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=R T VBT D RHIRE LI K OVE S E L AR
ZHEMINZ, R — MK i & RREE L oI A
RERFCE, R, AR Z S ICHE LMK EICESE,
B OB G TRRE LI BEK EAT 5 R g
BJE L, WA IR R 2ERABRIG RA R N D BEAF O SA, 38
BLOWEANAT ACHE L. KU 2AT LORMITRO
LBV THS.

OrzHl

BT AR E L - S— 7 HEROERAEL 32 LORA L&
ATz, By bROARPZ L HIRE Z DR R E &
ST2OFEE30 emDEEE LT,

QWK AT I

EREEIL (RARRCT) , FERE, EKRIERE, &
Wespie &R LTz, B BE~ oKy 4 ~—THl
L, KT 2—TI2 LK LT, HEKERITH S0
Cmthn, BRI &K LB b U7k
KIEBEDZED BRO TR REIZHE D ZRE LI AEF R
BLOWZL Z L ofikE%E, 1H20E, 4055 CHELE
FENICERE L8ROI ) AT LY ST E AT o
7.

10

afo



Tl = R Sl A R e

BIE HIEMNBEER, WELKLV
REGREICREFIZE

R OB T - BIERIE SR L LT, RISEIIRED 5
UNEAR v 7 ABESIE, iR S A7 B TR A Al
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BAKSBIZDONTELRD, WEHWLIONLNWE X
NTWD. Ry 7 AR S5 b T AR BR R ES Bl o e
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FEOTEEMICIA L-. £, BIBOMREL LTIk
RAREL, BEHOSEE (EME, FRE, BRI
B, THEEBLIOHMEOM) %R0 2 E

12

afo

(FRE, FHEE, BREEEBLIOTHEEEOT) Tk
L TR, BEHIIHR S IE U727 A Paic e 5 3
EHEIEC Y CERIL, ER i 2R BE LA O i A
ZIUEHMFE (LI1-3100, LI-COR%E) THIE L1EHE %
R, TEHEF U CHREOERMZF Lz, SEmA
5t (LT, LAD (31U o mRE 2 B0 mit (1,
000 M4 10 aXi7= v OFMAH TR Lz mifE) TRRL T
Kb, iBH30 B PARRER, WiBH#50 B o BRGR,
PR 100 HICHIER R 24TV, HERIEMER46E 722
EHCERESE., REEITRCOREOEYMEE, F
T B R R N S A VR 2% 10 R A i L, i
BT rOMER ST —F v — N CHIER, REL
Hewr LB o8 e 280 By, R b EBRE KT
A AL TR L TR R o rIEEE G &
ZJETHEEE (ACT-1, ATAGO (#%) ) THIEL, *
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BN SWEAR LTz, FEERIIN LRI 2AER
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HAEOHE Y ik il AL R AR B R FEAE
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8 5.0 16.7 3.3 20.3 4.1 42.1 8.4 2.8
350 L 9 5.0 17.3 3.5 21.2 4.2 43.5 8.7 2.8
S 5.0 1702 3.4b 208a 42b 428a 86b 28a
8 5.0 17.3 3.5 21.5 4.3 44.3 8.9 2.9
250 L 9 5.0 16.7 3.3 19.5 3.9 40.2 8.0 2.8
B2 5.0 17.0a 34b 205a 4.1b 423a 85b 28a
8 5.0 16.5 3.3 20.2 4.0 39.0 7.8 2.7
150 L 9 5.0 17.0 3.4 21.5 4.3 42.5 8.5 2.8
R 5.0 16.8a 3.4b 209a 42b 408a 82b 28a
5 2.0 8.1 4.1 9.6 4.8 20.2  10.1 2.8
100 L 6 2.0 7.7 3.9 10.1 5.1 22,3 11.2 2.9
R 2.0 7.9b 4.0a 99b 49a 21.3b 106a 29a
5 2.0 7.9 4.0 10.3 5.2 16.3 8.2 2.4
60 L 6 2.0 8.1 4.1 10.6 5.3 15.0 8.8 2.3
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ﬁ’%":‘r};x sk % sk k sk k *
il RRAEL, R B KOS R Om I HAB O S EAE L m” 4720 DR
Y4 B LRI Tukey EIZ K R 5 RINCE %o /K HECTH E 2570 L
HEMEORRTL1 %, *T5%KHETHE, nsiTH EZERL
32K B LREOBEOAIER, LAIBIOVEER O FEICRIFTE
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RO R IR AL WAL SR
WERX Bt AR B % ot 8%t E 8 EE Eem?
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350 L 9 1,772 1,112 38.6 20.8 4.2 133 92 225 45.0
SEE 1,702 87 1,061 38.4 207a 4la 129a 99a 228a 45.6a
8 1,771 1,062 37.5 20.8 4.2 151 112 263 52.6
250 L 9 2,055 1,009 32.9 21.1 4.2 122 105 227 45.4
SEHJ 1,913 a 1,036 a 35.2 21.0 a 42a 137a 109 a 245a 49.0 a
8 1,678 986 37.0 20.2 4.0 121 82 203 40.6
150 L 9 1,831 1,086 37.2 21.0 4.2 167 157 324 64.8
e 1,755a 1,036 a 37.1 20.6 a 41a l144a 120 a 264 a 52.7a
5 752 542 41.9 8.1 4.1 42 11 53  26.5
100 L 6 635 562 47.0 7.4 3.7 33 21 54 27.0
-1 694 b 552 b 44.4 7.8b 3.9a 38 b 16 b 54b 26.8b
5 637 488 43.4 7.4 3.7 44 16 60 30.0
60 L 6 588 428 42.1 6.8 3.4 31 20 51 255
I 613 b 458 b 42.8 7.1b  36a  38b 18b 56 b 27.8b
5 661 248 21.3 4.9 2.5 36 21 57 285
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350 L 9 61 12.2 47 2.5 380 4.6 12.1 4.7 5.1
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MRk PRSI B T D3l I Aok LR A T L7 ik &
LT, 7Ry (54, 1991, 1992) , 3 (K, 1996
b) , A7~ (GEEE, 1995a, 1995b ; ZHAE, 1994a, 19
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45 bpE, 1995) BLOU v avIhy (KA - &R,
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WA F-HE - Ll (1979) ARG RER T, ik
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AR 2002 17 50.0(43.0) 65.3  34.0 23.7 53 98.7 2.0 166.3 3.3 2.2
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2001 6 1,389 485 25.9 2.3 121 53 154 31
SEMRIE 2002 7 1,427 354 19.9 2.1 105 40 145 29
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WD, HERMPBZ DITHE-> TRE I EA~OZ RN
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TWB 72, oKL 5oz A4 5. Z07k
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bivle, EHI, EZED A FOEE T T X & o7
IHDNIRNoloZ Lnh, WAEFERNREE T2 L
Z%ﬂt.é%m,¥$ﬁﬁ£@%%%$®ﬁhmib
ERELZHERIN TS, KA - /& (2010)

