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Comparison of Relative [lluminance, Relative Photosynthetic Photon Flux and Relative Cumulative Amount
of Global Solar Radiation in Apple Tree Canopy
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Summary

Relative light intensities in an apple (Malus domestice Borkh.) tree canopy were determined by
measuring light quantity :photometrically (illuminance,lx), radiometrically (radiation, W « m~?), and in
quantum terms (photosynthetic photon flux, ¢ mol - m™% « s7'). There was a strong positive correlation
between relative illuminance and relative photosynthetic photon flux, measured on an overcast day.
Relative photosynthetic photon flux was, however, 6.0% higher than relative illuminance. A strong
correlation was also found between relative illuminance and relative cumulative photosynthetic photon
for one day; the latter was higher by 6.7% on an overcast day and 6.8 % on a clear day. There was a
strong positive correlation between the relative cumulative photosynthetic photon and the relative
cumulative amount of global solar radiation for one day, while that of relative cumulative
photosynthetic photon was 11 % lower than relative cumulative amount of global solar radiation.
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Vo dREOEEN L FESE LR & FEICHR
LT3 Eds, MERNDOREEDRIEH ULIE LIET
bh T3 (Ferree, 1989; #iF - /NEFE, 1992; BEX,
1981; Porpiiglia - Barden, 1981; Verheij - Verwer, 1973;
Jakson, 1980). #EANONEMET, ZTHELLTEKE
X BEETRINZFANZ VY, EBRORIEICE
WTIRE2 DRI AVOh, BEAELELATHA.

IhET, BXROEEECPEMEEFEORTIE, BE
(W 7 2) %25 BEHIPAVOOEEENE L, £K
HOBEICHT 2HETHIZHMBESEZGEEETH
BELTHONTE I (MF - /NEFSF, 1992; REfX,
1981; 15/ - 354k, 1988; 18 - &8, 1991). Lo Ly
5, BEHOSREERIABOBOHEREIIEETH
D, HRERREEOEYRIGE FERCRBET >N LD
DTH3. i, BHFEHAOIHRELLINTHEH
(Proctor &, 1975), H&EHDSRRE ZENE» o Ko
BETTHY, )V ITHOERICEREBFELLEVERDE
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19974 10 1H Zf 19984 2H8H H.
FHREO—IMIIHEEL TR 2EEIALTRELL.
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HFE Y EEEDIEE U TREO N &
JTEZBHICE, RETHAAOTHRERBILE
FH (400-700 nm) ZHEST 5 L HFEF L. #
> T, TED|ETIE, MENIZE T 2EHAREET
REBEL, 2R T 2HHETH2HMEEEER
KREFEIEEAOKRELEXRITEE L THOONEE
A% 15T 5 (Campbell- Marini, 1992; Robinson
5, 1983; Tustin &, 1988). L L#idis, REFiHIIE
flichy, BEECLPREREFOM TEIBEFH LR
bhTH3.

BEPCHHED SHEABREDNLRTFRAE, SBFICL
> TREBFHEROCTERT S5 ENVEETH 548,
TBAHAD LI, TOHENGICL > TRILB5HEICE,
HEAFRYBERACTERT A ERAARETH O, EBIC
WETAHIELVDETHLEELZOND. £ TERE
T, MMEERAREEFER LAHAMNBES L UHEMH
HSEEDOEBENMIODOVTREL, 205 DM ENRE
DEHICREBZMITONTHRE LT,
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RAE LRI R FERFEE RS (FREE RS
B )T - 7. BEREBEY L — (IKS-15, /NI
X&) T, HERBEHLEFRINEF 2+ — (IKS
25, IR TEMAAH )T, BRI BASE L H— (IKS
=35, INRIEHEASHE)EAVCTAELL. Zhoot

—BUOThbRFEAEZH T SDOTHS. £, #l
EHICZENZhO 2 v —DRENEL LB L ICH
fil7. X&F+t ¥ —i, LI-190SB (LI- COR, Lin-
coln, Neb.) i EREAZ &b 7. 103, ERIDLAEL
N:E % (photosynthetic photon flux density) & B¢ i3
T & 7D, 4, K (flux) & %R (density) i3F & T
HBEDEZD S, FE (density) 3RHTH 0, A
F#h¥eE T H (photosynthetic photon flux) O fEH R E
INTHY, FKRXTHEHZIICHE- 72 (B 1992). F177,
HA AR TR OBFRBES B E B EEF T
H5b.

