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A

VNECE T 2HAEORBEHEHKIT17Fha, BAEERIZ08F t B X ATVEDN,
19024 |7E, REIEER - BEZAEDOEEHTH5 Fhall TEY, WAERELLS 7
tICALE., BEEFAZOLIDKABCERLATRIOE, B THEHENWREET
HEEHDEN BREFAEZIEBLADEZL, KEOTMBEBENMIVHAFL LI
RESELEE»SRBRZOBESVEAZH, BERSITELEZLREIBETFLLE. UL
UEBR—HoP UM BW TS EREEDO—DL LTHEMIT S h, HICi
EESREACHTIRBVWEELRSLE A5, BLWHAHEROT THEHSLE
BMHRASE, BABETONELEASLLS,

LZATHAERBONEERRIL, SHEMET IEDICTTERLEEEOEIBRE
SBIFINS~BAKTINT, G hoFRYBRLEYELLRMELhTEE, Z0HKR
RREDEAMCEEZA TV RVWY, BY - BV O BEHRREAFHRICOVWTE, k
BROBUWEROT, 84 - BHEILL VI RROEF I LI-oTEEZFLLLELLE. T2
bbb, BY IR IKETHAIARAHENECH (£F) 2 1AL AM5I<H5IREN»S,
2TOEE—EOBETHMYBMLFHEERNEALEBL, B ZOERET, BHNE
AEATEEDICBRLICBEDONZETNIICHE. T2, BHETRIEEMICTEDERL
THENELRH TS TZEF] ORICHEL, REIHODIBHICREEE XD R
S>TERE, TOXICHREORERET, FEYY - FYVRIBL4DE->STERSEDLTLRH
EBEORYERDIZLICRY, BOTAERNERBICLEZLSZATVWELE-> TR,
LHEALENEOREL, FHEARREAKRETET A2 LRTERVA, EEREOL
MAEERBRTERICHY, REOLHEABHNE L BRA L -BRFRREZ I —F %
ETARPICRTVWREEA LD,

ZHOPHERNER I OVWTIK, TTIKEH (1981) 0EH, FRICBWTEIEMATH
WAREZNTEE, 2, PRAKRBOELBOAHBREOEICDVWTIE, ThEhiE
B (1981) koKl (1970) A, —#HOFEERRBL TS, UL, HH, EERUTRIL
OWERXFLLUTRY FEADIHAEAVWTITOHATEY, BRLSTEDEEERED
EROFREDTLLFHICERL TRV, TITAWETE, & UbITRHBEH LK
BROEDYMSREOYREEREERITL, ZFLVBREREPTHERORKY, &
BRUREICONT, BELBZHRAS N> TEHAHRELT >tk Y, 4HHT
BREHIBREAEHICET AL ENLLE.

T, BRILBITZ2EYEERONESHHAEDE IEME « £/ (Monsi und Saeki,
1953) 2*FALTHED S TEE. AHERBIE, EERBEHE, RARBLEREDN - HER
HHEO3IZENSBERAEREELIHE - BFT2207T, REKFETHAM (1959) ,
i (1963) , BH (1975) HH - HF (1979) FAETHRERCRNET TORLFRE %
HRELTWD, —F, EEXLEXICHTIRAFREEERY, EENIHT 2HRAREK
REHEET S22 (B%-MF, 1963a,b ) , TOHESNS -V EED TBHEHE K
Yo THRAMICRETEA 2L (HUBH, 1968) RYMEHEME L, HEHEK 26
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IS5 L LTHEEMALFRANEHMCEZ S (FHN S, 1968; EHJI - K,
1969; f##E, 1969; £k - ==H /I, 1971; Horie and Udagawa, 1971 ; {#EE5, 1973) #i
EHREME - ZAERCD TI D TEEEDOBAEIL SR VBT E 0z (Horie and
Udagawa, 1971; =HEJI[H, 1974 ; T, 1981), FEMFE - EEERIKBOZOERE
BICbIE# 25X (Tsunoda, 1959) ,BABBOMZVWEREVESEOETH 2RI 2 &
ilro iz (#F, 1975) .

ZOXIICME - EBHERIEDEERONBERARICKELERL 2N, ERIAE
FRILS Y ALSATIE VD, BEICEEVERVIIREES, LITLIKHEICZH
T&Efk, BLEOLDILKEOEY TR, EROSHAFIERNHEICE LI RG22 5k
», FE - EHERXERG BT LZORFTAELE> Tk, $£MF - £HERIT
FEOH - HERHERPLTOETELLRVEDLLTWA AN, BEERICIER—BMAT
LEMPERICG UL TE UL ERZDHARETH S, BETRZOE D 2MA - £AER
DREEFBT A2BFAFEBEO—DL LT, BUABERHMALEaYE2 -4 - v 32V
—vavARALNBZEDIILRY, ZhETEAIMEE (HP, 1969) , £EERE (5
B, 1984a) , 4K F v fHHE (Geller and Nobel, 1984; 1986) XRBOHBMIELE (
Oikawa and Saeki, 1977; Oikawa, 1977a,b) WIHWHZHhTEE. LALZHALSOWMED
%<1t EROBHREARHT - 21k FELCED AT S L, FRELARE
BEORESThhTwaRn, BEOBFWY Ialb—varvegd > Kl, BEOEHEER L
VAWML ERTHEMCHBLTIY I 2V —vaYyETFNICHEARDZ L, HEZhEMRE
HREOEERE, ZHREBOIEREELFCERFT -2 LKL, —BEEAT L
RENDELRS,

DEOSEREL, FAHRTHODERBAREOEERS L XA RBEEE THRRNIC
WETS (18) . FVWTHEABRATHECHEBEERELAL, EHRTAZ2EF VL
BET2 (IFE) Lrd, HERHECERCOGUTHEORSRB L EBPREZNY
DEICETZ20MPHESMIL (IE) , YIalb-—VvayOEbOEBT-2%555,
ZFUTNETE, I - TEOEREHEIARAATYIaV—-YaryFaldSLsBEL, 7
OV SADHEERY*ENT -4 (18) LARULTEOERAMSE*RALELE, Heha
EPOCRBEBOTHRBLAEGHETM - BiTT 2. BN VETHZABEHBZICLLS
MR EDBKNRRACOVTHREL, BRCRAERICEWT, BEEEEHRA
MOFEREEBEEOHERMCDVWTRET 3.

BE, AHMETREROFETHEOHBEBELE LA L AS, HROZRITHICEEK
My EHE (U - 1y, 1989; Oka and Hinata, 1989) ®HR BV H - E2HWERRMN L
71 (Shibayama et al., 1989) A& X hi. AR TEEN, BMNUTLLMET
EZHBATOATVWARENWZ L E/RELTEL.,

ARG ILESR S AL1984E » S 10924 10 AT TIE L (f#8, 1985; 1986; 1987; 1992a,b;
BE e, 1988; 8k - BJU, 1989; @S, 1989; 1992) & AW OEE (7B, 1984b;
1993a,b; {FEE - A, 1987; GtEk - H i, 1990; B - 8, 1990) TRRERLEDODI,
RERODT -2 5MA, LVFLDELEDOTHE. BEERIIATCERRRERUESR -
REBEBUNHIER (REEDET) TH-oEH, YIab-—-vavo—HiiREk:
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ORMBEH AT LEFHUTEREL -,

—HOARDOERTICYE - T, B LARGBEARZTRNFRER LB O EIEMEL,
RN RHEBREAAREFEZLEERRZRUTEHBLECWIIAEEE, AHEAEE
PR FRABRINBZAELAORBICEIAWTEEL B EVE, £, THBLR-BH
BERNVEREEMREL/IBERLECICEREREK, BERBERARE ZFAIEX
RECICARAEEZEARK, MREEEL V4 -HAEBHE RIS ERRITHNIEZ
FaLldhic, BHEEAFRILET X OEFHPHROEBMELEHLE, ZhoDAILE
<HILE U ET Y. B, ARXEERBETSY, ARt E @R ErRVAR
BARZAEZHABEIRE LI YVEHELET,



B1E REEKBEICBITAEEERL
6 AEEA (D E G R h

AEREED L CFBBE AR R KD 2HIE A Monsi und Saeki (1853) X ko THE
MEhbE, fKeREYEARTEERSEOHEIRADNE LD IR~ . RERED
AREREE, AR DI NRER) o T4 XBE) LEDZZ LFNRM (1959)
o THEShEY, Bl (1963) , EE (1975) SHH - &5 (1979) kY, HEE
Brofb) MBS hTEE, ERETE, BHZAVF-FBAHRICEREEVE
H7E (RS, 1976 5 AR - G, 1984 5 M5 5, 1984a, b B 5, 1984; 1985) oH T,
AEBENMHETREEL TS, ULAUVREDLZ A, SHOBHEE L REEE2MEE
HETAEBEORBWUELLEERL AREE RV, TEEAARIERSGIFE L E
D, THREBOPEBEPLIMEBRICDZLOMBEAIRZAT WS,

AETHE, HEREE - EELEA L, 6HEORMERE RGN - RAMNICAER
EDORERIT,

M8 X O 5 R

(1) Mm%

19794 AAfT, BERAZ, On X BRAHO.OnD @B ERE (REM35cn, AT HBEHBEKTFELS
D) L 19804FEAF(T, BERFL.On X #RAF0.onD BRKE (FREM20cn, DTFEHEMBMAFRLED)
EHRL, ThEAEYY, BYY FERFERRET- 2%, AEBBLE-> TRHR
BeEERMEOREL4AE O ODERBLU . FEEFIBIEIDSTRIIMTTIT o £H, #E
ERAHLEAARHORFBEE L ROBY TH 2. HEAFKBRTIEGY, EYYH
BOHHERBICRELYBEILCHEREL, PTHEAFRELZD LN S ESE L L 3FK
(BHEEFETIRAEK, ITRU) 24 AFBELT, ThFAE1~4EOHEEICH
AlE, BI8FEFERLRBEFRRICAEDLDNAELD, BY VRO R EEBHETEE
2EPEAEEPLL, ZOBBPJLRLLHEFIAFERUEAKEHALE. TEEY VLD
EHEKHRTH7TALIEMSHSHHEBAL, £EFOELPED S h i,

(2) WEFHH
BHENOZNRBEAET 20, AT 236K (468K OFABECPDELEBD
KONBEDERANETE. TLULTEESEX, YR2EFOFSIICEZEL, 12540 (20)
EFTSnBEFKBSMIZTh TS EREBREES (8 - =@, 1971) ZE8ICER
KELRAALT, BEZREZRITVAIRSLHS - RHLE. TLTHEBOELAALE
Fl0cn DO TBHEETENISE (20H) ORER21T- 28, XFHEBX, Y17
ODEBEABHL, S0 WKHBLUE. &d, MBI LEELOANFMLMEE—HT
AWK E DI A0 EICER L=,

AEREOREL, THRBORERTHE, UTOREYVT- k. ThbbHEBRHA
kD4 EMEEICRBEL, hixBICRERE (EH) IEREHRT CERRUR)
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Table 1 Investigated variety and dates of investigation

29 Y # - U HREERE  After

After summer pruning After spring pruning intermediate pruning

HEE OB M OLTERM T O O TaME T O

Normal Dense Normal Dense Normal Dense
planting planting planting planting planting planting
x & H — 7 — /¥ WERE — /B HEHEE —/#
Mulberry variety Ichinose Ichinose * Ichinose ® Ichinose
WX s 1984 1985 1985 1986 1986 1987
Year of experiment
H1l1EAEARH 7H17TH T7H2H 6H6H 6AH1IH 7H9B T7H8H
Date of 1st investigation Jul 17 Jul 25 Jun 6 Jun 11 Jul 29 Jul 28
HE2@E@PEEAHH  8H1H 8H8H XK # 7H1H 8 A12H 8 B11H
Date of 2nd investigation Aug 1 Aug 8 Not made  Jul 1 Aug 12 Aug 11
BE3IEWMEAREH 8H23E 8H2H T7HISH 7H2H 8H26H B8H2H
Date of 3rd investigation  Aug 23 Aug 26 Jul 15 Jul 23 Aug 26 Aug 27
EA4MEWEEAHAH 9H11H 9H2H 7H30H 8KH9H 9H18H 9HI18H
Date of 4th investigation Sep 11 Sep 26 Jul 30 Aug 9 . Sep 18 Sep 18
it 2 5 H29H 6H7H 7TH3H#E 7H28#ME
Remarks 9y EZ9y 60cm TLRER 60cn C{EER
Pruned on Pruned on Pruned at 60 Pruned at 60

May 29 Jun 7 cmon Jul 3 cmon Jul 2

* Kairyo—nezumigaeshi

KB LEREIET, ThThOEYELRDE, FERARBECOVWTIRERZES
ACEEEEREL, FEEERL(BLIRAEEH L,

(3) MITHHE

AREHRNEZRONEHRE, HAE2H, ORE2BLUTESH2RARRT AL,
EEomME (BE1HC) MEohd. ZooWHEER Yy, HARSOHESDLBEE
HEER, (B1HED) &, LEFHOEELTER AL THATOEANTEGRLEEL
BIOTEIEONERE (B1XF) %, ThFfhEHLE. &, EEATE L BERE
fhicroy b, BEXATEOFLVHEERTRESZLICRY, BRNEOEEES
R (FBI1ME) R4ERL A, EDIICARRITIE, HERTER, -, —R EHEHEHEBEKLT
BMUREBELEZXOHE BIRG) t@HL, BEEHLOAREERDIERL UTHAL
o RERCRT IO, BROPRE, BiBBT3EFT L ARRLORREL (W
b LEEOMAZHE) WliRs R,

fREE LB (MT) X SR

o EMTE hEmR BEE ()
EHONH= ermpiel — Bmik(m) TR EE L2 5 B (D)
R S A E () [EOREE & 7 7 ()

_ B B 5RE (MI/nd)

R BE b Ye st B (MJ/ o)
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1.0-R, L,
R,-R. ﬁ_
L.’
Rl R.-R,
Ly
o R, K,
L.
RoR, KoR;
Ls
E ENE  EEDNE
WE ST T Light Light
. ] o HERSHME  interception interception
SRS B HEEa %S?g%%ﬁ% EEEE hght rate efficiency
Leaf area index Experimental il Light distribution map (R -R.) R R,
(L) t _ Sunlit area  penetration at the vertical [ ’
: apparatus distribution map © rate = - section )
at each height (R)

BIR BESARUHEFSTEOHEE

Fig.l Qutline for experimental apparatus and analytical procedure

& 2R

(1) EGYHRORREEL
EYVEOEEHKRELE2RICRLE. S1EATECE, 2EBEATIE, EEXSOHH
BIcHHEANTVAIIICERIREPIRETHELTEST, HIEFA~DOE RIS %IC
DIE- 2. THhICH U TERTR, SREREECEERER A YBHE Y IZv0I, T
TREHO-BABEMPRICETHEL, HEAOEAKD 2% L LA Do, HEET
RE2EHFABCEVWTEDIOSHEADOE RN NL0% 2 THEHY, AHXEIRNIZ2WHA
TE2BB Lo,
EIEAEUEERS L, BHTETECLAERENIBALRLL AT, BTETR
ZHOHBEHAEOERLE. TZUTETEORERELE 2ERALESHIVEIL, F4H
WETHEBREEL 2ok, ThICHUTEBHETHRERANXORY AROLER->TWS
T ADbh, BTETLEZEHRODENERITHRIERENEZED, BETEHORIL
BELELIERBECHIETIELACRI Lad o .

(2) HYVHOBEEEIL

BUOVHROPERREBEIRNIRLE. BLEHFAERICEWT, BEETIIHN0% DM
AHEABBL TV I HPERETEMH% L DARL, B2EFAEUR, EHTEETEOR
{EBEFPBROUTHLALBHTREIZTURBSLAVWRY, BYVHLELI—KT 5K
BABohE, UALEBTEOZN ORI, £ 1 HAEKICESEME, SHECH5%
LEYVARETEHARE, $3, AAAERICESERM (9~11%) , BH (2~5%)
HCEYVEE LR 2. FUVROSFERBEEREE, SRS X VEESIELAEITANY
ZRUEEELBIURELRTAERSRVA, AR HIVETTELEXLNIETE
DENOBIREHCHHLTEY, FHERRV.
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# i # Normal planting # 1 Dense planting

F1E 1st sLe0 LAK3.3 sw:77
0 50 100% #1m 1st si69 LAk2.9 SW:57

0 } — °°
S\

£28 2nd sSL:150 LAL6.0 SW:206

£2H 2nd sSL:121 LAE6.3  SW:171

1501
/100
o0l N
= 1 W//{f\\/\m
A 20
, 1 ¢

=

SwW:397

£

#3@ 3rd sL:171 LAES.3 SW:315

:

Height above ground ,(cm)

g

Zam 4th sL:250 LAERS.1 sw:ees

250
- I
150 J\
100
50
0 . . 7
44 20 o 0 20 40 40 20 O
(gDW/m?/10cm) (eDW/m?/10cm) | (gDW/m?/ 10cm) (gDW/m*/10cm)

H2H WEERCEMEKRBECBIT2EYVHROEREZT KB L EERE
Fig.2 Productive structures and light intercepting conditions in normally/den-
sely planted population after summer pruning

ZM/l Left eccee[_|; FMEBEE., Leaf wveight. @; EBW¥NES. Light
penetration rate. O; ZY¥oxh#, Light interception efficiency.

M Center---BER(MTH O E RN HHE. BFEIEHAHE(%). Direct
sunlight distribution map at the vertical section. Numerals indicate light
penetration rate(%).

A Rightees--- V77); FEEALEEE. Sten weight.

Q[ eeveoenvonnen BEEM%E (cm), Longest shoot length (cm).

LATeeeees <o HHEIEH . Leaf area index.

SWeeessosnonons FEFLBRBEORESR 8DV n™?), Total stem weight (gDW m™%).

-7~ B1E



#% i # Normal planting % # Dense planting
#1m 18t sSL:B9 LAE3.0 SW:78 #F16 1st sL:72 LAE3.e sSw:7s

0 5 100% 0 59 100%
1001 mgo % /100
AR 5080
50 \% /(,\\«4

mo@ 2nd SL:118 LAIB.8 SW:172
150

100.

%2 5 xoH
. . 100 //‘:o/“ :
2nd Not investigated n

2
50 /‘
by

11
v

=1

(cm)

w30l 3rd SL:150 LAK4.6 SW:176 H3M 3rd SL:178 LAIB.2 SW:303

=
=]

g
=
g1
=
1
2 200 100
a0 100 V80
@ 4 150 w0 s N0
> 40
S 100 60 - ﬁzo
g 40
=8
@ 50 // zo/f\ :
o .

ol

#aE 4th sL:201 LAR6.1 SW:385 m4mE 4th SL:219 LAL7.9 SW:431

250
200 o . /\

: 50 100

150¢ /\ 80

(\zo 80
foor 40 1 20
2 '
a ﬁ
0 W 1T 17

40 20 0 0 20 40 40 20 O 0 20 40
(gDW/m?/10cm) (gDW/m?/10cm). (gDW/m*/10cm) (gDW/m?/10cm)

HON  BEHRUESEEERCBITABRTVROERNNRE L AESE
B2HOMESZR.
Fig.3 Productive structures and light intercepting conditions in normally/den-
sely planted population after spring pruning '
See the notes in Fig., 2,

{3) hHEERRROBRE

HHEREORELEREBARIORLE. 22 THHELERERICEWT, FRMETIR
BHOREAAXS TR0 DOAEIHMEICEBL THED, BHETIRITIKREION
AEECHEZATEY, EYY, FHVYHLAKOERIEZDbhE. =EL, BEH,
B DBEFENBREBICBICEELUEED, RIEBE A EFA0~80cnd Bz ICEH
LEED, BRARVOTIHRALBEIMBHTESVWRY, SEBEREYY, HEYVEOD
BELIRYVER->TWE, FEBEBTETCOZOHERIEI~4 % B EERLE,
F2EAFAELROEREIEE T2, BHTHEETEOZHOHRFE 2EBFAETEL
LEOERLEED, BFTEORMEBEDS L EEEDER—~BLTRIL, B4EHAET
BRraRl, EPgUBRXUETGVARTIDNDOAENRTRBLEEN. FVELHEK
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¥ ;% {8 Normal planting # i Dense planting

F1E 1st su38 LAE2.9 sw:1s4  H1H 18t sL:50 LAre.2 sw:
0 50 100% 0 50 100% , 208

VA S

£268 2nd sL:97 LA6.1 sSw:257 H2EH 2nd sSL:101 LAES.S SW:311

38 3rd sL:142 LAEE.3 Sw:i200 H3E 3rd SL:144 LALE.9 SW:418
200 100

L~

80
150 e
20

(cm)

=

E

Height above ground (cm)

100
®
50
0 . 1 L.
$E4E 4th StL:164 LA6.4 Sw:ase H4E 4th sSt:159 LAEE7 SW:is11
2m /\JIOO /_\-/8:)00
/\/ 60
150 \ A
2 A%
100
1
m H
ol . | . vd R e
40 20 O ‘0 20 40 40 20 O 0 20 40
(gDW/m?/10cm) (gDW/m?/10cm). (gDW/m?/10cm) (gDW/m?/10cm)

FAK  EHERERCEHEERCST 2PHERGOERZRE L AERE
B2HDOMESK.

Fig.4 Productive structures and light intercepting conditions in normally/den-
sely planted population after intermediate pruning
See the notes in Fig, 2.

EBREUE. $, PEECHEIEARAEDNRCETEORLBEORL ARDO L. B
CERRSHBOREEEEMCEET S, EYY, BEY VB TREGRBR AR CSmMY
5 (%EHE) 2, HDE2VESEBATHH THITbL s = (BH) 0oL, HR{ER
BITEYVELE.4 HBVWIE6.9 THITHLR-THEY, BETRERNLLVZ LA A
MhhE, £, BIEAISBAREFABTIILAIT TEREEZNA1HY Y DT »0.7cn~1.0cnl
MEVTEST, 8ARUBOMRARIFEYVRICHEARTELLLZZLIHHUNTS

'37‘::0



HoER AERVHLBHC R ITIEMAROEREL I OYER
Table 2 Light interception rate and efficiency at the earlier and later growth
stage in populations of different densities

BEOYH After HY U After AR, After

summer pruning spring pruning intermediate pruning
BTER O® M LEE OB M HiEE B
Normal Dense Normal Dense Normal Dense

planting planting planting pldnting planting planting

AR D YEERTR (%) :
A RAY L.I.Rate of the population 64.9 8.5 51.7 80'2- 53.5 9.0
Earlier BTEOZNXOE (%)
stage L.I.Eff, at the lowest stratum 10.4 10.2 4.6 5.2 3.7 2.8
= B O YRR (%) '
EREM L.I.Rate of the population 97.5 98.0 87.8 94.2 9.7 9.2
Later & FHOZARORE (%) 43 0.0 8.7 4.6 4.0 0.0

stage L.I.Eff, at the lowest stratum

=
REOEDICAH—LEARBEOZREBEOBL R, SUFALABAEERO X I ILRNFEHD
KADSHEFT 2L B UL, HETZANOBL ZOHSRERLEERHIT 221 H
DHEERAD, ZODLHETEZI3X0ERFEARBEONERSRE, ITLbLLHEEKREEONL
EMEOSHTHMTE, SOFTERLPHEELICOHEABTVELEFETLY. —F
HDSERRRICE U Tk, Verhagen et al, (1963) AMIAEIER L WO L EEL, Y%
EXEEHEINWOTHN, FEOEFTHNEZRE (ThLEZROHR) FTATHL
WEBRIROYEEENIBVILEHERBAICHLSMILTWS, HEOEEKRTHETE
KA TESI LTHZROMERRALT 2, BTFBCHZRODEABLHREL
HEEREY, BEERICEVOTYEAELFZT LW EEALOASE, 20X RBEED
5, HRUECBREERIST2EETY (B 1ERE) RUCEELY (B4EHEE)
DEKENEFE L B THOSHOPELBEES 2B ICEHLE, |
Bo2RILBWT, ETHHEENOZRCEET 2L, BHIARDICTBEERO N
EHENAFNE, ETEOZAOHELYFHEASTHLZL 256, ZREFITLEM
SVRWLHETES, ULAVAREREICRS L NENEASTERLAS I h2—F, &
TROZHROHEELELE YO ETETRT 20T, SRERIWEREVLETH 5.
TOEILEMOZTHBEIDICEEF, LB L R30I, ROBMAERORY
Ml B O RE, EREBICHEETEARYANIHBESX LI EDLEXONS,
LIATHEHEESETHE, LY E - EEREBESEEVHICAKT AN, Ik
$ifk, E#ELVWURLT AL ATHLATVWS (HH - &%, 1979; Ha, 1981) . =
ERAMREEREICHELTCDY, ARVHTTEREZRE X VB PRICRL 3 2 - AHES
hTWa (B, 1979) . BHICAShABHERO OIS Y EAEELD, KER
THLMIEZAhETEICREY, RSB LZIHBEOERIIEETZ2IOTH S,

- 10 - Bl



RIE2RICBVWTIRBEMOERICEET 5L, PRKBRLZOBAERIEEOWH,
BUEBUTHOBEREIVBTEOZNOMNBHMEL, ZTHEXEIBDILETHE, &
ht, EEVHISBEEIBEEE BBV DL, XOBAERGTE2EDELELS
h3, HRGRAOEABR T EERERFAZHE I DEVAANVTHT b L s 2iEd, K
BOHEMELBOTRETH- 2D, Tho b LBERZTHEBRIBEVERERETH A,

Tk, BYVERLEBYYREIHET L, 3 TICERfLUEX D, SHEBECEBARL
ARHTETVE, RHEHRY VRO XOHEIRY, TXBFROBELEIERBEIC
o TRRBZZLARENE, TOLIRERIZNBEBELE, wWHYLIBHEOREN
CESKOD, BUHEEROABEEDEVW L THELZNEDOMRETHY, 54
ODHRETH 3.

== #4

BERI A 2 m (W@ HA5WiE1m (BH) OREEBICEYY, BYY E2EPRHLE
RETY, 2OHOZENXRBLEERELBRHNICHAELTROEREGE.

1. B9y, B9y, FEEREZOVWTHICEVWTS, BHEIAETHIOI S EFE L YK
BERENEL, SNXBRIEFTHID, ERBEHICIBTEOSZOSEALVIELEE
Orizdnl, SRBEASE -, HEEEORCER AZEO RS (b8
B, EREFCHETHCRVANSGRELERIEDLEA O E., BHTRERRH
CEEREBROETLSY, B TEOREREORENRDS FRDSh ik,

2. BHBEOHBICEGARL, PHARLZOEASRBRAERO2HMEELTETEORZ
YOMENEG Y, BYVERIVEN 2. 2hid, BEEIFBREBLEVOLTED
LEAbhE., PRAGREIEGREEIRLBUVARANTHIT LY, RBEOMEBAR
LEBOTEIoE, TREYVRLFBGVEREKT 2L, £EBWHITNHE, 4T
DOZHRBEFBENTWE,
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BIE REAKRBEICEITS
BEIDETHEI L €7 IVL

o — 1 A BY BY S Az B oD O TR O 2= 5
ZHO T#E) EUTEHREMIZUL, SRETCHEENRARAEOL TS
Ve Zhik, YEBEHEOBEVWRESBMERFIVEERL, YIalb-—Yariik-oTENE
BOWMBELHETZ LTREREELRS, _

AT, BEHOZNBRICHSTIRVEORBEHEZR L BOMNEILEBALIMNT S
TEHMLLT, GBAENRKRERE, RER, MRS ICHEOEZEFET 5.
Tk, 2RToROABOEKRLEREOF -2 L ¢, REMOHEBEBEGERHT
BLrBbIERIH/HERSD.

