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TEEMKRBFFH (CAFRC Spec. Res. Bull.)
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X197 ICBEN BRIA XA, BHED 19T4F T R 2
BAGE L7z (B8 - /MF, 1996) . LIBRIZHEICEDL LT
FIERANTITEE CAEENMTPR TN D,

ARENOTE X HEEROEHNFEIT19964F 4 ©— 7 (2
WL, 2010 LA RSV OREES BN TN D (K
KEEE, 2019) . LavL, #RAEHEETRELD A HEWTERD,
BRUER P LI FE TS5 O S AL AR OFE R B 0 Bz 1
20094F THI2,478 1 #k72 - 7278, 20184-13591,439)7 8k &
104E [ T42% WD L=, =T F4—/b « X =7 4 A%k
DOAEM %71 L, 20094F D727 #1255 L 2018413494177
#h & 44%0 LT D, Z Rk T, BURCENH JLEITE
TR TRV I =T FF—/L - XIA=T D5 H THERME
BE D DEIEIE, 20094E135935% Th - 7243, 201841
F41% &L TWa  CREEISETS, 2009a, 2009D,
2018a, 2018b) . Z OkRIZ, OB ML B, F
HERFEDOTTF A —/L - XRI =T IHiE»SEEOE W
FEME L TMEMTORTEY, SHbEmEhbor
E LTINS D 2 & NEEE ORELZTEICEND L&
bbb,

TTF AL e RA=TIEXEEES TH Y, A
FEaflEd 22 & CHRIEREINAETH S (Molnar,
1974 ; Powell - Bunt, 1979, 1980, 1985, 1986) . =
OMEAZFAL, BARENTHERD LIFERLES
W HEAENMTOL TV, R R EE TSSO
ABIOEY B & SEE AT OHER &2 1K R LT

9:

1—40 (2021)

RO FNBEIZ8A B b7 720, 9ANB10
AT T2 IZHEMT 5. —F T, TEEELEKL
FEERIZ, 6L L8ADN KLLMD, FDHD
R EIT 1L ST TR MDICHEM L TW D28, 9A ~
10H O Hif BT mAEHIC b~ 72, SEH M OHER T,
TANERTROLL, EALRETEMIEE T, 9A LIE
WTLE LA RIAD D, 26D Enb, 94~10
AOHFMREZEMESES ZENTERNOT S F 45—
N RIT=T REHOREZRESEDHEDISEEZ
Lh. Linl, TEERNOAEEZL, 98 ~10ABED
TERNZOBIEN Z2E Ley, QB LOEEIC X v &EinE
b OREELE, O2008MMNG, EEAHGET S
ZEMBU.
AAERNICBIT ST FA4—L « Ra=7 OR{ELNY
ABICBET DHTRIL19T04E B % -~ 19804F R I2 1 ¢
% {AThhi- (=M, 1981, 1982, 1983 ; HFA 5, 1984a,
1984b ; WL &, 1987 ; /MR, 2002) . ZiUbOREREE
B INTZ9A ~10A BAEOIERIE, 47 ~5H 128
LEHEIT, TH~9A O &R 28T, 97 ~10A IZBI{E
WCELEEFELRD. —FHT, REEETEDSHE S
N7 19804E A (19804E~19894F) DTH ~9H D IEHEIR
ZUTHED104ER] (20094E~20184F) L bl 2 &, iT4E
10/EIT 1980 RUIC IR B EHRIR, BREEREK OH
FHIEKEOWT NG 1CL L&, BREXIEN35CLL
EH LIZHREKIEN25CLLEE 725 B & RIEIHM
LTW5 (1F) . ZOZ LS, TEDIA~10AH

— 0 K () 1 600

90 e [0 PR (FHEUL)
1{ 500
80 | , B
E 70}
GR
Rid { 100 ~
T ol E
i
1 =
5 o 300 £
> oa0 f 7
= 3
=0l 200 B
=

1 100

14 2H 3H 4H 5H 6H T7H 8H 9H 104 11H 12H
BIR =FFF— - RI=F OB B E
T V¥ A O RS

) A EFHREER B REFEAS 2014 F~2018 FOFHE
ZRTY

1R 1980 £ & UTHE 10 4ER 0 7 A~9 A ORIR
i TR (C) ARmRIRA3C  ARIRKIEN25C
() A A BRiE DLEboBH#K (R) UEoR# (H)
1980 - 1989 24.1 32.5 17.0 0.2 12.0
2009- 2018  26.0 34.6 18.5 3.2 32.7
) TH~9 B COTREETT (KRF B - T35).

1



TIEEBENB G v 7 — Rl H9%

TERLCRIAE N AL E & 72 o T RIRNE, #IEEBTIEN
ML SN UF L D RIS EH L2 Lo B LR S
b, Fio, FERNTITRETRIN A S Z 7219804
RYWHH9A ~10A BIEHAFRIIAER L7 <, @b
BRborAELENMERE S &z EROER L
RAHELOMENE, BALET T, BESEOIZEMR
D EEND VMR, 2002) . 20, HEOR
BEFE, AN L CELMEZEIE TV D L
NS,

F T, AR CIIITFEOSRER FlcBiFbs=7 5
F—b e RIT=T OLZENITLIA ~10 A MR EFH i O fte
S E BRI, EMoEENHTERCEBTICKIETEES
BetL7- GEO®E) . £/, FMELFVETIE, HIE
DFERA T, EERS COREDLRE R VEBRER
MOBRFEEIT- 2. FMETITLL OESETEH O
TERIE 2[R C & 5 2 & ANHA STV B R AL
(TA S, 2012 HIB S, 2013 ; KA 5, 2013 ; N 5,
2013 ; HH &, 2013 ; ®EEDS, 2013 ; $£HED, 2014) 23
BE R OAEFICRIETHELZH O T 5 &M, £
B COMBRNRTAFIEERFT L. BIVETIE
W EICHAMEa 2 N THEDR/GLND FIEL L
TA FIREESHTHIEREDR P RES TN D
(Yoshida®, 2012 ; jg K5, 2015 ; s, 2016)
MR DAL R A B I RIETREEZR o
oL, EFEBISTOMRNFIAFIEE BT L.
2B, AFFEIZBWCERSCHIZRIZEH O R WBE I
13, LT OSSR Uiz, OREEAT ; TIHEREMKR
AT Z—NHT T ANT R, QFHFIE ; TiREE
+ (Good Soil DB-1, FEIREHWER) LEHELZEZT:30D
HEETREALEZLOZFE L 72 7V b LA |[ZTHSE
fLL, IRE T 16 Kl H B CEHE, OFIRE#E LT L
BeoRRt Rt 4 BEL3: = hER2: =T 4
N 1 OEIATIES, @8 LFLUEOIEREE ; JKEL L
T ke LickEEEE (w2777 K (N : P05 :
K:0=6:40:6) , "M ALy 7 AT ¥ () % 2g/L
PIRAL, BIEE LTHET 1% 2 B ICKEMER
B (TuervzvraFtangdixry s A (N: P20s: K20
=20:20:20) , NARFY T AT YU HE) D 2,000
iz 15 1 BIEE, OOEE ; Bk 5E
L7zfRBE L L, i EESOSERE T 2 12 W EER AL A D7
WIS E A _—2 7, @IRENINE ;5 H~9 Hix
AR & L, 10 A~ 4 A £ T3 15°ChNE, @ ; i
JEFE 50~55% DEREIENTY (XA ARy N, Z A AbAk
) W, BTN, sk BT RIRIE 5 A Fa)~
9 A 30 HE TlRERERLYE, OB ; L —K
UxF L7 g (SR —RY b, HREEPERR)
ZAWTI0REIAE & 705 X5y, OBITER®E ; 6

(2021)

1 1B Db A ZBHfEH & L7,

BIE SEI RAERVEBICRETZE

A3 M OSSR E DS DR oA B 1 R E T 80T
mBEICE D TERDZEDRELS DB TND., XA
ARA ST O A EYTIABIEE X 0 B ETEEE AT
RICERS BT L LD (FxA Ty, 1959; Y
2 H—, 1978) . —F T, KAEWOREICITHSIE
EOEBRRENEINDS (FrATEYL, 1959) .
TTF A e RI =T OEFBEIBIT - EREOEET
TIE21°CHI% & &5 (Karlsson, 1992) 7%, B &
HIOESE DRI 5T CIEmREOMAEDEIZEY
TR OEBFENET 5. /NR (2002) 1B OWE
RE L BRAMAGDOEZERIZBWNT, BEITER &
EHOWTIIZBWTHIREREGWE R 25 L LT
5. F, BEXIZEASGTIRREENSWVZEREL, &
HE&MTIRREOBEWNCEL O TEH S HEREL 2
HELTWD. L, ZHbOREITHHS0C/ES
225 CULFORERTH Y, EFOEMOEIRIBFILR O
EFICKIETEEIZONTIHRF S TRy, 22T,
ABETHA v Fa—F AN CATHICRSREHEL,
/MR (2002) OFE LD HEWIRERICE T 2B LY
W R OE W SBIIE R OB IS ET B e L

E18 BAMRUVEHEEDEVASFRERVEER
[CRIFTHE

BHomiREZ8E L FIHIRE & HIEEICE L,
BAHNEE & BE IR FE S BAME R OVE B I RIT T A2 5t
L.

1. MERUVAE

WAL TRy F v X —7 ) (EREEER, 4
ARG U7 B IRAENE RS & R HNEE A A A,
Bt 8 XEFITZ. A vFaX—% (MIR-253, =7
BEER) 0B oGRS, 1 B0 FEERIC-S & HHEE 2
IRUE L BEHIRE 2 KRB DY 4 KEFRT, 26
FEhE L7=. 1A HIXHHNRE 30.0C K O 35.0°C, KSR
J£ 20.0C KO 25.0CHMAB DY 4K E LIz, 2EIH
AR E 275C K Y 325°C, KEHIRE 20.0C LY
25.0CEMAGHLEZ 4 K& Lo, T 1 K 48k
E L7z, 56 AMIEE LI BIRE 2B E — M ER & /3—
74 b4 1:1 CRAELEEELZRE L 3 EREAR
UARy Mgk BT L, EREREDA U F 2 X—HFITHA
Lz, A 2 Fa X=X ABRITKEEIER (Trn7xy
YaF A RFRy 7 A (N: P05 : Ka0=20:20:20) ,



FIA-1 PHRORIELS Ty F v ¥ —2 | ORERETICRIETZEOD
) 750 6 BIHIREE/E IR 80.0°C/25.0C, 30.0°C/20.0C, 35.0°C/25.0°C, 35.0°C/20.0C.

BE1-2 WHROWHHRED [xy F ¥ ¥ =2 OBRERVERICRIETZED
VE) 752 & BIRR /IR L 32.5°C/25.0°C, 32.5°C/20.0C, 27.5°C/25.0C, 27.5°C/20.0°C.

w0
S

—e—27.5C/20°C =-0--275C/25C

---4--- 30.0°C/25°C -~

-
prs
-
-
-
-
prs
-

—&— 30.0°C/20°C

)
ot

——32.5C/20C -=>=-32.5C/25C

FEXE (em)
o S

-
S

5]

0 20 40 60 80
stk A% (R)

%o WHHEORERER Ry Fv¥—2r ] OTEE
DR T TR
) X OffErE L S ERERR S E RS (n=4).

INA R 7 AT % 78 (BR)) D 4,000 {5 27 kL
AICE S lem TERE L, AHAKCEBEL 72, fHxhEEIx
2D PE (46%~91% THRE) & L7z, BT E K
AT (B4 27 2 HG FL40SBR, NEC 71 7
AT HR) A v Fa—F EEICHRE LRKE L. B
MG RE DR HREE (LLF PPFD L$5) 1348
v hFE T 110~120 z mol/m?%/sec, PRJEIL 8,000~
9,500lx ThH-o7z. HEIX, =FF 4 —L - _RI=7 D[R

RHEN 12,5 FEI~14 B TH D (R, 2002) Z &
L, 9 H~10 ABITE/ER CITAREEIR O K28 14 KR
VLR A& 720 AL Tl i b Ic A s
BATO 2D, A FaN—HFP A% 14 AL 16 B
MHEOEHSGM, 0k 21 A% 10 HEOEA
2, 40 HALBRAS T LARE S B BITE £ CHE 16 BB R D
EHEME Lz, IO GRE (1 % 2 X—F il
AB) , 42 14 BHE EBBAMERD , 36 HE (BEA
BTH) KkOv8s AR (BAfEEE) OEXE R OEEEK,
WERRRLA 85 H H O E (M B K O MO &EE)
B AR O 1 LB OB AW T HEE L7z,

2. R

BI1135.0°C D UER X (X5 TR E OEWIZE D BT, 4L
HRA4A20 A HEHEOEL & EFOERNRDO BN,
85H H £ TIZATOKRMPHE L (FE1-1, TE1-2) .
EO, LIFEORRIZHIHIS5.0C OB X 2 RN TR
L.

TXEEIT, AH140 B £ TIHEEOEWIC L 521300
RE Lo dznd, 86H BURITHAMIRE MBI ER
{Tlpotz. Fiz, HEREENRE UHAE, REHHEE R
20.0CXIZH~25.0CKTEL 7eofz (BE2K) .

FEXEHHIL, F—OBHRRECIE, AH14H BLUREIZ



/‘L}
KIS

THE B

——27.5C/20C

—4&— 30.0C/20C

——32.5C/20C

AWFIEE o Z — Rl

%95 (2021)

==0=-275C/25C

==-A-=- 30.0°C/25°C

10 20 30

3K

40

50 60 70 80 90

ALBETE H A (R)

ORI T T 5
F) R oOftE L R ERELTRT (n=4).

IR ORSHIREE S [y F v 4 —7 | OFEXHIE

FoR PHIRORINRIED (v Fv¥—7 | OUME  H3% PFHRORERER (v Fx 4—2 ) OB AKER
CRIFTEE (umEss AR) 1RO F LM R B
B 1 wE (9 ik BEE (H) LR O & LR (5)
RE KR E (°C) R KHNEE (°C) FHEE (°C)
(‘C) 20.0 25.0 (‘C) 20.0 25.0 20.0 25.0
275 12.41 (0.23) 12.14 (0.18) 27.5 64.0 (0.05) 58.5 (0.01) 8.3 (0.05) 9.0 (0.00)
30.0 9.12 (0.18) 9.64 (0.16) 30.0 66.5 (0.04) 65.5 (0.17) 6.3 (0.07) 7.0 (0.10)
32.5 5.43 (0.09) 6.11 (0.14) 32.5 67.0 (0.00) 73.3 (0.13) 6.5 (0.08) 7.3 (0.06)
) BEIXFHE (&R 277 (n=4). F) AEITESE (EERE) 25T (n=4).

R AR L 25.0°C X A320.0°CIKIT HE % < 72 AN AL &
i (3R .

JLFRBA%A85 B BRSO EL, £ TORX TEERE
MRENE OO, FEHIRE DBV L 523/ E L,
HHREN BT M ENRLS 25N Ao (6
2%) .

BIFE A $0%, BHEI27.5°C TIEREH120.0°CIX 7325.0°CIX
THAI6HE o 72, BAI30.0°C TIEEF#120.0°C X &
25.0°CIX TEIL22 > 7273, 20.0°CKITEE~<25.0°CX D
EEREN R E o 7=, HI32.5°C TIEmF20.0°CIX M
25.0CKIZHA~RI6 A R <, 25.0°CRITEERE N K& »
-7= (B3+%) .

% 1 EFEOBEATN T, HIRENR CHE1E, K
B 20.0°CIKIZH~ 25.0°C K TEEINL & 72 DM 2S5

ni= (E3HR) .
3. X

IR (2002) 1ZETFA—L - XA =T OIRFE LD
BRIz, OATHERNT25COSKMEE LIZBED
JEA 1 A51%2,000~2,5001x, AR AN 1E20,0001xHi 7% T
HD, QBRI T OB CHEHI25CTIFED 7 nn 7
A VEB RN L, ¢ (110,0001x) TIERRAREIE L,
93 (43,0001x) THENDVMET D, ELTWA. £z,
B 2R T CH/ME RS 2 25.0°C/17.5°C (FIRK) &L
<1%30.0°C/22.5C (HiRX) &L, HEZSKRIOMEH &

LIZ4A~THOBRKHER T CEEAITY &, @F X
HHEMCITFRX LY EEX T, BAABETIEH&SAEX
FOHPRXTRELS D, @BMEITERAEIELBRBRED
FACHIRR LY MIRK TR 225, LLTWE. @D
HARBE TOMEIL, 4H~THOHKBE (AOHNS
HOANY ORI AER 0405 % Nz 728 CKF,
1993) ) M 13155 (4H1H) ~14FF38%r (7H31
H) &720, =25 F 4 —/L - _XRIT=T ORFH KN 12,58
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R % BB LB 0 BRI & 2 BITERIE & B T %
[ERRET 5 IO T, L O TR L.

F11H HESBMIRDORIERZ &ERESE
B DR ES

W, 77V h Y — =)L R IR B A R O B
M OIREPIEED MY - BBICRESHET L LN
HLERY GERED, 2010) , MHEEE CIXZ 035
ZIGH L, BOAD SRR O AR % w8 < HEFF T2
ZIREH S (End of day - heating) &35 Z & T,
TEATORK % — EIRE CEET 2 7RI ~RE 2 2 K
PR TEHZENATL—X2 (GEFES, 2012) A
TL—h—x—rvar (FEHLH, 2013) THEZL TN
5. HIT, RS (2015) ZZoEMORERE LT,
RTNZBWTHDAY %O O LD B R 5
EREOY VRS VIEE L2, BEICHNDE
IAXARNEHIHCES L LTV D.

2T, AETHEMO—ERENRELNVEBICKL
TR L EEMETHLNI TS L L BIC, BEZ X
N DEI & B — ERE CHRIE & o Tm B RGEE B
2, HOAD %OFEEEFEEFELEE (End of day cooling,
LLF EODc &%) ZMatLi-.

1. MHEHRUAE

ST RAERED INT v 7 ), BAERED [~k
N ROFESED T3y F ¥ H—2 ] (Fhb&ERE
FHR) 2 L7 RBXIZBOA MK T
HALBRRE 3 B ALERAE T % °C, 40 B AR LIAMT A O
FT)%& 20CTHET S 20C—EX E HDOAY 5 41
il 20CTHET 5 EODe KL DESEX O 3 XA ik T
7o, FEBAET 4 Br~9 BRI T GEXE ARV, B
TR AZESE A kS Uiz, 8 3 AWPEEIRIE 21 A R
EL7=. 20184E5 H 11 BRI LIFEEITY, 6 H 26 A
WC2FELTRHOL, TA 12 HICh 57T AF v 7 §kiC
fREF U EBAEIT 8 A 2 H~8 A 23 HIZ)T TT
o7z ER XK K O EODe KOG EHMIZ 7T A 17 H~9 A
18 HD 63 HIM & Lz, BEEMREUT 1K 4R 3 KB L L
7. HEIZGELET ORBNOEERR, BER KLY
BfE A OB, g, XK, X%, SiME, #1146
B OFEATIN, — RS CTEESIZ S\ CEiE L7-.

2. R

R AEF OIRENORIBROHER 2 56X L. i
WOKEE, BOAY 76 HOHF CrEsX Tk &k
ETHB L. Lovl, BOHUBIIKE OB L%



TE 25 FF— L - RA=TDOHE - BN

40
35 ﬁ
30
8 25
g
g 20
T
15 4
ﬂj ....... EOD ¢ H Ol
~ 10 o
— N —
5+ 20°C—E X« W]
o b v
Lol b Ca il Ol Lo~ S 0 20 O Lo 2. D T, S G B9 O
R O N N O A N N N N N PN PN A A NS
0000000000000000000000000 © 00O 0UPOPo 0000
FEZ (2018/8/13 12:00~8/14 12:00)
%6 BEENSIEOHER (2018/8/13 12:00~8/14 12:00)

) 20°C—7E : 19:00~9:00 % 20°C T#E. EODc : 19:00~23:00 % 20°C THE.
2018 4 8 H 14 B B OHEEA| « 4 B 57 4y (T-ZE4EH| Htsk K S ELHIFT) .

