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F1E
F18 HREEM
1. KEOMMFAICET &
AROERIIATHLH, AARAD X DHEE

131967 % ©— 7 [TEXRTEANICH D (X 1-1-1).
AL D ZERAITIN 2 TEEIZA R Eib
DHEATRY, 4% b 2ok 2 LA TRIN
5.

a A OFEIF D ~OxtIEE LT, 1970 40 5 EIC
L% a XA OEFEREPER S, KE TR OME
WMEEMT T2, W LERIEIEYOBEADBED i
7z (&, 1976; 1L, 2003). AEEFREOFHEE LT,
WONEEE K BT LW O R 2B S5 H
HETH T3, 2004 ELARE, AIEDOFEEREZ D
LA A OAERERELRS T HFRICEFEIN

i

#

AR OLE ST, FERKkOMRDY & L TEMT
TLOREBEMH D, HiaER EPEN=—X~xtiGd
272 OBEAEY) ~ L B oo (b, 2018 5 EAk
JKPER, 2009). APERE BEEDOE 1T 2018 226
FEIE S e (UhEf, 20185 Z£4f, 2018) 73, HED
MR AR & 7o TR U T2 AR ERE 21T o TR
D, Hicie Rl - R - AT EAREHE TS & O
G J1EAC O Te O I H O kAL, WAL Z —EtE D,
JPE - EZSEIC X D EIas e 3 A Histe 35 2 & e
ROMET DL, WIEEYOAEER EAINET
PLEITRDENTWD (BHKES, 2020).
AT 2 KHOMHFIH, VWi 2Rt o
FREIE, = A DEFERBEBRKAICTIEE > 72 1971 4F
(FBHE, 2014) 2>DABICHIML, 1981 LI, 3
1£F TH£42 400,000ha BifE THERE L T D (X 1-1-2).
2EOPTHIMEE TR b ERREOREN L <, £H
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B 1-1-2 eENCR T 2 KRBT b ONCERHA i R O HER
(EMOKEER  KEEREES, 20200 XY 1EX)
1) Ehh o TEHIC I T 2 A OF| LRI OHER | WOIE B TRTEES O/EY) O O | ZERiimft & L.
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£ 1-1-1 EEEEMICR T 2EAMEER D NICa A X, 41 XD H#EE
(EMKEL  KREBEERFHES, 19852019 ; 2020 X Y 1ERR)

= D

| *ﬁﬁfff*ﬁ o R - I ¥4 R R - AR
SRR - oo R e W R e
(ton) (g m?) (ton) (g m?)

e 77,800 100,900 677,700 558 88,400 226
il 55,900 98,500 18,500 290 52,100 148
Akl 23,800 27,700 705 188 18,400 148
BEH - BRIl 48,600 40,900 81,000 389 11,400 115
Wi 17,800 17,200 68,600 429 12,000 101
bl 27,600 25,200 26,100 310 10,100 107
i 26,200 22,100 9,780 385 4,350 100
Y =] 20,900 14,000 9,940 438 668 137
T 49,000 56,200 144,700 433 20,400 97
bliadiia 133 103 15 94 0 18

D) Gkth o TEHI BT 5 BAMOF R OHER | AOIHE KFEESOIEY O - OFEAT B | 2 limfE & L7z,
2) PR, WL b ICHIBKH L2 A DR HFMETH D W 2019 £EED(E.

RENEEY T 5 a AXFOF A O HER, REIEW
FTHLIMBHER B E 5D TnD (F 1-1-1). b
ORI, EORMK B ER T 5 E TR AR
BERMESTTHDZ Lnbrb,

2. KE—-EHREOEMERICET 5ttt

7K 2 AR 3 2 B8 oD K B — SRk o fE AR R
i, REOBEMKIC X o> TEmSN RS, RERE
WL T, 1 FOHF TKERE L A Fe & OiRIEEY %
AT D 1HE2ME (ZFMF) PEEATHY, Hi,
Bt 7 TIIAKRE, AF, XA XKD 24F 3 EDFHE
ThoH), MEEMTHDIMEETIE, oLV
SEMFIC LV IEY 2R TE A HMBROATRY,
LEE1EL RS (AATERS, 2012). dLifEENIC
BIFBKHEERE (1 223,000ha) O 8 F3 54 LT
WhIER, GEALMIEE, #IE A 10 AR~ FRICH
TTRON, FEOKHIZ4Boha~TRLRS (R
L7, B 2020.12.24) Z 00 HHEOE T M
DV, EAHE O LEEE, RE K AEH
AL, RO CITHE LERE LI lemR T L
Wo TR R R TIERZ HFAEL, 2/KAHEBED 8
FIDNETERNCHEAKRME DS DI H, & 2 WIEHEEH I
B35 GESHIRERERRYE, 2004). Eolco, b
HRENIC BT 2K — A O MEM AR, EIEED
FAFHA A 4 FEFREE &3 5 HRIRIRACR &, ERIEEY
FEER AT L 2 WK ARIRASR M T O TV 5 25,
Je¥EE TIE, MRS FTRE 2 B Ik o BiT e
R E A O & L, ARAERHIC X 27K H O iy

b ZHEE L T 5 GESLHPJe 3RS, 2004).

3. BEFMOBEEMZRERITHHDLE - K
RIEHEICE Y SRRSO R E

1) BEENOSEERERRT 5O D LIERRE
B RS DA R

K EHE T, ERIEEYIC X 2 BN e B3 2
THZLERRBTHLN, KRELTHIKRRIZED
BEOFAEZR ELEYEEICGER T2 2 505044 X
DRSS, FFEHAOREE 2T CETITND.

KRB & AMEY TIE, ABICHE L 72 BB EREE K
E<ERD. KFRHEEMLY TIEACKRIE D MR DK D
LIS T, WFITKOFRICTH S 2 WRSEHLC 5
IKHIFACALE 35 Z & 53% <, (Hasegawa and Tabuchi,
1995), 7 L8ArE L, ELETICHER
(TEEK) Z2RETDRELT, 72D KEBEIH
CHEH LR WEE Z{T > TV 5, MIEMILE TIREES
HEACIREE 286V, BIEFPICHTA L 7o A3k bl 72 gk
bRk, AR LB LSRRI ELELE TS,
Z DT KH THEY 2 T 558, BRIFSCEKIE
ZHIRY 2R I 2 2 ENEE L WA, i
R A &, EELBICH IR TICE S T2
Z DT, WO ERTORAPBEL D (B,
1988 ; /NHR 5, 1991).

B AR DK FHIHE TIHRIR L L KRR L OB AR
ThY, K& MEY OERERIEGRR I kT
WEBET HVLEDD D I OEE O, HRIZA
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HThD, K, PRYOMEESAKAGLRE T,
JHERVERIF P I E T2 2 & 2 BE T HH0ERRN D
D, BHEE B TE, ARG RS TS
B DWE D FIRE L 725,

B 1-1-3 0%, ALl L AFIRICR W T, K THES
Lica A F A ZONELB LD THD, W
FIOVEY b A IR TITARAL 22 IR K THER L T
205, AbiRE R L VWRS, TEYHEBRRETICHDIC
bbb TEWINEZEREL TS, Zhid, Jt
WETE 2340 R IR b~ K B o WG EEAR R A3 m v (R
1-1-2) Z &Mz, KABBMOHEEIC XY, ME
Wi L et 72 LR R 21T 2 SRR AL T
WAHLDEBDLND, FODEKIT, KAEHRES
Ol EMOMEEARREZ P TS 2L T, Thn
5 OKEBHEICARAI R, JAIEY OREICHE L Tz 1%
WHBRR ORI NFREL 72 5.

—J7, BRNICBEMITS &, FERGEEHTH D

500

DFRH A XOYPLENE, RO MEHH I LS THER,
EILTIHEWERICH D (F1-13). FOERE LT,
EROMIEHIE IC T, R, EILo K HIE T,
Bn 6 BERICPT TORKESLHES &N L <, T3
DT M E VO & LT, ik, BB T
WML DHAKR B2 O Z W (RiIH, 1983) &
EWEZLND, EHRMITIE, BFEPIKZEE L 2 E
BBV THIREDI A2 L, TIN5
ERONDIEMABTOREMEIRE LT E 7o T
W5 (RS, 2020b).

Rl OB EEME 210 E S W D 7o iciE, ABFNE
ZHIRT 5 LHEYEEOBER 2P 5L, RS
PEYOEFINEZHIRT 5 K 5 7o LY IEDIREE
ThHPEBH LTI ETHREHEL Z2LERD D, iR
Bl T OFKES LY 2 W R 35 ik, E o
KE O, PLAFIRICET 2 R A ER S ThH
5, ESCHIE OFFFEREEIIC X 2 E T E < o5
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b

- FRAFIR
B4 1-1-3  JbviE 7 & ONCEF R IC I 1T D EsIEIEY I E O HER
(EMKES  KEFRE®EHT, 2011 ~ 2020 L Y {EX)
DRI E STV BRI B KB O 102 H72 0 INEICOWT, b7 5 N dbHEE LAt OF I I <3
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#1-1-2 EEOKHIZIIT 5 30a DL EEHE AR D OGN R
(BMRKPES  BEAHEELR, 2015 5 BMOUKES KEERBEMKS, 2015 XY {7EK)

30a LA_E[XH

iz A
BER R (ha) Bl 20T EREle

(%)

(ha)

JeifEE 223,400 212,889 95.3
Ak 611,200 396,405 64.9
B 430,800 274,302 63.7
Bl 281,600 192,153 68.2
T 133,300 83,857 62.9
Plin-3 177,400 99,620 56.2
Hp [ U ] 278,700 118,102 42.4
N 320,300 189,696 59.2
I 852 505 59.3
E{ES| 2,458,000 1,567,527 63.8

1) BEHFIEE, BERICHS 5 30a L EXEEFHFAmEORIE & L THEE L.

F1-1-3 JLEERNICRIT IO E Z I LA X2 5N H A XDOILE
(EMOKES KEBERS, 2014 ~ 2020 & 0 1EAL)

FHNE Y (g m?)

Hit ¥

KEZxarx 2A R
BERIS 375 + 37 221 + 15
bEEle 359 + 40 211 = 19
+ 525 + 84 255 + 17
FR— 7 492 + 53 240 = 15

1) THEHEERAE S A K 20200 12 X 2R ICE-SE, ERIIAEFPRER L O man Hikik
IR, RS R, A — Y 2 i3 A R —y 2 NEEOTETA S L7

2) BRI SN T A HITHB] 10a H72 VINEICOWT, ER, HEIRIIEOEE, #2250
AR =Y ZIXHOEZE AV, SHIBICRIT 5 10a B2 0 FHNE (2013 ~ 2019 FEDFKE LD
BARME & BR T2 5 MEOTVEE) 2k, [NE (grm?) ICHEL 2. WEOOB T I E R =

PMTONTETRY (EMKERINSHESR B
Fl a2 —, 1988 ; EMOKEHEMNSHEGER, 1992
B, 1994 5 JESE 5, 2002 5 LIS, 2006 5 7L D,
2007), EHEIFHBEDROEVEIEAEE BT S
TETW2 W xE, PEES, 20045 L)115, 2010).
Lip L7 s, HEmiE s s B O LB ICH 2 5
L & BRI L 7RI v,

Flo, WROVLEMZHWT 5 2o 0 LBy IO
AT, HEWERER X OREBRERIC L 5 E
WNERBRRE R L ORAHEIC L2 2 282w (P
1998). FAASHIBIL T EIFE LT, ORI
TR0 5 T Lint, EEFOEERNEEEE D
PTO Z L IIREETH D, O DHMELY CE S
HETE, TEYEMEo BE 24 C & 2 HEENE
ENTERY, REEO HEYIT RS 2 G5 2 B2
IR <D BT ITiE, fE 5 7 LB O
MFELZARE T OLERD D,

2) BEENOSEERZREY 5O OKIREHE
IZBY TGO A @K

ER, EILOKEHEITESERZ WD, BEER
DIKBE % OFRITTHK S 3% <HARRIC X D8
EEZITLTV. TO—FT, LHEICBWTHEY
B FICTER & 22 2R3 B Y, ZAETHIEN
DREEEONDIEMEEORERHREINTND
(kv sz g 236 BR, 2006 ;5 2007 5 ALIFIE LR
AW TR A g R 2E SR, 20135 2019). 5~ 7 H
HICBWT, [BEMEP LR SN BB OE K
D, BEkE % kRl T2 ik ssEm gLk Is < 4
mLTHRY (W, 2005), FFI25 A9H 6 HighiT
THEREmICH D, £ 1-1-41C, HBR, HELHEO
T A AT TR S ATz 20 FEIC T 2 BRI
MKEOFEHME, AZ LITRIT 5 B HAL Tl L
TCHIRNC A Clciabek i (LUF, —WRKE (GE#H,
2018)) #%20mm LAk & 72 o 7o B 3k 0 S E & R T
5~6 X7 ~8HEHANTHBIBKESDRL, —
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# 1-1-4  JLHREPI OKHE I B1T 5 A IR K &I E

M/k& (mm-month™)”

7 AT AR 5 5 A 7 A 5 7

W 77.5 (1.1) 88.6 (1.5) 120.6 (2.3) 143.8 (2.5)
A AR 79.9 (1.2) 75.0 (1.3) 122.0 (2.1) 151.2 (2.4)
=4=%5% 65.3 (0.9) 672 (1.2) 128.5 (2.4) 169.5 (2.3)
AR 72.3 (1.3) 70.8 (1.2) 156.5 (2.5) 155.1 (2.5)

1) FEINAER I — ek & 20mm L EFA B (D).
2) FT—X3iEFE 20 FR (1999 ~ 2018 4) DOIEH(H.

FRFEKED 20mm L LD RS 09 ~ 1.5 A L7220,
4 A E~PHETIEHEZEL VDI 0D, SHET
IEKIREPME < LEEORENPEE 2D, [UBDEE
% 6 H T TIEHEEE L O3, R AU e M
EEHITHRAREDRERTZD FREZZITOT L
(ERN, 1986 ; RiiH, 1986), Bk, TEALO/KHHH;
THEET DEAEIEYIC & > THRD TREL VKD BREE T
WCEPN TS, EEOHENEENPEET 25845
TEFTIE, EMICEADZBIISOITEED LR T
s,

O XY IRRICKHET BTy, BEEMKTH
BALHRE OKEHEICI N TS, o PkERE S &
S ITHEE S AT RE 7R B ORI LB L 72 D,

HRVEVEYII/K TS 5 72, FKEEEEZFIA L
THEGNICHEBTE 5, A O K & e BTkt
L TEBINDEBRFEL FCATY) I T7—%
Y —)bw g EIT X B HOKEERE, FKEERESIC
TEA S D HIRIE, W 2RH L N2
FHND. HUKBEBITHOKEZMNAL< 2> he—1T
5 ZLIRFERTH D0, JEXAEmEE T, WSSk
& SHKZRBLEL T LBBEDPLNGEE, BHITH
KTERWEENEL D, HIRAERZ FEi§ 5 11,
BEENICIA S EIKZBD D LDTED, Wb
DHFKISRER B L B CTHHMLEN D Y, HUKTER
EATENT D TR BOKE O FEEIT T E 223, KHEAK
DEFRICHERE T ENIT—EICE < OFB TEBT S 2
EMTED., HIT R 2 R S T 5 [
BT, PORKEEEG L, BEENICHKSES T
FROHIF T DKL Z I3 2 R SN BT H 5703, Hi
K &iH o3 2 L7 AR ESK G5 2
EMFRTH D728, BOKEHOHEEE TEEL 2
< TR B 72O REEITE T OB B HER G 3R, 58
LR ARSIV, S0 X H i, FEETIETE
NZNWER G T D20, HESCERSEEICE -7
BERWSZ Ltk s,

U == o EOQBUKIERIM T EEE T, HE
KEOBEHIH L TEFHEFEHRICLDFEANRTI 2N

LbdH Y, BURTOERIEIEY~ORERE S LI EICHIE
VEE & O TFEIRIC 72 5. ERIEIE~ O HIRIERE, B
ERERLCT L, HIFRICB W TEY ORI
KT 2D X OBAELERFENTOATWD (B2,
i AR RS AT IS R v % —, 2018). L
2L, EWICRT S HERERICE T 258, B
ZEML TV EMES O ERICET 2WmE (BE,
1999 ; AR, 2008) X, FEAKRHASLIRIZONTDOH
ERETHL (RS, 19825 T H, 1988 5 JbyE
BB, 1995) R T, ERGH ORBRITD 72 <,
BERIBFER LT W OHW TR IR S T e
W, BICIE R IC RV Y, SRR S L KH A O
REPHE CTHARRR THETH Y, EHHELAE
W (F1-122). FAD» S HIRE~EEH TR LI
£ 5 G~ D BEFENR SR SND DD, NS
RXETORREH 2E (&6, 1995) T, E&IEE
W~ OMFKIEW BT 2 EEGHIL TORIES, EE
BEIZINETITOATE TV AR 5T,

W TFRERLC BT BRI, 1979 LIRS HivTz
FIRMICEE4 5 T e Y = 7 MR (EMOKPER TS S
R BRENEE U F —, 1988) ITRWTCEEICHRT
ENHEHTEY, BEE TOMICHERY 27 A
D NER LK OEE, EIRIC X DEIEFED~D
HERLLZOWMENRDHD (BIED, 19852 RS,
1985b ; B 5, 1987 ; jE - K7H, 1988 ; @A D,
1992; 315, 20005 FF L5, 2007; &5, 2008; A2+
HEZR, 2009 ; 7T H - 24K, 2013 £A 5, 2013 ;
S5, 2014; PE S, 2014; HRILS, 2014;85K 5,
2014). L VDU, WA LRI & R
BFEALLFBEFE U 7o N/RALHIE S 2 7 A FOEAS I,
MM ORFIRALER & KA IS 2 U 72 8iic el gk ©
Y, 4[FETFOEAS % M\ /o R BR A F2 i =
nTnW5 GERZ - BB, 2009).

JLHEE DK I TUE, BERE O R 24T 5 Mgk
TEE L) A2 L 72 R dkk OB 238 2000 42
IViEDLNTND (EARD, 2020a). 2014 F L)
5 OEE L HIL B EE IR T S RHRYKER T, B
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IR O IC X 2 BRI EREOEE & REmbz
M5z LrZBEMC, EREHAORBELEARLLT
BY, 2018 FEE TOREFH HifFEIE 18,500ha 12 L
5. K2 WlE T 556 Ol T HEOFIFEIE 30 ~ 50
T /ha EERMRE L CIIZMTHY, SBILR
DREEHOILKPRIAEND FEARD, 2020a).

AN VLA H K ZRIRE ICBK T 2 E2 632
Tz, KALFREIR OKEAZHRET 5 Z L CHUTF R
HELTHATE S, BREZRIH L H T 2
TEMCBAT DBICIIE L 725, B—REBEHEL 72
DOIFEZE, RED (1972) 2R L TV 2 HILEETR 2
AW AGDOEBROFIAR E, BERERTES
K THISTIRE TH D, L LD, HFEEmFERE
\Z, VB~ 2B OHIB 5T, ~ Y vy 2 KT
VY VORGEC K DI (D - =S, 19825 KA,
1978 5 [ 5, 1987 5 A F - ¥4, 1988 1/ M -
ZH, 19925 EE, 1995) 0, HEOMEAA (BT -
A, 1988), HEOKFLBAE ((FEE - KV, 1988 ;
ARG, 2011) ZREDORITHRENTVDEBNTNLE
FB T2 BN & BRICE R SE 572,
T3k A E 7 & W TERE R A0 IS R O i &
HWTEDFEERTZEBULETHD,

2018 FFEHIEIC B NT, EHEHANREI NI
I8 355 V3l ¥ PN 0> 42K T % 221,900ha D 8% 1% & &
IR E L TH R, RINTRB W TS FOEAS 28 &
92 MU AKAL A E 3% 00 BB A 45 13 7en 2 &
5, BEIEMEY~OREBHEKEANL, TR HIERER
DEREHRFC LD L, KRBT T 2 HFRE
B2 W2 I EAIR O G O R AN E L 725,

b RIS, RIFZE T, il 260,
K HIBBREE T IS W TIIEY D A EME & B D D T2 8
LB TR RBR G 2, (A RE IR 2 Y
HUEOBEREZMHI T2 Z L THLPCT S, £z, £
BB O UCEERME A RET D L &b, HIENE
Gy 7p BB OF ML AR T, 6, FREOAE
LT WREELM b ITKHA HERETICBWT,
AEPENE O i O IERRE D 72 0 DK O FHE K i 24
BRI UTe, Bk & B & 3R 7o K BRI 2 B
FKTLHIEEHME LT,

F28H AMIXDERK
H2ETIL, JtilE TORRNLEEEY THL X

A RZHWT, KEIE TR 2 EET SBIC, R
B2 Ly B MEYIC 5 2 DR BRE 2 5T

L, ZOWHEREESHS RIHMIEEL R, 44 XD
AR AL EEHE T, K& < THSLHAEL (plant-m?™) | & [{#
&1 1EE (grplant’) ) ITHITD I ENTE, £
FEPEDIR FITIX 2N O A EROMRPLIEL 725, |
SEBARENE, MELGHEN G E TOHIMICRIT D 1
WHBRENEEL, EhRb OTERE, HbHU
M LIEYERENEET S, TOIDE 2 ETIE,
T DB OWT 2 S A BERICH T Tt
2179,

H2EE LHITIE, A4 XOHEEEYNT B Ly
HOREFMZERE LT, 1772 N0k ZEY
LFD. LEI IR NOMENT A XOHFICE XD
HERELTERIMEL TUEREEE L TRETD &
iz, 17 T2 N OmiE L LR LEAEEY L o
BfREfird 522 T, 18 72 vomfkic ks 4
A RO HEERH S 2 Al T & 5 LEYHBREIC OV T,
T O R DERT D,

H2EH 2HITIE, EPE ORI A (R TR
ZXP ST B ERERA 21TV, B o SR LR
DEMEIRT S, RIC, A XADOWESEBLBEOAE
IV 2R3 2 TEY B0 K & L CHE ORISR
WWEHL, BMERBHERSGICBWTIELE, vV
VHE—A T =T L— NMEICLDBBREL XA ADE
BINE, 7206 ONC THa B> 5l R E & R
BREMMT5Z LT, 44 RADEBNEICHEL LT
THEYEEORIRERN A 6T 5. 2ofBRE
iz, HRRA T A A X QAR T 2B e T
REICOWTERT L L b, HEYEEOES 72
PWFEEL TV v —A T L—NEICX D
IR O SETREE 2 R

FIFETHE, TREOAULSLTWRLEME, 25V
WK EEERE TICRWT, AEEO B WIATERR O
ODOFREE LT, AHOMAPKEREFMA L, B
FHHE O ENE T EE R T e KRB R & B
5.

WIEE LTI, AR L bIcdiBEN D EE
REEEM CTH M E & 2 A X 2T 2EHNIC,
Pk LB ZFKRTZWE (LT, "4 7V v R
K L) AR THIHEMEEET L. N7
Uy NAKEIZEBEER OEHIE L AW TERL, A
AT A 1% R SE O IR I T R Pk o L L T,
F7e, MEZTLAFOPKENRL L, WD L5
DR LT WREHNCIIEMA O L L Tl S
DA T Yy KKK TR0 TR 2L,
BEK, FEESIEEHOPICT S,
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S ffe N A

53 W 2 #iTIE, ENOKBERBGICHRE ST
DS AR [HEPEEA %, SIEED~oOH
WL LTI oL LT TS, 41 X,
KEEanXaextgic, SMEMOBRKEDL N %
PR & L, TEEASER L BRI H IR A AT S 2
LI DR EASICT D E b, EKSE
EORIERI A ERE I, BRI DRI O
N | L Y R k- R AT

FAEOREERTIHE, ULOKETHLMCLE
WED G, KEIIETAEYOSEEEZELT ST
DO LI - KEEHIEEATICONWTEREEITS.

F3f BEIEOHR

1. BMETOLEYEGEEYVETICET SHE

1) LEISA M EEYAETICETHHE

TS T2 MRS K 2 1T K 5 oML
b, AL —F v 78 LY HEEREICA U 5K
DIRNERELRERTHY, 17 TR NERICL D%
BIEYRRS TEReEOFE 2 R kS (HF,
1995). ZD{EWiE /KM (Hillel, and Gardner, 1969 ;
AT B, 19905 FEAf 5, 1993), @XM (K b,
1991) 1T kv, LHEREAE (Bresson, 1995) CAEH)~
OFREFZIREL (ARG, 191), 1Y OFHER%IC
WA D &, BFoFZ2EZELIHET LI L
BHESNTWS Rz k- B 19815 )11 - T-H,
1991 ; Shiel and Yuniwo, 1993 ; Lee et al., 1996 ; Nabi et
al,, 2001 ; &, 2006).

TH®7 72 N ORBRBRE, FICHBEOEERIC X
DR S D& 27 Z A b (structural crust), 725
N b7 OB H), WARMERIC X VRS20
BJ 27 7 A & (depositional crust) (2 KB TE % (Chen
ctal, 1980 ; (LI, 1991). 7 72 b ORI, +
BRI OZEMHICTKFL TR Y, HRASE LT N
T, LB I X NRAEL DFTREEEAE W (Le
Bissonnais, 1996 ; & L /b, 2001). RifEfH A% T,
BoOZEMTHEEEORME L b icHKT 508
(Kemper and Koch, 1966), Wk L& &EOEMILY Z
A MO ERET D & OHENH . (Moldenhauer
and Kemper, 1969; Lee et al., 1996). & ® — 5 T, ¥
VR EEREWEFRIAREEICRD EENTRY,
FAO (1998) TiX7 7 A MBEL D&M%E, vV RE
F23025kg-kg' X V£ <L, hOWEED 0.35ke kg

REEZL TWD, £, VIVFEEPEV TE
EEHEWI T ANRAELCLEMICHD ELTWND
(Lemos and Lutz, 1957; Seker, 2003). Ferry and Olsen
(1975) ZENZ T2 PR T DERE LT, Mt
B DNEAT DS T2 Z itk dboe L, B
%% (Modulus of rupture ; Richards, 1953) TRz
77 A MOWES TR FEPRSVIEERMEL 25
(BEfRER DR ZWIIEIZ, clay > silt >> sand) FEF:Z 7R
LTna7RE, 1772 NORBALSCT SO I
Ko RIFIERRD. 13ET T A - ORI
RE QY RMEEY, TS TR NBER S T A
b, N7 7 A2 NERIZZNE QRGeS &2k
TIERRIC X W Ripd Z EMEE S, TEBREEE
L e T s b B L b .

