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WAREIZBWT, ¥ MY FEIEIRRBON E, BIE
PR AR O 5 HI, FESEREAHON 2 H % &5 o 2 2
e CTa 5 (MBI EAOKEERS, 2014a) o WARIRIZ BT
LY bR EOERIZIE, HEE 1H25 3 HICH AT
JREDO L A5 3 BICPIES 5 [HHARE ] Mz
SHNSL 9 HITHAMN TR LED L A5 3 FICIGEY
5 [EHZAHEE ] BLOY MY x CPERIZH TR S
WiZE§ 23 2 ERAER L, BEO L A0S 3 HISHEI
M2 THRIELEEE ] 2°d %0 MABIZBV T, &
HEZ 3B & ORRIN LA 9 # 2 o T a (AR R

MoKEER, 2013).

—, BEEHEO 1IMIZEOH 48 % 5o LB EE
THY, Ty F UL URBEOLGREETHL (I
ML EMOK RS, 2014a). HHEFRTHRETLIRESAR
2OV, LB ERE ORI FHARDE (B I AR OK E 35
FERR, 2010) 12X B e, —HUTE LI S N DD, £ <
EHEIRAL F 7213 L S I o AR R IR & L C RS
FHIN TV,

KEHSARO BRI ET R L LT,
B S (2008, 2009) (&, PHEA SR O TV 4 )
HTHETH LI v =T NICBWT, REGBIEIZIKS AR
BB 2 M L TIL IR R o & % 28 £ 7213 4
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2) Jt, SRR RSENIE R v v —
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FIHIE T 2 b o F ERERBE T, BB L OH%
LY b F EORNEEE SR TH L Z L 2R L7,
F2AY S (1998) (&, WHABILHBOSRITIZE T,
ILFEENE ) Y BOALHA L, EREH ) ITLEE %
BER R AR CTE S Z TH MY OB 2RI e
ThbZ iR

S ERHT AR IR 0> o C b B 5 | SRR Y 7 B E T
HY, WHRNOFEKTEET DHAREZRILL, HTA S EF
FHIZEE6 25 2 BFE A © 45 ~ 60 H AR FE R4 - Stk
Z D FER T RSEARHERENE & U TR O 12 #of
LTWwW5h, BREARDOEIUIFEMZ#HL TITblTwWa
25, b FEMAOKRSARACEEE O AL, Eib
AIERHAREEZ 72 2 IUHE 2> & IRVE DR Z AT, F 7213kl
LEREEFTO2 A3 AT 2%, &A
BEHICIR ) BE L TBY, B GEHPLETH L,
F 72, SERITICBVTIEH7 2 %P LB % % 51
HTHY HROENEH OB b LEE SNTwD (&
BRHT E SEARPLER,  2008) o

F TR T, ERITICBWT, FEL -HFHL
RROF Ny F N L TS GHREERTH LK
RARBRHERZIEMB L OB E L CHiM§ 538k
& 2 HAEMATV, KBRARBREROFHIC L 20 b
F V¥ O LA R & K5 AR H SRR & 2F 5 AHERR
LTHIREEEE ORI & 2 AR 25 ~ 7 %
COAE, NEB L TWMEICRIZTTEEIZOWTIHRET L
72 EH1T, MEARHCREIE, 45 AHEB X UVGR
FEREREL O i 25t CHERIC Z LWk E Rt CTH 5
P~ — (a7 - B, 1981) (2B 5%, ) VB
71) OFEGINRATTHE L PO FAMEIRITT R
BHBEI L 720 ENOOFRIZOVWTHE T S,
ARRTEIE, BMKER O BRMKESE - £ EER 7
WP ZEHEME 3 [FTHRERICB U 2 REER L L7z
HoIg N A+~ AFNEHE T VIESE (GREHR S 24013) ] @
WHoe BB % 2 CHEM L 72, AEBIK, #EEEKS
SO RET 5y, PRRLR AL MO E R > & —, O
MR EENI e v & —, PRI R SET LA SRS,
HASHERARIEIEE > ¥ — ¥ v~ — bkt att
WS T — 2 7 — P OBREAI TH I 7z 7E T,
F7o, WIS H 720, W RILRY SEHE CHE
JUMIIhHE 2R 7E &~ & — A REBRBE I SR SR O v B (B
fWtcH R CHEE VW, EHOEEET S,

JUMNIhR ST ZE - > & — Hidy

#6675 (2017)