F10£ HEAES OREEENTFHRIEOHERS F11E HEAETOEENEENTFHKIEOHER
PN W1 01 5 9 4 #m " W 00 P P i
R L G AL ik W LB BB L 21K
(7/17 - 8/1) (8/2 - 8/23) (8/24 - 9/18) (717 - 9/18) (717 - 8/1) (8/2 - 8/23) (8/24 - 9/18) (717 - 9/18)
20°C —i 319 30.7 27.4 29.8 20°C —i 19.2 20.4 20.3 20.1
EODc 31.5 31.3 27.7 29.6 EODc 23.2 23.8 22.7 23.3
7 3 30.5 31.3 27.7 295 7y 53 25.4 25.3 23.9 24.7

D 20C—F : HAMEPRNVERALEEBIZAEDOAY ~BOHE
T, BHEAEFIZEOANY D 14 BB E 2D
X912 20CTHE.
EODc : HDAY 725 4 FEff] 20°C THE.
2) 45 A ALERRT R OVE A AVERT4 13 5:00~19:00, 45 HALEEHE 9:00
~19:00 DEZ =T .

D 20C—F : HALEPRNVERALEEBIZAEDOAY ~BOHE
T, BEHAEFIZEOANY D 14 BB E 2D
X912 20CTHE.
EODc : HDOAY 725 4 FEf] 20°C THE.
2) 45 A ALVERRT R OVE A AVERT4 13 5:00~19:00, 45 HALEEHE 9:00
~19:00 DEZ =T .

B12EK KHEMEFTEOECD AT 1 v 7] OBERTERICRIETRE

e BAE B BOL MiE  EER EXEE HHNE BUEREO —Kk  EEK
Wik (cm)  (cm) (@ () (@/b)  FFAMM s (@)
(cm) (fi) () &)
20C—7E 104 1Ha ? 310 346a 256 99a 2.6b 6.4 a 38a 1l.1la
EODc 10H 8H b 315 385b 257 10.7ab 2.4 ab 7.3b 50b 138D
_Mimp 10A11Rc 312 383b 253  117b  22a  8lc  59b 151b
,\%ﬁ%*ﬁl) T ns ek ns s wdk * %k * % * %
HED 1% KETHEE ns: BEERL.
2) B DT BUKETHEZD Y (Tukey, n=3).

72729, 20C—ERIIHEREZHEFFCE o7,
O X edT, HHOEYRIRIZ, A ABEZ20C
—E XK OEODcK AR R K ~R0R0m <, M H AL
HH IIEODCX & MR 5 X A3 20°C — ERE KT =<0
BT, EMESEOF S RIRE3X & $29.5C
~298CTH YV, FEREZETH-T= (5B10FK) . HHo
ERIRIRIE, 20°C—E KIZHIR 208 L TiE7a20°C THER
L7=. EODcX |3 I % L C23°CHiif% THER L=, #En
B XXM B ALPRRT K OVE B LB X ZE I E25.4C,
25.3°C T, 4 HAFLLIAI323.9CTh - 7. BEBIR 2k
ORFHIEHRIRE, 200C—EX1%20.1°C, EODcX %
23.3C, #EHFEXII24.7CTH-T= (511FE) .

(X7 4 w7 OREROETEZHEI2RIR L. B
TERF20C—EX M b <, IRKIZEODcX TH Y, #En

ERAR LB, . LR OEXERE IR TENE) -
7o BRE, — WA OFE RS OEIZ20°C — & K AM
D2RITHANE o T, EEEBEOEIEEOELES
f71Z20°C—EX, EODclX, HHERXONAIZMEA R E < 7
DEMA R Sz, HMEIZ20C—EXNBHEXIZT
NEBIZEN-T=.

[~LEN ) OFIER AR H13RICR L. BB
AiF20C—ER AR RL, WICIEHFEX TH Y, EODc
R bEMN o7z, B, — AR OTE B OMHEIL
20C—ER PO~ NE Do T, EER KR OEE
I OMEIF20C—ER B b/PhEL, RKICESEXTH
D, EODcE e b/hS L 2D mMR Aoz, 07,
HRIZ3K CENEN 7=, RIFENXK TENELS, &5
EREOEAENLIT20C—ERX & EHRERX TENEL,

11



TREREMGEIIE T 7 — Rl s

%13 K RMMBEBEHIEDENWHR

%95 (2021)

[t ORRIEEROAETICRITTHE

1’ BAE B BT OBRIE EXRE EXEH SHE BUEEO —k HEK
mE ik (cm)  (cm) (a) (b) @/(b) FAEEOM MK (E)
(cm) (H) (i) (£)
20C—7 10H24H a? 233a 353 175a 10.3 a 1.7 7.3a 35a 8.3a
EODc 11H15H ¢ 26.2b 35.0 212D 13.1¢ 1.6 10.4b 58b 12.4b
_BAE LB 6Ab_ 257b 356 198ab 121b 16 82a__ 40b_15b
IS BT )] ok sk ns * sk ns H*% % *
D ** 0 1%KETHEE *:5%KETHEE ns: AEERL.

2) R HEFMNC 5% KETHEZSH Y (Tukey, n=3).

B4k KHMEFTEOEVD [RyFx & —2r ) OBRIEROERICRIETHE

&’ BATE A B BRI EXE EXHN SME FUEEO  —k HEK
ElzpaRes (cm)  (cm) () ®) @)  FAEEMN MK (F)
(cm) (fi) (i) (R)
20C—& 104 58 a? 305 34.5 24.8 100a  2.5b 6.5a 31a 10.1a
EODc  10H15H b 31.0 37.4 24.7 112b  22a 7.3b 45b 137D
LA JORISEb 309 361 28 IL1b  22a  T5b  45h_150b
ﬁ\jﬁ%/\ﬁl) Tk ns ns ns * % % wk wk

ED ** o 1% KETHE

EODcKIZ e MEHifL T o 7.

(R Ty —2r | OBRMELRTAEEEZE 14 RITRL
7o, BATEHIE 20C—E XA Mo 2 KITH AR )polz. B
3L, BB R O EERIL 3 KM TENEN - 72, EXE K,
% 116 OFE AN, — RIS K OFEFEE OfEIE 20°C
—ERAMLO 2 KIZHANE o Tz, HiflREE 200—&
KAMh D 2 RICHAEN-S T,

3. EX

ARIEOH B AR5, EODCX O HIBH 1E 1 O IR E
EHERICEREREICT T 5720, BOHLIEEO R R
EHERT 5L L, HOANVRID LR ZEMGT 58
MEF I ONFR & (TR 5 HIETHRE Lz, £S5
FEIZBWTYH, FMEFIFOMBR LRI, Xy F ¥
=7 | D20 C—E KITM B XA A~ BENCRE L.
F7o, BRIBIZZENE -T2, B, SUEEOEL
AL, — AR IR O TR FE X ~20°C
—ERI/NEL, HEEIEASEX LY 20C—EXNE
<720, HAMHEIHE L FEOHEmEZ R LT, TD7D,
20C—EDWREITENRIER AR IR IETHEE, B
DNV RN BIENZFET 7k OB EEET S
FEOELHIZBWTHRRORENPELNDL EEZD
nre.

20 C—EXIXBAERHED /2 B [T ¢ w7 | ROV
NN BN THERERICE R L. £
7o, [IRXF 4y T, IRy Fr&—7) EEERIZ,
HMENELS o2 LICK DR &, — kB L O
TEEBOWBD RN, T8 [ FREENEN- T

* o B%KMETHE ns: AEERL.
2) B HEUFMIC 5% KETHEZEDH Y (Tukey, n=3).

12

HOO— R E L TEEE AR L, WinfE s HEEIC
DN TERENME T T 2R AN, ZnbDZ &
no, Xy FxX—7] USAORFEIZBW TR A
20°C—E CHET 2 7 IEIEBITERIE & BB T & 525, [F
REICAREIR T AR LB 2 bz,

WHEa A N OHIEE B BICHET L7 EODCLER I,
TAvI] B [ Ry TF ¥ —7 ) OEEIWHEX &
% CTho7ohd, BEA LEMEX L RENCLROE
ETH, BIERIEE L L > >WmEAHERFT5 2 1T
TERMMoT. ET2, Tt OEODCX|F20C—E
X EV13H, MmAEXIVIABRIEIENTZ. TDiD,
TTFF—)b « R =T ~DOEODcLIR | ZBRFEEE D)
BRENET T <, SRR X » TiEmsic@< = &n
RIBEXNTZ. TNHOTENL, TTFA—) - R =
7 ~OEODLE DO ERMEITIE N EE X b,

18C—ELTHIE SN T F A —L « RA=T ~
O 2 WS 16°C OB RERIRRIRALER T, AP ) S
IRALERBR A & C O R A IEE R OF U RICEE L K
T2 ERHE SN TS (Grindal - Moe, 1994) . &+
7o, ¥ 7 OEIRFEOBTERIEIIIE b 2 filE 4 5 8
T FTL3 OFRBEENERIZL > TR T+ 5720ThH Y,
FTL3 OREBEIIREHOEBEIC L > TERAR D Z LR
HENTWD (P85, 2017) . Zho6DZ Enb, =
TIF A= e R =T ~ORMEFBLIRIZBNTH, &
B BRAE K OB RIE T 2 R0 B ORI L -
TEL, BEHIBRARIRELLSN O W8 O IR L A3 BRAE I 2

L7z7=912, 200C—EKX & EODe K TR DR EZTR L
LR EINT. TDORED, =TF 4 —)L e RI=FT T

[



e T FA—

EX%

RI=T OHFE -« &L

- (7/17-7/25) (7/29-8/7)

i

(8/9-8/18)

Ao

(8/21-9/2) (9/4-9/10)

5
0 L .
TA17TA  T7A27H 8736H

8A16H

87326H 9A35H 98 15R

BT EAEXORENTIROIED & ARG E X ORR G ENR (2018 4)
) € SBE RIS B R TR A £ 1T - 1 2T

DFRFEG B LR 2 #ES2 T 2 121%, ARECRat Lz
H DAY ZLUS OB OB BRE R CEF I RIET

WBLRATILERDD LEZ LR
21 BHREROAORMABLNRAERY
EBICRETRE

BUNEORENS, =T F4—)L - T =7 OREHIR
FEDR BB BRI TR TIAINRE I L > T&kL, 20
PHHTRE O#iPHI1Z27.5°C £ 30.0°C TELT 5 Z &85
Mmeleolc., ZOREFITIL XY EEROEHORKIRIC
ML, BNEFIFO/BRIRLZEBY, HYORKIE
DEWVEITREW B L 0 BITERIE % [Fh#E T X 5723, B
O KIR MRV E DR TIIEBA B 21T 5 LBt
MEBIELTLED. Tow, AFERE CREMNGEL
AT UM EERNETHD EEZOND.

Z 2T, RETIIABHEEN 30CE 8B 2 5513w M
B RN ATV, 30°CHKRMOBRIIEMEBELZIThRVW
L 9%, AYHEE IS DY K MG ELIE AL R O
ABI KT TELE L.

1. MERUAE

AL (T w7, TR RO TRy Fy
Z—7 1 (Wb EREEWRD) © 3 mFEE L7z,
HRBRXIL 20C—EDOKMEE (HOAND ORI T £
T B AVERRE A BALERIS T £ T, A BALEREELISM
HOWET) 27H 1TH~9H 18 H® 63 B ZHIC
1T 0 ER, [T 5:00 FEOTEO FHEKEKIE
723 30CLLEDHIZYA~FHETORHZ 20C—ET
WHET 2HMMEIERAEX R MEAEXO 3 X
BRI 2 20C—ETHETHIRE A LBAEO
RE B O 2 8A R, HEAHERXITIRE A T, BHEX
ITIRE B CEE L, HRERGERIIRRITOREE

BT,

13

AT IZHEAREA D LI BICBEITHEEHLE L
7o BB 4 BE~9 BEZEYE L, BEHIOR TR %
BOELHkE Lz, 8 A AL 21 ARE L.
2018 4= 5 H 11 AT LIEZATVY, 6 H 26 AIC 2 fHijk
LCHL L, TH 12 BIZE 57T AF v 7 ¢k ($57 13cm)
ek B L7z R AEIT 8 A 2 H~8 A 23 HIZHhIT T
Todz. ERBEEIT 1 K43 KIEE L=, HEIINE
B O BN OIREHER:, BIfE A LK OBHTER O &L,
BEME, R, EREH, SR, § 1EE OB £,
— R R OFEEBIC O W T ER LT-. £z, &I
*FF AL OER (FL) K OBRIRO LR (BRIE Y k)
FHERELE.

2. #R

BTN B X OIRE N O KIRMER K& OB ] 58
WEX ORI EAVEEIR 2R L-. [REIThRREOT
WEORRKTHRICESEMFEOH BA B L7oRE R, A
EIRFENBEXOKMGEEZT-> - HMEIXTA 1T ~TA
25H, TH29H~8HTH, 8H9H~8H18H, 8H21H~
9H2H K V9H4H~9A10H DEFH49H I TH - 7=.
B3 O SRR, B B ALER T ERL A B X OV
ERRA B X NSRRI Aeem <, M H
70 P2 IS S AE 45 53 X OV B R R 4 B KT B0 R0
minole. ZO7cw, MEHIMAE L TORMFESE KR
13X & $29.3C~29.8CTHY, FIERETH-T- (B
155%) . WEHIEHIRORIE, EHn X I IR 48 LTt
R20°CTHER L7z, BAMIERR A E XK ITHIM A48 L <
21°CHItL CHER UTo. M85 55 X I3 B ALEE Al J OVEL A AL
B ZE N N25.4C, 25.3°CC, 48 HALELLI:1323.9C

Thot-. HEHMAEL TOREYRIRIE, Eiks
FBIX1320.1°C, ARIERRGEXI321.0C, WHEXIT

24.T°CTho7- (5165E) .

(T v 7| ORIEROAETEZHEITRIOR L. B



THEREEMGRSEE 2 —FillE %975 (2021

F15F GREAETOFIEENFHRIROHERS 16 £  mEAEFP ORFEIRENTEHTIROHER
eV 0 N T8 i W TR N T8
Wik BOHAERNT  RIHMED R Q% Ak WA ik fLELENT  MIEMEH RE A% EXS
(7/17 - 8/1) (8/2 - 8/23) (8/24 - 9/18) (7/17 - 9/18) (7/17 - 8/1) (8/2 - 8/23) (8/24 - 9/18) (7/17 - 9/18)
e 5 319 30.7 27.4 29.8 L 1 19.2 20.4 20.3 20.1
3905 L 314 30.6 273 29.3 40 T 20.9 212 21.0 21.0
e B 30.5 31.3 27.7 29.5 HE A B 254 25.3 23.9 24.7
H1) E#EGEAE R AES RO B AEZIIEOAY ~BDOHET, FD EGEGE  ERAEG R OEBAEEZIZEDOAY ~BOHET,
ERAHEIZAEOAD D 14 B E 2D X 51T HRAHEIZE DAY 22D 14 BRI E /2D X H 12
20°C THE L7z, 20CTHE L.
B IE AR - KT 5:00 ERO TEOTERKEZIED 30C HHEIERARE R8T 5:00 ERO TEOTERKSHZIED 30C
A BIEEEA 200 THREL. FEHo A5 BIERE A 200 THREL. Eho
A OMEITERE 21T - 12 B I EFH FE X OfE R OISR B &2 1T - 72 BITEREG B X OE
Z, WEZITORN-> - BT ESREXOMEND Z, WREZITDRN-> - RITEREXOMEND
B L. B L.
2) 45 B ALERET R OE B ALEETL 1 5:00~19:00, 45 HALFESFIZ 9:00 2) 49 H AR R O%E HALFE A 1 5:00~19:00, 45 HALFEHIX 9:00
~19:00 DfEZRT. ~19:00 DOfEZRT.

F1TER WHEBEFEOEWE T v 7| OBRIEROAETICKIF TR

I FAfE A BOL O BRiE EER EEEL HHME BUEEO  —Kk  HEEEK
BTk (em)  (em) (a) (b) (/) FHAEMM WEE  (#)
(cm) (i) (i) (%)

R 108 1Ha? 310 346b 256 99a 26b 6.4a 38a 1l.la
B E RS E 100 1H a 29.5 329a 236 9.8a 24ab 6.6 a 35a 9.7a
15 10H 11H b 31.2 383c 253 11.7b 22a 8.1b 59b 15.1b

D 0 1%KETEE *: 5% KETHE ns: AEELL.
2) Rip BHECFRHIC 5%7J<Efﬁm§&> Y (Tukey, n=3).

H 18K WHWMBEHIEDOEWDR [T 1 v 7| OBEILKD
FEIR V) LRI R IF 3 8

7RI o mtw ) i BREVE?
B JTE (cm) (cm)
R 31.0 2.39 346b%  266b
BA A i YRR v R 29.5 2.27 329a 2.53a
BB 312 240 383c | 295¢
oy G ns ns o o

ED BL/$kE (18cm) CTHH.
2) HRIE/EkE CHE .
3) ** 1% KETHE CHEERL.
4) FR7p HECFRIC 5%7kf§’f7ﬁz%&ﬂ) (Tukey, n=3).

F19F£ HTEHREFEOBEND ULt OBFIEROERICRIETHE

HfH FA1E A ®IL MiE  EXR EEHHK SBR BUEEO —k EEHK
mHE Ik (cm)  (cm) () (b) @/b)  EAEFL MEK ()
(cm) (&) (&) &)
EE LR 108248 a? 233a 353 175  103a L7 73ab 35  83a
B E R4S 10422 a  244ab 353 187  105a 18 6.9a 36  9.7ab
B 119 68 b 257b 356 198  121b 16 8.2b 40 115b
C ymoen w R ns  ns = ns T ns 0

ED ¥ I%KETHEE *5%KETHEE ns: BEERL.
2) H7pHECFMIC 5%7]@%’(%%3‘36’0@ (Tukey, n=3).

SRS EX OB ITERNEX ERETHY, D, BRIE D TG B X R OIS B KA BN
WRERIZHARI0H Bo 7z, AHEIRFFHERX ORI Ihots (F18K) .

OFEZERIT3XM TR ZENMED - 7228, FEEHTE [~L 3 @Eﬁ?ﬁ&(ﬁi*%%l%@ AR LT, B
WM EX & FA%ET, BAFBERIZED RNt 2D7: EREAFE X OBE H IDERMEX EFETH Y, Hh
O, WEHENEL 2251V EIRRIZE < 72 2 i % BRIZHR15H Birodz, BEXImEHIRNE 72512
R LT2. BRI A X O RRIE 13 0D 21X 12 H~5 s - ?tb\ﬁu\{tﬁrﬂﬁiﬁ%n, TR TEGE R E X & A
7. Eﬁ%ﬁ%%ﬁﬁ%%&®*¥kﬁ'&iﬂt&(ﬁ“ﬁéﬁt@{ﬁiﬁ TRFRFA 5 X 03 FS% TR EIXIC D 72 7o, e,
WRERIZHAAD 2L BHgnEX E RS ThoTz. 1z, FEER, #iELO— RS ;tSIZ’C“ﬁ%’C‘a%of:. 2!
HEIE IR D EX ORISR TENE T2 H O BT IR 5B X O AE AR 3ot 13 58 KA BE 28\ MEE 71 28

14



FE =T F A=

NI =T OB - AL

20K WEGBEITIEOENDN [~Lt5) O

B R OWRIR D bl

UEERZ

o] B wor Y KR MEvE
7R (cm) (cm)
BB 233a" 179a  35.3 2.72
B R A 24.4ab  1.88ab  35.3 2.72
AR 257b  198b  35.6 2.74
awmew ns ns

1) E/EkE (13cm) CTHEE.

2) BRIE/BkE TR,
3) *: bUKETHE
4) B7223CFMIC

21K BHBEFEOBENDS Ry FyX—2 ) OREROER!

ns: BEZERL.
5%KETHEZSDY (Tukey, n=3).

CRNET R

[ BIAE H HOL BRIE EER EXEH SR BUEEO —k {LEHR
mE Ik (cm)  (cm) (a) (b) @/b)  FAEL MR ()
(cm) (%) (&) (%)

G 5 100 5H a? 305b 345 24.8 10.0 a 2.5 6.5a 3.1a 10.1a
&G E 100 6H a 276a 335 22.8 99a 2.3 6.4a 43ab 14.0b
______ M M0A15HDb  309b 361 248 110b 22 75b  45b 150b
/\ié—kéj\*):l’_l) s * ns ns * ns sede * oo
ED = 1%KETHE ¥ 5% KETHE ns: FEERL.
2) i& D LTI 5%7kﬁﬁf7ﬁn§53% Y (Tukey, n=3).