+TE s Z 2 b omAEEORIEREZ, RELKL
MBI D TR BE 5 & BE 3 5 AR EC (Modulus
of rupture) 12 £ % 5 ¥ (Richards, 1953; Hanks and
Thorp, 1957), v ¥ a2 XDXx kv A —% (Pocket
penetrometer) (Seker, 2003 ; & F, 2006 /R O,
2008) RFVHANT F—R T =Y OFIH CEMH B,
2006) R EBEATH Y, EDOHABIEE LR S
TV, FFRRFEBNID 220D, &% DB X
D, TE7 72 b OERE L EYOHIZE~DEEIC
B9 % EEMI7ZRIF5E 23 T4 TV %, Hanks and Thorp
(1957) Zaa¥, YVH A, XA XERANTEN
B ATV, 77 A MEEOMIMC X 5 HIFE DR
DEANE, EOEWSRBE L WO RREB TN,
Seker (2003) 1IN ANTITo T ALHMGHET T
DFERICEBNT, 7T A MEED 037 ~ 0.48MPa T
I AF DR 20 ~ 30% ITMEF LIcHEREZRL T
WA, BE (2006) 1, dbvESEBE L EMIC TS,
+H2 7 5 2 N AR Lo\ B E B
WHE KRR OE LR OBRRZIT>TERY, &
A RERNWIZRBRICE Y, FLPALERTES 2 K
BEOHREMELT, YyyalloRRxhrx—%4
(PEdh4 7 7 A MEER, REB(ETER) o
15mm (0.8MPa) BL L& L TW5A, KE kg
BITD 1 72 N OWHEESCHIEY O HEFE~DE
R, MO OBMEICH D LT TORE LT
Bipn Z LHEIND D, MER/KBLECRITS
JVEY) O 2~ DRERRE LI & i S Tunan
T F 2 N ORI 5 5iEIcBIL T
X, FICHEFEEO LR 2 FIESH RS O
FABmHIL TS, Bl - FHH 1974), -
K (1994), BEH: (2006) 1%, 7 T A MDAELLT



LEESLRR AT B RRE H 152 %

WEBICH L THE LOF L 2fTWVMELO A2 2
L EERELTRY, i (1994) 1%, FEFEEA~
OWE OB AP FIRERBREE LR L TV 5.
TEFERORECHF G T2 EHMICER Lo e
L C, Lado and Ben-Hur (2004) (%, +ZEFOHHEY
C LD EBLOEARIC X B LR f o8 L, T3
T AN OEERMEIZERML TR Y, Seker (2003) I
WaEENDRIBENY 72 NPREL 5 1EIC, 2mm
ARSI L BB ARE D 2 & TR EME T3
DRERERLTND., ThHDZ D, HE~OF
K5z L 127 5 2 b oifbic & 5 HEFE~D%
BRI T X D RTREMED S DA%, KB 7ok H gt
TIZBWT, 17 72 b Ok 2K 2 Bl 7z
METEATORIRE 725, 1T 7 A N OME L HHEY
G L ORRICEAT 2 ERBLMITIIZR SN TN
v

2) EMMATOLIERYEBEEOBHHICET SHR

1970 A0 O #EME S T2 K HERIEIC RIS 35 T2 9,
R dl & 0k & 3% & BRI O feSz I B3 5 4
ARSI (ESLRBRTZEHEEE) B X O TiRfm
e BE AR At e S 3R BRI 8 ) (A SZEBRAFFZEHEEE) 2%
7K O O PV B 2 A FR RO 72 B S8 & L CBRAR S 4L
(A, 1988), BIEICE D F Tlialiul o Ltk IC
B9 2% < OWFEPMTONTE 2, KHZ MBS d
5 LiC kD Ly~ O REL, TENTETS
ZEicky, A EOEE L LHEHOBA DML
o o R O AL, 78 6 ONC REIRE B LR B,
DENKE, BGEKEEICELE ST H T (%,
1976 5 EI8 - &6, 1977 5 BEFE, 1981 S H - IO,
1983 ; A M, 1986 ; &%, 1987 ; AR 5, 2003).
Z O TN O 22 DR EE VK FRF O Tk
DERBEICIVELRD ZLBEMINTREY, Bl
‘o ko REEMAETIE, VI & tED X5
BRI~ T g oA SN2 &R
DhroTRY (FiHE, 1986), fFNHKRECALRE
DI, 732 O O HEERE O T EM Z2r 323,
B8 CIIALIRE OIS B o2 m 354
DD (HETE, 1987). Fio, ELEELTOER
DR DFER (K- A%, 1987 FHHS, 1997) <,
BIEVEW), RB G L 2B EZ TR (B b,
2003) bdH DL, KETHIEYMEFRET5Z L1k
5 OB, Fo M, BEOKS]REE, B
ORI EY) 22 L OFIEIIC L 2B ERE < ZIT

LT EBbn5.

MRS 5 Z LIc X 0 LRy ORE LR 2T 5
THEOBIIZEHL T, TEEFICL 288 AEL<
25, MR TOKMMENE L EOBRT L0 X5
72, TEEAFERE LT < REEIEORE L LTV EREE
T, MR X2 B OF R LAFREBHEOHINT
TREES £ TRROFEMEE S D (FIEF, 1976) 73,
FE i A T 1) B B o REBRIGHE LD i
FEoiz < < (FiM, 1986 &M - hnil, 1983), L8
W & 2R EC T Lo BRI Ak o BB R
SINTWD (GH - I0fN, 1983 &ZH - A4, 1987 ;
fRE 5, 1990 5 FEAR S, 2003).

ME RO LB O KR ERBHELT, B
HIEORG I RNZB T L5, (ELofHREoffs
AREUY, MHEERIC LV EE S 2 e RREIh T
S (BEE, 1981) 25, MEZRTEICRT 2BNCME
KOPEAKE, FELTFICEKREN AR EZED Z L
DBbohoTND (LS, 1963 5 [LIES, 1964 5 HjF
B, 1972:ER/I, 1986;3F F, 1988). &)1 (1986)
3, KPE LRV T OPRKEFEIC OV T, AR DR
~ N U v I REICBIT D BKREOBEMH B HEHI L
TN S RN R &, BRI KB ORIERE R 545
LNTe R E M TFPREN D, HE RS TOMT
PEAKIT R IR BRSO AR 2 AR L LI TH
HZLEEHALNILTNDS, [RERORERITH E(1988)
R BB BT THELNATRY, EHIMcRITS
SFEUKOPERRIT, TREE £ TORISCHAILIE O
R EBE BB AR OZ EOURENT NS,

ERERNE, KE R L 2R 7 140 & ok
TRV, WEZRERBMICET S TE IR S 28K
AR EDD RS, WK ESARHEEO T
@t 6FRE IO LREO/NS S ZERITES
U, FEARERMITENEZ VST VWEETH S
CLEEBRELTWS, b, HEREREOTE
FICRE NI BRI NITEY ORIT L S HET S
(Hasegawa and Kasubuchi, 1993) 2%, &&HHIZfET
HIRICE D EEPORKEOKRE I %, Hilto Lm&
7Ty I ALERLEKETSHI LT, ZORPLOWK
DEMOKBEFEICRELFELTND Z L RHL DT
L TwW5% (Hasegawa and Sato, 1987).

INoDZ b, HEZRKETOMEDREE,
M T OFRE LT B 0T E R B LIRS I
EANTEY, M-I S TRWERIEEY o £
Zln) B35 72 QBRI 72 & NSRRI, bk
DIRHEAR O T B ORI E BN E A DL BERH 5.
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3) GREEYMNEBRELZHET 5L EYEHOER
5 UICEHEEICEET 2HR

BRI T O LERY I MEY A B 15 2 5 R EITE
THMFNL, KHE TOMEFRIE R E O/ 15
Ko EHBTROKNMOBINHEEE 252 00, H
KREDOKMIC K 22 (SEH, 1982 HiH, 1983
BT, 1986 @6, 1988) <0, &\ LKk
W EVIRTF I 2@t (AETR, 1986), HLFLER &
(D5, 1974 5 =M, 19825 $EM, 1983) &\ o7
TIEEE L EAEE L OBIRICES B TR
PEMTONTE T2,

HRVEEYIC 3 L Ol L 72 sk T ook AzicB L ¢,
M (1982) 1A/KAZ 3R AT A 2 A 4
WTC 34 FEME OB R, MIEY R L OFEHEY % #55
L, ¥ Z & OEKAL, ji pF, WAL EZRL TN,
FEkORERIZEE (1988) HFEML TWD, Zofic
bARAL DR 58 (RiE, 1986) & v bR
(REM, 1978) X 2T TWD DS, HEE
O TIE, HIR T OKITR G EH O B F]
XY RELEHL, HE~OFEL LESTEY
HEOWRETRELED D, ZORDKMLIEY & D
IR CIE72 <, ARALOBKIC LV AT 3 Y EED
RigL, ZORBICKT 2IEM~DOHBENEETH S
EEZ D, ZOMICELT, AEIK (1986) 1THFE
T OKMZFAEEL el e EE L, KA TIEZR<
O.D.R (BRFILHRED 1CHH L TEHAT & 0%
ZfEtr L, HFOABTHMICKITS ODRDIFEL
WEZIERL TV,

NS (1974) XEHOERBUR B & @A 10 B
BATRWT, HIETOKMOIREE & FLIE, BIED ok
HEIZOWTHRAL TWD, EH M I38m M b~ Tl
KT KO E ALILBRE DR VIREET, (B DR
D53 A HS B 7 ML ALBR £ 0 TR 2% 0.05 ~ 0.10m’ - m”
OMICHFET D L LTS, gfH (1983) (XIS
PO 11 B35 CTEEREZITVY, ZO/ERPLEMO
EENL D LML LT, HIE T KD 40cm R
WO, 50em LINIC 7 7 4 BT 2 15, K
8, TIEoSERKS 725 CITHILRES 0.05m’ m”
KO TIEE 2T TS, BB 0% < O EEFHE
ZITIC, BAEEMOAFINE & HEER O RIZOW
THENT 2 5L, AEE (1989) °Z&2H (1991), Z2H -
KE (1994) PEEAHEREZHNTIT>TW5, i
{bERRRIY, BMZEEUTH 25 R T3 2 LA
DEBEOREEHPREND. ZTOTDIIEEREI/E

W ERENE, SIAZSEIC BB A AW 5 2
&T, HHE S e BRI & OREEY O 4 B IE
CHEERIEL TOVENEEETEZENTES, fl
ZVEALE (1989) 1E, fELOBE 15em K, KED
HLFLBREE 0.05m’ m” K, 1ELOWEREEE 1.2Mg m”
UEOTHEHTTAL LAXDOEBTLETIHETNDS
ELTWAS, AftriEEzRWs LT, Mt shizt
BWEREPNED LS e HEYEEOREEZRL TEY,
TERI DAEPEME Z IR L TWB DO EHEET 5 Z L 2357]
REL 72D 2 Linh, TEMIEOBW 21T oML
TN & b b,

YO BIEL, oWk E BRI TE
Yo, LB, JGfte EHe RERAH
DEZEDPLRENRHE L WESbILTNS (EFH,
1994) 73, 1959 42> 5 BA%A S Mo ) PR AGR AR,
72 5 CNCE N ORFFEREBIIC R 1T D IFFekE R & Kz, BE
12 1970 FEARUTIE LY & 1R & O BITRS, 1R
Lo EYEEOEE/AERL TV D (E4-FHE,
1977 ; LEEWFRIFSESS, 1979). 1985 AT Xk 1
EARATE N, HEEAFEOWR BES RS ATY
5 S HEHEEA RS SR E S e (BMOKES, 28R
2021.3.31). THExF, ESXAARE RO EHERR
BFZEHEEE Tl T L 2 3 E L TR Y SR bl
FALTW5 (Bl 21X, deiEsE e, 2020).

FRH O TR BRI I B3 2 FRAR O SR e IR L
T, M EOFEEE & L TRhILERRERE 28I
BT oM R bR (=4, 1988) X0, MR
S L pF1.8 28T D EKIEDE (FE, 1988) 23/RE
NTRY, ZnbiFEWPhb SHHEOFE L THY
LRTWS, BRI (1992) &, 7KH Z MRS 2
BROBHEE OFIEDMEYEBT IR BE 2 5 MICHE
BL, BHEmM S 2l 52, LEmE
(24mm LA TF), #HEOFEAKBRE (-10kPa G fF T iT
WT imm d' AR, BEAME (B 24 RERILAR O H
RIBAKPERR), U AILBAREL (B TR 24 R LN @
D/D, = 0.005 LA L) L LTWS., Zo&ME2ikzER
NS C VIR F [ & B RO 72 D O MR E I
3T, HIRIRRKSOME T ORAL, TRELoOBRY
WMOBADOEE, ELEHRTOTELO~ ) v
KTy VOEPGHWTT 57 v—F v — b ZER
LTW5, THEFIRCEL T, #HeothicmEy)
REPE L RS 2 RNERD B H AR TEY, 20
SR E TR O TR A B 2 e R IERE T
b5,

RO CEY P OIREE L L TER T REERT
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b BHPLAROREZFAMML T 2 FHEE, BBICRT
2 AEBECYRHT L 2 i (LIRS, 1963 5 (L%
5, 1964 ; B - &G, 1977 %EH 5, 1983 ; fE,
1989), £REL L 72kl TR X 8% AV e ik (XD,
1984 5 # D, 1994 ; Akl 5, 2000) 7% E3THILTN
D05, WERLRE ALY, BIERAL 23R
LY LN 2 ST 5. B 5 (1997)
I, 1 ESANORERYEKE EHREH O OKMZRIEL,
FERRIC & 0 5 U 72Kk AL & BEIEBR i ok & % 51l
T2 LT, BMRIFKICEST 8RR Lok E
ZMGICEHMIE T 2 ik A Et Uie, @Ak o fLERIR
REZIETE 2 HETH 20, BHELE IV TR
KRORER, FHUBGEORE, BRAELD I LI
B, BERKETHD LY, EEBS TOEML
WITEEL WE RS 5.

PEDZ L, $EHui <o 3y & 3164 5
T, FHHCRRE LR NI &3, HERRES
BUZ DS, ZHS CHEME AT 5 2 koMt
BFEINTNDS,

2. EHUBIZETDERBKEMICET 5%

1) Bk

REMIC R T 2 HKEMICEAL T, 2ofkL R
52070, KEOPEKFEIRRIC, HFPEK L HTHE
KTHD., ZnbPkEAo ik, R (1981)
DEAERIICE LD TERY, EETIEIALI (2005) <
- EARZ (2014) BAEREL TWD., ERH Rk
K DAREFEIRES, THe#E (R 5, 1982 ;5 Sayre and
Moreno Ramos, 1997 ; 1 - 42, 1990 ; #H JI[, 2004 ;
Wang et al., 2004; Tripathi et al., 2005) < OEFE
WA (BAl, 1987 5 &4 - #EFR, 2008), EEMICHE
KADHEEKRT DL ThHD.

PEAREEICRIL T, HEKIEEZRR T 2B 0% S 138
B LD 5~10cm T (MK T 20 ~ 30cm BE),
TIBIXENN 2 & O THEMAFIEL, Sm 2z 7202
LT LD L2MBELLTNDILDETHD
(Schwab et al., 1957 ; USDA SCS, 1971 ; ¥/, 1975 ;
R, 1981 AWM - BiR, 19815 & - 3, 1982 £F,
1987 ; Ochs et al., 1995). HE/KHE DN THIMRE, v
EEHEAEATRETE, SRR D B D Z L MEE
INDD, EARICZVIET AR L e D wfE (18
KER) MHEx 5. BREOKREHmEs smL, =
DR & L TR KBRS O 2 T % Tl

152 &

DIERAERITH T2 1S BE L 2 < TER B 220,
Beom BB T T 5 2 L TERWIEKIEZFERT S
RO LITOI TS (I, 2004) 2%, KX
B BT 5 0D &t 5 M35 CUEB R FE O WIS L o K
RERFEME NS L TR Y, A% oY KEFEOILR
BERT DL, YRR BED BN, LBhOEEN
OEKEFRE ML, BREOFAT B IEEMCEERE
REER L IHKEOMBIC OV TRET 2 HER S
5.

TP REAN I, (LS (1963) CHK D (1966)
2 XY AKH EEOHKICR T 5 AR O EEME AR S
o, BUKM 2 L IRk L, EIcRETDH
ENTHE T3~ 5 RHBIE IR 1T X 2 # B o W R BT 3 B
EIN RED, 1972). ZOHEMMBBIEICBNT
HERHUEIC R IT D FHE KT O A L 7o TR Y,
Wk OEAfRFICEI L Th, ZAVE TH TR ITEN
BRSO IR R O 2 O FEIR  (Twitty and Rice, 2001)
TdH o 72, I TITHAERFE 2452 L T2 (Hill
etal, 2015). BERBUKMIZEI N INLFEHENAT
WA, BREBHICIIBRERETARESLND
(R D, 2004 5 FHH, 2008). B/KMIEHIKN 72 (R E
DI DEMHBZWH, JL)1 (2005) 1, ALHEEN T
FARTRE 722387 7o 7R BUKM OFI BRI 24TV, £ I T T LA
SO TRIA L3 <A RWVEM 28R L,
B OFIAREZ K-> T\ D,

HHBRFIRICBI L TiE, LERIC K & 2kl 2 f K
T OWHALRELR, BRIRAE 2 X KA O 2 2 R
DHE, o EBRICARPILREL kS
LD FER S D, 2 IS BRI O T
X, BEER L LTHE, leshTky, BE1H
LT TE 5, $RICUT4EE, MR OMIAME 2 L
ST G HIR D AL, B 72 72 L TE HE A
MR 2 H T 2 AMAHIIEE, LR IcaR
DAL Z TR T & 2 &0 LRSI S, ik
WRLLEYEEOR R ELP RSN TS L
5, 2017 ; ARG, 2020a). S 51T, KEIEOHFRFICE
PR BB O B RFR AL IS AT
% (E#ES, 2007).

PlEo X9z, HTFHKREZREL, TEymiEe
B 2EINICBEIL TIEEH, HREEDOBRBICHD.
LU 72236, il T oMEMRIHICR W T, APE
M2 IR 5 YO BRI S STV
VW, b L ERBHEPHL SN TWRNI L0 5,
TSR EEIN 2 RANCAT S T o oH
DEELVVRIIZH D
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2) EFEAN

(1) EEAE

EAHLI T O TED S VB X, FK ZEHE
BICHA S E L MFEWL &, IR 2RI H L 7o T~
EREE S Y (N

EWIC R T 2 M RERICE 3 2 =6 12 2n
23, 1970 SR LT ZERE RO b, ORI
BEERIEY & 7 A X & LT KD & BT i 5
AR (K, 19785 i - B, 19825 A F -
A, 1988) THDH. BRBREKIVTHLEt m® &
INEWHIT, B - gRAR (2008) TXEISENIC 1%0FE
DRRER Z L —F— L _XF—THET 5 Z LiIck Dl
7R & DK T 15 & R OB TRET L, Tk
RKLTWD., LpLenh, BEZLOWILED TE
WHEE 2t O EBEGHE TCORBRBRII AL 572
v,

AR, AFXTavoA VR, A=A M7 ) 7T, #
ST 80cm FREE D FEFEIR & 15em FREE DR S O
22672 5 ANE CHEEFL IS (Raised bed furrow irrigation
system) MHHEBAINTRY, BB T 7 X0k
1T & 72 % e WD FHRE S <, HEERR
MNEED ELTWD (Sayre and Moreno Ramos, 1997 ;
Wang et al., 2004 ; Tripathi et al., 2005 ; Jat et al., 2005) .
L2p L7223 B SIS O 2 Tk T % ik i3t
FHKF O & RIS, FEERIRIBD S,
OGN OBRREFE 2K L, BEOFIMT 5 IEEE
RNEEEREEBELICHRE T2LERDS.

HUTFERECEI LTI, KA D2 EICRBRIE Y 2 5%
FE L T 1970 FARE% 202 4T 10 4 FHE S A7 BABRIT
gefE R B, MR O LGOS, e Lico
WT MITFRABRVWOFLIE] ELTEDELDTY
5 (REMOKES WG UEER SRR, 1990).
MR X DK, BREEZHWD HikL
HEWHRZHW 2 FEIC KIS D (Twitty and Rice,
2001). WAL CTIZEARD S O T B2 E < 2B ATH
NTWB IR H 5 (Zotarelli et al., 2013) 23, HA
TIHENIAAAE T D 2 & ~DlaSe, M T HaE
DIEEDFI VIR O T2 BB L, BFREND
DAGARFEPRA S TN S,

W RAE A~ DK OUEATTIEDL, BRI PR
DKL Z & O THRHIREWNICHA I E S ik (RIRG,
1985a 5 #AJH 5, 1985b 5 FF 5, 2000), 725 ONTH
IKERFRE AT D5 (B S, 1987; k- K7,

1988 5 f@A D, 1992) AMTHOILTWIZAS, ITHFEITAK
FIRICIEIEH— TR Y, USSR TS
FIABEFE L 72, Ml E ORFIRECHR & KM ER 2 H 5
2 FARDLHIE S 2 5 2 FOEAS (F542 - R4, 2009) &,
FZKEE 0> HRFIRE ~BKT D 20 OB 2R E L, ik
AR D /KA FAFE RTHE 72 /K ] THUZR T DKL E 24T 9
FE (BKHIR, 2018 5 A -, 2020a ; 2020b) 1Tk
B &AL 5. FOEAS I3 TR ICRFIRICAZZET 5 AT
PALRFIRAS 1m bR ChE L S 4, ki oo H T S
b 2.5m MR TE I H 7 ZBUKM & 32 fHBRFIREA
HBLIND., THHTEPARNOFGE BN TY, TH
Bl LR a2l Ulc BEE O EOF L, T
DA DRTE DFEERE > TWD L5 TS TR
W] EIRRTWD K50, ME RSV TEY)
HIRA~NRBNK UG 2AT 5 7edIiTiE, HELTD
ELTFITKRAB ERY, (EYORPHETED L%
BEILIR AR S, S & FE S ERRBIC
TONENRDD.

(2) FYI~DEBRE, EHEHR

ER DA B INER LSRR O & 2 FEH SR B
L Cid, ZAvE THOKHEREZ & M2 B 5 2 3k
T AT TR Y, JLiEE TIEEROFEMIEY &
IR =R, R, fEMEY 72 L 2l L I~
ZaTNEELDTND (M AW ERERITF 2,
1997). FOH T, 1EYOABEHEANICKIT 5 IE
72K, 72 6 QNS 2 BRAR T 2 13K 4y B (W
TG pF THER) PIRINTND, —F T, M
TOHFIEB-CH T REEICRI1T 5 RBRFZE TIL, 1B
DR EERENS <, T O 72\ 31 % 78 30 5 i
HELTWD DL (KA, 1978 B - &iF,
1982 ; T8 - #/E, 1988 5 iR - 4%, 1988 ; JHiE -
KVE, 1988 ; BA DL, 1992). Zhid, HEBFROH
WME, TORBMICERNT2HEBOHNOEWCED S
DEEZL. Thbb, 27V 757 —) — <
Ve & OBUKEEBIL, M2 HEKE O ECHIEIC X
D, {ER QAT ICE R L 7z Bk R
DL LIATED, K, HREE-CH N ET,
F 2272 K B ORISR FTRE R T2 b, B Wi 7 138
KPRIEEEHMERFT 2 LV I B X TIERL, EYOEE
ZHIRT 2 L 9 2K R RITHE - Te BRI HE 24T 5 &
WORIREIC 2 5. EE, B Or: R 5
B ER O ERICET 2 MESCEBIFETIE, ¥4 X
THIFBAIEHI ARSI 3D 7 < LEEDSHEIR L T2 Rp I

11



12

LB SLAR A DT ERAE SRR S S

FEMEATH Z LI L TRY, I X 500 ERR
LAD LTS (IRH, 2004 5 ARH D, 2008 ; &
VARG AR RS I A )13 R fg i v 7 —, 2008 5 (LT
WLEEMOKEESS, 2020).

W B 2 SRR JE D35, —IRERYIC BN
ZHACKREBIC S E TR T 2 HERZLEAL T, H
THBOLEEE, HIEWHF, R TOKMEHEIC
—EICHERF S E D (85, 2008 ; H12 - HER,
2009 s M - AR, 20135 A5, 20135 HI D,
2014 5 FEF D, 2014 5 $5K D, 2014) &, —REAYICK
% EA- S EHKRT 251 (MIEDS, 1985a; MRS,
1985b 5 (i - K7H, 1988 @ADL, 1992 ; HA - f,
2020a 5 FA - FE, 2020b), ZAULHDFIEITONWTHE
B L 72 (5, 1987 ; Shimada et al., 1995)
RTINS,

bl & (1987) 1TRVEZRERHUBIZ RN TH A XDk
BRI, HhER T O KL % 40cm PEO—EIC L T2
RAE L, BIAEHID FEFH 0K 1 4 B BICKAL & L 5-
SE B (BATEHIE © ¢ BATEHI~REZH - b A
PABE L LT, 7040 : 70cm 72 & TNT 40 : 20 © 40cm)
ERERARER ORI RK & gL 2. FElS&tTh Y,
IRALANHIRE 40cm D ILER 3 e b B3 <, IKAL L 5-
U 7 ALV U 72 S 00 6, 2 238 U T 50em
A% OKAHMERE A Y & #55H L T 5. Shimada et
al. (1995) bRAEORBREZEML TRV, ZHAETIE
IKAL 235 B 70cm, S FAE TILHE FF 40cm O ML 23 %
VT, AKALZ 8 A FAILAKE 40cm 225 15ecm ICEFE L
TR T L 7R D, KL EED 2 &
FEL <7<, BRAMITIE U THETR KN 2 —@ 1o
BTaZemEELLTNVS, LELABL, Zhb
DR TIHHBRIEAENFETH 72y, KLz LA
SELHHPENR ST 272, KEEZEHTHZ
EHERIZ L VIEY~DOBOFENE U T0), BB
WAL DOBE ST LY 4 U e BB O 2L AME
W~BDFBEE LTS L Op IR TE R,

FR MBS 1T F W\ THILR R D 7KAL 2 30em 2 B ITHE
o HETEBL I IEEHRTIE, £FNED
B ERPBED LN TWERERDH S (EDH, 2008 ;
Fits - WEFR 2009 5 I D, 2014). EOKE, AFINX
FOM ERRPRD SNT, BFIC K VIS 2 F6
HAELTWS (THG, 2013 EA S, 2013; HEFS,
2014). FElga AR5 (2014) X, JbREEHG O ER E
B COBEIEAREAMELALF, L4 XD 243 /5K
FTFICBWT, EIEEYIR ISR O KA & R SR T
20 ~ 30em I[ZRRE L 1256, RRROPKMEIMET T2

152 &

FERERD, ZNEGRICE B2 ) RE LTSI ILIR
DOFFENIMH S Nizzd E LTS,

HE -+ K7 (1988) 1341 XOBTERD Y D 8 A L
AL 8 A FAICHIR FOKAL % 35em & 2 H ML
ZOHBEBICHKT B HIET, 30% & L OHNAE
LRTWS, wmADL (1992) FFKE & a3 AFITH L T
BIXsAaMo s A ARG 7 H Ao, —RrIic
EL & TRALZ _EA S w3k 5 kL W CHE T
Wz F2ha L 723, IRK DR TRALITHR T £ T LA
EIELTICEE-72—FH T, MEE T AFOREIT
FEWARFERE O MBI T L, MALTE THE
LTV 2HAEIT O TOABOFEEEL TWD & LT
3.