A2 NI R

SZGBEER (19798, BER2.5n X #AF0.7Tn, HREM40cn) B - REZINT
Wiz 1957 Omhs, 1983 ICB3RIRUENREENKRL LT, ER, EiE, &0
RRUEHEMALFAELE. AEREREYDVE, BREEAS XK Z2140~230cnic M EL &
TABHMS2THE AU T, ERBELIBRBEELFEITMCET IHBRHETLL 2B SE
P2 EN51KTOREEL, THLOLFLBEIIOVWTITo k. REARHTIR, HHE
DHBICHEUTHREE LB L, FEYHCBBELTEELTVWE2EMOREX MR
LR2VE. #-T, BTHNOKMROMEMER, HIHRETERL, wbwa ITFLY
Bl 2RLTWwWazkiihd, ¥, BOEZOHEIIE, IV /) A-2— (BE-F
HJII, 1971) 2Fw, ZHOES (EE) LELALESERS AT 2T HE (+90° ~
—30° ; TEEHNSSR) £15° EXHD12BETHIRELE,

10

a

(=

OB

[n g
[2]a}
T
1
a
P

Number of varieties
[
=)

(=]

6.0 cm 10 40 55

mo5E  EEHE (A) , BEE (B) , #iME (C) RUXEERNA (D) OFHI
T2 nBHER

Fig.5 Varietal differences in the mean values of leaf area(4), ratio of width
to length(B), internode length{(C) and leaf inclination angle(D)

l: GREMEYHE. Mean values among the varieties.
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Fig.6 Vertical changes in leaf area(A), ratio of width to length(B), internode
length(C) and leaf inclination angle{(D) for the investigated 30
varieties

—%, FHHEARRUHAMOBEILINIFE2 AEXU84E 1 ~2 510, £HHHER
FEEERBILC2FERELTHY, AEOEHHEEMBITICHLE. A TFXERAR
19844E 1 IFAE AR THETH -2, 183E0REEEX T T EMTICHL =,

s R X% R E £
(1) BEE#R
FH (1966) OFBIHE-T (ERXEEX0.7 ) KIVERTHEHEEL, 2F4£FED
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B3R FEOEEOBMMBECIIAEREONE
Table 3 Classification of the investigated varieties by the pattern of
vertical changes in leaf inclination angle

m ®
Varieties
BERIR HEHIES FE2E e Pl e
T B T 2 K |Kurodogi Shiromekeisod” Shinso 2 Zinza Zinba
Lower leaf inclining | ff#ENo35-600 R *E135
' Taiso No35-600 Chosa Beikoku 13
+r B F B o 1= %&%&@% 8 (B) WH15  AFFERA
Upper leaf inclining | Ttowase Okute Kasuga (kuro) Kosyul Kanad -A
PP ea & shirokawaroso & yu anadasanso
HOWEARLEY TR fEK KREF WA
S = i | Atsubamidori  Awamiyaso Isen~K Qoshimaso Kairyo-roso
Sigmoid type SP5:ETE FHHR L B& HiR%
Shirokawakeiso Tanakaoushu Tsuruguwva Nakazawaso
- 7 B RIBA W EEKH BRl1E ek | BEBPE
Constant type (ohiromaru Kairyo-akita - K.yuhinl Kumagayaso Bekkoguwa
oz @ ] AR i TNV T EE
Others Akamekumataka Iwase Algeria-atsuba

PHEEHRERBIL RO TZOHEESHEESHAWLRLUE. ZhICENE, BEE
O HBETHEL183cal T, BFE310cd (FME) 2 HHEI0al CREILIE) ETIRITERMY
RofmErUE.

RICERBLLELEER (B1LE) »o%k (BL0E) KEH L, BREAMA (x) &k
FNERRE (v, BS8BOEHEMEE 100 LEHEY) oBKRERDTEERAIKLRLE.
FANERREHEEENSERARTTHML, E7TBTIERE—EHEICRBL R, REE
NEEThABUBCARTIEAFAES M BDOhE. BLEMISETESTOx L
y: OEGE2KRATILEMTE L, EFE (1981) REEHIORORy MAX DR THE
L EEROBBERAEL, ARLERE2EB T3, b, RFERERCHPEMNIMOD
RBLETERZEAERLEOTECHANSIRBRIL .

(2) Rig=®
ARXTHREE (1055) RUHR - F (1979) BBy, EEEERTRLT 100%
RULME (EF/EEXI00) 2BEELEHTS. BSHEBIRLEK DI, 2BEH
ODEHREBBIIFEERTHEIREDHEL, 8 (FR8K) »oH6l (HPFRM) FTIEIE
ERMICAH LT E. ORISR - 1 (1979) A20F 8 e AR RO
DWTHEUEER (FH83.0, H#EFEEE.38) LX< —HLTW3,

WICHRBA (x) LHSEER (v, BB8F=100) LOBKREFEEHBIIRLE.
AN BRREREEEESIS EAFARTTHRRISL, B5BT—REAWREL AR, RKE
AEFhA3BETCECHATA3ERAELMIBED S hE. B1BITEIEEICAWY
RBLVLOHIEETEHN, B1LEISESEETOx Ly, OBEFIR2KRATL GER
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A. TETEH B. LET&#HX

Lower leaf inclining Upper leaf.inclining
o
£
I s}
%'\ : 30-
20+ - \ 20r
10F ¢ \\\ . 10F
0 —s F——iiz
_10-
—~ =20 F
/\\/_30_
<o
o = —40F 40+
%3;’;, L ' i i 1 1 - & 1 L 1. L 1 L L 1 3
c 12345678910 12345678 10
SE
g
£8
i= .
s ¢c. sz ® D. — & &
gEE Sigmoid type Constant type
-_g .
IE
o
= 40f 40}
# 3o 30}
20- 20»-
10 - . 10}
O : -T : —
N\ ' /: \:
-101 .\:/:/.: J . 3
-20F ¢+ Nl C
O T
=30} . .
_40..
1L 234 89 10 1

67 23
WEBAL (EH: L, K

Shoot stratum (Numbered from the base upward)

BTH EEESMAOBMINERCLBT 450847

Fig.7 Four types of vertical changes in leaf inclination angle
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BARk RECHEOMEMHABGKE

Table 4 Correlation coefficients among the investigated 6 characters

STHERRE AR HA{¥ ¥EH® RGE EoME

Mean shoot Internode Shoot Leaf area Ratio of Leaf
length length number ) width to inelination
length angle
® O #® £ E _ _ _ _ —
Mean shoot length 0.031 0.025 0,153 0,283 0.184
i i ® _ - -
Internode length 0.031 0.149 .0.081 0.009 0,209
B Sh & o -0.025 —0.149 —0,605%%%  _—( 554%%  —Q 500%*
oot number
® ® B .15 0.081  —0.Ga5%* 0.638%%%  (,410%
Leaf area
B O B _ _ 0. sEqkE i
Ratio of width to length 0.283 0.009 0.554 0.638 0.280
® E OB OB A g 0,208 —0.500%%  0.419%  0.280

Leaf inclination angle

**K 2 0,1% LAYV TCHEE  Significant at 0.1%level
¥ 1B LVA)VTHE Significant at 1% level
*: 5% UAJVTHE Significant at 5%level

TEE,

(3) BMR

RIHBREEII, AHTREELERUAMELSHELE., ZITEENELVER
EHTCOHEERERIL, B4~0BLBIASHEOFHEELEBILICRD, 20
HESHEESECIIRLE. Thick3y, HiMEES.6cn 00 (FERE4L, 58
M53.8cm DHD (FBK) FTEETIN, 209K RNIERASALIEPPRELRST
BY, 5.3cn BEORBMSERL, 4.3co BEOEHMEHEBICLETELLIKLA
bhi=.

RIS, BA~0BILBTABABRLANGHRLOBERESESHCIIR LR, X
MERERLOP~LEEHT—2ELXRET, RBARTTHRS URT2EMAD 2 HA,
ﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁ%@@&wﬁmaﬁﬁmé@m&ﬁbtotﬁb,ﬁﬁ%ﬁﬁmﬁ
R, HANEERCHNRERROBSICEATHAENES D VT VS, ZhiEHE4
~S5BIETEEOEEIRY, HIREAEULLREL R-TVWARFEENALLEZLD
—HTH 5. §%, HEOBBERVWEEOHMEOBAIELE, BRERD 55K
WKhEsTHLMTEILADETH S, :
(4) EmEHNA

SELBOPHETMEMALFEILICKRD, TOHESHALESHDIKRLE. EH
fEEHE SREAENZEL L, 52.7° (BFHR) »56.4° (F%28) FTHALSHLT
WA A, 25° ~35° OMBALEHEL, ERAARSAERLUE. EES (1981) &, #
AEBHWZ-TWA3H0, BARKIZDD, BLXUZhohEI A O3B HEHTES
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HOR WEEBHEIW & BERTOH

Table 5 Principal component analysis by the investigated 6 characters

Ratio of contribution(%)

E R %
¥ oy Principal component
Character = 1 s o % 3
].St , an 3rd
OB OB &£ R
Mean shoot length 0.175 0.196 0.901
5 i 8 _ _ _
Internode length 0.024 0.856 0.206
53 - ¥ 5
Shoot number . 0.523 0.181 0.301
® L i # —-0,538 —0,124 0.063
eaf area
pa L] -3 _ _ _
Ratio of width to length 0.491  —0.032 —0.177
* ®m @& & A _
Leaf inclination angle 0.403 0.419 0.144
# 5 R (%) 43,7 19.0 17,2

ZLERBLTVWAY, KBOERI»SRLT UDHL AT R Do K

WICHEBMN L EHEEAAOHEMNE (BE8BOEE20" IKHEELL THR) LOBRK
PEEEDICRLE. Hickd:, RERELELBOBOESNESHICHARTKE (52
WHERE) THE3ZLREBELARBICABLTVWED00D, HREBAISEREELT
O, 2FBCEBLEERARED ARV, 22T, #HERBEEEIRILRTL M TC
SEOLE, a4 7T BAMBILERE L E.

FF, BTHACRULETETENE, XALBOKERECHETART L, FHO
HEFRLUTWVWAS L, BEANBELLRVEDKREZIFILI VWIS FLVALD. ZEIC
ET32RBRITELYVESNESB. en 4 BFEDIREIoE, CHKHUTETHBOD
EFBTREE, LBOEANAFTRZULTVWAIOTHITEFEFTERALLTWE, TEOERLK
KA AFETERREBIBELYPT VWIS L VAB, ZORLBTAREOT 2 LYRIRE
$99.4cnT, ABHPHHAEL, TETEHLOMC.1%KEOBVWERENTD SN,
CThENEBOENTHEOEKBEICEMULEDOLEXASLN S, KICETHRCO SFHI,
HMBROEIS LB TEMOERLEX B2 LATE, T2 LYREDFHIS.0cnk, EET
FEENCRSCEVEERRLE. £, E7TEDO—EEITEI0FOMIBAMNELS LBV
DML VWIS, —BEERIE, <HAAZLEITETIHOHNEL (F-24EHK) ,
20T EFLEYEBIIEY22. 70T, LETEAL SEHOPHOEERLE. &8, FREMR
W, BERUC 7NV U7EED 3 FRIBRLBMANNELERL, 43470V THhiC
PRFET R L HATERDS E.
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(5) MBI

FHROABE TSR EBREEMAEZ6BEILDWT, MEMMABEGEE*E4LE
WEeVELDE, RiCkDL, FHHEELELHEMER, ThfhibosSHELrOMIKER
RAEEERA—ORDLLT, MIHOBWHETHILHETEZS, 2hicfLTHESR
B, EHE, REERUCEAEMAO4REHEMOE, LHAERRVWTIRTS %KED
EERHBEERAEELTEY, ZO4BEREWVICEEAH I LEXTEW,
FITHARBOEBEERS 2D, BAREAVWTERISFEToE (BOR) .
B1ERS TRERBOKRBAED, F-EEHE, RERRUVEAEMAOKREPADK
EREERLTEY, HAREIELE -/, K, KPEEGHEL, 2% - K, A, TEESR
BLICHETEBZZLHARBIh3, 2OLDICENERICHEET I LERABEIENK
BHELTWAZ2id, SHEFHEEILZLT, $EEHOEFIMEEEZ L TERTRE
BEHFETHS. TEHE LTRSS ICEANEFESREAR YEVD, B2 2l TRER
ROFRED, SHUESERITRERLEIREROFREY, ThEThBHTRERMENHE
RLUTEY, HBHEORE, PHUHLAROREICEBE LESEOTRES AR XS,

n— 2 FBBIBA A A o 24 F i £ S Z5 (e
I 1 CREEEEMEEZRORECOVWTHELE. LALZORER—ERBR
T, BEBRICDVWTOATOIEDBDTHY, ETOHELEHNRICLEEBRBICDES
THREERTOI LU ETH S, £, ZARBERESTL2EERERNTHIHRLOE
MEEIL>VWTI, I-1THL2<LEEN MTDhdhs i, _
FTITABTRREL 1L FEICRET 2 —F, BHEEBEORLRZ 20&KEE2H#HAL T,
SZHBBICESTIHLEOEMELEREE-THET S, ZUTHERE T RE (&
BRAZETTIVOEE) CTHRATIZ L 25RIC, TEIRVHEREERAAS.

FA B 2 O F -

198444242 5 H29H W E Y Y U =BERT2. Om X BRAFO0.6n D W B RME AR (FRE#H35cn, &
FIZ— /W) %, 19856 THIKEY Y UZBERL. On X #RAF0. Sm o) BAE F (K B
(BREA20cn, BBE—/8) A LE. GHEERL I FHAETPELIMEELEEL,
R (%) BERCBERXT-T, RELPSOBERBE 2 EAE Y EVI0A (19844) k&
11574 (19854) L UL, SE LS CHUE S ZICROBEETHELT- .

T, FEAEEFLETH10° HAQHHE L 10cn 4O F.LM % K % HiEc
HE, REFALT2BEROEBRESIRAIRA B LI LE. ELTEEEKICOVT,
ARSOMEBLERSETOEBELIEL, ToS5ALEMALELT 2L DI,
PR CICEREEMLHETHELE. &b, HAEOET L LD, EEROZELLLER
RABERVA—EEPICRET LIk, T2 TRA—ESTOREERRFEH I
BITAHEBEOEWVIEICS, 6, 9, 124-(19844) -1 2, 3, 4, 674 (19854)
WK, ThEhIALATI~NEUTHEOLE, RBILRUTERAS PRI EMA X,

¥, AEEBLETH»SFH A (19844) H 2 WVWIE10A (19858) OFEKEEEL, &
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Fig.8 Time cource changes in number of unfolded leaves in shoots of mulberry
populations planted normally(N) and densely(D)
Vertical bars indicate standard deviations.

QO: #A4F1 Type 1 O: #3470 Type I
®: 34 7MWM Type W M: ¥4IV Type IV
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oL FEMBTIEEDE (BREEF)

Table 6 Date of defoliation in each leaf order (Counted from the pruning)

A7 HEREHIY) WEH Normal planting % #f Dense planting

Leaf order
{From the shoot base) I i m v I i m v
1 44 41 43 40 44 52 50 47
2 30 49 48 48 54 61 58 63
3 58 59 83 55 62 66 64 69
4 67 71 64 85 68 71 70 76
5 80 87 76 87 73 78 82 88
6 69 62 64 69 62 65 64 69
7 78 73 78 85 69 73 70 76
8 85 82 89 * 73 79 77 81
9 91 a2 * * 80 86 86 a3
10 100 * * *® 84 % * *
11 76 63 70 76 73 79 74 72
12 87 81 96 89 79 80 91 A
13 * * * * 85 * *® A
14 * * * * a3 * *® A
15 * * * A * ® * A
16 101 91 80 A 83 88 77 A
17 % X * A 84 * * A
18 * * *® A * * * A
19 * ® ® A * *® i 3 A
20 * * ¥ A * * * A
21 ® * 86 A * * 92 A

I ~IV:HZE%HF A7, Shoot type.
* I EERTETTHEEES. Not defoliated until last investigation.
A n BZEHS ., Not unfolded ” .

EAEEEOEE, EiF, HHELCCETEMAEZRELE. EABIHHLAKT
HHH, FHCTHETOEFIEEL ALRAMEONELTb Ao k. 28, BEXH
EHEZICRI~VO&ESAL PH2~3KTFOBEBILEEhTVE,

BROMFICY->T, SEOHER G, HEEH»SROBEER I THEREHAELL R
WHDERELTRDE. 1, BRICHTIHARERRO S TEDHIE, KK (1978)
oFulsaEMALE.

FE SR R OREER
(1) BB L EEHK
HEBOBRBEEEREIATIICESHICRLE. Thitkd e, HEHHTROHEE
BOMBEHEE, BRI A T Lo TRELERZIED, BEBEWLI-THLETRERS
AN, FORRLHANRLKRFELONIOBHE R HERN YL, Z0REIEFED STH
MR AEMERASHEERITI TV 2L Abdsk. TZLUTSEHOEI I QI AT 4
DM TERDTEEHTE .
RICHEZERRRETHED, AR THFAEELHEI A THCEE IS SEEIT LKLY
V=730, Fv—-7SHO1, 3, 5, 7, SHNFAEELEHEBRE, FhFRIT V-
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Fig.9 Frequency distributions of shoot azimuth angle in mulberry populations

planted normally and densely

C 12471 Type I R A0 Type I £ :#447M Type I
3 A4SV Type IV

A:¥@EHE-RER50H H £ T. Normally planted, up to 50 days after pruning.

B Y@ {25250 H H BA®. Normally planted, more than 50 days after pruning.
C:% #E-{%E50H H X T, Densely planted, up to 50 days after pruning.
D:% #i-{%ER50H HLA¥:. Densely planted, more than 50 days after pruning.
E~HIEA~D®MI ZroB#HEH %3 . E-H indicate the moving averages

of A-D, respectively.
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Fig.10 Time cource changes in shoot inclination angle in mulberry populations
planted normally(N) and densely(D)
Vertical bars indicate standard deviations,

Q: #4471, Type 1. O: 470, Type O,
@: AWM. Type WM, m: ¥4IV, Type Vo
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Fig.11 Enlargement of leaf area after unfolding in mulberry populations
planted normally(N) and densely(D)

A RERZ2BDIAICEELEZE, Leaves unfolded within 22 days from pruning.

DL, F2, - -, BELEMNOFEHLART LI LE, AIXEYEHE - 2471 -
O ~0BEMOINV—FICHREATELSHEEXCHEXSEM=00EH L H, HELEREL
HLiL, TOI>BND9, 27, 45, 63, SIENEELEHE 2 KRD, FhFhiEe, £7, -
-, BIOEMOEEHLLE, IO UL THESAAESEMOEET 2 HREO BRI
BULTEBRILRLE, ¥ ERETOEEL, RBRIO~MEHEWHE-T, 4HE (BH
B ABREAETER) LR 1IREYE2Y 9 ~12810BLE. ZhICH U TEBOBEITE
RBAU~S2HBICHETY, FIATLLHERBARBEIVEI - D, TOBREFTHED
ML, BREEHICE10~16% L Wl Y LH- 7.
(2) BEOHLA L @A
B&OBHEAFME2RRAT 20, AHTRESFAEAFNEA0° , BEHFWEHAA0°
LS, WEBHICBIT AL, AA0 TroBESHAR (BOMA, B) ILAES
NBZEIIBERBOIEEITREDHMADHENSRECERULESD, ZhABEFAL
TREFIAMALBEL, EOEBHA60° ~90° OFMICMHMBET LD ok, 20O
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r: EEBEERE. Multiple regression coefficient.

VIEEICREBICHEBT 2 & DRy, SREMOBETRMIOCEL 2R, EREICHEST
PRLEAERBEASED ShED, BEFTHAULRVERD —BEELATHEED,
BEEEFERICAREIREERLE. BCAA THORBERBHEEE ICL-> TE<ME
MARRY, WEETES A FIVEEICHBAEARE SEAF RS AN, BRTREL
A3 4 FIRTCBEEEERLE. 34 FTHOEBRES 2 4 FIVE ABIERICKED
ofz. 2, BETEREERTROMGKEMANEOZ A TTHRERE LE-TEY,
BRACRIVESIEOBVEEREETERTILEAS. BHEROEMAORRBELIE, H
FIRTEOIDREZDIINVIE 2R, SIRUMBTEENCHIBERHUT 22 HATEE,
(3) BmER

B FESR, BEAEE (1966) 1Iiit- T (ERXFEEX0.7) Kk H#ELE. &
BEHOEEELI00 LU, HEISRAZTTOETROBFEMEEIIRIGRLUEN, B
WHEEBEOVAT A v JHBRE2HEZ O OEEEH L, BHBEEDESR Y 4 AICEFRRLLS

-2 - E2RB2HW



I T T T
- N D
>
S’
L ~
B -
c o
2 100
2y
L
ot
2=
; p : -
“ém'b_( Do y=-0.428%%+8, 34x+59. 4 y=-0.456x%18. 78x157. 9
o - (15 x =10) 17 (1= x <10) |
= SOL' . P X
RS :
2
SE
g
s
o) 1 1 1 i
0 5 10 0 5 10

B % B OB (x)
Days after unfolding(x) -

E13H WHEHEAT (N) RUEHBESE (D) KETI3HELORBEROEL
Fig.13 Changes in the ratio of leaf width to length after unfolding in
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Fig.14 Changes in the final ratio of leaf width to length with respect to its
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r: BB, Multiple regression coefficient.
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Fig,186 Changes in final internode length with respect to its order in mulberry
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I ~IV: #igk& 4. Shoot type.
r: EABEEE. Multiple regression coefficient.

IR BEEBRECB T2 EHERENA

Table 7 Mean leaf inclination angle in each growth stage

£ B B B ’E‘;@ﬁﬁ Normal planting #® ¥ Dense planting

Growth stage I I -V I i I
B % S50 H B % T 197 147 254 20.3  19.9 11.9
Up to 50 days after pruning (24.8) (18.1) (28.7) (26.8) (19.5) (16.2)
% #® #% 50 ~ 8 H H 22.6 27.8 33.4 19,4 15.8 18,0
50 to 80 days after pruning (17.4) (21.8) (26.2) (16.9) (17.8) (22.7
% R % 8 H H 2 % 25.3 25.7 30,9 25.1 23.0 17.3

More than 80 days after pruning (15.9) (24.9) (24.4) (19,0) (19.8) (16.0)

I1~IV: A 47°, Shoot type.
( YNOEMITEBEFEE SRS, Numerals in parentheses indicate standard deviations.
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Fig.17 Frequency distributions of leaf inclination angle in mulberry
populations of normal density

I ~IV: H%% A7, Shoot type.
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18 EFNVEHEOE i BoBRWMNEARET 3 FHR
Fig.18 Procedure for defining spatial position of the i th shoot of a model
mulberry tree

% BB TTFIVEE Ten. Ten for dense planting model.
¢gy WA OFHLIA. Azinuth angle of the i th shoot.
Boy: BiFDEAE A, Inclination angle of the i th shoot.
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Fig.19 Probability density distributions for defining azimuth angle of each
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—— R ERS0H H £ T, Within 50 days after pruning.
——— (%ER50H g BABE. More than 50 days after pruning.

FTETBHZEERO, FERICLIBHAEOBEL LTRDbEH S (BLURE) . BKH
HHERBERIEBT AN, ORLORALHFEOBER2ITO L, FO—REEORRUVOR
DEIWR B,

Lis X2+ L,5Y2+L,3Z%+L,;XY+L;YZ

+L55ZX+L75X +L33Y+ngZ+L10;j=o @
L113X+L125Y+L1352+L145=0
Z zf%ﬁLlj, Lz:‘n """ L14:i Li! \"fn%}%.] %0)%&: ﬁ&’ ﬁ{ﬁﬁ’ @

FARVELEMBEISHETZZ20THAHN, REALERZBIIOWTIH, EEM (ARE)
LEEE RAT) »5ROEDSICEHEH S,

A=10/1RE/ (= - RAT)
B =0.1v/ARE - RAT./ =
iitﬁé&ﬁwgﬁ(h,u,u)uowf%,%iﬁ%@ﬁﬁﬁ(a&)&vﬁﬂﬁ

(Bsy) b, BEEBICELANES TOMEARORM (ZINDEAWVWT, ROKIKE
HEhd,

X5=(Z INLcos Bsi+10)cos @y
Y5=(Z INLcos Bsyi+10)sinasy @
Zs;= X INLsin B g3

%%Lljy Lz;i; """ L.l‘}j Li%;]ﬁo)ﬁﬁﬁ’ §ﬁ$, Tﬁiﬁ’ﬁﬁﬂﬁo)ﬁﬂ, ﬁ
f2f, EMAL, BIEFBELTCVWIHOAMNA, BRAPSHETELZZ L ILR S,

- 32- E2REIM



L3
L

E20E EFNEBOEIEOLHWMNELRET 2 FH
Fig.20 Procedure for definipg spatial position of the Jth leaf of a model
mulberry tree

A EIZODES., Major axis of the JFth leaf.

es; s BIEDOHAA. Azinuth angle of the Fth leaf.

Bss: BIZEDOMEA A, Inclination angle of the Jth leaf.

(X3, Y5, Zs5) : BIBEFHALTOX,Y,Z EE., X, Y and Z coordinates at the base
of the Fth leaf petiole.
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DEESHFEHEL, REOMEM L LKL E (B2UR) . EROMEFML LTIRB IR
DETYVHDT—% (FB2H) 2EHFL, HERILER0.9 (EN5, 1980) &AL
THEEISHEL E. ' ,
BUMICE 3L, EFVEBOERRERIENMAL AL —HL, EAML0EXES
NRBECLYES AN, HEBRRIARSAED I ONTERHAL VARLLHEZH, C;
FTRZhZTh19%, 27%DBNEHE o . —RICKEEHREBLZD P UITOERE
Biid, REEBLIREBEICHMTILEDAI A, EBPERE*RET 20 EBEBNER
SCERLTOWAVWZ LA, AEAHICBT 32BN EMOERERTHAS. ULALEN
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Ehdok. LEFAST, BBEES20~0%ENTEMENTH, BEES2EDOZHRED

-3 - 52 2 A



| 9.1 | 1665 9.1 | 2285

" 8.1 920 8.0 | 1085

3.1 505

100 - f
1

A LSL-90cm B LSI~150cm C LSIF240cm

o

# + #& Height above ground (cm)

% & # Normal planting
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L'J—‘E;.;. .
1.0 l 0 l200 1.0 ' l200 1.0 o] ‘200 10 o} 200 1.0. 0 200 1.0 ' 0 200
D LSL=70cm ‘ E LSL=120cm F LSI~160cm

] # Dense planting

2 YARE %?Wﬁﬁ(ﬁ)kﬁ%ﬁﬁ(ﬁ)wiﬁﬁm®%f
MAOHEEETRER L HEZE O /n*) 2RT.
Fig.21 Comparisons between productive structures of model trees(left) and
those of field trees(right)
Numerals in the figure indicate leaf area index and shoot volume(m®/m?).

(] : ZHEHEEE (m®/n®/10cn) . Leaf area density (m*/m®/10cm).
s FABEE (n®/mn?/10cn) ., Shoot volume density (m*/m®/10cm).
LSL : B EFi%E. Longest shoot length, /

PEEERAOBEIBRATEZLEXONS, £k, EFVEBOKEORES LR
&, ARMHOARD TR, RTFEOHEIMBRICORLLHEEL TS, KEFVE
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M%kﬁwéﬁﬁﬁﬂmﬁﬁ#imWﬁénf%@aﬁbna UL ZEDMD ST,
ERH L &< —H L E.
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LUT, AHERATHENCEET AHEORBE LT 2 L0, HEERCESHT,
1EEDL2TORZEOMBEBRESFBRIL I - TREATIRHBTEETNVEBEL =,

(1) HERALEORBERER
NEBENKLL, BYVEROERFAAO~20enlc BLAETATHHBREELZEDOE
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B, #BiE, SHERUVEREAMAEL, 0 KAMCEEHEREL &MY ALTL, SHEEE
BERF L.
EEEFEOEHEER (ERXERX0.7) OHEHEHEIZI83c®THY, 310cn®
5 e ETERMNSMERLE. ZEERIVWThORBICEWTHESES (B1E)
Mo GBLOE) Wi TlmL, B7TBT—REIKEBLE, FLLBEEEOTHER
HORBEUEEEIIOTHY, DRVBISETEANSHERLE. EREIZVWTH
DEBMTORERERASEKIMITTHRIL, BOBT—EHEICELE. —7F, EHEHM
ROSHERERIMLTPPRRY, 5.3cn BEORHEL4.3cn BEOSBICHETES
I b Bbhi,
LELEOTHEREMAIES A56° FTTELVRBEREZAZDSLEMN, 25° ~
35° DREALENEZL, ERAMSAERUE. ERENAOBLIELN 2 - ViR
KR TRRY, AEBRITETRE, LETEE, SFH, —EHO4 34 S ILoH
Ehik, A

FEBOHBEGFZE EROSTOERLS, PHELRLEMERIMIHOZEWRET
HoH, ¥, EuHE, REERCEGEMNAOL4BEIHECHEE DY, #ARER
%%, B, KEERBLLE K, A, TEESFBLILHHTEZZ L ARBEHE.