%F22F%K WHIBETEOEWH D‘F/?“ﬂ”}f v

DESLE R ORREE 0 iz 3
7 Bt mk ) HIE BEk
wHE I (cm) (cm)
Eﬁ%% 305b% 235b 345 2.65
B 1 5 1 S 276a 212a 335 2.58
S ?%ﬁﬁ? ________ 309b 2.38b 361 278
/\ﬁﬁ}’ﬁﬁ) * * ns ns
E1) ESL/#kE (13em) THEEH.
2) BRI/ TR,
3) I B%KETHE ns: AFEERL.
4) B 5 CFMIC S KETHEZESH Y (Tukey, n=3).
Rohi. Fiz, BEXIHEBBAE < 72512060/ DI FIRITERFS B XA L ~K1CE <, EAEXICE

SR BMEBMMAR B, IR ISR TEMNEN S T2
(%205%) .

Ry Fy =) OREROEEEZE 21 RITRL
7o BRI EIR R B X O BIAE A IERD EIX & A% CTh
D, WMEEXICHEN9 BREN-7-. HHEERSERXO
BT B X OGS B KA b~ <, EEEEUT
HEHEAEX RS C, MaEXICED Mmootz —IR
AEEITEREKICEVEM Z 773 U, {EEEITER N 5

K~ £72, \EERGEX OB
B X N MEG R _RABEINS S otz (5B
22 %) .
3. &L

SRR R X OB OFEIINA RO RE T HICIE
SWCIRIE L1272, B 7RI ERIE 21T 2 72 03> 7208,
WRBHN30CEB X2 BIXmEEIT O EHEMTAT-.
ZOREF, BIHIEIRRS B X OAEEIR 28 L CORFH

15

NICLEEL 2 o7, 2, HEOKIBIMEV B O]
BRIZHOBEENMELS 2D Z S nizdbThoT=. %
D=, BAHNEEIZ X > CREMEOF 82 4l 5 L
HIZMEIC» NS =R LF—a 2 S ZHIE LoD, i
BEZRBEOZENARETH DL LB X L.

Z ORRREEICIBWT, L7235 & B s
WHEXOBRIEH ITEGEmEX & FELE 2o, Zhit
R KIS O P KRR TR 2722 &1 iéw
BLEZ O TO, HARIEIRREO LA G E
T2 FIEIXBIERIE A T S HiflT s L CEMITH D &
EZz bz,

INT 4 v 7 | ER Ry T v X —7 | ORISR RG
BROERROFEZRE, #n R K OERFEXIZ T
NEWFEVERS A DN, R =T RIS ERE
EATERRENIAT L CETe 720, BIE B BN E VR
WERICHEAR KR E L 20T W, £, KEWMBEEITH &
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728, R (2005) AEET 7 SERHE OE O Tk
Y, ¥R, BESRROEEDONT v AREYLT 5.
£72, BIEVY 28 EEBONT R B FIT 5 HEICS
WTHHEMFE TR EBY, HomIIcxtd25L0
bR (BOLH) ROWKIEYD R (BRIEV ) BT 5
U, R E B 16225 L TWVW5D & SN T3 (Sachs b,
1976) . AEBRO MR SHAIX &40 AP X OB
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KOWRRR Y X, 9A BEAFR T2 £ 111.65 Kk 1f2.32
(MR B RALEEX) & 1.94% 0%2.70 (JZHALPEX) , 10H
BTEERL CENZN2.07TR12.81 (MREHAFX) &
255K 12,90 (FLRMFX) ThH Y, HALMHKX LY MK
WRALVELX (23N C, F 7210 H BRAEVERL 1 v 9 H BRAE/ER!
ICBWCTHEEDONRT U ARRES L.

TTFF = RT =T OELIX, B/IRIEN20°C
/12.5C7>530°C/22.5°C D& TIE, KIRIZFERELS D
UNR, 2002) . ZD7=%, 10°COMIEMERE AT - 7=
IRAR TERALER X | T AV B HA i o D SR SR A3 H LB X R Y
SEALER X L~ < HERS U 72 D I F SR 28 mifl S,
BRONG U ANRRESNT- O LRI £72, 9
A BRTEAERNC 331 2 B ol i ER T iz < Fifd
ENEN- 2120 Tholz, BOEFIFHOKBEND, =
TFA—I - R =T OEFITERIES2.5CLL LT &
N5HZLEBDOTND. ZD%, 9HERIIMIR G B
BRET L72TH THUBRICESHOSERICH S N9,
i MENSIH Sz b0 EEZ L.

BRNT o APSNO B FHI ORI 5 C b 2 BIE BRI
SWTITEREER, TEIC OV T EX OB EY L,
T D OB R TR AVER X 2388 B ALBR X Fe /b 2
iz R L7z, BNEF2ETHRAZN, XIT=7 - b
Y = L CIERUEEE OB 36 (TBE) OB
FEMEIZH 2B SN TS Bk, 1991) . F
7=, BIVEFIFHI C /=L B0, A4 F I ~ORIR AL
FIEH R O RIZ L0 B bR FEE &S BT 5
ZENMEIN TS (Yoshidah, 2012) . AFEBRTIE
FE] R TR AVER IX. & HALER X D[Rl B D FEER 1 EAT > T
RS, MERINE D DD, EBRAT L AEEALE % O
EENEHO BN D220 F2ER 12 F5 0 C M R4 R AL B
K OIEEHAE B A K LRI D ey o 7=, IR
VTR AVEE K 134 B AR KA Eb R EE BN e o T T2
DICHEERHE N LIz B2 b, SHITEE
RT U ADHEEK Y SRR R DB O
BHAPLETHA D .

Dbz &nt, MRBBAEIE, 9 H~10 A H#HE
BHZBWT, HEAEICHARFEEONRT VAR SKELD
O, M HALPE L FEERICEIEAICBRE S5 2 LS AEET
D EZZ BN

FE3H MRABLUELERLEDHEASHE
ARERVAEBICRIEFYTHE

BIVEES 2 Hi CHI ARSI TR T O B AABIZ
B R OBRIR Y et Sio-o, M H LR L RIS,
FHER R BRIEREI N FRE CTH D Z LR LI E Ao Tz,
—F T, BALEIZIA~EEENBA L, BEOR
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Va—ARNETFT25Z b 6nERotz. BEXED
BRIE V) LoD BB E 0 R OWRIE 23 8 A ALERIZ S~ < 7
STedThY, ZORMRIIFIVESR 1 HORKEND,
WAV & BIRAOICAT 9 2 & CTEIRICHE BT 2 HIf 28 E
HALFRLICHREL ofelzbtE2 b=, —FT, B
RGTALEE O R R ORI, MH & U T/ER LB
MR ESD D, FERHCEILEORD HIEL< 20, 1t
BENEDTHEEZLNE. TABDI LG, BHE
DU E L ILBEE O EGEE 2 WL 5120, UK O
W8 2 48 < HERF LD DL AR D) & i) T & 2 5 8
B A 52T 20ENH D, LovL, HFEEEGY
NEL DL, BIVEE 1O RENS, BREIEEDSR
NEFL 20, FEE ARG IMT A A8 D 2 LR
ABEND. FIT, KETIIRERGEAAERRE & E H AL
HHBOMAE DY, BRERAEOR B8 156
TEARAMEZ) F e OFE B OB % 48 H AL TH VDO {RIE
LD HEREEFEOHREZRFI L. i<, EAEL
VY, 2SRRI E A S L.

1. MHEHRUAE

T RAERED NTF v 7 ), BAERED LA —
R (WFdh @Rapg i) KO ARED 27 1 7 |
CRIBARE, AR 24072, BRI 10°CoHn
ALFE A 4 HRIATVIRE FOEH 4 3 HRE{T 5 4D/3D O
ALER[EH & 4 B AL B A MR G o TRk LTz
T4 v 7] XEREEAAEREE 0 [, 2 [FKON 4 B & E
HAEEE# 7 ALK 14 B EAabelit6 X%, T
A =X IR GRS 0 [F], 2 [E&T 4 FEEAEH
AUEER#RT B, 14 B RO 21 A Z A bEF9IX %,
(2T ¢ 7 ) W XREREEAERES 0 [/, 2 [E]) 0N 4 [[] &
SERMEAH 0B, 7T ALV 14 BEHEAGDELFHIKX
R0 EERIT 2015 4R 4 A 23 HIZT T ¢ 71 %,
4A 24BN T V) %, 41 27T AIZ A —X)
ZRLIEL, 6 H2 HIZ25 BRY KRy Mgk b, 6 A
8 HIZ 2 fijk L THD L7z, BRSBTS~ T oL
PEXZ3 T H 26 HICHK T &5 L OITHE L, APRRH 2
BIOXIZTH 13 A5, 4FEOXIE 6 H 29 A2 G4
L7z, MIREELEESET L2tk 7 A 28 HIZTXT
DO¥ZE b BT T ATy 7k x L. WA XYV ER
MERAZBRAA L, HAWPE T HOXIZI8 A3 HET, 14 H
DXIE8 A 10 HET, 21 HOKIE 8 A 17 H £ THLH
L7=. 48 HALERIE 15 E~19 FF 15 4> & THEL ATV, B
HoOBtER M Z R 5 ke Uiz, L 137 ¢
o7 IF 1R 16 KE, ThA—X] Z1K 185K
B, X747 X IR IRORIEL Lz, Ak TN
Ty 7] RO A — X XBIFE H R OBEAE B OB,
KR, X, B 1 IEEOELERSMN R OIEERIC W

[x



FE =T F A=

NI =T OB - AL

834K BIRMELEREER ORI BB OMHBEDENR [T 1 v 7] OBREROEFICRITTRE

mak’ me? BER B HiE X% BUERE HEK
JLER[EI S ALER B % (cm) (cm) i AEAEEA (#)
(=) (g) (fi) ()
(a) (b)
0 7 9H11H 194 242 12.0 5.4 7.8
0 14 9H 9H 19.2 25.6 11.9 5.0 8.0
2 7 9H10H 18.7 24.3 116 46 9.9
2 14 9H 8H 185 23.9 11.7 44 9.2
4 7 98 9H 17.9 24.0 114 4.2 8.7
4 14 9AH 7H 18.0 22.8 11.9 4.3 8.4
0 97 10H b? 193 24.9 11.9 52 b 79 a
2 95 9H ab 186 24.1 11.6 45 a 96 b
4 9H 8H a 180 23.4 11.7 43 a 86 ab
T R T ST T T T T P
7 9H10H b 187 24.2 11.7 4.7 8.8
14 9H 8H 186 24.1 118 4.6 8.6
"""" SECSF **  ns ns ns ns  ms
ZHAEMA(@)*(D) ns ns ns ns ns ns

D MIRGELE  10CHEORRAIEZ 4 BRI To72% 3 BRIEEEH.
2) M HMHE 15 B~19 8 15 e Ty n—h—F v 20Ty o— K.

3) ** 1% KMETHE * : BUKETHE

ns: AEERL.

4) B7223ECFH T 5%RKEOEEZEDH Y (Tukey n=6).

THEM L. 327 47 1 (ZBAFE R R OBRE R OB,
g, TR, EXHH, F1AEEOF LK LR
WCOWTERM L7z, £z, BIRMEAE KR O B LF
DIRFERNOFEIZRL O A RORE L 3 FHH 2 FHiDE
B 1 L RERD HIETITo 7.

2. #@R

REANOFEHZIRE OHEOHRIZOWCIIEIVES
2EIDERITRLIZEBY, FAHEPI25CLL ETHE
BL, £FEEL EORESMET COMEELTRL T
WhHEEZEZ LN (F—H2AEWKE) . £7o, 8A VALK
RABEZL FEI>CWetEX BN (T—XAm) .
ZOEIREHTIZEBNT, T XTORBFEIZDOVTH
IR R ALER [ KR OVE B AVEE B S BIAE R OB 12 F
TR A T OrRLE S B T TR LT

[T w7 ) T, BIREEOLERIEEE 2 5126
WBRATE A 23R B 1B O & AL OB < 2[E K Y
AR CIREINL & 722 0, FEEEIZ0ENC 2| T < Je o 7.
F7o, MOPFEBEBIZET R -7, BERIZ OV T
BENMRDLNZHO0, fFb B4 & iR o
ETC2HDOETH - T-. FHLILHEICSW T, BIfEH
XTHIZHARI4B THEICENST2b 00, TD7EIF2H
Tholz. MMOFEHEBIZOWTIIEN -7z, W
NOFEEE LR AEMRITRD beho7- (534%F) .

LA —X] TlE, MREELEREFEIZSWTHE, &
AT OFREIE H COENT 2200 K O4ENEE A H B2/
=<, 2 e 4R E TR S L TR TEN/ NS <D
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fEFN R ST, FRZBAERIC OV TR, bR o724
[EZHE OB TISHDZETH - 7. H A LE A >\ T
I, EEEHRIILEBHOBNI LD TR L, thoH
EEHITLHEAENEL R DICONTENNE L 7 H1H
BARSNT-. BERICOWTIE, &b RE1N-7221H &
mbIENSTZTHTIOH DZERH > T-. £z, HEHEEITH
W TR BEERANGED b (B535%) .

(27 7] TiX, BIREELIREEDEEZ D206
BTEE AR, BL, Mg, FER, FXEHK H 176
B O & EFN K OMEFEEOME /N E < 72 DM 2580 &
iz, BAERIZOWTIE, bRV 4L R HIEN 0[H
T8 HOENRD-T=. HALEAEIZOWTIE, WEA
BPNEL RDIZHVBRTEANRL, EXR, FEHKL
O 1 {LEOF AT OIS < 7 HEADFED b
7o Fie, FOL KRR R OYEREOIAE B OEWIC K
LEFBO N ol BERIZOVTE, RHFEW
14 HERBHIEWVWOHTIT HOERS 572, KL, FX
R OIEEEEBRSHEEBICOW IR AEER TR
bivle (536 %) .

3. EE

BAAEIZ DV TIE, WO SFEIZI T b R R AR AL
Bl %<, HBAEAENEWEERL D EAR
BOLNT. Fiz, MREBRLERERAFE OS5 E 13
HALEE B AR WIE E, M H A QD F%E OGS LM
RGTEALEREIE N 2T EBHNCBITE Lie. MR R
PRIC & 2 BATEIEE 2 T AL B P O RN E B & L C
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35K MIROELEREE R OREALEE BB OMHGDEDR A —X ] ORIERUEEICRIETHE

mxwm” me” BIEA B BB k% BUEREO EEK
SLER [ E ALER B 3K (cm) (cm) i AEAeHihr ()
(=D (A) (£i) (8i)
() ()
0 7 10H 6H 22.5 27.6 11.4 6.6 8.8
0 14 9H 29H 21.4 25.5 11.4 6.8 10.2
0 21 9/ 27H 21.0 23.3 11.0 5.6 8.0
2 7 9/ 26H 18.9 22.2 10.0 46 7.0
2 14 9 22H 18.1 22.3 10.2 5.0 7.4
2 21 9A 14H 17.4 21.4 10.2 4.6 6.8
4 7 9 22H 18.4 225 10.6 5.2 7.0
4 14 9A 17H 16.8 20.4 9.4 4.4 4.2
4 21 97 141 14.9 17.7 9.0 4.4 4.8
0 9A30Ab? 216 ¢ 255 b 11.3 b 6.3 9.0 ¢
2 9A21Ha 181 b 220 a 101 a 4.7 71 b
______ 4 o 9A1Ha 167 a 202 a 97 a 47 a 53 a
%ﬁﬁﬁ*ﬁ‘m sk *k ok *% ¥k *¥k
7 9H28Hc 199 b 241 b 107 55 b 7.6 b
14 9422 b 188 ab 227 ab 10.3 54 ab 7.3 ab
________________ 21 9A18Ha 178 a 208 a 101 49 a 65 a
ﬁj\jé&%\*ﬁ *% %% *% ns * *
7 HAEH(2)%(b) ns ns ns ns ns e

D MXAEAH  10CRBROMRLI L 4 AT -7-1% 3 A MiRSEEHL.
2) L HALH ;15 BE~19 B 15 /3T T A= =T U E N Ty =— K.

3) ** 1%KETHE *: b%KETHE

ns: FEEMRL.

4) R 53T T % KEDHEZEDY (Tukey n=5).

ERLTWAZ EWRIBEND Z & D, IRERLEL
LHEBAF A A S DR 2 LT K BB R R,
PRI K D8 H OFENHAEIZEE LD EEZD
nre.

M ALER DR A& DHI L A BIEIE 2 R I T R AE A ©
D INT o7 TV HHRAERED (27 47 ) ROWE
EdfED A —X] TEETHY, miEFENRLLN
7o HBAEY CIEAEEE S LI e AVEE BRI A FEOR
MICL - THREDZENREHORBTHALNATEDY
(Tsukamoto®, 1968 ; A, 1998 ; HIL 5, 2014) ,
A% (FFRDL, 1998) & A4 A (JHR iR, 1961) T
AR SR E CAE SRS L B A B AL B AT 2
ERHE SN TWD., 2070, KIEBRORE KA AL
L B A LA A T K B B AERERh B AL A 2
NRLNEZHABEL, =7F4—0 - Ra=7 HhoshH
O LRI, BIEO BB X o T MBI
T A A DOBEREN RV, BEREODIRNEA
D [T ¢ 7 JIZHARESREDO L WA RTED T3
T4 T RMERTED LA —X | CHLEE A A D
W ENEE RN E RN,

Tz, X7 47| CIEmAEOMEAE I X 5 HAE
EED IR BEEADRD bz, ZOJRKIZDNT,

28

BAERIZ R 2 HAM SR OREZIT O &, MRA L
BREIE 3D 70 < 4 B ALEE B B DO G o CTRIAER
HEZNRNEEE & 70V, APREH K OMLER HHA %\ 2
Y TIIRPFRIE L ROERMRRLONT (F—4A
W) . =I5 FA—L - RIT=7 LR BNERED T
B VA A _XA=7 (Begoniax cheimantha Ev-
erett) CIIE ALBIIBELZRESEDL DD, ZD%)
ST B BN E VT EBREIC RN, —EM Lo H
Bz &, TRLLEEIBRERREL RV ERE ST
W% (Heide, 1962) . Dz, BLH L A AL
FAZTHEITRMENH D LHEESNDL., 202 hb,
AL O AE DEIZEB O TR AEEANGED S, A
B OMLER H 3023 2\ A G o8 CRIERE D R 23 %
18 & 7o 2RI, WA OMAE DRI > TR
PHROBEEZEZ DB L.
BERICOWTOREEE X, FRGEAERRENZ <,
A AN RWVIZEEN NS S RN RSz,
F7o, RIRGELIE L E LA i35 &, [RIREGTR
ERTIEA NS K 22 DA THE Th o 7. FIRE R
HIE, HBIVEF I R OEHE2H OB TR 720, mEH
OB CRILEOBD 2 &, WEEHEAE L 5 & HH
AL CHBI~OEBRFF RS ZE(LT 5. — 5T, MALHIX



FE =T F A=

NI =T OB - AL

36K MIROELEREE R CREALEE BB OMHAGDOEDR T27 4 7] ORIERUEERICRIETHE

mxwm” mAe?  BER B MRIE O F%XE X% SIUEEO EEK
SLER[E S WLER A (cm) (cm) (cm) Btk HEMAM ()
() (H) (#) (f)
() (b)
0 0 10H 3H 25.2 35.2 17.5 13.9 5.6 9.6
0 7 9H 18H 24.3 34.3 15.8 12.2 4.8 8.4
0 14 9H 11H 24.6 35.3 15.1 11.3 4.0 8.1
2 9H 28H 23.5 33.5 14.2 12.8 5.2 8.2
2 9H 13H 22.2 32.2 14.3 11.9 4.6 8.2
2 14 9H 8H 21.1 31.1 13.5 11.9 3.9 7.4
4 9H 18H 20.1 30.2 13.8 11.9 3.9 6.9
4 7 9H 13H 20.7 30.7 13.9 11.8 4.1 7.6
4 14 9H 9H 20.2 30.2 13.2 11.2 3.6 6.9
0 9H 21H 04) 247 ¢ 349 16.1 b 12.5 ¢ 4.8 b 8.7 ¢
2 9H 16H b 22.3 323 b 140 ab 122 b 46 b 80 b
A 98130 a 203 a_ 304 a 136 a 116 a 39 a_ 71a
ﬁﬁﬂ(ﬁj\*}f‘g) o s *% %% %% %% %%
0 9H 26H ¢ 23.0 33.0 151 b 129 b 49 b 8.2
7 9H 14H b 22.4 32.4 146 b 120 b 45 b 8.1
e 14 94 9Ha 220 322 140 a 115a 38 a_ 15
éj\ﬁ&éj\*ﬁ %% ns ns *% *% *% ns
%2 H AR (2)x(b) w* ns ns wk * ns

D MRGEOE  10CRREOBELIEZ 4 BT 721% 3 BRIEEEH.
2) M HMER : 15 BE~19 B 15 T T ANR— I —F v 2N Ty =— R,

3) ¥ 1%KETHE *: 5% KETHE

ns: AEERL.