IS OBEEDORIFERE RS, MR T OKRMZ—iE
THEFFT 2 7B, T omRT 2 oMW RS &
WHL TR, 1ELT o TS O R 2 I35 8
BWBDH DI, THEPORRHABRAKTEMS
LN NFHIEEZRH WA Z ENREE L WNWEE XD,
BB ITD THFADBWDOFEF &) TiE, EHE
FECTOKRDHRBEE SN TWDER, ELE TOKM
R, MR E TIEEICR D o R R
JREDBEEL D, FEEHIRIC BT D RO,
THERER E O REHE, WEMICHIT PR
L BIURVITHEE L IR ORI X D 1EMEET ~D%F
B, Z L THEEAMOKEEM2kT 5 L, EL-
TICBREPILRETER S, MELREZFHT5H
THEEAR OB AL TH 5.

TEWEE N 0 B8 2l 9~ 2 7 Ic B L TiE, K&
SHE ORGSR EREZIIRT D HE, TursF
VIR D FHE, RREGLOHE T L HER D
5. FOKRSARREHET S HikL L TiE, L%
KOFHOBREIC K DHE % <, EoMMITEL (M
FTF10~20cm fifE) O~ b U v 7K F ¥ X LB
15.5kPa (pF2.2) ~ 49.1kPa (pF2.7) (pF2.2: V& i -
E G, 1982, pF2.5: KV, 1978 &I 5, 1987
AR - ¥R, 1988, pF2.7: 47 /- H, 1992 &fE,
1995) &M A BtAT 5 THUKPREBORIZEY. 2
DI, EOKRKT Vv v (HIRD, 2011 ; FHH -
AR, 2014), EEEIC X 2 KALBAE (B - K,
1988 5 (LA D, 2011), FRIMRBSSARE (P - L,
1997 ; A[ - HiA, 2009 ; FHb%n - #8M, 2017), T
TENT AT B O TCEG ST (Sl S, 2009) &
DD, THHIEFNTIVSIED =T TV DK RE
OMREE ", FHOBERORE L AV CHET 24803
HDH. BT - &AE (1988) 1%, ¥ A XDOFEELMOIE
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INEED ETEFMAIC L DL ER ATV D,

Tn 7T I LDHER, KBTI, Eic
BT 5EmEANT S 2 L CHEBOES 2445 Y
7 b7 REICHSNTERERE S A TWD (F 21X
Skaggs, 1982 ; FAO, accessed 2021.3.31; HE& & b,
2016) 7%, HATO®ERITHEAL TR,

KRBT X DS OHIEHEICONT, PR -
%R (1988) IXBHAEHI LIRS IC RN B 23 8E T4 B &
DB A E T 2 kAR L, BERXIC
E_THIER B W5, G - K7 (1988) 14,
B BRI BT 5 LIk O L EOKALBE ORE
B D, BTEHILAEIE RS 7 B LA LR < AT TR
WETOZEELTVS, IhbREEEEKIZLE
HIWTT L, ERER TEOK GRS DK A b LR
AR D Z LI TE Ry, LaLAans, fmHm
CRITBHEMOFH BN %, EHOEEZHIRT 2 &
7R, TEKGBREICR IO MG T D 2k
THEEEORTE2MZ 2 HEL LIcGE, TESEY
DORPRIEZ M TERET L b, [RESEMGOHTH
ROMEA 2R L, HEMEGOHEELS L THET2
ZliFnge L bhd. RESMND T LD HERES
OHWHEITBER ST LT, YO REEREICK
L HFETHHDLEEZD,

13
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LB SLAR A DT ERAE SRR S S

152 &

E2F KEOEHEEMELIZAIT - LIEYEEREEFEOREL S VICFHEZE

F18 IHCOCERYEEICEISLIEISR
FEEDEVNVNEBRETOSY A X
HEFCRIEFTEE

1. IZL®HIC

R Te < H B 23K B ICHRT D720, Mk, fh
Bt Thbd I N, ik, Kz ENE
L7c BEEEMNMTONTE I &6, MEET~N
THEMIINENS DHENE <, HBEYHER S A X
EFICH 2 DBITREV., FRCH A RIRERTIE
Tl B AFED R CHEFET D Z L n, HIFREOHE
FEFEOHEOM IO oAk E S, Eal, WM
MR B R Z TR\, A XOHEEER LT 570
iz, Bebtiame, AN <T DL, BR%BOE
BEHED TS X N ORI K D, FHERMEA~DRE
EREMINTWD Rz k- BR, 1981 411 - FH,
1991).

77 AN L XA XOHFERE L OERN 2
ROV T O FH] 1Z 0 72 < (Hanks and Thorp,
1957 ; Seker, 2003 ; B§H, 2006). F7z, LI T2
MR R EBRET D Tk S LT, WELoELICEY
fEL 2k 35 51k CEM-AIE, 197477 - KL,
1994; 1, 2006) <0, FEREPRE R O LR 2K L,
k1 0 43 A2 B 95 59 (Bresson, 1995), # A
AEFERIE A — R DTV 3R L THili D 2 & 5 5
% AW, 20060) ZREPBFINTNS., —F, &
BAOHEEDORMH, FHCRFERBE AR O 15
~OREAE, IEECIKTOKARROEM, HHHED
) 172 & LB O UEE R IR STV S (RiTH,
1974 5 B4, 1994). % 07w L~ H S O i A
KXY, 17 T2 N OBRERKTE 2 AIREMENRE
26D,

AFRERTIL, LHRENOIRBEOELZHWT, ©
B A M XD THOWILRZ A XOWEFICE 25
REREZRTL, WEERMEARET D, £BE

mAEs A NDERT D HEBERZHA LML TE
I AMDOALRTWEHESRFZIEET D Z LT,
ZOWREFRICOWTEEAERI O SPLEET .

2. HBAE

1) ISR MK BLTEDEIEAT A XDHEFIC
5x588

77 A NEEE & & A4 XOHEELROBR AR L AT
% 1o, LB SLAR A B ST o Je e s (BT,
R L) NOREZERY 7 ABRNICRBWT, 7
T A NEEEEZ LA ZDOHERRET > T2

HJ R NI & D AR EAS il LB D 3K T A 8
HL, MEZLPER 2mm B s 2ttt e L TH
Wiz, Rt oL 2K 2-1-1 1R T

TS 7 A oS OFEIL, WEIOBREMIZEY
7T A MREEART 2800 CaM - AH, 1974
P - K, 1994 5 83, 2006) ZFIHL, fhed15
I 2mm B 2R S W R T AR 2,
TEEOBIASEZEEL T 1~ 1:5 OFFHTREML,
650 X 230 X 180mm 77 > Z —NICIRE) FIHE L 72.
ZDH, FAX ThILRARX] OFETEFES 3em 122
B9 O MIR T4 HPTIC S RIfERE L 72 (2 ). i
IRDOEK 7 RV O THOKBREE 145mm-h" (BEHE(R
#23) T8 oMEukE, HT7AENIC 2 EMEBEL -
B TR ERRSE ., RBEKEIZHHBRE T
20mm-d' 1FETHY, T —EHOPKONDE
KOFKHNPHERTEDIRTH D, HUkBITBIT 5%
0~ Sem RDORFEE AKEIL 394% (FEHERZES5.9)
ThoTz.

T AXOFENRE L ZEEH (VC ! cotyledon
stage) I[CHIEFHAREL, HFRLZHELL . HF
HFOPE & FFICREI L TEFRST RO 7 7 2 b
fEEERE (5H 2-1-1, DIK-5561, ZEdiidEkE AT 1 v
) ZRAWT fEEEORLOM S Z2HIE L7z,

#2-1-1 R EOREE (PR
ZEHA PR U R AIHARE
i ’é‘A\E ES s
pH LR CaO MgO K,0 CEC N )R
(H,0) kg-kg' mg- kg’ cmol, - kg mg- kg
5.8 0.019 2,602 1,525 475 14.9 582 609

1) hF—2
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— &

FHE2-1-1 AEBRTHEHALLY 72 MEE
(SeddDERIE AT 4 v 74K ¢ ¢ 8mm X L54mm)

Y 1

#2-1-2 AKHEHIE O R oL (n=40)

e o AR AL U g FIAETE
pH LAl Ca0 MgO K,0 CEC WURE U Y
(H,0) kg kg’ mg-kg' cmol, -kg” mg- kg’
S fE 5.5 0.056 2,756 660 318 19.8 962 292
R 0.6 0.034 1,116 370 193 8.3 273 366
1) kv — 2k
2) 14, TEAEYATEISANIEZIEE FHHE 2 20 U TR 7 (LB SR SR Ie s
EMFIEARE, 2012). B ELEO(FEEEZE 21212
7T ANPELDL HEOHE ZET DD, R
IH L 40 AT O R LA BRI L, L%
2mm fiEiES % 100mL Bt L& ICIREI R L 2. o 3. HRRUER
Bk &Rk, TIRO K 7 A v % VW TR R
145mm-h" (EE¥ERZE 3) T8 ok, 40CoiE 1) TEISRA MRS A XHFICEZZEE
RELEEAN T I EBRFLL, TEREOEIEZ 7 T
N REEEECHIE L 7. A RZDOHFERE 7 T 2 MEE L ORRE 2-1-1
B EEOSGHTICOWT, RIEMAII ey MEIC W9, HEERIT 7 7 2 M EEEFHEDS 10mm (0.35MPa)
T, ZRFBITOWTUIERIRBIEEICTHIE L7z, @z R TH D L 70 ~ 100% DETH 525, 10mm LA L
BEITELD~ v 7VIFEEZHAWT550°C, 5 FERREMEL TIX 60% % F[E Y, 10mm A1 THEICH
THIEL, BEEEICOWTITREREICEID T ALY KOME T L7z,
a
100 -
90 - [ N
30 - 1 SEME
701 N
S 60
b
# 50 1 T b
R 40 - i
= 3] [
20 A J-
10 4
0 T T T
0-10 10-20 20-30 30<
(0-0.35MPa) (0.35 - 1.56MPa) (1.56 - 9.35MPa)  (9.35MPa <)
n=9 n=3 n=4

7 A MEEFHE (mm)
X 2-1-1 £V TR NEENL A AHFICE 2 522

1) Ko EEaE, =7 —"—dkK, /METHY, BEHOTIREL, TELE—RE) & L7k, fEBRE 5% T
Tukey BE 21TV, HPORLRLIFNLFOFEIIET 7 A MEERSHICEBEERH D Z L 27T,



16

LB SLAR A DT ERAE SRR S S

HA RFIERFC BT D, HZFERBIC X 2 RS0
B D HEERITOVTIL, BT 2010 4124 A
REEFEL ORI X D6 K EE 22 R oXti e L
T, HEFERT0% KHEPRINTND, £ THIZER
T0% Kl o 4 A AFIERICR T D RO L &
5Ll RRBERTIEZZ 72 MEEFED 10mm LA
bl X5 T A NBERT D L, HERED
MBI DFEELA ZDHENREFL L FFTHZ &I
5.

17 F 2 N OWERRE ZHIES D HIETEE - T
BOP, MBI~ 250 EORIE S ETED O &
OHEBRPREIEN TS, 20 L5 HT, Kk
ERUCHESRZHWEHBRERE LT, ERRDK
EARH TR T O (BMKERINSHFS)R
2007) TiX, 037 ~0.57MPa D7 7 A MNMEETH A X
OHFERENRD LN TR Y, RABRER & M FEE
OFRERPHELN TN D,

2) i, TEAHYNLTEISAMIERERE

75 A MR L ERSEIC X DRI & DR E R
2-12 2R 7, RBHF D7 T A MEEFHE 40mm k
DT my MTOWTIE, SRIERLZZ 7 A MEER
DOREPTRE72FGIA D 40mm £ TTH D729, 40mm LA
LofEb &,

¥+ & B 020kg ke DL E, YV N ERETIE
0.30kg kg LAk, WEER T 0.50kg kg Riiz725 &
7 A MEFEFHEDS 10mm Pk & 72 B 15 % < A
b, i, HEARYEEOZ %, HH L1
WA OEE S EX S TIET & &N 0.05kg kg
(AR R v U—%2 1997) TR LIZHE, A
WEBEDOZNEETII W HIRIT N, RS
FREOHBIZRWTY, 7T A MEEFHEMEVME
mIAR BT,

£ T, 77 A MEEFHE 10mm ML & 725 18
Do T, WERD 0.50kg kg Kifio L IZ >N
T, BHEEE, BEEELDLNCEREGRLI TR
NEEE L DBRE RTH5 L, JBHEEE L OMGITH
RE Ly, BaERE, £RFEEICOVTIHHED
HME L by 7 A NHEMIE L A2 0, HEEYRE
0.13kg-kg" PA I, 42 fk 3 & & 0.06kg-kg' LA ETH
% &7 A MEEFHENET 10mm KL 72072 (K
2-1-3).

Taylor et al. (1966) = Lutz and Haque (1975) %,
VRN EEDPEWIEIZEHENS TR N4 L HHEHR

152 &

DL L TWDA, SRR 542 v TiT-
TERBRAERTIE, 7 7 A MEEIZVV NEREREIT TR

<, MiEEED 7 T A MERICKE<S<EEL TS Z
L DRI S 7z, Ferry and Olsen (1975) 12 5
A NPT BER L LT, MR 73 T8I
BFTHZ ik b b, WHRHMRETROT Z
A N OES T TRFREPREVEEREEL 72D (B
FREL DR EWIEIZ, clay > silt >>sand) FEFEZRL 72,
ZOHE L LT, KRERIRFORBAIRIIRD, K
THRFOBERFEOCHKELEH T2tk LT
L. ML EEOHEMCHEECRTICEY, LR
[ D> REAL 8 BE DS FESRITAE > THINT 5 & L 1T AMRSF
(2001) LHEL TEY, ZOREPEEEIC X B IHE
L, GRS S TR OB IHERIC L2 b D &
LT3,

KR NBEICEST D £ 9 s T & N O
W, MRIE e LT AR ICRWT, gt
OB, IWEEAICIVALZboELZLATY
% (Chen et al., 1980 ; LI, 1991 ; HH, 1995). &
bbb, WEOERICX Y B8R O RO FAE A
UC, EREHO S bicimRm AR EZ 5SS E, FAE
DEBMICIETT 2 2 s ickvikRigL 2y, HRT
DIRER ORARE T X 0 g oL 1 o TR g 23
FBkEnsd, ZoEBrGETS 2 L TEWEEEY
FARNERD, KRB TIT o L ALBRAHEIC X O
RENTe B T2 M0, Mk, KE TR T
HOEHINTAEL 2 17 72 MconwTix, kit
AR DI BB & HEE S, ALHEE N O KR ORI
THEOEE, WHEERAICLIVAELELD EEDR
L1 I A NPEE S (BE2-1-2).

FRARRBRTIE, MBEREHEIIRWTY, GHY
BERNZWTETY 7 A MEEMELS 2D, FRlomsl
R RFRE TEOMEMPMD - T, HEGE, &
RFE RIS DI EFRECR & 7 & DRSO
gl CITHARAE#EH LR bEEhTnd ol
D5, 77 A MNEEOIBICIE, HKA Y OFEN
RESEELTNDEHDEEZLND.

Lado and Ben-Hur (2004) 1%, T oOHFH#YIC X
DRI DGR T D 2 f 5 2 L T, &
B2 7 A NOBRPBIMTIEND Z LERTND,
Seker (2003) IWEENPD R BENT T A NBEL
58, 2mm A TFICHELEZRBZ2RESZ LT
MR E MR T 3 DR AR/, ZOHA L L THE
YIOWNI T LR F I OREEIME L 722 LItk D%
DELTVWD, ZhbDZens, HEPOFEED O

-

E oK o



BAR  FE KOS EEREICmT 7o L8 - KERERIEEIN I3 2 5%
40 - oy 40 - O DX
E ® ® (a) MitAkE o ® . s
~ 30 A 30 ~
$m|
T o, @
B0 (@ 20 oe
=
- O (o
10 ~ [ ) 10 +
|9 ol © OG-Q.
N
0@ e 02 o (}'.‘ SR _—
0.1 02 03 04 05 06 07 08 09 1 0 0.1 02 03 04 05 06 0.7 08 09 1
(kg kg™ (kg kg1
40—(@”@01&%
g o ® ) Wak
E P=N=:N
\/30,
%m X O strfieny (B B 0.05 ke kg UK
% @ HEAHYZ (SR 0.05 kg kg'LL k)
<0 e
N .(' Q) O
.%
. BSe o e

0 01 02 03 04 05 06 07 08 0.9

1

(kg kg)

X 2-1-2  RIfEAE

) 77 A NEEFORIERS D 40mm TH 5 72,
40mm PLEDOfEZE G, TEAEY OZ 03T FEEE =

&7 5 A N L OR%

K Co 7 7 A NlEFHME 40mm LD 7 v v Mz oW Tix
0.05kg-kg' TRA LTz,

40+, (00 @ [ ) 40 - ()1 ]
—~ () o
&
= 30 30 A
im
= o o o0
N 20 4 ® 20 - ®
1
b °o ® e °
X 10 - . . 10 ~ ..
2 o'® o® © %
Q

0 ‘ ‘ ese® @ ‘ — ofey’ |

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.00 0.05 0.10 0.15 0.20

JEhi G (kgrkgh) AR (kg kg

40+ C0C000
2 o
E

30 A
il
e [ )
= 20 @
%
~ ()
X 10 |
N 10 ®
S 8 ® e

0 : ‘0 e®> ‘ ‘

0.00 0.02 0.04 0.06 0.08 0.10

SREER (kgkg)
X 2-1-3 W& 0.50kg kg RO THICIKIT 2@ EE, WAWERS NCERFERLE T 7 A MNEE L OBIR

D 77 A NHEEFORIER D 40mm TH 5 7o
40mm LA Dl % & e,

», MHETHr 7 A NEEFHE40mm Lo 7 ey MO TIE

17
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FEL, MROZERICHFSTD L b, HAHFE
Y EAR ISR P O 72 Fe 3 - B 21T 5 &&FI 2 L T
WoLbDEEZLI, T TR MO OWE
TogtLLFERRIC, HRHEEY ZE D gD G
WEBEEBDDIZEILE T, 12 I 2 b E®EET
2 AJREME A RIR S LTz,

T T A N ORI, B o RE AR S
WMET (biE BECE, 2007) <0, WELOREMICX
DM R B2, e Kb, 1994) by, Al
B TREGEDE VS 2 A N b E. O DHEIESe
KR 72 &, T~ OH B A A AEFEER O D A0
TR L 2508, (ELICIRFIT 2 HEECRRIE 72 &
YRR L, ZAUCED REES RO s
TARSOEEBICE L UIRBRHATH S, EEEND
K HEHHE TIEHE O AFRRE RS ENBZ N LD
B, B, b ONCRED D, FR L Vo R BIGEIEY
OFIAPEFEEOER LT VWEHALEZL LMD,
Z DT DS BITAHEE T 331 B HsE Lo R %
ER LTz, BEH~ORESEGREIEY ORI XS+
BT A N ORBHEARPALETH S,

Pboz end, 44 XMW1 0OMEERIT 5 1%
75 A NOBESIE, 75 A EEFE T 10mm
(035MPa) LLETH 722 &b, ZOME%EHF
O HRFC I T D LBV O SGERRME &
5. Eiz, WER T 0.50kg kg AR T iR EJH &2
0.13kg kg ARii, 4R EH 0.06kg kg A 1T 72
% &7 T A MNEEFHEDN 10mm LA_E & 72 5 [ 23 A
DRI EhD, ZOXOEHETIE, HEI I
WX D HEZER I S D PR RE W E WA D, Tl
7 I A NDELRLT VIR TH, HAAEYE
GoltEhoREnEREEED L Z LT, HE~D
AT D RIS R STz,

BHE 212 FKEDHRE R TO X A REEBICAE L7 5 2 oY

28 HRERETOYA XZHT RS
L E LSRR Y PEAES. L1
eZig

1. [ZC&IC

S - IC LE IR, K T R 0% B A D
ZUVIRIEIE TIE, BFRPEK 2206 L 2 EHIck VW Th
PR RRBICE DMWEORAERE, HEYEIEICRK S
LIEMEBTOARBMEIRE L TRIEE oo TS, %
DI DVEY D AE ZHIR T 2 T EYERIE ORRE 24058
L, REBICH-TeXIREZHE D2 LDBMETH S,

BUHh [ 452 81 D LB EME ORI F ik L LTI,
LW A K O 100mL £ 1 1T X D BB
BLOBREBHBICE D ZEnE v, UL, JHEICH
THHNDBKREL, FESENHBRICHEE A 005 2
Lrb, BREEFVRERMNBEELTOHLYELL,
Bl Hh 5 5 ICRIE © & LSy o BT 2T
XHMEENLEN TS, I T, BIEHKRRKL
L THHEOREEEZMNET DV v —A T —7
L— MEIZEFEH L.

AREITHE, ERORE S i g i, £
B O EREHE 21TV, By A o icls
BIROR S ZIEIET 2. ERREHEBMSGICBNT,
VY UE— A T = L— MEIL L BDEBEONIE E
TSI A ZFFENE L ORREZRD, BEEICEEL
T M ORI OW TR T 5 2 L T, 4
A ZADOTENEHET S 25 LY HEIEOHIRER %
HOLEPCT D, SLICINLORIFERPS, vV v
F—A T =20 L— MEDPEHIETO L A XT3 2
181 5 72 LW PIE OFETE & 72 V15D DMEET T 5.
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2. ABAE

1) HEES

FIE RS ITE R TH A R 2B L TV 5K s
B (—Hve R LG EET) Exigl L, 2002 ~
2004 D 3FERMFER L 7o, FIRI L OFERSG OF
B X AR, BN, SRR, M (ERRE)
BR22-1ITR LTz, WiELETHS 7T A K 1<
JRAASH D BE A 8 El & 5o, 1ELo LTk
BEThY, BHRBERICOVWTIZEIC T ~ 2 FRE L
G THS. HAIEYTH D ¥ A XD IOV T
IR CTEICEBE SN TV DA R~ KDL D ZEEL
7o, SRFEEEE & L COINE L ULIE 300g-m” R T
BV, BlesHEMICEIT2MNEZET10% UANTSH
b, Fi, AFEHIBICRIT DR R E R IR
1.5g-m” (AL¥EE BEER, 2020) TH Y, HEBE L
LT, WAL 66cm, BERTIX 15 ~20em, 1#EZ LD
BRI 2 ~ 3BTRS TS,

2) HEHZE

(1) 4 XEBFNERE

ABREITRKRBEINCGZY T2 8 A LA, N&E
FAAEIL 10 AL FAICE/RL 2. AFRETA
FHEB BN O 3 FEHTICB W TH A A% 20 K92,
Z A ZHROFEPH 20em M7, RS 20cm O HHE T L
BUH B & i TE ST 72, o EENE 70°C
T AMEEE S, M ESESREHL 2. #TE
ARV L 7o t, MRICHEE L TV DARRL A BRI
L, 70°CC 1 M@ EE SRR E & U, IR
BITARAEELNO 3 FHINCRWT, 2.6m° NICAEE
LTWD XA ROARE AR Z T2 I EES 2 X D H
D, BREFLS e, ZOBMERL TUBREIY RE,
BHRE (g), WYMAK (K -m?), @by FEE
(geplant’) B I OTEINE (gm?) 2HMLE F
e 2L IBNCTAERBMBGEN O 3 EFT O ¥ A4 A% 20
APFOBRIL, FHE, EFH, — RN 2MAL 2.

#2-2-1 FAEMG O

19

- EiE R o m - HRH T EL M BEEED
AR T B A R 5L E =il R (EEsE) 1
1 NEEea e+ 1 LiC Flg
2 INERN-$- K+ 2 LiC H
3 XKL 77 A Kt 1 SiC H
2002 4 INEPAES 77 A K+ 1 SiC H
5 aFRT L 77 A &+ 1 SiC H
6 INEPZES e - 2 LiC H
7 NA 77 A K+ 1 CL il
8 YL A A PR AR H 1 1 LiC H
9 YV A A 7T A {KH 1 LiC H
10 VLI A A PR 3< LiC Bl
11 INEFNZS$S 77 A K+ 1 CL H
12 INEPAES 77 A Kt 1 CL H
2003 13 NEPAS. PR AR A 1 CL H
14 VLA A PR H 1 2 LiC H
15 INEPAES 77 A Kt 1 CL H
16 NA IR R NA HC H
17 NA PR H £ NA CL H
18 NA 77 A K+ 1 LiC H
19 NA JREEAKH 2 CL H
20 NEPNES e+ 3< SiC i3
21 INEPAES TRt 1 CL H
22 INEFZ$S PR AR H 1 1 CL H
23 INEPA$S 77 A Kt 1 CL H
24 INEFS: PR 1 SiC H
2004 25 NA PR AR H £ 1 SiC H
26 INEPASS JRAASH + 1 LiC H
27 NEPAS. 774+ 1 SiC H
28 NA PR H 1 NA HC H
29 NA PRS-+ NA CL H
30 NA JREEARH 1 CL H

1) NA @ PUERERER, FRRATFICIVFZLET—F72L.
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(2) TiEAE

A ZOWERESR D 10 A T, FREBEN
OREFEFT 1 EHTIC BV THER 80em I S E TORBT
ZHRHIL, TEWERAE LT, SR EEE
Z | LR R R CRIE R, HUELT R KOV 100mL £+
BFIZE DRI 28I L, fRELLICBI L Tl meztk
WCRIERAERL (ISR, BFail), pH (H,0), itk
Wk (Ca0, MgO,K,0), BRIRE Y vk (kA —7iE)
OPNEZATV, AEELLITE U T, HILR
& (v MYy I RFT v LT -3.1kPa LL RITHEY),
A&, SEZKSE (98.1 ~ -3.1kPa), Fdf1%E
REREC (BRI ORIEZAT -7 (LESTR G
TeREHE R ZEAER, 2012). 7RI THAGEEED &
A RBEIIZBWT, BEAR R (Kb T
# DIK-5521) %AV TEESE 60cm & TOE AEHE 3
~S5EETDE LIS, Y v —A v TF—T L—
FERF2LRETER L, V)T —A T —7 L —
hEIE, B 16cm, £ X 40cm DO R T 2 L A H P E
T B A RRREICHES 15em £ CTTE 2720 L&~
B RWE AL, MRS ORERE & T8 L Dfic
AEUTRMZED -, FEMITEREE S, MR
A5 20cm FEEDEH I ETKEAN, VI U4 —H
DIKBLDIET % 60 43 [, FriE ORefHiZl7» TEHAIL,
THADORAREZHEL 2. KD TFHBRENGE T

152 &

KEMELEZMEL 72, BohieT =20 bEE
BARZRD, BREBAED L RBAKERM & OB
fRIZ Kostiakov 2. (X (1)) & TiTH, F/h—FET
BonlEHcet n bR Q) ICK Y EERAKL %
R U7 (HEESEOITEREZES, 1997 ; il

SEAR A PSR R ET TR AES, 2012).
D=ct" 1)
1, = 60cn (600 (1-n))"" )

RRT—F DN, Sz 2 3 TEXCEL
L5 BT, TEXCEL & LHG) 2H L 7.

