ, 1AM EIEFH

6D THROEE TOIIRNETE L2 DTHS.

3. OLEASIC&L B> 3 aL—Y a3 FRICAWVWENS
=4, MAXEREREQCHEICAVW ZERRERS &
URRT—4

OLEASHI/ NI A =% F7abb, ZEHERMEDON

— S G DINT A =5 (L L), FEREBIZRT HEOW

MDA (AR), BOBEIHECHERBHEER /T X —

% (RS (1) ~RS (6)), FED 2 K EEL I FEAR LG 2 H

NT A—% (D1~D6) B L OMHIERMBEIZOWTIE, BE

e (AR S, 1990 ;1A - &, 1991 5 1A - Bl 2004 ;

AR S, 2009) IRtk Shzdonn, fEmfEiIzBly

HAEER (TH22H) 1SR TV OKEZ T H L

72b0THDL ($E33). T2, OLEASIZHW % KBk

fE LCTH22HOHME (20.385) % Hw7-.
OLEASIZHW 2R B X UEBERKOFNLT— %, ¥
bbb RZEM 5 OEHEHEK T PPFDE (total light)

B L OKREGH % > CTHIE L 723 567K PPFD fif

(sky light) 1Z2wWCid, BEATT (FEEIEX3875H) 128

WTTHTHORBNZBERE EERHICEHI ST

— &% LI, PR EFRSRBIC R S X9 IBIEL

72D THo7: (43 LR, 2014).

EEOIIINET, HeroWRENOL L, EHEO%

TERBH BT 2O A BOREE O BRGSO EER A T > C

&7 (ARG, 19915 1HARS, 1993 5 LA, 1995 ; A -

BA, 2001 ;1A - AR, 2001 Yamamoto 5, 2005).

FREFEBRIZ BT, # AL A ARG E R E  (L16200,

WAIEE) 2T, BETESGT, MESEGTE X

OMx e Riso b &C, B (B H %0, B QR

EOEEMZE) B L OBRENE A ZE R 5050, HEED

M E BT % S RE L7z, T2, EROMET L,

WM PPFD, i, AAERERAOKN, AR, HaE

R EORREZEB LOHIEAGENZFHIIL. LD,

FEEBIZ L o TIIERE (M R FEAR SRR BESPAD R 3%

), GILIRIT, ZEOKET > ¥ vV EDEEERD A

FL. Z0OH 2T, INSEHWALEEIIHWTHES

R EE O FE AR HT (SAS, Version 6 STEPWISE #:)

35

35

BiTo72bDTH AL, e s ni-ENREROKILL I
B ATEDS (WA, 1991 ; ILAS, 1993 5 IUA S, 1995 ;
WA - B, 2001 5 WA - FHHE, 2001 5 Yamamoto 5,
2005), AIZBIT B EBROVER b, FRE (SPAD %
[5), KILEIL, BEOKET > ¥ v Vi EOEKERE 3
HZEFNCHWEZ LIETER W, 22T, "AL L P
I TP E LT, HEE R & Y, 2ETH PPFD
(OLEASIZE B ¥ 3 ab—3 a3 VR, HEEmg o &

Table 3. The parameters for OLEAS of the three cultivars, namely, the
parameters of the Beta distribution function for leaf inclination
angle (A and v), the ratio of total area of longitudinal section of
stems to total leaf area (AR) , the parameters to esitimate
extinction coefficient of stems (RS (1)~RS (6)) , the parameters
to estimate extinction coefficient of derived diffused light
within disorderd distributed leaves (D1~D6) and the mean
leaf area. The latitude of the measuring point and the
declination of the estimation time was 38.75 degree and 20.38
degree, respectively.

Items \Cultivars Fuji Hiratanenashi Napoleon
A 2.98 2.84 2.85
v 4.01 3.89 3.33
AR 0.0198 0.0262 0.0365
RS(1) 0.127 0.316 0.164
RS(2) 0.26 0.257 0.247
RS(3) 0.201 0.15 0.097
RS(4) 0.195 0.114 0.277
RS(5) 0.097 0.081 0.048
RS(6) 0.12 0.082 0.167
DI -0.362 -0.0456 0.0738
D2 0.296 0.606 -0.451
D3 -1.11 2.66 -0.134
D4 2.17 4.11 3.24
D5 0 0 0
D6 0 0 0
Mean leaf area(cm’)  28.45 95.95 56.93

Table 4. The meteorological data, namely, photosynthetic photon flux
density at horizontal plane on a clear day and on an overcast
day, air temperature (Temp) , relative humidity (RH) and vapor
pressure deficit (VPD) at the 13 times in the daytime in the end

of July.