HE P AR R b5 D BT~ D[R E) 53 ﬁéiﬂﬁﬁﬁib
LEEDILEHLMNIL TS, ZRHDZ ENBY
FAREX 1L, RHIOLE R4 D 7200 O F{LEME
FERRNIDEINHY, S HITRESOFULED/IF RN
E<,  SEAKT TIIMEMTT24ERICL8 t 10 &', 34ER
122.8 t+ 10 a' AR T—RAIIT DAL TV HIEITO
ﬂﬁﬁ%%ﬁﬁ@ﬁ®ﬂ%%$%’%%T%tk%z%
. BERITIE SEKT TIEIT O D61 t,
TIX2. 5fEREED12.1 t&E ZMMAER I NIz,
Thbb, BHRECICNZ, BAmEY 7D NEORS

MIZKD, o0’ TIEI0 t2Ex D BEILD ATHE
Elpolz. bRV ELDD L, YTRE XTI
FRARES LM 2K EBIC LD, RHNHE R Ao i e H

L’J\_D

39



WA BRI e il %5687

SRR SNAERB OB REL leolz. Fo, 2
X7 NIRBTAZ &0 BT 3 T & RN S A
OIWERPK LN Z LTz, MEEZYTFIRET DD
& CHEAHIEAE OILR K H AL, FEEDOHEMA K E < 72
S eI R AEA L, NEOHMAK N EHZ LD
no.

£72, B (1997) 13V > IOV TR N ko
T8 L0 bR ESE O8NS 72 0 OXA A
FERNE L, RE~OHERNPEE D120 LI CTRE,
BRNENDZEEHLMI L. RRBROYTRE X T
FEREL & ERD HAS~BOERRERINL T 2 YT O HEAE T
b, SIROFRIRENS RAF & 72 DI OfEREGR P D
DARBEIRFHORBEN DN LB, £

EEETRLEEBY, LADIZITENLS FEBETEL,

il BB B Jedin £ THOMNH T2 D54 L7220, 1R
B AR E B 1T D YT TR U > IO Y TN
[FIEE, #EFALD A EMEO R I BAEEO M EICHFIC
B WT=Z EBTRBR I N

EHHHE X OREAHT54E B 010 afaBi i,  ‘EEk

L3t lToZ’ L8 tEIERWETH-Z. T,

AR CTREICHNZBHIAAB TH Y, WA HREEE
IRBHEDIERZ BRCHE AT o272, FE RO E
DEVEWE L oo b B2 BRD. 7od, H1KkH
ot KOs o A, TS A%< Lz e
FAEE BB L7 72 A AW R ARB LY b
I EN 2L, b 280721 K 510 alf
BN EIHAHI5ERIC2. 1 tTH Y, JgE (2001) ,
H (2001) @R TOAAR TS TOE & [FFEE T
bofe. L, MEEEEDZE LT, FilHEX
XYFREX O 3RBEOINETH Y, YFIREX DR
WIZAE D & S 23MaEl b7,