I. MRBKUTGE

1. ARESOHMEE TIETESODHAE
BRI IR T O R EY; (LA 26° 277 057, B
127° 56" 10”) TATo720 THIIEH Y-V Thb, T
gk, 20134E3 B 1 HICHEM Ao EEL (0
~20 cm) & 20154F 1 A 21 HICkRH LB oMt
FRg+ (0~20 cm) % 3. FEFBEZE TR LA H
SERICL, Wz - 43R 2 mm Off V2l L a1
& L7 pH (H,0), ERIzEFE (EC), EEEEIRE
WHRRE) Y EE (Truog) &&, zKMMEr Y, AKX
TEEFTEREGITEREZ RS (1997) 1CHELT
W& 17> 720 2 mol L' Ok ) v 2 it L 72
REEZOT v EZTEERLMBREERIA -7
F I 4% — (AACS2, 7T v IVv—~4t#) CTEE L.
20134 3 H 1 HIZHRHL L 7= ks an T oWl H H 071
i, EE~—IICBIT5T b7 Vo ES i
(Bl 1979) oL T 2 &, KHED ) GEO A
EEEoORMA LB, pH (HO0), Wik v ik, s
AR, B EEIIEREEOHPI L Tlo T, F72,
Hill 2 353

o

b

o

SR [ — [ 35 O LR [X AL 7 B BREL L 72 R
KEEEILT8 g kg!, EEFEERIF1L gk THY,
TS WOAAE (WPHRIR, 1979) Ok FEe= (EBHE=T
20 ~50 g kg', REMWHETI2~29 g kg!) L1 bk
HCH o720

B

Gl

2. BSARBAFERIL, F35AMIESRUTERREEID
BlOR 4

AERICH WK S AR R (DL, WAE) 1,
I 50 0> 4 T HT P 0 B 58 4 0> b8 B 45 % i B TR LS N
Fa— AN —THRMLZLDTH B, MM L7ZHEEORK
SRR 1 RICR L7z WO K IIEWED KD,
pH (¥4 T A M T, EC ITEAIEEFICHllE Lz, 2
ReEEE T VY — IV ER, SRR OT v EZTREE
FRELIGERT, VB A1), AKX EFLeRld
T - BE R - R 1%, IR o) YR A EIL G T,
H, AR, EREEREFROOLE R TER L, K
BT yE=TRER )UK M) HEITEEE
1400 x g T 105 Mm.CmBE L, 2o LiEA % 625 5
MU 51202 umDTANVF—THBL, A
Froav NI 74 —TCTERL. FAAMIELFHR
FEREAERHZ D TR AR I A C AR R & AL 72T Bian % 11
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L, Kor&&, pH EC, VMR, Y, Ak #HLo w1370 C THIRRBm I L 72 DWW T HE T HR
GEROGHTIHIEEA D oATE (M) HATERZ, SHTEEE (L X 2% — VA, vario EL cube) TiE#:
2010) IZHELTIio7: (BB1K). &@EFRBIUVERFS C/Niz&HEMLZ,

1 HEURIE, A5 AMENE, THURTEREILEL O B

B =B FIKENER Y
ft i B Koy pH EC CN N P,0; K, 0O CaO MgO NH-N P05 K,0
% dSm’ % (B) % (1)
K5 AR EORIRIE  20134F
3A1H 98.0 7.5 19.5 — 023 019 018 010 008 018 <00l 0.3
SHOH  97.8 7.7 18.6 — — — — — - 0.15 <001 0.12
TH5H  99.4 8.0 144 - 021 001 017 001 001 011 <00l 0.10
7H26H 993 7.9 14.2 - 021 002 017 002 001 011 <001 0.1
20144F
3840 9838 7.7 17.8 - 027 010 0.15 - — 0.17 001 0.2
5H25H 986 7.8 15.8 - 024 011 013 007 005 012 001 0.09
TH17TH 994 7.9 133 — 0.16 002 011 001 0.0l 0.10 <0.01 0.07
7H29H  99.5 8.1 12.7 — 0.17 001 0.2 00l <00l 010 001 0.07
20134F
= 5 JUHERE 3A7R 487 8.0 5.4 122 14 28 2.1 7.1 1.3 - - -
TG IR R REACEL 37 429 6.8 3.8 10.0 1.6 3.1 0.7 9.9 1.0 — — -

a) RS ASREREIE I BV CTREVER T O IRIEE SR (NO,-N) 3 Sz h o7z,

b) — 3R He 201345 4 9 HIZHIH L 7R S ASRBRIEIE DS, ) VR, ) oa&=Id3 A 1H, 7TH5H,
7 H 26 HOGHHE R FIg L72MEx 7z,

©) 2014 4EIZHEH L 72 GRS FEEEHI DO W TR D720, 2013 FFO5HTiE % v 72,0

23K FWHEXIZBT LR, WE, RSAME, HREREROBHEE B L OHHE

e BT FEEARIX

HEZ A Al 3ATHICIENN3T tha (%638, U iR, 7Y% ~%83, 69, 66kgha’, 7 E=7fE%# T68kgha')