Times Clear day Overcast day

in the Total light ~ Sky light TempRH VPD  Sky light Temp RH VPD

daytime Units pE-m”*s" pE-m”:s’ °C_ % 10Pa_pE-m”:s’ ‘C_ % 10'Pa
6 166 125 25.0 81 234.0 80 23.6 95 173.0
7 399 257 26.7 72 326.4 274 240 92 2715
8 701 346 28.0 70 574.2 270 25.7 82 4393
9 1012 417 29.3 58 709.2 365 26.0 78 564.3
10 1405 463 30.8 54 824.1 445 274 70 725.8
11 1802 468 31.8 59 827.4 650 29.0 61 754.8
12 1941 447 323 58 855.7 725 29.4 57 8424
13 1802 468 31.6 54 891.0 650 29.1 56 940.5
14 1405 463 31.6 49 912.0 445 29.3 56 932.8
15 1012 417 31.1 54 904.5 365 29.0 57 880.0
16 701 346 30.4 53 885.8 270 284 61 846.3
17 399 257 29.8 54 8229 274 27.4 62 759.5
18 166 125 29.6 57 841.2 80 26.1 62 689.7
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D&, faE IGEB & AR GER R v (LR
5, 1993 WAL, 1995). “FKLA ¥ DaE, 0
L EoMROME L, ERROSIHEEOIZ I ERE H
V72 (Yamamoto &, 2005). 72785, RWIZEOMAE L, 3
W7 —=FIZOWTIMY. L THZbNRw, 22T, ‘F
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[ TSR (Yamamoto &, 2005) ZFIH LT, i

Table 5. The explanatory variables and their units (upper) and the
abbreviations of the statistic data and their units (lower).

Contents Codes Units
Net photosynthetic rate (leaf Pn) PN mgCO, -dm?-h"
Leaf PPFD PPFD pE-m?-s?
Air temperature AT C
Leaf temperature LT C
Number of days from full bloom NDL d
Time difference from noon TDN h
Vapor pressure deficit VPD 10°Pa
Soil water potential Ys MPa
Wind velocity WV ms’”
Daily mean of leaf PPFD on a clear day CDMPPFD pE-m?-s’!
Daily mean of leaf PPFD on an

overcast day ODMPPFD pE-m?-s”
Daily mean of coefficient of

variation of COMPPFD CDMPPFDCV %
Daily mean of coefficient of

variation of ODMPPFD ODMPPFDCV %
Daily mean of leaf Pn on a clear day CDMPN mgCO,* dm?-h"
Daily mean of leaf Pn on an

overcast day ODMPN  mgCO,*dm™+h’'
Daily mean of coefficient of

variation of COMPN CDMPNCV %
Daily mean of coefficient of

variation of ODMPN ODMPNCV %
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R IR S (RE Ims ), 3K RIIL I 4
(0.01MPa) & H7%: L, ZOWMEFIIERIZ LT 52 %5
7z,

SIS EARSHTIC BT 2 &L B O S L ALy
53, ERURONHEREB L OCERFEREZECRITRL
7o. F7z, BEIIOWTIE, BROEES L LCTVPD
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Rl —BIZRRE L2, 20y, F—EgTh, Ak
s, K, COL MR SIIENEIZ X > TH R
T BT ST b (Proctor, 1978 : $5AK 5, 1973 :
KHES, 1981). 2T, ZOENERIDGEE D HHE
MBI AT B EZEIRT 2 720 DT OFERE 175 7.
Thabb, HAL IR, BESHMo RGN (KL,
faze, JAHEB & ONCOL ) DORBEMIIR 2 — i fH

Table 6. Coefficients of variables (R?), residue (Re) and F value (F) from the results of the multiple regression analysis and their formulas to estimate
the net photosynthetic rate (Pn) for the three cultivars (1, 2 and 3) and to estimate leaf PPFD in 'Napoleon' (4).