4) B DHTCFH T % KEOFEZEDH Y (Tukey n=9).

ALER B E AN 2 T H B~ OB TE 472 0 K o
LM, ED78, FULEORD 23S BIK G
AVERCRh N I RN LR SN

MALEE N BRI RIT TR, BATER ARk, BHAE
OBEBpIEN BV MFEIZ EBHE Ch o7z, o, FAEO
FABE DRI > TEREERPRD bitlz. ZAIEH
MWD LI FEEEICOWT, SRR 5 Bl
IROMEEITS &, WTHLOFAEHBIZEBNTHEIR
WS DG DI <, FMARMBRAEREE S L <
IR AE AR L VA G L 0 EZN NS D
EMErRLE (F—248) . BHEOEILRERER
BAORULED O SEENET 22 R YN (B,
1961) oA = (F#S, 1993) , FrY (f&EH 5
1996) HOEHEY THEIh WA, £, EHY
THEHDLID, YavyarBhAIVUTEAEOEKICL
D FHLEER O BEN AL L, TR0/ NMEDREIC B %
FIFF LR SN TN D (BRD, 19925 1105, 2013) .
ez Lk, BER LRk, HEE~OBELE
HESRENS S\ T EABEIC X 25 B R RLEE
WOSERICHR AL, WHEOMASDEIZL > TR
HBERAZRE L EHRSNT-.
AERIOBITOBE A LB AL T3 7 4 71 KON N T
47 TIE 14 B, T —X) Tid21 AME sh
TWb. Fio, FBIVESF 1EITIE 27 4071 OBTER

29

1 & B SLOIHIZN R 215 5 720 121T 4 B0 R R G AL EE
FEIEAMETH -T2, L, AHECHEL7ZRBIR G 8
AVEE L B A M AR DRI LY, BARETH D T3
T4 v 7] TR EITRO N T2 D0, A
RO 327 ¢ 7] ROBAERFED (1A —X] X 2 [H
ORRGEAE & 7 B o4 AL B ROMAEG b TE
T8 B AL 71k & [RREICBHTE L=, 72, 4 BIORIK
T RALER | Z R D LRI/ NS WS, BT A AL T
BRI S, BRIk eo7z. HiZ, fERE
BOXM KRG R A 4 BT 5 & BIT O H QT R
FlohlelleoTe iy, MIKRMEQEE 2 B B HL T HH
DALAE DR IIEFE R OB BEM STz, BRBERAL
B OMBAERIC T & ET SH. £, FEAAEL S
N AEER CIEFE TITON D Z &% <, AEA
BRBENEEF IR END. b2 b, K
B CHET U7 R R e AL ER & 4 B ALER 2 LA B o B AL
BRI, FARIR O M R A R AL ER = & BT R0 RV
HALER B3 CIBAT L RREICfE S 2 e n T, &
BrWBETE LRI NRFELELTHEDITHLEBEZDL
nie.
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HNTITR RIS L 2 BREIHI 2, & A3 B O
WX BBRTEIRE AT 5 = & CTHAEHAG A RETHY, B
Rl XD REAENMTONL TS, 2D, R
il LU CRE LIRS ZIT Y 2 L 03RE ORERIZO
D5, L, TERCTIIRZE LI BN RIAD H9H ~
10H DAEEN VW, ZOERFRE LT, &IRICE
LEAERIESCE L OFEIC I D MEETAEZ 5 T
b.

TTF A=) e R =T OREICHT DR PEE
ST 19T e~ 19804 T TIEN TR~ 72
WHERM Tk, T D O & FAZBIE ORGSR 3
SMEINTWS, TNET, =27 F4—/L - XTI =T DfH
HITEHEREBOWTNICBWTHIEENEWVIE LS R E
HLlEn, BEREIC W TIREICRBEE ST
Sfc. —FHT, IEFEITRELOEE L b s B o
RIZEY, ka2 f B CRMESCAET OBILENFEA L T
L. DD, TTFA— e _RIA=T DA ~10H BATE
ERICRIE & 72> TV A BITEEBIEX, BEEMnTH~8A
LD D, BEHOEIRIC L DEEN R I
T, AR TILEFOEMOFRRET CO-FF
AL e RA=T OBER OEBTRICE LM 5 &
LBz, 9A ~10 A ERNC I T 2 BITERAL D[R] & et L
7o O, LandL v RERICEE e o TN D, B
DWEFEZHOWTHE LT,

F9, FUNETA o FaX—FEH», ATKETIZ
B 2 BHNEEE & OWFHIEFE O G b 3 BfE L OVE
BICRIZTTHEL, TERNTEEEDZ, A LHE
D TxyF ¥ =27 THRFTLE.

o5 T EE 0 18 IR E27.5°C, 30°C, 32.5CHK R
35°C & W IR FE 20°C } UN25°C & LA A Do 72 SHLHE Tk
Bl TR, HENEE27.5C CIIREHEEE25CT
B A E - 7. ARIEEE30°C CIEM IR E25°C &
20°C TERITE B IS Th - 7223, 25°CIFEE RIS K
ol IR S2.5°C CIIRF IR 20°C CRITE A 3K
MEL o=, BELSMT W TIE, REHHREE OE W
M 53, BHNEENE < 72 DICEVFEmE N L,
FHHASHC TILMERA L 72k 9~ CAS3E L 7. BHEHIR EE 23
LUSHHIRENRZR 2, HEHEIZEITRWA, FX
DIEREHENLEL L. ZNHDZ &b, B
WO, BAEBREE27 5 C CIXRHIRE A S, Tbb
FHPRENEVIE ERHICBIE L, BAFOWRE & RO
RISZERT EEZ BN, —FHT, HH30CLU ETITF
PRRENE OV ERENALZES LATBEAHE, Zh
ETORELITRLASETRT EB2x LN, TOT
B, TFEOIA ~10 A BITEERICHAE L TV 2 BHTEIEE I
B ORIR EFIZ X 25 RHLEY ORI BLE D2 LA
WEEL TN D EHEE SN
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FUEF2 T, 25 0 =5 1H TR KT T 38R
B Th 7=, FM32.5°CITI T 2 BEHNEEE OE W
FOSERORRICKETTHELTE L. TORE,
25 CIXIZ20°CKIZHER AT =V T GRoy(k) A
T—VIV OMEWERIEA) £ TOBITHNELS, A7 —v
VU BEDR IO T B EERENRKE hofe. 20720
% 0 =5 1 OWHI30°C K (832.5°CIZB W CHEHI25°C T
BEAERT N O BB E N = - 7R INE, BEHHEE O |k
FIC X VIO ME~BENLESNZZDEEZ LN
7.

B CIFAEEBIS B T 2RMERERFK S LT, £
Bofh B CEEDRENHE SN TWD, REHELEEE
Wiz et Lz,

BIESIHTEPAELED Ry Fr X—2T ] ~0,
BMEF2ME IHCITRAELED NXT v 7], 4
D [y F ¥ & —27 | ROWARFED [~/LE /3] ~
DHFHI20°C D ISRV 2 BITE R OV AE B IS RIE T 2
gLz, Ry F ¥ F—27 ] TIE20174F & 2018FED
2VEERE L, 201THITIEAEX T, 2018 IXMEXT
BB L7z, 20184F DB 0 FHIRIRIZ201T4R 12
~RIBCEM -T2, 20720, HNESIEOR R 2B £

25 &, WEOKRBBREIZ XD RIGOZERT, FHIEE
DEWVCED LD EEZ N, PYMKIENEN- T

2018FTIE [T 4 w7 | KON [~ ] 2BV ThH,
WG EAEII IS FIC L BEICBEE L. Zhbo
Z D, BIHNREEA R VEREE TR W R B B
AT L, B CHEBIE A B CX 5 LRI h
7. —F T, ZKMGEE, LT ToRFET, ER
RMEFER OB LD FEEOEANEZ Y, MER T
Wiz, 20, KGR & £ERSE CTHAT 2120,
BfE 2R E SO OEROENIZ L 5 MER T 2ET
LHENVETHD EEZ L.

BMEF 26T, FRRMEEMRRT 57BN Z, #
BaA KT 5 kA mE Lz, #1E TIXEODe
(B OEIER M AT 725, 9525 CII SR IR R
B (KEFF5:00%E O THED PR EXIEN30CLUL LD
A OREESHZ220°CTHE) 25, F3ETIXE ARG E (E
HALERIRE O 851 2 20°C T R) DSBITER OB IZRIE
HELRFI L. 2o, ARG ELKOVER
W FEIIESRE L BRAICBE L, Hik L ChET D0
HLRA%Th-o72. £, BHEMEITELFEICH R
BDNTG U ANREBES N, ZDT-, Wt L wE
FBALEIFEOHRTIL, A MGELEIGE A N2
ZOOBTERIE Z [FlkE ¢ &, WEGED RIS
EELTASITHD EEZ LN,
BVETIIEMGELR LY K=o X oM kES
BE LT, A F IECTHRIEFHE K OMRIR LI F A



FE =T F A=

SN TV BB RGTERALERS B K OB IS R F T 8
a7z,
BIVEFIHICIIHAERED 27 0 7] 24601, &
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Development of stable flowering and quality improvement of
autumn cropping-type Begonia X hiemalis Fotsch. using night
cold storage and intermittent low-temperature storage

Taku NAKAJIMA

Summary

This study investigated the effect of high summer temperatures on the flowering
and growth of Begonia x hiemalis Fotsch., and studied the effect of night cold storage
and intermittent low-temperature storage on stable flowering, aiming to improve the
quality of the autumn cropping type from September to October, which is affected by

high temperatures.

1. Using an incubator with a photosynthetic photon flux density (PPFD) of 110 - 120
umol/m2/sec in the light period, we investigated the effect of light period temperatures
of 27.5, 30.0, 32.5 and 35.0 °C in combination with dark period temperatures of 20.0
and 25.0 °C, assuming summer temperatures, on the flowering and growth of ‘Netja
Dark’. The plants died at the light period temperature of 35.0 °C, regardless of dark
period temperatures. With a combination of light period temperatures of 27.5, 30.0
and 32.5 °C and dark period temperatures of 20.0 °C and 25.0 °C, a light period at 27.5
°C caused early flowering when combined with a dark period of 25.0 °C. With a light
period of 30.0 °C, flowering occurred at the same time for both dark period
temperatures. With a light period of 32.5 °C and a dark period of 20.0 °C, the plants
bloomed early. The coefficient of variation in the number of flowering days was
smaller at a dark period temperature of 20.0 °C than at 25.0 °C for all light period
temperatures. The main stem length, the number of nodes on the main stem and the
length of the first node with a flower cluster tended to increase as the temperature
during the light period increased. On the other hand, when these investigation items
were compared for the same light period temperature, the length of the first node
with a flower cluster at a dark period temperature of 20.0 °C was shorter than at 25.0
°C. The dry matter weight of the plant (total of aerial part and underground part)
became lighter as the light period temperature increased. There was no difference

caused by variation in dark period temperature for the same light period temperature.

37



The changes in flower bud differentiation and development were examined at 32.5 °C
(PPFD of 115 - 123 umol/m2/sec), where the number of flowering days at 20.0 °C was
shorter than at 25.0 °C. A dark period at 25.0 °C resulted in a longer number of days
until the floret primordia differentiated than at 20.0 °C, and there were large
individual differences in development thereafter. From the above, it appears that the
amount of assimilation was decreased, and that growth was suppressed at light
period temperatures exceeding 27.5 °C. In addition, even for the same light period
temperature, it appears that the distribution of the assimilated products changed,
and flowering and growth changed when the dark period temperature was different.
With a light period of 32.5 °C, flower bud differentiation and development were faster
with a dark period at 20.0 °C than at 25.0 °C, and the number of flowering days was
reduced.

. The effects on flowering and growth of lowering the dark period temperature were
investigated in a greenhouse cultivar, targeting the harvesting of flowers in October.
In the experiments, the test variety was ‘Netja Dark’, and the greenhouse was cooled
during the dark period to 20 °C over a period of about two months. In 2017, in which
average light temperature remained below 30 °C throughout the cultivation period,
flowering was delayed more by the cooling treatment than with the uncooled
treatment. On the other hand, in 2018, during which the average temperature in the
light period during the cultivation period remained above 30 °C, flowering was earlier
with the cooling treatment than without. In both years, the internode length of the
main stem with the cooling treatment became longer than with uncooled treatment.
As a cooling method to cope with fluctuations in the light period temperature, we
examined a treatment of cooling during the dark period at 20 °C only on days when
the expected maximum temperature in the light period exceeded 30 °C. The varieties
used were ‘Batik’, ‘Belseva’ and ‘Netja Dark’. All three varieties flowered earlier than
with the uncooled treatment, and the flowering date was the same as that with
cooling at 20 °C during the dark period. In another test, I examined cooling treatment
with ‘Netja Dark’ at 20 °C for the dark period only during short-day treatment
(shading the entire cultivation space from 16:00 to 21:00 for 21 days). Consequently,
the flowering date was the same as with the cooling treatment for about two months
at 20 °C throughout the dark period, and the internodes were shortened more than
with the uncooled treatment. Comparing the ratio of plant height and plant diameter
to pot height, which are indicators of quality, between cooling treatment only during
short-day treatment and uncooled treatment, the ratios were more appropriate with

cooling treatment only during short-day treatment than with uncooled treatment.
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From the above, when the temperature is high during the light period, cooling at 20
°C during the dark period seemed to cause earlier blooming than uncooled treatment.
However, when the temperature is low during light periods, it appears to delay
flowering. As a countermeasure to this, cooling in the dark period only on days with a
high light period proved effective. The effect of promoting flowering was also obtained
by cooling treatment only during short-day treatment, and this method appeared to
improve plant height ratio and plant diameter ratio, and to improve quality compared
to uncooled treatment.

3. We investigated the effect of intermittent low-temperature storage on flowering
acceleration and growth of ‘Netja’. 4D/4Dx4 (processing of four-day refrigeration
treatment at 10 °C in the dark followed by four days under greenhouse conditions,
repeated for four cycles) decreased the number of first nodes with flower clusters and
reduced plant height compared with that of the control plants grown under only
greenhouse conditions. The timing of flowering of 4D/4Dx4 was earlier than that of
the greenhouse controls. We compared the effects of intermittent low-temperature
storage and short-day treatment (conventional cultivation) on the growth, flowering,
and plant profile of ‘Netja’ during forcing culture aiming to harvesting the flowers in
mid-September and mid-October. Intermittent low-temperature storage was
conducted using young potted plants, comprising four cycles of 4-day refrigeration at
10 °C in the dark, followed by 3 - 4 days under greenhouse conditions. Short-day
treatment was conducted by shading the whole cultivation space from 15:00 to 19:15
for 14 days. When intermittent low-temperature storage and short-day treatment
were applied about 2.5 and 1.5 months, respectively, before the targeted flowering
time, the plants flowered successfully. The ratios of plant height and plant diameter
to pot height were improved by intermittent low-temperature storage for both growth
timeframes. On the other hand, intermittent low-temperature storage decreased the
number of flower clusters compared to short-day treatment. As a method of
minimizing the decrease in the number of flower clusters and maintaining short plant
height and diameter, we examined the effect of combining the number of intermittent
low-temperature storage times and the number of short-day treatments on flowering
and growth of ‘Batik’, ‘Louise’ and ‘Netja’. Young potted plants were subjected to an
intermittent low-temperature storage regime of four cycles of 4-day refrigeration at
10 °C in the dark, followed by three days under greenhouse conditions. Short-day
treatment was applied by shading the entire cultivation space from 15:00 to 19:15.
Although the effect was not clear in ‘Batik’, the combination of two intermittent
low-temperature storage periods and a short-day treatment period of 7 days resulted

in flowering at the same time as the conventional short-day treatment-only
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cultivation method. The plant height and plant width were reduced, and the decrease
in the number of inflorescences was suppressed in ‘Louis’ and ‘Netja’. From these
results, we conclude that the use of intermittent low-temperature storage can control
the regulation of flowering in the same way as short-day treatment and can improve
the plant profile more than short-day treatment. It also appears that combination
with short-day treatment can improve the plant profile while suppressing the

decrease in the number of inflorescences.

This study clarified the flowering and growth response of Begonia x hiemalis
Fotsch. to high temperatures, established a technology for counteracting high
daytime temperatures using night cold storage or intermittent low-temperature
storage, and determined the stability and quality of flowering in autumn-cropping

types of Begonia.
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— 5T, WAEXOVERIRTE B LEET2323.0C, &
FALEE7324.4°C, %A ALBLI%I321.6CTH - T=. @
FALERB A~ T £ TOLMB O HIEHRIEIL, BF
Xi319.5CTH v, MR FEXIF22.5CTh - 7= (FH5HK) .



TIEEBENRB G 7 —ReillleEs 95

BT HELTWD. FiF@m bk, 1991) oHT, <X
T=T - VY )b ONEEE R ET B /MERIED 43 E
AR CH DL EHREL TS, ZRbDZ &
5, EffB CIRFEILENRET D L AMEBE R £ <
Dok - BEDRIH S ND EEZOND. £, ¥ T
IEREENREE S @ EBRER Il &N D (P8 s, 2017)
2, ZORRIEEEIC L EEORENMET 5720 &
S5 (Nakanob, 2013) . =5 F A4 —/ - XIT=7T D
WFEFRIT=T - AV 2 VTR ORIT=T - 871
— LR LREOERMIEFTH D (G, 1994) Z &
b, {05k - FEITEE ST D Z AR ER
5. BEUEFIH I, AWNEE27.5CLL ECITIREN &
K RBITHEVFLENED Lz, 0=, BHEEN
32.5°C T 2 AEBRILH IR D AL F I~ R L&A D72
WEREICH ST L S22, ZNHDZ NG, KERT
25.0CXA320.0°CRIZ L ~FEFE LR OB FEE T H
S RENE, HIREIR CEIEEDN DR WERIRICR S &,
X =7 @ & FERIC, TE3F LR OFEENIIH S h
RTVIREEIC 2 0, ZOFERSEM T ISR OR IR E

FAEF LR O EOMH 2R T D20 EBZ T,

Dbz Ens, =53F 4= - Ra=7 O{EITH
#] 32.5C T CIIMFHI A EIRIC AR D L HEFE DML - FE7ED
I EET D EEx bR, 20w, FEREOHNE
ETIZBWTY, BRELZ IR TEEsZ&i2Eb, fE
FOFERORELLETEDLEEZ DN, 2010,
FEEOFKERIZB W TS, AR EIROSEME T THRHNE
FEEETENDZ & CTRIERVEZWETE 5 Z L AURE
Stz

FENE RESBLEAFERVEEICRIFT

Bz 488
5!5%

TFHEENICBIT AT F 4 —L - _RI=T7DIA~10H
HIEBRL OIS 1T I S E A & 72 D700, BATED
FEIV - NCXD2ERLBERMNEL D, Y o—F
IR R EE D Z LD, v x— FRNORIRIIEIE
Ivm<, ABFARREHEILT V. 20kd, RNEA
M SR LEHEERI L S C & 72 (B -/, 1996) .
T, IEEFUENC O L TRE U b 2SR EE 2R
Lo TNAER, ZORKE, FUEOHEENL, EH
OFI LA X W HZFEO LR OB ENRE S, BfE
DOERNEHNTWDHTZHEEZ HND.