3. BRBLUBEE

1) EREMMICE 1T 5 LRBILPERDORE

#2222 b ONCFK 2-2-3 12, FAEMIEG O L
MR DL E 7R b ONCALHEE R A R 2020 (ALiE
TEREBER, 2020) QXD HHEBEAEH AR L, =
BB LT, FRICS TS 1B, HE
CaO PIEMEME L 0 BTG, Z3HME MgO 28@E W sZ
DO E TIIBMAQEEEZHZL TS, Mg
MgO D3E VDI, AHIESIEECEHIE TH Y, Z0
B ORICHEL Tns b0 LBbhDd (DL,

#2222 BRSO HELEEME (n=30)
. ok e zcEE Ol OB om K e e HElHE
i PH "0 MgO Ko M pag O/ EL ELINR Sy T
(H,0) (mg-kg') (mg'kg") (mg-kg) (%) (%) Y&t (mg-kg")
1B EEfE 5.80 2,687 720 244 60.0 422 2.9 7.3 217
(F+) #EFEzE 034 745 238 84 23.2 17.7 1.5 23 73
VB S 5.93 2,694 836 217 70.0 47.6 2.6 9.4 194
EHERZE 042 751 320 69 26.4 19.1 1.3 3.0 80
op e D 3,000 250 150 60 40 . . 100
THDIIETAE ~65 ~6000 ~ 450 ~ 300 ~8  ~60 6 LLT 2LLE ~ 300
1) hvad—7
2) TEMEEREAE T A R 2020) 12 X 21E (A,
#£2-2-3 BB O HEWEME (n=30)
_ R e ST TG ] R VG FaFNTE K +3%
(cm) (Mg-m™) (m’ m?) (m’ m™) (m*-m?) (cm-s™) (mm)
1B EYE 14.8 1.05 0.59 0.15 0.09 1.7 X 10° 11.3
(E+)  EFE= 6.6 0.14 0.06 0.09 0.03 10'? 3.5
)@ e 35.8 1.19 0.54 0.05 0.07 5.0 X 10° 20.5
T EEEE 12.6 0.20 0.07 0.04 0.04 10" 2.8
ZS 2 D 3) 1’E:l:% ﬁzj: sz: ﬁzj: 10_3 'l:‘j:
LD 20~30 0.90 ~ 1.10 0.15~025 0.10 2L E ~ 10" 16 ~ 20

1) -98.1 ~ -3.1kPa.
2) WP ERHC X D,
3) HbEhEiE sy A K 20200 12X 5.
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2003). 2BICRBVWTH I BLAKOMEER L, —
75 CHEYEMICE L T, 1B ORI RS L
I L TW AR ZEDEEIZE . 2 BOMEIT 18I
HANTHBREERE L, HILKE, SEMKSE, M
i RRE DMK A > 7., 2 ]8O H I E T >V T
20mm ZHZ TR, HHEREL 2o T,
KHEZHIC L 72356 O b 0 2Bz DWW T
il < b RBR M TON TR Y, LEENICRE W
T 1987 S ITHRIAMERT B R | E L TL W £ &
HHENTVWD (HEE, 1987). ZOHF T, MGk
W EBELo L8 LEEOZEE LT, &R 1FRD
TR TH RHE CaO ZFESHME) VEBEED
HMMRFRD b, EEFICL D MBESEREC LSRG R
KELELT, ARER) VBEEM ORARREPK
BLENTVWE DD EHRL TNWD, KAEESICE
WT, ZEHME CaO DAEASESHIFEYEME K U TRV A3,
pH XN OME L 2> TR Y, WP b %
5 (2003) 23R L TWDALHHEN DK H 2D fE (pH:
5.54 ~ 557, ZHE CaO 2,053 ~ 2,225 mg-kg') X
DhEV., 2O LD, WBBRERP 1 ~24LH
F OB L TWRWEBRICRW TS EEREEM O
AITE D, HBRIESC R i L 7z Bl btk
ERDTEDPEESND., EIARHERMBE X 2ED
i 18 L RROMEETRL TRY, AFHAHIRIZ W
THEEALEMICEI L T, ¥4 ADEBFEHIRTS X
DR A AR NORN ¥ oY el

KA E SIS0 5 Ty B O R 2, ALifiEN
OKHE, MO YL T 5 2 8T, FHARSE
O T EYIEDREEICONWTERT S, #2241
BARL (2016) PR 7TeT —4% ZIeIc/ERk L 7o dbifiE
WO ERIZIR AR L, 75 A S 2xt5 & LickH
BEIOHO BBy L R U, 1 BITR T 5
E, 2FLREITE 2-2-4 1281 5 KHE O & Mo L

DONTALES 225, HALRESERZ KRR T2
WL HEE 2072 L TR 0, MMt EA TWD Z &8
Iz D., —FFTIEOESIZOWTHTIE 20em
ETH 2 oicxt L THAERSE T 148cm & # <,
KEDEEIEE A EED LR, 2 BOHTLRED
73 < TR BT I < 20mm A Tz, L
Teh3o T, BIICIIT D IR b 22V VEHE T
T, AT X0 SR BRI A OB~ AT L
TWBHR, EEEL, L TNOERWALED D 13
HMEORR R LREREBT 2GR L . 2 ORER
FA ZXDAEFNEZNET LHIRER L 2> TWSHA]
HEME DRI STz,

2) BEREBETOIA XFEREBEL DY VT —( Y
T—Y L—MEIZL D RERLEDRAR

B 2-2-1 ICBIHIEIS CHEM L2, U v & —A T —
JU—NEICXD L &, A XDOTENE L OKR
Ry, XA XORENEZLEONEL LV THD
300g-m” & L7284, 1, 23 100mm-h" K5 Crd1-FIX
B 300gm® A TFREIDERE RO, £, ¥AX
DA EFRIIRE < THLAREL (plant-m?) ] & [
&I 1EE (grplant’) ) WTHITDIENRTEDZ
b, WA, EEDYFEEENENOME
I, L BHAE L THD &, WAL ORI 2B
BRBRHNRNR, @by FEEICEL T, I,
23 100mm-h™ K72 & 15g-plant” % F 0] 2 H[E 235
iz (2-2-2).

A RXDEBICEELRET LEYHBREL L
T, WNMAEITES 7 AN (BiJE, 2006 5 HARD,
2012) CREME (RS, 20045 HH S, 2013), fFH
B b HIFE TOKIMIRE (FEHS, 2007) 72 & HHF
Wro> HEFEREE SR L, @AEH7c Y THEITHE

F2-2-4 ALHBENORK AT, 75 A K255 & LkKER OO R Y GRS (2016) %%

@mﬁm%;fﬁﬁgﬁ

I B JEx gl 2flRE HALRE o
(cm) Mg'm®) (' m?) (m m?) (cm-s™) (mm)
1 & E 15.6 0.98 0.61 0.06 52x%10° 8.5
7K H (E+) EdEE= 2.6 0.14 0.05 0.07 101.4 5.4
(n=22) 2B S E — 1.22 0.53 0.03 3.3 X 10° 18.5
EERE — 0.20 0.07 0.04 101.1 49
1 )= EE 22.7 1.16 0.53 012 1.8x 10" 16.2
b (E+) EdE= 55 0.18 0.07 0.08 101.0 4.6
(n=13) ) 8 SEE — 1.25 0.50 0.08 5.6 X107 21.8
B R - 0.13 0.05 0.04 101.1 3.2

1) AR IIAEYIUER I FE .
2) I EEERHC L 5.

21



22

LB S e R R BRI E  152 &
500
400 A °
= ® oo
0300 - ° S o®
(i
o oy
200 - ®
® 100 @ °
M- ()
O T T T T
0. 1 10 100 1,000 10,000
I, (mm-h)
X 2-2-1 GEREHMTOV ) v H—A T —7 L—RMNECTLD ], & ¥ A XOTFNE L OB%
30 T 30
_ g °
T 251 = 25
2@ ...o:.. RS ®..°
g oD o i S
£ 15 A [ ° H) 15 - ...(.).. o
10 - ° 10 ® .
K = o L
= i 4 i
#E 0 T T T ﬁ@ T T T
0.1 10 100 1,000 10,000 g% 0.1 10 100 1,000 10,000
I, (mm-h') - I, (mm-h)
X 2-2-2 EREBMTOY Y vV F—A T =2 L—MNEICTED I, & XA XOESL LAY b OCfilkdh =0 %

L 0BG

BoLEIKS (BARD, 1988) SLBERBOAE, LK
B (ARHES, 1983) 7 & EICHZER O LIRS
DT D, R2250CH4 A XTRNELEER, B
BIE, IR SR & OO BB AR L 7258,
B A R FIETE ST & TREBED b, &K
KRERM O ELET, BRIy FEE LI
DD B, KRk Sz 7RE L ORICHRVFEE
BRD BT, FRHFERICT A ARICEAEL, FA
A~DEHFEWREEITO 2L TEBFNEICKE <EHBVT
DIRRIEICBIL Th, F5INE LRV ATED 61

F22-5 EREBBTOX A XFENEEAFE,
MBI, EREAKESE & OTRBIBMR

TH H FRBAERR Y
(%N 0.112
e KRB & 0.613"
FEE 0.413
A 0.660"
—HENRIER 0.265
ORI 0.400
ek &7z v (£ HE 0.852"
e KBS IR B 0.653"

1) **1% KIETHE.

7o, ARRIEIE T OB KMWmL, WEERIC XD
Zm<ZITD (I, 1988) ZE&6h, AFHARY;
T, HEFRO YA XEFDTEY MO E 25 <
T TWa EEZLNT.

3) VYU E—AUTF—I L—MEIZLDHREEDN
T LEYERE

B 2-2-1 Ti&, BIEG oL ) v & —A T —7
L—hElck2EBRERE YA X TR NEE OMICE
R D B X, I, 25 100mm-h” A8 TILF FEIE 2
300g'm” Z FEZEANE SN TNWD, 22T, I, A
EDXH R TBEYHERE AR L T 20 EH LT
T 57z, o RIEWTE R & LM
T4 EHWTEEREMTFEO—OTH 2 HENM]
HEATV, FA XAOFRNE LR T S5 gy
BT 2 B O 237z, (EoAFINE & 5
R OBERERH T2 BICEECEGR 25 ik
i, dbm (1989) %W (1991), ZH - K¥F (1994)
DBFToTRY, SHERE L THVWEEBERZ Lo
AT 2 HBEDORE S2IET D Z LN T
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#2-2-7 CHBISHTIC LD To & BLEMEDSFRD 6D HIEYFMEICEE 3 % B E OB IER R

#2-2-6 SEBEMITICHAV . BEpHEEOEA
TREE H 44 EHE R REE
f T E S RREITRLS cm 40.2 17.5
fELoE = cm 14.8 6.6
HE MR P Mg m® 1.23 0.17
HLLBR m m’ 0.05 0.03
EfLRE m m’ 0.53 0.06
HFnZ AR cm-s’ 433 1.36
BEESLERE keke! 0.52 0.14
ES Py it = % kg-kg' 0.32 0.12
B MPa 1.13 0.52
BE KB m-m’ 0.07 0.03

1) *HEfE TR,
2) BARLEEEEHT K D E.

23

RETHE B4 BRI EHIE F & P i g FEE
SR B R -0.106 4.042 16.287 0.0004 ok 38.lcm
fELoE = -0.088 1.260 2.231 0.1465 -
LI 6.854 -8.518 8.238 0.0077 o 1.24Mg-m”
LB = -43.156 1.807 10.930 0.0026 ok 0.04m’ m”
2fLRE -20.506 10.667 8.641 0.0065 ok 0.52m’ m”
R AR -1.820 -8.224 24.294 0.0000 ok 10°em-s
BEESERLEE 0.012 -0.621 0.195 0.6620 -
E5]-N  wo 0.001 -0.031 0.001 0.9753 -
EAEHUE 0.271 -0.308 0.145 0.7066 .
A RK & -9.259 0.599 0.604 0.4437 -

1) 1% KHEETHE.
2) FFFEAKAREOCE L Tl Ul iC 2 W TR L 7=
x5, WRDDHIENBTES,

EFIAOIC Y EMEIC T 5 HE & LT, L
HRETHEONE, BHEICK 2B FHERTE RV
G ORENLB T 25 (LT, MfE B L7
#H) ROCELOES L, HEpHEEOT & L
THIRREE, MALIRE, SAME, ffEKRE, K
TEE (EHRE ERSE), BEARLE@EEHICX
LEAEE, SEKGEEZHWE. TEHEED
F=H LTI, v U A=A T =7 L— RET
OMBDOH BIARES & 44 2O TERIE, (&1 5
2004 ; EiE D, 2014) ZHEL TLEREH S 20cm
RS ETOHIMRME (FREEE, BARYE, BLEs
COWTIEAE b EVMET, KRR, 2ARE, fam
BRI, BEIKDEICOND TR S EVE) %
Awnic (%2-2-6). I, 5 HEAE (100mm-h' LLE &
100mm-h" F5) & U, EEYEMEICE T A &5
L LT, &4 0HE Z &I 1 28T X 245145
METWEERZORDONIEB 2B EL 2 (K
2-2-7). Fiz, ORI I YE L
HEK LD 1 RN ERDZEND, £22-71CRIT5
FEHEZHBME TRTZ I L) F— % OB RE %

ZORE, I, LoMIcEERBERPRONLEA
E, MRS HBGE, WREE, HALRE, 2fLkRE,
FAFIE KRR TH Y, (ELOEIFENINL. &
S NI B O 58 R E I A B 38em,  H2 R
O 1.24Mg m”, HLFLFR & 0.04m3-m”, £ FLIR &
0.52m’ m>, FAFNEKFRE 10°cm s' TH o7z,

Wiz, Zhbo Sy EAN I 2 5 HE
EORESERDD WD, I, ZAREREC, EEHEA
A, BEMEE T ) —L L THETEIC
K DMHT 24T o7z, RBHALED 5 5, LfLREIT
HR L OB E o 2 (r=-0.949, 1% KAET
FRE) OMBEEEREML L.

AT OFER, FHBIM 0.78 (FHBIM 0.5 UL ETHRIER)
EREEORWHBIR G b (£2-2-8). Rhon
TAY—RaATICDONT, EOEZR LTS ERET
H5 I, H5100mm-h"' LA IC 5 2 5 B EANWETRL,
B O L 23 100mm-h' K252 5 FEBEANE
ALTWS, 1, 25 100mm-h" LB BERIZ-D W T,
FIRBKRE 10%em s DL E & BB 1.24Mg-m” R
T, 72 & ONCHERETE HBLBE 38cm DA AN FIRR 2 oD S48
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JbimE

SR AT R ERR WY 1525

F2-2-8 I, & TEWEIMEICRE T 2THE & OBEAL DL AV TR is 5

HF ) —

ANIOE St FRBELE BRALES HT Y — xay fmARBIFRER
. . 38cm LAk 0.297
FlilgE S i . .
HERE IS H LR 380m i 0,565 0.682
e 10%em-s" 2Lk 0.318
I, 100mm-h" 2AE 0781 FOREAK R 10°em-s” Al 0451 0626
I, 100mm-h" i : e 1.24Mg-m” LIk -0.280
IR 1.24Mg-m” A 0.300 0546
R 0.04m’-m” U | 0.140
HARE 0.04m’ - m” Al -0.131 0273

ExERL, 1,23 100mm-h" i 0 BERK TILFLERE DK
SWEREIE I, MRS H I 38cm A, 2K GR
O 10%em s KT, HLREE 1.24Mg-m” PAE, ML
H0.04m’ - m” A & 220, MERERE BT 38em KD
HEBENRLKERoT.

1, % 100mm-h" RFIMET S HER L LTt s
Nz, WEENEGE, MRSk IRE, MERBE, HAL
BREIIV TS HIEREE O FE R IS 5 A T
HD., FFICEMEHIES L, ORTICKE S 28 %
KiEL TWeZ binh, TEMEENRRIEE TEARY
FLBR DD 7R NBREEDS I, % 100mm-h AR5 1K T &4,
FAXDAEBTNELZERTFTIELIEBRHTHD Z &85
Mmooz,

ME R EHICRNWT, YD E—A T =T L— |
HO X5 kG TR 5 £Eh~DKkDRA
T, BAESHALROFLELRKEN (HFD, 1998 ;
IS, 2002). F7z, FEZRKELEICTKT S RE
R OBGHE AP T AR KAR O RSN EETH
52 ERIES (1963) IXEML TS, L7edisT
L ~OEBENRRKEWIEE & U CEME B
SN2 &, MEREHRMTOLY) V& — A T —
7 L— MEIC XD P ~DRBABS AL TN D
boLBbh, ZHLEZDL, RBARIFEMLIZVY
VHE—A T — 7 L— METITRERZREL T D
Ty 1 FERE T A ~OKBE OMIC, FTERL MR
WD A~OKBEbEENLME Lo TS,
Z DT DARFFEHT THH S A7 TH B fEIZ DWW T, 3
WICHY 72 TR 2 kL T Db D LEZ LR
5.

HEREIE I BIRD 38em L7072 2 LIZBIL T, AR
BRCidAEORES HEHE AR IC RS T 2 BRICK S
HIEHCH £ 0 ERRIEZIT> TRV LD,
SRS B & F A XD ABINEC KD AT
T DRI 24T 9 Z L IxTE ARV, BT (1980)
DREREHA RSBV T, Do T RIFR%E

FE AR 2 T ALTRIT K 2 IR O R R R ~ D R
WCOWTHHE L 72/ R T, JE TEREET 40ecm T4
THDLZEEZPLITL TS, Fi2fEA (2001) 1,
A XDEFE & Bk & OBRICONWT, HITKAL
IELED D S 51220 ~30cm 1E & T2 5ERD
LLEBRARTNDG, ZTNHDOZ L EEETDH L, Kk
TR BIC R 2 LG %=L, DR ELHET
40cm E TIIREIELILEDRD D LB b,

TE BRI 35T 2 TE B M O R AR T
i, ELELS, ELTOEWALED D YD
RERIRE L7252 LD, F A RDAEFINEDHIFRE
K& 7o TV D RIBEES R S e s, fELoE X
DNT I, & DRI EZBRIIRD bhvpiproTle (&
2-2-7). ZAUIMELDJE E 3 20cm LA ETH 5051, 13
K<, 1ELT oLyt R R TS SRS =
REGRFEELIZZ LT XD,

ME R LEICB T 2EYORITEEDOBHD
HAARICHE > THET S ZEPHESATNSDS

(65, 1991;Hasegawa and Kasubuchi, 1993 ;5% 5,
2007). D= O/EL TFICBRESCIBNBEEL 2 X

5 e HEMERE T, A ARBIMELTICMET S
TLRTETY, FENRHICITRAATEOE K 2 RIT
ERWVWIEDTFIEDICLDEELZITOTV. IHICk
72 1T K 2 REK AR BRI HEK S au7e
Z 5, ZRRICIE R E AREE 1T 72 D TV,
ME RN T H A BRI T D DIciE, READ
PEBR & VEMIR O RAC X D H2ME A N L R Bl [ 5 D
WRE2 b, T f LEOMHERLL LICHFR T 40cm
BREF TRREOARE A S, s LHEsE
LEDD D,
ELTFICRHECILRE TR S E 5 L, O
72 8 O LB B O M TSR E O Fe s, HED
RN D) EIALHE R T, %f@&ﬁfﬁﬁﬂ*
Ho, ERARRERICELY, WRICHERESIT
40cmIEETHD I ERbhoTicd, EFITHEY
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HMESEEDO D D BRI 2RISR 24T H 2 LR TE D,

U EDZLnt, AHSOABROREZKML TWD
VY UE = T =T L= NED I %, B
TOH A RFHACI T D I O 5 7Rl Tk
ELTHWD ZEBREZHTHY, I, 23 100mm-h" 2Lk
By O SEREE L 5.

F3® E

BT X4 A AT WT, 17 52 Mok
5 LML E A XOMIFICE 2 5 HEEE YR
AL, 772 NEEFHMES 10mm (0.35MPa) LA I
TIEE A ZOMIERD 60% & TRILFER L 2D, &
TOFIEERYT D 187 7 2 NEEFHE IR 10mm
LLEE#E 2 ST, F ok E R A 0.20kg ke B
b, v b ERETIE030kg kg BA L, WE R TIX
0.50kg kg’ K TH 2D & 7 7 A MNEHEFHEA 10mm
UbkEndt@ENRZI b0, £O—FT, 7
Z A MEEFED 10mm L EE R VST W EE
2% 0.50kg kg RO LEICB W TH, HREEE N
0.13kg-kg' LA E, £RFE R 0.06kg'kg' LLETH D
&7 5 A MEEDAT 10mm R & 7o 72,

XY, 772 b EEFHE 10mm A5 2 232
5 HNL BRFIC I VT 5 Tl 65 O Ty BN O Yok TR
HEEE+5, i8I 2 Mo X5 HEMN 2%
AT O RS, B E &A% 0.50ke kg
Hiil5 T OB BB A 0.13ke ke Riil, RIRFEE
0.06kg kg' R TH 2D Z LWL/ Y, HKKHHE
WMeEOltEhOoREYEREEZEmD LI LT, 1
7 A N BB B ATREME A RIS S Tz,

WIT, BERTH A X EHEEL TSR e (KH s
P 2RI BRI R BRI 24T o 1RSSR, BnBudi oo 1380
ELaE<, HEpEEORRE 2R LEMELTo®RNY
DL G HBT2EAARD bl EBIHELE T
EL v ) v H—A v T—27 L — R EICED M
100mm-h" K TiX, NEHBEERED S bEKD
D FRECEELKIEL THENEN300g m” 2T
Bl 7z,

I, Ay FEHE T, LIEYEEICBI T 5 E 23
Zgk & U CREAL TEIC X BRI 21T o Te i &, 1,
Z 100mm-h" SRR T S 2 K & L TREERN
KEWIEIZ, MRS LB 38em K, AIFNBEKFREL
10%cm-s™ K, HHREREE 1.24Mg-m” LA L, HALIRE
0.04m’ m> K TH - 7z,

INDDOFERPS, (ERTOTHMENREETE

BUSILR DD IR WBREEDNF A ADEBINEZKT S
LERTHDZ L3O, WEREHRETOS X
DRIFREFICE, T LEOREU EICHET
40cm FEREE E TRASCILRZER S ¥, HEEE 2
FHESHDLILNREETHD.

PIEX Y, sEREEHMN TR S Do Sk
DOFHmEE LT, AHECILRORIER KL T\ 5 v
Vo B — AT — I L — b NEDL ZHNDZ ENE
2T, EREMEIL 100mm b BLEE LTz,

25



26 LEESLRR AT B RRE H 152 %

F3E KAOGEHEEMIELIZRAIT = KIRIE HI AT O

F1H HBRETOMEZFTILFIIHRT S/
A4 Ty FKEEIZ & 5 E G

1. IZL®HIC

JEHEE THET A E X I AT A KEELIT
W, AL TEED 7 BICUE 202 5. %>
b5 HEE T AFEMR L /NS <, KHEED
MR, ZOTOEEMTH D%, EALOEHME T
TR, BRECITREROERZE, JKRRIZES
WELZITOTV. KM, EEHEDY, anxn
HBELIED 5 6 AUBRIZFEEZAREIEL72DIT£<
DK B2 (FAO, accessed 2019.10.19) 23,
JEHETEN DK HHHET 5 A5 6 AT TERER
Y, THEYERMESR R TH DL R T I
WK REPEFEHIBL, a2 AXFONEMNEERE
EILL TS,

K TR M oYK I, BN Ik
ERIT5ZLE8 (BRI, 1987) TH 5. Jtif
ER ORI TIE, HFRPEAR & U CES A O rER:
BVICHE, S EBIT30em 1EE O EZAR) ©

£ 3-1-1 PSS O LB KA

AR TR Y, BENIQELERT S Z LI
P37 TEIR 2 FTE L TV B BFE L 20 (FEARD,
2020a) .

F T, E & 2 AX 2T DAY OGN,
g, ZEE & HIT30em FEEOHEE —EMBTHEY, %
F & 2 AXERESLOKD O BERE TORIGEE &
R0 RFT VRN IIHE K Z, 6 H O AHREL
RO VK K DI~ 0@k X B TER
EITHOZLDTELHEEER L. Zo#ITHkE
MERAFRD LD g 7Yy KKEE LAMT
7.

ARETIHALBEN OIERIAIC RSN T, KEEZ a2 L%
DAEBICHIEL, BROFEERLEZER LIcNAT
Y RAKEE O THE, i LRBEHA LM T E L
BT, ™A TV v KAKEEIC X DHKEE, KB
BEHLMICTT D,

ABRE TIEES

Lottt N7V y N WEKEE ~M7Vy N B EKE

=3itl] ; g
(FEE)  (BFL5) HE (EBE) ARBOBIRY )" KEETHEE (m) EEA (nm)”
RRER L ‘ e Hd:5520
(C08) Jem t LiC FEHEH] Co2700 15 6/25 85.1
Awmr? . . Hd:6120 B B
2008 (T08) PQEn=sE LiC FEMEEA Codl10 15
£ ¥ 3) .
§ﬁ$§4 CERER S LiC A gﬁ@s 11 6/18 1027
pHy = 4) .
¢ﬁ§f IR fE LiC EHER iiﬁ% 12 6/3,6/29 105.0
LR N . Hd:2700
2009 (109) JeR L LiC Co700 12 6/8 106.7
Iy 3) .
mﬁﬁgA Bkt Lic 4 ZEH Tﬁ?s 11 6/30 1027
L R . ‘ Hd:2400 6/11,
(C10-1) R LiC e Cor1200 12 6129 96.3
LR Y . - Hd:2400 B B
2010 (C102) KA+ LiC & Cor1200 12
Ef“lgfﬁ e LiC BT gjfzigg 15 614 706

1) HdlE A 7Y v RABEZ T L 72T, Cold A 7Y v KKK T OB EE.

2) N Ty RARBERTL 7205, SR ERO @i,
3) BHITETOEIGIEANA 7V v RAKEEE LSO »RE.

4) 5 AhArs 7 AEToM, WEXITHO E=—nog 2 2 @BISNICRE.
5) HRENEEMIF IR 2 HEKEOEEE ERKEOFE Y, FEEBIMEEE O ERUKGEE L BEKFMPSEHL &

BESAE) .