No. of
formulas RZ(%) Re F Significance Formulas Cultivars
1 66.86  4.026 54.92 P<0.01  PN=0.6129NDL-0.005976NDL*+0.0000167NDL*+0.2508Ta Fuji
-0.8602 (PPFD/1000)’+17.43 (PPFDI/1000)*°+0.0000003187%¥s’
-0.01151TDN-73.57 (VPD/10000)-14.2365
2 76.00 3590 110.50  P<0.05  PN=0.096NDL-0.00027NDL’-3.644 (PPFD/1000)>+24.1 (PPFD/1000)*° Hiratanenashi
-0.00043Ws-0.0000088Ws*-0.497WV-0.0000522TDN?
-58.4 (VPD/10000)-3.829
3 7379 3906 168.10  P<0.001  PN=20.74 (PPFD/1000)-17.75 (PPFD/1000)*+2.224 (PPFD/1000)’ Napoleon
+0.001035AT>- 938.7/LT+9.019 (NDL/10)-0.9713 (NDL/10)*
+0.02881(NDL/10)*+11.08/ (NDL/10)+0.5792 (PPFD/1000)AT
-0.5373 (PPFD/1000)TDN-0.08747LT* AT-+0.02209LT (NDL/10)
+54.08
4 85.48  194.9 2049.00 p<0.00001 PPFD=-67.01AT-0.0270AT +2.435LT*+1060 Napoleon
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Fig. 1. Relations between CDMPPFD and CDMPN, that between
ODMPPFD and ODMPN, that between CDMPPFDCV and
CDMPNCYV and that between ODMPPFDCV and ODMPNCV
in the 528 canopy shapes of ‘Fuji’ trees. The abbreviations refer
to Table 5.

Table 7. Several statistic data of CDMPPFD, ODMPPFD, CDMPN and
ODMPN in the 528 canopy shapes of the three cultivars. MAX,
MIN, STD, MEAN, PLD and CV indicates the maximum
value, the minimum one, the standard deviation,the average, the
percent of largest difference and the coefficient of variation,
respectively. The other abbreviations refer to Table 5.

CDMPPFD ODMPPFD CDMPN ODMPN
uE'm'z's'] mgCOz-dm'z'h'l mgCOz'dm'z'h']

Cultivars Items
(unit) uB-m?s’

Fuji MAX 480.4 184.3 12.30 8.70
MIN 266.7 1225 9.23 7.33
STD 34.8 8.9 0.48 0.19
MEAN 379.5 157.9 10.99 8.23
PLD(%)” 563 39.1 27.9 16.7
CV (%) 9.2 5.6 4.4 2.3
Hiratane MAX 470.9 182.7 11.84 7.77
-nashi  MIN 2522 116.8 7.93 5.85
STD 36.6 9.3 0.63 0.28
MEAN 364.9 152.4 10.15 7.11
PLD (%) 59.9 432 385 27.1
CV (%) 10.0 6.1 6.2 3.9
Napoleon MAX 4743 195.7 14.27 10.37
MIN 270.1 128.4 11.25 8.33
STD 343 9.8 0.50 0.31
MEAN 371.7 164.4 12.83 9.49
PLD (%) 54.9 40.9 23.6 21.4
CV (%) 9.2 6.0 3.9 3.3

(MAX —MIN),”MEAN X 100

5 OHPIEARE CIEEREHBEET — 5 O HVI9ME

LREL L AEBDPED SN (1K), 72720, Wi
WA T HAIRBEIR L 3 B ), iz tEo 72
HIROBEBA D SNz (1), 0 Z LIZFER PPFD

OFHfiE (DMPPFD) %% U C 4 Pn @ F¥fE (DMPN)
NELIELDOWZ LR ERT S, FELT— ¥ OftaHE
L7z Zh (BBTHR), AU 528BERICEITS
CDMPN@%EEJJ%’E&:& 9.23~12.30mgCO, - dm *-h ™ 'C
» 1, ODMPN D% i 1% 7.33~8.70mgCO, - dm ™ -
h ' Thot: (575). 288FH T s otz 10a

dm

B

38

F18% Hlr

Hiratanenashi

T s £ e
7: °|: 75 ﬁ'
£ 105 £ "+
o ]
1) . g o B
2) 3 P
® 95 1] PR
£ w7 E 65 el
z vhet = o
a 85 s [ -
H R g
8 a