BEHOERMHEE LT, b— MR 2N CRE
NEBET D HERRTFLND. L, KBWEELT
D FEITER 2 A FRHEKRE 22 572D RN TIE AR,
—5 T, KEOHDOKHETS EIRIZ L 5 BHLRIE 2 [F]58
TXHZENRELOIEEHETHESIh TS (TS,

(2021)

2012 ; HIE S, 2013 ; KA 55,2013 ; IS, 2013 ; #
D, 2018 ; RAED, 2013 ; $hEED, 2014) . =7 FF
—b e RI=TNZBWNWT D, BHUEOHKERNS, BFHIR
Ex T o KEGEIXRIEEZ ZELTE D Z EAUR
B ENBHN, B TOMREMERLZRETR LA,
T, KETIZ9 H~10 A HArfERIZRIT 5 =T F
F—b « RI=T ~ORMB BRI OCAEBICLIET
HELZPLNITLHE L BIT, KVARMARRIATEC
DWTRRFT L7z,

F18 RESBELEOFREH

AEITIIRRR O G EAFER BRI R OV EBICRIET
LR L. £, DROFEREH MR T D720,
2017 4E L 2018 4E D 2 AMEIZEME L T-.

1. MHRUAZE

RREE (R Fy&—7 ) (ARfEFEGR), PAeLH)
UL 72, EBRIE 2017 4 & 2018 4E> 2[RI fiE L 7-.
RBREIZADOAY NS HOHETE 20CTHET HH
BEXEERFEXD 2 XKaT. BIEHEEDODME A
ALBRIT 15 E~19 B 15 AXIZHESE A ATV, IRFH] 0D BR L e ]
FROLIFEE L, MBAEMRIT 21 BRI L.
2017 #iX 4 A 29 I LIFEZEITVY, 7H 26 HIZ 5 5
TIAF 7RIk B LTz, EHRAEEX 8 A 7T H~S8
A 28 HIZMTFT T To7e. EROKEMMIZ8 A 1H
~9 30 HD 60 AL Lz, 2018 4Ei% 5 H 11 AIZHd
LEEEITW, TA 12 BIZ 5 577 AF v 7 ekicsk BiF L
7. RTS8 H2H~8H 23 BT TiTo7=.
BEXOBEMMIEZTA 1TH~9H 18 HD 63 HIE & L
7. HEEAREOE, 2017 4E13 11X 6 Bkod 3 1, 2018 4
X1 XK 48D 3B L Lz, RAEIIMELE T OIREN
DOXIRHER, BfL R R OBEH OB, g, £XE, &
X, WEE, £ 1 EEOBEESMN, —RMBE L)
RN T ERM L7,

2. #R

201 TAF DM B OREANOKIRI, I X T
RIS\ HERS L, 48 HALERRTIE26°C~27°C, JH B AL X
29°CLAF, 48 HAERLIRIF25CE e ERl> 72, F7z,
W LB B AR~ T F T A o0 B Y R i X
L H265CHIE Th -7 (B43R) . WHIOFHKIRIT,
1R RIS ALBEA W A5 U CHERQRR E D 20°C THER L 7=,
— 5T, WAEXOVERIRTE B LEET2323.0C, &
FALEE7324.4°C, %A ALBLI%I321.6CTH - T=. @
FALERB A~ T £ TOLMB O HIEHRIEIL, BF
Xi319.5CTH v, MR FEXIF22.5CTh - 7= (FH5HK) .



hE =T F A=

B4R IRENOWHITFEHKIEOHERE (2017 45)

RI =T DOKE -

o Jik AL L

H 5K IRENORHITFEHKIEOHERE (2017 45)

AL B (5:00~19:00) iR=ENTFHEIE (C) AL W (19:00~5:00) RENFEIEUE (C)
AHALERRT A HLE 5 ALE % SN ORALERRT A AL 410 ALER % N
(8/1- 8/6) (8/7 - 8/28) (8/28 - 9/30) (8/1 - 9/30) (8/1 - 8/6) (817 - 8/28) (8/28 - 9/30) (8/1 - 9/30)
BE 27.3 29.0 25.7 26.7 BE 20.2 20.0 19.1 19.5
A5 26.2 28.7 25.5 26.4 M 23.0 24.4 21.6 22.5

He6R IRENOWHITFEHKIEOHER (2018 42)

0 7#E  IRENORPEESIROHER (2018 4)

kil P41 (5:00~19:00) RENFHEIR (C) uE: REH (19:00~5:00) RN FHKIR (C)
S ALERRT RSB AR EXEN AT ERQET R A
(7/17-8/1)  (8/2-8/23)  (8/24-9/18) (7/17 - 9/18) (717-8/1)  (8/2-8/23)  (8/24-9/18)  (7/17- 9/18)
oy 30.2 30.2 27.7 29.2 ey 19.6 20.6 20.9 20.5
TN 30.5 30.1 27.7 29.2 14 25.4 24.6 23.5 24.3

W8k WHWBELHOFEN (R F v & —2 ] ORERTEFICK

IR (2017 4F)

pus BISEH RO BRE EXR EXHH HME BUEEO %k EEEK
(cm)  (cm) (2 (b) @/b)  FEAEMMN s ()

(cm) (1) (i) (A)
W 104 78 822 841 270 118 23 76 57 184
Wk 104 3H 303 344 246 119 21 75 55 175
Cttest) % ns W ns # o pg ns  ns

) ** o 1%KMETHE Y 5% KMETHE ns: AEAERL (n=3).

HBIK HHBELEOAER Xy F v Z—2 | ORERTEFICRTTEE (2018 4F)

ALFR BTER ®OL MiE  EEE EEEH HSME BUEEO —Kk EEHK
(cm) (cm) (a) (b) (@/(b)  HAEFM W% ()
(cm) (Hi) () (R)
A% 104 5 294 34.6 24.9 10.0 2.5 6.9 3.2 10.1
mARE 10128 29.8 37.2 24.1 11.0 2.2 7.7 4.8 13.4
Citest Ve s T LT T T « we .

) ** 1% KYETHE *: 5% KHETHE ns: AEERL (n=3).

20184FE D BB F OIRENOKIRIL, FAHIEmX T
ISR ICHERS U, 4 FALBR R R OV AR 330 C A B %,
R DIERIZ27CE ERl o 72, £7-, BEEEBEME~
KT ETCOLHMOFELHKHITHEX L $29.2CThHo7z
(56£) . WO VFHRIRIT, HBERITLILINZE L
THERFEED20CTHERS Lz, — 5T, BHEXORH
PHRIRIT A B ALELRTAY25.4°C, 4 B ALEE A 2324.6°C,
HHALFLIE1323.5°CTh o T-. BEALBIBIMA~K T %
TORYB ORI EHEIET, WEKIZ20.5CTHY,
HIEXIT24.3CThH o (FETE) .

201TFEDORIER AR #HE8ER IR Lz, BIERIIH
BERENELERICEENEEICE -T2, £, AEKIZ
HEA R OEXEENEAERICHAEL, EXEHEIIE X
TENENSTZ. ZTO®, HIFRIIHEX TEL -
7o. BRibg, HUEREOEAERN, —RIBHE R OYEREHIE
X CENED S T2,

2018 FOBAER OAEE A5 9 KIAR L. BIER XM
BENELERICIENERICRE -T2, £, BELRY
FEREIWX TENMEN- 2N, EEHHITHERX D
ool 20, HHEIGHER TR toT. &
g, 2 1 JEEOEAEN, —RAUBEE OCIEER DML
BWERMEAFERICE NS ot

3. ER

20174F L 20184E CIIERINVEHIE E R 572 H 0,
BAEIZ201 74 Tldm B RN S B XA ~E <, 20184
TIIAERNEAFERICHNRL a0, B bR AR
L7z, 20174 &£ 20180 ORIRZ T2 &, WFE
4T o T2 2RI T20174R 12201 84E I Z R HERS L 7=
BEHNC SV CIE, WERKITEAE & H20°CHI% THB L,
MAFERIX, WETENDDILOD, WERIZL~FIC
BWVEIR THER L7c. 8 I B 1O R CIEiAH27.56C
TIXRHIRE 2 E v & BHICBIIE L, 30.0°CLL ETIdns
HHREMEWEBTERLZE LTz, 2D LD, 20174F
L2018 TR MM EIZ KX DBHAE~DR RN R - 727
Kix, HHOKENSHETRRSTZ72HTHY, 20174
N EEIFHOWHBI27.5CTORR &, 20184 13 B
30.0CTORER LML =BG R LTzt B X DN,
BATE B LA OTE b WE TR > T e, g, —&
MR OCTEEIZ201TE TIHHEX & K EX T%
DE -T2y, 2018413 FE K OEN G 5 KAZ A~
o 7o, B 1 HES 1H CIXPAMNGE B 23 [ S CIEmE g
ERMMENEFEZENEL 20, ZOBESUIHMEE N E
W EBHE Th o7z, B R OIEREROMEIE — &M o
FEEOFBNRKZ V., —RME S E2E & RIS OR



TREREMGREIIE T ¥ — Rl s

BTN RN SND LIET D L, 2017THI
2018 THE X OKIE, — R OFEREHA i
BB I AN E < Fp o T JRIRIX IR 2 & o
Teled LR I,

FEEOMZ X CTEH - - HilEOMFIXmE & b
BEXNEAFEXIZIE~ELS, #RELTW. poE
SRR & RO (LUFDIFE §7%) 12Xk - T
HlAE S 4L, BEEIL 0 B ORE R &V T AODIF T
MENREST LI ZEREZOMED TMENTWVD

(Exrwind, 1995) . =7 FF—/L - XIA=T 2BV T
H 77 AODIFIZ L » TEXMENMEET D 2 & RWE
SN T2 (Moe * Mortensen, 1992) . ZIH DI &
o, WERTEELZERIE, HEGEIZE > TERK
DREENKE L2V, GifHEIZT 7 ZAODIFAEW
fele EEZ B, — T, B INEPLH CIXRE—BH
IRFESRM CIIRFHNEE MRV E EXENEL R DR &
20, REERIT R D 5% R LTz, DIFIC X 2 B R
SNORBITHABDE RN SV EBEEICR D I ENX 7 TH
EEIN T3 (Karlssonb, 1989) . £Dih, FHUE
EHI & ARFERCELMEN R DI E R LD, #,
ERBEONEOFBIIEIZbDOTHL EBZ L.

UElozZ &nn, KEEGEXAYORIRNEWFEIZIT
BATEIBAE A FECX 2 Z LML E o7, — T,
REHFEIZOAHOKIRIMEW & BIEEIEAZH <, OW
MOKIRB E & —RABECAE B R OB USEET
<, OAMoKIRICEDL LT HEET 5729, WEK
TEAL, EVoEBRNEIHZ LM LNERoT.
DY, EESYCRMNE MM T 5IIEARE THh
FLEFIETEARTSTHY, EROIMFAVBLETHD
LEZ L.

NENLBREAEAEERERERMTO
F%

E 28

B1HOMEND, TRy Fx&—7r) TiE, HHO
RIRD S WEFE N CRHEMEZAT 5 & BIEET % Bl T
EHZ LN, AHORIRPMERWGSIIBMEEREL < Z
ERH LN E TRl Fi, FIHOKIBREWEEIZE
WTH, RSSO #HE, WEETEZH
ST EBMHLMNER-Te. ZD728, BATEIRIE % [l L
OOFERELZMFITE HEAMMEARALELEZ ODND.
Fio, BIETIE IRy F ¥ ¥ —7 ) OB THE LI,
TTFHA—) s RA=T OAEFERIG TIIANT AN TEEK
DORFEEREET D 2 ENZ VT, Mo SHFETORED
ML MLETH D, T, TFEITEMEOEEI R MR
ERLTWLZEnn, WEEMEMAT L L L THEMIC
I LR X —a A F & T 2 HERBICETT

10

%95 (2021)
ZNETHLEELZLND. 22T, AficiHAREa A
K % ik L > BRI i R & 2 BITERIE & GVEE T %
[E138ES% ROV, BROREEE IV CRET LTz,

F1EH RESEDHRORERE & ERETE
B DR ES

W, 77V I =Y — A=) R CIERE B AR RS O I
AT DIREEMRIEFE DM - FIBITRELSFHET 22 &0
HBNEZRY GERES, 2010) , IHEREECIZZ 0oL
ZIGHL, HOAY DGR O R E % 5 < MR 5
& H)7E (End of day - heating) &9 52 & T,
THITORK 2 — EIEE CEHEY 2 Fikic Rkl =2k
PR TEHZENATL—F 7 (ERES, 2012) A
Tr—H—x—var (EHL, 2013) THESATH
5. HIZ, #RIED (2015) X2 oHEgroFRREME LT,
NZITBWTHDAY % DOEREHI OB D IR
ERIZEOYIVIERRCOIVIEEL 2V, BEIIHNDHE
A MEHIHTES E LTS,

Z T, RETIHEMO—ERENBELVEBTICK
ETHELZEELECTHLNCT DL bHIC, BiEaA
N OB & B —EmE TR L o e BRWEE B
12, HOAY #HOER G FELER (End of day cooling,
LUF EODc &9°%) w7z,

1. MHRUAZE

AR X RARRED T v 7], BEMED [~
N ROHAERED Ry F ¥ =27 (T @i
FHER) 2R L7z BRBEXIZBOA MUK T
HALERRE I B ALERAE T °C, 40 B AAERLIAMI A O
FT)%& 200CTHWET S 20C—EX EHDAY D 41
Ml 200CTmET % EODec KK OMEMRFEX D 3 KAk IT
7o, FEHET 4 BE~9 BRI GEXE RV, B
MTHRZESE 2 HEE Ui, AL 21 B/
L7z, 20184F5 H 11 HIZH LIEEITV, 6 H 26 A
W 2HiELCROL, TH 12 HIZE 57T AF v 7 ki
PREF U7 EBAEIT 8 A 2 H~8 A 23 BT TT
o7z 385 X K O EODe KOWEMIZ 7 A 17 B~9 A
18 HD 63 HI# & Lz, BEMREIT 1 K43 EE L
7o, HEIIBELEF ORBNOEERER, BIER LD
BAE A OB, fhiE, E=X&, RXH% ®SiEE, F 11t
B OEAETNL, — RS OMEBE SISV THENE L7z,

2. #R

50 BB OB EANOTIROHER 7 FH6XIZ R LT, BF
HORIRIEZ, BOAD S HOHE TIEsK TR EIR
ETHB L. UL, AOHUMBIIRECOMEL S



FE 2 5F 4L - RI=TOKE - HHELE
40
3 e
| \—\,———%/f
o5t =
K 20 PN
ﬁ 15 20C—7
H Z
mg | eeeeeee EOD ¢ H@'J"H# I
~ 10 | -
— A —
5 L 200C—EIX + ¥
o o o Ca e o o 5% 2 20 Do O. 0 2 R X B O D89 O
R g e e B % % % B % % % %y,
RiZ| (2018/8/13 12:00~8/14 12:00)
%6 BENSIEOHER (2018/8/13 12:00~8/14 12:00)

) 20°C—E : 19:00~9:00 % 20°CC#7E. EODc : 19:00~23:00 % 20°C TH/A.

2018 4£ 8 A 14 H O H DI : 4 B 57 4y

(T B 31 Ml S G AL )

F10£ HEAEF OREEENTHRIROHERS F11E HEAHETOBENEENTHRIBOHER
e " L = P 2 Sl PUN I 301 25 P Sl
WEHE EAAFEN  EAAEG R A% 21k WEHE M AMEN R ARG RO 21k
(7/17 - 8/1) (8/2 - 8/23) (8/24 - 9/18) (7/17 - 9/18) (7/17 - 8/1) (8/2 - 8/23) (8/24 - 9/18) (7/17 - 9/18)
20°C —i& 31.9 30.7 27.4 29.8 20°C—iE 19.2 20.4 20.3 20.1
EODc 31.5 31.3 27.7 29.6 EODc 23.2 23.8 22.7 23.3
1A 30.5 31.3 27.7 29.5 HEA 25.4 25.3 23.9 24.7

1D 20C—F @ 40 B R OVE A ALFRBIZE DAY ~H DO F
T, AHABEFIZAOAD 2D 14 BRI & 22 D
X5z 20CTHE.
EODc : HDOAY /5 4 K 20°C TH .
2) 48 A ALBERT M OVE A ALFL% 13 5:00~19:00, 4 A ALFEHT 9:00
~19:00 DfE % 7~7.

H12F KEBETEDBEVR (F v 7] ORERTEFICKITET

1D 20C—F @ AR P R OVE A ALFRBIZAE DAY ~HDOHF
T, EHABEFIZADOAD 2D 14 BRI & 22 %
X 9z 200CTHE.
EODc : HDAY /5 4 K 20°C TH .
2) 48 A ALBEET M OVE A ALFL% 13 5:00~19:00, 4 A ALFEHIT 9:00
~19:00 DfE &7~

1=
2

e BHE A WL MR EXR EXHK SR BUEEO ik EEK
s )71k (cm)  (cm) (a) (b) @/Mb)  FAEM MK (8
(cm) (&) (&) (X)
20C—& 10/ 1Ha ? 310 346a 256  99a 26b  64a  38a llla
EODc 10 8Hb 315 385b 257 107ab 24ab  73b  50b 138D
_MmpE 10A1Hc 812 383b 253  117b  22a  8lc  59b 151b
/\ﬁﬁj\ﬁl) *% ns *% ns *% *% *% *% *%

D # 1% KIECHE ns: HESERL
9) i 5 CFRIC 5% KIETHESED Y (Tukey, n=3).
72729, 20C—ERIIHEREZHEFFCE no Tz,
FO LS 7w, WIHIOYERIRE, A AERZ20C
—E XK OEODcK AR TFEKICERLRm <, M H AL
HHIZEODCX & OMEAR B K A320°C — ERE KT <0
BT, EHEAEOFHEES KIRESX & $29.5C
~29.8CTHY, IFIFRI%ETH-7= (F10£) . B
PHRIRIE, 20C—E KIEHIM 4@ L Ciffa20C cHER
L7=. EODcX 33 % L T23°CHiits THER L7-. |
B 3 B ALER AT K OVEL BALBR X E 2 425.4°C,
25.3°CC, 4 A AHEILI1323.9CTH - 2. I 2k
ORFHIEH KRR, 200C—EX1%20.1°C, EODcX i
23.3C, #EHFEXII24.7CTH-T= (F11FE) .
(T v 7] ORERVAEETZFHI2RIRLE. B
ERF20C—EX I b F <, RIZEODcX TH Y, MHm

11

FERARLEN- . B R OEERIIIX TENES -
7o KRR, — AL OIEREEOEIE20°C — & K AM
DRI~ E Do T2, FEEE N OFE L E O 5 A
Ar1320°C—E KX, EODcX, A5 X ONEICEA KX < 72
HEEENB RSN, fHEEZ20°C—EX N EREXIC T
NEBIZEN-T=.

[~ ORMELOAEEZHEI3RITR L. L
HIZ20C—E XA R b F<, WICEHFERXTH Y, EODc
KA BN 72, BOL, —RABEL OEE RO
20 C—ERDHO2KIZLHL~A/NE o T2, FXER K OFEEX
T OMEIF20C—ER B b /M &<, KICEAEXTH
v, EODcE N b/NSL AN AN, T,
HiRRIZ3X THENEN - T-. FRIENIX TENELS, &
LB OEAEMNMIZ20C—EX & MR FEX TENELS,



13K WHHETIEDOBE NN

EFgEE 2 — R

%95 (2021)

(e ORELROAERICKIFET HE

I BAER WL HkiE EXR EXELK SME HUMEEO  —k EEHK
MBIk (cm)  (cm) (@) () (@)  HAEFN M (H)
(cm) (&) (i) ()
20C—& 10A24H a? 233a 353 175a 10.3 a 1.7 7.3a 3.5a 8.3a
EODc 11H15H ¢ 26.2b 35.0 21.2b 13.1¢ 1.6 10.4b 58b 12.4b
S 11 6HL_ 257b 356 198ab 121b 16 822 40b 115h.
/\j%&éj\*ﬁ_l) wk e ns * o ns e P *
D ¥ 1% KETHE 5% KETHE ns: AEAERL.

9) B B I LRI 5% KA EED D (Tukey,

H14 R KEBEFEOBENY (R F v —7 ) OREEONESRIC

n=3).

