IWERFAE (BY¥) %125 525 1155166, FHT7H1H
Bull. Yamagata Univ., Agr. Sci,, 12(2) : 155-166. Jan. 1995

)y I AL BoHEEMEEREES X OUREAENE & OBIR

LA B ™ - P B T OMET O A R ET - E W R
* IR RS Bt R TR - R BB
(PR 649 A1 A%

Estimated Canopy Net Photosynthetic Rates
and Their Relation to Fruit Production in
Apple ‘Fuji’ Trees

Takanori YAMAMOTO™, Yoshio Saton™,
Takuma FUNYUH™ and Takashi TAkANO™ ™
*Section of Agricultural Production, Faculty of
Agriculture, Yamagata University, Tsuruoka 997, Japan

**Fukui Agricultural Experiment Station, Fukui 910, Japan
(Received September 1, 1994)

Summary

Relationship between canopy net photosynthesis and fruit production was analyzed among the 30
apple ‘Fuji’ trees on Malus prumifolia rootstocks grown under the common practices as reported pre-
viously (Yamamoto et al., 1993).

1. The leaf net photosynthetic rate (Pn) distribution under field conditions plot against most single
factors exhibited widely scattered patterns that was same as observed for Japanese persimmon ‘Hira-
tanenashi’ trees (Yamamoto et al., 1993). However, significant curves were obtained when Pn was plot-
ted against several meteorological and edaphic factors, and leaf characteristics and activities. The
light-saturation value of Pn (about 28mg COz * dm 2 * hr !) was observed at about 1600mol * m™? * sec™
of photosynthetic photon flux density (PPFD).

2. The coefficient of determination of the multiple regression was 80% when all factors were con-
sidered as independent variables. It was 67% when meteorological elements, soil water potential, time
factors, and their powers were included. The regression analysis of the latter gave a practical formula
for the estimates of Pn. Furthermore, the coefficient of determination was 52% when only PPFD and its
powers were considered. :

3. The daily total amount of net photosynthetic product for 13 hrs (DTPP) and the daily mean net
photosynthetic rate (DMPn) were calculated for each tree on July 22, a bright sunny day, when the leaf
area was maximum. The estimated DTPP is closely related to total leaf number (TLN) and ranged from
670 to 1800 gCO * tree * + (13hr)!. The estimated DMPn varied slightly and was average 16.1
mgCOs * dm 2+ hr . DTPP became the largest at 2.1 leaf area index (LAlc) and was negatively corre-
lated to the daily mean PPFD at leaf surface (DMPPFD) . It was suggested that the tree crown having
too large DTPP had dark leaf irradiance and low DMPn and the DMPn was almost constant in a wide
range of DTPP.

4. DTPP was positively correlated to mean fruit weight (MFW) and negatively correlated to yield
of fruits (YF) per volume of leaf canopy (YF/VLC), but correlation was not observed with YF or num-
ber of fruits per tree (NF).

key words : apple, canopy net photosynthetic rate, structure of leaf canopy, distribution of PPFD,
fruit production
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BEHEICBVLTIE, EICEBHEREYE VWAL
5D, VI, TNEVRLICLTREEICERS
EOBWREDEREICEFICHAT 220, #ELEL -
ELREGMED12TH LY. ZOHFEOWEICL -
T, WEx BT 2 ERSRoMEARERE (Ug, #
FGABLEE, canopy net photosynthetic rate & FC3)
RRET S EFAARCTHAH. Lo L, BELEEEE
BErRETABELFEFINT THILEN TV RV
W, SEOMEE BB ABGRE © L L -5 5e
FUIBD TA v, BEHS BEEBRCATHO_MEE
HEgEHW7z “EEOBE - EREEHSMT S AT
27 (WA - WM, 1989), Mo OFEHRIEAL % BNTH
ETEDLLHIIZL “BEOBE - EHEEOTHNE
bHEEY 274" (WA - &, 1991), LRV AFL0H
NTF—= D—DTHHEBDZEESAT—5, “FHfD
BIENER R REOAEEY I 2L —Ya v EFNL”
(104, 1988) B L VHEEDMIGCABREHEERKF L M
WT, F—E#, R8s+ FRE 40RO B
KERBREELHEL, ho & REAEE, B - 3E
HEE B L UBIEPEERE L ORI L72 (LES,
1993).