75 © 55

250 350 450 110 130 150 170

CDMPPFD (4 E-m-s™") ODMPPFD (¢ E*m2-s™")

-TF " Napoleon .. T 0
3 §
£ E
3 13 d*
= 12 o z
a Jut 235
= ‘et =
o M o
8 o

N
a
S

350 450 180
CDMPPFD( g E-m™2-s7") ODMPPFD(uE m2:s7")

Fig. 2. Relations between CDMPPFD and CDMPN (left) and that
between ODMPPFED and ODMPN (right) of the 528 canopy
shapes in a Japanese persimmon (Hiratanenashi, upper) and a
cherry (Napoleon, lower). The abbreviations refer to Table 5.
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BHEFEROFI T L 7 V=TT L, 7V — 7 FIED
ZELE T2, =B, FHUEOLELEER (58%K)
2B B0 UNCET V7 78y b)) 1220»T
1Z, CDMPN & ODMPN 2 2 W CTIE[ENE, CDMPNCV
& ODMPNCVIZDOWTIEANHIZ/R L7z, £ LT, %8
Ka&EOITORSNIZ CDMPN ORI & L7z, CDMPN ®
HRPIgMEL, R 2 BHE O A G HE, IR
E R, SFERRTERZE & TRE& {, CACOASEHED
BHETE T b/ & 2o 72, DMPN O RS- 4E 0 K/
B4 4% 1< DMPPFD o #1 B 57 35 fif o K/ B AR (LA
2016) |ZIFIFEML L7z, B 7% A2, CDMPPFD i Jw=
Aw2Dz=Gz=Uz2Kz=Iz=Mz~Hz~0z=Ez=Vz=
Rz=Sz=Nz=It=Z2z=Tz=Xz=Wz=Pz=Yz=Bz=Ct
~Bt=Fz=Cz=Qz>Lz D K/NERIZDH - 720 (IR,
2016), CDMPNZJw>Aw=Dz~Gz=Kz>Iz~Hz=~Ez
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Wz=Cz=Xz=Yz=Ct=Fz=Pz=Qz=Bz>Lz® K/NH
fRiZh o7 (588%K). kb, MEH (LA, 2016) Tl
FFTN & E N7l % ORI O B OB A D
IRL72AS, MIEO RS SWEI BT 5 Z OO H
IZDOWTIZEIE L 7-.
3) BBADKATEMA (RE, fE, AES LV CO,IRE)
IV ELEBEEZHEADYIaL—Ya R
5 UTB28BIREIZ IOV, KR O REA LM% L4
HEMO E £ TERAWE L 72 & % ODMPN % ##il 12
BHEREBOKLALMICT v 5 L EE % 5 2 TR L
72& & ODMPN Z#tfhcHC Y, W OBtRE A L 72
(53X). ZO#R, BRHEZERKHED, HEMEO+
5%VUAN, £10%UAB L £15%BUHND T » 57 L)
B RIZOTNRO T — 2D T BRI 2 EARBERD RS
7z (BE3M). 72721, BRI 1IOBREEERT,
EAREYFXOABRIIE2IL L Y /NE L, U EIRED

Table 8. The mean of CDMPN, the mean of ODMPN, the mean of CDMPNCYV, and the mean of ODMPNCYV in each prototype of canopy shape and
the comparison of these means between the 29 prototypes. The maximum value (MAX) of CDMPN and ODMPN and the minimum value
(MIN) of CDMPNCV and ODMPNCYV were also shown. The abbreviations refer toTable 5.