RiET i

&’ BHAE R BOL O BRR EER EEXHN SRR HUEEO —%k #HEK
wE ik (cm)  (cm) (a) (b) @/b) A WEEK ()
(cm) (Hi) (i) (K)
20C— 104 5Ha? 305 34.5 24.8 10.0a  2.5Db 6.5a 31a 10.1a
EODc 10H15H b 31.0 37.4 24.7 112b  22a 7.3b 45b 13.7b
_MERPEIOA15H b 309 361 248 1l1b  22a  75b  45b_ 150b
ﬁj\iﬁflﬁzﬁﬁ‘l) ok ns ns ns * *% ok wk wk
D) % 1%KHETHE * 5% KHETHE ns: AEzEkL.

2) EZEEWQCTF"? 5% KETHEZEDH Y (Tukey,

EODcKIZHAKREIL Th - 72

(R Fy—2r) OREROEEEZE 14 RITRL
7. BIfE AL 20°C—EX MM 2 KT~ B ofz, B
oL, BRIE A OVEXE T 3 KM TAENE) - 7. X,
% 1B OEAMN, —ABE L OEEEOMHEIL 20C
—ERNMBLD 2 RKITHAA/NE -T2, HifEIX 200C—
K3 2 RKIZHARENS T2

3. ER

AIHD 4 B ALEE S 151%, EODCX oI5 1Bl hhiE O 15
ZFREFEICEREREIC T T 5720, B OH LR HIFE
PIERETHHEE L, BOANYFI O ZBRIGT 55
MEFIFONIR & (X R 5 HFIE TR Lz, 205k
FEIZFBWTY, BIMESIFOR R L ALk, Ry F v
=7 | D20C— & KITEM 5 XA A~ BENCBE L7z,
F7o, BRIBIZENE 72y, B, HBLEEOEL
Hifr, —AAEER O RO TR 5 X B ~20°C
—ERNNEL, HFEEEAEX LV 20C—EXNE
<7V, F2MHE IR E FFEOHMEZ R LIz, Z072®
20C—EDWHEIFEPFIER A ICKIETHEIL, H
DAV PSR ZFIGET 5k Ao B EEET S
FEDELLIZBWTHRIKOIRPELND EEZXD
nre.
20C—EXIIBIERED 2 B [T v 7 | ROV
NEAN BN THEREXICERHICEHEE L. £
7=, [IRF w7 T, TxyTFv&Z—7 ) LFEERIC,
HMENELS o2 LTk DR &, — kB L O
TEEBORBD N, T8 [ FREENE, ST

n=3).

12

HOO— R E L FEEE AR L, WifnfE L HEEIC
DVWTIEREME T T 2B R 6. ZhboZ &
no, Xy FxZ—7) PASAOREITBWT R4
20°C—E CTWIET 5 7 IEIIBTERIE 2 [HhEEC X 5 2%, [A)
RICHEIRT AR & B2 bl

WHE =2 A N ORIEE B IICHG L 72 EODcLEE
TAv7) KR Ry Fx X —0 | OBEE iﬂ%\

[x

l:&

% Th o725, BER bEMEK L FENLPLR VR
ETHY, BAEEEA RN L >R AR5 Z &iX

T& ot~ £7-, Lt OEODcXIZ20C—iE
XX V13H, mAEX L VIHBENENT-. ZD=®)
TTF A=)« XA =T ~DOEODCHLH T BITEMEIE D %)
BRI TR, SIS L - TEmENm < = & 28

REENT-. TNbDIEMNDL, TTFA—)L e Ra=
7 ~OEODLHE O FEHMHITIRNE B 2 T,
18C—ELHCHIESNEZ T T4 — « RT =T~

O 2 Wi 16°C O S FERI IR ALER T, WEHIHR I &
TRALERBHAE £ C ORI NTEE I L OV R ’ﬁ”‘%‘%&
T2 ERREEIN TS (Grindal - Moe, 1994) .

7o, ¥7 OEIRFEOBERIEIIIEZES m%ﬂﬁﬁéLm
T FTL3 ORBENERIZL > TR TT572HTHY,
FTL3 ORBEIIMEHORERHEIZ L > TR D Z L
HEENTWD (R85, 2017) . ZhboZ s,
TFF I e RI=ZT ~ORMEBRBLIIZBNTE, ¢
BRI OB I AT T 2RI 57 P ORI &

TEALL, W5 ARRE LIS OB ] H7 0O 1RLEE 23 BEAEL Z%ﬁ‘i“
L72729iZ, 20C—FEX & EODe K THERDFEREZRL

LB INTZ. TDOED, =TFA—)L e RI=FT T
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TA17H T7A27H 87 6H

FTX

843 16H

87326H 9A35H 9A15H

ISR ORENZIROHER & FmIRRGEX O G EHIE (2018 4)

%) P (EUEIR G 5 X TR R IR AT - T I AR .

D FLIFHIG LB B 2 S 3 2 12I3, AHTRA L
H DAY % DS ORI O m 5B R CAEFIC RIS
BT OLEN DD EBE LN

R RHOH DR AR BIER U
EBCRIETHE

=1

%2

FBHUEORREMNS, =IF7FF—)L « XTI =7 ORHE
BEMBRIEIC RAE TR BITIAMNRE I L » T L, 20D
BAHAYEE O#FHI327.5°C £ 30.0C TEALT D 2 L3S
MmEpolo. ZORERFIEIL XS FHAOEHOKIREIC
YL, FIEFIFOMEI R L EELY, HHOKIAE
DEVVEIIRBIMFEIC LV BIEEIE 2 BB C & 223, W
HOKIRPMENE OB CIIREWEEITH & W
ERIELTCLE Y. Tokzw, AFEIRS CREMGEL
AT LHBERERLECH DL LB HND.

2T, RECTITIAMNEE D 30°C A % 25513k
BRI ZITV, 30CKRIGOBIIEMBEEIThRNC
L 95, PYHEE IS DY K MNELIBTE RO
ABI KT TREE R L.

[
2

1. MERUAE

X IXTF 7], TN RO TRy Fy
Z—7 1 (WTIHEREFEERD) © 3 MM L.
AR XL 20C—EDEMME (HOAD MO T £
T o HAVERIRR I H LRSS T ¢, A HALERIRFLIAM X
HoiE<T) 2#7H 17H~9 A 18 HD 63 AR Z &I
1T 28R R, RARIT 5:00 #FEOTHEDO PG E SR
723 0CLL LD HICYA~FHETORHZ 20C—ET
WHET2HMEIERAEX R OEAEXO 3 X4
FERRIIIR M %2 20C—ECTHETDIRE A ERGED
RE B O 2 A v, BiEnEXKITIRE A T, BaEK
IHRE B CEE L, WHEIRFAERIIRGTOREE

BITT.
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FICHAPICHREZREA L LIEBICBIIT2EHE L
7o SR 4 RE~9 BREREYE L, RFIOK TR Z
BORD RS Li-, EAARMRIT 21 AME L.
2018 4% 5 H 11 RICHLIFEZEATV, 6 H 26 AIC 2 fHijk
LTHILL,7TH 12 BI255 77 A2AF v 7 $k ($58 13cm)
gk B L7z AT 8 H 2 H~8 H 23 HIZ ST
fTolz., BRI 1 K43 K E L=, HEIINE
PR O ENOIREHER, BE A L OBER OB,
BEIE, FFER, EXER, SR, % 1EE &£,
— WA R ORI HOWTER L=, $£7-, $hEic
B DR (FLk) R UBRIRO R (BRIE Y k)
ERELE.

2. R

TN BB X 0 R 2R PN O KR HERS K ONBA 1 5 1L i
WEROEE G FELEIE 2R Lz, [REITSHREROT
EORKTHICES X BFEOA A M LGS, B
FRENEXOR MG EZ1T> T HMEIX7TA17TH~7A4
250, TH29H~8H7H, 8H9A~8H18H, 8H21H~
9A2H K V9A4H~9A10H DEFH49ARI TH - 7=,

B O RIRIT, 4 A AT TERTN R X & O )
ERREG B X NS TR e oRem <, 4 H AR
70 B2 X S HEAE 4 58 X S OB I R R 4 53 XA B0 R0
ol ZO7H, MmEMK A E L TORETE KR
13X E $29.3C~29.8CTH Y, IZIER%ETH-7= (B
15%) . BEHAVEHIRIRIE, En A RITMMEE LM
20 CTHER L-. AMEEREAEXKITHHZ8E L T
21°CHiTt: THER L7z, I 57 X3 B ALERRT & OVE B AL
FRAXZENEN25.4C, 25.3°CC, 48 HALH LI 1323.9C
Thol-. BEMBZEL TORNTEYRIRZ, Eeh
BEX1220.1C, AMEREAEXIX21.0C, EAEXIT
24.7CCTH o7 (5165) .

(AT (w7 | OBIEROABEEITRIOR L. W



E EH GIN N N . Fe S =t
THEREMREE 2 —FRlHE F9 5 (2021)
B 15 £ HEAHETOHERENEHRIEOHRS 16 £ HEAHE T ORR RPN S RIEOHER

PO B 000 i = P e W 40102 0 8

Bk JEHALEERT  JEHAAES  JE R AAEH 24k M HALERRT  fEHAAES 8 HALES 21k
(7/17 - 8/1) (8/2 - 8/23) (8/24 - 9/18) (717 - 9/18) (7/17 - 8/1) (8/2 - 8/23) (8/24 - 9/18) (717 - 9/18)

L5 31.9 30.7 27.4 29.8 T 19.2 20.4 20.3 20.1
B IR A BB 31.4 30.6 27.3 29.3 A B e T v 20.9 21.2 21.0 21.0
HHE A B 30.5 31.3 27.7 29.5 HHEA 25.4 25.3 23.9 24.7

1) A M B AE P R OVE B AEZIZE OAY ~HOHET,
SEHAHE A DOANY D 14 BERIRFH & 725 K S 1T
20°CTHE Lz,

IR 5« KRBT 5100 RO THO TR RIEN 30°C
i Z 5 BRI % 200C CThiE L. £H O
B DB 5B 21T - 72 B/ 55 X O
%, WHEETDR)»o o T EAREXOMEI D
B LT,
2) J5 HALELRT & OVE B LB % 1X 5:00~19:00, %5 HALBEEIX 9:00
~19:00 DIl A RT.

LD NG A8 AAE A L O A AEZIZAOAD ~ADHET,
HHAHEIZADOAY 5 14 BERRFH & 7225 X 51
20°CCHE LT,

IR« KT 5:00 BEOTFHED TR RIED 30°C
ZHZ 5 AR Z 20CTHE L. £Ho
B DI BB 21T - 72 B I B X O fi
%, WEEITDRPo T2 BTGB X OEI D
HH L.
2) 45 A ALBER M OVE A ALELL 1T 5:00~19:00, 48 AALFLFT 9:00
~19:00 Dl %=~

17K KHEWETEDOEVD AT 1y 7| OBEROEERICRIETE

KIH] BATE A B KRR EER EEEHK SMRE FULED —k KB
MBI (cm)  (cm) () ) @/b)  FEMM  MER  (#)
(cm) (Hi) (i) (&)
i R 104 1A a? 310 346b 256 99a 26b 6.4a 38a 1lla
B B iR A E 108 1H a 29.5 329a 236 9.8a 24ab 6.6a 35a 9.7a
e 104118 b 312 383c 253 117b 22a 81b_ ___59b 161b
%%ﬁﬁﬁl) %k ns %% ns k% * %% * %k %%
VELD) ** 1% KAETHE *: 5%KHETHE ns: AEERL
2) B HHECTMNC 5% KUETHEXEDH Y (Tukey, n=3)
B 18K WHMEFTIEDBE N [T v 7] OFLEEY
FRBE U Holo f I F s
T wo wstw " M BREOE Y
VGVEWRES (cm) (em)
LGV B 31.0 2.39 346bY  266b
I EREED S 295 2.27 32.9a 2.53a
0 5 31.2 2.40 383¢ 2.95¢
oY ns oms w
1) FOU/gkE (18cm) THH.
2) RRE/ Sk TR .
3) ** 1% KMETHE ns: FEAESRL.
4) R DTN 5% KETHEZED Y (Tukey, n=3).
F19R KEBEITEOBENDR [~k OREROAEFICKITTHE
bdi| BAER L MR EXR FXEMN HME FUEEO %k HEEK
WEHE (cm)  (cm) (2) () (@/(b) AN M ()
(cm) (%) (£i) ()
B 107 24H a? 233a 353 17.5 10.3a 1.7 7.3 ab 3.5 83a
BSR4 10H22H a 24.4ab 353 18.7 10.5a 1.8 6.9a 3.6 9.7ab
o Mmp 1M1 6ADb  257b 356 198 121b 16 82b . 40 115b
ﬁﬁj(ﬁj\ifﬁn s * ns ns w ns * ns *
D ** o 1%KETHE *S5%KETHE ns: AEAERL.

2) $7p 53T % AKHETHEZEDH Y (Tukey, n=3).

HEERSEX OB R IERGER & AEThy, &
WEXICH~R10A Bno 2. SRR EX OB K
OEXR LXK TR 2N - 7203, I ITE
BemEX L R%E T, MaBERICIEARDRh ot Dk
O, WHEMENE 221 WHEiIRRIIE L 72 28 %
7R L7, B IR B X ORRIE 3 D 2 KA e~ -
7o BT ENIR R B X 00 — WA SR B O 55 5 o fil 13 e
WRERIZHAD R, HimmEX L RS Tho Tz, iz,
RN ER OISR B TENENr T2 b O
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D, FRIE Y ITEGHS 7R L OIS 7 A _E BN
otz (BB18%) .

e OBEROAETZFH19RITR L. B
EIRRFAFE X OBE HIERMEX EFAETH Y, HaH
BRIZHARI5H B o iz, BIIIHMEHHSEL 22251
PEWRWEIS RS, EEELERGEX & HE
IR 5 X3 RS CEMEXIC D 2o 7o, BRilE,
FER, iR O —RMUEHIISX CHR%E TH - 72. B
HIERR IS 5 X O L B S T e 45 5 XA B~ M ) 23
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20 % KHBEFEDENS Lk O
BL R ORISR V) HE I R IE
2 wo wtk Y bRiE bRV
%57k (cm) (cm)
M 233a" 179a 353 2.72
B R A 244ab  1.88ab 353 2.72
10 257b  1.98b 356 2.74
C EswRY x x ns ns

1) FoL/gkm (18cm) THH.
2) MRlE/ Bk TR,
3) ¥ 5%KMETHE

ns : fAEAERL.

4) B2 25T 5% KETHEZESDH Y (Tukey, n=3).

W21 R BHBEFEOBENDS Ry Fy ¥—7 ) OREROERICRIETE

R IH] BAAE H AL g EXE XK SME BUEREO —k {EEk

Wik (em)  (cm) () (b) @/b)  HAEM W (@)

(cm) (f) () (&)

e A 104 5 a? 305b 345 248  100a 25 65a 3la 10.1a
WA E 10/ 6H a  27.6a 335 228 99a 23 64a  4.3ab 14.0b
______ Mwmpm 10H15A b  309b 361 248  110b 22 75b  45b  150b_

%Eﬁ(é}*ﬁ‘l) ok * ns ns * ns ok * ok
D ¥ 1% KETHE ¥ 5%KETHE ns: ABERL.

92) BB HCTIIC 5% AKMETHEADHY (Tukey, n=3).

22k KEWBEAEDOBE DR Ry F v X —7 )

DL OREIR Y el R F T
7 B wt bR HkaE0R

BTk (cm) (cm)

A 305b% 2.35b 345 2.65
=R R 276a  212a 335 2.58
L mE 30.9b_ _2.38b 361 278

5y W : i ns ns

1) FoL/gkm (18cm) THH.
2) KRG/ Bk CH.
3) *: 5%KMETHE

ns : fAEAERL.

4) B2 25T 5% KETHEXESDH Y (Tukey, n=3).

Roni. £, BEXHEIHEHRAE < 22212960/
SL B BANRA LI, BRIED IS TEN NS T
(%205%) .

(R Fy—2) OREROEEEE 21 RITRL
7o BT EIR RS B X O BIAE A IERD B IX & A% CTh
n, BABEXICHESN9 HREN-7Z, ARG EX O
B e A 5 X O PR XA I~ B, FZREHUT
HERERX & RS T, BAEXIZEDRp-7. —R
MIBEIT A B XAEVMEM 278 U, Rk 5
RAZHA~EIN U7, E 72, BHIEIRRAE X OB X
WX N A B XIC N EIS NS ot (O
22 %) .

3. X

WA iR R U TR X D B O A B3 AMR O KR T 4
SNTIRE LI, B R B 21T 2 oo 7243,
RN CEBZ 5 BIXmEEIT I EHMTAT-.
ZOREE, WIHIEIRRHG R X ORI %8 L CORF
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DFEHKIRIDEGFA R R1CE <, BAFEXITE
N3CLHEL Ao vz, 2, HEIOKIEIMEW B O]
BT OBEMELS 2B BN ThoTe. £
DIz, BRI L o CRIMHEOA 82 4l 2 4
HIZWEIIDND TR AX—a 2 NEHL2D, K
REZKSBEOZ ENFARETH D EEZ L.

Z ORRIEEIZEBWTC, 3R L3R & b B mE R
WHEXORIE B ITdEmEX & F%EE o7, Zhig,
IR FE R AR OEE KRN TR o722 LIk b8
BLEZ Oz, TO, FIHIEIRREO &% K G B
T2 X BAGRIE A R D HifiTE LTHEMTHD &
Ez bz,

[T w7 | KO TRy F v 2 —7 | OB HIEIRRA
BXOELROEXRT, #HHnEREOEREXIZHT
NEWTEWVEA DR D N, RI =T RIS EAER
EAFERREASIAT L CHETe 720, BIE B AR WK
WERIZHER K& K R0 0. 2, KMBEZITY &
B & BE I OIRFE 2N KR E K 2B 08, REBROEEA B
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RIZE 263 A MW E L=kt L, HEERR O &K
OEFHAE B EIT498 L2830 A ThH o712, 2R b D
ZEWD, INT 47 KRy F ¥ X —7 | OB
ERRHE X OF L, TR K O R A EGim 5 XIS
AREL R TRRIZ T 7 ADODIFA K E < 72 5K %
B OMBEE N DI pofzlzdTH Y, BHEXICH
REL R o AT RN L2 IR B EEN
B Lzl EZ N £72, [~k O
IRFA 5 X OB TR FE XIS, EimEXIC
WVME 278 L2, 2 ORI IEA B XA -~k 4
RCHLKOEZEEDOEA/ NSV ZRL, 20l
FIIBX TENRD o T-. ZD=8, 7T ADDIFD HE
PWRNSWRETH Y, HEimm X & R R L
T IR R b BN Rolc b B XD
nre.