—J7, YFHURE K IIAE A AR R fE R D F AN
%<, TR AE R R T & PTYTRE X O ER X
UREREIZH 7. FH (2008) 1T “F—n N+
A ZRWT, ERARDOLNIEL, BHEDTERE)
BAE LD B/ S W T2 O RHEAE R & R O TR F <
BT &, FREECE D FSRENC A 7 < T B T2 O R R E
WD D RE~DGEN L L 720 ZUU DR D & B
LTWD. REBROYTFHE X O FHALIT2A L D7
<, BHARSIEREIIAEAMT T ER TN S oTcb oo, ff
I3 EIIXT% E R L e D ZD% bMD2K K Y K
ELHERB L, Ml O DB o 2 e — L
L<, BEEOE ERE Lo oEFEA£ T b7l B
M2 A BN eholo B LA, LnL, M -
B (2003) 1%, “BAK R HE ICBWTREEHWE
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BEOLAERY TN T THHIUABRL N TEKET, &
M2FEEPOREFELREIERDDHZ ENTEDE LT
WBHZEND, BRARRZ BITRW TG BRI AT
HERbWEAAR EOBEESEDIEARTOEMLD A
RBThDEBZLND.

ZD &, MERIERERC XD —FYFELTO
B ITIEIX2E B D DR LSIWAEFENATRER Z v D
AR P R BE (2 d0 1T 2 R D BRREL s LT
(K& - 4k, 2008b) .

FTBEDFELD

=Ry wK OESURBERIERS (5 ER&15
0 L) TH 2 YFA THEMER: (YFREX) 23,
BHAAT, IR JOREMEICKITT A Hif Y
HNET (YRR X) 35 X OMEFT O A A B 4R 3=
BALNEC CPHIMEX) & seleat L=, YR REX O
10 afft GBI AF T 24E B v D ‘58K TL.8 t& 72 b,
AR, YFRER LD RZINTH o2, DK
HIUTRILE R ORI E & HI#nL, fEfHT54EH A6,
1t, GEEMBFNEITL5. 1 t& EAHIHIEX 8. 5% &
O TEZUL L 72 o7, RIEME TIERENRE  RFEHE
Ebm<HERB L. BHIERETZ2 425 & YFRER$24E
B B AEH G A0S BAF 7258 RSO S 40, ZEE OB
HRE L, FEMT3FEBEICIELAIN3E ERI-7-. 20X
Y TARBE X TR SN FTHE L 7R o 72 ER & LT
Y PR K IFARIE I BRI & 0 AR 2287 N 0 5
R AREZ2 2 &, BHADWKEIZH > RS HIC LY
EHFBOZLNEREPR L IR TE D ZEBRET N D.
BT, YFAEIZLTIC & 0 M OIERLLADA — 8 Ic
HHPTHZL72<0.5~3.5 mOESICRESN, Bl
DIELIEINCZ R BNRRG L 7o T2 12D TH D EE X
Y (/0



Tl = R Sl A R e

FE8E EMmMBKIZELD
B R MEBE S5 E DR R

H6EBLOE 7 ETIE, S X 2 AR PE HI
BE BT O A S & < B RBEHZINRH LN D &
(2, AR B IGEAEE LS B RN EPETE
HTEEHLMMT L. UL, SRR IEZRE XS
AR TR 7 E N E TEARE R REN LWV D KR
DD, BHERIZHTZ > TUIEa A M TLREMIC
K TE DRI AT LORBEPREL LTHETHND.
IR AR TSR D IR/ R0K 5 & G- 2 D FIEORFR
ThY, MGHFELEETHD. £, KSR
BERDTD, RELHABLMARTERHL. Lol
=R T UICBWTUIEEARARIC K DB FAIT R Y-
57, MEEOAREE S RHETHD.
T, REHEBR SO TEA TR N OKEE X
D728, =R T VIS T D EEAAKIEDOBRRE 21T o 72
\Z, IREGIERRT IR D IR KIERBHEETR,
INEBLORELEICKETRELZRALNIZL, K2 X
AR B H R R O RN 2 X o 7.

BicLs=hrtroRYPLIUIET 5058

ey e

F1ET EmHKIZKD

BT X RBESIEHRE S T L

AREITIE, KA N TRENTE, ZEMICHAKTE
B AT A UTCR%E LIz BB AKEDOHE IZ W Tk
~5,

1. EEHBRKCRATLOBME

R ARIEE, EEOEICRE LIZEKk~y b E
BB EFIA L CELICHRAKSE DA GIETH S, K
MmFaAKIE, #AKk~y b (18100 cm X BATET70 em) %
=y — h R — FORICHEGE L, KFEE Lok
mﬁ(ﬁta,Wéwcmgbﬁd%xlmﬁﬁmﬂ%
R, #aKkv Y FO—FHERA LRAKENOKE T
5L TITH (B8-1KA, B, BES-1) . fak< v b
R LEADRY = 2T L100%0 KA O 8 &
2o THY, kMR R < SHELEMEN BV ARkA

KEE~y FEHWD. &6, BEEEcy L A—~
NF % LTRETN D DA LML, Lo bk e KR
DKRFBOZER/INESL T D, B, HMAKEMN»LELD
BAANZ 5% DA 2 D1, FG7K L 727K 28 ROl
L7= (%8-1XB) .