(2) HEEEPEOLERICEIEL 7
EYVROSBEHERCEMEERE (—/8) KEWT, BFEBICHELE M EEAY =
V304 (FBHIEISAR) tR3XO5BF LY, 28L0OMER, FEH, fUARUVER
AL, REVERCEELETZ2EOER, ¥, HHRAVEREN AL, WI0HHETH
EUE. BEREHEERTRICBIT2EEROZWEIC3, 6, 9, 12K (EH#Ek2, 3,
4, 67K) KHT, FREFREAL TSI~V LTHEDLE, 24 FHICRHLE.
FAZEMIL, YOS TORBETHRFVHEDREFTOOI AT £ v JHIRICH-> TH
MUk, —A&EL, YEHAAECHIRRA0~MBEBLHATVRERTRICZ 9 ~12
B/ BRCELE. BRESECERBEERBITEDI - =, AERTEHROEERIT I EHE
¥ EE - E. ,
B&AAOVTI], RBE0BE S TREBKNAFICERETCRELEN, 4
PBEAZHEPEMARABE UL, 23471 LTI TRHRBEBMICESSER, 247NV
TREBENEZ- A, 34 7THOEMARBHEEECXVEASAR R £,
CETEREAERBHEETOYAT A o JHBIKHR-T, BERXI0HE % T 2 R
Ko T, FEHAMRISHEFTERMICHAL, 20RE—BETHB UL, RESE
ERERCHREEREMRIEMICK > TRERY, TOEMMBEEIFAMRERRTHEL
HETEEDN, REREROEMPIZE AL, —BELUTHHEBERLE,
—FEREMARRIE —CETEET 203042, BRLECIE(LLID SR
Mok, EMEAACUEAEGEMAOHESAIL, CORHBCEERI>HEKTH
BRYXEBTEE. ‘ -

(3) HERTEEFIVORKE
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Thky THLL T3] OSERIVARY, ERHEERCG U THLE A EY i B EE
EhL2YBEHALEHAORMEMETTVEZRL .,

BUE B0, 25en D HsMETA 3 4 LI 9EHZh, AREBMOKDO LGNS 451304
(BHTIRISA) BT 2. FHOFBRE, TR (BXFREBECE L) BF
R RLMEICEEL, ToARRNIC, MEFUACEMASIE L ERERVFRLT
BEOMEATILEONE. —AEIBEAROLET, EHF -2 IcRo LTHEHHIC
BLTwRWHON, ERROEBENLUTHICELET 3. FEERTRS, =T Z2#H %
Rt 3 280 (R, ERIER, FRCELY) LXYPHEEEEL, 2hH0k
BRUFEOEBRUZTBHMELTOLELOL D, REHEAR, EE, EBELHAUA,
R AR OBER, BRBF -2 ETHTEILLRS,

REFNVEBOLEREL, WTHhOERHEZROTFTTHLEIRTHEAASEREHOL O
LR,
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FINE REERBICBITIEED
65 AN B OV 5

m — 1 H = 25 D B

ZERICBTI2HEEONAHIES, AEARRAKOYELERNERESTIEELERD
—DTHd. CHhETERERICE- T, BEDKESHEEDEMHIELOMEBE(L AR
MICHEZhTWS (WL, 1978;1981) A, BABRBOMEEXRSHICEL TRERFHR
#$E (ROH, 1970 BH - &0, 1978) BARZHhTEEICTER W,

U UEE, BBHEDEF 200, BEICBEESLUTXEEHL, O, KEEE:2 A XY
Ry NCRARZFLWHSHARABE (UMTAAERy RBEE WD) AREhE (B
B 5, 1984 ; 1086 ; HEF - KM, 1985) . TERIMEA ASHFHOED TR « @RIEX
h, AEEEAVWERHTRREAARREEES RN S, 22 TAH TR, BHHEE
DHEREER AAERy MALALAEOB A TCHET 2D —HEOFHEREIT.

—%, ZREOBEREREEICEL TEEANER (KL, 1976; 1983) ARrZh KT ET,
BSTCORBHP, BERkE: MHEREE] & MMERR ST THRLERESET2<R
Lopw, 22T, REOEBIRREL+AS THET 2 LD0THERL LT, #HEL
B2 EEORBREILERTT 5. '

A X TR 5 R

(1) ARERy FEDRES

BRI RIBELHAVWT—EOERERROBEHETHT -2, Thbdd, HEEHMBOR
Wi AS ABMEBERER (BHEI0m)ICHERAERF AN, €0, 2HFMUE0.IMNY e
B (CO, BMATOPHIXT.O) 2MELTEHUE, COBBE A5 ABABRICILDT
BEY*—ZIELDD, FE»S3HEOBES VT (F400W) T850 pmol m?s™ D WS
HMEEYUT, A ARy hOKMEOELIS, HAELHEE (V) 2HELE. Tk,
HBEUTHEEALTICC, BEETEBELEEZREAERL, VHIALHBREBHZOH R
HEREEZLSWEESHRAEDO, MEFELARLT, 2h&Vcl, TREELHEL
L.

T ER1 (C0, RBMAERORRLEL) - - - -FA—EISBRRUELERE, TRTLE
Wl (CO, EHFM) , B2 (MERKREAHK) , BHE3 (60CTCO, HAREAHKR) R
BHA4A (BETC, HARZRAH) KHU, XRHHEKRBROARAERy hOKAiLE 25
BTHAR- . ' »
E2 (KCBEOBELC0, BREE) - -+ " A—FELISLEFEREWML, EhE
h, 40°CTCO, HARKREAALEBIED, 10~30mMDNalCO, K UKHNO, BHEFICH U TH
APHEERHE L. EREIELZEHETEEIT- &

EBR3 (HEXC, RBEE) - - - FA—FEHISTERFERRL, THhEH2C, 32
°C, 35°C, 36.5°C, 38C, 39.5CRUMICOHABHICEVTH AP HRE LR E L. B
HWITHBTCo, HRAEREZAALEDOEREAY, RAA3RETIHERL L.
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- AZAEy b (3mD)
Measuring pipette

REREBEERR 100m) —p: /| N

Flat vessels for tissue culture B

R (3X3% £123X6cm)
Leaf segment

— CO,MRMAEE R
CO,-included buffer

5t (850gmol m=2 s7Y) ﬁ \E’g\,
Light pagE
‘ Blank

2 KPTODO, HEEE» SO KAREE*NET 2HLOHE

Fig.22 Outline of the apparatus for determing photosynthetic rates by
measuring the rates of 0, exhaustion from leaf segments immersed in
C0,-saturated water

EE4 (HEBFORBEM LC0, RBEE) » - - - A—EORLR P (FBH)
VAR ERML, ZhEFLOHAFHEREERRRBLUE. BERIIEE T, HFALKRE
RAUEBOERW, BRAFRETSHERL Z.

EHRS (EFRNGOL BRI LC0, TBWEE) - » - - BUBEIORI PRIV LES
RRWML, BHIKEANEC VICEH U THBRICREELE. 2LT, 1120 Tik
1 FRef%e, SP6721% 3%, Sz 3 oK, B4R THERICHIE 2T . FE
WA LFA—DHERHDOTFTTIBERL =,

(2) ABRBEOHBME

BERG2.5m X BRAH0.6n DB (HE: LAVWHOHE) ILHEWT, EHFTHELRFEART 24
Brat (ADC #) REBUANSRBEEE (BHREERF, SPB-H2) 2HAULTEHBRED
NBFMELTEELE., AEBEIE, SHEH6.25dD U —TF 2 R —ICEE 1 HTOHE,
FEDREDEHRYEILUZEIIIEHELODDFr yNA-AQLEODC, BEOZLTE
TE3bDTHY, THHEOKARESIBRHLFr A A-NHOKBLERICHEEHS, F
P UN—ADEBROEBEEIT042nin L LE, 2F, HMRPORIBEANDOKEIEIR~
37°C, C0, HMEIL290ppn~350ppn D HECEHL 20T, MEMEIH £ (1975) RUH L -
HKHE (1973a) ORKic k> T, §T25C, 300ppud FTOMAHHEICHEL =,

(3) AHEHEHBLE A AERy RO K

TLAVWBEDYE] 2#HRAL, BROL2HUI»SBRMUABESHZVWIE LA D SR
UEHMECDWT, BEEBL AAERy FEOHF L L > TRIMAEHRERORE 1T
. BEMEMRICLEAERTE, FTHAFLY IR TERICED AL, BEDR
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AN 4
31| 8em £8E  ERARVS B ORRE
T\“‘v— Fig.23 Diagram showing sampling positions
of leaf segments used for expt.
4 and 5

BE MBI TE BRETHRLE. RERYVRS LESCAAOEMIEZ 30T,

F{EEANREBEOEVWER (HMEER0%) 22X, YUR-THH0SRICHIE %
BTUE. ZEMEQREEIES 2nin™, FMEEE LONBET 460w n~?, ERIK27CHIZ
CEIBE L, FEERAE (1975) ORIC X - TCO, BEppnTOHBBEICHELE. %
EEMEENGL UARRIESELARBICEEX*AVWC, B TELOTIRRELE.
B O NREIZ1400 gmol n2s™* Bl L, KEE31~34C, CO, MEIE310~355ppn TH
o . RVEMERA L (1975) BROHE - RE (1973a) ORICE-T, 25°C, 300ppnTO
HEECHEL &,

FEEBTORMEIRTE, EBHEFERBERLT, A ARy REIKXZHER (1)
THRAREFETIToE. EEL, EHEENRKRE UEERTENEHRE L1250 unol n2s™
WCED =, BHEIE30CTH, 2REAALEDDERY, KBROBERISTLLUE,

(4) Wl E DRBE(L , '

BERG 2. Om X BRAGO0.6mDEEICEWT T— /) RU IHBEhTH] F2EE2HHE LT
ERUE, ERICEEFEDCARBEEELAVWED, V-I7F 2 R -0ORDYILER
#10.62 (16cmX12cmX 3cn) D BEEOREH (BREAMA 77 v HZ) EWRYMST, Zhic
HRABELEEHATILIOKBE LE. #HEARET, WRXHOFFIIF~ 12 R EE ¥
HAELES, EbcBaff (BHE1%UT) CHERLEMAL, BRERI ISHL,
3, 6,12, UBIVASEMBICY, B —BHICRVTRREESRELE. 2L T8
HELOMEIMRTUER, ERCELRY, EERE*AELE. BEANOEROHEE
Ei30.68min kL. $, HIRFORBRISC~BCETEHLEDT, BohER
WEE A L BE (1973) ORI E->T, BCTOEHBEHEL .

. =i - =
(1) AAERy REDRESE
EEB1 - - - cEBURIGRUEEIIK, REFOC, XBEE L FOREE(LIIHRE

BILEoTELL AR E, Thbb, 0, BEMOBE 1 T, BEC, ORZICLY
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. B4
ETE 80}~ solution 4
5%
guso- -
ai o
= B3 -
g% 40 solution 3
L3 | B 2 |
3 {?i 20F «“solution 1 solution 2 .
8o U§fF{}ﬂ}:Dzikélzﬁ:ikalxﬂziéilzﬂsﬂL
0 10 20 30
X HAFEE RO BER ()
Time from the beginning of irradiation (min)
524 SRHABBRICBITI2EF DO, KEEEORRZE(L

Time cource of CO, exchange rate from the leaf segments after the

initiation of light irradiation
€0, was not added to solution 1, but added with breathed air at the room
temperature to solution 2, with pure CO, gas at 60°C and room temperature to

solutions 3 and 4, respectively.

Fig,24

FBBR ARERy NAKBTARGEBHOBELCO, RBEE
Table 8 C0, exchange rate from the leaf segments immersed in various

C0, solution

7 % CO, R E C0, exchange rate (mg dm*hr~')
Solution A1 R2 RES R4 RHS A6 ¥ 4
Leaf1 Leaf2 Leaf3 Leaf4 Leafb Leaf6  Mean
40°CTDCO, H Afafnikak  35.8 35.5 42.8 52.8 52,3  40.3
Saturated C0, gas at 40°C  (100)  (100)  (100)  (100) (100) (100)  (100)
30mM NaHCO, 4.8 9.8 4,8 12.5 9.2 5.4
' (13) (28) (11  (24) (18) (13)  (18)
30mM KHCO, 4.3 5.9 5.9 — - —
12) (16) (14) + (19
Z0mM NaHCQ, - - —_ 8.7 5.4 3.3
an Qo) (8) (12)
20mM KHCO, 4,0 3.6 2.9 - - -
(11 o) ¢ (9)
10mM NaHCO, - - - 4.9 4.9 2.9
(9 (9) )] (8

(- )AL#EE. Index numbers are shown in parentheses,

FRHRERIOSBICKHSRNZEELLEDN, B2, SRUT4 TG EICDEST
HERPTbhE, C0, RBEERBRE2<KBHUI<BHAOETHY, BEOCO, BE
BAZVIEEC0, RBREDREN =, BRIX4LDHE, XREHEKS H~102K0
CO, REEEIXOREWVEERUES, 1058»H202MOC0, REEEIIBDTREL
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S w40} " -
2§ EH2

2 |

3 X 20 Leaf 2 #EH3 =
65 Leaf 3

00 O 1 " 1 . — . 1

30 35 40
ol oo B
Solution temperature (°C)

25K EROBEORELEFDOO, REEE
Fig.25 CO0, exchange rate from the leaf segments as affected by the solutien

temperature
The sclution was filled with CO, gas. 0, evolution was measured at 12 and 20
minutes after the initiation of light irradiation,

TWwWiz,

EBR2 - + - -NaHCO, RUKHCO, BHEF TORERF DCO, RPHEER, FO8RILRT X
INBHOBENETTZLHDhHRLER, ZOHERBDHTEL, €0, FARREAALE
BHEDB~18%ICBELR - =,

KBRS - - - BUBRIGRLEEIIK, REFDC), RBEBIBEE L L->TELWE
WEZT, BRAEEEENBCEERIBSCILEELEN, SEOEHETRZ L, &
BREEBCTHoE. UMUICTHRIETIRC), RBEEOREEREEIZLVWEHEINDH
U, BER 1 CRERASCETI 2210k Y00, RBEENS~ITHEFL .

ERA - - - BIRRULEEIK, REFDC, RBEERIBRRBHKL I > TES
NRBERER->TWVWE, BROC0, REEE LRI MAFEABICL > T2, A3
rEZ4 b, DFUP—EOEAERIALI-EDN, SEOEYHETRILEDE
FREBICHE Y T B ERAL 3 XEAL 4 OCO, RB|EED, EOED, HREHLT AL
A2 R 0% BE LEH- .

CEBRS - - - R UAERERVWThORERSBREAICEANDC, REHEEERL, 7
RHEZFAZAICKRE, RIR1L ~3RMAREHE T 2L 0B I V0% UL SR Do =

(B10R) . 1B, SHHEAROHELEETLFRAEA L, B2 VBRRULEER %
AVEDT, BAOKAREADBLBLE>TVELDEILNEYN, RRA4OKRED
LICREBMNOREBEMEL T, RPORMAIVIIRUEL DO LHEEZLE,
(2) BSRED KNG |

SffmEE, HABOERICL->TEULL ER-TE, Thbs, BUEDN-KE
RESRICRENTVAEEIK, EHRIOBRBOZEDRBAMETHEBR TRV, EEH10~20
HOETIX1200 umol m?s™*, FEEHW~0HDETIL1000 pmol m™%s™, FEELAALL LD
ECTIE600umol n™%s™ BETHMEHUE., BHTAAREELER I LI->TRELRST
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BOFR ARAPRy FNELBITIEFOBRBRSMEL CO, RBWEE

Table @ CO0, exchange rate in C0O, solution from the leaf segments sampled

at various positions

2 O CO, 33T €0, exchange rate (mg dm2hr™*)
Sampled nositionl) REL RE2 RE3 KR4 RS F 3
pled p Leaf1 Leaf2 Leaf3 Leaf4 Leaf5 Mean

1 23,3 .39.1 30.4 32.0 26.1
(69)  (97) (105) (100)  (72)  (89)
2 20,0 29.0 37.7 21.6 32,0
(87)  (71) (130)  (87)  (88)  (83)
3 33.4 40.6 29.0 32,0  36.3 :
(100)  (100)  (100)  (100)  (100)  (100)
4 30.4 43;6 27.6  39.1  29.0

() (107 (95)  (123) (80) (99)

1) #E23HMZ R, See Fig.23.
2) ( )YAWEIEE . Index numbers are shown in parentheses.

B10HE AAERy FEIEBTAEAOEFEHHLCO, RBAE

Table 10 (€0, exchange rate in C0, solution from the leaf segments stored

for various durations

 ERREZO CO, 3 BuUHE €0, exchage rate (mg dmZhr™')

RERERT ® W e
Hours from Sampled position®’ 1 R I3 SE i
Sampling Leaf 1 Leaf 2 Leaf 3 Mean
1 1 30.4 26.1 33.4
(81)*> (58) (89) (76)
3 v 2 - 37.7 26.1
(84) © (69) (77)
5 _ 3 37.7 45.0 37.7 '
_' . (100) (100) (_100) (100)
7 4 33.4 39.1 36.3
(89) (87) (96) (91)

1) 235 . See Fig.23.
2) ( )WEHEE. Index numbers are shown in parentheses.

BY, BRI ~0HOENRLEL, 0HEUBRINMB L HCETIERTSH - 2.
— N AREREUVELETEANHBTRREZIAZDT, BPFICARTEARBMBRICK 5E
B EHELED, EARHBBREBAKTOYUTRTYAH I YRS 2D .

(3) BMLBHEL A ARy RED BB

ARAERy NETOAEES &M, AEBETONEHEEBM L - THEOHFKEEL
HickUE. o bBcRELESS, MHEAERREAOEHFEEIERATHI0Y &
GEBITE (FHEGEL0.86) , MRS HABERIHILBD LN E.
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CO. exchange rate (ng dn 2hr*)

ol A B N |
20 ]
®
P 10 ®13H13 days |
=
s o7 H7days | . 018 18 days
?0 0 o8 H8days | Ao
=] : .
B q
]
#® 301 G D i
KZ(, O e 0430 43 days
8 201 o044 H44 days
10 027 H 27 days

030 H 30 days |,
) 2320 32 days §
F A 36 H 36 days

1

i i
2000 0 1000

X & W E B K& (pmol n7%s7!)
Photosynthetically active radiation (pmol m™*s7*)

i !
0 1000

w2l REEDN SR
ARERIOHLT., BRERII~20H, CHEERI~40H, DIXEHINA L,

Fig.26 Light-photosynthesis curves of mulberry single leaves
Leaf age less than 11 days in 4, 11 to 20 days in B, 21 to 40 days in C,
more than 40 days in D.

(4) FRREE ORBFLEL 4
HALVELBEOPRERE L, BBHIGRUEX I ICHEEARICI32.8~5.3n2C0, dn™?
hr e, B THARYVERSTVWES, WTFhbBBREBBEDMCR U, 1280
BRICEETOWI0%B Lo o, UBMHBICE—RMICSTOH50% = TEEL =, 485
HBCEBCLIRMZLALCLVANVICES .

= =z

(1) AAERy NEDOREST

—EHORBRERNS, ARAERy NERDATOBEH T OABEYUTHE LEHR/XhS,
ORGBHOERE - + - ERLILBVWTC0, RBEETBEOC, BERICBIKE
U, BEROLORVEBECHAARAT CKBET 2 AL MEhi, LEKF-T,
RICTBHICERCO, 2BEMIC, UADBRBILEMT ANESNH . L 22 ThHHEDED
TORFSANEDO, REEELXHET 2 TMEBEE] KBV TIE, EEMRC, &
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FHLAEROCO &T#EE (mg dm *hr'h)

CO, exchange in chamber (mg dm>hr™)
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r=0.86

0 1 L 1 ' 1
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°_ a1 1 1 Lo, 1
0 10 20 30 40 50 60
kep ¢ »CO, Z##EE (mg dmhr™)
CO; exchange in water (mg dm?hr™)

REOKFTHOCO, KB ERELFAMBETHOCO, RBKEE DB

ARBEROEBELS, BREEBOAISHYTSY T L,

Fig.27

Relationship between C0, exchange rate in water and that in chamber

in mulberry leaves
Leaves were sampled from whole part of the shoot in A, onl_y from the

upper part in B.
~ 2
% | | | - 100
YL. N} > T
o~ et
8 4l 3M86rB
o'z ©
8.5 = 1%
> O ‘2w 60
R @
298 2f 2% 40!
8 S 34
5 | —a| £= )
3] S
e = 0L L : L : 5 oL . . . .
g 0 10 20 30 40 50 5 0 10 20 30 40 50
B o AR
Time from dark treatment (hr)
28 HEAHEBICBTIREORREE (A) RUZOMME (B) ORKREIL
Fig.28 Time cource of respiratory rate(A) and its rerative value(B) in
mulberry leaves after the initiation of dark treatment
®: [— i, BREZE, Expanding leaf of ’Ichinose’.
O: 'HBIERT A BFIFE, Expanding leaf of ’Aobanezumi’.
Wm: T— 8] BE, Matured leaf of 'Ichinose’.
O: THHERT A RKEZE. Matured leaf of ’Aobanezumi’.
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¥ U TNaHCO; RKHCO, HHWSHIE, ZZTER2TIALOMAELBRFLEN, A
HFE (A0°CT2uM) 28X BHCO,” 2H/MULTHC0, RBEERIBH TEL, 20~30mMD
NaHCO, TR T BB W IR B £ 8T\ B3 Ishii et al. (1977), Yamashita et al.
(1978) , B S (1979) , KRB (1986) LI ELAERENEShE, TORELLT,
AERRTEY VBB E B ICNaHCO, 2B MU TRIGBE R U EKIC, KE5 0HC0, -
A0, LUTREFICHRBZhETEEAZLSNE., ( (BBEBEE] TREZELOEES,
NEBREE QR ERICNaHCO, FFEMEHh S, ) L2 s, ARERy NETH
WHIRER®RED LT 500, AT 2 RIGEHIKC), FALRE-EOTTRAT S
ETRERQDR, RREEHFUTRET 20/ EYTH 3,

QRIGBHOBE - - - RISBHEOBREERE & LU TI30~35C (FA, 1979) Hawik
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Fig.28 Changes with age in light saturation photosynthesis(Pmax)
(In water; ’Ichinose’)
Vertical bars indicate standard deviations.

O :HMEFME, Leaves of elongate shoots,
®: FHIBLOE, Leaves of dwarf shoots.,
* ¢ BHZEREME, Time of unfolding.
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Fig.30 Changes with age in light saturation photosynthesis(Pmax)
(In water; ’Shin-ichinose’)
See the notes in Fig.29,
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PuxiE B HICHELEEDENE T FRI%RT2USTEY, SHAMELOEITVWT A
D1%KETHIMNCER TS =, Tk, 6 AL TAHEOEOEDL S % KBETEH

- 50 - EIEE2H



50 .
40 .
30

20 ¢ o H1EH, Flongate shoot 06 H June o 8H August

10 1 o FE/NVR Dwarf shoot o7 H July ®m9H September 1

L i

20 40 60 80

= O
<o @

Pmax (mg CO; dm’hr™)
< L=

N W
<

L o &4 Normal planting |
® % H Dense planting

% 20 40 60 80

# w (H)
Leaf age (days)

RIRE Pax DMERZEN S — v 0 (A EFEEE, GBEBERVCHEREMTO
HEE (ARAERy ME, TLAVWBOE] )

Fig.31 Comparisons of the changing patterns of Pmax with respect to the (A)
shoot elongation type, (B)planting density and (C)time of unfolding
(In water; ’Shin-ichinose’)
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~0HEETMBL KA, MOEREMMCHRAULTERBEICELER, BPbELSZ
EHRBHENE, U UPm@BRESHRSEEIHERECESERICE - TRERST
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Fig.32 Changes with age in light saturation photosynthesis{Pmax)
(In chamber; ’Shin-ichinose’)
Vertical bars indicate standard deviations. ,
Measured photosynthetic rates were adjusted to the expected rates under
25°C air temperature and 300ppm CO,.,

O : WMEFNDE, Leaves of elongate shoots.
QBN DE, Leaves of dwarf shoots.,
A BRIEEHBLOHIE, Leaves unfolded just after regeneration.
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BUR EFEAECHEREOMBEASIhEIDOR
Table 11 Three types of changes with age in the photosynthetic ability of
single leaves ‘

BN BT oA B EERG 0
il B ¥ B 8 B ER-LL B K E B D3R ROEE
Type Time of unfolding Corresponding Maximum Leaf age Decreasing rate
curves in Fig, at maximum after the peak
32 (mgC0,dm*hr™*)|  (days) |(mgCO;dm 2hr™*/day)
NEEELY o
Soon after regeneration ) 30 10 0.86
m B B #© @ @ @
B During vigorous elongation ® ©® 25 15 0.27
ft & & ik # : -
c Near the end of elongation @ ® 15~120 15 0.23
Rip b,

BHREHY . - -HMEE,M6~8AIC, BAEMNSE6~THICHELAEE (8325
@~®) AZOENET 2, P TEHHISHTH KA (250g CO,dn?hr™*) %Y, 20
BEBOHETEDIMIUEBI TS, Puldib0HUBREEWTHB L, B AREHH
fRi=h 3,

CHEELHE - - - HLOMEEENMAELTHrLHELAE (BHOD, ®) HZ
DENCETS. MERPE L AR, PudERSHETERELRY, ZOREDMIRD,
5P e DB ARMEIE20F 215 150g COdm 2hr™* 2RV,

= =z

AAERy FEEFMEEEBIC L 3 P MBELORERKRE, HETEEBE WS,
SR LB UTFICET 3 20 0MEETRD Sh k.

OPuxDEARMEIL, AACRy FETRERBANBICESMER, FMLBETITER
ISEHMZCEShE,

QP B AMEIE U, AAERy FETHRABUTHEITVTHEB LEAR, RIS
T, HERHSHARECI- TREOERH2H00, BRAICRIUE.
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¥ (Jurik,1986) FUVRERZWVWHOD, FF 53 (Reich,1984) LEBETH Y, K
(2H - B4, 1990) , /& (Vittenbach, 1979 ; Camp et al.,1982) , &4 X (F# -
#TE, 1965) , =71 (Horie and Udagava,1971) ¢ 1 fFA4 EAKYIEICHA S L A
RYME W, BBERTIEHE - N (1983) ILko TR L IBEAKOBIEENREH
TWwa—%, ffk (1981) 10&k-T, EMWOAELEP A HYY 2 %A LA U TL0H
HETIWERTIERIEGOAT VWS, HEOEBRIVEAMEDNTH S0, BT YE
DRy FHEAMRI AT EZ L EFARBLEDN S,

—%, AAERy METH, PuBAHEE, BSHEZECHERIICI-TERZ2L W
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ODMEEELRT A, COXILBLRORNECHETH2ZLBRYTH S,

Fh, ARERy NETIR T— /8| 06 FHED TLAVWEOE] 07 AEZECEY
T, —HRSUEBHEBERROBIHO PwmAEH TN XV BEUVEET 2RRRVWE
EHRBDOIE. ZOEDIIL—BRIUEP A HET AFEERELSA»TRVWA, BHEMA
RROBENMIGEEIZLV LS, BERITOMBELE LT - EERLFAK, &
BABRDI00 70 UHERL, RERBHOHENBZ - (EFE, 1981) THEHE N
ZA5h3%,

o — 3 18 B DO MEFRF = uiy SR BEE 2 & DO s Z5 16
BRI L ERTERE VD, RORRZ 2O REEOME RRT 2
LATE (Thornley, 1970) , AHFOYHEMZEEAT HM, ME LML EET 50
Eﬁ#@%éna;akaof(ﬁm,ww)obmb ZEOMFEREEIIOVTIE
HMERALLL RHELRW,
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%,

A B X TR 5 A

EEIT199148, [—/#) RU THBERTA] OBRBEENAERE (R 2 m X #RTE
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B DM ERAEENTELRSAKREBATHEMRKL L., X510, £BERLV2
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Fig.33 Changes with age in respiratory rate of mulberry leaves 2 days after
the initiation of dark treatment{Resy)
Vertical bars indicate standard deviations.,
Measured respiratory rates were ad‘justed to the expected rates under 25°C.

O: ThHbiEhdFH) . ‘Aobanezumi’ . ®: — #) . ‘Ichinose’ .

H#, MEEFLBERELYAAY VLA ARTD, H2ERBET R L LI, BBEZHADOD
BROBERRELN -2 AVEHETHS BR 2TV, 254 %oHED L EHHE
BTZ32&51CUE,

R EEOHELC AE S I0A1TEECH LA B X ICERITHIChE- TiTo 2.
FmEeD, BEMEREESFATDATWAHE1I AR S&LL, REBEMR 1 ~10FELE
BHRRTHBLELUC2HARCZOREREXMELE, BIRF BRI - 1 THRAEBY
THd, MEIFHE UTHREIBRICELEUVERBTHT-2S, REOHAETHEHE
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FIUME BB BUTAHE2 HROEEEE (Res,) L RB D BIfR
Fig.34 Relationship between respiratory rates of mulberry leaves 2 days after
the initiation of dark treatment (Resu) and air temperature
Data of the leaves unfolded after July and less than 20 days of age were
excluded, {,,value was determined as 1.7(Aobanezumi) or 2.1 (Ichinose) by the
regression analysis.
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ULL8, 9BKHRELEEDHEEL»OERBRHE X TICOWTIE, Res i ERDHE
FUEWEERLE. 202256, BEERCDVWTRESTREE I EVW LSRR
Sha3h, HEEROEIERTROEEL T TRes YEWELXRUETEESEV.
Thbs, REROES, HRABEDHNOETRBEELEINTDAR VWO THRERIPEEE
ViTbh, HAER, HBRAELZTTHRABEOEN DRAREY O HE 2V THRT
REMBET S LAAETHS. ERBERLBOEL, LAREYLESHEELOEA
HBRZE3Z L Ao NT W3S (Satoh, 1974 ; Satoh and Ohyama, 1975) . {H UL, {d#
BEREROEESFS, OARNEOETOABELEILHADIEZIMMFETH 3.