2. ABFE

1) AZEBEZOME

BRI R R A ORI 72 & ONTHE IR, R/IFL
T, ATEHT OB RE BTV T, 2007 ~ 2010 4
WCEM L 7z, JAAMm O KA A K 3-1-1 12, fiE
JEAFE 2K 3-1-2 (¥, RERESGOHICE, ~1 7
Uy RAKEEZEMT L 72hs, FEMAZER L 725 7z
oty MRERNOBS T, BHEE T2y )
(2008 ~ 2009 4E), 7B ONT TE7ziE7e A (2010 4F)
ZRAV, 9 T 18em DA T K27 v X
255 %7 +m?, [&7IE 722 13170 60 -m® & BT
FEL 7z, JEiRgix MR 2 3] T10.0gN, 12.5gP,0s,
5.0gK,0-m?, [ & 721372 72 ] T 14.0gN, 12.5gP,0s,
5.0gK,0'm” & L7z, BIMEZEBICBIT2aLX0
W TRV v 2o %52 7 A4V THY,

FEE  KE O EAEEMRE ST 72 T8 - JKIREEHIBEEAT B3 2 gt

MEARRE LT, Ry v) 2RIBELZES TR
IFFEHIDIRRIC R 24709, ZofioffEicon
TR I BRI 21T o 2. 72 TR RIS T
ETREIAREHINTND.

2) WEXDKE

NA T Yy KK, B8, EI & HIT30emigED
2 BIENORERER Y, 72 b B OE DT H &7
FTITHRBIL TR L, ™A 7Y v RARBETX (BLF,
Hd X) & L7z (K3-1-1). F 2R HE KR O
B ETRRT D721, NA TV v RKEE L KB K
DEOK A7 6 NCESGNICRE SN TWDHEKA L &
Pt SETe. A 7w RAKEE & T L 720 ek fRIX (B
T, CoX) &, A7V v RKEELESE & ORIC
BHEEHKIE 2 F 3 2 MR ICRET 5 2 L T,
WX TO LR L HAHBERIEI RN L9 I

I FEICOWTITEZEET & L. L7z,
5% 3-1-2 FAAL [ O fE AR L
FBRAE - - e EFMICE (g-m?)
2P AT [P EiRz pr
(”yﬁﬁ) nﬂﬁ.ﬁ (HZ‘ 37?) %A‘ nuu%ﬁ E%,ﬂ;ﬁif E%,ﬂ;ﬁu% /E}é
R (C08) /A 10.0 0 10.0
2008 AFERT (T08) /A 17.4 0 17.4
Z3HHTHT (NOS) /A 10.0 0 10.0
e (C09) NS 10.0 0 10.0
2009 AR (109) XX HA 23.0 6.9 29.9
ZSHTRT (N09) /S 10.0 0 10.0
oeEat 1 (C10-1) EN AP 10.0 4.0 14.0
2010 ot ga 2 (C10-2) R E AT 10.0 4.0 14.0
AR (110) X&) A 8.8 5.7 14.5
5t X (ColX) NAT Yy RABHRTIX (HdX)
45450
A el B
7 NI
% wl
#5337
B 3-1-1 ALEE X O

1) Hd X T2 EHE T 5 BICERFRE O 72 5 N /K D ZZE L, HAKBOBRUK O ZB L TAKL 2
PRI KB OBUK A ZZE L, BRI ARG TNT, KA ZBHKL .
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ALFR X A 1T 1,200 ~ 6,400m” TH Y, Hd X & Co
KITIUT 2 s s, WfE&E, MEFEH, RiEOFRES
TEW)IEIR—& LTz,

3) N4 Ty FKEDFETREDRE

KEE T LXFOAEFIRN LAEEEOR AP, N A
T v KK O U 7 i TR 2 Mt L 7z,
FAEELICRBNTANA T Y v RAKEOF R %,
KE & 3L XEERT (C08), EMEH (TO8, C09,
C10-1,C10-2,110), = X F D 2 HEH (109), 4 ZEH] (N09),
A (N08) 1T TR Z{To7c. "M TV v R
KB ORE T U 7%, Tos, €08, €09, C10-
1, C10-2, 110 TiEA—HAEIHE (FE3-1-1 () T
H5. WHIC XY BRSNS EORRITHEK T EE
320 X FJE 250 X 300mm & 725, NO8, N09, 109
Tikr— 2 EEHE (GE3-1-1 () ZAWEZ. B
RS D EDOTAR TR K T LK 400 X FJE 80 X &
260mm TH 5. HHIBM A EF L2 b T 27 1L 50PS
7 mv—F8EZHW, PTO (power take-off : E/JHX
HIZE®E) [Bl#E 540rpm, (EZEEE 0.5km-h" CHEHIES
EATo 7o, HEANIHIRE NG L 2k TEBL, #
OB THE LU 22 A EYE L 12121C, 2 4%
DEBRN 2 BHEIC THRAL 2

4) N4 Ty FKBIZKDEBD-HDIEIRERD
’E

JAKEE IR HNA TV FKBE~KZH L T2BRIT, B

ALEE SRR AT BRI 152 %

BRSO RIEEPFIRE L 25 (T ) v K
IKEE DD 2R LTz,

TEER I ER OO LT 32 &2 5L, WIC
KEeANIED, FHICETTHIENREEL Y. L
Mo THEMEZIHED THLRT T2 E TORHE % 10 K
7 R~ 17 Rf) AN E L7z,

WEt U lc o RFEIE, BSWNINE ORI LG E
(C08) &, [MHHMNAMEITH % TN O & H I
11m B8 (N08), 726 UNMZ 15m @ (C08) 124 %
TALIR & LTz, BIENAFER 2T o T2 BB DK DI Y
ORI L, BRICX2KEDAT v T (BEBNI:
JA DB OFEE  C08), 72D ONCH KR O £k D
BE (& 11m [ 0 N08, 15m @ C08) 12X vt
BT,

MR O HEK S OBIEE, BHRANORDL, S
FNEN smERBICEY Y, 2O EEMERTE L,
7 v — 7 & llem ® TDR 123 /K 4 5 TRIME - FM3
(IMKO ##) ZHWTHEL 2. 2Rz £+
DRI 02 S NSO 2L, FAKD
Bk A 2B L TAK L 7o, HEKERIZ KIS Ok O
FEAZEL, BEHDAR LT, BAKOZBEK LR,
RO FEEIE, ARHUIE O KRR OERER e T H
%5 10.0 ~ 145L-s" & L, EMZFEMRL ZESGICB T
DHEKENL 70.6 ~ 106.7mm TH o7z (5 3-1-1).

5) ATy FKBIZKZHKSDER

NA T Yy RIKBEDOTERAC X B PRSI E 2R+ 5
79Iz, C09 D Hd X & Co KiZRBWT, Mmoo+

(a)
BE3-1-1 NA 7Yy KKBEOERICHNWZEEE @ A—FX, b n—%3)

(b)
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ko LHURORIE, ROCIKKEZ I AFXFOEFTR
DOFEETo T, EBKSOREL, KEEaLXHE
% 10 A6 11 H £ THIR, Z ORI o FERET
HD10emFESO RN I RT oY VET oA
A= (KEsL TEKRASHR DIK-3160-11) 1
X0 1R CHIE Lz, Ty A A—4 OREN
BT, Hd K TIEEHBNHREOHE? S 0.5m BEILIZIE
L, WD emENZELE L O (BUF, HEH
LRH) THY, CoRKIZMEBGOFRILE L, FTED
P | T ORE L Tz,

HUE IR E & 2 A FFHHER 10 A5 11 AETOH
M, b NCEED 4 ARG 5 AE oMM, B
10cm PLEDREE Y — I AXEEF (74T KT
A #E8 RTR-52) XV 1 I CTRIEL 72, IR
FEFHE, Hd KIZES A RE ORI, Co KILMEY;
DO YLERIC A 1 EETERE L T2,

6) NA Ty FKBICEDEHANR

T08, C10-2 BMSNDEBFICIHEWT, ~A 7V v KK
BEAEFIAL iR EEmL, R EohEEas¥
~OEEEFAE Lo, KE & a2 AXRIEHR P,
T 40em AL ICT v A A—4 (KiE#E b L3RS
B DIK-8334-11) %, Hd KX H i o
\Z, Co KIS D F R 1| FFTERE L TR
DO~ Yy 2 RF ULy L | RRIRIRE TRIE L 7.
F£72C09 & Cl10-1 TiE, WEELLHEZEL 2ET
N EIT o7, BT ARBRTIE, FREEEFEO 5 H
TH2G 7 AETOHM, WHITHOE=—1 1D 2
% Hd X, X0 CoXKD—HRICHE 7.2m, £ & 20m ©
FOPHTRRE L .

KES T LFEMZATORIL, KESaLx0
KPR EDNE <, D OdLHEE N O F B K L T
BB, EALHIEIC RV TER TR E LT
We AICRE LT, EMERGT 2~ N v I RT v
TR VICBE LT, dbiEEICR T A T, EL
(£ F 15em) O~ bV v 7 KT v ¥ ¥ VD8 -31kPa
(PF2.5) LT & L TW5a (MM A AW BRIFIE 2,
1997). AHBRICI T DD B 9L, 1FICH R
KW EZE DD TIERL, EYOEFIVKRRIC
TV HIRE S IURIN & 72D Z & & [EhBET 5 720 OFER &
LTWS. Z0O7h, FEREICHEE R LEOKS 3
FLTWIIIKRRIC L 2B EHTE D LB X,
FEMEMRICB T 2KE T a2 A X OFERKTH S
40cm S (AR, 20200) O~ MY v 7R RT U T X

IVETEERHIBr O B2 & L, 40cm & DfEHS -31kPa LA
T & Ap o T WA CRERE A EAE L 2. RN o
R ERANIBIER AT 22 - TS TR T LTz,

7) £BENERE

EFFEFKEE 2 2FOMLFO 11 H RAL,
AN YT 4 AA), WLEMCGEY TS5 AT
A, RAINCELS T2 7 AP RNCER L 7o, S0P X
WO 3 EHFTCEBNT, 1ECOEES Im O FE%
XYEY, 70CT | ARERGESE, aAF0ME
HE (grm?) &Rl

NEFRAIL 7 A FAORBINCERL 7. FAFRX
N3 EFTZRWT, 2.0m* NOH EFHEX D ERY,
FREN AR AR TR RS e, 20k
EEAHEL TREL, 2.2mm ffi@Ei#E s 28R L 2.
FFEKGDOMER, 13.5% KPICHRE L 2% F 5%
H (gm?) kU7, +EX V7 EEAGRIT Infratec
1221 Grain Analyzer (FOSS Analytical A/S #L%) % H
WTERAME S IGEIC XV BIE L 72, £ NERA T
BRI L T AR R 3R — @ oK R REIC L 0 2%
FeEEL, ERWINELZRD T (LEESLREITE
PR RSERTIEAHS, 2012).
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LB SLAR A DT ERAE SRR S S

3. BRBLUEE

1) ATy FKBEOEIRHDO®KRE

NAT Yy RAKBEEKE & 25X ORFREANCHEL Y
&, MEZ I AXFPEOCHHNC XV RET 2 Lo
BRBT D LN TE BN, WIS ORI
FEEEOBICHINIE 2 Z 8T 2 L ERH Y, EENIC
BT RWEIB4A T (BE 3-1-2).

FE & a2 2 FEREBOM T T, BREEE, 45548,
BAEMOABT TONIERERPEBIRA LN o
(55 3-1-3, 3-1-5). L2>L 2 HEHICH T L 72 [l <
i, EBREOREL-LIca sAX0ERLTEDR,
ZOHFENPSELH T LR HEMEL . (BE
3-1-4). ARFRBRCHERLEIEEIT, oz tah s
FHZ 5 ~ 10m BERIZ TR TH 5. EOHENIC
T hEEICHESND ORI, HEIETE S
"I DEFEH1~2em &b, MEEZILAXOHT
D3~ 4EMPSHBLLIED D (Kirby, 2002) Z &
26, 2 FEHEE TESTORTIEMER L NS L,
WL T DITHE Lo 0,

INHOREFRNS, ~NA T Y RKBEOHE LI E
TaLFEEREELICITY) ZENEL TS, ZEOK
fi7e &I &0 BREES O LR RS E I, KE
EALFX DG ODPEIMEMEDK E <72 % 4 ZEHILA
PRICHE LT 20BN H 5.

#1525

2) N4 Ty FKBIZEZERD-DHDIETRROD
RE

CO8 WODANE D F T ZHR Y, IEICKZF L T2
DOKBDIENY Z ALY 27y F LEHEREZH
3-1-2 1R F. ARRITEAKBALED & 5 FEFZ TR S
9 15m MR E THEAT L, & OB%MEFTEE A ST IK
TL7.

WIZ, [FC IR TEGNOSE & @G0 &
WL AT, SRR T 15m O AR E~KERRL
B AT o 1o, ZORER, 9 REERGE %I IR Y
BRPNEEIREBIC 2> 72 (K3-1-3). #EOMEZ 1lm
WL 72 NO8 Ti, 8 IRpfHliRt e | 45 2 S IR B
iZheole (M3-1-4). ZHHDOIZ LD, HHNICHE
WK ZATEPE ST D72 DOEORIEIL 15m AN N %
WTHD LKL,

H A I3/ SR TR T H 5 72 0 18 7 [l 2 ik
U, BERECREFEZ P2, BEREN 23K L CHEET 53t
KA ZAGRANCAT o TX e, T DX 5 R ik
FBETREBORVIEE 2 LHEICE L TW5  (Walker,
1989) 72, HAOEEMTOBAEITE . £k
TOBESL T U TR D EM Tkt LT, mE R
ZfTo>TW5, L2LIEFEIE Tha Z# 2 2 @O KX
B2 ED LN TEDY (F, 2008), XEHOKE
RESG SO 255 2 & RE2bND. 2
LR VIOKAR L0 bR ICFI v (Cannell et al., 1980;
Yavas et al., 2012) Z 25, TEX B REITELELEN

BH 3-1-2

NAT Y RAKBEOFHEATE AR GRERS @ C08)
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BH3-1-3 AT Yy FKBEOBEERZECRIL GRS © C09)

iy

HBHE3-1-4 A7V v KKK 2 ERARN GIEBES : 109)



32 LEESLRR AT B RRE H 152 %

BH3-1-5 ATV v KKED 4 EHERRDE GIEEE  N09)

om ,/gk 5 .;
.
. );_71 Bl 5

X 3-1-2  [BEGNANE DIEICK Z T L 2RO KR DI VAR GRAE RS - Co8)
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92 m

15 m

AN

'\

@ ik

(RIS

(cm?-cm?)
m50 <
m30-50

10-30

B 3-1-3 BEHHNONEZ2 S CICED T AT 15m FE C#EZ i T U 72 B35 ICH#EE L 2o 9 R % Iics 1T 55

ERR DI

GREMY © C08, MEBLERTDAREE/KF M 27.1om™ em”, ARFEEKERERH AL n = 90)

Ak mp

11m

33 m

RS KR
(cm3-cm™)
m50 <
m30-50

10-30

X 3-1-4 BEHFHNOINE RS CICEDFRIC 1im [ERE TEZE L L 2B ICEBRL 2B o 8 Rl 2 4K

EIKED AR

GRS © NO8, FHEVFE BTN /KR FEIGMEIT 27.5em’ - em”, (A & /K SRIAE A S5k n = 63)
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LB SLAR A DT ERAE SRR S S

WCKEITEESE, ERIEKTILERD D,

BHNBREMGELE L TAF Y aef vy Rl T
1%, B WITHE 80cm 2 O FEFEEE & 15em 2 D
RE DD 5 72 2 BESL THEIEFEE (Raised bed furrow
irrigation system) 23E A ZFL TV % (Sayre and Moreno
Ramos, 1997; Wang et al., 2004; Tripathi et al., 2005; Jat et
al., 2005). 1EDTERITZES X OEF R 2 F v THEHE
ERBFICITH) 2 EBTE D70, PTO ML 03 L
B, BOHMCEELERTE S, KiE, HoOBKIC
HHEANRNEDIEDOR I PRRERT, EBEHN
WK T DIEOHBL 720, BAMPEZ S,

NA T Y RGO ) (EE 21T 9 720
TESETREMEE 2 508, ORI 2 F ISR OIE I
filfShsd Z LR < HHIZRETE, MBI NORESL THE
RS I TG RNICE T DDA D 12 T
Fle. NA TV v RAKEOIRICIE PTO I LY
HHI DK 2 VTS 72, PTO k2 A 7
LE¥EMANT VEDBMEL DD, JLiEE O RN
THETIZDEZPPTOMIELHETL T 74
A L TW5, PTO HAE CTHHIT 2 IR IC L
30cm YRS FEE O 2L EMICHATE, AL 1
AR LRSS 5720, WElESIc kD anx~
DFEEL DI,

L 72O R L T, PRI oS T
AL TV o132 (Schwab et al., 1957 ; USDA
SCS, 1971 ; #rHr, 19755 #85, 19815 B - &R,
1981; % - X H, 1982;FH, 1987;0chs, etal., 1995) 73,
RIER R - TS, BN OEBRMICIIT 2% T

—~

a)

10/8  10/15 10/22 1029 11/5

§ 0
22
,‘,
N4 A
N
N6 -
%
N8 A
N
= -10 -
ja
» -12 4 -=--Co ——Hd
-14

152 &

X, BEAKATREZR[EINE & 20m R (S Hp - =R, 1981)
LLTWELDOLHHH, sm a2z 20 (R,
1981) R°LAFFETS ~8m (R - i, 1982) 72L&
B2 10m AN & T2 LB L\, —F T, EITIE
BB O L 5 22 N ~OHEK DB S 6T 2 [l
WNOEDORIBEIE, 30~80 7 4 —F (9~ 24m) FLE
Lok AH Y (USDA SCS, 1971), 7 mr U X DK
DX 35 12 33 1 DA i e fEok &K & 3fdaiz 5T
I EORIREZ 60 7 — bk (18m) & L TW5 (Zotarelli
etal,2013). THO D RMGOEWZES DK E IR
BLTWEboLEbd., EHNTINE THRIC
L CEZEBITIEIZ 0.1 ~ 03ha FREDOHE TH 523,
ESNCTIEH ha ~Ft+ ha B TH 2728, FEORAMIC
DD IRBREE L EBET D L, 10m LINOTRIL
HEEEEREZED. ARCBWTHEHROESX
EFEOILR 2 ZE L, BROFMT 2 IEEHIEE
BREBETILERD D,
RHRBRTIINA 7V v RKBEOWEORIEE, BN
MBI OWECFERE L T2 BE DK DR 225 15m 12 &
CHEE L7272, AbHRE T O EEREE R I8 1) B B
BROBBEELEE L. Thbb, BN
B THDL T — LR T =Y OlAEE ML, 1B
EREELRY, bLIEZ A Y TEMEBAEL T E
Z 7 ZBETT DD OBBEEERT 203, ORI
PR 10~ 15m ThH D, N7 7% 0@
TERLT X, BEELIMTHEDIERIC X DIg D
CnZ Lirh, BEPHEIMZZTANST W EAE
L7z,

(b)

10/8  10/15 10/22 1029 11/5

0

-5 A

-10 A

~ U w7 RT vy (kPa)

— i - - -

B 3-1-5 BEEZPOEBAE TOHMICBIT D24 7V v FAKEIE T X725 NI BEOME T 10cm (LEICH
o< F) vy 7 RTF Uy vy )OS (FAERMS 0 C09, FAALE 2009, a: A 7 U v KAKKETXO
HEMOE L NA TV v FAKBERELOMREOME, b A7y FAREELXANICEIT 2 HEROME &1
S5 D)
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3) ATy FKEEIZKZHKRME

C09 HFEA O HAd X & Co KIZHBWT, HH®KIO
EEME TOMMMELZ~ N vy 7 RF I v L
DOFREREZK 315173 T. ~ Vv I RT Uy XL
¥ Co KICHEART Hd KOMEMESHER L (), ALHEX
TR X 0 b T s CTHAE T B IR 2R L 72 (b).
WEHHFICB T L~ M) v 7R T o ¥ VOEYE
IX, Hd [X T -3.5kPa, Co X T-23kPa Th o 7. Z
DZEPBENATY v RAKEEICE Y BBHNOREIKR
TR EEARNE LD BT LR TECHITHR L, JRDME

HINDZ L EfERTE .

C09 B35 D Hd X & Co K DIE+ o HulE 2l E L
TR 2 X 3-1-6 17, BUAHT, BEE#% & bICHd
K OHIRAS Co KITHARTHEVMEIICH Y, Frichls
BEHOHIBIZEL TIEHELNICHIXK TEL 25
B Z73 Lz, RIES R I3 1T 2 MR O SEHfE I,
Hd X T75C, CoXT65CThHoTz.

He R N BN 72 © ONC BB EIG O & B KT 38 1)
5, BAFTO 11 A LA REAYICGKY TS24 AD
E & a5 FH EE 2 3-1-7 1T, 109 2SO
B5 O EEEIX, Co KITH T Hd X TH VWMEH

16.0
14.0 1

HC@+
\
\
@o—+
/
/,

@®o—
|
@-

12.0 A
10.0 A 1)

8.0 - Py

#1iE (°C)

6.0 -

4.0 H
2.0 A

0.0 . .
104

A 5H

3-1-6 FEREZ D OBERE TOHMICHIT A 7V v R T X725 I X OME T 10cm (LEICH
A HIE OZEE) GHAERYE 0 C09, FHELE 2009 ~ 20104, HIBEIXS AT E0FEHHEE L TRY. =

7 —N— 3R RFE (n=5))

180

160
140 1 O0Co DOHd*
100 ~
80 -
60 -
40 A

@mmmﬂ

[E# (g -m?2)

i1 F3%

120 A {

C08 TO8 C09

D*: 4B HIXE COREDMITHBEOIICLVAELEDY

3-1-7

11)%‘4)% 11)%‘4)% 11)%‘4)% 11}%‘4}% 11)%‘4)% 11)%‘4)% 11)%‘4)%

109 Cl10-1 C10-2 110

(p <0.05)

NAT Yy RAKBEOBLIKEE 2 LFOPMEFICER 2 HE

(GRS 1 2008 ~ 2010 4, =7 — \—|TEERZE h=3))
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ALHEE SIS

oL, R4 ADOEITBEEICE -T2, 109 Ei; T
11 A, 4 AOfE & H 1T Co KIZHAT Hd K THEW
EZRR LD, NA T Yy RAKE ORI 23 2 3
WTholelo, ERHICI D REL LI X S
BEEZT N REEZ DN,

JEHFEIT BN T, TERHAK LT WEBIARTORS
]iL, MEEasFofEEb/hs <HFokick &%
ZIFRTV., FORDIKE & a AXOFBERICHEE
R 52 &1k, tBRIKE(REL, HER EFL T
I AXFOYIEBTRRBIFICRD Z Lbh oz,

JEUHE TIEAEY OFEE FTRE RIS BN 2 L 2 b,
PEAKIT L0 FIEDRNERED D HNE 28 o TEMAT
g s, EMOEBTHMEZE T2 2 EMRIEFIC
HETHL I Lz, FLIRBFKTEEZHA TV
Brooks 23E#i L TW % (&I, 2004). K2 IC X
SHIR.O AL TEE (1988) 1%, WEIRPEKONE
TAT X 0 HK AR S W75 T, RE RS LY
3~ 11 HOME OB EWERZETRY, BHE -
MH (2009) 1%, [EFOEERML L K LOML, BIR
DIAEDRIC L VPR EEE L 2B T, BEK
FHROHIES EFT2Z2 L ZHLICLTWS,

FEERMOILIRE T, ROFHEEEDTZOD
Hu 7 e R T o MR b, HUIR BRI XY BAF
BRVEMEE TR T 272012, FEOMSE, HAMEEX
HEREERE 2o TRY, ARBERIICAET
DHFSSRIR 2 BT TN D

4) ATy FKBIZKDERNR

HERERHHS, WETHOE=—A D 2 Z2HE
LizET7VERRICKT 2, HBRMMPo~ ) v 7 &
TV VOB E X 3-1-8 12T, 20mm LA RO
MU, Y 2D 6 OMAKDRAIZ LS
bYOLEEbNEY RN Yy I RT U VO EHEBRS
T2 3, Co X Tid -31kPa AT & 72 2 il Hz i 72 iR BE 7S
FELfWenizkt L, Hd KIZHOWTIE#E Z@EL T
W42 -31 kPa LA B CHERE L 7.

EFETFNVABRTOABNER R EZR 3131077, #
BWFEMANCZY T 5 LHEHIT R T 21 EHE Y, Hd
KTETEY, b L<IFCoKTaEmnokn, HdX
THECoRKEDHTFEREAN110% RBELRY, +F
B URTEERRILRA V FUEEL, ERRINE
bEPoTL., ZAHDZENDL, KEZIAXFOKS
BOREDE E 2RI 5 B ICEE AT 2 &
T, aAXFPHREIEETORSZRINTE, +52

WA R SRR

152 &

RTREBSH VNIEEERE/DLZEDBTERLZLOD
LEZLNT.

5) ATy FKEBIZKZHKIEELEBOHA
EhEHR (EIHR

PR ERN OB & BHEZES TO, HdX, Co
KIZBITA2HEEZ I LXFDONENERRE LK 3-14 1
IRY. TR R TEEGROMEAITESRE Lo

7ehs, BERINEITIHIX TEL, FHEHEITHIKXT
BEICEPoT. ™A TV v RKBIC X DHEK e L

BB CTTEEZCoREDHTIT~129% L7270,
NA TV RAKRBEERT U720, R TbRhoTk
TO8 ¥ & * C10-2 THE, HEAKEED A TS Co Kb
T 103 ~ 106% Th o7z,

FRY VAT EEREROBEMMPHIRE L 7gh o 128
HELT, IREHUEOZEREEREZOND. Ik
BEHILL M I B HRIBIR 21T 727 - 72 C08 X TO8 Tl
Co KTE <, ILEHLIEICE R 24T - 72 109 X
C10-2 TIXHd K CTEh o, BEOHMATIE, £HE
RIS, B2 LTV NERT Vv v LR
MEH DI Z LGB TEY AT EEFRDME
T3 % (Bole and Dubetz,1986; Eck,1988) %3, 4&(Z B
HHNGEWAEBT R L TORRMEIE L a2t b
5 EH LRI EFT S (Wuest and Cassman, 1992;
Strong, 1982) Z & BMEINTE Y, KARBRER L
—ET 5. —HF TN, (EEMPBICERBELTT
TWBDCo KDY U NI EERRPEP-TZ. Th
VEHIER 23 129% Lo EF I~ TE <, 1LZEH O
EHEREL LIS FEEPHEM L2 EBNREEE L
N5,

BB, BEWEZER L 2T T ARBROBE (5 3-1-3)
TIHEEHOEFZBIEIC,H 2D LT, EHICIY +%E
BN EEREDR LR Uz, Bl %5 5
XD, EEEFERL P57 Co KD a AFITIEEE
WLV VKR A R BICEB L, RALEED B EHEW
WEATS ZENTE okl itk b bo L Ebh
5.