WA TE
Lk ol

T T 10 cm
aaE FLIRE Rk oh -k
{105 % 1 cm)
B
LA S LT :‘
P -h%\ R ldtw 7 aaKhE
(kA2 LI

St

fkewh ="
o —h

AR~ 2o

F-1H  EEAG/KIC IO RIS O
ATERK (FLERY X)
B ORI ()
C: e ARIEEOMIEE (BrimX)
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—-—
BE8-1 Rififa/KIC IR HIERSE ORI
ACIERER (LED X)) B:EmfaKLEE

2. $AKT VDY

~ v b OFEAKREFEIZTEE S W ~10 cm, 7K A~200
DG FH R A RT. Eiz, EMES%OT G A, &
[BLJ7 1B~ D2 FBRFE K 2> HAILI0 enDE S TH 5.
~ v N ORIKRENZ, BEEETIRMEO om, ~ > ME
#100 em& L7=5d, AKRFEHEIZ2 L WERETHD.

FkL

IVIN—F)

5 S NGO N

fak<wb E}
S

=y —

82 Efifa/KIC IR HIEHE S O T

AIERX B
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afo

FEKARNNTAEAKFEN DR — V& v FORBENIEZ LT
LHZEIZX VKM A TEEORSIZHRLOIENTED (B
8-1¥C) .

3. HEOBE

8 EORBIINAREBERBLNO VY~ F & ‘=
K EMELZ. MERNII X T EMRE T AL L, 3
AR SINER OIA A T =L@ LT,

FEF TR M AR AKIC X D REFIERE & L, 200443 A
WSV 2T 7. AREGIERE X, EZ0.1 mo
v=Lv— ko R, Kk~ b, A, BRI X
OV EEREME I B AR U = 27 /L 100% 0D AN kAT B o
Ro— b2E, 20 RCRELEN—7 YR KL
2 LZIRA LR 1150 LE &L (JEH135X60  cm,
FIE125X55 cm, X200 em) U ARZHAHT TITo72

(H8-1KA) .

ST TH ISR ERY TSI T T, ERSEHAH =100
D E ST/ KO ICFEHE 2RI S, £EHI130
mDFEREH EHIZ0EDOMETHII L (E8-2X) .
TitiBH B X4 16 AT, 2 A8 BB %20 B IS TR,
TitiBAT 50 B AL B R, TBAT90 B ICHHIER R 21T\ 3
REEMR35L 72D LI Lz, 7z, WiBA%30H
IZORL Y RS2 T%D PR L U AR A BRI

ALVEE L 7.

Fott 5 T2, 0 mXFIE2. 5 mDEgILTT [ DA
AT, 10 aft S ORMEAE Z2004K & L1z, S0 L
HoffAla =y & LT L, mdbimisgo U2 Ry
To3f A A LT,

T AR AR D VAR (U =7 R1008 X1 7, EFR

(N) 12%-V > (P:0:)14%-71 U (K:O) 12%) % V>,
NEK > TIPS 720 100 gZ 4 B (E2EHD) i L
To. F7z, BEV A, ELREI LU SRS LU

B € |70 cm —>

) 25 cm

200 cm g

\zﬁz
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BERIEE (=2 (MnO) 4.0%, # (Fe.0s) 10.0
%, #ifh (ZnO) 4.0%, # (CuO) 4.0, &~UFHE (B:O
5) 2.0%, EU 7T (MoOs) 0.2%) %ZENEI1fY
720180 g, 96 g, 7.5 ghiJ L7=. " HREHBRIT T A
TEATRIBR & L7z,

28 MAKKEABEKES, RESLU
REREICRIEFIHE

AFITIE, EEKEAKIC & DREHIEHEES BN T, A
7J<7J<ué’ SR T E ORHEAER, IER LOREMEIC
FETRBREHEIL, KEZWNDTDOKGKKA 2 S
M L.

MRBIVAHE

ARFER TITARKKRALOIEDDBEHAAE T, IUEB LOR
FIEICRIETREIZOWT, 20074 IR M & I
HE TORKKM ZBELJEEm A H-2 cm, -5 cm, -8 cm®
KL LTHRFEI LIz, Z22d, #/Kk~ v bOIEIL100 cm
L7z, WBARIZ4A15H CTH -T2,

BHATRA (b, 3EHos JOERED , BhE S A mEis
LR, REMERHEIIE 3 ELRHRICIT 72, BHE
DABAKENL, R—Z o FCDRBDHIEKRE 7 DWW

KExZIL=y Y70 OBE G THRL TR L.