Proto- Mean of MAX of Mean of MAX of Mean of MIN of Mean of MIN of

types  CDMPN CDMPN ODMPN ODMPN CDMPNCV CDMPNCV ODMPNCV ODMPNCV n
Jw 11.86 a” 12.02 8.30 abcde 8.52 23.5 a 222 329 bed 31.3 8
Aw 11.65 ab 12.30 8.26  bedef 8.65 25.0 ab 21.8 33.5 d 26.2 29
Dz 11.43 abc 11.82 857 a 8.70 25.5 abc 24.8 304 ab 28.8 5
Gz 11.34 abc 11.81 8.40 ab 8.48 26.0 abc 24.0 31.8 be 30.1 19
Kz 11.22 be 1141 8.40 ab 8.49 26.8 abc 25.8 30.8 ab 30.5 17
Iz 11.16 ¢ 11.34 8.28  bedef 8.32 27.3 bed 26.7 31.7 be 30.5 15
Hz 11.13 ¢ 11.56 8.31 abcd 8.42 27.6 cd 25.8 31.7 b 30.3 24
Ez 11.10 ¢ 11.58 8.33 abcd 8.41 27.1 be 24.9 31.5 ab 29.5 20
It 11.09 ¢ 12.18 8.24  bedef 8.62 28.3 cde 21.7 32.0 bed 30.9 10
Mz 11.08 ¢ 12.01 8.09 ef 8.51 27.9 cde 23.0 33.2 cd 30.7 30
Rz 11.05 ¢ 11.66 8.38 abc 8.54 27.1 be 24.9 30.5 ab 28.1 17
Oz 11.05 ¢ 11.71 8.19  def 8.41 28.5 cde 24.8 32.1 bed 30.9 24
Bt 11.04 ¢ 11.40 8.14 ef 8.49 28.8 cde 259 32.8 bed 30.4 13
Vz 11.03 ¢ 11.66 8.28  bedef 8.41 27.9 cde 252 31.7 b 28.9 24
Uz 11.03 ¢ 11.61 8.18  def 8.31 27.7 cde 254 31.3 ab 28.3 10
Sz 1099 ¢ 11.21 8.33 abcd 8.44 28.0 cde 26.7 30.7 ab 29.5 24
Nz 1096 ¢ 11.27 8.28  bedef 8.42 27.8 cde 259 30.6 ab 30.3 8
7z 10.88 ¢ 11.38 8.27  bedef 8.40 28.7 cde 26.3 31.0 ab 30.1 24
Tz 10.85 ¢ 11.27 8.23  cdef 8.41 28.9 cde 27.0 31.1 ab 30.1 24
Wz 10.85 ¢ 11.38 8.26  bedef 8.44 28.6 cde 26.7 30.8 ab 29.1 24
Cz 10.85 ¢ 11.36 8.11 ef 8.47 30.0 de 26.6 31.3 ab 28.5 13
Xz 10.83 ¢ 11.33 8.15 ef 8.36 203 cde 26.6 31.9 be 29.6 24
Yz 10.81 ¢ 11.33 8.21  def 8.35 29.0 cde 26.9 31.1 ab 29.2 24
Ct 10.80 ¢ 11.46 8.18  def 8.49 283 cde 259 31.7 be 29.7 12
Fz 10.78 ¢ 11.47 8.25  bedef 8.37 28.6 cde 26.0 30.8 ab 28.2 24
Pz 10.76 ¢ 11.33 8.12 ef 8.39 30.2 de 26.6 322 bed 31.1 9
Qz 10.75 ¢ 11.42 8.29  bcede 8.41 284 cde 26.3 30.3 a 28.4 24
Bz 10.70 ¢ 11.38 8.06 f 8.32 30.5 e 25.1 322 bed 30.1 14
Lz 985 d 10.27 7.69 g 8.02 35.9 f 31.2 33.8 d 30.9 15

z Different letters indicates significance at 5% level by Tukey's multiple range test.
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Fig. 3. Comparisons of CDMPNss (left) between the simulation without
random errors (REs) in the atomospher condition and that with
the random errors and that of ODMPNS (right). The abbreviations
refer to Table 5.
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1T h>k>m>g>b=r=u>x>e=i>j=p>q>s D K/ 1%
o7z (LA, 2017). W 212, TEEIEIZITHEP L 72 &
72721, #9%KDR1 & R2DOHUE E AKX HTH
DOHEFEOHADORL E R2ZOKME (LA, 2017) 12k~
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Fig. 7. Relationships between CDMPNb and CDMPNa (left) and