AT FEOHE & IZIZEBER TR AV C, F—E,
F—HE0) Y TOTNNH AL FIE &L 30RO
M EBEEr HEE L, REEEL, B - EEEEB
T UBHERNRBE I T AR EMIT L2 D TH 5.
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1. EOMKXERREDHTEFE EEEXERDBEIE
Hik

TR B ER BRI R B R D 104EE ) » T
M26B®D 5L 5 A&K%ZHWT, 199045 A A X b 10
ATaE cEEOHMEEKEE (Pn) #HlE L, AED
MNABORE (Pn) OBERIBSIT 24T 72, BB, ke
B, RRER, FOMOBEROPEHES X UEH
RO OFTEICIDOWTIE, 7 ¥ FHE OBE (ILES,
1992 IUA S, 1993) RUTHB (L7zdi- T,
THWOHNTWAKEROHEDER, WE5B X UHEM
DO—FEHHITAML, AXHB L URHERICHEFT L
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FoU— R oo, BEIEABRE, EREMEE
PPFD 53/, RFELEN

7).
2. 30D 5L O - EEEE, HEBANERE
BLURKREEMDOREBET S E
IWEXFRFIHERYS (M) R EBED134EE
TOIMXTmHZDY) Y TOTIVNHA Ko 50 2
B AFI30AREH Wiz, 2B, ERDONED 51 @
B - ERHEE, BIEPERER L O REATEE OB
HAEBOMEBRICOVWTIRT TIEHRE LT (1
A - BB, 1993), KA TR DR 70 F F HWT,
BHIYCA BGERE & OBERZ T Lz 0 Ths (L7
AoT, EROMBEOERS L CMESEOHIIZA

W3 5).
3. 1 B4 OBFAERES S UTFHMNEREE
DHESHE

HAZEHE L TORRER, TEBOKRT Y 2L,
BEEER, LREFVEYATFALSHDEN-ERD
KEREHHETHEE (PPFD) 045 7 — ¥ R DA
75 B L UEEOMA A B R (Pn) OEEFHEERX
VT, BRHIZonT, TH22H 1 HOFHI 6 BE» 5
T 6 B COFIEL OMICE BOEE (Pn) OB P E
DAEERHEEL, 1RENSY &1 HY ) OFGHEEmE
EBILUCHPOBMEAKE (HMPn, DMPn B £ U
DTPP) &t L7z, %8B, LiLoFr&EFEL L UHRE
HF— 2 EDELETF—F I3 h ¥ FEE oB4 (W
Kb, 1993) LFEEOFEL F— 7 2FH L.

BREIUEZR
1. BBERETOU LI AL OEEOMAESKE
EeBER & DRRFR

WO CIHWRAER, BRER, EEEL X CEFE
WAEBMNICHEDLE o EHETORETH 272720,
H—ZBRIZT APnDSA I ¥ FRE os (1
Kb, 1993) LREKRICEERICKRELLIESsDoW (81,
2, 3BLIP4E). L2L, ZoES2XI2Hvrb
59, < OERE ORI L BRTHERTE
FEREE KT B Pn iCiE, HWIEEOCERAE, HiLAE
BLUBHOERICL 2 HELRTCHEE ST CI0ELE
T AHREEDOAKFEE PPFD 12 & W RE S N B LV EEH
DIEMMPPFDICA L TR AR DA A5 HER S 7z (5B
1Ma). ZORM»S 51 OBBEEET O EIC
BB FHM P HIZH 28mgCO, + dm™2 - hr? AT
HoEHEREEINS FE 1. ZEOY v THED Pn
HKEMHEIZDOWTD Avery 1977) DB HEIZL 5 &,
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Fig. 1. Relationships between leaf net photosynthetic rate (Pn) and photosynthetic photon flux
density at leaf surface (PPFD,a), air temperature within the tree crowns (Ta,b) and leaf
temperature (T1,c¢).
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Fig. 2. Relationships between Pn and number of days from leafing (NDL,a), time interval after
sunrise (TS,b), and leaf length X leaf width (LS,c).
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Fig. 3. Relationships between Pn and leaf water potentials (¢ 1,a), vapor pressure deficit
(VPD,b) and soil water potential (¢s,c).
TL 32 _ a
< c
~ 24 I:
S 16 . s .
g @ T B3
) .. Lo
\E | s J [_ 1 : p L 2 1 " 1
S 200 300 400 500 600 20 30 40 50 600 20 40 60 80