+HEpFORE 1L, 3 H 1B ICHKE D 550 cm, REHIE
755 emDNEE T VA A—F—THlE LIz, #Hk

50 — K (BT )
— 8 I
- == --5m
-2cm
25 F

+HEpF

BicLs=hrtroRYPLIUIET 5058

A0 emPL EOFHH R A VESEEATNIC A L7z, 3E
DKRRT oL, MBA%SIH (TH14H) B LTU116
H (8A10R) @ HODMERIOFAIBIIC, A ORE S
S E T Ly ¥y —F v 3— (model 600, PMS) T
HIE Lz,

B B

FEAKALSHIM Z & 0 Aok R, SRERER, IEB X
OREMBEICRETRELHES-1RITR Lz, BlokE
IXTBR#30 B £ THEBRE KRN EOIE &S\ OMETA 2
HY, -2 X TIERERKR i b IERKAB%91~120
A1229.3 LM/ R EmkEeole, ARKEDLHE
XEZETAEBTSETIE SRSV E 2D, %I~
120H TiE-2 emX &-5 enX & D#H23%, -2emX & -8
emX & DFETEI%N E K& ot

THEpFIZ-2 X CIxeHMEZ@m U CTL5THRE LT
(%8-34) . -5 emX TILBHH&60 HEHAS EF LI0H
E SRl 8~2. 00HEE AR LTz, -8 cnX TIX35H
E» S EF LA HENS2. 0L LT, 106HENS2.88
eV OMIE UL FE R 2 3 % 7

HERAARIL, TBEFR90H T-2 emX67.2 mm, -5 cm[X6
6.8 mm, -8 cmX62.1 mm&, -2 cmX I K W-5em X 3-8
mX LV b KREDST (F8-15%) . INHEHIT-2 cnX92.
8 mm>-5 cm[X90.3 mm>-8 cm[X82.1 mm&, FA/K/KNLH
FWEERE Do, REIFHBAKMAENMNEERE L,
-2 emXT365 g& AR, -8 enlX THe/ND280 g 72 -2
emX(Z< 585 gk T L7=. FEAHT44EHE 010 atakiy

S
)

'1\

éﬁﬁ EI (B R4, H)
BE8-3F  AAKKNLA L HEEpFOHER I KT TR
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Do
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S
BRHH

43



A A e f2% SR R 455

FEH i H568

afo

E8-1R AAAOKALOWIRTRI A KB, JEEEREE, IR J ORI MBI R 3%

X AokE" (LK 1) IR (um) RE ERE E O EE mE
0~30" 31~60 61~90 91~120 30HY 60H 90H  ULFEH g BB t-10a! Brix Ibs
-8em 9.8 9.1 10.3 12.1 21.3 386 62.1b" 821c 280c 59.0 33c 146a 56a
-5em 88 158  22.1 22.5 21.4  39.1 66.8a 90.3b 333b 623 41b 13.3b 4.8b
“2em 95 19.7 251 29.3 21.9 39.3 67.2a 92.8a 365a 620 45a 13.3b 4.5b
AR B - - - ns ns * *k ek ns * ok *
*H KK RIS R B OH)1E
VBB A
% LB I Tukey IR IZ XY A5 N5 % K HECTHE 272 L
Y EMEOREL %, KE5%KEETHE, nsiTHEARL. —IIKERL
82K M AKNLAHAA B BILOTERDOKKRT L v M IE T 558

B R ML LAI WD KRT 2%/ (MPa)
(BT : . o
m,/ Rt o) 1B %89 A 116 A
-8 cm 33.1b° 2,003 b 3.0b -0.99 b -1.03 ¢
=5 cm 49.2 a 2,858 a 4.3 a -0.63 a -0.71 b
-2 cm 48.8 a 2,955 a 4.3 a -0.61 a -0.66 a
HEE * * %ok ok Kk

" I Tukey I EIZ XV RISF S RIZE %o /K ETH B 2L

YA BT %, *T5%KEETHE
EHRAKMARMNEERE L, 2 mXTL.5 t&78o
7o BEEEISARAKARNL D B HIE-8 en X THLD2K L D) 1R
KIpoTadd, -2 emX T4 13. 3% & MFA R 0 5 Hh ik
PAAREE =K (BAT, BATHEE) OARELL T%E
1%LL b RlElo 7o, SREREET, AE7KAKNALA B BAKR-8
emXTh. 6 & H < BN - 72,

FEAKALDSHEAE B L OO AR T v v v M K
ET LS 2RITR L. FEEIZ-8 enX2333.1 m
SRHEMO2X KD /ot -8 emKITHREES2, 00
3B, LAIB.OLMD2X LY /hEh -7z, WBi#%89H
DTA14BB L1166 H DO8A10H O H O HAETDZEN DK
BT v ¥ VL, FRRKMAMEOIE ERWERIZH D,
-8 X TIZENEN-0.99 MPa, -1.03 MPa& 72 v, 7
A RLEDBRBICITZED L glgE s

F2H CITAR KRN Z HIET 2> 5H-2 em& T2 2 & THREHA
BRRLT, WREIOCRELENEND Z LEPL
MCL7e. AREICE, BHAER, INER L ORELEN
B Ak~ FOEEHL T B0, kv b

DE % 3P T LkaT L7z,
MEBLUVAE

AR TIRERAEKICIR T DK~ v b OIEBHEAE
B, WEBLORELEICKETRELZR LTS
), 20084FIZHEK~ > FOIEZAZ20 cm, 50 cm, 100 cm®
IKHEL L THRET L7e. FAZKKALIE-2 em& L72. JiBH H
IF4H14A ThH - 72,

A FEIAREFE IO IECNZ, THEpFOIE %
3 H 10BF 2R RITHEAT I 72 Bt o0 72 550 emdB M, %
TIEE A 65 enDLEE T > F A —2—THRIE L.