A IR A B X 00 — R AR 35 M OE R S,
4 v 7| TIREGMEX E RS TH o7, [~k
B TRy F v X =7 | (3G FERICTVME & 72 5
DR, FUNEFIHTIE, HIREENFE U ThiuiX
WEHNEE RS W R EZRCHBOMARE L o7z,
DT, — AR O T I RF AR 23 8O oM
DERETH &, —RMBER & FEEHN S BT b
NENU7ZBEE, BHHEERSCSE T EE X
b,

BB CTEBENRRELL BigoToZ b, BHEOE(L
WL D ME~DOEENMERS N, R (2005) T=F
FA =N« XTI =T DTS TR 2 0B R ek
PR, IR, BRIRY, B OMERTH DL E LT
5. E£7, A (ER, 2005) OFT, $AEEIZEY A
R, feth, BIEMEEOCEEONT o 2R GEIE
BLHLE LTS, AERITSEY 4 XROLE (TEE K
OIER) 28— L, IWERHE 2 £ 1EEORE R BITER)
L Lz, IR (2005) S 7SV RHI O O
TEE L UCHEBT REEEIIEY, B, BIEM
BOBIKONRT AL D, RED 2 GLEEDNT
AT 5 BRSO E SIS A B Lo E (F
Lib) RURRIRO s (BREE D tb) A b, WikksgRe
H1.625% LT\ 5 & &b (Sachsh, 1976) . AEER
TiE, WEERENH B SO0, SRS R ES
BRI ARE I R ORRIEY AV E <, 1621280V vl
L7 DA R B, RN O 8BS B 12 RN
UFEESN DRI RB SN, BEART AL O
BRI OX 5T H D BE RISV CTIIIERE DS, K
WOV TEEZXOHEPZ LT 5. FEEEICOVTIT,
[IRT w7 IEHfEICED Lizb oo, T8 &
W TRy F ¥ & —7 ) THEBEEIRRNGEX OMEIXES
BRITEVME & e D mn R ohniz. £, EXHHKIC
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DWW TIX3AAE & b BB IR 5 XX 4 B XA b
Bpipl lpodeh, HiMEZTESEXIZEVME & 7 2 8H
BB, fiEIT 7 < & DABLIRIIE O L 7153
F 7o Tz,

bz &b, PSR ORBGEILELE
A L~ BRAERIE & A L oD B X RIZELL L L7 b
FreEE AN & LRI T & D AREM S R S L. E Tz,
AR ISV TKEGEO R BN REIND Z & h
b, HIMESE 1§ 2017 FOFERORIZ, £IKROF
SIRMEWEOHEETH 72 LThH, KEHEIZED
BEIIfl 2Rl CcXx B B2 bz, —H T, WEIKk
FETEEIZOWTEREMZOH D LWL Lo
. FORYD, MAETOMREORFNLETHE &5
Z b,

¥ 3EH BALERADGHORESEHNFTE
RUEBICRIFTHE

WM ES 282 OFER D, HERREO A O
0 BV B (L~ BATE R AE % (138 LD 5B % [
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11 255 260 TIT4E H S T2 31T 2 REHIREE & 348
LR OFEICEBEERIE L. 26D b,
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BIEAFERETE 52 EARBEND. £i2, ZOHER
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SRR TRy Ty ¥ —7 ) (ERRRESFER) 23 L7z,
HERXIT 20C—EDRMNTE (HOANY O T
T FL A ALERREIIAE A AERAE T E T, A ALBRIRRLISM
HoiE<T) #7H 17 H~9 A 18 HD 63 HiEZHIZ
7o MEmER, MAAMME 258 A 2 H~8 H 23
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23R INPEALEE T ORI KUR O HER

eV B IR SR T R
WENE EEAERT R A 4 ALES BN
(7/17 - 8/1) (8/2 - 8/23) (8/24 - 9/18) (7/17 - 9118)
G R 31.9 30.7 27.4 29.8
LR M 30.5 30.7 27.4 29.3
i3z 30.5 31.3 27.7 29.5

S HALEE P f OV B ALER I H OA Y ~H DO E T,
FAAEFIIA DAY D 14 KBTI & 725 KD IC
20°CCHE L.
SR W5 ¢ A B AL R OV A ALERR I3 R X & R CIR =
T, B E S X L F CIREE N TR B
L7=.
2) 4 HALBRRT & OV HALER A 1 5:00~19:00, 45 HALEEHIZ 9:00
~19:00 DfE %z~ .

ED) dem s

=T OBE - mKRLHE
24K MBI ORFHNREN T RIROHER
PN I 11 R = P T 8
WEHE AR R A B1H LB 21k
(717 - 8/1) (8/2 - 8/23) (8/24 - 9/18) (7/17 - 9118)
W 19.2 20.4 20.3 20.1
SR W 25.4 20.4 23.9 23.3
BN 25.4 25.3 23.9 24.7

L HALBE R R OV AL I A OAD ~HDOHE T,
HHAHEPIIADOAD S 14 BRI & 25 K 9
20CTHE LT-.
SRR - A H BT R OVE BALERZ T A X L fH Ui
T, EH AR ERES X L F CIRENTE B
L.
2) 48 A ALBEET M OVE A ALEL% 13 5:00~19:00, 4 A ALFEHT 9:00
~19:00 D% =T .

TED) AP

25k KHWMBETEDEVDY [RyF¥ ¥ —2r ) OEROERICRIETHE

] FA1E H HOU BRE EER EZEMK SRR FUEERO Kk EEK
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WigmE 10H 5Ha? 305b 345 24.8 10.0 a 25¢ 6.5a 31la 10.1a
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DL L ORRIE VD LIz RIF T 2
2 Bt eV MR tkaEoie
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OB wx fd ns ns
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3) ** . 19%KIETHIE ns: HEERL

4) AR B YT 5% KIETAH LD Y (Tukey, n=3).
HEAT, BHOK TR ZELE S ke Lz, 2018
£5H 11 BT LIFEZITY, 6 H 26 HIC 2 Hi LT
DL, TH12RICB 57 IAF v 7ék (k& 13cm) 1T
fh b Uz, BRI 1 K4k 3 I & L. &I
MR OIRENOREHR, BRER L OBIER D&
oL, MR, EEE, XM MR, B 1EEOEE
Hifr, —WABEE OTERRIC W CEMmLE. £
g H RO R (FI) ROBKIEDOLRE (B
EO) FRERM L.

2. #R

HGEA 7 X OV 55 (X O B SR KGRI, B AL
ANEEBA EX 3 1.4°CHE <, 8B A PG E XA
0.6CE<, HHNHLKIZFA%TH 7T (523%) . I
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BRAE K OV & 55 25 IR L7z, BIAE B34 B s =
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edihotz. F£72, FERIL 3 KM TENE N -T2
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Stz 1 EEOEESMIERDEX N K B,
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7o, FE BB X O — RAUBE OFEBEEUTE e 5 X
WAL, BNEX LRAETH-72 (26 K) . £,
JE R 5 X D B S P e vy S X B MRV B XA T B
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BRI otz (263K, THE3) .

3. ER
HAMHEXIIEA LB Y O21H B O H20C—ED
KEB R EITo722 LD, HIFESEORE ORI
IR B KA HERBCLL Lo Te. &0 X 95 7kl
BWTH, BEERITERMEX R THY, EnE
X X0 RHICBHIE LT-. 2070, BITEIC W Cididik:
L CHEZFT 5 MBI _1/3D A 4k CTRI%Z O 8h R 15
B, FE2T 261 55 25 TGRS L 72 s O 1 m B3
LZFHELY BEIEK IR MR L ETHD &
Ezohiz. %72, SandvedD#iE (1962) 1724°CLLTF
DREL TORETH 720, AEHOMERNS, EiEY
DOFEFIZI T B H LB IR B 2 BHAE I 58 < P2
LEEZ LN FUEFHOME TIL, RETHEAL
MEHT L2218 B OfEF3{b AT — P13 #120.0C X
23250 C I RBFRICHEFE DFEA T — U R AL T
2. £, ZOREORFH20.0°C X DIEIEFREE R T — V1T
TEF DO FH/NMEBIT B L T LR IND, S
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OHZEIZOWTUIRAE TR o 7203, HAMOARE

IR 24T > T b HME KIZ A~ FHNBITE L 72 B i
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M) R BAER BL BRIE R% BUERE RN
SLERIEH ALER H %K (cm) (cm) ik EAEEA (#)
(1=1) (H) (fi) ()
(a) )
0 7 9HI11H 194 242 12.0 5.4 7.8
0 14 94 9H 19.2 25.6 11.9 5.0 8.0
2 7 9H10H 187 243 11.6 4.6 9.9
2 14 94 8H 185 23.9 11.7 4.4 9.2
4 7 94 9H 179 240 114 4.2 8.7
4 14 94 7H 180 2238 11.9 4.3 8.4
0 9/ 10H b? 19.3 24.9 11.9 52 b 7.9
2 95 9H ab 186 24.1 11.6 45 a 96 b
4 94 8H a 180 23.4 11.7 43 a 86 ab
T e T PR s T T T P .
7 9410H b 187 24.2 11.7 4.7 8.8
_________________ 14 94 8H a 186 241 118 46 86
Son S * ns ns ns ns ns
2 HAEH (2% (D) ns ns ns ns ns ns

HD MIRAHALE : 10°CRFROWAEEZ 4 A To 72t 3 B MR =SS,

2) L HABE : 15 BE~19 1 15 DT TIAN—I—F o 2 FN T =— K.
3) ** 1% KMETHE *: 5% KHETHE ns: AEAALL.

4) B DT T U KMEDHEAEDH Y (Tukey n=6) .

THEM L7z, 27 4 71 13BE R L OBIIEH OB, %
g, EXE, TXHK F 1 IEEOEEMHNLOIEEEK
WCOWTER U7z, 72, BRGELHE N O B AL
DIREBNOFEHZIIRE A ROWELH 3 FiH 2 HioE
Br1 LIREBEDHIETITo 72,

2. #R

RENOEHSTIEL A EOHBICOWTITEIVES
2HIDFEFRITRLIZEBY, S R25CLL ETHE
BL, £EEEL EOBRESRMG T CORIEHREERLT
WhEEZ LN (FT—2EM) . £72, 8A TR
RAHEZTRIoTWEEEB X N (FT—XAM) .

DX I REETIBWT, TRTORFEIZ OV TH
R EALVER 15 K OV H ALEE B B0 BRAE R OVE B IC AT

R T OuBLE S U T TR L 72,

(RF 4 w7 T, BEIRGELIREEI N 2 5120
WBRFE H 23 R B 1B O & AL 0EN e ~<2[E K Y
AR CIREML & 72 0, FEEERIT0MENIC b2l T < 2o 72,
Fiz, MOPFAEHEBICEIZ R -7, BERIZ OV T
AEEPRDLNIZHO0, fbBv4bl L Kb EV0mE
L TC2HDETH 7=, HELEBEKIZOWTIE, BITEA
IX7THIZHARI4B THEICR N2 00, TOFEII2H
Tholz. MOFHEEBIZOWTIIEN R, W
NOREEE bR AEMERITRD Do 7o (34%) .

LA —X) THE, BXRGBLEEREEICOWTE,
NTCORAETEE CTOEN 20 K C4EIE N A B I/
<, 2 e 4R & TIEFSE S L IF4RICEN/ NS <D

27

BN R SNT-. FRZBERIZ OV TE, kbR o724
[ 0 T3 A D TH - 7= 48 A ALE A iz >\ ¢
i, EEHEBIILE B BOENIL DT, ol
HEHEEITLBEABDNEL RDICONTHENNE L 2 D H
MR R LN, BERICONTIE, &b Fh-7-21H &
BLENSTZTHTIORDERH - T-. £z, feFEKic>
W BEERANGED b (55356%) .

(X7 47 ] TiX, BREBLIREEDEZ 212960
BIFE A S, B, BRhE, EXE, EXE F 11t
B O & EFN K OIEFEEDOMEH /N E < 72 DM 5D &
Nz, PFERIZOWTIE, bRV 4EEFHIEWV O IE
T8 HOEND 7=, HHME B OWTIE, AHEA
BREL 2DV NRL, EXE, EXHKL
O 1 LB OB A OIS e HHABED b
To.o Fio, HOL, BRIER OYEREEUIAER A B 0iENIC X
LEITBO N7, BRI ONTE, KHEW
14 HERBEWO HT 17T HOERD 7=, FL, FXE
EROIEEHE RS HEEBIZOWTEIZAER D
bivlz (536 %) .

3. ER

BATEIZ DV TIE, WO SREIZE T b R R AR AL
BN %<, HALAEABEREWEERL D HEAR
RO LIz, FElo, MRERAEREEAFE O E 13
AAEE RSB VIE S, B BB FZEOHA M
R TRALELEIFOR 2 NE & RN BITE Lz, R R
BRI K 5 BATEARE B R AL B P DR BAELR & LT
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535K I RINEALER B OB A O AE DR 1A —X ) OBTER OEE I RIT %

Mok’ mR? BER  EL KiE k% SUEEO EEK
LB AUER A K (cm) (em) % AN ()
(1) (A) (H) (H)
(a) (b)
0 7 10H 6H 22.5 27.6 11.4 6.6 8.8
0 14 9H 29H 21.4 25.5 11.4 6.8 10.2
0 21 9H27H 21.0 23.3 11.0 5.6 8.0
2 7 9H 26H 18.9 22.2 10.0 4.6 7.0
2 14 9H 22H 18.1 22.3 10.2 5.0 7.4
2 21 9H 14H 17.4 21.4 10.2 4.6 6.8
4 7 9H 22H 18.4 22.5 10.6 5.2 7.0
4 14 9H17H 16.8 20.4 9.4 4.4 4.2
4 21 9H 14H 14.9 17.7 9.0 4.4 4.8
0 9A30HbY 216 ¢ 255 b 11.3 6.3 b 9.0 ¢
2 9H21Ha 181 b 220 a 10.1 4.7 71 Db
A 9A17Ha 167 a 202 a 97 a 47 a_ 53a
57\%157\%3) xS sk xS sk *dk *dk
7 9H28Hc¢ 199 b 241 b 107 55 b 76 b
14 9H22HDb 188 ab 22.7 ab 10.3 5.4 ab 7.3 ab
________________ 21 918Ha 11Sa 208 101 494  65a
%ﬁ%*ﬁ %% *% %% ns * *
ZHAEA (@)% (D) ns ns ns ns ns **

D HRGELI : 10°CHEROMBAIEZ 4 BT 7% 3 A IRES L.
2) MR 15 FF~19 B 15 2T TY A= =T U 2Ty =— K.

3) ** I%KMETHE *: B%KETHE

ns : AEERL.

4) R DT T 5% KEDHEZEDH Y (Tukey n=5).

ERLTWAZ EWRIBEND Z &0 D, BIRERLEL
LHE BB A A A DT Z &I X A BB R E R,
FAVERZ K D8 H OFENHAIZEE LD EEZD
nre.

W ALER DR A G HIT L A BB R 2D SR I T R AE A ©
BB IAT 4o L0 HHELED (27 7] RO
EMFED WA —X) THETHY, SEMERLONL
7o JHBAEY CIEAEIE IS LB Ao U B AR AL FEOSR
MICL - TR ZENREHORBETHALATEY
(Tsukamoto®, 1968 ; EA, 1998 ; HIL D, 2014) ,
A3 (BERD, 1998) X4 X (JHR - iER, 1961) T
IRRA R SRR I L e B AV B BT o
ERHEESNTWD., 2070, AKIEBRORB KA
& RAE A LA IS X B BRI Rl SRR 2
DAONEZHEHBE, =FF 4= XRIT=7 Lot A
OWE L RIS, BIED BB X o THRIE M bic T
REBAEAEOERENRARY, EREODRVEA
AED [T 4w 7 JICHAREREDO LA RO [
T4 T RRHERFED LA — X CHALHE A A D
BN E I EN LRI,

Fio, 37 47 TRHEAHEOMAE DI X 5EHE
REDNRIZZAERARRD Sz, ZOFRRIZHONT
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BAPR R 2 M EZIROREZIT O &, MRAERL
PRI 030 70 < B H ALER H 4003 OB oE TR
HEZNRVPEEE L 70V, ALEREH K OMLER HEA %\ 2
Y TIIRPFRIE L REAR R oNT (F—44A
) . =5FF— e RI=7 LFELL BNEBEY T
HBH7 Y Aw A - _XI=7T (Begonia x cheimantha Ev-
erett) TITE ALBIIBHELRESEDL DD, ZD%)
AP B EAFNE EBEFIC RN, —EU RO H
Bl s &, ZRL EEIBERREL RN ERE ST
W% (Heide, 1962) . D7z, FLHLIE R A BIEIC
KIFTHEIIRENRH D L HREND., DT &b,
LB O AEDEICB W TR AEEANRD b, 0
B3 OMLER A 3 26 O AE oE CBRIBIEEZD R 0368
18 L 72 2RI, WM AA I X » TFMEHA
ROBMEBZ =D EEZ L.
ERIZOWTORET B I, BIRGEQERERZ <,
HRANHE B RWIEEEI NS S ROHEMmA RS,
F7o, MIRGEAIE L EH LB A i35 &, [RIRGTR
LBRTIEA/ NS K 2R DHIAINIHE Th o 7. IR R
L, BIVEFIH R OFH2H OB L TIR72, MmERF
O R CRILEOBD 2 &, WBEHESEA 5 & HE
AL T~ OB 325, —FH T, FALET
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moawmid wmRY BER L KIE  E¥XE E¥ BUEEO EEK

JUBRIRIEC ALEE A 3R (cm) (cm) (cm) Hi% AN ()
(1=l) () (1) (i)
(a) (®)

0 0 10H 3H 25.2 35.2 17.5 13.9 5.6 9.6
0 7 9H 18H 24.3 34.3 15.8 12.2 4.8 8.4
0 14 9H 11H 24.6 35.3 15.1 11.3 4.0 8.1
2 9H 28H 23.5 33.5 14.2 12.8 5.2 8.2
2 9H 13H 22.2 32.2 14.3 11.9 4.6 8.2
2 14 9H 8H 21.1 31.1 13.5 11.9 3.9 7.4
4 9H 18H 20.1 30.2 13.8 11.9 3.9 6.9
4 9H 13H 20.7 30.7 13.9 11.8 4.1 7.6
4 14 9H 9H 20.2 30.2 13.2 11.2 3.6 6.9
0 9H 21H 04) 247 ¢ 34.9 16.1 b 125 ¢ 48 b 8.7

2 9H16H b 22.3 323 b 14.0 ab 122 b 46 b 8.0 b

R 99130 208 a 4a 186a 116a  39a Tla
%gﬁﬁ*ﬁﬁ) *¥k ok *¥k *k *k *% *%
0 9 26H ¢ 23.0 33.0 15.1 b 129 b 49 b 8.2
7 9H 14H 22.4 32.4 14.6 b 12.0 45 b 8.1
S 494 9Ra 20 22 140a U5a  38a 15

ki &g R ns ns ld ld ** ns
28 HAE H (@)% (b) R ns * ns *k * ns

TE1) BIRAHALEL : 10CHROMBALIEZ 4 AMIT - 7-1% 3 H iR &AL
2) FLHAHE 15 BE~19 I 15 A3 T AN— A =T v E AN Ty =— K

3) ** L I%KETHE *: B%KETHE

ns: AEZERL.

4) B2 BHCFMT %K EOHE 4B D (Tukey n=9).

ALER F A AN 2 T H B~ OB 1A Y472 0 KR o
AL L. Z07, [FHLE O RIZ BRI
PRGN ENHE RN L s S nT.

MALEE S ELRIC RIT TR, BATER ARk, BEYE
OREENBENRHEIZSEE ThH o, £, KU
A G L > TIREMFEAREO bz, ZEAFH
WD LN FEEBIZHOWT, £ T3 % B3
DROMREEITD &, WTNORFEEBICBWTHRIE
MW DG OIS, FMRMBAAERREE S L <
1T AL BN Z VG DREIZ LD ZRN/NEL< D
BrRzR L (F—281) . BEOZ{LITFERES
B~OEILEDDOFTENET D2 LB VN (FR,
1961) oA F =2 (FEHD, 1993) , F+XY (1B 5
1996) EOE AMY THE SN TWD. Fo, EHEY
TEHLN, YavarAAI YU TIZHEOEICE
D FALFEM OB L, e/ NMEDREIC B S
FIFFT LHELZ SN TS (KD, 1992; 1105, 2013) .
INboZ Enn, BER RIS, HE~OFELE
HZEREN L\ FRIE EAERIC X 55 B 2h R 23 Rk
MOSEICERS B L, MBOMBAEDLEIZL > TEER
HAERAZRE L EHRINT.