LT(m) CHLsp.p(relative value) TR(mgH20 - m~2 - sec™*)
Fig. 4. Relationships between Pn and leaf thickness (LT,a), relative values of cholorophyll con-
tent (CHLspap,b) and leaf transpiration rate (TR,c).
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4% {13 15~25mgCO; * dm™2 -+ hr™t D#EFHTH o 7295,

— D B DI 30~35mgCOz * dm ™+ hr™! DHFFHIZDH -
7o F7z, AL OXBREICBITS PEELT
24mgCO; + dm™® - hr™' BB N T2 (BB 5, 1990).
KRR EERAELET 5720 REERICH LTI P ik
KELIESDW227Y, &k (Ta) 7716 ~30C DEEHE, 3E
IR (T A525~34C DEFA TR E WV Pn fESR SN (81
Eb,c), TNFTO) Y TED P ELIREICETSH
ERER AH - B, 1980) &BBIZFBTWAE. AL
KBEENO—ERBELEBET DY ¥ T pn OFHME(L
(Fujii - Kennedy, 1985) & #7420, 4EoHlE (B
£4T) OBREICIEERAS (NDL) o8 LTERE
By slimkosmrRons: E2Ma). HoM%
BERY (TS) 12 L CTIRIEF A ST+ 2 fisR (%8
2Mb) OHMAFHESNLA, TOMEmMTH XD F
B chb R eonz (LARS, 1993). 5L DED Pn
EDFEHNZEB L EFOEICEH L TREShTY
505 (BEft 5, 1990), MIEEUH» Rz oz L iTwvz,

INEARIORFEREATITIZMU Tz, EEXERETRL
FEOKEELS) EOMICIZHEBELHEBEERER SN
Ltro7zh, LS R0k D & THTREL 2B L
WEIN E2™c). B, ‘T—NVFr - -F)y
A DEOKEEL Pn L OMICIZIEE L MBERIZR
H ST\ (Ron * Ferree, 1989). EDKARTF ¥ ¥ v
Vo (¢1) BLUEKEREE (VPD) XX 5 Pn OF
ixRabE, ¢1258—1.7MPa,VPD 25% 1000 Pa {3
THREZL pn HAED SNz, T OMERENIE Y F
I OBEICOED LN (A, 1993), #HEHHEITHW
S BBREMN) LESCKROEBREM PR T L
»5, BIICL B Pn OBKENFERICLD Pn DRSS
E¥ Foo/720EEZ 515, ‘Mclntosh’ DIFETH
$1H—3MPa LLEIZBWT ¢ & Pn ORICIZHIE MR

RO LN TRV (Lakso, 1979). & 512, ‘Triple
Red Delicious’ (Schaffer &, 1984) & %\ i ‘Empire’ (Flore
5, 1985) @ Pn L E~KKMOKERENE (vapor
pressure gradient) & DOREIC b A E 2 HBERERIIRD &
nTwizwv, Lal, TEowBRoZE LS VEENT
brLEZON, TEOKRFYV YV (¢s) bH b
BEMKTT S & Pn 5T 24T (Ferree + Hall,
1980) 2SZOBAICHME SN (B3 Me). ERER
BEOEMRBEROB—FERICHT 2 D Pn DAL, 72k
ZITTEE (LT) I LTIE, 7% P (LS, 1993)
LIRS ER R ER OB 5 720 » 418
bowi: (FEaa), ERFEEE (CHLspan) DED
KEWVWEZATEHKREY PnlEXR SN, ZOHE
DIFHLDELREPoTz (B 4MDb). iy, EWERK
HE (Tr) BT Pn i Tr o LR L E B ICAICLER
L, BV Tr R CIEBZLFERE LTHRET LKA
MAODEBZZITTREHDEEZLND Pn DET
BRON: (F4le). B, BESRG Y —EICLLE
ECPn & @B FH: 2 BLR ATHERR & LT % (Lakso,
1979 : Swietlik &, 1982) KFEK I ¥~ ¥ A (GH.0)
BIUORBARAaY T2 % v A (GCOy) xF LTI,
HOEEMBINT 256 L FARIC, BEEGTTIzH
B BMRIIHEETE 2o (HIZEHE).
2. EORAHER