relationships between ODMPNb and ODMPNa (right) of the
partial deformations of x-type (upper), e-type (middle) and
i-type (lower). The abbreviations refer to Fig. 4.
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SENTMREME T — & RMAEREE T — 5 Ohkd 5
VIR E OEEEBRICOVTIEIAPTH 72, £ 2
T, MEB X OHEICR LR 70 7T A% v
T, )y I 5L OERPPFD &Yt AEE (Pn)
O HBESA, RERI BB X O RIS 754 & 8
3 5& ez, ERPPFD T — 4 LH3EPnT— 5% O
HMOMBEEFREFIT LD THA. 72720, KIEOH
b, BB IO ) b, MEEAR O ML
L05201, SEIRBEH AL ORI V44201 B L OB B it
D TE J03w0l D 3 % FHHIH I EA THEIT L72d D
Tdhhb. 2T, L05201, V44201 B X U°J03w01 i%, <
nzh, CACOASEFEDH LIEOBEEIEDO—>, [H
EAEET2E L L CHAEBARE T 27220 K
& SR EMECZAL S B2 BIREAE R O — D B X UKCEM
&N OB ILHA AT DETH 7. &5, ki
BN A SO A HE L 72 b O % FHIRIC
BATINT L2, o84, JGBEAR R 7% L05201 12k
L COUBRBEOMBIRIR DK & Ao 72 MELh01 % Jiti L
72b ® (L05201h01), SHBREEHALD V44201 12K L CTHE
A1) RS L DZEFLALEE w03 % i L 72 b @ (V44201u03)
B L OBBREE BT 72 J03wO0L 12k L CGBRBE o 4 [ 2h 5
DINEPp o BB E 2% KEL 725 @ (J03w01q02)
DIFEFIZOWTIIT LzbDTHDH. 22T, EF
MFD K01, u03B L °q021F, ZN2N, FEHERF ¥

Table 9. TheR1 (=CDMPNa.” CDMPNb), R2(=ODMPNa.” ODMPNDb),
R3 (=CDMPNCVa.”CDMPNCVb) and R4 (=ODMPNCVa
~ODMPND) in each type of partial deformation and the
comparison these ratios between the 14 types of partial
deformations. The MEAN s of R1 and R2 were separated in the
descending order, and the MEANSs of R3 and R4 were separated
in the ascending order. The types of the partial deformations
were arranged in the descending order of the MEAN of R1 in
the table. The abbreviations refer to Table 5.

R1 R2 R3 R4

5z s £ 5 2 9z £ z |
S £ = g = g = 5 =

h 1.023 a* 1.227 1.012 b 1.149 0962 a 0.641 0.999 f 0.786 4560
k 1.020 b 1212 1.014 a 1.151 0961 a 0.642 0995 d 0.787 2687
m 1.017 ¢ 1.170 1.007 d 1.087 0976 b 0.791 1.007 h 0.861 5280
g 1.011 d 1.124 1.011 ¢ 1.079 0975 b 0.796 0987 a 0.908 4561
b 1.009 de 1.118 1.008 d 1.069 0.986 ¢ 0.828 0.988 ab 0.889 528
r 1.008 e 1.112 1.000 f 1.061 0.999 ef 0.819 1.011 i 0.897 2690
u 1.006 e 1.108 0.994 g 1.093 0.998 e 0.725 1.008 h 0.812 2736
e 1.003 f 1.106 1.002 e 1.042 0.993 d 0.854 1.001 g 0.944 4560
x 1.002 fg 1.110 1.002 e 1.110 1.002 g 0.843 0991 b 0.812 8332
i 1.001 g 1.101 1.002 e 1.040 0.996 e 0.861 0.998 ef 0.928 3337
j 0999 h 1.101 1.001 e 1.044 1.002 fg 0.852 0.998 ef 0.939 2243
p 0999 h 1.101 1.001 e 1.042 0.999 ef 0.852 0.997 de 0916 2327
q 0.996 i 1.102 1.001 e 1.045 1.008 h 0.858 0.997 de 0.912 3450
s 0992 j 1.098 0999 f 1.050 1.012 i 0.841 0.993 c 0.902 5087

“Different letters indicates significance at 5% level by Tukey's multiple range test.
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Fig. 10. The block structures as solid models of the six canopy shapes.
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The unit of COMPPFD and ODMPPFD in the upper and middle of the table, that of CDMPN and ODMPN and that of CDMPPFDCV, ODMPPFDCV, CDMPNCYV and ODMPNCV was pE-m

Table 10. Daily statics of the light environmental data and the photosynthetic data of the six canopy shapes (upper and middle) and the ratio of the data after the partial deformations to the before (lower) .

*s”', mgCO,-dm?h" and %, respectively. The abbreviations refer to Table 5.