AERTHRERBOERERFALEZ A2 D, BIETERELEBEOTEOR

Res=
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VAETEYI0,52¢DW dn? Tho 2o LENS TREOMBTREEL L, ERTH S Wik
PR A0.52THRT 22 210k Y0.97~1,94mgC0, gDV *hr™, F74h 5 17~34ngCH, 0
gV 'day * L HET B2 LA TE S, ZDBCTOMBEEREDHEIL, KIEEK (8~16
mg 3 AFH - FCH, 1978 ; ¥EIC, 1981) XY RZWVWEOD, RYToaveEY (27~34ng;
Oota et al., 1992) , 72U =7y 70— NMEEE (32mg ; McCree and Silsbury,
1978) , oV AT HEEEE (36~53mg ; McCree and Kresovich, 1978) RUiv <= Ui
(50mg 3 $RIT, 1981) KA LN E o o
k:éf%%@@%ﬁﬁ%&ﬁgmﬁﬁ&ﬁb,ﬁﬁ;ﬁtk%u%ﬁ%ﬁ%uﬁﬂ?
BZLABHOLIATVWS, KEiTiERes, CHBIT2Q DHEREL LT1.7TH2WIE2.1%55k
AN, TOBERFOEEFHBETERENICEITIQ..0HEMELARVYESZ. Q. DELLTH
TRV =Py o—N—T%1.85(McCree and Silsbury, 1878) , =) Tik1.78 (JE
L, 1981) HMEShTEY, RERTELSI Q.. OHEBEIZRYRETH2H, 20
BEREULTEVWDOTIRAVy.,. BEHATELAACHEERECTEEVWEES TERETYL,
FREERQL.OE2HMAZLASHBOBRETH S,

m — 4 YEEEVD K DS RA S ER B AN EE D e S5 B%
Vo FR VE 3 B 2p '
I—-2TR, ~BRHEECEFNOTT, HEARRGETILBTSRAEDNARELHS
MUz, UL, EREERATHREICE > TREOAR - HRPBHFAEKICEZY,

FEREIEZHOBEREHEZ TR 2L AHMEZTHTWVWS (Desjardins et al,, 1873
Kriedemann et al., 1873) . F&, ZO LD KBTI SERAICEALOh B &, HE:
LTHEABhBABELYC, RIEEMEIRTZZ LD, £L DEB (McCree and Loonis,
1969 ; Pollard, 1970 ; Kriedemann et al., 1973 ; Pearcy et al., 1985) ik UBHS M,
WENTER, LEFST, I-2BWTHERATTHEZAEFMELSREET S
EEHOXESHERLCLIORERTHY, REALBAKLEVTD, HRBEHOEEL ZH
PAEAEOHEFRCRE TR EIMIFMML TELrRER SR W,

ABMTHE, BERNLBVTERBCKRRANTHBLEN 25X, MREFOTTHEK
EEFEOBREMRTI3ONMAET 3. 201, BHCBVTRBIHMI RN EY S — %
AL, AERACSTIERAMRBHOERBEASMT S,

AL X O R

(1) ARBHICEZ2REROHX .
BR1IAEMETOESK (BB : LAVEDYE) 2HALT7TATHRUI AL ICE
Bl WTFhoRHIcHHAFED I LBED LOREE 21T 2%, HEESHS5H50
D ZALEETAEIMEELOETE 7 UNERECHL, AMBBAOLEOO
Co, BEZERABH AT (R =y, EFIVE6L ) THIELT, RABEE L
BlLE. BIMEEARBAOEE 22,750 nin " THEHET2I1ED, AMLEROZEE 00— %
BCKBPABRIEZIILICIVEENE RN -2, &, ZOREHCE 77 VAR

- 58 - EORE4LE



1.75

T

1.50

PeL/ Psr

.1.00

1.25

1.00

| (B 4

Light period (sec) |

L
Dark period (sec)

5B35E MRBEHICET20E, BHOEME L AERORE
Fig.35 Enhancement of photosynthesis in response to the fluctuated irradiation
with various light-dark regimes
P et Photosynthetic rate measured under fluctuated irradiatien.

P sr: Expected photosynthetic rate when light and dark periods are given
separately and continuously.

e 270—7 w m 2. EEH: 41-7 w n 2.

:270—69%w m?.,

2
2

HFshTwineED, HREORESHEEILNRE20m™ TIRIEHML, BFEER
EES 8ng (7H) BU4ngC0, dn?hr™ (9 ) W ¥E-ES, AEEROERER
SEABTHRISHIESREEREHT 3 (FE - KH, 1973¢) bOLFEALN S,
HRAEAOB KB, BHIAE RIS EATSSAF v VR BAMEEROENT
JUNVEE, FIEBSOBELETAFICL V0.5 ~8 B THEESEIZLILL> TiTo &
WFROHEBRSICO W THA L THOIEERL, FELIBRE2HMOAEREEE
BEUE. EEERTICHREORSREIELLTIZLHEXLRE0T, FRROE
MEEHCZThEThEAH 2B EIcHY T 22 4 PMERRBE L, ERXTTONS
BREE*F o2 U,

(2) EHRBACBITAERBHOESE

BERE 2 m X PRAHO.6m OEYG Y LERBEHER (RE: LAVWEOHE) &HKL, 8AL
DA THICBITAMXEOASR, UTOBETRELRT-E. T4bs, BEH
2.5mm WHOBAARY YTV I+ RE 44— K (BBKR=IRH) 2@EREVHF—L
LTHW, 2hd @D FTRCHET IV 0EORBICRONYF - THREL
Fo. ZUTRYH - AR RO ETI2EMNEL, A7V TEARTHRBLAVYLVI-X
CESESTIL e, BEN (AMEER CHERUTHREEHERHETHR
L. ZBERICE-> TEORBAHTOIEY, HEHAEboY LAankd, ViR
AHVWAZOTHEEBL, #RFHOVWTHEENOL IRV BAL. FEZ0HIEL
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HE oK ()
Light period (sec) B35 -

MRBEICHIT 2], BHoRE

& 200 i

o EHEROREHE

N (HHI270, BEHI Tu n?)
o Fig.36,

Enhancement of photosynthesis in
response to the fluctuated
irradiation with various dura-
tions of light and dark

1 1 L {Irradiated at 270 and 7 w m~?

0 1 2 3 4 in light and dark periocds, res-

B o R (B pectively)
Dark period (sec)

1.50

1.00

®:7 HAlE . Measured in July.
O:9 BB, Measured in September.

HITLT, BRI BES (L8 ICHRAAEBER) WIVBEEBOREEHRS,
HEESNS5150 A TRESATWAIAEH I VEREHELZ. Ry V-5
AV EEILEY 2en nin™* 2 UED, 8 BOH IICE60en nin ' iZ BV, FMXRKEH Ok
REOERRAEER S =,

F =

(1) MRBEHICLZ2HEHDOEWAK

ARETiiMcCree and Loomis (1969) *eKriedemann et al. (1973) 8w, FR¥ETT
EHER XSGR EE P LERA T THEEh I A EREE P DI > THERD
HMABERHET I LUk, ZEEUPsERACKVERLE,

Psr= (PpLtL+Pp tp) / (trL+tp)

ZZTPy, PoldEhENMH, BHICHIT 2N EERMICEAERONEREER, F
Etr, tolREhENHG, BHOKERHTH S,

R UDK I~ HHOEEE, MRS AEERICOVTESHICRLVE. P/
Psrid, BHEDCRBEfE BT 200 (270wm™?), BN FHEE X THZ38% (Tw™®)
YEXESE, EOLILEEAHOTTRHEOLMILI LY REL, FHLIBWELE.
UL, FHBOXAE S, 41lwn ? ICHRT 2L Pr / PsrdFEULKHA L, EHL UL RS
o EHIC, BHONBRE L6 ICEDERRTIE, HOEREHL03THY, MRR
HET-oTHHEROBMIELALERISRWILARENE,

RICEIRES I > THER N AREEARZ - 2270m2 & Tun? DA EICONT,
LB HORZ20.5 WAL 4RI CRLAEATECELIBH LA (B36H) .
Pr/ Pstid, HHIAELBEARVWEREL, THURAR LD -BH4B0lEET
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2R RMKTEod - TRIWCBIT28EE Lo EE
Table 12 Light environment on the leaf at the middle or the lower layer of
mulberry population

(a) (b) (c) (d)

B B PHEE twr¥— IENEENGRE SN GEEERE EREE BREe R*
Mean wind Relative light . Fluctua- Instant Instant
Date Sensor . . Observation . .
: speed intensity , tion light dark

{m s7%) (No.) (%) (min) (sec) (times) (times) (¥)

Aug. 6 1.86 1 26.4 366 0 1 1 0.03
2.10 2 48.9 254 56 3 3 0.49

Aug. 7 3.58 1 63.1 120 g4 0 25 1.65
Aug.14 5.06 1 57.3 353 1,465 48 30 8.19
: 4.95 2 18.8 264 2,300 52 3 16.18
Aug.16 1.72 1 20.3 298 0 1 3 0.04
1.72 2 14.3 298 0 0 0 0.00

Aug.21 1.94 1 13.9 ) 330 0 .0 0 0.00
Aug.22 4,39 1 11.7 163 0 g9 0 0.46
4,39 2 13.6 163 124 8 0 1.68

Aug.24 1.86 1 13.7 290 0 2 0 0.06
2.05 2 11.6 164 0 0 0 0.00

Aug.25 2.13 1 52,5 : 352 754 6 28 3.84
2.52 2 17.7 211 a9 5 3 1.00

Aug.28 4,69 1 52.6 324 3,017 . 46 31 16.86
4,75 2 19.3 237 363 62 1 4,74

Aug. 29 7.18 1 83.4 233 4,398 34 119 33.53
Sep, 1 3.16 1 17.7 262 a76 116 0 11.84
Sep. 4 2.86 1 19.5 269 2,388 81 g 17.36
Sep.11 1.15 1 16.4 284 0 7 0 0.21
Sep.22 1.74 1 10.7 214 132 13 0 1.53
1.74 2 14.0 214 0 4 0 0.16

Sep.24 2.11 1 9.8 153 0 0 0 0.00

"R= {(b+5c+d) /60a) X100

EE1.69%5mUE. 20 B0EMERTIE, W, P-4 ETEICKRE
RIOE (2.70) AEShE.

(2) BHEBACBTIHRBEOER

MREVEE 2cn nin* KB P ABETTOAESREN (BHREMI0052 L) W, H&E
DEEEH-> =N, BLLRIIRUEBYVERISEM, B hE. BRI EhEZNRERESER
BHTERTHY, EELTHADZVWEHBRKARZHEEDIED, BITRILRLELD K,
HESERL LAXASSBEMAESNORN A BEES 5V RASRETRT 584 (4,
B) ¥, HAXEHL LAV HRENLRERKOENMIBEED S WEEHEETEZS
B4 (C, D) EABEhiz. 227, FEMNCBYPDTRASHEERERLTES
54, ATIRBEORN LECH>= 5B, $2CTRBRAER LEIC>E 1 BEET
BZ3eEBEL, ERBHCOWT, RERHICHT 2REGHRORENEZ > ZREOH
AREFFHEUE,

BRIERBOESICELELBYTHY, BHFITHICBEVWTROEIES % RFHOK
Wil ok, FERLBHEE (BALEER) , BIHRMTOREHERER RS2
NBRLOMOMBHEEEHE LS, RELOMICRDEWEDOHBEMG (r=0.78)
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Fig.37 Four patterns of intermittent direct sunlight irradiation induced by
sunflecks on the surface of mulberry leaves

BI3E MREHBES (R) &, PHERE, EE LML EERUCEHBE & OMHBEER
Table 13 Correlation coefficients among R, mean wind speed, relative light
intensity on the leaf and the date of observation

R 0,782 0.497 —0.038

TR & 0.458 —0.260

1 Mean wind speed

AR E
Relativelight —0.354
intensity
R ! Time ratio at which the photosynthetic 5 f g
enhancement is expected due to the Date of

- intermittent direct sunlight irradiation. observation
See the notes in table 12, :

ARDLHN, HEZEARLOBELECHBEERZARD SNAES, BHHHE L OMICIEHEE
HEAZDShARMo (BI3R) . T4, REAEOZRLOMICEEICEWERNE
% (r=0.80) #HY, BEMEBREFHEEES2.50 s UTORIL4%UATTH 37,
REOHAL EHIARICESY, RETn s OFTH0% K ETE2LAREhE
(5838H)

RICRY V2~ XOMEYEE R BT, EHEYE OB RS &2 1388 o stk
RO EEREEINICRLE, BEFRHOHEST XS - 2FLAEARICES
THRYERo 2N, FHERERIZ0.39BTHY, LBUATOHEHF8% EHDE.
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~JR=0.853X—0.931

(R=0.728 (X—1.091)*) —

10k
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J&, B (X, ms™)
Wind speed (X, m s7)

BV EEL, EEMERBEHCKIHEROEE
Fig.38 Relationship between wind speed and enhancement of photosynthesis
by intermittent direct sunlight irradiation
See the notes in tables 12 and 13,

== =2 .

MREHICE THERBEIEZ2HFKHDVWTHE, ROLDKHPT 22 TE
5. bbb, (0, BERBCLERBRISTFEIFERICREVOT, EREOH TR
MBI 00 7 0V TF300 HICHUT1IEUAIMEEZLET, £50LTH00, BER
M EROEEER - 73 (Sagar and Giger, 1980). 08, HIIOEXIERED
DEBITH HATP °NADPH AEBET 3. 2OELOHBAEHAELLTH, EREE
HBHBXhATP ONADPH %2 f5 TC0, MREREMKET I ZLAHRS,

LToFkAE, ERNEROERIFELRLHHETE S, bbb NME 241
T PABDBZ LK Y P/ Per A EHLISAD L UALFEALEDT, A OXRE
PP E-EEDICEICEBET XZATP DXNADPH OBEALRL RO BN TE
2. FEBHONRELR0MPAFDEZLICEXY P/ Padl.03ABEILEDD,
BHONRENE T 2D ICEHTIC DATPONADPHAER L, HEIOBLEBLESE
HBERRL R-EDOLMRTE3, O ICHPORE R EEBA, Bl
DONBENAFBESETEHIRETCOANAERFEART S22 L1, MNcCree and Loomis
(1969) , Pollard (1970) %X Kriedemann et al., (1973) L ko THHEAZTHhT WA,

EFEABAEROERIE, AIRBHICX2HEAROHBRIFBD TRO W ERZ L FFHT
ULHARBZYVERVWILERLTWE, T4bb, BREOBHRUAZERLERE 2D
i 210w Pl L RVWOT, XEAMOBHKIIEETRYW, —HFBXE O B HFICTKFERE
BB N140~180um 102 T 3 (BHKEBINSEEER, 1985) 0T, HAXMREDN
50% 2 BAALSTHEDO LETHBEHORER LXREA6Gm 2 EFl-TLHWY, HRBHIC
X3XEREEIREZSRVI LIRS,

BAERELEOSCERL, BRXOOBRES - TETEHZAELOTH BN, b
BOREVEZ - ERHEOHE (R) E23HF17THTS % KEERLE. ULABROER
REBRCRBELE SR TWATEENE V. RER 5, BRAEROREERMITERICE
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Fig.39 Frequency distributions of durations of instant light and dark induced
by sunflecks

10,398 (B30E) THBDIKC, EEHCIEYY 1BLAERLTWAL, 0.5 BEE
OBREHREICH L THREREEICEY 2 8 ofifREVwEnw3~48TH 3 (5§36
) OEEHCSBHEESTHILRRLTVWENSTHS. UEORBICEY, BX
HicBI28ED - TETE, BYRMRBEMEEALEZ>TWRVWILHFELAT
Hb. o TRBEBONEREZAIE, EEXMRBHOBETERIZLAYEHAL
TEHMD, 20X CERTHRBHOEEMEWFEEOLIDE LT, SHEFAEARMEE
MEVBRETRICBLISWVWENREXLOQ S,

UM UABAERTE, THEMEASmE EE S HICRA0%IGET 3 RASRBE N
o LEN>THREATTREZABARBHICE I HAROEEIBZLTEATERY, £
k, AERTRERL T - TEGOMMZEEOMICDERNEVECHBE (0.46) #R
Hoh, RRTTREEORNICHE TEDIF - THICKLSERL, ZARBAKDIUE
EhaWEEARBREhE, NI VRHETHRALHRBEOEE I EZICEEL
T E Y (Desjardins,1973) , /KEFE TIHERICERESICH D BEEESNEEOHMA
BHIZhTwW3 (RKRS, 1974) 0T, REKBOXERERTIHBLREOBE LS
HETH LENINDSD.
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m — 5 LS (O |
EWMETE, BAENMELEATRARBEOXRCRERAET 2EELRERTH %M
EOYA B IR REE D TERARTIER 2TV, B ZOMBZERCER L
TREEMAL. $&, AFRBATEZ 2EEAOEENAOHRRHZ, HERICLOR
EREBEEX 20 ML E,

(1) MEABOHRE

ETRAETHEREE (Poe) LHEBTREEOHESFEICHAT L FMEREITV, K
DX B EHE.

@CO, BHEPTILBI2REOH AL EEE AAECRy NTHREL, PuikRDI54,
BEEC0, HAEFESBEMU, HWEEBCHZICRS, WWHBREOHRHET-THS
HMETILEFAD D, FLHEATI2EFORBBAELEFERHL —RBILTLI2ZLAEEL
Ve ZOHHE (ARERy M) THIEIhEPREFAEHEEBETHEENEH L OMICK
BHREWHEEZRH AP, MERENSIRBEREZV, Zhik, X ARy FNETIHEREN
KABRVARC), ARVADLRKEL, BENRNEREFHEELZEDLEEXDLH
3,

QLB E*HVWTREDP X HIETA2H 4, 1200umol n s " A LOHXERE K
HEBEITAZZLHAEET LW,

PHREOHREEIFENARBFMTREL, METREEOWENTEL RS,

(2) EEDOHENEEL ZOMEBEL

EYIVRBOYRERUEREFAARIVNOEEILHERH L BNEERIIL, B4ED
Prx 2 A ARy NATHEL T, HERHCZOMBELERFT LA TR EHEMA
BT, BWEREBCEVERYVRI L R{AKROHELIT-> =,

AAERy FEICE DY, Pl EHRSHAD0~30H T THEHBKMIHEML =%, 70H
FTCRUTHIEIVWTHBLE, ZRBEHMSTORICMATT, Prld BB L YMERT,
EHEYEEET, 6 - THHEL VS AMEDOET, thfALEAREVWHEERLE,

—HRAMEEEIC XD L, Pl BB ISATELEBRREICRL, Z0OHKM60E X THD
R EREARAERy NELRETRRIEEIBONE. Pu®MBELS S — Vit
BREORM L THEBEE (BXH250gC0, dn?hr™t) LMEE FHAR (F15~20
mgCl; dm?hr™) KA TEE, Pru®BAEERVWThOBETHEHEYAEY 1 ~1.5 %iC
LYY, 1EAEREGI VI Do .

(3) FEOHBIREE L ZOMBEL
FOVAORERBEERICE VT, 6ANSIAITHTHECHERSELELEL
HETHBENEL, HE2 BB OMRE ERes, A HEHABHICIVELDETITHIEL .
6~ 7HICHHEU ETiERes, DB BT SR, BERTTHRIE0.4~0.7 (HBIE
h¥AH) H50K0.5~0,8mgC0, dn?hr™* (—J ) THBLE. 2O LMo HEFRR
BT AE0.5~1, 1mgCO, dn2hr 2 (25°CTF) &#E=hE. —HF8~9 AICBHEL
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=3 DRes, bk, ZEHIOHLBRIZ 6~ T ARBEORELFARBETHB L AN, BEESICEL
UL OmgCOLdn?hr * 2 BA =, UM LUHEELDE VWRes SRR O BB TiF -
EDT, HEREEEEREE~T AREORLARETHI LERLE,
HETREEDOQ, . AHEMELT, 1.7 (HBERTH) HAWIE2.1 (—/#H) A
Bohik, o

(4) XML AMRBHIPEZO AR RIETEE

Ry MEARBOMEIEIC.S ~SHHEBTHN LMY ERELEXTHAARE P & |l
EL, PBHeBHEN 5 XS A h I NEREPc L K LE. ZOKR,
Pn/Pmu%ﬁﬁéu@T?ﬁ%t%ﬁ#ﬁ&T@éﬁﬁwﬁéﬁmeﬁwL%uﬁ

, W R E B2 R<ThEFEICAREREIEShE. UALHBOXBELESDH -
U%%@%ﬁﬁ&ﬁ@ét,Pn/PmmlLﬁOwtogﬁit#6%ﬁﬁﬁfﬁ,ﬁ
ENBEIRLBOCRENBVWERXEEROF - TETOH, BEESOMREBHICX 2%
AROREVRZVEZILEXSIE,
RICHEGVEORBEHRBEICSWT, BRXEOHAS, - FEZEICH I ey — %05
LU, B -0 ko TAETI2EMERRE - THLE, BRIZhAER LOXRR
BUEBDTERTH- 24, BELRTC, REEMcHT 2HRBHEN tEmREE
ARz VIBIEMN) OBARRHELAELZ A, BHHLTHICEVTRIES % RBOEY
B otz o THFEAKRBONEREEZAIE, ERNMRABRHOSBIBEBRIELALY
MELTEVERERLE. ZELRBEE L OMICEWHBEBERAED Sh, EHEED
7n s QHIWERMOBICET ZHEFI/BA X,
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BIVE YIalb-vayvitksd
ZBEERBEDONIRER UG D BN

v — 1 TR ol — I m T S O
il = il B

BETHRAEEIK, EOBHEEI IBH CFE—REPREFICH LTI, MFE - &
BDOBEIWA ( Monsi und Saeki, 1953) OBEMAIIRAAH 5728, WL LPHETRIEEH
DRFIATHATEE, EZEHDHVIaV-—VvavilE3R0ZRBROBHFICEFLE
(FEE, 1984a) A, OO JSAKCEBRENRE D BFIVEBEERIHEIT -2
KEITOWTHEREA TV ARVWRY, R+4REPBL BRI TV,
AHTHRBIZRIRUERERAEETVEMNBHUTHELDOBVWETFVEERE L £
RTsredic, BNETHEAESRCRERICETEITF -2 2HARALZ2ICE-T, #H
7=12C0, EiEBO BB AEER 0 S5 A MORUS-LICS (Light Intercepting Conditon
Simulator) %BAFT 5.

MORUS-LICS O 2=

(1) B
MORUS-LICSIZFORTRANTTEE TR Zh, 1AM d S5 A (#1,1007) &, 14
BOH TV —F U HBWEEER T 754 (W1,0004) & CHREATVWS, BEEH
HBRAE, 7o—F % — b (BOH) WRLELD K, OFHEHE G U TRITE &L 2
HRMEEHOLE (HES) , £ (BH®) 2EELAEE, QZHOAHNH (ER)
ERVFANDHECIYBEL, RRLEELORMNATBAEMOTRNREBERASL SiC
L, @ 51200, F{LBOHEDTS> FudSATHB. MORUS-LICSEMBIEHA L LTH
EEE (Y@, B , BB (SERek, Mme) PHE23, REDAA,
BREOEMSLEHICEET A 2LATES, TEEELROARBE L ULTERB4LE
%5cn D 240cnETEETEZ21ED, ~BARUVUEERR2EEROEEZT NMUERS) 2.
LBHAETH D, TOHRRRT - ILRBURELEETHIE, £E DMK TDCO, F{L
BORHBTHRTH S, HATF—F L UTIE, HEEE, X00H, HXANEENDE
HERUC, ALEE:, RIE - BABKBI ZLATE 3,

(2) EFVEBREROHER ,
MORUS-LICS® & F IV EREERIL, FRERKRICIHU, I — 3 OEBBMA%EFIVICER
UTHERZhA3B—0EFNEED, B 2m (BETE1In. MFELE) X#M 0.6m
(0.5m) TEBRLENZhEDOTHZ, 1 -3THEAEEIIK, EFIVEHOKFOF
DERE, BE, BER, ShEELMESAE TR FLRX, ¥V, ZEBMET2EREEROD LT,
EFNVEHMOE I HAEIAEERDT 2 RkiiE (OR) T, TEE I ERFTH IR (@
R) LBV, dOoBAEERDT 2RiE (QR) OAMILHI2E0LEGL LTRDX
ha,
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1 . #FMME-ASKHSF D AN
INITIAL _CONDITION INPUT

Ground inclination

Location, Date, Longest shoot length, Planting density, Row direction,

O . ZJ_rMFEEAFEZR A 3= 5 JL D FEER
CONSTRUCTION OF GEOMETRICAL MODEL FOR MULBERRY POPULATION

TEH(A#E) - SEFERLOLE ONELHFBERXTESR
Definition of positions of shoots(truncated cone) and leaves
(elliptic plane) by equations

DEEDOHERELER

Definition of photosynthetic ability of leaves

o . BYEe DI YCEIRAR O FE 8
SINULATION FOR INTERCEPTION OF DIFFUSED RADIATION

QHEW K WHEAR (ER) 2 RE

Generation of one beam(straight line) using

Detection of shoot or leaf on which the beanm
is captured

~

randoms number KsE#gYET
DHBEIAFRZAIEELRE Repeating Kgs times

HH~HE, 1EEE

Every one hour during daytime

IV . [ELEYcO YRR oo i i
SINULATION FOR INTERCEPTION OF DIRECT RADIATION

Detection of shoot or leaf on which
the beam is captured

QEABICKVERNEER (AR 2 RE g KRR — X
Generation of one beam(straight KoE[# VBT METEOROLOGICAL DATA
line) using random number Repeating Kp
QOB IBRZNIFHELRE times

V. ZZEyahRt 2 CO, EIfEE D B H
EVALUATION OF INTERCEPTED ENERGY AND CO; ASSINILATION

EiwEm - BEBICHTTREET S
Calculating separately by sunlit and shaded part of
ch leaf

VI. HFREZRUIHE HEHCO: WEfEE oD B o5
EVALUATION OF DAYTIYE AND DIURNAL €O, ASSINILATION

DEHOERAORLEELHET S
Summation of every hourly assimilation

QHHBDOREEMSEROEHRE % 5 <

Reduction of nocturnal respiration from daytime assimilation

#40E  MORUS-LICSATOEEOEE
Fig.40 General flow chart for MORUS-LICS

Kg: BB Y42 0 B A%, Number of generated diffused beanms.
Kp: BE@E¥YHB OB H AR, Number of generated direct beams.
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®wAH 1ADEFNVEBED L ICEASBROEEOTHEE*EET 2 F)H
Fig.41 Procedure for grasping spatial shoot and leaf distribution of a
population from a single model plant

B : EARFOMESE A, Ground inclination angle.
IPL: £k Bt . Inter plant length.
IRL:BEf %t . Inter row length,

S.ax?+ S,3v2+ 85322+ Sasxy+ Seayz+

Se1zx+ S73x+ Se1y+ Ss1z2+ S10:.=0 @
Lisx+ Lzsy+ Lasz+ Las=0 @
Lssx*+ Lesy®+ L,s2° + Lgsxy+ Lasyz+

Lioszk+ Lyisx+ Lizsy+ Lassz+ Laes=0 @

2T, ENALOMNEREMICL DL, BUEDIKRT XD, TFUEBKRSK
E @ IPLcos B, MITIRL 2B Y , HIEI M IC TR LEL TH I Hh 3 FHHE (
D BT LES) OBMYBEBLLUTHEETEZS, LEA>TARLLd 1BORN
AEBREANOBEOREL*ZR2ICERETIZ L HARETHIN, TOEKOVWTHR, =F
WERBIHEEEPSE, EBEOACTIREEMREORY T INBECRITBHTZ S
L TRRTES (BAURMA~C) . FZ THORUS-LICSIE, ORH B WVWIEQ, ORTHARX
ATVWEEFVEMORHEDD L, HEABHT IHIFHO-HEEELTIHED
EFBBHETY, NABIVBATEH L LTHACEMT 3L 20, MBS ICHET
BZELFBO—BELEE LU THERAICETBH T 5. COBREIC - THRUEBERANOH
EFBBEEAODLOLED TR ERILEEH S, '

(3) ZARBOHEHR
ZHREBRAOED, TTENSH 2VRERRICHET 24% (ER) 2 1A58ET 5.
ZTO—RAIKROEVTH 5. »

(x—%0) /A= (y—vyo) /B= (2—2,) /C @
Z 2T, (Xo’ Yo » Zu) liﬁfflﬁﬁkﬁ—.b%.h@ﬁﬁm“ﬁfy ﬁ'ﬁﬁﬁﬁ@a)filﬁbt—ﬁﬁ
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MEFVWTHET . £, (A, B, C) REBOFSEARET, BELOHESE0® ~
360° O—RREBEBAWTHMNAdsE:, TEHREEEHRIA=ZABE Y =sin2 62D
0° ~90° DEHBEEVWTANA IS RDER,

A =cosfgcos¢g ®
B =cos ﬂssin¢s @
‘ @

C=sinfg

EUTRET . ~HERNOFARZRIA-BIANTR—ETH Y,

A =coshcosDcosy —coshsinDsiny ®’
B =coshcosDsin¥ +coshsinDcos ¥ ®’
C=-sinh @’

b, EELYWRBEDAFMNERL, AR XLV E2RBHEY TRRT S, ££, h
HEZXOARABEE, DEELAFAIVH-EEZXOFMUAT, YSEHBORERE
PsunERBE o EHVWTEL (T) TLIKRATHREZL S,

cos hcosD =sun o cos ¢ gyncos{15° X (12— T)} —cos ¢ sin ¢ syn ®
coshsinD =cos ¢ aynysin{15° X {12—T)} @
@

sinh =gun ¢ 8in ¢ syn+cos g cos P gyncos{15® X (12—T)}

2T, ORLORDHEFBEALERE, BERIAGELLNE, BREEIHLRDE
Lichd, 2EORLOROEIFBREME, BohEMeEQRELIRALEL =,
FOEAEIANE, BBRIBE ELRTDBZZ 1R B, 2 THORUS-LICSIk Iz E
TEOREIS P REOFEEFRTITL. EI2FTHRL, BBREBUCRELRFOH
BB IhEZ L3, 20B, XRACOEEL IR ELH AT IHAEASRD
MEIC BT DL EE, ORD (X0 Yo, zo) EEBUTHREARNEORU T 2MEICE
TBEHUER, HEEEL2BERTS. TLTRENESLANIEY, XEIHBEIET S
ETCIDEREBYET,

OB ELHEBVOHEE —CEEHBYEL 2%, MROEMIEEB *HENDH S
W RD B L, Ebic, ZAREBHAHELM RS, FHAEH 2B ERE.2 KD
HBEELELZS, EnBOHLENNEE T EhkelE, kaBHELEEZTHIE,
JBOERNERRILE Thne/ Ky ETknt/ Kp, BLHET (knetkn1) /KpTdh D,
¥/, MORUS-LICSHIZB DR T « AV 77 L IVIcik, SHSOBEH T -2 Al 5hTw
50T, YT - BHEAROKEHEACEE [0, EENXBE Ip 2BHKL, hiXE
BEUTHHAOREREMBELETIE, ARRTOZHREBLHETE 3,

(4) BER LORRBEORT

Bt R KsH, 2 2HAMCERLEKoERE - HHELEE 25, B BIBLE
kssBl, EEX kkp:;BIMELELT 2. CORE I ELOBLHEE 155, EENEE Ips,
HRERGESo; ARAKVHEEH S,
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— 600

m

400

Radiation flux density (w m?)
¥ x U F — (w

= 200 Under fine sky

Under cIoudy sky

B &  (klux)
Hluminosity (klux)

A RELXIINVX-OBEK

Fig.42 Relationship between illuminosity and radiation flux density
Observations were made in Tsukuba, Ibaraki. According to the observation,
The energy 1 wm ?corresponded to 0,102 klux in the illuminosity,

Tss=TIge XIPL XIRL Xkss./” (S;X Kg) @
Ip;=Ipy Xsin & /sin h @
Sps;=IPLXIRL Xkps Xsin h’ / (KpXsint) ®

T, S;UHEJEOEER, M IIMELERNKOLRT A, R ERERSOETA
DARAET, FH (OR) OFRBLERXOFARE (' ~D'R) 2AVWTRDED
WKEtEXh 3,

ChAOEEER, HASHEEENS s THREA [pst Tesr HERESEER A
Ss—Sps THREA I, RDBID. RERRER, OR(BR)IRATEBEE,
EEZNMT-oE8HER (B42E) cET%0.102 2R C Tun? HBKkIuxiCE#HBLE,
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£ 10t

i\ 7 B 7 H L o#i B % 8 A 8 H ~9 A 2 H B #£
8 0 Unfolded before Jul 17 Unfolded from Aug 8 to Sep 2 1

9 A 3 H Bl B B % N
Unfolded after Sep 3

.‘:ﬁ ‘\\‘\‘\‘\‘\‘\‘\‘
7R 8 H~8 A THEBMHE -
OF l{nfolded frlom Jul 8 t? Aug 7 ) . o . .