SRR AWIGEOFGRIEIN0% IS o7z (H1
£). ZOBEGOERRFBHEERICREGICIY AT
8 NDL, PPFD OFHIR, EWREF A RE (Ci),
BEHLREE T ARE (Co), EORBFIHILI (RH:0),
GCOz, CHLspap, ¢1 B LU VPD THo7z (E1F£L).
Pn DEBOFHKY D20% 34 EEE L % 2 - 72O ER,
ThbbILEEDEY (Barden, 1974 : Marini * Barden,

1981 ; Porpiglia * Barden, 1980), & ™ M (Fujii

Table 1. Coefficients of multiple correlation (R), coefficient of variables (R®X100% ), residue (Re), F value
(F) and the multiple regression formulas of net photosynthetic rate (Pn) using all factors and their
powers (upper), environmental factors, time factors and their powers (middle) and PPFD and its
powers (lower) of apple ‘Fuji’ on Malus purunifolia rootstock.

R R?X100% Re F?

Significance Formula

0.8943  79.99  3.129 108.8  P<0.01 Pn=—0.04005NDL+7.0314PPFD%°+0.3515GC0,—0.1135Ci—2.022RH,0
+0.1362SCHLspap—0.02720¢1+0.0664Co —68.87VPD+18.498

0.8177 66.86  4.026 54.92 P<0.01 Pn=0.6129NDL—0.005976NDL%+0.00001670NDL%+0.2508Ta—0.8602PPFD?
17.43PPFD®-°+0.0000003187¢s>—0.01151 TDN—73.57VPD—14.2365

0.7235  52.35  4.761 138.42 P<0.01 Pn=—0.7353PPFD*+17.23PPFD°*+0.4766

“ by F-test
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Kennedy, 1985), BIEAEHMIZ L 2 HOERDE,
FA BRI BET AR OTHNELSE0E
BBRICHERZEI L0 EZ2 NS, ERAKLE
B & L7 BERIEHEERICERIICELD A T - 25U,
BEHHAS (NDL), NDL @ 2 $&fH, NDL @ 3 SfE,
Ta, PPFD @ 3 3fH, PPFD OFH4E, ¢sd 3 F4H,
EFD o olEEE% (TDN) BX U VPD THH (81
W), ZOBAOESEINTSTHY, HF P
i o%e (UAKS, 1993) I TFLAZ LaL, E
MR HEE DERFEFERZE B 1RO Re) KOWTEE
KzHCHECkET 2 &, TP 0.9megCO; -
dm™? - het ZUPMATBICEETY, MAT, Zh5
DFFE (9 3.1~4.0mgCOz - dm™® - hr V) ZBHWES
FERLEBOREN s D XD B LRIV TH D4RV
ol BRO 08 E Ll n) XL, BS
N7ZBEFIA U T2 BERER S D\ 2 AR HEHR
BLUEREL COBRARNER,L LD L END L
EzoNb, ¥Ial—3a YEFVHTOHEIIEE
Zkidrbns (UA, 1988) Lidwvz, fEEATAHE
&) BIEEEOMAEERRENT RENHEESRTH
EDOT, FEMLIZL > T2 OREDFEIINELED D
DEEZ LN, ZOERFATDDEOEECTSAW
LNBOEHBTL 7.