CDMPNCV  ODMPNCV

ODMPN

CDMPPFDCV ODMPPFDCV  CDMPN

ODMPPFD

CDMPPFD

Canopy shapes

78.4 9.7 7.6 37.7 34.6

5.7
4.2
0.8

8
6
5

132.0
160.5
163.5
162.6
158.1

L05201 302.5

Before
deformation

27.4 31.4

83
8.3
8.3
8.2

11.1

62.3

390.0
456.9
397.6
389.6
4273

V44701

33.1

22.2

12.0

60.0

J03w01
L05201h01
V44701u03
J03w01g02

31.8

27.7

63.2 11.2

63.9

After
deformation

31.8

28.2

11.1

64.5

65.4

8.2 24.8 32.8
1.09
0.99
1.00

11.6

61.1

56.1

161.1

0.92

0.73
1.03
1.12

1.15
1.00
0.97

0.81
0.97
1.02

0.75
0.98

1.11

1.23
1.01
0.99

1.31
1.00
0.94

L05201

Ratio of the

1.01

0.99

V44201

after to the

JO3w01

before
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FEHEIEIL, WTNL S ORRITENCHA L (8
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WX RED R SN - 7225, CHMPN & OMHPN Tl
BOBMEDPFRI L VNS oz (BE115FR). ZoEREIC
DWTIX3) BLUY) ofRESTFZ, EEOLIA
THL M L7z,
2) EEPPFD LfEEPn D RBEER

o 5L 6BERICBIFABRABLOZKA
D472 ) RO 1315, 21, A5F127,9208C
(=9840 X 13#%) D7 — % % B L 7230 PPFD & fi
EPnOHBES A%, TNEn, FURBLUEI2K

Wi RER S () 188 1%

WRL7e. 11K (BRH) ofkEd (PPFD) 12134
10~2000 1 E - m ™%+ s & 50408 L7z & v, &
Lo A#E (Pn) 12132885 0~25mgCO, - dm *- h ™!
5045 EI L 2 F 7z E 70, WE oMt ()
1212 0~18% D2 & v 72, 12K (BKH) Ol
(XA L1 DA & ) U2t MR, AR A a8,
fkmh CHEE) 12130~30% DZEE & Fv 72, &2 AT, 3
M PPFD 5 & UMAEZEPn @ HAEE AT, Wi d IR
AL EKELL B 572000, BERHDLWVITER
He b kENICHo L, BUTeBHERL VI
LHEDICEZLNL LN, LaL, MixEgs 2
EB LT ORLY, 68EIE K O DMPPED £ DMPN @

FANBARIZHIS L7z HEEE AT R Sz, s
A OFENFHNIZESTH LT OM®mY) THAH, BRHICE

\F % L05201 DFEM PPED D% < AL 54 L7z,
ML, BERH 2B % J03w0l O %EH PPFD 1355038
AR L, A o 2 7 (B5111K). kRS2t
EIZORE R BB 2 MIEPn o HHEE S % LT 5
&, L05201 Of%E Pn © % I FHI 34 L7z D12
XL, JO3wO0l DAEZE Pn O SR X H SIS TA L, K

Table 11. Hourly means of the light environmental data (CHMPPFD and OHMPPFD) and that of the photosynthetic data (CHMPN and OHMPN) of
the six canopy shapes. The units refer to Table 10. The abbreviations refer to Table 5. n=9840.

Hours 6 7 8 9 10 11 12 13 14 15 16 17 18
CHMPPFD

L05z01 54 ¢ 118 d 210 d 306 d 418 d 552 ¢ 603 d 555 e 424 d 310 d 208 d 119 d 54 e
V44z01 68 d 148 ¢ 254 ¢ 395 ¢ 555 ¢ 723 d 804 ¢ 720 d 546 ¢ 395 ¢ 250 ¢ 147 ¢ 67 d
JO3wO01 76 a 167 a 277 a 443 a 645 a 869 a 970 a 876 a 648 a 448 a 274 a 167 a 76 a
L05z01h01 69 ¢ 150 ¢ 255 ¢ 392 ¢ 559 ¢ 745 ¢ 822 ¢ 747 ¢ 555 ¢ 393 ¢ 254 ¢ 149 ¢ 69 ¢
V44z01u03 68 cd 148 ¢ 254 ¢ 392 ¢ 550 ¢ 718 d 810 ¢ 729 cd 549 ¢ 385 ¢ 248 ¢ 147 ¢ 68 cd
JO3w01q02 73 b 159 b 268 b 421 b 603 b 808 b 888 b 818 b 607 b 426 b 264 b 158 b 73 b
OHMPPFD