0 20 40 60 80 0 20 40 60 80

¥ i (H)

Leaf age (days)

438 MORUS-LICSICHM AR FNT W B25°CTDMMNAEE O ME (L (Kig)
M—-2THELIME, MREFEEISG6H(O), TA(®), 8A(RVIA(M)IC
FEUEAEOESTHEANEELEBO DTS,

Fig.43 Changes with age in light saturation photosynthesis under 25°C air

temperature employed in MORUS-LICS (thick lines)
O,®,,m denote the measurements on leaves of elongate shoots unfolded
in June, July, August and September,respectively.

1 L] i ¥ ¥ 1
7 A 17T H X Ai B ¥ 7 A 18 H Ll B B %
i Unfolded before July 17 Unfolded after July 18 .

Resw(mgCO. dni* hf')
o

0 - 1 1 —L 1 1 2
0 20 40 60 80 0 20 40 60
¥ 5 (H)
Leaf age (days)

ALK MORUS-LICSL:ﬁ&i&ih’Cl,\630°Cf®$%@%ﬁ§@ﬁﬂﬁ%%{b(i<ﬁ)
M—-3THLIhE, BHESELEENMNSGA(CS®), THE(OM), S8HA(AARUI9H
(@) HELAEOHEBTREE Y KO EDHEBIT S,

Fig.44 Changes with age in maintenance respiration under 30°C air temperature
employed in MORUS-LICS (thick lines)
O@®,00l,AA,® denote the measurement on leaves of elongate shoots
unfolded in June, July, August and September,respectively,

(5) C0, A{ERDEH

MORUS-LICSTik, i« DEDHCO, RILBEORFHVFERMCO, AMLBR L LT, ¥R
#icO, FER D SBOMERFERE % 5[\ A E A LEHCo, ABL LTREHEEZHS,
(BRDH EEHCO, FILENE, ThBERERLRCALETHZ, ) EELOEOH
C0, LRI, HRBSLHEELOKXEREEN 2 1CRD, @EOMMSMRERE S
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¥ @ . Normal planting 0 100 © 100
- =
% %
0 100 O 100
% % i
0 100 O 100

100} | ;
~ :
£
o . ;
o) 0 B 1 H 1 3
a@ 7HLTH Jdu17 88 1H Aug1
g’ Fi ff Dense planting
0 )
o
g4
£
2
TR 490} B . i

0‘; : L 1 . 1 | i L 1
1.0 010 0 1.0 010 0 10 010 0

7 A25H Jul 25 8 A3 H Aug8 8 H26H Aug 26

A5 FHINBICB T2 BERADNE B L T O%HE : MORUS-LICSIC X A3 E M
(B BEiw- B1F 2E1MEE)

. Fig,45 Light penetration and light interception efficiency of the population

at 11AM: Simulated by MORUS-LICS(left) and measured in the field(right)

— EHROEHRESES (%) . Rate of direct sunlight penetration (%).
el BNEDEHIE (%) . Light interception efficiency (%).
C]: BEHEEE (of/of/10cn) . Leaf area density (m®*/m*/10cm).

BIWTEHRZEZhD,, XEBRBLEBETEREBOEAHALEEFBIUATOEYTH S,
(a) ZEOREHE « - EOKESHRBITI -1 THLRDOLNEBRELLRKLEZEL,
FE-RHE (1973b) 2210, B a (H) KWL TRICRTIFEYOARTHRET %,

P=Pn {I7(0.078+0.00841)} X102X S’ (a<20)
P=Ppa {I/(0.0724+0,00861)} X102 X S’ (205 a <40) : ®
P=Pu {I/(0.058+0.0088T)} X102X S’ (a=40)

2T, TRHAHSVWIRABREONMAE (Klux) ,S’ WHAS3VWEERBOEERK
(dw®) TH 3.

FE PSS HEE (mgCl,dn*hr™") T, FAZERFHA & 2l 10 U THASEICHE
STWCOFRTOMEP pazs ERDEE, ZhiERRX (FFLE-KRH, 19732a) TRE (t)
WMELTELET S,
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Ll Normal planting

ALTH  Jul1? A1A Aug.1 0FA1 1A Sep.11
(A) 40/ (8) 36%  (C) 34% A) 20% (a) 7. 8 13w, A) 10% 8) 2% . (C) 3%
T :

[4]

o
5 8 .
S E
BR
E i
e
£ Dense plantmg

8826H Aug.26
(A)32/ (B)18/ (C)27/ {A) 3%

(B] 5/ ‘C| 4% ‘ | 'B) i o ‘ ] 8%

AGK  FRTLIERIC BT A HERE A DO E AN EMR ¢ MORUS-LICSIC X A3 EME(A) &
B B 5ERME(B, C)
MEHOBFRERXOESESHNSERT.
Fig,46 Direct sunlight penetration onto the ground at 11AM: Simulated by
MORUS-LICS{A) and measured in the field{(B, C)
Mean values of direct sunlight penetration are also given in percentage.

QO : #. Stump. ] + HM. Sunlit. Bl : 5. Shaded.

<«

<—100cm —>

Poex= Prazs (28.60+4,80t—0.082t*) /97.35 ®

BB, FAED P pezs &, EM2H T TR E (1978) OFEERICESTV TV S A,
FAUBICOVWTIRASYBHO%BPT 52 L, I-2THOhERER (HhoH
hif) LEHMIC—HT 3L UDE,

(b)) EOHKERE - - TTNCOTTOMREREERes;0 & BUBIHE- TR
DEth, Resso WEEHS (dn®) 2 RU, Fich k- &ZH (1973a) KESWTRKEARME
LTHET 2. bbb,

‘Res=Resz¢ X S X {18.45EXP(0.054t)} /93.23 @

2B AR DResso WA E (1983) OHIR U EBEES OB REREE X — 210, ®HE
DGR ED50~80% & R"T (FfE, 1976) 2 L2 BML LTEHESDTH BN,
M-3THELELCTTOMBEREE (HPohif) LbhEBHm—HT 5.

(c) HOMFGTRE - - - HOMBTERRERes, (ngC0, hr™) k& £ (1983) K& T %,
HEBECHEEEEMCRGL, BEES. (dn®) CEFATIDHOL LTRATRD 3.

Rese =0.240 XEXP(0.083t) X S,
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#1455 MORUS-LICSIC K A EUIRBOCGROHAEM
Table 14 Estimated CGRs in summer-pruned mulberry populations by MORUS-LICS

BA7 Unit; g m*day™?

A H Date Jun 27 Jul 9@ Jul 19 Jul 30 Aug 10 Aug 23 Sep 14
(30cm) (60cm) (90cm) (120cm) (150cm) (180cm) (210cm)

¥iE#HE Normal planting| 1.3 4.2 8.2 10.9 14,6 15.1 7.6

% 44 Dense planting | 0.9 4.6 &9  10.2  13.1 13.4  10.0

( YHNIEEERLRKE. Longest shoot lengths are shown in parentheses.

MORUS-LICSIEA LD EFE TR ARBLMCO, FMLR 2B H»SHBFTIBE T L cd
BEUEE, ZHRAOEREMEFEHEEETEHL, BRE2EBLTCOERYEL. XD 1ILK
MOMBEREL ERLRAUCFETRD, BOMCO, FMELER2FEL =%, HEXERTT

o

S 2= o> LEHEBS

BASEIC, MORUS-LICSAHEBE L EFHIBICB I 2 ERAERA S L ZHOHMEOER
Zib%, B1IBTHLEERMFIEERLE, R Y2 TR OERRBICADETHRE
%4+36° , BEAAIE N3 W, EEBREOEAR20° LLE. FEERELRDERMLIE
EEHEUWEREELE. HERZBY, HERRREIMNL I —-FLTWRLERS,
Wi, EROVMBEGTTHEUEHEAOER OB SRR L LHEEBE 4 2 24
LHELE (B46F) . S THHEERIZAMLACEMERL D, SBHEESE
PERDY (THBE) OEEBMERTIE, FHSHAEAEHFE LEZER B k.
EFNVEBTRETOEMA ANATHRAOTHEEAEACHRIC > THREZLS
Ed, ThHEABKHEBIL L THAHAB IO IBFEEH AR TEREHILZ L
AERFELEASh D, FEARTHOBEE, TFVEBOBRTEOEINEEIVYS
Lvw (8B45H) 23 REO—DIKETSHES.,
RCEGVHROEEFRBRICE TS BEMC, AMEREXHEL, REELREE (C6R )
PHELE (BU4R) . WTFhoBH4B 40835 , dibek, HBEHOEA®20° 2L, £
CEBLEHACBIZ O KETHOEREF -2 L 2BHORBF -4 (FH£E) 2HVWT
HELE. TEESAEBBAHC, BRI, BV -2A~OHREFEH (180,/264=
0.68) ¥R U, X5Ic#EHHR0.75 EIC, 1983) 2R UTCGR OHEML LE. TOKE,
CGR DEEEL LT8 ALH I EMMEARTIS.1g n?day™, BHFZE T13.4g n°
day™ AEoh. BEOXMICINE, EUVED CGROEFEHEKIle ~b109gichE
v (E#H14.4g ) , WTHhHT~8AKELHRTWS (F15FR) O T, MORUS-LICSHE L
L7Co, BERIE, BhBYURKBTHRILARTZENTEED, XL, BHENKE
THEREEARIVELHEZLZ2EHZILTUDHELATHR N,

BAE®D & D ICMORUS-LICSDHE T 22K R L C0, AERBEENM L BELR—HIT 222
M5, RYIalv—vaVvEFVERYLRBOTHEILE1LLED,
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w15k HYRBEICBITABEACGROEIHA

Table 15 Maximum CGRs obtained in summer-pruned mulberry populations

3L Y EARKCGR i
Reference Maximum CGR Period
N 2day™*
MRS (1976) & -
Kobayashi et al. 10.7 Jul 16—Jul 27 .
AvH - S5 (1984) 18 Aug 12—Aug 26

Kobayashi and Kikuchi

A5 (1984) .
Shikata et al. 13.5 _ Jul 29—Aug 25

BHH (1984)
Minami et al. » 11.1 Jul 8—Aug 19

MH (1985)
Minami et al. 18.8 Jul 8-—Jul 29

E o Mean 14.4 Aug 1

v — 2 H 513 587 2 32 3¢ R AR &% TF Y6 o5 BY%
ZMOEETEN, S5, BAELHEBREL 0EBRREAVERNENERICEST
HEHTHRB DD TRV A (IR, 19683 88K - &4, 1981) , £ERFTORARER
WKESTOVWRY, T0ED, REOAHMARBNRICCIHUARBEOD 2E8WAEARET
WORRBHNEENLA, BHRELERBXASHOBRDYRY, TEFVEROE#RLL 3
HMEZRELALAYEShTVWARY,

AZiTIEHORUS-LICS X MA L, SHEO HHEROD L TREAKBONEREHEL,
AHEHIZVWEZHBLAARBLOBEREELMT S, 2, BHRBRON - AR
BONEREEOHFETRRKRDVWITDLHRHFT 2.

FA K O HF R
VIialb—vaYiETARATHORIS-LICS2AWTIT- =, HEORESRICELTS o)
SAERRDEIICEERELE, T72DbDH, MORUS-LICSTRHA £ - IH (1973b) 1c#E5< 8
KON —NERHEE (BUHA) VAVWLHZY, ARIWM—-11CBWT, EHEDNE
RMAEFZREVEOZ L AREREOT, RAXTEEN —HAKMER (BUHB) b8
RTE2X21LE, '
AHTHBEBEIGRI SBEOBHER L MBERHE L UTHVWE. 205 5328K,
BRERUVEEHKOVWTEESS LY, BB IOV TIREKS (1985) 1KkoT, W
FThEBEEME (KRB EH, 6&36° ) THRAUZLAEDOTHS, TLEHAHE
OBEHBERE, SKEHIKCB T2 7805 MEM (19794 ~19834) OEHET, [ET
OBEC KB,
REAHMTRABLERME (RERLHET) KB T27AIHOREE, BEX
+36° ,HEBEOESI X 0° , BAE%R60, 120 8L U180cn O 3BEICEET 2L LB,
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A B

’;'l ¥ L} I T ~ T T

e 40 H BL L Over 39 days of age %%4_0 A Lt Over 39 days of age
s =1 ,(0.058+0.00881) y=1,/(0.033+

o X 0.0092 1)

2 100} ]
2

S & ! ‘ ,

3 4 020 0 K 20 H K

o 50 Under 20 days of age Under 20 days of age ]
a8 y=1,(0.078-+0.00841) y=1,/(0.162+0.0063 1)
Q. W H20~39 F20 to 39 days of age| // #& §20~39 H20 to 39 days of age
S ol yT1/0.0m2t0.0086T) y=1,/(0.121+0.0072 1)
(DE L 1 1 1L , . g 2 1 l .

= O 20 40 60 8 O 20 40 60 80

¥ o g (I, klux)
Light intensity (I,klux)

AT v 3IalV—-YavIcAVWE2HOBEED N - XE S HE
Fig.47 Two sets of light-photosynthesis curves of single leaves used for
simulation
’ A’ is based on Murakami and Takeda(1973b), while "B’ is based on the
author’s experiment reported in H-1 of this paper.

GRS No.l %££2X Cloudy No.4 B X Fine
g1, 500 T : T - ™ ; . r —
E 2 I I 5 .
M Qb e e |
é o No.2 # X  Partly cloudy 0
g 500f :
e X A 1
.gﬁ M ——
g No.3 ¥3¥ HH Mean radiation
~ 500 1500
5
! _,...mmullﬂllll||||||““mmlmmm mmu“mmmuw “Im mmmllﬂﬂlﬂlumwmm - 0 g e e i e
18 6 9 12 15 18
(S A
Time of day

A V3ialb-—-vavicEwWESBEOH MRS

Fig.48 Five types of solar radiation environments used for simulation

[ 1: EH#¥. Direct radiation. (T - %Y. Diffused radiation.

Bkt 1AA, B2 EHEPSHEETER 3,000 LTYI2aV-YarviiFs
o B, FRl UCHHEEEITSE (BER 2 m X#kH 0.6m) , BESAE®EIL, MEEX
— NSRBI EATHALLED, BB LUTINLG3IDDS LI D52FOHEICEEL
=

RO E ER
RUDICHHEHBORL S SMBEOHENRROTTYIa-—vaviT-T, AH
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o4
o

10

30 F y

Rehi#liC O, FHLE (g m™)
o

S
1
1

Daytime net CO, assimilation (g m?)

0 ;V
10 1 1 1 L

0 0 20 300 0 20 30

H & & (MJ m?day’)
Radiation (MJ m?day”)
49K EEHEREOLZALEEBI BT 1 HY Y EHELC, AR DBEE
ADWBEBEEAREY . BEBHEEES 1 m X0.5m, CRHEFE2EAN, DILAE
B - NAREREEITHBILERE,
Fig.439 Relationship between daily solar radiation and CO, assimilation at
three different growth stages in normal density populations
Standard initial condition was used in A, while planting density, row

direction and light-photosynthesis curves were substituted for 1mX0.5m,
EVW and Fig.47B in B, C and D, respectively,

-LSL: ERHSLE. Longest shoot length.

B R L B EERMC, AEEOBMBEERN LE (BURA) . %k, NliR#0>5
BEFE L FE (B 1 m XHRA0.5 m) , BEAAIEHA, 525V IREEN - KA R
EEATHBILBEZHMAEE/ICH>VWTHRML, HREFIUIRB~DIIRLE. £4O9HA
&3k, €0, AMLERHARICHER PHENE, $4b5AA AHEANIM? @
BEAERL, BHHHEAN? 2BABE - REHICRET DL 25 d, &E512
%BEMD UL, ZOFETHOEME, BREEE, BHH 3V IIEEL - RARESE
Bx#x 84 (HBONB~D) KbTEDAIE. -
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LSL= 60 cm

LJ ¥ T

MCO,FILEE(¢m hr )

o

0 200 400 600 800 1000 200 200 600 800 1000 200 400 600 800 1000
-2
HHEME (w m )

Solar radiation flux (w m?)

Net CO, assimilation rate (g m°hr™)

BSOR  WEREAR 0SS REEC S 5 A HRE LCO, FLRE DR
Fig.50 Relationship between solar radiation flux and C0, assimilation rate at
three different growth stages in normal density populations

®: ZT2HKERX, Cloudy. H: £X. Partly cloudy.
A : F¥HS., Mean radiation, O : BX. Fine. . O : fthf. Clear.
LSL: HBEHSE. Longest shoot length,

WS, SEEOHHABETIL BT 1RO HHBE L #co, RMLEEOHEM:
b, AERONR-SARMBREERLUE (B50H) . WTFhOBERIIBWTH, @
BROX-RERMREITLEBR - EX - PTHEFHLEX - RBETRHELMCE LR
Twk. Thbs, FHEDC, AERETA—-RREOTTRECAEE LEY, WHL
HFHBEDShRVOIHL, BEFEDCO, FIEEEIIFELEN60~120cn DEI400w
n~?, H&ERE180cn OFEHN600w o THREFERLE. 20225, BX - BREHK
€0, RMLEAFAHALRVWERR, BRACEATHEHERASROSDEEKMEL, Lb
600w n AL BHEEHRATERVWEKL DA LHEREINS, oo, FES (1992)
LY Ial-vavickoT, KBOEERMC, FLRI FEEHHR2M? THITS
KRBZLEFHML, ZORBEEER - S H ST 3 AERESROPENMEVEDH T
HBHE3LBARATWS,

FEEON - RERHER I OVWTIE, ZRUADOEDTHELZL DERFAIRH . 2h b
PEET AL, M- AAREBREAR (KRHE - AH, 1956) 4 4 (5K, 1982) ok
IRBEEMARTRER LA IS REMBICR BN, V<% (FHH - L,
1860) , ¥4 X (BA#t, 1965) , & (FH, 1987) 2V r¥av3Ihy (WF - RE,
1978) SOEEBEBTRAMEIFNMNOGEVR L5, RIFATEOART 3 LEEY
TH5DT, AHOKMRIEKOMAICRIDOLEALD., Tk, BEXLBROBVWE
XKHORBRAIVBEEREAROBEIMEVEICOWVWTE, T CICHTF - EHEROFTT
WX h (BE, 1968 ; Horie and Udagawa, 1971 ; #B7L, 1981) , a7 3 hyv (
NE - R, 1978) L TERMICEEEZHhTWVWS,

Wis, EERECo, EMLEED BN -V ASHBEOHHEREEOMTYOL Y AR
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180 cm

3
LSLz 60 cm

T T T "
i 1 1

- N

o

Ny

Net CO, assimilation rate (g m’hr')
#CO,EHLERE (g m2hr)

2 B
¥ 4l
Time of ‘day

BSIE HEEAAROZERBRICET 00, ALEEDHZEIL
BIOHOHEZR.
Fig.51 Daily courses of CO, assimilation rate at three different growth stages
in normal density populations
See the notes in Fig.50.
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B16FR MREHOES LI6RICE T 2 Y EREEE OB D% K8 L co, FbEE
Table 16 Light intercepting conditions and photosynthetic rate for each
stratum on a clear day at 1200 and 1600 in normal density population

, BREER TS/ A HEHLAT  HEAHC, FHLRE
Bz HHEHDSDHEHE Flux of intercepted LAI of sunlit CO, assimilation .

Stratum Hight above direct radiation part in sunlit part -
ground (cm) (w n?) (g m*hr™)
1200 1600 1200 . 1600 1200 1600
1 120 ~ 80 163 94 0.20 0.21 0.21 0.21
2 80 ~ 40 145 127 0.18 0.29 0.28 0.46
3 40 ~ 10 100 43 0.13 0,09 0.24 0.21
4 10 ~ -30 56 .94 0.08 0.22 0.16 0.47

48t Total 464 358 0.59  0.81 0.89  1.35

5OMRELEEZS, PRYZEL2ER - BX - PHHEHBLBX - i EoMIcEAL
REVARDSRE (B5IE) . $abE, WTFhOHEREIBWTS, HEOHE(LIE
HHEOHZLA K KBMUTEFEHALTAURERTOICHL, #FOHELIR
ROLISIRETCHUANCHEFELNEIERE Y, AHIBTIaMBLERLE. TLTH
X-BEBDCO, FEEEREREHL YA 0AFEHAHE 2 EEY, EF2RL2T3H
B PEHEHE 2 TEH =, ZOZ2A5d, X - R ICEAERLSRIAH AL R
WERER, AT THERREI ML, EFZ0BER2ANBEEMCHAEATER2Y
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WITR e RMBRBETICETAIEF LB - sHOB\BERERIEEDL R
Table 17 Ratio of C0, assimilation rate at noon to that in the morning and
evening under various initial conditions

: ] R
BAEEE B 5 4 L-—PHERY EEERD B XD JHEHD B =D R R

Planting Row

density  direction L-P curve Cloudy Partly Hean + Fine Clear
cloudy radiation
LSL=60cm
2%0.6 SN A 2,23 2.40 1.37 1.18 0,91
1X0.5 SN A 2.22 2.33 1.33 1.14 0.89
2x0.6 EW A 2,24 2.58 1.48 1.36° 1,06
2X0.6 SN B 3.77 3.58 1,56 1.63 1.13
LSL=120cm
2X0,.8 SN A 2.56 2.52 1.32 1.06 0,78
1X0.5° SN A 3.17 3.27 1.58 1.41 1.06
2%0.6 EW A 2.61 3.14 1.64 1.55 1,18
2X0.6 SN B 7.47 3.88 1.44 1.09 9,76
. LSL=180cm ,
2X0.6 SN A 2,65 2.93 1.54 1.37 1.02
1%X0.5 SN A 3.24 3.42 1.68 1.52 1.14
2%X0.6 EW A 2.67 3.11 1.63 1.51 1.13
2X0.6 SN B 5.32 4,44 1.75 1.50 1.08

1) BATREM, See Fig.47.
- 2) PBA8BIZMH. See Fig.48.
R= (Assimilation rate at 1200) / { (assimilation rate at 0800+that at 1600) /2}

BULHBZLAHELNMTH S,

L ZATESIETIE, HEEHN0B EU120cn OFMERICES VW THRBEHICC, RAERE
AHPEFTR2REZT LA RELE. 20 (V3h) HEREOEDBEERTELIELIE
BITXhTHEBY, 2O0RECO VT, BAALEROBBCRAHEMETL, Zhic#E
BUTHEHELRARENMET TS (RF - 8, 1987, BH - A, 1989) S2»SHHEZH
ZZLHARETHEHSEVEDIICEDRS., UAULESIRIIEEXSREBEOIRETR2RET
é:t&<%ﬁéht%®ﬁ&0,%%%ﬁ@%kuﬂ@?&fvénjmﬁﬁéﬁﬁ%
DELVTEHEENG, TZT, RERBHATCEABRRFBLT 200 E2RAT LD,
HWLAI BV HALC, FAAEEEEBIICHEKLE (BI6R) . TOKER, HRESOD
Co, FMbLEEOEIIMEERLE T0.46g v ?hr™* THY, HHETE (0.482 m~%hr* )
ORELAYFPEAEFCERTZ 2L, £7/0.46g n?hr™ 0 %H0,31g n?hr™*  (67%)
HEABIC, 0.18e m%hr™t (39%) BEB2BKERT L bdhok. FLTZHS
PEBOEFOSRRBIENT S, BABETRBRESZN 75 v 7 AARKE Y H7a
Mok, BE2BOMBERX IS v 7 ARIEE ELEZHOO, HAELA I AH168:ICM
RTZEULNEL, EERFPETORS NAEBHERT B L5 pAxk. BEoz
s, RMEHOEF I, OBRTEAOEZABEANRY - A I vbal, OQFFT
LHOSBEAZE UL ARE L2500, AMBEREOHRETHARBZ2DH O LHREH
3. "BAEVIAV-varTR, BER2KOHEBERN 7S v 7 ARESF (464 n7?)
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E% -10 —-L . L Fig:52 Relationship between daily

o 0 10 20 30 intercepted solar radiation and
"5‘2%% (MJ m'zday'1) C0, assimilation at three diffe-

rent growth stages in normal

Intergepted radiation (MJvm'zday")

density populations

LSL: BEHSE., Longest shoot length.