VasaxlloWazasd = N = ~ >
FE3H HAKIYFDEBNRES LUV |
(=== -/ - o B/ 488 P — - = i b
RERBIZRITTEE WK~y N OIENETI O L o Aok, BEMEE,
INEB L ORENEICKIETHELFES-3RITN LT,
F8-3K /K~ hDIEN BRI L0 A HK R, B, INEBLUREME I T A
M HEKE" (L/#,/8) REREE () RE AR OWNE  BEE
0~30" 31~60 61~90 91~120 %308 60H  90H Ui g BB t-10a %Brix  lbs
20cm 6.1 124 11.9 12.1 21.0 36.8 59.5b° 80.3c¢ 275¢ 81.0 45c 143a 6.3a
50cm 8.8 16.7  18.8 21.3 20.9 37.8 62.0a 89.1b 322b 80.3 52b 135b 5.3b
100cm 9.1 19.3 237 28.8 20.3 37.2 63.8a 935a 373a 820 6.1a 127c 49c
A EE - - - - ns ns * Kk ESS ns * )%k *
“H W KK B EE K B O
YRR BR A H 2

% B LRI T Tukey VRIS X0 IG5 Yo K HECH B 7L
"HEMEORKI1%, #IZ5%KEETHE, nsiIFEEZL. 13 ERL
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RE L FEARIBRIR IR I L D =R v o RSB IS 558

HW K EIIRAK~ v FOENIEVIEES L, 100 cnX T
VRS R AME 1R LSRRI R AN B IERE & 72 2 B #£91
~120H1228.8 L/ /M ALK& o,

AWK E DM ZE 3 A F B EDRIE SR EVMER & 7
D, JMBA%91~120 0 TIX100 emX & 50 cm[X & DFE1F23
%, 100 cmX &20 cmX & DZEIF59% & K& < 72 o7z,

TEEpFIZ100 em XTI 28 U TL. 5 THE L

(38-4B) . 50 cnX TILTHiBHH%60H 2 E 72 EH O |k
FL, B0HLAKEL. 8~1. OFREECTHERE L7, 20 enX Tl
P40 HEA S B L, %S AEA 52,420 BT
HBLT-.

HLEREARITEBI% 90 H T100 cmX63. 8 mm, 50 cmX62.
0 mm, 20 cmX59.5 mm& 100 ecmX 3 L UB0em X A320 cm
KL b R&mo7z (58-3%) . INHEHIZ100 cn[X93.
5 mm>50 cmX89. 1 mm>20 cm[X80.3 mm& #5/K~ v Mg
DIEWEERE D oTe. REITHEAK~ v FOERIEWZ
EREL, 100 emXT373 g iR, 20 emX A3 Fc/hd27
5 gT100 cmXiZ< 598 gfk T L7z. fEfTIFH4H D10
At F I R AK~ > B OIRBIAWVEERE <, 100 cn

3.0
— R (T 7)

— ZOCIH
= ===50cm
100cm

2.5 T

+-4EpF

XT6. 1 t&leo7z. PEEIIRAK~ > MENSE D20
X T2 LY &< Ae o723, 100 emXTH12. 7%
EMFARER DIBATHEE O FAEMELL. 7% % 1% LA - 7.
REMENE, fK~ v MESERBHN20 cnXT6.3& &
S BRNE -1z,

FEARIKNL R AE T B KOO KR T > v v LT K
ETREEHES-ARITIR L. HHEIF20 cnX2336. 3
m,/ R CLO2K XD /N E Do Tz, FARRIZ20 em XA
BEH2, 225K, LA 1 EMD2K L0 H/NE o7, i
BET90H D7THISHB L O1I2H D8 A4H DIEHD KK T
CURINVIERRAKRT v P DIRBRNZ KL, 20 aonX T
ITFENEN-0.92 MPa, -0.98 MPak 72V, 7H LI
ORBIZIIED Lsh st s,

0 30 60
A A (Bt A%, H)

E8-3E HAKT Y FOMED LHEPFDOHER I KT T R

40 'z
°
k‘.E
20 2
i
&
jung
K
0 &
90 T 120

F8-4FK K~V DOIEIBHEAE T BLOERDKRT v /WA RT3 5

B R TRBEEL LAI R OKBT 2L (MPa)
m,/ et 1A 90 H 112A
20 cm 36.3 b” 2,225 b 3.1b -0.92 ¢ -0.98 ¢
50 cm 49.3 a 2,663 a 3.8a -0.77 b -0.89 b
100 cm 53.1a 2,757 a 3.9a -0.56 a -0.68 a
=My * * Kok ok ok