NAT Yy RAKBEOAICEY, KEEZ T LAFOHK
BEEMTERWRKEEAET 5. £ 2 TIHREEHICO
WTHAZITo 72, BHAETICKE E 2 AFXF2{EMHL
TW5EEL T, |EMEICKTEHNA T v RKE
o omAEE A, 1m M, &2 85m, %54 33m,
2,805m° D4 (NO8, N09) TiL24% & 729, 15m
MIbE, &30 92m, %30 60m, 5,520m’ (C08) T 2.0%
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7/3

0 . 1 I. 1 o 1 ] I. 1 .
<.
o VE 20 A
m

40

524 529 63 68 613 6/18 623 6/28
*
= 0
A 1
= |
S 20 A N
%\/ \ : v :
D40 - Loy i
A ' '
N 1o 1
%60 A " N] \
EN \ LI
; 80 4 * TRS40emOfE W Seo
jua
¥ -100
meameoe CO Hd

o [ R O E VR e 2 AR T,
3-1-8 JEMMHEARIPICER Z2ER L 2T VRBRICBIT A2~ MY v I RF Uy vy LR

(FRE®EH © Cl0-1, FHEHE 2010 4E,)

313 BHZERT L 2R TON 70 v RKBRIC L BHIEAKE X 2 AXOATIURICE X 518

37

F2EH TE I FE Ry
R JLER X Hy Lﬁ'@ TEE" I BURE EH
: G R WU
(g'm?®) (g'm?) (%) (%) (g'm?)
C09 Hd 797 = 12 567 = 24 11 9.8 £ 0.1 13.1 £ 0.5
Co 747 £ 5 512 £3 8.7 £ 0.2 11.6 = 04
C10-1 Hd 798 = 51 591 £ 19 110 12.1 £ 03 176 = 1.0
) Co 829 £ 56 537 £ 21 10.7 £ 04 12.6 £ 0.2
1) K45 13.5% M,
2) Co KIZ%t5 % Hd KDL,
3) R OMEIFFIME R (n=3).
F3-1-4 AT Y v FKEEIC X DHAMTHE L S E X 2 AXOAEBINEIC 2 5 P58
ARBRAE et EESo Y FEZVRIE I AR
22 7 35 JLFER X = . .
Oagep) g R (g-m?) (%) SHE (%) ERUNE (@m?)
Hd 504 + 16 92 + 0.1 NAY
2008 co8 Co 556 £ 49 107 98 £ 04 NA
T084> Hd 747 £ 26 106 13.2 £ 0.1 NA
Co 706 £ 24 13.6 £ 0.1 NA
Hd 724 + 25 13.2 £ 0.1 233 £ 0.6
2009 109 Co 610 = 32 19 12.8 £ 0.5 183 £ 04
9 Hd 594 + 4 11.0 £ 0.2 15.8 £ 0.6
2010 C10-2 Co 579 = 37 103 10.0 £ 0.4 138 £ 1.4
10 Hd 505 £ 35 129 123 £ 0.5 156 £ 1.3
Co 391 £ 46 13.0 £ 0.6 13.5 £ 04

1) HHXK & Co K EDMIZHEAITICL WV EEZEDY (p<0.05). K5 13.5 % HE(E.

2) Co RIZxI1% Hd KDL,
3) NA RO I di% Y 7 —

AL,

4) NAT Yy FKEER LU 7225, FEREEARIH O FE.
5) KT OMEITME L FERE (n=3).
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Thole, TOZenn, HAEBREITRBELE2~3%
RELEZDL, BERETORVGEICEBNTH A
7Y v RAKBEOFRRIC X 2 IR AELL_E ORI TR
BohdlExON, JOKREOHREDOALLTDH,
AEMOBHIIFTRETH D, AT Y v RAKEOMT
BiL, HEEEDTS500~ 1,000 H -ha'! BETH 5.
ZOMEIFILHEE TOME & 2 AFOFEED b EH
L7z, ha bz Dk D 02 ~05% RETH D Z b,
NAT Yy RAKBITRBAEOHE PO b ER W EE X
L.

PLEDOFER LA 7Y v FAKBRIZ L 28K EER
FOVEEE, KE X 2 A X04BFREON LICEELS
D LiETwmL T,

F28 RMMETORERRARS (RHE
B ZFA LT

1. IZL®HIC

JEHEE PN D 7K B BB AN E D & 1T D B IRE
A O THEPEFHL) 1, RFRYREEE OMERF -
M Eic&sro & &b, HTFHEREL L TRIATE 5.
EEDZEN & FEMPHRE L LT VWREEHFITBNT,
EPEHIL 2 W TR S S T E S, E
il He kB Re LM RE 2R IC BT o L b
0, BRI OZEEE~DERPIFGFTE 5.

—F &7 ) OREERHE O KX EE S HEN %
R FITIRNT, EPEFBILIC & 2 PRI 2 B
FICE K SE DT, HAKGFHR & ORIERS 268
MRET, B Z LI T O 2 HE T %
FEarT I EPBETH S, (Y ORKREDNZL
HNCHEME 2D L, KRRICEDEFMREIAEL 57
BEMEDSE V. C DT OAEY OWK BB L W 2 T
EBEMHE L U, ERHBEPOE L X - LERES
G O T OWEHERE 6, BB EZH ST
52T, BEKGFHC R D AT, BRI
DB THEFFREOBEE O E B X 5.

AHITHE, JLEEICRT D EEREREE L TY
AR, MESTarxzdRL, EPEEILEZAWH
THBIC X D2HREHASLICT D L & bic, 1EHEE
I IC R 1T % F 8K OB & KR L DBk ZiF
W% Z LT, BRI bR HERE I M oD B2 2]
W95 Hikz T

2. ABAE

1) KTEFRAOERBE

LB AL ORI % X 3-2-1 1R d. FEhER
LEFRREOWER (77 v v ) AoliETH 5.
BHAK B0 K B 0> & SR ~Befoe 3~ 2 S ER i S 4L
RARENICHKERAT S Z LT, BRENZERT
EOMEIC o TV D, RFIRELHIE Z v E ToRGHE
HEEDLLRNWZ LD, BEFORRICRET DL
LAHETH S,

TR R S VT [ T, MR R oKALAS
FHTED LY, IAEDA Fi—ERIED R %
WZRFIRAKR OKATFAREADKR)  DSPEK B o BERE I
REINTERY, KRELPREMBICEGET D LITEAK
KB ICHEE SN o i Ic e o T D, MU TS
L CRIAT D8, WRRE~TA L IKIIREER Fich 5
BUkMC LR o LR EEDY ER L, 1E
Y ORIEA~EHEK S MR TE S,

2) SHEELEFA LEEEEN~ O TERFE

(1) thFEBBOHBKRE, KEFEHRE, £E
IKAL

T REBEREIC 331 D AP E AL~ DA RIT, H
EEA~OREH L AE T A2V 180L min" & L.
% Frige 4 2 WL, KO AR ALK R 0 3% B KA BIE
251 H Q4 &Lz, 2, #HTFERICL -
THIR T DK QUIKEIC X BRIEKN) Z—EIC
MERF L eI W T, HIESET kL, 1EMOLEE
WEEBLZRIELIZZE2EELTND (B - HF,
2020a). JERAALT T DT, KEZBKL THAE
119, RBBREKM~ORFEL, RO LIBY, KL
AU 2> B IR AKDHEH S5 Z & TR ATHE
Tho.

FREARALIE, MR I VRS AT X S BEBR
R L ORBTR B, 2o, fEOFERTITK
DEMETED X5 RAMPEE LV, Al E AN
THE T 2 E T D88, RE L 72/KAL L BGNOH
KT OKMIE, R 5em FitkOERALLND., D
Te DR ENRNM & 30em LY bEWIEICT S &, 1+
DMETEIRREIC 72 2 ATREME S B E 0 M TR M 2 3
VT % BRI OEITICK L o RN B 5.

F7o, ALHRENOELRINCRIT S 44 X, KEEa
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(a) it 3 AT X

4R v PR

\

KA G HE ALK R

/

K ¥ 11 =i

N -HEIHW

A i s

w7

|
S

Bokst M
HEK
(b) i 3% T i [
Uk
A
oo
| s L
]| A sz
- W
S — ¢
i A 2 A
b e e e e e e e e = I_Et%
X 3-2-1 S EHEFL O MR E

5% 1] OO L

4 3-2-2 EREFMTOZ A X, KEE 3 AFXOROH0

I OFRIEIC TR 2 AL L, W L ICEEH L 7R
Ry FUTRIRD ZRER LRSS, #A4 ORI
S 30em FTIKELSAMALTEY, KEZaLFD
RIFE S 40em BEEE TEL <ML Tz (K3-2-
2). TOD, FIEI 30em F2EE D KA E THRIS
KRR TE 5.

S DICALHHE N ORI, ¥ A X EEa X
DRANENE L, KEEHIAO BB Z N, IIEDF

AR, KATARE ALK RV A L CRIR L 2 &
FEOREET, KBOEAEITITDO2R. KA K R
% tha H72 VI 2 ~ 5 EFTFOFE TREINLTWD T2
W, lha Bl EO RSB L WILHEE O BREEIZ BV T,
TR EITOBRICE A REKEZ I LFTRRDK
2R E L TG, BHEEL < OKMIEKED RO
BT D MENECEME 2D, MTHERO L L
LT, BEKMBEERIT ABICHIKTEZ LD,

39
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AR SEILIC XD A L R BZIT DA gEME IRV &
EZ, AAX, MEZTaLXLDHIT30ecm DR EKN
LTz, 7B, HIET 30em OALE X, JLHEEN O
BUR IR THL L IIHBREE T4 T 5
(BA 5, 2020b).

(2) KPEBAZFALEBTERZLSED~D
EYES

AT R ERAN OB 6 IR ERT, FELET
N EZEHITT 2011 ~ 2012 FIcFEHE L 2. HER
GO A2 K 3-2-1 [T, PREROBIS TR, ¥
AR 2% R~ 1) ZHWTS H I
60cm, R 20em, 1 RRIC2 BT OIEEL 72, E X
ILFEEE [E72E2h] ZHVWT9 A NI
1 18cm, 1704 -m™ % HEICHERE L 2. &1 XD
JE £ X 1.5gN, 12.5gP,0s5, 6.5gK,0-m” & L, B F &
2 A 14.0gN, 12.5gP,05, 5.0gK,0-m™ & L7z,
JeEe, BIHESZEYS L b I N A £
FEMERK, B L O TR & Wik U 7o TR e
ORRX ZREL, FLHEENO T REORTRE L
BT, TrvAA—4% (KEHE TR 30cm A :
DIK-3160-11, 40cm /i : DIK-8334-11) % & A X H;
FREICIIER S 30em 12, BKE & 2 A FRIBRFITITGES
40cm (T | HFTREL, MNEMERMEZEO~ M) v
IRT X v | REFFRTRIE L 2. 7ok, b
BTV DA UL, ARG T~ Y v
RTFrvvy Vi, FA4X, KEEaLFLHIEL
(MR T 15em) O~ bV v 7 KT v % VDS -31kPa
(pF2.5) AFELTWD (A A DV IR BRI FE 2
1997). ARMBRTHEMELTWVD, KREBICXDAEE
PLEA~DOXR & U TH N 21T 935G, TR
VL 7 1K DFAE L TV R B IT L D e
ZRIBTE S LEZ T, TOROEIEY O TR
ELTHA RIS 30cm, BME Z 2 AF1XEE 40cm
D= Y v 7 EF Y ¥ LD 31kPa LU & 7o 2B
MTHITEMZITOZ L L LT,

FRERNOBEIE TR, 414X, KEEZaAF~H#
TREEE AT © RIS, PR OB LMW L 72 E T LR
BRAEEMLz. 7 VERTIE, WEdHoe=—1
N A MK $S & OSEIRIK N o0 — BRI g 7.2m,
£ & 20m O THIRMLERALE & AT D H AN K
Bl [&&EELT, 2011 137 A FTA»58
A WA TERBEM T, 20128136 A 7 H
WCANT THENETH - Tz,

LEESLRR AT B RRE H 152 %

(3) EEBELBRARHEC LSBT ERHELO
B

AR TIL, (EORAKEDIL R 2 H
FEEAR & L CE LTz, & A XIZBIIEHILLRE Dk 43
sRkE2AE < (IR, 2000), BE & 2 A FFHES
FHNH B AN H 1 TR BER 3R < KA MY
EICKE 8% % 1ET (Loper, accessed 2019.10.19;
FAO, accessed 2019.10.19).

B 3-2-3 [CALEENOEHRM TREL e~ b Y v 7
KTy v VOHER L LT, ZA X1E2003 Fi2a R
Wili (EfRt) DEFmY, KES = L F1E2005 4
CESHHIRT (Baftkt) oEFES THE L 2k %
B, Ao REBIEMICEES T 5 7 AR, T
FIEAMICHL T2 8 HFRICPT T, KEEaL¥
TS AN T5 6 A Lo s 7 A opkghd
T T, ~h Yy ZRT T v D 31kPa LA &
720 2 < O1EIKG ZRIRL TEY, b6 0RHNIT
HENTHD L, AFE~ORELREZITDH LM
EEND,

—J5C, dLHEENOKBHIEHC I 5 HKOmEAKH
FIEECTHL8ARETTHE Z0n, ARBRTIX
HA RT3 2 M N ER I &2 7 AP s s 8 A
RETICRELL, KEZaAFICELTE, 7 AU
fe b WK B DL WIREH25M5e < 25, R iFiud 7 A
DIAE D INEIESE T 7o BB, W 2 E L T,
6 ARG 6 ARETE LT,

Wi, MR EEHIM P IR T, MRS
Bl e DRI Z A D 2T 5 720 LR DT %
fTotz., WBRESTHICRITD T A X 20 HBIKKE
DF—H ZIulc, —HBEKEEZREE L7z, —WNEKE
L, BN, (EREEHIHTO~ Y v 7 RT vy
v (FA RIS 30em, BKE & 2 A F IS 40cm
THIE) LR LEORAME L OBFRN G, (FYR
WO~ M)y I RT T v v -1.0kPall B L2,
oG MRS S AT &I X VD T FRK R AR
Wic., ETe+HTKS MG S Huic Ll S N 2 B
%, BROCH FEBER%ZIC, BOY M) v 7R T
VY LD 31kPa LU N DRRIRIBICE S £ To AL
v by I RF UL VORGSR OB L 72,
U Eo#ER»S, HTHEEERHMBICHNT, +454
72K Gy IRRE S AT &I S AU D FEN L 2 & MR TETR
EEOEE ZHWT5ETORKE, HTEEE/RE
WCHEREBEROBEG 2 M2 ETORRORE %
AT,
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R 0., YHEAR  XTCREW FTWY L L4
$0¢ 6US  00TS i Sl Z > A7 o1~ 1D FWxEDE IS
QUL 00L'S : WL v T . h -
$'79 6/8 'S/8 OSOTL:E ¥ Sl A2l X N orl TR N2 th
\r X1 . Al 1 +=
1/8 ‘97/L 00L : Yta &7 (
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ALHEE SIS

(a

WA R SRR

152 &

T

20 4

ARekE
(mm)

40
60

6/22 7/12

8/1

8/21 9/10

9/30

0 1
-10 A
20 A
30 A
40 A
-50 A
-60 A
270 A
-80 A
90 A

~ MU w2 ETF v L (KPa) *

* 30 cmiZE OfE

-100
(b) 0 4

i) 5
10 -
15
20

H Bk
(mm)

5/8

5/28

6/17 77 727

0 e~
-10 A
20 A
30 A
40 A
-50 A
-60 A
270 A
-80 A
90 A

-100

~ bV v 7 RT3y L (kPa) #*

5 40 e FE D
okt [] R R 4 R ORI

3-2-3
((a) &4 X, 2003 44 AR

BRBEMHTCHAWEZS M) v I RF Y VDT —
HZNZOWTIE, #£3-2-1 OFREMMB TN Z, @BEIT
HELME LT, &4 R 2003 445 R (BHE
1), BHEIT (774 KHt) oEFEE, 2010 45
FER (KRR t) oF—2 2wk, kEE=
L 13 Tsukamoto et al. (2017) 234 7'V w KKK
L B ORER THE 72, 2008 ELHITHT (18 @24k
1), 2009 425 RR (BRL) ©RFEES, 2009 4,
2010 FEiE R AR (R AR 1) 07— &2 iz (EH
BRI 4 T LIC). Wit HUs o £ Y 22 15
FHE T @ TH Y, HAKIROREHIEIIAR
BRTOFELFETH .

(4) EMEFNERE

FALEXITR T 2 PR RO LT REZEET
L, FA XEFFEMICEZSE 5 7 AP, K=

EREEHHTO XA X, KE X a AXHEHMEP BT~ M) v 7 RT U X VOHER
(b) BKEZ LK, 2005 FLHITHT)

T AFITFEMICE S5 5 A TRICARTHELZHE
ML 7z, BLEXANOD 3 FEFTCRWT, 44 X131 8
IZ2& 2m WIZAF L T DA & 2 72 % 1o -3
ZAVEY, MEEZ T AT 1THICOE Im AOHLE
HEXMVEY, ZhEh70°CT 135 SRR S,
BA RO EHE (grm?), BRONTKEZILFOD
M FERE (gem?) 2Rz,

INEFA L, 41 X 10 A A0S TAICHT
T, KEEaAX01T7 A TEICERL 2. BLEXA
D3 EATICRNT, XA AT 2.6m* NORKEH X -
Bl BT AXI DD, BEE 3 AF T 2.0m NOH

%%MDWD ZHEN 1 EMLL R R S
o, TOREBEEZWELLRE (gm?) L, BHE%
K%i%:A¥@szﬁﬁﬁ%%%@b,ﬁ4f
FERLEZRD BRE, FEARDOWER, KEE2 L
FIE13.5% KA, ZA RN 15% Ko ICHE L -8
FFFEE (grm?) L. T+EXURNIVEEHFERIT



BA R

Infratec 1221 Grain Analyzer (FOSS Analytical A/S f1:H%)
ZRWTERIMRE D TGEIC LV REL 72, 72 EH
B TERI L 7R AR R — @R LK R REIC K D
BERETEEL, ERWINEZ RO (LHENLRE
WFFERsAs RSEDTIEATE, 2012).

3. BRBLUEE

1) RhEBAZFRALEMTERICESEN~D
MR

W EERE D, NIXTHoe=—n 2%
RELIET VEARICBIT S, RBRPEPO~NY »

LK OEAEMMEIC AN 7o 4 -

IKERBEHIE BB 5 W58

HZE L~ Y vy 7RT V¥ )V OfEMN -31kPa X
DORELCRIETOMME 20, EKEELF
T, AEBRARIRE O E 23 NI L TR BRX T
FEFERVMER ZRLIZD, F4 X, KExarnxty
2t BRIXE -31kPa BAF & 72 D sz i 7R BB 3 & < ot
WizDlZKt L, BRSO W TS RIC T
-31kPa LAF & 72 D #2350 D~ o Tz
ETNVHRRTOABTNERM R LR 3221TRT. ¥
A RVE, HUTEREE AT O BRACHIHE FIBE A3H T
KICHA_RTHBR TEP o, —7F, HERORES
THRE, FEFUNVEEHR, ERWINETHTE
X TR <, FRC PRI BRI T 164% & 72072,
EE T LFTE, M FEEFEMATC IS T 2 H T EREX

PRF VA NORBER 324 AT, WERMO O SRR L SR U TH 50, I
(@) 7/21 7/26 7/31 8/5 8/10 8/15
N . . . .
>
»
A
IN
1
BN
A N
= Cro e A
v
\e
(b) 5/31 6/5 6/10 6/15 6/20 6/25 6/30
N 0
N
> 'm'»hnwd
A |
i~ x -40
% E 60 A
N .,\
N 80 - \a»..\ - _."_,
= % PR X 40 cm D fE —v--" v -
";: -100
Hi1 R HEWER - - = XHRX

ook [ o R FE I S 0 A R T
3244 BNZEMLEEFARBRICBIIS< MY v 7 RTF v v LOHR

((a) 2011 H42 A XFEE [,

(b) 2012 Rk E & 2 & FHBE )

#3222 BEMZMEWT L 7Stk TOM TR 2 A XA 6 NI E & a A X OAFNEICE X 5 28

43

S IR T I FE R
HIEEY RBRE LK Sy a) ; TEE? NERY 208 =5
b - Y GHR &S
(g'm?) (g'm?) (g'm?) (%) (%) (g'm?)
R Hu T + 5, + 17. + 19. 0 =£0. S5=*0.
P 2011 LHAT/%E{E}E 174 £ 5.4 716 = 17.8 398 £ 19.1 164 40.0 £ 022 275+ 045
if e 209 + 3.6 624 £ 304 243 + 192 38.5+ 036 23.7 £0.82
. HFHEEE 589 £1.0 1,491 £46.5 766 = 20.0 102 = 0.63  18.0 = 1.70
) QN >
hEE o0 Paics 591 £ 645 1,171 £ 473 629 £ 16.7 122 9.5+ 020 13.9 = 0.65

1) 2 A ZFBATEH], FKE & 2 A X F I iES o fE.

2) HA RUIAKG 15%, FKEE 2 5 F1TK5 13.5% HEfHE,

3) xBTS 2 M REIEE X o P,
4) P OMEITFGEFERE (n=3).



44

LEESLRR AT B RRE H 152 %

FEREIT 1L A A 2 DS L [RIRR I H T R IX D B 25
<, THEEFBERETING 2o, ZHbORE
Brn, EHOKSEREOEE 2REHICEIT 5 EN
FRICH R 21T 9 2 & T, TRt BTNEERES 2
ERTERZLDLEEZLN.

PR ERNE L OBMBRESICEWT, HFE
W2 L oA B INEMRR 2R 3-2-31TRT. H
THEBXOBESSFREEITLA X, KEEanxLd
WCRHRKICHE N TE <, E & 2 AFEEL#D 72
NWZ LB VEBEMNEDLNIRND, T A ZXDTHE
BEABRICE_RTHRICEP . FEEOXR
KL S A X T110 ~ 129%, FKEE T AF13102 ~
105% ToH o7z,

FREEURTEEHERIE, A XTI ICH L
THEEPEP ST TFEEXICRENTS, XL
FAREOEERLLVITEWVETH- T2, —F, HE
& 2 A F B L Cdset BRI IT b~ Tl T I X o0 fiE
2302 ~04RA v~ EBEFIRPoT, & A XITARRKE
BIC L D EREERTRETH D70, RESLTEED
IRV EREERAE 2, SERRINESEINL 72
bDOLEEZLNDD, T AFICONTILHEEE /2 X T+
FEEBEIML GG, +EX VAT EEEROK TR
Bashd, ZoMIcBL T, BE O EEIcHE
HEENTND, KE 2R BERE SN D [~ 13
LD AEB BN L D HERER R (biREkE S B
23, 2019) THRURFIEETH D, RBEI22I1TRL T
W5 ETVRBROMBERTIE, HTFERROTFES X
VEEAEPHBR LY bEv. 2OEBAE LT, xt

X CIIIEIEHI LIRS ICBEE O KRR & 72 0, RS
FOKDRERBRINZITO ZENTERPoTI L
(Tsukamoto et al., 2017) DXEZ HND.

AWFgETIE, WK T 30em ALEICKM ZREL, &
TEKNLBIEE R (XRFIR 1 &2 BB L CHk 3 2 51k TH
MW AT o 7o, MR O EREIC oW T,
BEKERGESFE R 2 i T2 ARV O T3]
&) (BAKRE MERERFHEEERR, 1990) &L
TELHTEY, ELEETOKRMNEFEZREELT
W5, ELERBICIIZ S OWRPEET D720, FLEE
TOHTHERIIHEI/E~K AR TE D, L
LIEHEE CRIBSES &, HTF R b e
B DOEATHTE T, PRSI &0 E RE O
BEPMBC2 D & &b, R ICHKENEL D &,
THEREOEIECIEYRIEND Z LI X DRRADHE
DRSS 5. Hasegawa and Sato (1987) 1%, [
T K DFE L HMEE T V&2 W TRZITHE L 282
D Ok 2 EEAICHIT L, BEYRWVICHE LR
D25 OWIRKPMEG DKEEICKELSFELTWDH Z &
ZHLCL TR Y, BESTHEERICRIT 2 FEEOHERA
ZEiED (1991) READL (1992) bIEMHL TW5.
AW TS, HFET 30ecm £ TOKA EFIC X
D, ZARXATIE30em &, KEE 2L F T 40cm
D<)y ZRF VY VTEEETERL, 0%
HONICAIEICE L, BO31kPa L FETETFL T
W5 (3-2-4). ZOBEGEPG, EYRMELTICH
MUK ZFIALTWD Z L3 n 5.

UEoZEnt, 4R, FKEEaAFOWKEN

#3-2-3 HWUTFHEEB S A AR5 IR E & 2 LA X DEFNRICEZ DHE

HEEY RGO ARy 1 ALFR X fE FEREY  NEHE &jﬁ;g
RS

() (g'm™) (g'm™) (%)

Y + + +
S IIAERE " Sotos ameso ™M sreou
oz s e Gt BEN TEIN ™ Sesson

VY + + +
gas o RE ot g 0T Geess % oeom

1) ZA REKD 15%, KEE 2 LXK 13.5% HaRE.

2) SPRRRKITH 3 2 N X O R,

3) FHEEILOWTOBMICIVAHKMICAEEDY (p<0.05).

4) P OMEITFHE+EERE (n=3).
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ZIRFHNC M & 70 HEEASEIR L TR, SRR
FLEFIH L 72 R £ 0 AR+ R ICok o BEfE 247 5
ZLid, ABNEDR L, BERICENTHL Z LA
Lol

2) EEHMLBREHC L 5B TREUGEELED
B

(1) FEYRERIC+ABKRAFHRENITONHRKE

MRS R lc B 2 — Bk E L, BEFE
<)y IRF U AD ER L EBEORKME L DR
RZB3-2-51 R LT, RBEMNAIO~ MY v 7 KT
YUV, MRS A PR T ML L TRE L Tl
Th D -3lkPa Ll T L Lz, X325 TiE, #4 X, &
EFEaALFX L BIC—MHBEKEI BB 20mm 2L E
Thde, ~MN) vy KT T ¥ )LD -1.0kPa LA ED
TREIRAE & A2 DM AR L TWAD Z &5, 20mm B
L O—MREARD B o 135G T, RN FRIC 72 Y
TR BEIEE N TWE EEZ BN,

(2) BAKELGLUITHTEARBULIENFIKE
I2BH5FETHEE

FLELLMITED, R+ -1.0kPa LA D
o 2R IR AE & 22 o 7o %, BFON-31kPa LATF O RS
RIBIZELETOHEIZOWT, FA L2 6
CICHE & a2 AFHITBH IR W THIE L 2R 2%

3-2-4 1T, 7RBKENTL -31kPa LA O HLERIRIEIC 2
2F TCOMICEBEY, ~ Y vy 7 RF VT v L OfE
WCEBEL T — 2 13E W, IKEE 2 AF T,
20mm LAk O —fkESAE U th, & TORERSE
T Ry I RT v ¥ UH 31kPa LLF & 72 B HEGIC
< bV IRT Y VOMEITEALDE L B
D, BET DT —H 2B LN TERPSIRED,
Tsukamoto et al. (2017) TO /A TV v KKK~ K
THLICLDEBMAEEML LBOT—4 ATz,
RN DFER:, FA X TRET T A &Ht, Bt
11 B, RAEHETo B BB 10 HEREETHY,
KEEarFTidBeasmhtcr2l, Ke@tT
17RE5BIEEREY A TICL YRR ST,

FEEIC, HITFEBICE 2~ MY v 2 RF v
D ERPS, HU-31kPa L FOHEREBICEDS £ T
DABICHONWT, v Uy I ET v VOB
B BRDIAERE L 3251087, RBHTH#EMR
#% -31kPa LA F ORZERABICE S £ TOMICHA Y,
<MV Y I RT Uy VOREICEAL DM E U T T — 20
BWie, TORR, XA TICX D RKEREWITA
LT, FARXTA4~6HBRETHY, kEEa A
FTIE4~THEETHT.