A168% (358w m~2) k2 EE->THEY, KK (1963) OXIKALREHHFETORE 2 &
CERES RO HRERICRD S ERTER N E.
T, €0, AMEEEOHHFETHRELUTEENCEZZDEAD . ZOREBRET
k%, EFETERELRTHEER (KR) 2BAT S,

R= (EFOR{LEE) / {((8ROE/ILEE+16BOREEE)/ 2}
TRLEREEH - YHOREEE AT 2EFORILEEDERTH Y, RS1OEICH
FETABIoTWALARTZLHATES, 20LT, BREEE, A, FE%-%
LR B YA —BEEELDD, SHEEOHHBEL SBREOREEOD LT
RAYDEIRMEELZOMRHFLE (BI7THR) . BEY, RC1LERZ2DEIRBETH
5T, UAhbHEREMN60~120cn (BERI2m) H B3 VWik60cn (BRI 1 m) OBAICBES
hazehbhd., FEEBEETERICR> LAY, BRFETFTRED S ho k. K
F§ (FPH, 1962) , Ty ¥4 (KB, 1958) o F % (HEH, 1987) OEEETH, KER
DHFETIRZ-EOREHFERICEVWETH>T, ULrdEENETOMHERES
HARERTHY, BRIVEERHETEHETCH S ELBEZILTEY, AHOKREEZ
hoDREL XL HEET 5. |

B, REAKECRREHEMOAREFVABEAT AMREEIC DV TAATEEE
VWo JRIL - A (1985) i, ARMEEROOUVEHLEERD, AFRECHHERICH
Fh FERZABICHMATEZLEREL, AEREIXBIESSAERETFIVEERL
TWs, 22T, SEEOHHRETTLhELEABSIHELEEL, 0, A{LELD
BEGREERFUES (52K , BFREOR(EL LB ICHEBIAEIEXRT 201U,
Co, MEBEHEHITH LA 2L, MEOMICHAREKRER - .

UL, 1HBMTRKIOEBEDBRMN TR LERIBRMGESNITHELNH .
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53 Y ERBERORZLERBRBICBIT2HMOXNELCO, RIILBOBERK
BEMERIXRBEILODVWTRAZIEZH.

Fig.53 Relationship between intercepted radiation accumulated for 10 days and
C0, assimilation at three different growth stages in normal density
populations

In the calculation of corrected intercepted radiation, daily radiations over
15MJm~? were regarded as 15MJm™?.

BRERL, WHOD LS HHARRELEX, BRHIZ2VWEFEHHEHETH Y, BEERZE
EXLRVZASOEICHENEICREA TV R &S CHFANBERARIT 225 THS.
Z2ZT, FTOKEHLBIT 310014 R 1992486 ~8 AOHAMEBRHZINAEDS 5tk
EEEHIRE (BR) 2HAL, BVTETORABICHIET 500, ALREEFNS
BARoE. ELTEZXAE, REELBDHHCREOL, MEOBERELD TRITL .

HEEAREZNRIE, EFESHFBEMUALLARBHRIL, YIaVv—va VY THEAKRED
HEHERERUTHELE. SEEEACEZIARICOVWTER, 2XAHEHF M £
BMABZHERIM™? LARUELE, AROBHTHHE LA, HRIEBERLEEEY

ThY, HHOZKELC, FLERE, ARSI LREARVHOD, ERNER
AL, EEAMOBEZNRELC, RIS, AR YVBVWERBERAEZDShE.
PEDZEhS, REKBCEWTS, 0ENELEALTIE, SREHAFEYR O MR
WKHBRY, TRRHISERIPHTEZLBDOS. 208, BERRETRETS
DEFHBD,
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v — 3 Bk A o BE 2 =Z G CER AR B TR YE S R
BICREEBTHINIY, EHERIAEHOBZFAEASRARICE > THELERT X h,
BEIBENTWS (BAKES, 1980) . UMULER B> Tk s A ENE
HTRITEZhTWBRDOARRTH 2., 2hid, BHEEOABNBEIESRHEXHTL
BROWILHBROFREEALBND,

AH TIIMORUS-LICS:2 R U, BHEAEHOZ KRB LCO, AMILROEEL, £E@
BEE- TEEHEREARLERT 2D, ZhH0EHE, KR DVWTHRS
T3,

A8 2 O O5 R

VR3alb—va ViE T XTHORUS-LICSE W T T e TTILN—- 1 TRRAREES 1o
WAL W EBER 2 m XARRJ0.6m DEMAHEE, B L EBEM 1 m X KRB mOEERBETH .
AHTHWThBEFAAHIL, EEEOEME 0" WKEEL, BE1 AR, EENMIE
HE»SHEETEREW ARHIZZ22ELE, FEVIaV—YaYiRAMN (b
32° ) , BAE (F36° ) , Hik (FH40° ) O 3HHEREL THF- =4, BZHHEHET
BRE, o<, B40, RANIKBIERS, £, EXOFEHEEENEFLARALE,
REVPEBEEIARTICKL51980~854F (BRE, BXE) £A2EK1979~834F (o<KIF, 1)
DT —FALHEZILELOT, EHHEO 1 HYEV 2R, BELEHBELSCICHE
BMREWEEMREA, BLURULELBYTHS., FEEHBFILENT, BEYVHEA2WEEY
VEhEZEBIBEOHLRICET A HELTORREICKks . Thbs, T— /)
(i, BBR) Ha3Wwik MAERE] (Fik) oBELRMEME:, A3 ~6 RoRL
BERBRESHISLAREIATWVWAIEEREG ~10FEMO ITEAHE) 2 EHLTHE (B53E
C), ZOHMBI->TRD =,

o5 SR B O E S

BEDIRBAEFME UTEHEO7HLISH 28U, BEH$EHN60ce, 120cnd & U180cn
DHBEWLH>VWT, HEMLBHOB LTS, THOYE, KEREEFERER ST
CO, INZ & HS5MIC, TEHMEADKEBRREBE HESERIRL .

FFHERIC0cnDBfEE R 2L, WER (A, LAI=1.63) TRHEADEBNEHEH
57% , S ICBERIP R TIHHB0%ICEBLEDICH L, B (D, LAI=1.98) OHEAOEE
NHAIE39%, BETRTHHN0BILLEEo ., ZOEDIERISLOREHETE
20T, YEHEICHERTEEOZAOHENE L, HLEIHCO, FALELI. g n?day™
LB Y I13% B - ' ;
—HHERAF120cnDHE, HiEd (B) TRETADEERFEMNBICRLEDD
O, TOEZRRBIIEARABERI VLo L., LHALEEHTIRERATEAOROERALOL
ULTHETIED, REATTLRXOUENI4 %ERL, TATOBEAETC, RIENVEIK
bz, ShIcHLUTERE (E) ORETOZAOSHRIEHDT M. T, TREDS
STHEREENAAICARY, HRE E40cnk Y TETIC0, WEAAIKELE. o TEH
Rk PETERICC, BEE2ToTw3H00, HERLEDOHC, LR (15.1¢
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Fig.54 Seasonal changes in solar radiation(4), daily mean temperature(B) and
the longest shoot length after spring/summer pruning(C) used for
simulation

O ¢ fuM . Kyushu, ® : B . Kanto. O : ik, Tohoku.
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555 YEHRUVEHEERBROSLEERRICB T AT ARBLE AR O EAEME
BEHMSIcBIT27THISHORE - BHRHTIHE.
Fig.55 Vertical structures in light interception and photosynthesis at three
growth stages in mulberry populations planted normally and densely
Average temperature and solar conditions for July 15 in Kanto district were

used for simulation.

LSLeceeecscane EEH4&E. Longest shoot length.
M Lefte+--@:HPFEHEEHNE S, Daily mean percentage of penetrated sun-
light, O: %Y D%)#E, Light interception efficiency.
, FR  Center XA EEDHH LM ERME S M. Leaf area distribution
classified by the daily mean photosynthetic rate.( [J <0; 0-3; E 3-9;

B 9-15; B 15-21; M =21ungC0, dm *hr™*)
M Righteee O :FAB# EEEMFE{LE, Diurnal top net assimilation. NN : /&
HOBOHF® &, Diurnal stem maintenance respiration. TREDEDHE

& . Nighttime leaf maintenance respiration.

m *day™") WHEHEEII% TE- .

EHICBEEN80cn DHERXLETIL, ¥iER (C) THRHEADOESELTENE
BICRALEN, BRI ABXROBMALOL UTHELTVWE. F0EHC0, RIIE—5
DEMNTEICELEZDDOD, ERMC, RERELBMTEICRERE. UAUERE (F)
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56 BEHERVEBHAAROZARBRICBIT2AHOMBEA DGR EBRE
1) BRHEICE T2 7HISHD BHRETHE.
2) BREZROTORTIFHBEENNEERT,
Fig.56 Daily total sumlight penetration on the ground at three growth stages
in mulberry populations planted normally and densely
1) Average solar conditions for July 15 in Kanto district were used for
simulation,
2) A mean figure at each field is also given in percentage.

LSL: BFEH L E. Longest shoot length.
® : TROfiE. Positions of stumps.

TRTEOXAFRRNFTETHERL, HEAMEEARIC LR ZFEDC0, WEZAHICHRBFA
AEMUE. TOEDEEERES EETITbh, H EIEMCo, F{EE (26.2¢ n?
day™) BEIHENEFEHEI0THEHZIDBDLHFZh =,

Wi, M EEpAECO, FLEDZEEIC>WT, BHEOMERKE £30cBIcL Y, KB - B
HEGHNOALHDODEALEDTRILUE. BTRIICRLEEDIIWK, WTFhoBE, £
BEICBVWTLOAISHOREER 7TALHEKYELLNEL, J8 - BHESE N HEKR
DFLEEICRELSEBTZZLARMEhd. FE27HAISH I, BSHOWERTH
RFLEED I, AE0WHERE (HEE4W0~100cn ) CRBHOREE - 22, 9
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EEFEZE (cn)
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5TH YEREUCEBMEABORRHEER LC, F{LE (R
Fig,57 Diurnal net C0, assimilation with respect to the longest shoot
length in mulberry populations planted normally and densely
Average temperature and solar conditions for July 15 and September 15 in
Kanto district were used for simulation,

ALHTRHEICEEHOEEEFA - Tk, Thik, R - HHRBEOL 2HECEE
TREHEZEOBMEISL BREIARVILERBLTEY, HEHICHET S,

=T, BOLEMSTHEE S A ALRELUEEHR (Monsi und Saeki, 1953; Saeki, 1960)
KkBe, BRBICOIDTEAOREEERERAEEL, ThUERET 22 TEO
CO, IRFTAEIE U CHEERMC, RMEERBAT 2. UAUESTRICEK S, #HER
Co, MMEBERYBHETHRERLLDBUHKRL, BRETH-HHERT IO, BiIkY
AR LBICHATZEALZRLE. 2ODBEFHEIODVWTH, ETFEOC, BEIFFH
BETALELRAVWZ LS, REEEEERIHEERLI cn (LAIS.S) B EICEET S
LBRTELZN, BHICOWTIH, HEE20en TERICTFEOC, REAAKETIRY
EREM - BEICHS AREBTREERLTEY, #Mco, F{EEAFABRLEITHMERT S
LA -RARBHICEDhS., 2T, BHOZREL, ENBRRELBEELANEH S
WIEZOSEL DERTE LR LA, B8HMAWRLEL DKL, HEE120cn O
REOBREFRHEK (FhBEOEZ) HEETKEL (K=0.8) FTETHhZW (K=0.4)
W, HE180cn OEAEBIIEOEMERLUE. 8- Tl80cn OFEEEIZ, B TE DX
DBEAREL20cn OEEREI VL RVE0D, A—XEERBETHET 2 L X0EEN T
ZMIHBEHTVE. 2, B THEOZHOHRLH—EmBERE THIKT 3 2180
cnDEEBDIED FEAok (FES8EB) . 202 hs, £Ed - ZHOBHEMAKRT
REEBBENLEVICHEEZA, ThHABBEOERLHERT 229100, RLEFH
AUKT2DQLBRERTES., TOXDUERIH->THAOBEAIRBFZhL2HAKIT A
BA7IXFFVIREQOHRBETHLREADSLAT WS (EHS, 1965) 1Fh, BHEEET
HITICHE - B (1979) ARELTW S,

Wi, Wi, BRRUEIRO SHHICE T2 ¥ EHEVEROMCO, AR REL,
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Fig.58 Daily mean percentage of penetrated total sunlight(A) and light inter-
ception efficiency(B) with respect to leaf area depth in mulberry
population planted densely

Average temperature and solar conditions for July 15 in Kanto district were
used for simulation.

LSL: B EHLE. Longest shoot length.

FYHH5VIEEYER, HRMRENcaB It HBEUTENEKRLE, 28RIETIEYLD
B 180cn ICEBLUARWA, EEHMICOAIBHICET AL LTHELE. THYL
WEHTSL, YORKTLEHOHMC, FIEREIHERROcaDBOA S EME LE S %
Y, Y EHrFHOBLEHBRTATE» SRR AMEEITDShhho . 28,
YEHEBHICEBTARETAEHMEEL UT, AWM THC, AIERFESFEFEC0~%0cn
DRI L VE <, 150cn A ETIRMHEE VELFHEEhE, /L (1972) ORE
CREMAFCILE B L, AMOBYRITERICESLN 50cn KET 26 B THIAE, BEE
YHEAHY, SAKRWALHEARIAEET S, AMICBIT2ERBOMC., FIEED
MUOMATRRBNHETH 2D, MOBSICRHT S,

RCEYEEABZ L, PRYLCOMETHEMOMC, MIERITFLEcnd &K TV9W0cn
TOHYBEHE LEZ%RY, $EHELBHOBLEMROTERLHEEZSNATD Shido
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m50E AN, BEECRAHSICE TS HEEEAEN & EEEER0) 00, X

D
Fig.59 Comparisons of CO, balance between normally (N) and densely(D) planted
population in Kyushu, Kanto and Tohoku district

: BlHM LA LR, Diurnal top net assimilation.
: FHOE MRS &, Diurnal stem maintenance respiration.
R HEOZEOMES R E, Nighttine leaf maintenance respiration.

. hB, I TL—RHLHBEEL LT, AMNTHC, FALESPEERE0~120cn DR
ik VEL, 180cn BETHE VELHEEZhE, FLEYROSE, RERHOEL
W RIGE L TAM L MR TR R180cn, HIETIFEI0~120cn £ HITHCO, R{ERFRI L
E. ZOR/BHBREE, WFhBREOHEE (1972) REHUECKBVWTHREICHRMER
EEDELLTHATWS,

SEO XS, HREKBOC, RLSEICERKe REEEATRELES, BHEOES
BRI SR, YOS THEMERBEICEFAR <, BEOM LI, FALE
HAENHORLOh BRI oA EEE LEo 2. TTLARIOBIET, BHEHOX
WA A MER I B U CTARMINCRARR, RIS BLARZ AL MNIEHE
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A, AEOHERE, 20X RZNEBOEL PEERCO, FAEEOR/NMIEREAS Z
LR, YIal-—variikoTEMTELOLEA LY. REBHARE I IERTIC
ZLDFALRERZ 22X, BRREREMELT Y LT T ERE B EHER TS
DEHEMRERBUTCHY, WHABELEERZLLER D, i, RETHRUEUIENRR
BTrhbhTHEERBIAMBOVAVICEER2AED, ZOZ L bEEICHEMHERT S
THAD. '

v — 44 PRI ER o BFHE - g B 2
15 ER £% O = Y6 N AE X% TR Y6 & 5%
BEILRAREESUBERREOSESEAESR, FHIMKELY (8F) PUKED
(9R) YT, HBH5D2RFHICHREE* shTwvwd, FEEERRICBEIhE
BHERTIE, B 2NEBL2TRICT 2L, —BREOEREEITO FTHEXH
Twa (BHKES, 1980) . ULAL, BRICBG2HHEROBHCHE X h 3 558
Bio0WT, ZXEBBEORELESROBE»ORFUERAERBDO T RV, LUDITE
HEROEY L PRHERAEICELTE, V-3THBRREX 21, TR ERPEL D
TWREWODNERTH 3.
ZZT, AETHRL LY - RECTHEERET - AR ERRUEREAAE L EE
U, MORUS-LICS 2 W TR R OZH KRB L CO, ML EFHE, HET L b, 2OH
HWEILODWTHERHET B,

A 2R O5F R

V3ialb-va T ARATHORUS-LICS 2FHWTITW, WTFhoSa b AFAdElL, #
BEOEAIO EET LI, BUBIE10,0004, EENXGERAASLHEETLE
M L,00ARELE. HREZOESEEAROBEEET VI, BEFHOETUNS, &
BRELIVLEORELTATRET I LICEVHERLE. vh, REOXRMKRETIRE
BEICEONESRENEM (L, 1981) H 23 Wikigd (Yamashita, 1984) T 2 EH A4
BRTWVWAEN, AHCHRERL, HEONESSE - FREHIERWLEDLLVWEOLL
o VIialV-vaviEN-—-3 LEK, i, BHE, Flo3#mgsBE L TiTwy, 3
MORE - BHEES, B, ZUREIBEORERCETZHHDIV -3 1L =,

R X O ER

HUDI, BREORERSEREL LTI20, 150, 180K 210cn%:, SA-E&BREL L THK
HXY Scull EOfRARHEEBRELT, ¥EMRUVEHREAFICST 2GR0 PHE
M CO.FAEE%, BROTAISEL O ALLHORE - HHEHOTTIHEL, ORI
mUE. B (C, D) THRECHBELBERRE (Hopt) PEEL, TOFZIX 14

* RBXTH, REIS—BOBEET, MELETATOREYKFIERTIZLER
MEREBRHT 3,
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60 WERBUBEHEBEREICS T 2HEARE L &R#EOC, AR
1) EERBRICBIT27TAIBRUOHISHORE - BHKZETHE.
) BHoBFEERITOBREARERT.
Fig.60 The amount of CO, assimilation in populations planted normally and
) densely after intermediate pruning at various heights
1) Average temperature and solar conditions for July 15 and September 15 in
Kanto district were used for simulation.
2) Numerals in the figure indicate longest shoot length before pruning.

(9 A, 180cn) 2RIIEREHLREON/2TH -7, FzHoptil BT 2 HLE (Popt)
R oRERE (P) £Y34~67% (7TH) HBWIET2~134 % (9 H) KT SD
DEHBEEIREN, RELES ~20cad RV CREALESABR T 22 bRELE. —F,
XFHHE (A, B) TIHHEER 120cnd B 2 Hopt A THR <, 150cn% @A % L60~

100cnlcHopt AEET 3D D, PoptldP, 210~44% LEZIc: XY, BRETOMHME
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Fig.61 The amount of C0, assimilation for intermediately pruned populations
planted normally and densely in relation to leaf area index after
pruning

See the notes in Fig.60.

¥RELLFH-> TV E,

RS, BREOETRIBH L E!EP%%%H&%@E@%E%&@M;‘LL #wif (C, D)
fﬁﬁk%maﬁﬁﬁﬁﬁﬁﬁ(uhm)#ﬁ&b,%QEMhL01M#Wwf&&~
5.8 T, (RIRMTEERIEHO58~62%IcHY Lk, —H B8R (A, B) T, BRER
B 150cn %X 5 L REERR A SLATopt AEET 5 X, DML 7~5.7 T, BURH
HEHRISED53~T8% OEE I 5 - .
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62 150cm D EHRCERBEEE L0 THRIGRT 288505 RE&ICHBT 3
ZHRBLHERDEEME
BEMEICH T2 7HISHORR - HEEHGTHE.

Fig.62 Vertical structures in light interception and photosynthesis for 150cm
long populations planted normally and densely before and after the
pruning to 40cm

Average temperature and solar conditions for July 15 in Kanto district were
used for simulation,

ZMl Lefte---@:HHPEHEH/YHS. Daily mean percentage of penetrated sun-
light, O:% ¥ D%h#*E, Light interception efficiency.

R Center* &M EEDHHEHEYETE M. Leaf area distribution
classified by the daily mean photosynthetic rate.( [ <0; E 0-3; 3-9;

B 9-15; H@ 15-21; M =21ngC0; dm~*hr~t)

M Right--- O :F B LM A{LE. Diurnal top net assimilation. W : &
HOB O#EE &, Diurnal stem maintenance respiration. [ (% DIE D
FLof B, Nighttime leaf maintenance respiration.

LATED, N—310HVWT, BHIEEOMPBREICISEREI VL ONEHEc:
B0, BHREN 120cnii BT 2BRETHKEIRBL 2> TTEEIN TR ICHY, DE&T
HRBEHBULODARERKT2200, HHOR/ERIZIEEHATICHEHEETHS
ZehHhREhE, LENST, BHEE 120cnl BicH T 28 E 2BRERIE, AEROE
KRB ERE U TZABELERIYORFLRRBCRET Z LI Y, R{EEDBAN
HIfTELD, —AHEHICODVWTE, ERBEHFTARAVEMEXORYALOL LTHE
BBEHETEY, HERD 200cn 2 BATHABERBIC RS RVWZIENREhE, LED
> T, FRAGRET-- TEERERT 2L, EVEMARMAOEZEBT 2% 2H0T
iRy, LUARMKRBOBLEAIBEZNS,
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Fig.63 Distribution of daily total sunlight penetration on the ground for
150cm-long poulations planted normally and densely before and after the
pruning to 40cm

Average solar conditions for July 15 in Kanto district were used for
simulation,

® : BROAIE., Position of stumps.

FRORBERIET 529, HERE 150cn® W@ K& U EEE AR H0cn & = THR
FRENZHEEL VBT, FRAROBBXTE, RADOHE, K& 50 E I mE L
BTMCCO, IRZ & HO2ENIC, HMREADNBEHRBEBENIRLE. HERERICET
27THISHORA - HHEHT T L. ¥EMTIRERFTTHIS%DXEHN, KVWEE %
o THIRHTETET 2 (FEE3IFA) 20, 0cnk YV TFBTH->THHHDHKEBEEN
BILRBERITRICELEFTY, TRATOBAMTC, WEMEIKRELTWVWS (F62HA) .
ZFORE, RRET-> THRAMETEZHAREBAD T VKB LT (BEEIXB), K&K
HEIBCRIZED W LMBEIHLS (B62MB) . —F, BHRITERIICIHABEICL
SHAEIRVIREBICH D (BE3EC) =, 40cnk Y FEBTIE, 81%DETHHDOKE
BREENPALZRVYC, NEDHAKELTWS (F62RC) . UAHL, {RER&KBER L #RE
fHEDTEHAAPEL LD RY (BEIFED) , EMEENIAOE LRS- T, C0,
INFXELLKBEXHO S (FE62HD) ZLAELITH 3.

RIS, AIROBEE 150cnDEEBEICOVWT, HZROWMBETELEO LY AME (M
HEOHMAETHRARREDOTEME) AXDEIKELTE20H, FHEEEFIVICENT
BRFUBLBRIGRUE. BiICkhiE, GRICE->TEREDELICELET 2 HEAMEDE
WEBEIMRYVBRM M B ZLICKY, BRBEOBERONKEREE, 2EL UTRULER
ZRAcnDAG&EBID B AL, GRITOEERELD EES. FRICE > TRABEIUE
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B8R BEBAER 150cn O BHERVEHEKEAR ST 2GROFRLAEOTY
¥ & Al EE

Table 18 Mean photosynthetic ability of single leaves in 150cm-long mulberry
populations planted normally and densely before and after the pruning

to 40cm
. BEDOEE Y SRR -
A
ﬁ*ﬁt&ﬁo)ﬁ%. Mean photosynthetic ability (mgCQO;dm2hr~*)
Shoot length and pruning H@tE  Normal % %4 Dense
1. BEHBGE 150cn, BLER 921.7 21.5
150cm-long, not pruned : T
150cm~long, pruned at 40cm : ‘
3. %Eﬁ%ﬁ 40(:111, ﬁ‘&ﬁi‘ﬁﬂ 15.4 _ : 12.4

40cm-long, not pruned

1) Photosynthetic ability of each leaf was decided according to the model described
in I-3. , '

2) Mean photosynthetic ability in 40cm-long population was added for comparison with
the population pruned at 40cm.

3) The date was assumed as July 15,

ERAVWEBHICEWTE A, HERSRICEVERE DT McEmML =D, &g
CEGHAEREOHN R RIABZIEDLEEXZ2LATELS,
DEOHEE»S, ¥ FHEAUVEHZEREOLEZT UWEROBHECHMEICEHL, ROz &N
ZAbNhd, YBEETE, HEEN200cn 2BAZFTEEL L DICEMEEAERE M
5L, 120cn ORI, ERUTHLRIEROHMAEL AL RADRVDT, HERHN
Dip £ H150cn EBATHOLHEMRBETEIRETHE, ZOBOKRE T, AHOHopt
AHHETT B L6060~ 100cABEYUTH 5. EEEEH - TYRE L, HEH180~250cnic
HFRUERKO~80cn THRRTIDFEH—MATHY, WEHAEOBRSELSDRITOLR
R - BEASHEALEAL). ZhICH UL TEHREL »SBHEREBLRY, 150cn
PHEABDLTHTCHNENRTHAENIBULKEETZ2LA, H12, Hb3VIEHH- B
FAITDICX->THEREZHATWVWS, LENST, BERMN 150cnlc BT 2 SARic P&
UTHELE#TIL LD, BHOBYTHIGREOREEH AL EHZIE 3015
RTHAED, FHEBOPHMERFBERIRIZA TV I LEEVEVWA, RHEPR&RR
RONAZWR (&, 1983) , RBAR (KI5, 1987) 2EFER (H 5, 1990) T2 M 4EIC
HEosTirbh, BHFREREIMEShTWS., ZOEKODVWTRRSEBTE RN T3,
BB Hopt XPopt DMK E R R T 2 0, LR 20cn (W5EME) 52 VWik120cn (5B
) OFEYH3VIIEYEERICET32PHERGEO B PERHC, FLEREE, M, E
REUVEIHMKOZE - HHSRETTHEL, HEUE (B64F) . Hoptik, ¥EHDE
&, BYETERHBTH - EAEYRTIEAMN, EBHLBH80cnkRLE. TABHTIE
HoptiZ Hil60cmi 72 274 Y, Hopt DHIBERH TV E W I DI ICEDRE. —F, Poptico
WTHHEESEHZFARDONSZ D, ZHhiIFP, OHMEEDPEBHEIMAESILOTHY, B
EPopt DI DOWTHBHEFYENEBEWEI D ICEDAE,
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Fig.64 The amount of CO, assimilation after intermediate pruning for 210cm-
long normally planted population(A) and 120cm-long densely planted

population(B)
Simulations were made for spring and summer pruning populations of various

districts.

v — 5 BE SN 2 2GR AR X% O Ye & R
C BENEEERES L ~2meBOTREL, BROSHIBD TR — 2D, AR
R0, FYERITE ATk THYRRZDOLFHETh, FHRBAMERHLTAE
EEECOBERHICEMEEZI L AEENE, —RICEAD TREESEH RS
xhTw3 (Allen, 1974 ; Mann et.al.,1980) Z A5, B (1984) W H THELEE
REVERRT VB A, REICET2AENRFRATAL SRV, TLEEDICETS
FhETOWED, BIASESIHBOANEESUETHRLECLYESTEY, B
BAEBICETERLVEREEIRY SRV,

22T, ABTRBRBEAUOYBHERUEBHEZASELEEOD L, MORUS-LICSEF
HUT, 2X%REBLco, REEBEAFMETHERL, AHARBEAERETEEDI, €0

FHEDHKEBILODVWTHLRNT 5.
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5565 LEHEBARRORLEERBEICH T35 LC0, ALEDBEMEF
1) BE#BICE T2 7THISHRU S AISHORER - HHEHETHE.
) BHRoBFIERBEAR L EGRERERT.
Fig.65 The amount of C0, assimilation as affected by row orientation at
selected growth stages in normal density populations
1) The average temperature and solar conditions for July 15 and September 15
in Kanto district were used for simulation.
2) Numerals in the figure indicate the longest shoot length and leaf area
index of the population,

A B X2 O 5 B

YIal—vay kT ATHRIS-LICSEHWTHW, WFhoBSdbEBmoEsIT
0° WHEET 2L LB, #HHIE10,0004, ERMFHLAI»SHEET1RMEIC 3,000
ARELE. 2, BEOFHEBEREAFUIZL- THREEBEZ T R2VIOL L, BH
PLICBfRR<, N30O° WORBTHH UL AZHEBECE S I -3 &R TEEFIVE
Awk. E56I1ICIV—3 L FA#k, A, BH, Hlto3#igksHel Ty Iav-—vavk
v, SHEOKRE - HHERE®, &Y, EVRIGEORERICETAHELV-31C
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Fig,66 Time cource changes in direct sunlight penetration and C0, assimilation
during daytime in N-S{(QO) or E-¥(®) oriented normal density
populations with 120cm shoot length

The average temperature and solar conditions for July 15 and September 15
in Kanto district were used for simulation,

ﬁé'? 7‘:'.0

R R TR =

(1) ¥EMEAe

- ERBREAN60, 120 53 ik180cn OEFBEBMMBETICONWT, 30° KL cBE OB
FRiEBEL, THhEhFEEM EHEMC, AEREHEL THEOGHICRLE, Y32 b~
Va I EEB SBT3 7TAISELE I AISHORR c HHERSERALE. THO&E
TTE, 0, FMERERBREICHAL<EILETER, HEETHELRY, HEOM
iE5% (60cm) , 7% (120cm) $ 3V iE3% (180cn) OEAWH Hh=. HLIAD
FBETTIE, 0, FMEERLT LLEIETES, ERBTRERERE T, €0, ALED
BEHHIIC K 2D RBICHAUE.