SRAERET 21Dl — 1EEHMENOE X
WicEE, ot - IBENOE . DLEICEREL
7. Ihodte sy —%5—5 ok — (MP-090, &5LFE
RS ) icEER U, 10B8IE L7 1055 E oF
EZPEBA £ Y —ICERICESR L. SO T -5
ZOUEa—5 - iR URHEAEET - .

¥ BB (relative illuminance) 3 & UHES LA A %
& F K (relative photosynthetic photon flux) iz, #ERN
ORER LU EREETROMEE, #HEOHDZ
NZhOBETR L TR . 72, SR EDEF
(relative cumulative photosynthetic photon for one day)
3, BENOKERAREEFRD 1B OB, #iE
NOXEBAEEFRD 1 B3 OBE TR L TR 1.

HHEROAETIHE, LEOREICLSMHED 1H45OHIE
i SEEBSEEKY, X4 E (relative cumu-
lative amount of global solar radiation) % >k 7z.

B LEHEYLRFROFREL, 19894 9H
SH&6H, 8HE9H, 15HE 18HiIZZNEN ‘XL D
BB (Om X Im)DOBHEND 5 » R TIT - 2. £ 72,
9OH22HE&E23H, 29H&30B I, ALK 5L 0
FEEAH (Sm X 3.5 m)DBTENT, B.LTEHS & R E
EET-7. ThoDHDS B, 9H6, 9, 18, 22, 29H
32T, o BIZIFRETH - .

Bt & LG RAMNEFRORREE, 198840
10H (5 ), 10(24%W ), 11(&), 12(&), 13(W),
15(HE%& ) Ho 6 B, [ UBRL.LESOMEN I B &t
U —BLUHEBEFE -2 FTNhEN6ERELT
o7z,

B/ =R

LEAMBELHNGEAEREDXEFRLOBEF
1989 9A5H () LU 6H (B)DEKXKB LU
BIEAN 3 » FiOBEOEMNESE IKIRL.. BRKATR
BEISKRECELL, FIBERNOHIWEZAIZEZE
DEARKRED -T2, BRATHLZRKOBEREHL T
Wi, BENOREDE(IZERKOEIIEITNT, B
KHOELDIZEULLEMT B L3l -7,

% 1RNICR LcBEAN O 3 7Bk i 5 B K H OHMER
EH I UTHEMEERAMEETRD 1 HOELERIE L
TRERIBE2RIORTELVTHSE. BEDRNKS 34k
B A MEOMEIE, WLITh bR TEED O 4% SEE
I T —EDEAE & - TEEL T, sk
AREDHETESHENBEL D EICIEL B -1,

FAXTEREE &M EA A REE FROBZRII 20T, 9
H6, 9 18\ (BA.CJEM )& 98 22, 298 (&M D
BEBICZHT 3 10> S 14EORIEMED & EXEAE K
Y, MEOMFEEEIKIRLA. MEORICITFHVIED
I (1=0.98*") T S h iz, ZOEFERS S, M
BRENEFRISHMBEIC T 60%FEL LB
EhRE NI,
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Fig. 1. Diurnal changes of illuminance observed in an open
field (1) and three fixed points(2-4) in an apple tree
canopy (clear day and overcast day).
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Fig. 2. Examples of diurnal changes of relative illuminance (-----)
and relative photosynthetic photon flux (—) at three fixed
points (A: Fig.1- 2, B: Fig.1- 3, C: Fig.1- 4) in an apple
tree canopy on an overcast day.