. PRROMEBEEBAMOFESEDZE (W13%) HbTh
THho/-HHIEZ, FHPEEHEL L TPPFD, NDL BL O
VPD FHEICHBLTE TN, ZN60EROFLE
VREGE HEOTWihdTHbHEEZOLNSL, bk
|2, PPFD BE U ZOREEDOAZ BN CEMFESH %
TFolblsn, HEERIHR%THo72 (BELIET).
T%bb, Pn DEEOFG L LD PPFD (2 & ) g &
NTWi-ZETHA.

%8B, RROFEFRERTO L% FEEMICHY Al
LERBHEEOHEZH TR v, 1) ¥ TOEOHEFH
% Pn #EEHX & LT, Landsberg & (1975) % Watson
5 (1977) OB L. L L, ThFEVEARTF (N
B CO, W AJERE, N4 % A, PPFD~Pn f#
MO ES) #LEE L, IS EFIETL-D
DINTG A —F % T L HIESERIICATERITR O %
W, L7eAo TINHOFFEE, RREIZLTLD
WAL &R\,

3. FXARREOHBAREESHORIBNEILE S

WIZ 1 BY Y OEPIXEARE
85 5 B30 D 9 H D 1 ROB OMNEE RO BATHE R

EEHICR LD OTHAE. 1B, ZOXOFEML S
oh ¥ EEE ofd (LK, 1993) O TR L7
DOTHEET AH. BEoORSHEIIEMEO P (81
B a) |ZEES, % 22.5mgCOz - dm ™2 - hr! DHEE S 1,
ZOREMEIEH 10mgCOz - dm ™2 hr'! Thot: (E5
5. ZoxEHEI NSO Pn BIEL 2ho
E I 1 RoeiafikEo pon fEAS5RYE, BB X
DEDRERELEOE V6 A THZ TCOHMICELN
O LT, THTHRZID LD 2iF4&ficETns
Wolzlz0THAYH. ZOWHEOMENERH ORE
ZME%E1BIRT &, KiBIE25.8C £31.5C TRIE KL,
PPFD 31811 £ 992 CRIE A & < (BAL : gmol * m™? -

sec’), VPD i3 824Pa & 1303Pa THIHZEM KL, ¢sid
—0.005MPa & —0.022MPa L RiBELE» o7z T2,

Hoaks L CoFHM*bEREE (DMPn) 1E#H
16mgCO;z * dm ™2 - hr'! Tho72 (B5HOHFIETE).
ROGEBLREFD A RENEOBER OB ES M IR X

CHEMZEMLLZ: (FESEAR). T/, ZOAEMETH
LERMYAAHREYE HTPPHE B FRi6B0H
48gC0Oz + tree’ » hrt & 5 F# 2 B D # 133gC0O, -
tree? - hr- TTRELCEMLL, ZO1HOEFMETS
LBt AR E (DTPP) 134 1378gCO; -
(13h0) ! TH o7 ESHOAFIRTE.

FECRIRE G EHE A 308 oW TATY, LR OHTICIE
DTPP 3 & Uf DMPn DED AB V7. KFEIZFEE O
ST CEE, 1984), BERBIC L 2HEICET 5.
%8B, FEH (1984) I L BBHEABEEDHE T IEDS
FHIIBIFBERFEOMEMNTB L CHREE IOV TIEE
WAL (LA, 1993).

R (BIES) EEshze v L Fyd
S OB EBRHEED /- OICLELEORSFET —
Ya, HEPrOSZHEOWEZET L2000 %2 T8
FEHERBEGREOM26E 5L DETHWTAFLL
CEIEMERR T, 2720, WAZTOEAFREZ->T
HFEULHEAMEOED Pn fEICIEVIER RV &8
HESNTWAZDT (Barden * Ferree. 1979), 2D Z
EESLD KBWTHHERTL, B8, BRESIC
BWT, FROWERICELSNZ S0 @ Pn 25 A
Wb VERB L 7:2 25, BADPELR - THEAD
Pn fHICIZERNMILAYRBENZ W L 2/ L 7.
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Diurnal changes in hourly distribution of relative frequency of leaf area in respect to

irradiance (left) and net photosynthetic rate (middle), and amount of net photosynthetic
product in respect to net photosynthetic rate (right). Their daily distributions are shown
at the lowest part of the figure. Numerals in the left part indicate time of day.
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4. A—Ei, R—BE@O) > IJOTIVINHA KIE