- 99 - EARESH



oAb B
100 N-S oriented

(%)

Total sunlight
penetration
HEELXHEAHES (%)

6T BiR120cn DR IEBER CHFERE - ¥ BHEBARICBITI2HREADERKOD
BB (5819 R)
Rt ICH T3 7AI5HO B HKH TRHE.
Fig.67 Distribution of total sunlight penetration to the ground at 0900 in N-S
or E-V oriented normal density populations with 120cm shoot length
The average solar condition for July 15 in Kanto district was used for

simulation,

Q@: FROAIE. Position of stumps.

BB L HFEBEOEVWEFICRHT 22, RREFAL LTHEFDNCO, FA{ELREOENH
HAEZWTH - 120cm &, EMFLAERWVWOH < 120cm D225 8Y LV, #HBHAD
B E SRS L EIHco, MLEEDOHELAAAUMTHEKLE (BBHMA~D) .
TR, HEBETIEANY - BEBODOT AR ERITIE, #1040% H O EE N AF
ENZZLR<HMBEHCRREAZDICHL, MABTREH LA M 2 Y OEMICD
Y, EREAFLALCEEARICEEZATVWS (A) . 20223, FHOEICEIT3
HREAOKAEBRE (BOTH) 2UBELTHHLATH S, HALBEDCO, F/LEIHE
BEE EEZDIEEREFLIANBLIS (B) TedbFEX 3L, TAICEIT2MItER
MOFREAREH - YHOBKBRTH L LHBLTRVWESS ., —F, SARZ LR
FEEEOEZXEAT S 20%BEILITTRLTS. 20D, BHL IA O NSHEITKRR
LUTHIEEICE D00, EF2HLL T 28EEMIE, M, co, R{tR L $I1c/HE
BEAE 2GR Y EEAEDIICES (C, D) o 2OZEMH, SAWKBEAMICKAZELHEL
23D, ABBEOERTILH-> TREHEOZAKRBIABFZINEEDLEISL S,

FA BRI, EEYICE T 2MILERLZORERXIT TV 22 THAT NS,
Allen (1974) W&, VIUAH LMEKEER (BERT 1 m, LAI=1.2 ) i2DWT, J6#40° 1oBiF 3
SHITHOHHRMHTT, MitEOZABNAET (10 L4 (148F2KE) & H.OC
HEEEA19% EEZ 2 LHBELUTWA L, Mann et.al (1980) & 7 & {HEF (BERO0.4n,
LAI=0.2~1.6) TRKDKEREBTTWVWE. AETIE, 7THAWKHT 280 2 m D HZMEKE
(LAI=1.6, 4.7, 7.4 ) LBV THIABEDOZAENEF « YA E2PLICE5~14% EEZ 2
LERMRAUEL, FHERAMRLLT, TOZHKBOEN3I~T%DC0, AILRDE:RXD -
A3 iUk,

—%, BRREASMCEERL LB T I L ARRBEED THREZATVWS., T
bhbt, HY - L (1974) R46#35° BT A3y U EEKE (BERL.8n, 2 &M,
LAI=3.6 ) O N BEXHBEMRFT LT, ER I HLEIBI N, LBRUVE - KOICEE
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IR PReiB e ERBRBICE T2 EMABKEFORBEC, FEMEROBES I X 2
ji 4
Table 18 Difference in daily CO, assimulation among row orientations at various
stages and locations in populations of normal density

. ‘ HHEEEGRORR B ©
o District Index number for assimilation
in BE-¥ population™?

60cm®? 120cm 180cm

(#Y)% After spring pruning)

Fu H Kyushu 95 92 g6

B OE Kanto 94 92 98

W dt  Tohoku 95 93 100
(EY# After summer pruning)

fu M Kyushu 94 91 a9

B OH Kanto a3 g3 100

B Jb  Tohoku 95 95 99

1) CErusREE&ROE B#ico, F{tR) / (ke o B B #ico, R{LR) X 100,
{Daily CO, assimilation in E-W oriented population)/ (That in S-N oriented
population) X100, _ -

2) FEERORERSE, Longest shoot length of the population.

EEEABELILLTEY, BES (1988) HEWRIC BT 2 b~ MMEAR (BER1.35~1.8n)
DEEBHHEYMFT L THROKREE T VWS, REERBTRESR (78) ks ieEs
HHTHY, Ko (9A) KBS X ABEAREL R =N, 9 AREREBEMA
PHET AR S s TWAEEXALIE, BELROARLAIDOLEX LS.,
B#i, HRAZHII B3RPV HI2VWEEGVROYBHEAFELEEL, misx
HEBENC), FMEEDEEE, YEl, YSAHORE - HHRBEAAULTRILE
(#19%) . HYROELEI0cn OB EFICRY, 8H19H~9AISHOBWABEED
TTCHETZZLHH-T, HEBLEESALETIHERLR-EDOD, 2hUAHT
IR RO MR B R C HAEEE AR TR R R, L U DWHRE 120 OB,
WHEDC, FILRDERS~9%KEBTZZ LRI E,

(2) BB

ERMAERTLI0 AH o BEOBAMEBEL, TAETHOR M EEKco, A1k
BEHE - BB UE (B68E) . 2hickdk, BEAAIICK 300, A{EROBEL T, BB
HOBELWEERY, FLUTEHIVHERBRE (BERHELR) KE-THREEZHLTW
53&I 1B bhi. $4bb, BEODC, BRI, SIRR60cnd R R LEE A 7R
4% (7H) »52% (9H) LEZA, HEE120cn ORBICIEEAMICEIENEL,
BI&EA180cn LB T AL HBENHALEEL 1% (7TH) »58% (9A) BIBREIE
iz,

FITHEHETIE, HAEARLPEML L2278 -60cnk, HEEFAGZHIEMLL2298 -
180cm 2 RFJHIL UTHY LV, Hiter TRBICETIHREAOERNE RS &
Hi B ERHECO, FLEEOBZELEKEUE (BEORA~D) . 7TH - 60cnd BHMEMAET
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Fig.68 The amount of C0, assimilation as affected by row orientation at
selected growth stages in densely planted populations
See the notes in Fig.65. ‘

i, AUHOWEREKE (B668A, B) t&<ALAKIRDONE, ThbdDE, B
B RS L S ESRSRERAFSL, €0, FEED ZhIHBLTRY - SANHE
BE% EE 7. ULAL, 9BICET 2HER180cn QEMMBARIILAL #°9.5 KHEL,
AMNEAD 0% METE 30T, HEL HARIAERIHRICHELTECENR
o . b T ADNEEREOC, FLEREHL SAEPLCHIEELYEE, HEOERS
%u5%,wﬁumg%u&bfwéo%:fwﬁuswéﬁéﬁﬁﬁ%éawzﬁmi
oW T, TOBRNEEERHLEL S (BIE) , XEBOFFERNHH - TE
CESBALTEY, XOHBEBERCENH LD k. €0, FALED, KREPS
130cn Db EBTIHEE DT EEZD DD, 50~120cn OF - FETHERERE
AEARY, EENOBAREBEIRT IHRIRENIE,
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Fig.69 Time cource of direct sunlight penetration and C0O, assimilation during
daytime in N-S{Q) or E-¥ (@) oriented densely planted populations with
60 or 180cm shoot length
See the note in Fig.66.

#69

Verhagen et.al (1963) W&, OEBIC X222, OXOFEEMBESESHE, HERIC
BEREN2ERLEBER L A48T, BHC0, AEBANEVZ L 2BEBMMCHEL ML
E. EOOHERBESTTE, BEBAEIBREDDRVELRcnBER TR, B8 - 4
FCBWTEYVRBLBHIEY (ThbbHEICB LKA DbRv) HALBENER & 23 W,
TERAPRBRENZHLZREL0cn OEEETIE, B - YAHOLBAX I HEER
(Thabbh TRICEHZLEL) EREAEHMLEALZZLAEMTES, ZDEDIC
LAI A9 2 BASBO THEEDEVWEHOBAERTEIESR (7H) wdbHZFE (98) &
DHEERAFH L 25, ChIRBICEREIARORNEERUTEMRBEAAZERLT
EEEROMRTHO M Eh LRI EETH S,

B, BAZMICBIT 25952 WRREYAOEHMER BT L, BHibekr My
DCO, FYLBDOB|H R B LE (FBOR) . BHEMAKR T, HHERESHECSICER
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150 - HE&R180cnD B ALEE(O,[C1)H 5 v
53 RS (@, 5 ) - EREAKR ST
. BBl L A R0 T L (158%)
2 100 4 BEEMEICEIT 59 A1SHOKE - B
24 HE&EHTEHE,
;,p Fig.70
ééso - Vertical structures of light
;}g penetration and photosynthesis at
% 1500 in N-S (O,[]) or E-¥
Ty . (@, ) oriented densely planted
i . . populations with 180cm shoot
Eaxosans  woELR length
Rate of direct sunlight CO, assimilation The average temperature and solar
penetration (g/m2hr/10cm) cs .
(%) conditions for September 15 in

Kanto district were used for
simulation,

HNE BRI ARBRECBT2EHEAKRFEOREC, A/ILROBAMICKEZEY
Table 20 Difference in daily CO, assimulation among row orientations at varlous
stages and locations in densely planted populations

‘ HEsEATHORER () ©
Ht Bt  District  Index number for assimilation
in E-¥ population®?

650cm?? 120cm 180cm

(FY# After spring pruning)

Ju M Kyushu 97 100 101

B O¥E Kanto 85 100 101

H Jt  Tohoku 96 100 101
(EH4)#  After summer pruning) '

Ju M Kyushu 96 101 103

B OE Kanto 96 100 104

W dt  Tohoku 96 100 107

1),2)819BHEIICRE U. See notes in Table 19,

<, BEARMIcE T A0, A{EROARMERIERL L BIHIKL, BER60cnTIEHE
JEEEA S ~5 % BB A, HEREN80cn BT ILHETESN 1 ~T%HBd L AREhE.
UEQZ e S EEUVWEBEOBEAMNICOVWTERTILROEDI RS, ¥ EHOS
&, EXEREHCHRIck s, HikEgoco, RMERRECEBRASALLHE
ENEDT, EHMCHLEKEADT 2 BRSNS, L VDITEZEOHRICHR
PEBT M TIE, BEOHALHLEETIRA»rSbEEEFRW, AL, BHH®
SHNCEBRAIEIRVEE (PIAEER2ILRLOBREYTEHIHATWEES) KH-o
Tk, B8 - A0 ENRERLORIEIPHETELRVOT, HFLUHHIBEIEH &
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BREARV. ZhICHLT, BROBAFEEFOHFRE LDICENLEAUNIEDLLODT,
ZHRBEOTEIS B EDOFMICHA DT AIREMBLICS W, LAL, BEEREL
E#ET 2D, N-4THEAEEIREDOPRERIEBITI N, HERNEIC150cn
UTICRER 225, RRVEIBICHADT20AMETHEMEE AN S,

v — 6 2= Xy

BVETH, SIEZTHELALAEHBAFRETVPENETHLMIUAEBEO A -
HRSEHEESAALT, BRAKBOZSHER L AERERMI 2V Iav—var Tl
5 LAMORUS-LICS 2 BAS U=, BT, MORUS-LICS: R U THHEE LN T 2 REHRD
RIGEHBEL, BEEEBOEF VLAY TORERT -2 UE. BELRBAROBHES
B, BAMPHRREECLEUT, TOZRRBLAARNEDLDICELRZMEHEL,

ZEOBRHEBIO-NEEECET A AN REHESEI L LUE.

(1) Y3Iav-—vayvEFreSadsh

B3 X h=MORUS-LICSIE, OMFat& L k2R MER0E (ML) , £ (BAW
EHEACEUTHERE L ESE, QEERICANT ZERAR VR (HK) 2
YFANVOBIIVEHBEL, KB LBELOENABRRAEBOTEAREEHL M iC
U, @500, FLEDHESITIFuISLATHS. A7ud I3 A3 mlHEHSL LT
BHEEE (58, ) , moBR (FEkeE, HEek) PAZERCY, REDHH,
BEEOEMZE a0 cBET 2L ATE%, TEEEAROAREE L LTERESLE
25cenh 5H240cn FTCEETEZIED, —BARBULEEEKEEZOZBZT IMYRS) 2
LA TH 2. RRATFT - ERBUBELZEET LT, £F ot coco, ALEOE
HETHETHSE, 0, BN EL L2 280BIBIR0EBRAETTVERBLTL
ADETFIVEMMSERZILBZIED, AEORER - FRICHITZHBEICODVWTDH, B
EOERERIMELATHTVS,

MORUS-LICSOHE U L BAEBRARVHREAOXZERBIE I ZOEMH L BL—H
Uf. E-MEEHC, REEOHEBE»SESBEREREHREBLELZ S, HEHITE
HOEREIES LTR Y KkBICH- &,

(2) BHEBLZHIRBRUKEAR
RERXHMPORBHITCOBBEOBHRELEEL, E40RBETTCYIab-—va
VEToR. RBRGEEEICEIT 27 AISHOREME, AR EIRE Uk,
WEEEMEER O P#Hco, FMERGIWThOERBREICSVWTHEHEHE (150
m?day™ ) WEALARY, AHEEHENIN o2 2 BAIEX - REHICRET B L2
50, BEI2%BIT IR0 LItEXINE. COEME, BHEAKRTH, HEEEAKE
TH, HHIVIEREO BTN EALBDTHE LT EDO Ao . MR - B HIC
CO, MHLRABARULRVWOR, AEBEXSREEINA—SREOTTHRAREIVEY,
UAH400~600 un™ THUMMERTEDTHILEALNE,
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ARY - PHOBEERTIE, REEOEFIRCETEOZAENHIL, PETHE
HNOXDDBHAELLS R - - THARAEGREEDOHPET RS SR ZIT 2L AT
HMahi.

ZMEKEEO HPMCo, M{EELZXEOMICE, 1BREMNTRS LEMABKRE RV,
WHAEERG LTI, RELZHABEFORBILL MY ERBERISNET Z2ED, £
HEIPSERETPRITEZLEABNE,

(3) BHEELZIHNRERTNAER
mwsum&ﬂ%bt%ﬁﬁ%ﬁ@%%ﬁ%awzﬂki&%ﬁﬁﬁwﬁamﬁbto
BES AL Uk, BEICEBITA27HISEORE - BH&HE (FE£HE) OFTHET S
L, EEMBCIERARROSIZRESFISL, 0, AEELB- 2HF, EREHI0T
ERERE A BEERELEL, BHATEAONORY AhDO L UTHET 2 %58 HA
REED S HC0, ALEEAZE Mo, BHUSHBHORETTRHLAERBE ICDhE-THE
HWORMLE Bk, BETERESEPERL KK OBAL AL TAHAALELT S
eA@EDLN, EOC, RERELEHFTRBICH 28BS, LAINLS WRTSHET
B % BT =

FGY, EYYEDC, FLBOBRBRE(LAY - VICHBNERFZD S ER, »
THhOHMKTEH, BHOMC., BEERERTHICOATEME LE- 2, )

(4) HREGRORLY - BE L EREBDZHRERUNEK

120~210emic M E L AR BRRUCEHEARB LR LB THHRRUEB S 2 EE
L, MORUS-LICSIC & YRR DYk LC0, FLEEXBHF LA, BEFMIEEILE L, &
HOHERH - PRBAERIERELEDOIRVWED L L E,
MEMAICBT27HISHL 9AHORE - BHEKYE (F4EMH) 0o FTHELELS
2, BHEEAABTIERWEAEON 1/ 2 \CHB LB ARE (Hopt) AEEL, RS
DCo, FMERIT, Hopt TRETHILAKRBABBE LU TL.3I~2.3MFICHRT I LHAES
hiz, TOZEOBEHERTEEDICPHERLUTCEHZLBHETI0/EHETHZ L
EHEUE. BUSHEERRELREN S 5 ~20cnTHRY Y FTHILC0, FALBRHRT 5 L3t
Hxhk. :

A EBHEMAARETIR, RBRIEEREN 50 28X L RERR S SHopt HEET S
B, R KV ERERZNEMET T 520, HREDC, AERIGERITOL1~1.46F
WK ERMo .

YEM, BEEAREL, REETRBEIE3.5~5.8THo. Tk, HoptDHIEEE T
BHWhEWbrEbhik,

(5) BEARL L ZHIRBREAERM

YEERCBHEEBEFICOVT, BEHAICXZZHREBLHM CO,.ALEOEVW
MORUS-LICS:FH L THRIF L. HEOEHEEREAICL->TEDbLARVWDOLL,
N30° WOERRTHAET -2 ICETVTEDE,
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HEHEEETEOCO, FMEEE, R IH T2 THSHORE - BEABETTHRERK
BEREALEIETES, HEBTREEERL, EOEE3I~T%IELE, Zhik, &
FEEARHL I EVEL OREMIETELEDEELORE, EELIHISHE D&M
TTHEAMICLIIZRFLAL Mok, $EMICE T 2HEILEDB/AEE, WTho
HEORE - HREGHT T, BYVE, EUVROEMHETED Shi,

—HEREARETIE, BAHMICK A0, FIEREOBLREH I VERBRICKRELLES
Eh, BRR6cnDF I HEROS VWEHIEAREER24% (TH) ~2% (97)
LEZ2H0D, HEE 180cn , LAINS OBETIEAFAFT - TBETEATIHRBEN
ikEE% 1 ~8 % kE - 2. ZOEMIE, WTFhOoHBKORE - HHEETTL, &YV
%, EYVROTEECTRAD SN,
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BVE ZHBEAFILLLIREOD
- EENR OB A

V — 1 bR sE R o HE 2 4 B - &

S OEMTIRBBANCHE (E8) 2 HHT 22 LPFLALTERL., LENFST,
THEBBORARES RBRERICOERSNSE. FOED, BEORBOERELEL YD
DHTAZHCRELTREOHBREFETZ22LICE-T, H2VWEENFHOER L
RMCBEEST I LIEoT, EHEROH IS FALRALLD LT WA,
HEICE TN EBEMEOEH L - TEE,

—H. BREREITZ2Z2 L0k T, MERZXBEAASREI, UrBEDTEHIE KN
T&3, LEA-T, BABBOBBE LT L UTHREF LOBREAL 255, #H (HH)
BRI BZHUBHROUADTEHEEIBEILT WS, FIAERBOBMERILEE1~2
mICHETLOT, BEEAHEL THEN LT 22T, HEFEBENIEL, HEN
BER S MABRLRXTVWERBOAFAZRETEMC R LBETZE, 2O LEZERD
FoEMBAZBMETMICKEY IV -V a VER (B, 1984a) TEHLMIZH
TW3,

AHTHREBENEKRL S, HEAMRELDHEMNCHUET 2HEERE TV, HEHE
BELARE - - REOEDYVIODVWTRHT 3.

A B X2 O 5 R

EEBE TLAVWBOE] AEEX A EBER2.0m XEE0.6m OB T1983£101T7- .
AZENITI9T8EMN (64 E) THEIRMGcTH Y, B£107 — VY=Y N;30ke,
P,0s;12kg, K. 03 12kgD W AITHOh TEE,

EERESRE, FUDICSAHICHERE2ER»SE&R (FUYY) L, BfEZ L i b5
AERENEUCHSOH—HERFULES, B 2R —HREED AR o . &
WT 6 H20H1C55° , f5° RUT5° O3R: 1XRYAEAYUFKO2KETREL, UTD
kO3RN E o TERYEMALE. Tab5, SRLLATERLBEREA L HEKY -
VAKRY, ThHOMEIHEL OMCERFEDAE 2R THHMARAMET 3 &
3, EEAOES 2T- 2. DB, AEEROETI 2T LI, ER LB 6 A29
HERE TR E L TWEARESIRRUIALEESIHRERICDVWT, ERKTEMN
(9H1H) FTE~THEBZIHEESFAETLE.
FEXEHBHASHICREHICYEZ1MEEE, 29 A5 HIWRARY OLMEEEEED
SERRU, RELE., 2UT, AT icH L4 BRI ERLFRIT 22810, 9
BIEOWTHRIARTOREOEEREHAL .

¥ R
(1) BZEME
KERBISAH (6 A29H) DD, HSFERRUVEHRGFBROMREL, THETHEUR
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Table 21 The elongation of treated shoots after the training treatment

X MER  Elongation (cm)
Plot

Jul 4 Jul 14 Jul 24 Aug 3 Aug 16 Aug 22 Sep 1

55° 11 20%k  54%k 74 108%*  123%F 147
65° 11 -3l 61 36 126 144%  173*
75° 12 31 61 86 130 152 185

¥, 0075 REOMBEROENEFRFHhE %, 1 %KETEE.
The elongation significantly different with 75° plot at
5% or 1 § level, respectively,

BE MEDMIAS B IB A RO E R

Table 22 The elongation of untreated shoots after the training treatment

X MR  Elongation {cm)
Plot

Jul4 Jul 14 Jul 24 Aug 3 Aug 16 Aug 22 Sep 1

55° 12 31 58 a1 124 145  "178
65° 11 31 59 83 127 148 181
75° 11 30 56 79 122 141 172

WTFRNOHAHDBEMICEEE R L. The difference among plots was not significant
at any dates. '

LEARIRLE, BlURICKEZ L, 55 ROBSHAOMEIERBAEL»ST K
WKHARTEY, HOERRELS TAURCHHMCER LR . MEOERFOEKD
AL, EBRBRTHEOOA 1 BICEIT555° KOMBRIXT RO80%ickrXEs k.
65° RAFESIHRL8ATHMST REYMESNEEKLSLY, 91 HOMERWRTS®
KD8a% Loz, —F, BHETHEKOMRICEL TIBRRICRINATWVWEEIKLIA
1HECRMICERREZRLLBDLAT, WThoROERESIHLLT ROoFEFIHE
LRAREOHENED ShE,
(2) I LMEEELSVICNER
BHBHRUVIASHIS I 2 LHARR (R4&R) LREER (EXR) KowTa
ARBIL2REOFPEERD, BBRIGRLUE. FEHHICBEGR < EEFERFIESS
<65 R<75° ROMEIc, £ NBERIL65° R<55° BLKT5° ROMEICRY, wTFho
RHICEVWTHTS RABDRERYEEAERNEROZLARBRENAE, HL, 28
HET-ELEZA, WTFhoEBIcEWTY, LA ER, F¥EEL D, RERMICS
%UAEDEBRZRIZD SR D B
(3) BHRHEM |
8HAB8HARUVSASHILEBIT2EMHEROBEMR (HRARMEAE) %, WA
BUNEIGRUE. 2d, 30~50cnf AR UEBEOBEBBICOVWTE, THAEHD
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Table 23 Shoot and leaf yield of each plot
- QiﬁZ Unit; kg/10a
%%R& Shoots Eﬁi Leaves

%

Plot Aug 8 Sep 5 Aug 8 Sep 5
55° 1860 2939 1144 1461
65° 1300 2962 1129 1413
75° 1913 3032 1151 1607

1) Shoots include both stems and leaves.
2) The difference among plots was not significant
at any dates.

Hiic#ErilE. 8 A8 HICK, 150cn 2BABAHRBICHOVWTIRT BT, 120~150
en®DFRIEE5" BT, 2L TI0~120cn DRSS RTHDBELLADOIZR Y, HE
BETCHESIVERELEVWEIA S R 2ERERLE. COEMEZIASHICBED S
h, 250cnk B BEICOVWTIHT KT, 200~250cn D £EZ1265° KT, L TL00~

200cm DEZIE55° KTRLELTDohE. BNAERZOREEToELZ A, HPIC
*xFITRUAEEDIIC, MO2RLOEZRLVIELVERINICERTH- .

=2 £%
AERTRHLEROHELEENHS 2B Lo 20T, BRRXhEZEHEORM %
MBRHTHET 222 TER2V., LAUVEBIZORES (B2 2R3:, EYY
BTo EEEM2mOEEE, TATHCR- THEHTRICERIARELTES T, #iF
ABBT NI ICEET S, Ko T2 ORPHICHLEEARTTHESEZ 2 LT,
ZEABRBROZHELXEDDZIZLIORABZEEXATHEVWR Y, £k, ZHWEMDTOA
OHEHOADLRAMHRLEHETVEMENL, 20D bEMARIKHRT 2 68K
BB £55° »575° TR THEBBIABRLZNOMELEET I FAMDT -
Vial-vavEiT-ok (FH, 1884a) . 22TH, HEEH50~150cn DFF, 55°
DFEERITEOLLET TS OREBI YRR ENS~20%EL, B TEOZXOHE
HHVRY, BEAHNBEOBVWEARIEIYZABEFIT ChAEREMELA TV S,
UM UAERTE, HEFEAER L REEOVWTHhILEVWTY, HERERRZVDHOO,
BEARIHEIBDLRVWEEALABT RAGLH k. $h2bb, AEROHBHET
HENBHOALNUA P REERHRIBETOM RN LIlR 2., 202 Lk
Y TOSHBEREEROS S LERERICLTWS., flAE N ooV EEE (
Pendleton et.al,1968) Tt LMIEOES(LAEII X > TI4%OHIRNA, &I a7 XK
B(HREAS, 1991) THEZEOBENEAEIC L T5% OEYEEH B SAEIED, K
REATR (Hd, 1972) CRELHHI T TENESBLBMIEI2LICXIYNBRORR
AEMNTWE, RERLCBVWTTFHLEAREOZEARD AR - EREO—DL L
T, BOEE TR HFAF > BLROEEERELEZLAEAXShE, —RICEHADE
REHAEBEROER, ANk THEMESESN 2 LTEHFEESFB 2 CEHE, 1985) .
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8 A 8 d 9 A 5 H

August 8 September 5
201 55 B X - 5 B K
L 55° plot

10} !
SS 35424541 2
S0
== 90k - 65 E X
X 65° plot
5% 10} s -
g 4377 13 20 48" 05
a3
§ 0
= 201 L 7% E K
o 75° plot

10} -

44 14 17 41 6
0 :
0 60 120 180 0 100 - 200 300
g % & (cm)
Shoot length (cm)

BIE  ANEEOHABSE
Bt ) B A 30 ~ 50cndE DR A M & R

Fig.71 Shoot constitutien in each plot
Numerals in the figure indicate numbers of shoots when classified with the

interval of 30 to 50cm in shoot length.

¥, ¥ 1 O 2R LDEICERENS %, LBKETERENIHSZZLERT.
Significantly different from the other 2 plots at 5% or 1% level,
respectively,

RERTH5 ROBETEEE, MEOBRIVELMIZAESNSZVICHEDLT, &
HEZ »SHMENELED, ThREAMEBHBERORBBELEXZZ2LHTES. &
BB 24ENH0ZRBEORIIL. HRMABEOHRETRL, BIEDPN-3THS
ML, BRI TRBT2REND LA,

BE#C, AEBRTRELEREOREIC LY, BRROBRMENERICELLTSZL
AEDLIhE, ZOERSBOERICERELSXZ2D0THILEXS.

v — 2 BE XS H U 2 A= - IRE

BEURAEEY LEBOREERRIBYHELEYERICKRNZHh, ThEL3ARVE
Bio, B #BTIEDCESISERINE. 20K, ZEABERRORE» 59K
AEEBEAEEICETTS. 2O0KRHE, B1BPNV-3THLMILEKLD I, BHEEZR
RETHBERBETEDSMOBEERMBICBITL, THORMLWEREDC, FALROE
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3 A 5~648 7 A 9 A* 9 ~10A
March May or June

Y K

plot v AR v AR
2 9 K
Summer pruningw “! !(
plot
2 B K o S
Skipped—row\?/ w %Z ATER o ¥l
plot XLYU. AT M vilv A ;

EEH BFXORERCRESHEOEERE

Fig,72 Outlines of harvestihg and fertilizing method 1in each plot

--------- ¢ [XBR{fI&E. Position of pruning.
ceee o (EZJEBL, Chemical fertilizer.
*: BHTIE7~8H,., Done in July or August for densely planted field.

R
EETHLZEERBICHGL, KRB REIHRBRTZ3LD, EYBEIVTE
, BYBEDPBEBHICBIARSGAZ X ok, 22T, —~Z0ZHERNICEYHEEKL
FYEELEYICRETNME, REAAL L TEEROFAECEESRELEMHTES L
HiTE s,

AT, RECBOSHBELREL, ABZXANVX -2 I VEYCHAT 2 R#EF
RERETIEENS, BEHILEYRLEVEBERY ANEERENERE LR, £8
DERBGCHRBEEICHL TRROKE LKL .

X = R 5

YBEAE (M 2m X#KM0.6 m, ATHEHMEAEREL VWD) THRINBENS, BH
R (BER 1 m X 4RRI0.5 m, SAFEMEKTLV D) THIBEENS, ThEN224E
KhEsTRB:2T- 2. WTFhORBRL B~ /HTHY, RREBNEIEGY
LERET, HBICETH- 2. YEM, BHASELDILENROID LEFEFYKX, E
K, REX (RYEL TR BEKREL, BLERELTY) 03R:2RKETR
g, ROEIRRERTo k. TRLELEHASBEEIFHIOES, FYUYRRURER
e (LITEICHRYBEL VWD) TR (3H) KBREREEBRRL, T0&MRL
Ea&ZE THI2EIICEIB0cnBRT, FICI0F10B IS ES E20en THRIRIRINE L .
FYRERUREREYE (UTFHRICEYEL VWD) TREEES J8H ICEBEBRREL,
EHIBEERELERELY O HUBICEP0cnBRTHEARNEL . 248 0REEX
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A ¥ & M
Normal planting

148 ist year 24H 2nd year
g i
g ] X
Summer pruning plot
& ) X
Spring pruning plot
g 2] X .
Skipped-row plot \
B & M
Dense planting
1B st year 2EH 2nd year
- T 1
-] m R 5.25pmr, 7.29
Summer pruning plot
& ] X

Spring pruning plot

R
Sk:pped Tow plot W//

. i .
700 2000 3000 O 7000 2000 3000
Iy % B Leaf yieldkg/10a)

AR FXDONER
HHoBFEINEAH2RT,
Fig.73 Leaf yield in each plot
Numerals in the figure indicate the months and dates of harvesting.