BAKICHIRD 3 7 Fric ki 2K E (9H SB )oAEs
BEOCE(ERLK. B, HHRBERREICEHL, ¥
IKEFDEALRBEBEINEZATREM- K.

B SHICIIMERES 102MRBCRE L 184 (F
B 7E S % SEF ) OFEEIC DLW TR KB EBERA L

OBEAET L. HEOBICIEEHEE (1=0.99%%) #3

Hoh, BHIHTBEMRVIIZEESDER/NEh-
7.
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BOXEREWAEFD SRS I REREETF
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Fig.3. Relationship between mean relative illuminance and
mean relative photosynthetic photon flux, measured at 10
- sec intervals from 10:00 to 14:00 on an overcast day at
five points in apple tree canopies trained to a cetral leader
(M ) and an open center systems ([[]). **Significant at
the 1% level.
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Fig.4. Examples of diurnal changes of relative illuminance
observed at three fixed points (2, 3, 4 in Fig. 1) in an apple
tree canopy on a clear day.
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Fig. 5. Relationship between mean relative illuminance at 10—
sec intervals from 10:00 to 14:00 on overcast day and
clear day at five points in an apple tree canopy.
**Significant at the 1% level.

EHohl. HESEERENEEFEIHEEREICLE~NT
6.7%Eir 7. BKE(OHS, 8, 15, 23, 308 ) TH,
T ORI 1 & E ORI (0.90**) 5538 S hiz b O D,

NI | -El ectronic Library Service



Japanese Society for Horticultural Science (JSHS)

300 Il & - RIS - iR

-
=3

r=0.97™" overcast day

y=1.0x+6.7

photon (%)

0 10 20 30 40 50 60 70
Relative illuminance(%)

r=0.90** clear day

y=1.1x+6.8

ic photon (%)
8

3
un

0 10 20 30 40 50 60 70
Relative illuminance{%)

Fig. 6. Relationship between mean relative illuminance mea-
sured at 10— sec intervals from 10:00 to 14:00 and relative
cumulative photosynthetic photon measured from 6:00 to
18:00 on apple trees trained to a cetral leader (Il ) and an
open center systems ([]). **Significant at the 1% level.
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Fig. 7. Relationship between relative cumulative photosynthetic
photon and relative cumulative amount of global solar
radiation for one day. **Significant at the 1% level.

DR S>ENKEL L. ERRICLZHEOHED
# I 68% T, BRKHELIZIIFRUTH - 72,
2HEMEERBHAEFLHSEBHELOBK
198844 10H 9, 10, 11, 12, 13, 1ISHICHIE L/ 1 H
DEFEHHRICK 2N EHE EHEDEARBENET
COoMBRERETIRICAR UL, MFEICESOIEDOHHEEYE
(=0.97*") @D ot BYFRRD S, Mx B &= I3
HABRBEDHEFIHNTIL DEL - .

z B

BAETIE, VI8l 2BENOEELEOHRER,
BESICL2HEMBETARGER LI LDONZ L (1
B - NEFE, 1992, KEft, 1981, ik - %ih, 1988, &5 -
m=tE, 1991). Lo LD okifiid, REFHOBIEIC &
LA REIEEFROVAC SN HENEL T
B0, ThZhOENED LI WEENH EDOMITDON
TRELGD > TR,

AHEOERN &, HBE EHAEEKBEIEREF
RAE~NZ E, MEOBICKEWVHEHBRRDONILLD
D, ZTOEIBHSNICRLD, HUEEERBEWEETER
A REICHANTESE 8D 2 ENFE ST - 1.
ORI, B, EFICRELTCL . £, 1HOK
BONERANEETFIT L A HEMEERENEF LM
MREEE~NS &, HARECEDOAMMEL M. Z
DE TN IBEE &M A A REE TR (BRI 75 )
E)DELKREANEBNIEN -T2 LHLENS, BKH
TREZEOMBRIZITIIER LI, BRKATREDOE
LOENRELL ST