(3) 44X, MEFILXIIHT IBRAEHICLD
o BRI 3

P EofERztic, tHpEICRIT 244X, KEE
3 LT U TR SRR & 2 P REREHIMT R A 2 ik

— MR B (mm) ***

(b)
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ET 5.

R SEESREY, AR, MEZ I LFENE
NOKRFERENES DR &, ALiRE IR T 2 KH
FKOERME 2EEL T, #A XTEIEMICEEY T
%7 ARG AKEIERITH D 8 HRET, HE
EALFIFITO MY T2 6 ARIDOISG 6 AKX
FTEL.

wic, OHITEEMERBIFFIC, ¥ THF#ER %
FEi 5 B OEE W5 5 2D ORENSEML: (+572
BERR O 72N B 23] B e v I3 T & 5 5 20),
725 QM TR M, R e 0 B 2 f]
Wid2ECToORE MTHEBRERZ, +2REROR
VN AMAT BT IR T S O BES AR B 0y) D%
ERITH. AROBEICEL T, HTEEL RS
L EZOFMEEEEEL T, REIEYVORWA
BICRE LTz,

D, R EZS 31 kPa A FOFIEL 2 &HET
T, REGCH3 KRG T oD — KR
3-2-5 £V 20mm PA ET&H o 72, 20mm LA DORERE,
IE O LR FE O -31kPa LU T O ERRIEICE D £ T
DOHEL, FAXTI~ 11 HEBBLR10 HRET
ot T, XA RITxF L CTHIUT BT E N &)
W9~ 2 B O 1%, 20mm LA E O —FEEAK LS 10 H
UEBWEEE L, MEEaAF T 12~17HEHE
TORPEDOLNTZREEZISHE L, Wihb
BUAEBIE DD 2N T2, 5 S B I HEF 2R AER
THETILERD DD, BBULROEEITHEZ T
LbDEEZD.

AR TR L EPEEALZ AV 7o,
WX30~40cm D~ bV v 7R T Vv LOMEN
31kPa E THLRE L 2B ICk g 2752 L L L
TS ehn, fELo 8K ITREGREDELL E
CHERL TV D LTINS, MEES I AFEHEL
TR R O [ T, 20mm LLEOEEKE, HES
40cm D~ ~ U v 7 RF v VISE O -31kPa LT O
HEEREICEZ R BIZ 17 A THY (F3-2-4), 150
o~ Y v 7 R F 2 v Lid -20kPa (pF2.3)
UFThHotz, TDI®, 20mm Lh_ED—FEHEEAK D,
15 ARICH T2 El L TH, @Biic X 24FM
EOYRAZIFT/NENEHEIND.

20mm LA LD —FEEAK D%, AR 1273 -31kPa LA
TNC 72 B RIC A U 7z 20mm K3 OB IC X 5 81
DNWT, 2011 SR & 2012 FEELITICRIT 5 4
A RFEEHE B T OBIFE R 21X 3-2-6 12789, Smm LA
LOBERRSSTHO~ ) vy I RT Uy X, %

152 &

12 -1.0kPa LI FIC EFA- 5 EHMAZRL7c. BKES 3 L
FICEAL THRBRO Z EBEESND 72D, 20mm LA
FO—WBEKRPD o, XA XTIHI0H, KEZX
T LF TS HIEET 2 R1IC Smm LA EDOEAET
AT, BRBPLHLARATIZI0H, KEExas
FTIX 15 BRGE L 2 2 FRESEER & L 7.

¥, HUFVEREFENG 2 HIlT 3 5 B = H LI D KR
ICOWT, EEPFRICHSETE 2HRIIRITHRT
boH, BURTIIFEMREKEZILE T2 DL
V. RETFHRTORINDERIL, Ficg~—2r7LI
L DO & FER kT 2RO TETH S, M
3-2-5 XV, 20mm BL_E o —/EEAE, ELSA+2IC
W5 X5 RBERTHDLZ Lon, HTEROFERZH
Wrd 2B F B LIEOBRSEEE, R TPHRT LEM
PNIcE~— 7 I3—H FNTW D, BRNE~— 27 5
FNTWEREDTHRVRONT, F L F o
B TEhngEa Lt Lk,

QiF, ¥4 XT4~6BRETHY, kEZa2¥X
T4~ THRETH- I Eph, MTFHERFEER
IAA R, KEEaAFXELICIEM (7H) LLER
W5, FORESOBEPSERREIC RS> TnD &
FEZOND. FOI, MBI ICEE RS
MEDOBES ¥+ 5 ETORKE, A4 X, kEx=
LFLHITT Bz e L,

PR PR ME. 7 B LANIC A U 7z 20mm A
DEER OB OWT, Fl 93D 7  FEM 7R RAT 13 R
BRI CTH 525, BRFEEE, BWICZL2~ MY v 7RT
VIXNVDIRTREZLND., £D72D Smm LA ED
MVELC T2 A1E, BEmR%~ D 7 Bf&E L 2% T
EREROBEE ZHET5Z & L LTk,

INETORRNS, ¥4 X, REZaLFITxL
TR 2 ST 2 BR ORI & b 5k &
£ 326 12F DTz,

B A XTI, BAEHNCE S T2 7 Hhains FkE
LRI TH D 8 ARE THIM, MEEZ a2 XFTIE, #
O HINCHEHEYET D 6 AWID 5 6 ARE TOHM %
HTFEBERME &35, ZoMEPR, A XTIEH
F10HULE, KEEasFTidE1s BB E, —/@
FEIK 273 20mm LA E & 72 DR 2372\ B & & R
W2 PEREL, TERLKE, KITHT 1AM
WITE & F o AR TS RWEHE ICH M =
£+ (£ 3-2-6 TOHWFIED).

R EEE M 1L, 20mm BLEO—RFEAK A 7 B EL
LRWBAHEMTHEREERT I PEREL, 20
HLF:, RETHRT 1IHABPRNICE & F o IR
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#3-2-4 MR (XA R) EIEMRER KE &2 0%) RICHOMRKEREPIRREBICED A
WK & QR

A i L 27
iégg B:;"E 7748t s 13{?)0 183/:2000 1
;;g llj-zlﬂi!5 L 226 190/:1010 196/:2020 1
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o ifg(ﬁ)’:g%ﬁi REAEHE 105 12{30 166/:2000 17

1) Tsukamoto etal. (2017) TOREFRFEOWET — & Z 5 H.
2) HA RT—MkKE, KEE 3 A F 3R EREKE.
3) Z A RITHIEK T 30em, FKE & = A F 1 40cm TOHEFE.

#3-2-5 MRS P ORISR 2SRRI 5 AL
et e BN HF R -31kPa

PR e AR ()
27 Y (F—2%0 THE  BAE BE
2011 4¢ IR+

g SR (n=3) : 6 !
2012 4 LBl R e Na s s 4
ZELRT (n=2)
2012 4F 77 A K& 6 4

mEX  E@e (n=2)

aAX 20124 DR it 6 ; s

o (n=2)
1) ZA RTHET 30ecm, K EE 2 4 F1T 40cm TOREH.
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i 5 * PR X330 cm DfE
=20

O [ERNIEATOME X FERR Dl KA
w1 BN Tlkige L 72 I AR U 7o i ok B

B 3-2-6 —MiEAKED 20mm LA A, RS -31kPa (ZET D ETICAE U7z 20mm RiGEDOKKEL < Y v
IRT VXL EOB%R

FFCERWEEICHEMTHEBRLERT S (F£3-2-6 MKEZaLAXTIE1S BULE, —WEKEDR 20mm 2L
TOHETFIAD) . HFHEBEMES 7 B LLNIZ 20mm e RBBERARL, POTHRTIEBMUNICE L
PLEDO—iBERDE U Te G B I 3R ORI ik (& F oGRS TE R WVIES T T A2 EE 4

3-2-6 TOHHFIED) 2RV, A4 X TiE 10 HEL L, 5.
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152 &

#32-6 HAR, BKEE 3 AFITxET DM K 5 M T I Tk

bV VR S e s
HyF H Mt FIED H e FIED
B pppmpy (DO THITHEMZ R D W7 O CICHL  (FREEREEO B 2 MW 5 BR ORI %)
T4 7 B LANIC 20mm LA E O —FR &K
P U s
2 I ED—[K 31 L 2N
7Ry 20mm A EOERADI0 B LRV omm B AR T H B
L RHEMTER L, PEAUBKLETHRT o .
~8 AR A TR B LKTHT ERBILINICE & F o 2B 2 B
- W TEARAVEAICERTS.
6 A 51 20mm PL E D —fFEAN 15 BEL B2 WA W CS BB EERET
FRE & ; EHEMTEREL, PORKITHRTIUEM e N . o s
L FEs a7 g D vt s Ly TEWE 7 H AT 20mm L b o> — RIS
Ak U CTL MNICE L S ol A TERVE e IR R D

AITETD.

1) —MFEKE T 20mm L EA U2, 720 CNCH TR R, FrE O ¥ B B LANIZ Smm PLE ORI 234 U 7z

BEL, FERR O OFTED A EREE%R & 5.

2) FLESTLBKEREFRKITHRTHE~Y—27 DB—HFHFNTND,

F3® E

K FC O i A BEEMIAE O 72 60 D K BRBERIBIE AT & L
T, FEREREEY THIKEE I AFEHRT iR
Bl a5t gi, TN IIERE O PR IEHE & B ERRE O
BaFENRDLNATY v NKBEEBRL, ZORIGE
EMETENR A S LT,

NAT Yy RAKEIL, HARHERE L TREAERL
TWADEREEZAWT, I8, I &I 30cm BED
i & BN OBERED W © NS R FMICHER T 5.
LRI E & 2 AFBREZRBEL TR0, EO
RIFE L 15m LANDNE L TWiz, A 7Y v RAKED
HITITE D, BhHFRICHT TORB RN
REZ, HIRPEE VIKE & 2 AFOEFRRIFIC
7eotz.

FEKE E T AFOWKENS EMERICH D 6
Az, MFT 40em fLED~ MU v 7 RT3 ¥ D
31kPa L FIZ 72 o el 5 TAA 7Y » KK =R H
U 7 HE AT - 7o, EWRIITHT T Y 230l L 72 BRBRIT
BT DEMX OFFEEIT, ERERER O L D
TH0% RRELRY, TRY U ARTEERERITEX
XV 1RA UM EEDP STz, HPEKIEHE & FER 2 FH A
BOEHHETLRRTIX, ~1 7V v KKEKICED
Pk L HEBEIC X0, FREPHRXE T 107 ~ 129%
Em L, HEARKEEDZTD 103 ~ 106% Tholz. 1
DIERIC X DR E & 2 2 TG ORI (R
WX DR L VRS, RO 2R NEPLATD,
NA Ty RAKBITERRMIC B T 5 E & a X0 4E
BIEDOM EICHR2EMTH o I

WIT, BN OKHEFESICERE ST 5 RERER A

TRV~ — 7 MW TN 5 72 & ki 2=,

Mgk THEPEEAL] %, &IEEY~OHTERE LT
FIAT2EERF T2, FA4 X, kEEaL¥
~HUFEE 2T N EONRERFET D & & big, #TF
FEMEM OBER OWMr L LT, BEMFIH LTV
ARMFIC X 2 I FE O 21T - 7.

TA R, EE T LFOPIKEDL VRN FEEIR
Ik (A ZL30em, FKE X 2 AFL40cm) O~ K~ Y v
JIRT VWIS 31kPa LA RIS/ o e BT, BRE
ARALZHFR T 30em 12 L, BREKMBIELD 1| AHIC
W 2B L CHEKR 2 5L CTHl R &2 1T -
7. PEVEHIENCBERR 2T L 72 3BRIC I 1T 2 Hh T
KOFEEICOWT, A RIIREEAR I DR X
T 164%, KEEZ I AXFTI122% L7220, HHFEIER
BRCh, XA XTI10~129%, HKE X2 LAFTI02
~105% Lleotz. THHOFERNS, WiEYE b
KRR L7220 O VR E AL 2R H L 72T
HEMEAT 5 2 L ORMEBRTD LT,

Fre~ b IR T U VOBRT — % ZHW
T, BRBCHTEES ICHFOEEREO~ M) v 7
RT X Vs -31kPa AR ORRIREEICE L £ TO
AR H L, ZOREREZHNT, 4 XTiE, H
W45 7 Ao 6 HAKELRHTHS 8 H
KETOMIZI0 HELE, MEZa X TR, BIES
HHNCHET D6 AMDD 6 HRETOMIZ15 A
VL, —FMEAKEL 20mm Pl E & 72 5BERA 7R WE
BICH T 2 R T2 & o IR AR L 72,
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F4E 8

F18 KHBICETSEEEGMEREIC

@ 7 f= TR IR BT I 1

KIFFRTIRET, KEICBWTHKRE LCREL
725 TWD AR E 72 HEYER M K 2 MY OAR N AERE
MEWET DD, EYOLEFTNEEZHIRYT 5 LEY
BIEOHERN A EEFEL, FERIR-RRE#HT S
T DRHEEMEDORE LR Ao, SEREICHNS
RIEEE, EBRESRERINEESE P E STV, Hk
TE5hkEE L THRA L. Bahd, REREEE
WMThHDHA X EHNT, NEMHKERETH S HIZE
LHENH &, HENL B LB AFHIMIC 1T THEM L 72,

HZEL LWL BIIC, ¥4 XICEE KT %Y
HEOREFMZER & L TIRY BT, I XL
DOt E FA RO L ORAKRTIE, 177X b0
BEALIZHE WA S e MR D b hvle. 7 A b
EBEEHE A 10mm (0.35MPa) LAk TIXHZEER D 60%
ETFEISHERE R, FTORIELLITHLES T2
NOEZIE, 77 A NEEFHE T4 10mm LLET
Holc, TOT s, FEBITERLIZLES IR
N OWBEZTRO 7 7 A MEEGFZHWTRET S Z
& T, A ROHF~ORERE 2 Z DO THEET
ZLWMEREL 0D, ETe, RIS LER OHHEY
GEREOBBLHLPICRSTI D, 1S T2
FOAELRTWHELERNCHET 22 L b TE D,

+H 7 72 M X VL L mRE~OXEIL, VA
NI TANT Ty T X DB e (AL
B, 2007) 23505, RERRHIE, Wb EED
TedITiE, R L RO TS LT 2R
XOMRETHLZENEE LV, 17 TR B
RS FiEE L L, BELogL: Cafl-ai,
1974 3 F/ - Kb, 1994 5 5, 2006) <, fETH L
~OWE L OB A FREREREEFH (7, 1994)
bl Wol, TR ORHMREZLEZ D FHIENRE
Foh, ISR TEREE bRV, Ll an
LELIFTaX MRE L, EEEDVHOIT O ITIZREER
HRH 5.

—J, AR TIX, TS IR M XAz EY
HZFEPE LT VLIRS W TS, EEgR L
DHMAKERM GO BB EREEDDHZ LT, H©
FEADEBERBTE D Z LAVRIB S NIz, TR~
OEWY ORI, N—7HE, EINTHER L
@ CIN Eeh3m o OHEIESLZ R, TR, & C/N HDfk

8 F

7 & EHEA~ORFBEROBEVEHEEN 2 b O E E
LWeEZXLNE, ZALOMMAIZEY, FRFRD
REPILREORINZ L L T gt 2 s+ 5 2
LRMESNTEY (BAR, 19945 4L)I15, 2001 ;
JeEiE R ECE, 2011), HHEZ TR MIT XD HBEOM
L% KRR T2 Z L SATRE & b D, /K HHy Ik
JEOAFERHEETD DHENRL N &b, FRIE, 72
LNCHRD 6, FFE L N T2 BRI FEY O F F H3 A4 FE
FHOEMLLTWERA L 255, S TIEEIC S
A RA—KEE I AFOLREEMTORLTWDH, KE
A LFINELDO S H EAINLD 10 HIZHTT, fFIE
ZRHE U TRy 2 UeE T S B A M Th T
% (bl RBEE, 2010, ESGRIEYOFIHITEL
TiL, FEOEBREZE#HNC XV ELEICT &AL
% (FREBERAIEE LV Z —, 2005) <, HiKEO
FRAEIC LY 1Y T A N Z RS GRS,
1989 ; Singh, 2009) SR THIE SN TS 23, 14
1 ETH 2B Ic W T, EFHESR B4 A X iRy
OEMFIMIRETH D, SHBITHERELEZET 2
s T, HIIC BT 2 G O FERECHIHER
EEE LT, AEYOMMIC X 22y ot
M EEICOWTHET 2/ M13 D0 £ FX5.

B A XOESLHUEOET ZHIRT 5 3yt
OBERICEL T, TEORERICEHRL THRIFL
2. BEBARRTHD, YV A=A TF—T L —
N¥EIC X D 1, 23 100mm-h' K3 TiE, 1 FEINERN
300g'm” ZFEY, I, Z 100mm-h" RIFIETS® S
SRR, SRR SR & WIIEIC, MR IS B2 38em KT,
BFNF KRB 107 em s AT, HLHRTAE 1.24Mg m” LA
b, CHLILBRE 0.04m’-m” Rl & 2o 72, T b OfE
B D, HIEREENREE CRESCILRO DIV
D31, & 100mm-h"' REFICEK T S, 44 XDEFIN
BEEETSHLIERNTHL Z EBDPY, v U F—
A UF—7 L— MNEITK D [ BBy O
EERVEDLZEDBHLMITRS T,

INE TGO KIFEELE BIFEE L, BIFE
WEREET DRI, 1EWAT IRV LY R
Th D0 EEET D DO RTEN e <, HME
2 X B R, e b ONCEREGUEHT X 5 =R
BEOBRABHTEBENTEL, YY) v F—a v
T—7 L— MNEE, T 25 2 &2 < MR
I BT ZOE THETE B, WEFEEE & g
L CHEOLEEZHWT 5 Z L AREL 25, Eiz
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FENT DOFER, M TO X A X0 BiFeAEEICE, +
DIMELEOfERLL EICHIER T 40cm HEFEE £ TR
AR AR S, TEBEEREIEILERDD
ZEMbipolc, ZRITLY, REZRTEYIMERE Y
FBOD DR RMREITH 2 L BA[REIC R o T2,
AWFFERERNL S A KT 2 IBATHRER T H 25, 1@
(1980) ZEK LAAEREIG ICB W T, Dm0 T
MIFESOUR 228 2 T2 LB 1 5 L s A B
NOEBCONWTHAEL, MELEEL40cm T+ T
HDHZLEBRITWS, ZOZEn6YL, AR TH
BIRCTR o TefERIT S A XPSA O MES I3 LT b
HFEEEZ 5.

K RS T IR WD TE L T IR 2 Ak
SHEHLFRERLL TR, TPk EESETLET O
REKZBSIMCHEL TE 2RI L, REKRIHER
SN ETLEMEITY ZEBIRBTHD, 25
W2, TEMIR DK G RINIE S < D/ S e B 5 e S,
A5 DFEHIECAR DRI X W EE A OGBS
EHL, BREESRZEET S (L L)L, 2000).
Z DT DRI DORRNECVEW) & Kb 2 H1E (TS,
1992 5 25, 2007 ; bl B EGE, 2011), LT
ICHERESSf B 208 N, 32 51 (RJI, 2001 5
N5,2017) bIELT O LBEEOREICHF T 5.
IS OEERR TR, ZhE TREONITEEE T
WFFERs ST & 7z, il oPkk B L5y et
DWRICBET 2 H M TRIETE 2.

R HEK AR S5 72IciL, B KEESS
BR8] U T REIREK O AR SRR & 72 503, B
SRS ER I S AR (L5, 2017),
MR Z WA DERRE (R, 1981)
BERTHD. MAEHEREC LY HEPORFEIA
DRI NTRBE T, D2 ATV, BE kL et
AW L AROAREER S YD, ol TRSIT
ARIFFEFER DS 40em B E TIENLETH D0, HEH
EATWDY T Y A T2 & O RBIEEM OO TR
THABERERESTH 5.

M LHEIZ DWW T, AEY ORI BRI FAE
T5ZEMEELL, FLTOREML 2 LE S
EHNCHER SN D MR DH D, YT A TN T
L— 0 & W o BRI X0 TR S D R o &
I, A EZR L ImBNT®H D 2 %< @@,
1980 5 KA - LA, 1986), LELEFTEOE ZHIT
BNTH, REMHEZERT S5HE1307~ 1.0m 2
LT ORI EIRRTND (NI, 1983). i
BT, KB NT 72 THITASIRTEE R 53 2

152 &

~3REFEINTY TV A TR0, WHROBEW2E
Ok RUTHEAE B TR, 2020 ;
BARD, 2020a) BNRESNTNDE Z b, EBER
H OHIER T 40cm RS RRE £ To LEYHME 2 W R
L2 LEFHRETDHD.

7%¥, BHENICBHSCIREFERIEDXIRETT-
ZELTY, AL OREKDOFRASLYEAEE, R
Hi O DPAZE 2 LK RE SR B 7RG B 1T UCEERR A5
IR, EENICRAT 2 REK 2R 2 7280
DHEARFED AT K 5 HIERHEAK OIEHES, WEIRFEAK,
PKBE OMEFFEE L EFENE 2 B D T O EE R T
Tho.

HHEDOFFHAMICEL T, £S5 (2007) B84
A AOFHEICRIR L L THAMDOA~T Y —Xy F % Hf
T2 LI LD LEYEIEOUE L F A XD LN
FRRAERL TV D, E el RIS OB AR
CRWT, KEZaAXN#EZD R HRLKED 10
AT, %IERIEE U TRIBLRETL, TXAT
L TEL, BT o Btk 4 X4 RE
PEaEd 505 (LEE BB, 2011) <, BHERH
LHEIECH M) & E LT 60cm 1 & DTS F THERR
ICHIER T X 2B B S h T s @RS, 2017).
TR~ H Y OB O, SR EE O
BIRFHE - REAOWGIRR L TH Y 72 ML D
FIREDOMRIIT b ORH D,

UbDZ &b, KEHEHE T IO THIEY ©
EEEEZED DL, HE~OFEYRAICL S
e REEZEDDLZ L L, fFLT 40em 28 E TA
HOAR AR S ETHBEMELHKEIE DL I LNE
WTHD I ENRMIICLVHLPICR 5T, KR
TR L IR 2 AV TR OREZ R L, Eib
DRREATH T & T, MEMOREFITHE L 7o Ly
BEEFAIHTE, (KI5 OBAINATREIC /25 & & %
5.
F28 KEOBEELGMEEREIZAITT-
TR ER 35 1) 0 432 T D Bl

AKHTEPE T2 FREOA LR T VIS, TE
DEW & TRVFFE L LT WRREMITBNT, Mk
YOEWEREEZFEB T 5120, Yok e EB LI
B 2RI 2 0ER DD, EOMITIE, BRSIY
BT WL D, Bl REMRR 2 EAE I, BF
DB O RPEAREER Z AR Lo L TR 2
EOEEND. AW TIE, PO KRR 251
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U 7 KERBE AT & L C, BENEBREE AT
DI 2 VT, B PNICHk & A SR
LT DA 7 Uy RKBRIC X 2 REBBEARETN, b
QNTHEPICE R LTV D BERER A Ofisk THEHE R
L) R L o P 2 BTE L 7o, SR AL
I, BERENICHE L B2 E2kET 22 L3 T
&, BROPKEREDEIE, HERITRILD. D)
EREHALLHTERE L TRHHT2Z2 LT, Hike
FE 2 3l U i BT ic e 5.

RN T, BEEESEM O BEEEIN A, R
FIALTWE 9 1k a5 & ORERKSR 2 EHE
PR O R TIT S ik e Lieds, AW 3iEo
A7y FAKRBICED2HEBMOHBICHEHRARE TS
5. bbb, #£3-2-6 T/RUICHU T HEESEEREY &,
Ehi I oMt E oL @A L, BEEK
DEEZHWT 5 TOBEE, FEh 2 HET 5 BN
Gh LRl EFTHIER . AR B IR O A 22
LTV Zenb, BEPE ARG ELORS
THM A BRI AR /2 & CHEBT 2 Z & THINATRE & 72
5. IHICEHBIL, HEEEROESEZHE THIlTTE
7TV EFEETLRELT, BESHEICETE
AU, KOS T O MIVEYI 64 B FEREEN 0 2 K A
ERRLND.

TG 2 DOKRERIFEHEMORE L LT, "1 7
U RAKEIZ XD HEE, HIRE~DAKTH L7290,
MR CITEME P EN D, HEEESC IR ED
HD, HTFHEBIEZPFHLCTL, KoEks
HUTWHIFEEZD, LA LRS 2018 HFEIE
CRWT, EHREFHANHRE SN, JEEN
D4k H A FE 221,900ha D 8% 1E & LK & L Th 7
W (AL, 2020a). EDDAAL T Y v RAKBITE
AL & O FORALHIEIMRR 2 H L 72 VW ES TE
MEFTRE R AKBR BRI & L TS 5. 2ok
T, [EFOEMRIICE D T KERBERIEEAT & L <
EREHHETE D,

LB 5 OKREEHIEHEIN b BIENICKDT E - 72
BIE, ZORBEMERETHOITHRT 2 HEE L
Tz, ZRURRERIB AR 2 LI X D B &G
{LITRE S L8R, 72 & CNT/RY~ DA D F B K [h]
BET DO THD, £le, FEMBROESLPRPKZTT
I e DITE LT ICARCIR 2k <&, w2k
DSRETEE R BHRRRBIC T 2 LB H D, A TV v Kk
B OPEAEEE T RTEK TH D720, HITFHEKIERE T
B LI 0 W WE IR O FE( 00 T 1 2 T R Rl
AR L 72 5 SR EIALIC X 2 MU TS S AR T,

LR AE DVE R IC 1 0 R B IR OPKBERE DHERF, o
B ONDH, BB T, TR R
IRMEA~OAKBEBRETH DHEHEZN. 0 L9
IREBICHR U T AS DERERIC L Y, Pk &
H TR I 35 1T D REIRIR I 0302 kAL B R &
B/HZLNTES (HEAERDL, 2020a).