AVEROEITOR B AL TRT 4 7 ) LR [AAT
4 v7] TIX14 B, ThA—X] TiE21 B E &h
TW5h. Fio, FBIVESE 1HITIE 37 4071 OBTER

29

1 & L O R ES D T2 DIIE 4 180 [BR AHALER
EIEAMETH 7. L, AHCTHELZBX G
SVEE & B A AR DRI L Y, BARETH D ]
T4 v 7] TRHEAMRETERD R T b o0, TA
RO 327 47 ) ROMAERTED A —X] X 2[H
OREEAEL L 7 B o4 LB BB OMAE b TE
1TO%E BV )71k & RIEFINCBIIE L=, $£72, 4 [MORIX
WAL D LRI/ NS V3, BT OR B LBy
BRI S <, BRIBEkS 22 o7z, HiZ, fEF
BOXMRGELE A 4 BT 5 & IBIT O H QI B
FIlDelleoTehd, MIKRMBAEE 2 B EE AL T HH
DALBE DEIIEF R OB BEM STz, BR B TERL
HILE OWBAEIZ S W& TET 5. £, BHAELF
RSO A PEF TIEFE T D Z L% <, AEA
BRBENEEF NI ENDS. oD Enb, K
i CHET U7 R R AL PR & 45 B ALER & f A B o B AL
BRFVEN, AARFRO MR AL ER [ & 1E1T L 0 L VWE
FALER A5 CIEAT L RREICBRE S Ep 2 LT, &
RueWETELRT 72 HEE L THETHLEEZXD
ni.
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moawmid wmRY BER L KIE  E¥XE E¥ BUEEO EEK

JUBRIRIEC ALEE A 3R (cm) (cm) (cm) Hi% AN ()
(1=l) () (1) (i)
(a) (®)

0 0 10H 3H 25.2 35.2 17.5 13.9 5.6 9.6
0 7 9H 18H 24.3 34.3 15.8 12.2 4.8 8.4
0 14 9H 11H 24.6 35.3 15.1 11.3 4.0 8.1
2 9H 28H 23.5 33.5 14.2 12.8 5.2 8.2
2 9H 13H 22.2 32.2 14.3 11.9 4.6 8.2
2 14 9H 8H 21.1 31.1 13.5 11.9 3.9 7.4
4 9H 18H 20.1 30.2 13.8 11.9 3.9 6.9
4 9H 13H 20.7 30.7 13.9 11.8 4.1 7.6
4 14 9H 9H 20.2 30.2 13.2 11.2 3.6 6.9
0 9H 21H 04) 247 ¢ 34.9 16.1 b 125 ¢ 48 b 8.7

2 9H16H b 22.3 323 b 14.0 ab 122 b 46 b 8.0 b

R 99130 208 a 4a 186a 116a  39a Tla
%gﬁﬁ*ﬁﬁ) *¥k ok *¥k *k *k *% *%
0 9 26H ¢ 23.0 33.0 15.1 b 129 b 49 b 8.2
7 9H 14H 22.4 32.4 14.6 b 12.0 45 b 8.1
S 494 9Ra 20 22 140a U5a  38a 15

ki &g R ns ns ld ld ** ns
28 HAE H (@)% (b) R ns * ns *k * ns

TE1) BIRAHALEL : 10CHROMBALIEZ 4 AMIT - 7-1% 3 H iR &AL
2) FLHAHE 15 BE~19 I 15 A3 T AN— A =T v E AN Ty =— K

3) ** L I%KETHE *: B%KETHE

ns: AEZERL.

4) B2 BHCFMT %K EOHE 4B D (Tukey n=9).

ALER F A AN 2 T H B~ OB 1A Y472 0 KR o
AL L. Z07, [FHLE O RIZ BRI
PRGN ENHE RN L s S nT.

MALEE S ELRIC RIT TR, BATER ARk, BEYE
OREENBENRHEIZSEE ThH o, £, KU
A G L > TIREMFEAREO bz, ZEAFH
WD LN FEEBIZHOWT, £ T3 % B3
DROMREEITD &, WTNORFEEBICBWTHRIE
MW DG OIS, FMRMBAAERREE S L <
1T AL BN Z VG DREIZ LD ZRN/NEL< D
BrRzR L (F—281) . BEOZ{LITFERES
B~OEILEDDOFTENET D2 LB VN (FR,
1961) oA F =2 (FEHD, 1993) , F+XY (1B 5
1996) EOE AMY THE SN TWD. Fo, EHEY
TEHLN, YavarAAI YU TIZHEOEICE
D FALFEM OB L, e/ NMEDREIC B S
FIFFT LHELZ SN TS (KD, 1992; 1105, 2013) .
INboZ Enn, BER RIS, HE~OFELE
HZEREN L\ FRIE EAERIC X 55 B 2h R 23 Rk
MOSEICERS B L, MBOMBAEDLEIZL > TEER
HAERAZRE L EHRINT.

AVEROEITOR B AL TRT 4 7 ) LR [AAT
4 v7] TIX14 B, ThA—X] TiE21 B E &h
TW5h. Fio, FBIVESE 1HITIE 37 4071 OBTER

29

1 & L O R ES D T2 DIIE 4 180 [BR AHALER
EIEAMETH 7. L, AHCTHELZBX G
SVEE & B A AR DRI L Y, BARETH D ]
T4 v 7] TRHEAMRETERD R T b o0, TA
RO 327 47 ) ROMAERTED A —X] X 2[H
OREEAEL L 7 B o4 LB BB OMAE b TE
1TO%E BV )71k & RIEFINCBIIE L=, $£72, 4 [MORIX
WAL D LRI/ NS V3, BT OR B LBy
BRI S <, BRIBEkS 22 o7z, HiZ, fEF
BOXMRGELE A 4 BT 5 & IBIT O H QI B
FIlDelleoTehd, MIKRMBAEE 2 B EE AL T HH
DALBE DEIIEF R OB BEM STz, BR B TERL
HILE OWBAEIZ S W& TET 5. £, BHAELF
RSO A PEF TIEFE T D Z L% <, AEA
BRBENEEF NI ENDS. oD Enb, K
i CHET U7 R R AL PR & 45 B ALER & f A B o B AL
BRFVEN, AARFRO MR AL ER [ & 1E1T L 0 L VWE
FALER A5 CIEAT L RREICBRE S Ep 2 LT, &
RueWETELRT 72 HEE L THETHLEEZXD
ni.
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HNTIERE ARSI L 2 BRMEIHI 2, & A3 B Qe
WL DB EAT D 2 & CRIERE A FTRETH Y, H
EHBNC XD EAEEEMTONATND. ZD, FEH
T UCRE LTEHIG 21T O 2 L 3RRE R ERIZD7%
D5, UL, TERCTIIRZE LIZHANR AD 590 ~
10H OAEEEN DRV, ZOERFRE LT, &IRICE
LEERBESCE XL ORRIC I D MEETREZ LN T
5.

TTFF—)b - R =T OIREICH T DML OEE
BOSIE 1970 % e~ 1980F RIS T CTHEN TR~ 72
WFRBITOI, T OHLE HICHUE OB R R D i
SMINTWS, TNET, =273 F4— - XTI =T DfH
HBFEAEEIOWTRICBO THIRENFmWIZERE
B & &, BIERIEIZ DUV TILRRICIEE & S v TV
St —FT, IEZEB(LOFEL Ebh s EHORE
RICEY, ka7 H CRRMESEGTOBIENFEA L T
. FDD, TITFF—)b e _XI=7 DIH~10H B
VERICRRE & 78 o T D BITEEIEIE, B 7H ~8A
LhBbZ it EFOEBIZ L ARENRB I N
T, AR TILEFOEMOFBRE T TOTFF
F—b e RI =T ORIER CEERIEEHLNIT S &
EHiZ, 9A ~10AERNC I T % BITEIRAE O [Bl8E 2 Rat L
7. O, DAL v RERCEE 72 o TN D, BHE
DYEFEIZOWTHRE L.

9, BOETA o Fa—FE2HA, AITRETFIC
B 2 BIHNR L K& OWE IR L O A& b 3 BAE R OV
BICRIETHELY, TERNTEEZEDOS, AL
O (RyFvF—7 | THILT.

% 0= 1E TSR E27.5C, 30C, 32.5CKO
35°C & HF IR FE20°C J UN25°C & LA A o 7= SILEL TH
L7z, 2558, PIHNRE27.5C CIERHIEE25CT
BIFE Ao 7. BIREEE30°C CIERF IR E25°C &
20°CCREME BBENRETH 57248, 25 CITEIREA K
o7, AR S2.5°C CIIRE IR 20°C TRITE A %K
DL o=, BELISMZ W TIE, BHNEE OFEIC
b o3, BHNRENE L 2D IV ENED L,
BI#I35°C TIIMER L 72k CRESE L 7. BHTIRE 23
LU HFHNRE N R D L, M EISETR VD, EX
DIFERHB N LN L. 2D &b, B
WL, BIHNREE27.5°C CIXRFHIRE S &V, T7bb
EHRRED EVIE ERYNCRE L, BEFORE L EEO
KISErRT EEZ LN, —FHT, PA#B0°CLL LTI
BRRENREO ERENALES LATBEELHE, Zh
ETCORELFRRLEETRT EZEX BN, FDT
B, TFEOIA ~10 A BTEERICHAE L TV 2 BRTEIRE T
B oRIE R L 2 RLED OBl e D L)
WEL WD LRI NT.
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FIEFE2MTIE, & IEFELIH TR RIET T8RN
S ThH-o7-, BAHIB2.5°CICHIT DGR D& AL
FOHMER ORI LT THELRE L. TO/KE,
25 CIXIZ20°CKIZHER AT =V 1T GRoy(k) b2
T—VIV UMEERIER) £ TOBITHELS, AT —Y
VLD OW T B AR ERKE ofe. ZD728
%0 EHE1E OWIIZ0°C K (882.5°CIZHB W\ CTHEHI25°C T
BAAERI N DR BB E AN = » 7 JRIE, BEBHRE O |k
HicL W EFEOE~RENESI N EEZLN
7.

B CIXAEEBIG B T 2BRMBRERR S LT, £
BofhH CEEDRENHE SN TWD, BEMELEEE
WixmEr Lz,

EMESEIH TIIPELED Ry F v F—2r ] ~0,
HMEFH2HE VA TITRARED N7 v 7], HE
AED (R F ¥ & —7 | ROWRAFFED Tt/ ) ~
DOEEHI20°C D EAVEL S BAAE B OVEB IS BT 3 2
EREt LIz, Ry F v X —27 ] TIX20174F L 2018FD
2MESENE L, 2017THILAEX T, 2018 IEmEXT
FHNCBAAE L7z, 20184 OO EHEIRIT201 74T 1
~HIBCEMM -T2, FDiz, HUEHIH O R4 HE
25 &, MFEORMBREIZ XD KG0ERT, HIEE
DEWZED LD EEZ N, PHMKEREN- T
2018FETIE [T 4 v 7 | KO~ R IZBWVW T,
WA BT IS T L BHICBE L., 2ho o
b, BIHNREARVEREE TR W TR B
BATH &, B CRBE A M CX b LS
o, —HT, REGHEE, A LT X TORET, &
RMER OB L RO BB Y, SWEETE
Wio. 2072, BMEE % 4B CRIF T 2121
B2 RE SO OEEROEIT L 5 MEK T 2dET
LHENMETHD EEZ L.

WEF2M T, ERRMEEMRT 5 EICNZ, #
BEa R MY 55 EE KRG Lz, BB1ETIXEODe
(B0 EALE) 28, 9525 TSR IR R
B (RET500%E£DOTED THEKERKIENS0CLL Lo
HOLE#Z20CTHE) 23, F3EIIEAnE (E
HALBRIRE D A BFH 2 20°C THE) BBTER CAEBICKIE
THEBLBRH L. TOME, PHmmRRGERXOER
MBEIIEGE LD BENCBRTE L, Hik L CThET 50
HLRA%SThHoZ. £, HBHEMEIRENFICHNRE
BDNT U ANKES T, T, Bef LZERG
FAEEHFEO T T, M AR ELENBE I A R0
ZDOOMAEIRIE & [l ¢ &, WHKED RN 5
L TAED TS EEZ LN,

BIVETIIEKMBELI LY bR X o fEWRES
B LT, A F A5 CTHREHE K OIRIRALBE ) R WS
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SN TV BB RGTRLERS B OB IS T 8 e
WLz,
BIVEFEIFCIIPANED X7 4 7] 2L, ¥

LA 230l LooBE 258 T & DLy A 7,

A AER [ B R OV AR IR B & R LT, F OfE R,
10C OB BRI Z 4 H AT 5 T2 ICIRE T CTOEH %2 4
HEAT 5 A 4RV IR T HENHE Y THLHEEZD
nie.

HEIVES2E CIXPIVES 1 THL 2 & L AESFE
WZDWT, FARED Tx7 4 7 ) 23 L T, HITOHK
BEEHECTHAE B L O E 1T o 72, T ORE, M
R EALER A B ALER I B ~ALER B AE ) B BHTE £ T o F|
EAIIELS 22D L O0, AR & RIS EHER 72
BATEHER N FIRETH D Z LTz, A LFIC B
WEEZMHI L, HEORT UANKEIND EEZZ N
To. =T, WEICEET HIEEENE B AR
D Ule. 207, {EHEEDOWBA 28 Lo E et
T OV AR O i 23 AT RE 722 AL )5 1L DO BRFE S LB T
LEEZLNE.

HIVEFESHI Tk LA R 2 Z L2 BRI, 7
EFED INT w7, RAERED X7 171 LU
ERFED T —X) 2R LT, MRGHELE L EH
WER DA G DR DB OV EBICRIETHEE MG L
7. ZOFER, BARTED [T ¢ v 7| TRk E
IHONE RS b 00, FAERE X7 47
FOW AR A — X CIERIR S BAEREEE L <
T3 H A BN R B IREVREICBEAE L, Bk
/L, EBEENEL L-, 72, MAHEEZHAEDED
ZEIZE Y, MXREGEAES U< 138 HOE E EILCfT
5 L0 B 7O LBREIE R OV H B DL A& 8 TR
ot o >R hEZMH L, EEHOB b
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Development of stable flowering and quality improvement of
autumn cropping-type Begonia X hiemalis Fotsch. using night
cold storage and intermittent low-temperature storage

Taku NAKAJIMA

Summary

This study investigated the effect of high summer temperatures on the flowering
and growth of Begonia x hiemalis Fotsch., and studied the effect of night cold storage
and intermittent low-temperature storage on stable flowering, aiming to improve the
quality of the autumn cropping type from September to October, which is affected by

high temperatures.

1. Using an incubator with a photosynthetic photon flux density (PPFD) of 110 - 120
umol/m2/sec in the light period, we investigated the effect of light period temperatures
of 27.5, 30.0, 32.5 and 35.0 °C in combination with dark period temperatures of 20.0
and 25.0 °C, assuming summer temperatures, on the flowering and growth of ‘Netja
Dark’. The plants died at the light period temperature of 35.0 °C, regardless of dark
period temperatures. With a combination of light period temperatures of 27.5, 30.0
and 32.5 °C and dark period temperatures of 20.0 °C and 25.0 °C, a light period at 27.5
°C caused early flowering when combined with a dark period of 25.0 °C. With a light
period of 30.0 °C, flowering occurred at the same time for both dark period
temperatures. With a light period of 32.5 °C and a dark period of 20.0 °C, the plants
bloomed early. The coefficient of variation in the number of flowering days was
smaller at a dark period temperature of 20.0 °C than at 25.0 °C for all light period
temperatures. The main stem length, the number of nodes on the main stem and the
length of the first node with a flower cluster tended to increase as the temperature
during the light period increased. On the other hand, when these investigation items
were compared for the same light period temperature, the length of the first node
with a flower cluster at a dark period temperature of 20.0 °C was shorter than at 25.0
°C. The dry matter weight of the plant (total of aerial part and underground part)
became lighter as the light period temperature increased. There was no difference

caused by variation in dark period temperature for the same light period temperature.
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The changes in flower bud differentiation and development were examined at 32.5 °C
(PPFD of 115 - 123 umol/m2/sec), where the number of flowering days at 20.0 °C was
shorter than at 25.0 °C. A dark period at 25.0 °C resulted in a longer number of days
until the floret primordia differentiated than at 20.0 °C, and there were large
individual differences in development thereafter. From the above, it appears that the
amount of assimilation was decreased, and that growth was suppressed at light
period temperatures exceeding 27.5 °C. In addition, even for the same light period
temperature, it appears that the distribution of the assimilated products changed,
and flowering and growth changed when the dark period temperature was different.
With a light period of 32.5 °C, flower bud differentiation and development were faster
with a dark period at 20.0 °C than at 25.0 °C, and the number of flowering days was
reduced.

. The effects on flowering and growth of lowering the dark period temperature were
investigated in a greenhouse cultivar, targeting the harvesting of flowers in October.
In the experiments, the test variety was ‘Netja Dark’, and the greenhouse was cooled
during the dark period to 20 °C over a period of about two months. In 2017, in which
average light temperature remained below 30 °C throughout the cultivation period,
flowering was delayed more by the cooling treatment than with the uncooled
treatment. On the other hand, in 2018, during which the average temperature in the
light period during the cultivation period remained above 30 °C, flowering was earlier
with the cooling treatment than without. In both years, the internode length of the
main stem with the cooling treatment became longer than with uncooled treatment.
As a cooling method to cope with fluctuations in the light period temperature, we
examined a treatment of cooling during the dark period at 20 °C only on days when
the expected maximum temperature in the light period exceeded 30 °C. The varieties
used were ‘Batik’, ‘Belseva’ and ‘Netja Dark’. All three varieties flowered earlier than
with the uncooled treatment, and the flowering date was the same as that with
cooling at 20 °C during the dark period. In another test, I examined cooling treatment
with ‘Netja Dark’ at 20 °C for the dark period only during short-day treatment
(shading the entire cultivation space from 16:00 to 21:00 for 21 days). Consequently,
the flowering date was the same as with the cooling treatment for about two months
at 20 °C throughout the dark period, and the internodes were shortened more than
with the uncooled treatment. Comparing the ratio of plant height and plant diameter
to pot height, which are indicators of quality, between cooling treatment only during
short-day treatment and uncooled treatment, the ratios were more appropriate with

cooling treatment only during short-day treatment than with uncooled treatment.
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From the above, when the temperature is high during the light period, cooling at 20
°C during the dark period seemed to cause earlier blooming than uncooled treatment.
However, when the temperature is low during light periods, it appears to delay
flowering. As a countermeasure to this, cooling in the dark period only on days with a
high light period proved effective. The effect of promoting flowering was also obtained
by cooling treatment only during short-day treatment, and this method appeared to
improve plant height ratio and plant diameter ratio, and to improve quality compared
to uncooled treatment.

. We investigated the effect of intermittent low-temperature storage on flowering
acceleration and growth of ‘Netja’. 4D/4Dx4 (processing of four-day refrigeration
treatment at 10 °C in the dark followed by four days under greenhouse conditions,
repeated for four cycles) decreased the number of first nodes with flower clusters and
reduced plant height compared with that of the control plants grown under only
greenhouse conditions. The timing of flowering of 4D/4DX4 was earlier than that of
the greenhouse controls. We compared the effects of intermittent low-temperature
storage and short-day treatment (conventional cultivation) on the growth, flowering,
and plant profile of ‘Netja’ during forcing culture aiming to harvesting the flowers in
mid-September and mid-October. Intermittent low-temperature storage was
conducted using young potted plants, comprising four cycles of 4-day refrigeration at
10 °C in the dark, followed by 3 - 4 days under greenhouse conditions. Short-day
treatment was conducted by shading the whole cultivation space from 15:00 to 19:15
for 14 days. When intermittent low-temperature storage and short-day treatment
were applied about 2.5 and 1.5 months, respectively, before the targeted flowering
time, the plants flowered successfully. The ratios of plant height and plant diameter
to pot height were improved by intermittent low-temperature storage for both growth
timeframes. On the other hand, intermittent low-temperature storage decreased the
number of flower clusters compared to short-day treatment. As a method of
minimizing the decrease in the number of flower clusters and maintaining short plant
height and diameter, we examined the effect of combining the number of intermittent
low-temperature storage times and the number of short-day treatments on flowering
and growth of ‘Batik’, ‘Louise’ and ‘Netja’. Young potted plants were subjected to an
intermittent low-temperature storage regime of four cycles of 4-day refrigeration at
10 °C in the dark, followed by three days under greenhouse conditions. Short-day
treatment was applied by shading the entire cultivation space from 15:00 to 19:15.
Although the effect was not clear in ‘Batik’, the combination of two intermittent
low-temperature storage periods and a short-day treatment period of 7 days resulted

in flowering at the same time as the conventional short-day treatment-only
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cultivation method. The plant height and plant width were reduced, and the decrease
in the number of inflorescences was suppressed in ‘Louis’ and ‘Netja’. From these
results, we conclude that the use of intermittent low-temperature storage can control
the regulation of flowering in the same way as short-day treatment and can improve
the plant profile more than short-day treatment. It also appears that combination
with short-day treatment can improve the plant profile while suppressing the

decrease in the number of inflorescences.

This study clarified the flowering and growth response of Begonia x hiemalis
Fotsch. to high temperatures, established a technology for counteracting high
daytime temperatures using night cold storage or intermittent low-temperature
storage, and determined the stability and quality of flowering in autumn-cropping

types of Begonia.
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