BIENEO & 5 SHEMBEENTIE, FEad SRENRT
SO X INF—-HBHMICHEAD L, 700 nmLl EoXo
HANEN I EHFBH SN TS (Proctor 5, 1975). &
o, BEBIIECL BRIV E L, FaE L 0B »D
NI EMEI N TS (AK, 1969). BEFIE, A
o B H—FH 5 0 L& U 2 iR (550 nm) O B b3k
bR - T3, WMYEAENOMHESTRED, [t
(390-690 nm) @ T k)L F — DHIXHE & BT 5 &, 31T
R UNETRLS L5 2 EMRD SO TS (B, 1969).
SEO#ERT, HBESHEEEERENEEFRICK
NTUEL B 722 &id, EF+ ¥ —13400-700 nm
DEYEVERBOXREFEAUELTE D, otk
FEREMEDS, AR OE TR A EZER LT, 400-700 nm g
PELOHARBFRELLZLIIC, TXxVF-TELE
FEHRREEAY 400 nm A & 700 nm i [ A - TERBHICE
BoTWAIEITEETAEEZ SN S.

—7, AR IESEEREDETICHATE
(-t BtV —RBAEBF U —L DI SICIE
LOERBREEAL->TH0, Bt H—13BRNMTD
KEGHTHEL TS I EXHN HHE & HTEERK
FEEFOEOEVCOFERTHE EEZ oND. 4
B o RN EE TRIECAEBLBEONIRIVF—D
BEAMN TOMXHEIR, MBI TELLSE I &%,
5 A XEEE THK (1969) LD T 3.

EHETHN L ZEAZENDO L v — 3 B2l 75
SRR LDTHEN, ThEhOREICIIEBICIIEE
REFHEID LT ORL B2 LASBNREHN SN TN 3.
P->T, THOTXTOHREIZIONT, SEESHIH
MBE LHMEEREDAETFOES LU AR E
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DELXZFDFEEHTRDAZLRFEELVLY, ThoD
KNOBERIZIODWTRERTHELELZONS.

ABES L CHEMEEREEETROBE R, E
HHONHMOEEL BT S 0ic, BRKA OB
Filk-TRkHohd. SHOKRETH, BRETRE
ZOEIBBFOEREBDELLREL T, KRBT
BARELEHLTLS I ED8H S hi. Campbell -
Marini (1992) i3, 1HOBEOKERENEFICLS
ZHERIZ, BRAOBBMMNLAEICLEZHERLD, &
KHOBEDOHENE OB —HT I LAERDTHS.
COBAELT, BEATIE, SABREBRAENGE
12220 1HOZELIZ/NZ 0N, SHEBELRFOHHEIIE W
TRABOAEIC L > TEHFKOFEEZIPT L, %
KRNI L > TRELSEHTEDTH B LHEEL
T3, SHOFERTHHERBOMEIRESEHLTH
12, 1HOFHERD B L, BRADMEE DFEOIIRA
TH 10 BRER -1z, BIBNEZATREBIDR
{, BRHEDENB/NEN T2, ZOZENS, BR
HTHHZL DHEET->TEDOF 2 ENIE, BRKHOD
HEE2RBELIIENTETHELEELIONS.
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oKW, FOFENITOOTHRE L.

BEOHIEIC & 3 HMRE L AEREMLETFRON
EIC K B AREYDHERFREOMICIEHWIEDH
M@y onf., LHLELs, MEOMIZFS MR
7Y, HMEEREAEFRIIENBEDMEICH T
6.0 %@EM -1, DI EiF, 1HOEEOLERAL
ETFD 0RO AN ERANCR T LAEMRBE & Oj
Fizb@EHoh, TOERIRRKETG6T%, BHhOHT
6.8%7 7. BEEHIL S 1HOBEHHED 5RO
Xt BT R S AN EEREMERFLOMICHHVIED
MDD Shich, B ROEIHETEERER
HEFOMIIHNXTII % EL - 2.
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