L05z01 32d 103 d 127 e 121 d 148 ¢ 213 d 233 d 212 ¢ 146 d 119 d 128 d 103 ¢ 33 e
V44z01 41 ¢ 133 ¢ 164 cd 144 ab 172 ab 251 ab 270 abc 253 a 173 ab 146 a 164 ¢ 133 d 41 d
JO3wO01 46 a 152 a 182 a 142 bc 168 b 241 ¢ 262 ¢ 240 b 167 ¢ 140 bc 184 a 153 a 47 a
L05z01h01 41 ¢ 134 ¢ 167 bc 148 a 176 a 253 a 273 a 253 a 176 a 147 a 167 ¢ 136 ¢ 42 ¢
V44z01u03 41 ¢ 133 ¢ 162 d 143 bc 169 b 246 abc 262 bc 246 ab 169 bc 143 ab 164 ¢ 133 cd 42 cd
JO3w01q02 44 b 143 b 171 b 140 ¢ 168 b 245 bc 270 ab 243 b 168 ¢ 139 ¢ 175 b 144 b 45 b
CHMPN

L05=01 59 e 81 d 92 d 106 d 120 d 136 ¢ 144 d 134 ¢ 117 d 100 e 79 d 59 d 3.1 d
V44201 65 cd 90 c 103 ¢ 122 ¢ 141 ¢ 158 ¢d 168 ¢ 155 d 136 ¢ 115 ¢ 90 c 68 ¢ 3.7 ¢
JO3wO01 6.9 a 95 a 107 a 13.0 a 152 a 173 a 184 a 171 a 149 a 123 a 95 a 73 a 4.1 a
L05z01h01 6.6 ¢ 90 ¢ 103 ¢ 122 ¢ 141 ¢ 159 ¢ 169 ¢ 157 ¢ 137 ¢ 115 cd 90 ¢ 68 ¢ 3.7 ¢
V44z01u03 6.5 d 90 ¢ 102 ¢ 122 ¢ 140 ¢ 157 d 168 ¢ 155 d 136 ¢ 113 d 89 ¢ 68 ¢ 3.7 ¢
JO3w01q02 6.7 b 93 b 105 b 126 b 147 b 167 b 176 b 165 b 143 b 120 b 93 b 7.1 b 39 b
OHMPN

L05z01 49 d 75d 80e 82 d 86 d 105 ¢ 112 b 98 ¢ 79 d 69 ¢ 66 d 58 d 3.1 e
V44201 54 ¢ 84 ¢ 9.0 cd 88 ab 9.1 ab 11.1 a 11.7 a 105 a 85 ab 76 a 75 c¢c 67 c 3.6 d
JO3w01 5.6 a 90 a 94 a 85 ¢ 88 cd 106 ¢ 112 b 99 ¢ 81 cd 72 b 80 a 73 a 39 a
L05z01h01 5.4 ¢ 85 ¢ 9.1 bc 89 a 92 a 11.1 a 11.7 a 104 a 85 a 76 a 76 ¢ 68 ¢ 3.6 ¢
V44z01u03 54 ¢ 84 ¢ 90d 87b 90b 110 a 115 a 103 a 84 b 75a 75c¢ 67 c 36 cd
JO3w01q02 55 b 87 b 91 b 85 ¢ 89 ¢ 108 b 11.6 a 101 b 82 ¢ 72 b 77 b 70b 38 b

zDifferent letters indicates significance at 5% level by Tukey's multiple range test.
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Fig. 11. Daily frequency distribution of leaf PPFD (left) and that of leaf Pn (right) of the six canopy shapes on a clear day.
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Fig. 12. Daily frequency distribution of leaf PPFD (left) and that of leaf Pn (right) of the six canopy shapes on an overcast day.
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Fig. 13. Relations between leaf PPFDs and leaf Pns of 300 leaves
chosen randomly at several times on a clear day.
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Fig. 14. Relations between leaf PPFDs and leaf Pns of 300 leaves
chosen randomly at several times on an overcast day.
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