BB (16.6.6) 350 ke b SATRICE S AMENE & PSRN
[} 2 -0~ g ha

I ~ . (BATIKERL) #x55tha’, £kl tha!
s , .
Sty R, Vol AV Hx60, 23, 23kgha) (%%, ULHE, 7V %&%149, 321, 152kgha’)
L 59 IZIAR30 tha,
515 HZBB666 5380 kg ha™!, THS5HICHENE4S tha,
- =) -1 1= -1 A= -1
R 7ﬂ4E|l;BB66677500kgha 7H26 HIZ#E4S tha” & L, :.aj‘lZOtha A R LR
o GBIEAFE LCEE, U R, A GBIEATE LCEH, Um, 7Y (RIEAHRE D)
% %140, 53, 53kgha) % %255, 32, 210kgha’,
T =T HEEH TIS0 kg ha!)
M U B 3H4RICIENES0 tha! (%3, Uk, H VU4 %135, 49, 77kgha!, 7> & =7 HE%E# T8 kgha')
33 HIZBB6665430 kg ha™! . . 3A3FICIGIRFEREIERO tha!
FEAE (AT ERL) ,
(%%, Vmk, H1Y4%%69, 26, 26kgha’) 8 (%3, VW, 71VU%%125, 312, 83kgha')

20144 55125 HIZifE40 tha!
B L 5125 (ZBB666 3430 kg ha™", TH 17 BICHEAESS tha

7H161112BB666 7580 kg ha™ TH29 NS0 tha' & L, &7#F145 tha' S AR LR

B B X

e GEIEGEE LCER, U, A GBIEAZHE LTEK, ) VR, 7Y CRIEABEECERL)

%2161, 60, 60kgha™) %2272, 58, 171kgha',

T e =T HEEH T158 kg ha!)

a) BT X OB O R EIZ IR O & & 9 S UFEEERST (IR EAOKRESE, 2006) 12#E L7z,

b)EFE, VYRR A1) EEEMOEE LR, SR L2,

) 2013 FDOFERZ FFNI BT 5 H I HIZHA L 2R RARESRBEIEO%EE, VU, 7)) ORI kriiTh oz
729, 34 1H, TH5H, 7H 26 HOsHriE =g L 72 = w7z,

d) 2014 FEORRI LRSS IS L7275 et o 2%, ) YR, 7)) O &I 2013 SEOFH R RE THH L7215
FEIER O AT EZ FV 720
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3. HIEHE

BF BRI RN R, BRI L3REE 0 2 (% [/ — %5 T1T -
720 1EBOFWZFE X 20134E3 H 8 HIZH Py ¥
il NIiF8 % Al 2 A1, IUHERR AR (X [AI4F 12 H 25 HIZAT -
720 21FH ORI LB 3 FHE 2 IUER% 0 2014 47 3 H 10
Hicwm#Fafrv, fRil LR 2 A L, IR 2015
FE1H 21 HidATo 720 MIRKIZEM 2, BRI LI LD
W TMEATX], EREKK] BLU [Z2FKK] o3
LE X L, BHEXIZ BT BALEME, R, A5 A
B, HIREREEA ORI H B L OHEIEEILE 2 IR L
720 % BERITTIE, FZ B L OEM 2R OB il
ZAPUTHED, oAk LB TR A, WY - i
EO(EH, 1986) Okl LEBEEMZICEEE LTo
RREMIEL CREEZ TIERECHEA T 2 2 &5 — I
b Tk, 070, HilZHEEOM 2 AT &
LS BEERICIEITR 2 S 02 CORMX o T HE R
(BN Z A C 37 t ha', MR L350 t ha' oEE
AR L7z (825, WEOH=IXEEho 7 v E=
TREFZORARDPELOSEHE AR (FHZ K T 60
kg ha', # LK T69 kg ha') L IZIFRI%E b8 L
U720 AR FETH HOM 13 B0 2 $55 CIE 2013423 A 1 H
24TV, 20134E 3 A 7 HICHEEE R L 720 AR L 3kss
TIE 2014 4E 3 H 4 HISHIIEA 4 b 7 & ERRoco HIEFRE
B L7214, 2014 4E 3 H 10 HICHRITIcEER o+ %
#wLL72