AL 07 ATAORFOMHTEEKRE (DTPP)

L UFHHNEREE (DMPn) & RELEEM
ZEDHAERRFR

1) BRO#HNEESKE (DTPP) : DTPP & 3EFE L

EOBMOMERRIEY & R OBA (LS, 1993)

EPLTWz, 30ARD 5T »7 A22H® DTPP 49

670gC0O, * tree '+ (13hr)™" 2 5 % 1800gCO; * tree " -

(13nr)! KA L 72, BEEE (TLN) L O/ r=

Table 2. Coefficients of correlation between the
tree characters and daily total amount of
net photosynthetic product (DTPP), daily
mean net photosynthetic rate (DMPn) and
relative distribution ratio (RDR = YF/

DTPP).
Tese haricters Coefficients of correlation (r)
DTPP DMPn RDR

TH 0.181 0.150 0.248***z
TD 0.402* 0.032 0.003
VTC 0.591** —0.056 —0.058
VLC 0.656*** —0.156 —0.098
AOLA 0.626*** —0.124 —0.094
LAIL 0.275 —0.217 —0.424*
MLAD —0.087 —0.098 —0.314
DB —0.613*** (.383* 0.238
TVS 0.722*** —0.389* —0.282
TUV 0.031 0.108 0:187
uv 0.023 0.106 0.203
EUV 0.359 0.079 0.190
TLN 0.827*** —0.294 —0.282
TSN 0.694*** —0.190 —0.347
TSL 0.789*** —(.292 —0.274
MSL 0.356* —0.243 —0.041
MIAS 0.301 —0.056 —0.274
MLC 0.258 —0.067 —0.038
DMPPFD —0.793*** 0,917*** 0.536**
DTPPFD 0.998*** —(. 663%™ * —0.619***
DIE 0.726*** —0.687*** —(0,699***
YF 0.206 —0.140 0.604***
NF 0.124 —0.126 0.630
MFW 0.390* —0.094 0.046
DC —0.085 —0.214 —0.199
YF/VTC —0.405* —0.052 0.654***
YF/VLC —0.523** 0.063 0.646***
DTPP 1 —0.688*** —(0.617***
DMPn —0.680*** 1 0.449*
RDR —0.619***  (.449* 1

»**% - ** and * significant level at 0.1%, 1%
and 5%, respectively.
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0.827* **OEWHMEMERIRED LN (FE2R), BE
ERICHE L BEEE (LS, 1993), 72& 2, &
FHEE (TSL) R#FHERER (TVS) LOBIZEWED
FHADEE (DB) L OIS BEOHBBFETED
bz (2FK). ol kid, wIFRdEORICHT
ToHNTW720 I ICZEE O PPFD BIEEMEE 54 A%
BEWZlTwizZ2 &, BXU, DTPP DEWVWDE L - F5H
HEREDEDPIIELAENTWZEERIELTWS., $7-
h & EEE OBE (LES, 1993) & FFCEES
AHEEL ) OFEEEEL LA K LTREERLH
BE2RST, BIAEIEH - 725 ODDERIC LA H52~
2.31F3 T DTPP R E L R DL o7z (56 Ha).
—7, BEPOLEEICHET 2 ERN : ofEEIconT
Ra&, 12& 21, ¥HOHRFYE PPFD (DMPPFD)
EDORBIZ r=—0.793*** D EWE OMHBBRHITED 5
(86 Mb), EHABEZ LI LI2LD DTPP 3K
TH5LOD, BEAPEL 2L I LIREIN. 20
HHIEEOL Ed o720 ¥ ERE 0Bs (LK,
1993) X WEEESE o7, F72, LFEO DTPP & TLN &
OEOoBVIEOMBEREMFIC XY, EHEHBK PPFD
(DTPPFD) & DTPP ORI r=0.998* ** DD T &
WHBEBERFZED N (E2F).

E 5|2, DMPn & ORMICEDHEBERIEID 598
(886 H™c), ZOM% R EDTPPD HRI4EE T DMPn
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trees.
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