FTIARIIZE TR LT O AL, fFLE Tk
iz EA-SE3, HERT 30ecm OfiEE Lz, 207k
DOHTFREREIC X 0 S U 7oK 2 ER AR T & 5 X
9, oL LDELTICAROAREZEASE, EY
DORPMELTICHEL TWOIRIER RO b, REH
1 fi Tilk e Y BB O Al S FRTICB B L e
5. Thbb, ELToEELRESE, EYR
O L PR 2T 2 TR EEREE 2 ED (RINE
W, ZW~OI) T EPHHERETHY, ok
5 7 HIBYEBRSE A S NTORIBICR VT, ERA
OxtiEE L TOREMOMENFREIND. KE 72k
TEBREE T ICR W TR AR R R & 2 BRI
B 7eITiE, E PN & RO B OESS <D
ZED TN ZEDBEELWHRMEEEX S, Ll
BRG, ERTORKSENEE D XS e HEIE
RSN D E TITIIHY ORI ZET 5720, K&
A G L 2B X D xhs B E 72 5.

ARG T 2 ORI HEYE, 1RO EE &
R 2 X 95 KRG KA BRITIC /2 2 RR K iba
ZATV, EEMORTZMA L L Lz, FpicF
FEIE CIERE KN Z HZR T 30ecm (I L T\ 57z, Hh
T X 0 ELANRIERREIC /2D Z L id v, 2D
T DIE D ABBRICIBNT, HICHE T 28K 5 T HE
BLTNERT Yy LV EED DY, HEEICHE
FE L 72 AESEDAES~ DU AR § 2 7o b DI T 1
LIEE S, dbEEOKEH T, S ARS 6 Al
DT CERBERICH Y (K 1-1-4), ZOREITS (X
OEFECY ~ X XFOEMBHICH LT 5720, FWIC
LB HERRRCIEERENHFET D, (FLE ClEE
250 M I, HEECHNLD, W OTEERE
T BEMIC S 22 05205, FEIICE T SRR
455 OYEEE, TR HI /) ORI ERREt R &N
RIRZV., THHOEICBWT, EEH T ORI
LS ORI DPMBIETHA 9.

Z OROFEBICE T D AMESRMEL LT, Kalldd
ZEDTELZ@ALGTHLIUERD D, THITFLALLN
OFBIX] (BAKA, 1990) Tik, HTFHEBO®EHAS
fhe LT, WRREOHBGE L T o LENEE THK
HEORNZ EE2ZFFTEY, 7R - FHE (2016) 13,
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LB SLAR A DT ERAE SRR S S

R SR S B VR D BN /K FR 2K 03 1 X 10%em-s™ LA E T
IXHE TR EECTH D Z L AR LTV D, BRRE O
RGO IEICBE L TH, BEESMCHH T2 X972
FKMED R E VBB PFAEL 72V 2 & AALEET, [H
B OEECIHRFRD HIRAKBAE T W2 & b RS
LB, JRABARL TV 5 HFIRE MR R O S K LA
BAF 2B~ OIS IZEETH 523, £ OO
BRI, FIRELE R I IARSIR O BAZE & BN~ D
WAKS — b OHFRTHIEARELEE 2D, WAKICLDR
FBHHEZ S Z L THEAMELSEY, BRRAKDOHE
REEUD L KHEBETO) ZTENTES,

IRBARIZE T, EBZTTO Z LT XD BRI
B3 2 BatiddT o TWiRvy, ARBFZE THEME L 7o H T
PO FEKEIL, ME L2 5530 ~ 60mm TH Y,
NA T Yy RAKEEIC X 2 ERFEBE (70 ~ 110mm) D
LNRETHo e, FEKEICEL T, EITOMERER
EOLVHTEEEO TR/ WET2H (A -
FEHZ2016) b B DA, HEBGES LK, hgEdh
DBHDRIEPIRAKDBRE TRELSEDLD Z L AVEE
IND. KFEEFERTIE, RLZMEATLRPEE
T 100mm BEDOKEZFEHAL TWD (BRI, 1995
FTREE &, 2006) 75, ¥ T o> ik I T 100mm
BE (Flx1E, TF5, 2000), ~A 7V v KAKE
T R, M OME T HRFKET 400 ~
600mm (T EEFAENTEY (FH - &, 2016), M
TV E T 2 K i 3K K BT B~ Tl U TR
TELHETIEZRW,

IR B DD 72 W I e X T, HAROKH
A CIEEE ZRKEIRE & W 5 Bk smm <, iRk %
IR L TE 7, L L2 bAEOEARHEO
BRI, BEADOREERLE A DRI BEOKX
XMk, b Z2E R, ARMERHESCRRNEE
FERRE & o To KRR D S TG DR Y 2RD TV
5. HAPEHEIINE TOMRDPEHIFITHARTH
KENHAL (GREDS, 2001 &5, 2003), MxT
VR~ DFEFFI DI RS &, KFRREEE & 0e
IZ &2 KGR EDSRE S NS, S hICREEIC
I DR &, R TIRIBK OBEEE S E E
LT EERENTND (BED,2015) ZL2bH b,
TR B HIH I 31T D /KRB MR DT )5 % FE wAb 5
5L EbiT, FEENEREED DERHIES, [EEH)
WS L2 KRR OB BICE T 5 H e 2 M 5% 0
HEE L THERINLTWD,

Pl k, AWFFETIE, KSR T IRV THEY

152 &

DEFEMEZED D IeOICLE 7R LIEY I ORE &,
VEW) A 2 IR S 2 Tt O BN 2 RT3 2 &
THOLPIC LT, Fie, TIEWERMEO UGB E 2 3%
ET DL LS, f5 e By OF ML LR LTz,
S50, TRECELRLTVWRSREM 26 ONT/KE L
BIREETICRBWT, KEOREKERR ZFH U 2
PN & B ORMERIITIE T, BEIFIA LT
WHITE L CBZ T A Z Licky, KEICBITEEAE
PEXANE D 72 &b 0 138 - KBRESHIBI AT & U TSz L 72,
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E5E E M

TRETIE, KESOMEYSLREZEDEAICL S
BN BEAET AL RABTHD, LLR
MH, EKIKRE L THIKRRIC K 2IBEOFRER & 1158
PIERMEICER T2 2 A XF0X A AORINC, BFEEA
DOEEEMEZFH TEFIIVWD. D7), MEHOR
B 72 B X DRI S OREIRALETH Y,
KH OEAR) 722 158 - KR OWE & 2 ORIEEI O
TESEPEEN TN D,

ZIE TAINTEBES N TWD, EH o H Bz
L 21E M 2 & L 7oKRIEP LOBIN T, MEY
(i U e R R ORI IRA R B 5. Z DD
A1%0%, JbHEE THEE L TW A KAERE S HE
oM IEZ iR, £PIIEY AR ZHIR 42 T8
WIBRMEOBER AL, AEMEZW LT D 2o 0E
R E L CIRRT2LERD S, ZOEMEE AV
T, BB STV D Sy B ekt
RO 2T 2 LT, KEICEIT 2 MIEY OFHEC
U 7o R RS O A & B 0 K ASETRE & 7R
B.

F 72, KETOMIEYERE & MIEHH OKYEE TH
DD DI, KEMERAOFREOZITLT VL
BORGRM, SOITHEEDOLM & TR O iRk
DR INDREEFHIETE D L9, KEOME
KHERR & BRI L o KBREEHIEE kb s 5.
Z ORIV, Fiiz 2o & A T REE O Bk
KM EANFIAL, BEMALSTWHEELT
BRBR T 2 L BN D 5,

2 ORI TR, JbEEEEAIC, KH LSRR
TNZRWTUHEY D EFEN 2 @D 5 1o b O L3 ek
DUEREBEZZRETH L LI, FBEOAELST
WHBRLREEMTICRWT, BAEERMIERR 2%
B3 2 PR B 2T 5 2 L 2 I E LTz,

BONIHERILTOLEY THS.

1. KEOBEEGMBEREICHT-TEYEERE
ERDRE

REWRIEIEEY TH D XA X HWT, KHLE
THEY) 2 A PE 2 BRICR B 72 L B 3 E 12 -
X HHEBRELHALICL, TOUEREMCM S 7
ML AR LTz,

1) A X0, Wbl b5 2 5 Ly
DOERELT, HEBI/ A MNCERLE, 28752

MZ XD HEOBALSZ A XD HIFICE 2 5 I
LT, 77X MEEFHC X2 L E D 10mm L L
TIEA A XOHFRN 60% & FlElY, HEFEHES
HZEEBELMCLZ. EREEOMEE LT, Kt
EEM020kg kg! B, v b EE T 0.30kg kg
Pk, W& ETIT0.50kg kg Rz d &7 7 A K
fEEEFHE DS 10mm LA E & 72 D BN E < b,
0 X5 EITRE VT REBRE A 0.13kg kg LA
b, ®RFER0.06kg kg' LETHD L7 T2 Nl
FEGHIE 34T 10mm Kiifi & 72 o 7z,

INHDOI LG, X4 RXORIFRNHE, Brbx
B5 720 O LW O SREREMEIE, 2 T A MNEE
FHETCIOmm R & Lz, £/, 772 M X
5 HZFIH & %2 ) 2 "IREME O E O TS RT, BE R
28 0.50kg kg A T DIRBH I A 0.13kg kg AT,
EIRFE R 0.06kg kg K THD D& L HiT, MK
M EED EPYOERYEREED D T LT,
17 T2 N BT D ATREME S RIE S LTz
2) XA XOWESEL UMD AT ZHIRT 5 L%y
PEOHER L L THEDRGREICHE B Lz, fERER
Hr T BB LR O B E IR A 21TV,
H— AT =7 L —MNECXDEMERAREL & XA
AOAFE, 726 ONC TSy L 2k o 4R 8
L OBREMRAT L Tz, EEFHAOKR, Mo
BIEENELS, tEYEEORRE R EESMELT
DENLED S MBS 2 Hm RO bz, £, I,
2% 100mm-h' K TiE, T EIE D 300g-m” & T [A
Y, I, % 100mm-h" AR S 25 BRI AR S
KEWIEIZ, MRS HBREE 38em AR, AAFNEKIREL
10%cm-s™ AeJi, FEHRAEEE 1.24Mg-m” LAk, HLFLBRE:
0.04m’ m” KiG & 7otz ZOREENDS, hHEREER
RIETETBACILROD R WERED, [, % 100mm-h”
KBITE TSR, ¥4 ADEFNELZETSE LA
ThDILPHALNTRY, BHRMETOE A XD EITf
REFICE, o ELEOHR LICHE T 40cm
EREE TRROAREZEMR S, HEMSLRES
HHZENBETH- T,

INOORERLY, BRI TOEN DL 15
HEOFMEE LT, AROABRORELZ KL T
LV B — A T— L —NEDL EHWD Z LR
BZ)T, THEYENEO KB M L, 2 100mm b
k&l
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2. KEAOEEELMERIEICE 7= KRR Hl L AT
DEAFE

R EHIH IS BV THI T 22 i 3 2 AT, BE
PR LR T VKRREHIEEN 2T 5 2D, BX

DNEBEETCHE R T DI A VT, BSNICHEK
BN AR T 2HINTHINAT ) v R
K&, 726 CNTIEPICHE K L T 2 RS IRE R O i 3%
MERE L) 2R L 72 PR 2 et L 7z,
1) MEEZaAFITHT D4 7V v RAKBEONM TH
H, W LR 2 L ckER, FREEZICEGNORE
PRV, 72 b ONCEBFAICHE, HE & HIC 30em 2
EoWHZ 15m UNOEFEMBTERT 2 2 8L T
Wiz, ™A 7Yy RKBRIZE DK BRITHIT TOIR
R EIC KM E S, BB EVKEEa L
FOEBBRIFIZR -T2,

FICREE A LFORKEDLL S FEWEMAICHD 6
Az, #FTF 40em (LEDO~ Y v 7 K5y L
-31kPa LA T2 o el C, AKERKDPBENA T D v
RKBEIZ K U CHEE 24T o 7. TEEI R RN 2
Wi L7 BRI BT 2R o EEIL, BEERERD
SR L DT 0% REL R, TEXUNIEE
BRITHBIX LY 1 R A > MU EE» - 72, HEKEE
EHEH A G DR TCBMEGERBR TIE, N7
RAKEEIZ X K L HERIC X Y, TERENKEX T
107 ~129% & & <, HEAKBED TS 103 ~ 106%
Thole, WOFRICLDIKE & 2 AFFER TR OB
RATHEAKNEE D AT L DR LV KL, ko=
ANEPRDLHRTS, NA 7Yy KAKBIZKBIZEITS
EE T AXOEENEZED D KERERIEEAN & LT
BN THDZ L EETL T
2) RS (R EEL) z, WIEEY -~
TS L CRIAT2HELE LT, ¥4 X, #k&E
E A LFXFOPKEDPL VRN EBARE (4 A X1
30cm, FKE E T AFXL40ecm) OV MY v I RT U T ¥
JLN 31kPa BATFIT 2 o 25 C, BEKM ZHIFE T
30cm 1L, BREKMBIELD | BHICHEAKT 2k
THE R 21T - 7. FERE I RN 2y U 72 B
RO THEEXOFEEICONWT, &1 XI3HH
REME DX IRIX I T 164%, FKEEZ 2 LFTI122% &
7Y, BHEERBR TS, ¥ A XA T110~ 129%, #%
FEIAXFTI2~105% L7207z, THDDRER)
5, WEY L DITKRE E ) OV ISR B
LEFIHAL 2 R 21T 9 Z & OFERRD b
e, Fle~w b ) v IRT UV VOBEIT—4 B

SR AT R ERR WY 1525

T, BB TFERAZICHOZEREO~ MY v 7
RT 2% Vs -31kPa BL F ORFIRIEICE D £ TO
AfeEE L7, 2ORREANT, A4 XTiE, B
WY $5 7 A S KSR TH 5 8 A
KETOMIZI0 ALLE, FKEZaAFTIE, XS
HHNCHLT D6 AWIDD 6 HREToOMIZ15 A
DL, —mMiBEKED 20mm LA E & 72 5 R A 720 i
BICH T2 REET D &V 9, BRSO TS
ot DB 2T 5 ik L 7.

3. & W

ABFFETIE, AKHIERE TR\ THEY O 4 E
PEZED D oD (LB BRI 2, 1EAE %
HIRR 3~ 2 LEEY IR O BER 2 f#fT 35 Z L T 62T
Liz. F7z, THEYWEMOUCEREBLRET DL L
bz, fE R TEYHEOFMEL R L. S HIT,
FREOA LT W HEORG LM TICRBWNT, KA
O e A R U 7o B HE K BN % [ 35 0 B fiik
BT L, BRERMFALSTOWEIRE LTH%ETS 2
T, KEICRT D EEEMED 2D O 15 - KBRS
A & U CRESE L 72,
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ALV ELH2ITHIY, JLHEERPRFFE A ERE A RRFE IR 2 2 55 L 6
W &5 - 7o, ALHEE KR4S H R BRNA— IR D 7205 & 488, S Z 15 - 7z, LiEE K
KRB IE Bl MARE - LICE, EIRECBWTEERERIHE AV, JLEE RF KRG FERE
Bz S BRI L7 & ONC RIBFFEBEaEAT (LA S S 18 AR O SR & #Bh 5 &2 15 - 7z,

AWFFENE, 2002 1T seAbviEiE 32 o B SE BRI B BRI R R AR TN E IR (BLERIT L)1 B3RS
WFIEERR) 72 & ONCIeA b1 et t (BLERIHRE EAT Lo Sean P i AR 1 A e S R i 7 L — TR
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Wie, Uil B EICIEZ 0% O S HICED £ T, AR EEHZL < ORBRIFICITH L TE K722 5 HEECH 877,
ZLTEPRBEELWZEW.

K RSLR 2R AR 472 & ONCERDTE R 2 2 BRI DT e AL RE Rl 7 v — TIF9E T /N SF BTG
iE, BEBRZATICH T 0 B FH-ORIE RO MM T, B2 H IOV TR TEICHEEE W72z,

BT AFIRT JE R ISR T U £ 72 & ONTERIT RN JE AR A R A e s gy 7 v — THFJE i R
LI, RFEELVELDDITHIZY, HEXHRWED 2B & HIEE 2 Wiz,

RGE ORATIHIF I ILRE S (FRICERF) hI BRI B ERERN (52 WITREREH) BL L TE
Eashie, REER, 45—t KEFH 1L, SEIUTEL, g EEL, REAER, KEKER,
AR FER, [FBEEY AT L8 (b2 WITAENZER) &L U TER SN 5L, Bl wk, rhHT,
BRIEIE L, FGEERENRERE 7V — TR ESR L U TEMLE S S L, 706 CNCHLERB P
BRI EERENR EBHERICE, RS ETEPREEE LM ZWZ<D L &b, KiFickiTs
FEGR X OPEICH Y, HKH L EIE 22T,

R AL R R M i, PR RS BRIG AR FERT SRR R & L TIPS, e s
No— TIEE T SRR L o 7o, LRIV AERERR 7 v — e AT FE BIRIR, 1EEE
BERERBRGIITH A FERAN 7V — T RT3 E OBERIE, ERPEE & LU THEHB, #@iviciini, =
FRFEST T AT LI ITR AR DEEE N2 &, DY I 2L — 3 I K B MEFHCEI L THEE
BWeidnWie, BURERILEENRE v 24—V — TR | FIREL, SRR TEROE L, ERE
KRG LR hIEE L, RBUMSRILEE BT v 7 — REFE R IRA At S LoRDFSERT £
LW B KR LICE, O 0ER 2 B2 e AR @R L L blc L TnicinTz,

BHRBR O LRI H 2V, dLhE BEGHRAMRERR B FHERR A SR RIK, 2R G IR IR PE IR U R
B TR 2130 &3 2 AhiiE B EGT 2 & CNC SR IR o f 28 R B B3 R P S I g, b
BECH A EIRER EAN S MGRRE S RS e FILEFRZIIUD ETHRERBEE RV 7 —HE, THKEX
R, WA O YILE R O QN EFER OJF 4 121X, BIHIFELORECRRHE & oEiE IR, B O RER
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ARIFE 2 AT D 1, h I R IG B BRI SR B SRR U, BN, HMENKR, KA (B ER)
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FHEF ATE L, BR | AL, WOFImReR, BAE AL, W RREAR, SRR L, R R,
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BHREMRE 7NV — 7 TIE, BFEEw S RIS, EEE FRRER, =8 JOREAER, BHFI 2K, fiE
YA, 3B AL, BE L (EBIENEO L 0T, BESEE TS KA TEE) T RFEEESCA R
Ma L BICLTWeEE, SEADREZWIZIZW e, Pk 23 BA B8 FLER 1T DB A0, R
RS EBRIEE RO ERICH L TR EW 272 &, SRE OB MITIIE AR e B FAAS 94T O £
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Establishment of soil and water control technologies to increase upland field crop production
in paddy fields

Yasutaka Tsukamoto
Summary

In Japan, there is an urgent need to promote highly profitable agriculture by introducing upland field crops and horticultural
crops in paddy fields. However, improvements in soybean and wheat yields are limited by poor drainage and moisture damage
caused by soil physics in paddy fields. Therefore, drastic improvements in soil and water conditions in paddy fields are needed,
in addition to the establishment of technologies for controlling these parameters. The short-term rotation of paddy and upland
crops, which is a soil control system used mainly for paddy rice cultivation, limits the establishment of suitable soil conditions
for upland field crops in regions across Japan. In the future, based on the premise of mid- to long-term upland crop rotation,
which includes the permanent conversion that is being promoted in Hokkaido, it is necessary to first clarify the factors of
soil physical properties that limit crop production and then utilize these properties as index values for productivity. In so
doing, it will be possible to create conditions that are suitable for the cultivation of upland field crops in paddy fields by using
conventional technologies to improve the physical condition and drainage of the soil. Furthermore, to increase the production
of upland crops in paddy fields to the levels in field cropping areas, water control technologies using irrigation and drainage
facilities in paddy fields are required to cope with drought, moisture damage, and weather conditions unique to paddy fields, as
well as recent climatic changes characterized by frequent heavy rainfall and dry weather. Such technologies should effectively
use existing irrigation and drainage facilities and be accessible to farmers.

The aims of this study were (1) to establish index values for assessing soil conditions in order to increase the productivity of
upland field crops in paddy fields and (2) to develop irrigation and drainage technologies to realize field crop cultivation with

high productivity under soil and climatic conditions prone to drought and moisture damage. Our key results were as follows.

1. Establishment of index values for assessing and improving soil conditions to increase the productivity of upland field crops
in paddy fields.

We used soybean, which is a typical conversion crop, to clarify the effects of poor physical properties of soil on field crop
production in paddy fields. In addition, we examined index values for improved productivity and investigated a simple method

for measuring those index values.

1.1. In converted paddy fields, a hard soil crust can affect soybean seedling emergence. Thus, we focused on soil crust as a
physical property affecting soybean emergence. When crust strength (as measured using a crust hardness meter) was > 10mm
(0.35MPa), the emergence of soybean seedlings was < 60%. When the clay content was > 0.20kg-kg”, silt content was >
0.30kg kg™, sand content was < 0.50kg kg, and crust strength was generally > 10mm. However, for sand contents of <
0.50kg- kg™, if ignition loss was > 0.13kg- kg™ and total carbon content was > 0.06kg kg, crust strength decreased to <10mm.
Based on these results, an improvement index value of <10mm, as determined using a crust hardness meter, was identified as
the threshold for obtaining good soybean emergence. In addition, the soil conditions most likely to result in poor emergence
due to soil crusting were a sand content of <0.50kg-kg", an ignition loss of < 0.13kg-kg", and a total carbon content <0.06

kg-kg'. An increase in soil organic matter, including bulky organic matter, was associated with reduced crust strength.

1.2. We focused on the poor infiltration capacity of soil as a physical property that limits soybean growth after emergence.
A soil physicochemical survey was conducted on soybean fields converted from clay paddy fields in the western part of

Hokkaido. Additionally, the relationships of the basic intake rate (/,), as determined using the cylinder infiltrometer method,
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with the growth yield of soybean, soil physical properties, and soil cross-sectional conditions were analyzed. The soil
chemistry of the surveyed fields was within the range of the diagnostic criterion; however, many of the fields showed poor
soil physical conditions below the shallow topsoil. When /; in the surveyed fields was less than 100mm-h’', grain yield per
plant was affected and the grain yield per square meter was less than 300g-m”, irrespective of planting density. Analyzing
the relationship of /, with soil physical properties and soil cross-sectional conditions using quantification theory type II,
the factors that reduced /, to less than 100mm-h™ were, in descending order of influence, a structureless depth of <38cm, a
saturated hydraulic conductivity of < 10°cm-s™, a dry density of >1.24-Mg'm>, and a macropore porosity of <0.04m’*m>. An
underdeveloped soil structure with few cracks and pores resulted in /, values of <100mm-h" and low soybean yields. Hence, to
increase soybean growth and yield in converted paddy fields, it is necessary to develop the soil structure by introducing cracks
and pores up to 40cm below the ground surface, in addition to ensuring a sufficient topsoil thickness. On the basis of these
results, the proposed improvement index value for soil physical properties after emergence in converted paddy fields was an /,,

of > 100mm-h™' using the cylinder infiltrometer method.

2. Development of control technologies for water conditions to realize high upland field crop production in paddy fields

To develop water control technologies that can be easily used by farmers without requiring new irrigation facilities in paddy
fields, two methods were evaluated: (1) a method for creating hybrid ditches (30cm deep) that combines drainage and irrigation
in the field using a trencher used by farmers for farm management and (2) a method for utilizing the underdrain cleaning

system in paddy fields as a means of subirrigation for soybeans and winter wheat.

2.1. Considering the ease of management and the impact on winter wheat growth, the optimal timing for digging hybrid ditches
was determined to be immediately after sowing, and the inter-ditch spacing was set at < 15m to ensure that the irrigation water
would be evenly distributed throughout the field. The hybrid ditches promoted the healthy development of wheat plants by
increasing soil temperatures and improving drainage during the flood-prone period. In addition, irrigation was carried out using
water drawn from canals that feed the paddy fields to ditches when the matric potential at a depth of 40cm fell below -31kPa
in June, when water demand by winter wheat is highest and rainfall is scarce. Grain yield increased both in our experimental
fields under experimental irrigation conditions in which rainfall was excluded as well as in drainage and irrigation tests
conducted at local farms. Furthermore, the yield increased due to improved drainage without irrigation. The expected increase
in yield due to the installation of hybrid ditches, even when they were not used for irrigation, was greater than the expected
reduction in yield due to the loss of land resulting from the construction of hybrid ditches. Similarly, the cost of constructing
hybrid ditches, including labor, was very low compared with the price of wheat; accordingly, the strategy is expected to be
economically feasible. Thus, adoption of the proposed method can be justified solely on the basis of its effect on drainage.
Taken together, hybrid ditches that improve drainage and irrigation are an effective water control technology for improving the

growth and yield of winter wheat.

2.2. During the period of greatest soil water uptake by soybeans and winter wheat, the set water level was 30cm below the
surface when the matric potential of the primary root zone (i.e., 30cm below the surface for soybean and 40cm below the
surface for winter wheat) fell below -31kPa, and subirrigation was carried out by using the underdrain system one day after the
set water level was reached. An increase in grain yields of soybeans and winter wheat was observed both in our experimental
fields under experimental irrigation conditions in which rainfall was excluded as well as in subirrigation tests conducted at
local farms. In addition, we calculated the number of days until the matric potential in the root zone returned to -31kPa or less
after rainfall or subirrigation. Based on these results, we proposed a method in which subirrigation is conducted more than 10
days after reaching 20mm or more of event-wise precipitation for soybean fields and more than 15 days after 20mm or more

of event-wise precipitation for winter wheat fields.

Our results clarified the soil physical conditions necessary to increase the productivity of upland field crops under paddy
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field soil conditions by analyzing specific properties that limit crop production. Additionally, we established index values
for improving soil physical conditions and proposed simple methods for evaluating these properties. After assessing field
conditions using the newly established index values, technologies for improving soil physical properties and drainage can be
used to create suitable soil conditions for the cultivation of field crops in paddy fields. Furthermore, in response to soil and
climatic conditions prone to drought and moisture damage, irrigation and drainage technologies using existing irrigation and
drainage facilities were developed as a farmer-friendly method dependent on field consolidation conditions.

These newly established soil and water control technologies are expected to increase upland field crop production in paddy
fields.
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