FREO X ICHEMZ, BB LEE L b I X 3t
DG % 4T o 72 ¢, [MEfTIX] TldifiRo s L5
X OHEERET (PRI RAROKEERD, 2006) (ZH#E UIEATO
LR DML % 4T o 720 FAH 2 FiEETI1E 2013423 H 8
HIZHER] 140 cm CIEEERS, ZEAE LS IR % fifl 2 1 12
ML, BLELLAZECH MY FEDOTFEHE LN
WABEL L CHAMNITEITo72, B, 5H5HB X
07 H 4 HORERIALFEIEE 2 Botic ki L, IEEDS
BEEND L) IT L7z BRif L3 CIE 2013 445408 2 X
FEHON Y BROKRTCIZ, 2014 4F 3 H 3 HIZFEE LT1L
FHEEEHL, €0%3 710 HIZELE21To72, B
A 2 B AR, 5 H 25 HB L U7 A 16 H OB K
AL AERL & BRTTIC So bt L 720

EAEAX | Tid, A TEITX] & FERICITY
BRI TEATIX] L1352 ) BRI E A SERIL 72
51 ROWEE 720 wEEHEEro 7 e TR
FOBTAEDETROBEOEFE AR (Fil 2T

JUNHE SR e~ & — s 55665 (2017)

140 kg ha', #ki LK T 161 kg ha') & I2IZFE%E %
LmEMMALL (82%8). /2, 25 VY REEMLEO
M2 BT BHIERH O~ = 27 v (RN T30 78
2012) 121E, WEA I — KA $ 51212 50 A5 60 t ha'
B1ROHEORR L OFLENH L Z &b, ARRbi
BT AHIEORM S 60 t ha! # W22 WEHIZ L7,
WAL, HH AR TIZ20134E5H9IHETHSHD
Bt#124 % 30 t ha' & 45 t ha', 7 H 26 HIZ 45 t ha'
DFF120 t ha'! # MM L7zo 72, BRI L3EETI1d 2014
ES5H2HETH 1T HORE #4124 % 40 t ha' & 55 t
ha', 7H 29 HI250 t ha! ®FF 145 t ha' # R L7ze i
AR LR SN IEO R L 72720,
RPIRE L7,

[EaARIX] Tid, B LTEsAMME L 5R5EE
FEEL % FV 720 FRAH 2 4535 CLIMEERTH 0 20134E 3 A 7
HIZ45AMEAE 55 t ha! &5 RFMEALA} 55 t ha' % L3
XoTEREI—ICHHK, FF7 27510k a0—-4)
BEO ATHEELRM L 720 Al AHTIE20134E 3 H 8 HIC
MR 140 cm CTEEERR, HZEICH MY FEOTEN &
W, WaEBEL L7z, B LTI 2014 4E 3 A 3 HIC
THIRFEMEALEL 10 t ha' Z Mot HIEFE AL, 3 A
10 HICE R CEERBAZHEE Y Lo s H o T Tt
AE T L7z BIEIE EIEAERX] &F U L7z,

FAHX O 1 XL 28 m® (BENE 14 m < BERE 20 m)
L, SRIECHIEL . MEXOMIZIEEFIN* 2 B
VF, LEEIX R CRENE L2 WE I Lz, T 72ibRE
Y 589 16 km ALICALE S 2 ZFEHSEOT A ¥ AT — 4
k2L, BAZEEMM (2013438 ~12 ) Ok
7 13 2008 20 & 2012 4E 0 5 £ 0 35 1910 mm £
b 21 % 7 1509 mm T, 45126 A~ 9 HOREMEIZ
352 mm &, 2008 2 5 2012 4E @ 5 4 [#] @ F-35 942 mm
A RKEL TR 720 20720 A OAET IR E BARd55,
SR T 2 — T THKEIT 5 720 MR LB
MU I DM FE 2720 O+ 0 EOMR S - 7272
B, HEKIITDRDo 7,