" L I Tukey B I KV RIFF S IT5 % K HECTH B AL

YE B MEDRKT1%, *T5% KUETHE
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FAET  UFERTOHBKKLEANRES LV
BEoBIRIFTEHE

F2HiI B XL OEIHITRB T, FBKKALZ M 5H-2
em, #/K~ v FPOIEZ100 cm& 5 Z & THHIAAT, I
BERBIORENEINEND Z EEZHLNC L. Bk~
v N OWRIT—BERE T 5 EBTITE L TRVD, FakK
PRI DR — V4 T % LT 52 & TR IS
ARETCH L. KAH (2006) 1XHBH#9LH LA 15z
BRI K O REREM &N D 2 L&, JHES (2003) 1
B A 2> BAKAK Sy TEBL L7248 TBHT9 R 22 b ik & 9%
CETREEBBIOREREN LA T2 L2 LM
LWa., 22T, EEAKICBWTIXHEL ARG 15
AR E R A N X Ttk & 3562 & CREXZKT
SHDLZERLPEEEM LI EDLZ ENTE IR
7.

MHEBLUAE

JEHEARAKIZIWTRE, INEER T S RERE L
M &S DMATTHEEZROMICT D720, 20094251 B
H%ILALIBED KN Z-2 ecnB L8 em& LINFEE T—F
KALET B2 emXEB L8 emX, JiiBA#%9IIH~105H
Z-8 cm& L106 H ~INHEH £ T-2 en &KL &2 B I
%-8-2 mRE DMK AFRITI=. 7ok, WBHEZIOH ET
WKL Z-2 em& L7-. TlBHHIX4H12B CTH -T2,

A G EITE 8 EEIH O HFIEICM A, HEEKy R

(RFER ) 2B 110H O 7H 31 HIZkaARE M & fa
KRB O SO DR -4 JE Lz, BRI ROBPE
REDIEE A H10 em, MIE M55 cmDALE % HNEES and
A CERER UL T THIE L 7.

w B

UNFERT DOFEKAKALAS AWK &, T8Ik 3 X OEMR O
KRT e MICRIET B AL H-5R IR Lz, W
BRARIEL 74 DT BAT291~105 H O H W /K &iX-2 cm[XT24. 6
L, -8-2 cn KB L8 emXT9.0~9.3 LTH-7=. 10
6H~125H TlE-2 emX B L U-8-2 em[X T23.7~24.7 L,
-8 emXT8.7 L&Y, KL% TIF72-8 cmfllB Tk
B Uiz, % 110 B o Falio LKy
2 mXBEU8-2 em XK THUWRE L HL, -8 amXTL7
YL BN HEATS. Flo, BLOFRIEB T HRD L,
BLULTFATL D HA~6%IKn-o7-. 7ok, Bt o -EEpFiX
-2 cmfLERTIXL. GREEE, -8 cmfLFRCII2. 6FRE CTHER L
7= (MEEW) . EHOKKT v ¥ -2 anlXB &
OB 121 B A D-8-2 em[X T1X-0. 6 MPaf2f, -8
em X F K OB % 105 H A& 0-8-2 em X TlX-0. 8~-1.0
MPak 72 D #E KRR EE E @l e o 7.

UNHERT DGR R FERRR, RELE B L OUREIZ
FIET B A H8-6R I8 L. -2 emX OB FERELILIH
BA#£105H1286.0 mm& -8 cmXD84.1 mmk VY K& <720,
INFEM E CEDOBEIIED Lo T2, -8-2 cn XD R
FERERITAKALD3-8em &KV BH% 105 H &£ C1X83.6 mm &
2 MR EV/INENoT=R, 2 emé KL E BT EBITE
ERRNBRAF L7220, 120094, 5 mm, YLFERI96. 3 mm & -

E8-5FK INHERTDAGRAKNLAY AR, HKSy RIBLUBEMDKRT L AT R 758
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The Development of Soil Mound Rhizosphere Restricted Culture System
for Japanese Pears

Yoshio OYA

Summary
Nursery trees of 'Kousui' Japanese pears were planted on soil mounds separated from the ground by root-proof
sheets to monitor the water consumption rate at each tree age and growth stage in order to develop a soil mound
root restricted culture system (SM) with irrigation suitable to each tree age and growth stage in aim to establish

a technique for early-high yield and high quality fruit production.

The substrate of the soil mound was a mixture of 2 volume red grain earth with 1 volumes of bark compost.

Irrigation was performed by drip irrigation controlled by a computer.  The irrigation system was consisted of
a flow meter, a control board, a solenoid controlled valve, etc. Irrigation to the soil mound was controlled
by a timer and drip irrigated. Irrigation rate was decided for each tree age and growth stage according to the
absorption rate calculated from differences of the irrigation rates and exhaust volumes from the soil mounds
previously measured. Irrigation was conducted 20 times a day in 40 minutes intervals through 8 irrigation

nozzles placed on top of each soil mound.