1E2HLRALTHSA, RERREDBHCAREATVIEILRESOBATHERAR
28E5bh- .

—FEHEASR LEE05S, FYR, BYBTERRBEFMERETY, TOBRMFRLE
Z85%TH7TRICED0BRT, 5129 A30HICSEE E30cn THHEZRNEL .
FYRRUVCEYRTIRAESCH6HICERERNEBL, =SICHERLEZEZE8AS
BICEE30cnBLTHEERREL 2. 2EFR 1 EHCEYEARYICEREINTRE
ERALR-EERZERLT, BYRRUEYEOE 1 EEHPAEROEE £30can 510
el fEH 2L, BYRRCEYROE 2EPHERBHAEHIBEDTIAZHK
BELE. FOMDEIC>WTRATELRAKRELE,

RREBORERET I Lo 2. TRDLDERFINCOT VY VMR L ¢ L EH16keH
Y OEBEE (N-10%, P,0-4 %, K,0-4 %) ¥ 45X 7=%, BURTRERERER
(6 ALAE) , BRYXKTREVWOTRKRES (7AFHR) KERUMAEOEBE
BABRELE. RERAEK, 6 AL 7T AmHomEIICER U HY 2 METEA L,
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Table 24 Number of remaining leaves in each plot after the 2nd pruning

F2HMRBOBEY Y AREY

X Number of remaining leaves per shoot after the 2nd pruning

Plot WA (198548)  MEAE (198648) 28 fH(19864E) 2B HH(19874F)
Normal{in 1985) Normal{in 1986) Dense(in 1986) Dense (in 1987)

2 9 K s 6
Spring pruning plot *
RHEXFY®E Spring pruning

rows in skipped-row plot

6.2 2,7 1.9,

4,2 7.7 7.9 . 415

Z 9 K 8.9 13.5 3.8 4.9

Summer pruning plot

RWEXEYBE Summer pruning

rows in skipped-row plot

11.3 16.0 5.8 6.6

HETTh 2 KEOWEHE, Each value indicates the mean for the 2 reprications.

nE, REHOREZDEY, KENEROREH L FORBICOVWTHREL .

e R
(1) MR
VRBEEERONERTEBHMACRLE. 1EE, 28 LBLHYRLHEATEY
RKHEhok. SEXREYEISTYROLESD LONEIES N2 -, FYEIL
LHRYXOLSBEORENEOM. LEFST, BEUYK, FYUYROEHLRAER LKL
KT HLRERALEETT%, 2REFICEVTHHSOHMRTH > .
BHEEAARONEREETNRBILRLE. C2TR1IEE, 2EHLDEYRICHEART
BYR AL, 2OBEAREYRARBEL ST -2 A EZCRDbILE. RERON
ErxA2L, BYMTRIEEREYROELSBETH - 24, 2HEHEEHIRDIB% L
MEENR Ao, UDLUERGENDIE, BYKDE3%~66%HLYDOZRAELAE. L
EA-T, BYR, BYROFHLRAEREAKT I LRERNLIEH TS, 248T
1%DHRERL, REEIHEL DS S KBETHETH> L. 285, 1FHOBRRYS,
2EEUBICBIIEYHOBRRARLTFREIAEZOTHE 2EHICIREEESHFEL
L, B3EE0S HOPKERERLTREELHRFAELE, ZOKR, EYROA10
a [NFERL,001kg A U TEYEED 2 hi%406kg (41%) TH- T, WHORKEMICE 2
FHIEBYOREIRD AR Ao k. : :
(2) RELOBER
LEERUEHEERICB T 28 2HKREOEED 1L HRY Y EER X BURITRL
. “hickhif, BYRRCEYBROEELIHGTI2RURAVCEYR I YHL M
£, TOEARBHERRICBVWTIVEZ LED S hE, BIUBHEARRILBITLZHF
PR LBYBOBERI2EDLEOELVWEN D - £,
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Table 25 The cold injury of shoot tips in summer-pruned plants

% # h B B 4 (%)
Ratio of the length of cold injury at the shoot tip(%)

X .
Flot WM (19864) % MM(I8TE) B AE(19884F)
Normal(in 1386) Dense(in 1987) - Dense(in 1988)
E g K ‘ .
Summer pruning plot 3.2 21.2 3.8
% E K H g ou 3.0 33.6 . 3.6

Summer pruning rows in skipped-row plot

FEE 2 RO E, Each value indicates the mean for the 2 reprications.

(3) HOHLRERI

BEUYRRUVEGEETE, MEEICEEORBRELTI L ERCEE MR oML E
Y, BEREHEL. TITE2EBORICERIISERELE, HREIELRICRL
ErBUTHB, ThichEYBEEARICBEW T, EYX, TUBEE Ik ME
BhHTHRL, KEICERE Lo, ZhicttL, BHEARTIZI8TF4 148 ICHE
EAREL, TORBIH-T, LUDTEYHICABLASRLE. Lil, 198841
BRATLELZAEYBEICEMNIIEL AR, EURLOMICHER 2o .

= ==

ARRFECT, FYBLEYEEREICRVALEEEEREZEORER, FYXK
@ki*ﬁ%@@i{iﬁﬂmié7~14%J:l§!é:a7b‘, 2B DbE-TEEEhE, Z OB
RERERFOHNOFRL UTELICHASAE IS VEY R EEERRICRABRENE
TeAETLNG, TROEFRYRVENHEE T REERIRERESRE» 2MREL,
AKEBEIANX-DORELZFAHERALAVRENEZ S, L UDITEYREES A THOER
BHRNEPSHERFEITOOEMNE, ALLBESERL LSS, BREREREE, B
KEEBESRBL LI ’H-TH, BERLSAORIEBREAEQIL 22BN RV, &
EEHEOSS, FYRVEYREIIHEELERE20cn TELHBHERBICBIT L TH LM
CO. AEEAFIT B LY (N—-3) , THEMMABICR-> THUSERET S (B15)
A, BERHINEREE, ‘BEBE:KIZOCIB DECAEET Az Hh-Thd, HEOHEE MR
WOTTBEILLHIBENRIMMBEL2., 2R ENERROTEEOZTRREINR
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Fig.74 Seasonal changes in the longest shoot length in skipped-row plots

O : ZYjek, Spring pruning rows,
@ : EYBE, Summer pruning rows.
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Summary

Ecological studies on light interception and photosynthesis
of mulberry populations

by Daiyu Ito

Under the demand of labor-saving, the harvesting method of mulberry trees has
been changed from leaf picking and shoot thinning to a shoot pruning in which
all shoots are pruned intermediately at the same height, and now this height of
pruning tends to be lower to introduce harvesting machines. Moreover, mulberry
trees are ndw subjected to multiple harvests during the growing season in order
to rear silkworms as many times as possible. Under these disordered condi-
tions, the land yield of mulberry fields in Japan is slightly decreasing. The
author therefore intended to re-evaluate the regimes of intermediate pruning in
mulberry populations involving timing and height, along with planting densities,
especially from the viewpoint of light interception and population photo-
synthesis.

Many studies on the photosynthesis of crop populations have been completed
using Monsi and Saeki’s theory. But at the first growing stage of a wide row
crop population such as mulberry, the premise of Monsi and Saeki’s theory that
leaves should be distributed at random to the horizontal direction can hardly
be satisfied.

In this paper, productive structures and light intercepting conditions of
mulberry populations are first systematically investigated 1in the field
(SectionI ). Next, as a step to producing a simulation method to replace Monsi
and Saeki’s theory, a geometrical model of a mulberry tree is developed by
using light-interception-related characters measured in the field (SectionIl).

Analysis of photosynthetic ability and maintenance respiratory rates of single
mﬁlberry leaves are also given in Sectionll. SectionlV outlines the Monte-
Carlo simulation program developed using the results of the previous sections,
along with the analysis of light intercepting characteristics and photosynthesis
of mulberry populations utilizing this program. Attempts to increase produc-

tivity by improving light interception are covered in SectionV.

Section I Evaluation of productive structures and light intercepting
conditions of various mulberry populations

Productive structures and light intercepting conditions were investigated at
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selected growth stages after spring, summer or intermediate pruning in a
normally planted population(NPP) and densely planted population(DPP). NPP had
trees planted 0.6m apart with an inter-row distances of 2.0m, whereas DPP trees
were 0.5m apart with 1.0m between rows.

In DPP, light intercepting condition was better in the earlier growth stage
compared with NPP because of the high light intercepting rate, but became worse
in the later growth stage because light interception efficiency at the lowest
layer often fell to 0%. At the later growth stage, leaf area index in DPP
stopped to increase and the number of attached leaves decreased at the lowest
layer. This was thought to be caused by the narrow inter-row space, which
helps the foliage to cover the land quickly but soon loses the ability to lead
light into the lower layer.

In both planting densities, light interception efficiency after intermediate
pruning was lower compared with that after spring or summer pruning, regardless
of the growth stage. This might be because the remaining shoots are soon
severely shaded by newly regenerated shoots at the top layer. In the inter-
mediately pruned population, leaf area index stopped increasing earlier for a
lower value, and thereafter shoot elongation became very low.

Section II Tree shape measurement and its modeling in mulberry populations
-1 Varietal differences in tree-shape-related characters

Thirty varieties of spring pruned_ mulberry trees were used to investigate
tree-shape-related characters. In late July, the length, width, internode
length and inclination angle of leaves attached to elongate shoots of between
140~230cm length were measured. Shoot length and shoot number of these trees
were also investigated in winter.

Mean leaf area of all attached leaves showed a normal distribution between
310cm? and 90cm?, with the varietal mean being 183cmZ. Regardless of the
variety, the size of adult leaves gradually increased from the shoot base (Ist
layer) towards the top (10th layer), until it reached a comnstant value in the
7th layer. Mean width/length ratio of all attached leaves also showed a normal
distribution between 98 and 61, with the varietal mean being 80. The width/
length ratio of adult leaves gradually decreased from the shoot base towards
the top, and reached a constant value in the 5th layer. On the contrary, mean
internode length fell into 2 groups of varieties centered around 5.3cm and
4. 3cm.

Mean inclination angles of all attached leaves was between 25°~35° in most
varieties, with the overall distribution between 52.7° and 6.4°. By means of

the vertically changing pattern of leaf inclination, the investigated varieties
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could be broken down into 4 groups : lower leaf inclining type, upper leaf
inclining type, sigmoid type and constant type.

Mean shoot length and internode length were highly independent characters,
whereas the remaining 4 characters ——shoot number, leaf area, leaf width/length
ratio and leaf inclination angle were shown to be dependent on each other. The
principal component analysis showed that the investigated varieties could be
grouped into those which had many shoots with small, long, horizontal leaves
and those which had a few shoots with big, wide, hanging leaves.

I1-2 Changes in tree-shape-related characters with growth
In both NPP and DPP of ’Ichinose’, regenerated buds were partly removed after

summer pruning to adjust the shoot number to 30 per plant. Then, azimuth angle,
inclination angle, number of unfolded leaves and order of fallen leaves for
every shoot, as well as length, width, internode length and inclination angle
of every attached leaf on selected shoots were measured every 10 days until
early September. For the analysis, shoots were grouped into typesIto IV based
on the number of unfolded leaves at the final investigation, with typeI' having
most leaves. '

Number of unfolded leaves increased with a logistic curve after the 10th day
from regeneration in every shoot type. Defoliation began 40 to 44 days after
pruning in NPP, and 9 to 12 leaves per shoot had fallen by the final measure-
ment. Defoliation began later in DPP, but was markedly higher at the end.

Shoots developed almost equally in every direction in the first 50 days after
pruning, but thereafter most moved toward the inter-row direction. Shoots
gradually became vertical in typesIand I, and drooped in typelV, while type
I varied depending on planting densities.

Leaf area, leaf width/length ratio and internode length increased with a
logistic curve for 15 days, a quadratic cufve for 10 days and linearly for 8§
days from unfolding respectively, then stayed constant. After enlargement or
elongation stopped, the leaf area and internode length varied depending on the
order of leaves, and these changes with leaf order could be approximated fairly
well by polygonal lines. But the width/length ratio of matured leaves was
almost constant at 85 regardless of the leaf order.

Leaf inclination angles of leaves were not stable for the long term in most
cases. But within any growth stage, the frequency distribution of leaf incli-
nation angles throughout the leaf order could be approximated fairly well by a

normal distribution function.
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1-3 Development of a geometrical model of a mulberry tree

A geometrical mulberry tree model for NPP and DPP was developed. It consists

with stems and leaves

of three elements ———stump, stem and leaf.
arranged in the proper positions based on the longest shoot length.

Stems (30 for NPP or 15 for DPP) are regarded as circular truncated cones
with an upper radius of 0.25cm and are divided into 4 types. They develop from
the upper edge of the stump, which is regarded as a circular cylinder. To
obtain equations for each stem, the equations for the congruent figure erected
vertically at the center of the stump is first determined, and then subjected
to rotation and parallel translation treatments according to the stump radius,
stem azimuth and inclination angles, so that the figure is removed to the
proper position. Next, leaves are modeled by elliptic planes and attach to the
shoot with the straight line petiole, if they are not yet defoliated according
to the measured data. Leaves are first determined as a horizontally intersected
figure of a vertical elliptic cylinder, where the long and short radii of the
cylinder are equal to the leaf length and width. Then, the equations of these
cylinder and plane are subjected to parallel and rotation translation treatments
so that the intersected figure is removed to the proper position. Length,
azimuth angle, incliﬁation angle, etc. of each shoot and leaf are given based
on the measured data. . .

The productive structure of the model mulberry tree agreed fairly well with

those obtained in the field at any growth stage.

Section II Photosynthetic and respiratory characteristics of single leaves
in mulberry populations

-1 Investigations of measuring procedures

Some preliminary experiments were made to clarify the optimum conditions for
measuring the light saturated photosynthetic rate(Pmax) and maintenance
respiratory rate of mulberry single leaves. Guidelines were established as
follows :

(1) To evaluate Pmax by measuring the amount of evolved 0. gas from a leaf
segment in solution using measuring pipette, one should add C0. gas to satura-
tion level in the solution, keep the solution temperature around 35T and make a
pre-irradiation of light for at least 10 minutes. Sampled position of the leaf
segments and time for preservation should also be constant. The Pmax values
measured by the pipette method correlated fairly well to that measured by
assimilation chamber, but were consistently about 50% highér. This is probably
because the pipette method, beiﬁg measured in C0. saturated water and thus free

from water and C0, stress, can draw out the latent photosynthetic ability.
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(2) To evaluate Pmax using an assimilation chamber, radiation should be over
1200gmol m™2%s™'.
(3) Respiratory rate becomes constant after 48 hours dark treatment, at which

point the rate can be used to calculate the maintenance respiratory rate.

-2 Changes in photosynthetic ability of single leaves during development
through senescence

Regenerated elongate and dwarf shoots were sampled every 10 days from both
NPP and DPP after the late May pruning, and the Pmax of some attached leaves
were measured using measuring pipette. A similar measurement was also carried
out under outdoor conditions by using a portable assimilation chamber in NPP.

In the measurements using measuring pipette, Pmax rapidly and linearly
increased from the 5th day towards the 20th or 30th day after unfolding, and
then remained approximately constant until the 70th day. From the 25th to the
70th day, the Pmax values of the leaves of dwarf shoots or leaves in DPP were
significantly lower than those of leaves of elongate shoots or leaves in NPP.
The leaves which unfolded in June and July also showed significantly lower Pmax
values compared with those which unfolded in August.

However, in the measurement using assimilation chamber, the changing pattern
of Pmax was slightly different : Pmax reached a maximum earlier, on the 15th
day, and then gradually decreased until the 60th day. But the decreasing rate
of Pmax was only 1~1.5% per day, which was smaller than that in annual herba-
ceous crops. The patterns of changing could roughly be divided into two groups
based on the value at the maximum; that of 25mgC0: dm 2hr~' for leaves unfolded
during vigorous elongation and that of 15~20mgC0. dm~2hr~* for leaves unfolded
near the end of elongation.

-3 Changes in maintenance respiratory rate of single leaves during
development through senescence

A dark treatment was applied every 7 days to some attached leaves of a
different regenerated elongate shoot in NPP and DPP after the late May pruning.

Then, two days after the dark treatment, respiratory rates of treated leaves
(Reso) were measured using a portable dark chamber under outdoor conditions.

For leaves unfolded in June and July, Res, hardly changed throughout the life
span and ranged between 0.4 and 0.7mgC0: dm 2hr~' for ’Aobanezumi’, or between
0.5 and 0.8mgC0, for ’Ichinose’. Thus their maintenance respiratory rate was
expected to be between 0.5 and 1.1mgC0, at 25C. For leaves unfolded in August
and September, higher Reso values of over 1.0mgC0. were often recorded soon

after unfolding, although after the 30th day from unfolding Res, stayed at the
—135— summary



same level as those of leaves unfolded in June and July. Supposing that the
higher Reso values of young leaves were caused by growth respiration using the
photosynthetate translocated from other leaves, their maintenance respiratory
rate is almost the same level as those unfolded in June and July.

The Q:o value of the maintenance respiratory rate was estimated as 1.7 for

> Aobanezumi’, 2.1 for ’Ichinose’.

-4 Effect of fluctuating irradiation by sunflecks on the photosynthesis
' of single leaves

Using a leaf of a potted mulberry tree, the amount of photosynthesis under
alternated light and dark periods of 0.5~8.0 seconds(Prr.) was measured, and
compared with that expected when these Iight and dark periods were given in a
single time period(Pscr). The mean Pr./Psr reached 1.35 when the irradiations
beyond light saturation point and below light compensation point were combined.
A larger Pe./Psr value was obtained for the combination of the shorter light
period and longer dark period. But in Caées where the irradiation in light
periods was weaker, or the irradiation in dark periods was stronger, Prn/Pst
came near to 1. Therefore in a mulberry population, the enhancement of photo-
synthesis by sunflecks was thought to be possible only on fine middays when the
direct radiation is so intense, and at the lower layer where diffused radiation
1s so weak.

Next, radiation environments on mulberry leaves were observed on fine middays
at the lower layer of NPP, using very small light sensors stuck on the leaf
surface. As the observed radiation environment on the leaf was so complex,
percentage of the observation time at which photosynthetic enhancement by
intermittent irradiation was expected to occur was calculated under some
assumptions. Results showed this rate(R) was less than 5% in 17 observations
out of 23 observations. Therefore it was concluded that the effect of fluctuat-
ing irradiation is almost negligible in considering the photosynthesis of the
mulberry population as a whole. But R did correlate well with wind speed and

1

once exceeded 30% on a day with over Tm s™' mean wind speed.

Section IV Simulation study on light interception and photosynthesis of
mulberry populations

IV-1 Simulation model and program
The developed program, MORUS-LICS, is used to predict the light intercepting
characteristics and photosynthesis of a model mulberry population through the

method of numerical experiment: i.e., after defining the equation for each

stem (circular truncated cone) and leaf (elliptic plane) of the model popula-
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tion according to the initial conditions, the program generates many beams
(straight lines) and solves simultaneous equations between beams and stems or
leaves. The model population consists of the copies of a same tree defined by
the geometrical model in Sectionll, with photosynthetic and respiratory
characteristics defined by the corresponding data in Sectionll. The tree
shape is based on the longest shoot length which can range from 50cm to 240cm.
Planting density, row orientation, ground inclination, etc. are selected as the
initial conditions. It is also possible to ’prune’ the grown-up tree at any
height.

Simulated percentage of penetrated light within the population and light
distribution on the ground agreed fairly well with the field data from section
I. The crop growth rates estimated by the simulated amount of CO. uptake were

also in good agreement with measured rates.

IV-2 Light interception and photosynthesis in relation to radiation environment
Using MORUS-LICS, simulations were made under five radiation environments;

cloudy, partly cloudy, mean-radiation, fine and clear. The average temperature
condition on July 15 in Kanto district of central Japan (latitude; +36°) and a
north-south orientation of rows were selected.

Daytime net CO. assimilation of NPP, regardless of the growth stage, was
predicted to be at maximum on mean-radiation days (15MJ m~2day~'), and did not
increase any more or decreased at most 12% on fine or clear days. This trend
also held for DPP, east-west oriented population and for higher light saturation
point of single leaves. On fine and clear days, the photosynthetic rate of the

2 and was always inferior to that on

population became saturated at 400~600w m~
cloudy days when compared at the same light intensity. This might be the reason
why the population photosynthesis is not superior on fine and clear days.

At the early and middle growth stage, photosynthetic rate of the population
was predicted to show a temporal decrease around 1200 on clear days, accompanied
by the decrease of intercepted light at the lowest layer and very uneven light
distribution within the middle layer.

Simulated daytime CO, assimilation was not proportional to the intercepted
radiation. However, there existed a linear relationship between the two when
both of them were accumulated for more than 10 days based on the actual climate
conditions. Thus it was thought to be possible to predict the growth of mulberry

from the amount of intercepted radiation.

IV-3 Light interception and photosynthesis in relation to the planting density

Using MORUS-LICS, light intercepting characteristics and photosynthesis of DPP
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were compared with those of NPP, where north-south orientation of rows was
selected.

When the average solar and temperature conditions on July 15 in Kanto district
were inputted, simulations predicted_that DPP is able to catch more light and
thus assimilate more CO. than NPP at the earlier growth stage. But in the
later stage, DPP is over-luxuriant and NPP is able to assimilate more C0,
because incident light is allowed to.penetrate into the lower layer through the
wide inter-row space. When simulated under the average conditions of September
15, C0. assimilation was greater in NPP even at the earlier growth stage. Even
when in the over-luxuriant condition, simulated C0. assimilation in DPP increa-
sed with growth until the leaf area index reached 8.5~9.5 because its canopy
structure was gradually improved to allow more light penetration.

Time course changes in simulated net CO, assimilation in spring and Summer-
pruned mulberry populations showed some difference depending on the radiation
and temperature environment of the district. But net C0: assimilation in DPP
was superior to NPP always at the earlier growth stage only, regardless of the

district and pruning regime.

IV-4 Light interception and photosynthesis of the populations with
intermediate pruning at various stages and heights
Using MORUS-LICS, the effects of pruning on light intercepting characteristics
and photosynthesis were examined in both NPP and DPP, where north-south

orientation of rows was selected. Model plants of 120~210cm shoot length were
constructed and then were subjected to intermediate pruning at various heights.

The photosynthetic and respiratory characteristics of each leaf and stem were
assumed to remain unchanged by pruning.

When aVerage solar and temperature conditions for July 15 and September 15 in
Kanto district were inputted, it was predicted for DPP that the optimum cutting
height (Hopt) should exist at about half the original shoot length. The amount
of predicted COs; assimilation increased by 1.3~2.3 times when plants were
prﬁned at Hopt because over-luxuriant growth conditions were alleviated, but it
decreased markedly when the plants were pruned at 5~20cm above the stump.

However in NPP, Hopt was not as clearly defined and could be determined only
when the shoot length exceeded 150cm. Furthermore,.it was predicted that CO.
assimilation would only increase by 1.1~1.4 times maximum because the amount
of interceptable light would inevitably decrease due to pruning.

The optimum leaf area index was estimated at 3.5~5.8 in both populations.

Hopt did not vary appreciably among the districts.
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V-5 Light interception and photosynthesis in relation to row orientation
Using MORUS-LICS, light intercepting characteristics and photosynthesis were

compared for various row orientations. Longest shoot length was fixed at 60,
120 and 180cm. The spatial distribution of shoots was assumed not to change
with row orientation, and was defined by the data collected in a field oriented
N30°W.

Diurnal net CO, assimilation for NPP, simulated under average temperature and
solar conditions for July 15 in Kanto district, was biggest for N-S and smallest
for E-W orientation regardless of growth stage, with a difference of 3~T7T%
between the two. This superiority of N-S orientation was due to improved light
interception in early morning and late afternoon. But for conditions of
September 15, there was little difference in CO. assimilation among the row
orientations.

However in DPP, superior row orientation depended more on growth stage than
on season. For the 60cm shoot length, CO, assimilation in the N-S oriented
population was greater by 4%(July) or 2%(September) than that in the E-W
oriented population due to better light interception; but it was 1%(July) or
8% (September) lower at the over-luxuriant stage of 180cm(LAI=9.5), because of

poorer light penetration into the lower layer.

Section V. Attempts to increase productivity of mulberry populations by
improving light interception

V-1 Growth and yield under controlled conditions of shoot inclipation
Duplicate plots for 55°, 65° and 75° shoot inclination were set up in NPP and
DPP in late June after the 40th day from summer pruning, and 4 wvigorous
regenerated shoots per plant were thereafter subjected to a continuous training
treatment to force elongation towards the inter-row direction, while maintaining
the fixed inclination angle with the ground. The elongations of treated and
untreated shoots were regularly measured. In early August and early September,
half of the plants in each plot were pruned from the base to investigate the

constitution and fresh weight of shoots.

The elongation rates of trained shoots in the 55° and 65° plots were signifi-
cantly lower than that in the 75° plot soon after the beginning of the treatment
and from late August. Their total elongations during the experiment were 80%
and 94% of that in the 75 plot, respectively. But for the elongation of
untreated shoots, the difference among the plots was not significant. The
fresh weight ofshoots was also at maximum in the 75° plot in which the amount
of intercepted light is thought to be the smallest, though not significantly

different, in bothAugust and September. This shows that the artificial tree-
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shape improvement forbetter light interception did not result in high produc-
tivity.

The training treatment also affected the shoot constitution of the whole
population: in a plot trained more horizontally, the population tended to

consist of shorter but larger number of shoots.

V-2 Growth and yield of a population with skipped-row harvest
In both NPP and DPP, duplicate skipped-row harvest plots were set up in which

one spring pruning row is alternated with one summer pruning row. The growth
and yield were investigated for 2 years, along with duplicate spring pruning
plots and summer pruning plots. oo

For NPP, the yield in the skipped-row plot increased by 7~10% compared with
the average yield of the two. control plots, because the summer pruning rows
yielded more than half of the summer pruning plot, though the spring pruning
rows were half as productive as the spring pruning plot. However 1in DPP, the
summer pruning rows were shaded by the spring pruning rows and therefore less
vigorous than the summer pruning plot. But since the spring pruning rows
yielded as much as 63~66% of the spring pruning plot, total yield in the
skipped-row plot was increased by 10~14% compared with the average yield of
the two control plots. Possible cause for these higher yields in skipped-row
plots might be improved light interception and split fertilizer application.

Number of attached leaves after the last harvest in skipped-row plots markedly
exceeded that of the two control plots. The cold injury of shoots in spring for
the skipped-row plots was about the same as that for the summer pruning plots.

Discussion --—(On the cultivation of a densely planted mulberry field--—-

The general inter-row distance of mulberry fields in Japan was changed from
1.5m to 2.0m to introduce bigger tractors for fertilization, tillage or
pesticide display. But to harvest mulberry shoots using modified rice harvester

for further labor-saving, densely planted mulberry populations with an inter-row
diétance of about 1.0m and stumps just above the ground level have been pro-
posed. Since then, many field experiments have proved that densely planted
populations of this style are highly productive, although some management
problems have been pointed out.

The author, thinking that dense planting would become more popular in Japan,
examined densely planted mulberry populations and compared them with normally
planted ones. As a result, both field and simulation studies have proved that
a densely planted mulberry population is indeed more productive at the earlier

growth stage because the foliage is uniform and can thus intercept more light.
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But in the later stage, it becomes less productive and severe defoliation
occurs because its narrow inter-row space loses the ability to lead light into
the lower layer. These results indicate that the higher productivity of a
densely planted mulberry population 1s solely attributed to its better light
intercepting characteristics at the earlier growth stage, and therefore shoots
must be pruned again earlier and more often in a densely planted popﬁlation to
avoid the over-luxuriant growth condition. Simulations inlV-4 also predicted
that this earlier pruning in densely planted populations, if done at the proper
height, can not only avoid the over-luxuriant growi:h but also improve light
intercepting conditions and considerably increase C0, assimilation.

Now efforts must be made to breed mulberry varieties that sprout lateral buds
sooner after pruning, because frequency of pruning might increase in densely
planted fields. To overcome severe defoliation at the later stage, varieties
of less defoliation, with the vertical leaf-inclination change being like the

"upper leaf inclining type’ described inII-1, might also be desirable.
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