The suitable soil volume for high yield of high quality Japanese pear fruit production on the SM was
investigated. A soil volume of 150 L performed best on a plant spacing of 2. 0 m between trees and 2.5 m

between rows.

Irrigation method was investigated by monitoring daily water consumption by trees of each tree age and growth
stage in order to conduct irrigation without water stress to tree growth and fruit growth.  Water consumption
was maximum (29. 3L) from 91 to 120 days after fullbloom (DAF) on 8 year old trees. Water consumption
had a high correlation with the number of leaves on the tree, hence irrigation volume could be estimated by the
number of leaves. Water consumption per hour depended on solar radiation, the peak being between

mid-noon and 2 pm. A manual for irrigation par hour for each growth stage was drawn up.

The effects of soil drying differed according to the growth stage of the tree.  Soil drying from 31 to 60 DAF
decrease irrigation volume while improving lateral flower bud induction.  Drying after 61 DAF decreased fruit

growth, but increased soluble solid content (Brix) of fruit juice if conducted after 91 DAF.

Nitrogen absorption rate and increase in dry matter content at each tree age was investigated to establish an
effective fertilizing technique suitable for the nutrient absorption pattern of the tree.  Nitrogen absorption by
the tree and increase in dry matter content of the tree increased in accordance to tree age and reached 17, 800
kg-ha' and 204 kg-ha" respectively. A nitrogen fertilizing manual suitable to tree age was drawn up. The
fertilizer used was a 100 day linear type controlled release fertilizer with a dissolving pattern similar to the

absorption pattern of the tree from bud break until harvest.

The effects of different training systems and culture methods on tree growth, vyield and dry matter production
was investigated. The investigated training systems and culture methods were as follows: 1) a two scaffold

Y-shaped dense-planting system on SM of 150 L(2SY/SM), 2) a 2 scaffold Y-shaped training system in an
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open field (2SY/OF), and 3) a conventional four scaffold pergola training system in an open field (4SP/OF).
Fruits from 2SY/SM had higher Brix and the yield was double of the 4SP/OF. Trees on soil mounds had
more fine roots than trees in the open field to result in better tree growth. LAl increased by training in a Y

shape to result in increase of dry matter production, partitioning rate of assimilates to the fruits increased by

keeping the tree compact, thus resulting in high yield and high Brix.

8 Growth, yield and fruit quality was investigated on 'Kosui' trees from the first year to 6 years of plantation
year to evaluate the early-high yielding effect on the 2SY/SM.  Yield of trees on 2SY/SM was 18 t-ha” on
the second year proving its early-high yielding characteristics. ~ The yield continued to increase in accordance
with age to reach 61 t-ha” resulting in a sum of 151 t-ha in 5 years, which was 8.5 times the yield of the
4SP/OF.  Fruit weight and Brix were higher on trees on 2SY/SM.  The cause of the early-high yield could be
attributed to the facts that trees on the SM were compact to enable dense plating, had more bearing shoots with
more flower buds owing to the irrigation program which suited the water consumption of the tree, increased
space for the leaves to expand by training the tree to a Y shape, thus increasing the leaf number.

When 'Nikkori' trees were used, yield on the 5th year was 127 t-ha”, an extraordinary high yield for this variety.

9 A capillary watering system was investigated for its possibility to decrease the introduction expenditure of the
root restricted culture system. Irrigation to meet the water consumption by the tree could be fulfilled by
adopting a water supplying mat with a width of 100 cm, and setting the water level 2 cm lower than the
ground level. In this system, a yield of 61 t-ha' with fruits weighing 373 g with a Brix of 12. 7% could be
attained.  The yield was double of the conventional culture (4SP/OF) with superior fruit quality. ~When the
pF was raised to 2. 6 for 15 days after 91 DAF by lowering the water level to 8 cm below ground level, then
returned to pF 1.5 by raising the water level to 2 cm below ground level, Brix could be raised without
decreasing fruit weight. The capillary watering system could suppress initial expenditure of the irrigation

system to 36% of the drip irrigation system.

10 Proof tests in three practical Japanese pear orchards were conducted in 2007 and 2008. Two growers
adopted the drip irrigation system and one grower the capillary watering system.  Tree growth, fruit growth
and yield were the same or higher than the experiments conducted in Tochigi Agricultural Station, which was
described above, hence the possibility of 2SY/SM to come into wide use is expected to be high. However,
Brix was about 1% lower than fruits of Tochigi Agricultural Station, but this could be because growers harvest
younger fruits.  Though the 2SY/SM require greater initial expenditure than the conventional 4SP/OF, heavier
yield can be attained in a younger tree age so that profit is attained much earlier, and increase in the sum of
income is much greater. It could be concluded that the 2SY/SM is a culture system with high effects in

improving administration.
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