4. Y -OFEDRESLUDHGE

XM EICOWTIZAFTIE S, 28 IRE
F2EMMICHAE L7z, BB CIEE XN THE 3
mE2AFME L, 6 H6HETH4HIZEERE, 7
A 25 HUBEIEMEREHEL, 20 bEbaoise
% 20 RIZOWTIRER ZflAE L7z FRih LS Tldatisng
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L7-BiZEn o/ 2m % 2 7 L, 5H 25 H
ETHI6 HIZEERY, 8H 19 HUKIZERZER LM
L, 209 bEMEO@ESES 10 RIZOWTREREEH
L7z IWE AR AT I, ol 2 5B T 20134712 H 25 HIZ,
PRI LREE T3 2015 4F 1 H 21 HICZEE, REROFHIA
RATo 722 ORI ZE 2 &L, FORRZES, FOR
FE, FREE, MERE FEHRZ2EZ LI, #e
RS AROREEEPET L, B ENT AT 720 BT
Bl T R 0 ICW A L CIREDIE D, POL 13 HEhE
J£5t (Anton Paar 1, MCP200 Sucromat), 7'V v 7 A
77 VIESTEE (ATAGO #, RX-5000) THl5E L 72
FETPHEE (X AR — 2 X ) POL 20 638 X llffE o (3 Rad
L72NHA200 g4 ohEL R L TRz, 1
SOfER LT ORICH TId THREREE 2 5 L 72,
HERERE = TR < (1,049 - (0.01883 x ilifE4) )
R, DU oIS &) bR, TSR & S
L7z (RMOKEEG T B 132, 1982) .

REHHEE
SRR = 2T
Mo =— B X 100

TR = HEHERE X 096 x (1.4 40 ) < 103

AR X 097

g - SHER TR

T 72, BB, RIBLER L 12, bz
ONIFALHET) &2 oftt (5 - 38) (200, 2hE
homFE, )R W) ogE,rLEBORER ) v
Bz, 710) OWIUE % KD 720 FBHIHT R o H RS R 1
WCHW Y by R ESARZ AV, BETHIERO T E, N
AT L 2R o —#8 % T0C THZMRTR, Y1 L—H
P TR L 7230RHS DWW, BEBEES - 523 MEE & %
ZiRa LT lom BEZICHRAR, —H8% 70C TRtk v 1
L — Wt T e L 2230RHC DWW T, BRIR — EERLK R
DRI, o oER L) YERIGILEET, Y
MBS S (BR i LR O RN ICP 3856
%) TEEL, lhaB7z)oE LR LTER, V) Uik,
71) DY % KD 72,

Im.#& =R

1. Y hUFEDEHB RVRERDHR

EHEREREOHERLZE I MR L7z, AEHRH A
DR IL B, KEE L B ICHEM A B X Ok
L3k L C— o iE O 5§ TRBLIX A &
FEIMA o 7275, WFXIZ X ) BA L EIPE S
720 BMZHIECIIEFTMWHO6 H6HD 1 hal7:
D OAZEHRIT MEFTIX] T898 x 10° &, [BMAHEX ]
TI12 x 10° &K, [E&AHEX | TT762 x 10° R TH Y,
(AKX ] TERWEAIE 7o Tz, 2% [5%
EEEX | TRWETIZZEDL ST, 9H 26 HOHEF)
EHT TEFTIX] T854 x 10° A, [BRAHKIKX ] T
85.2 X 10° A, [5E A HIX ] T760 x 10° KTH -7z,
—J, WEEIZ6 A6 Hi2id MMEFTIX] T29cm, 8
JEEHEX | T30 cm, [5E2AMX] T29 cm & [1H
TR & [mafKX ] TRULTH-72%% 8H6H
X MMEFTIX] T 146 cm, [BIEARIX] T 150 cm, [58
LMK ] T141 cm, 9 H 26 Hix [MEFTX ] T 206
cm, [BIEA#EX | T208 cm, [Se&HHEIX ] T 190
cm & EHFERE [ZeEERK] TRWEN E %5 72,
BRI LB TIE, 5 H25 Ho 1 ha K472 0) OL&ZEHD
[MEFTIX] T1214 x 10° A&, [BAEAREX] T 1345 x
1° A, [EafEX] T1202 x 10° K& [HEIEA#E
X ] D&k MEFTIX] % Bl CTwz25,7 16 i [M&
71X ] T 756 x 10° &, [HBIRAHEIX | T 941 x 10° A,
(e HEIX ] T798 x 10° A& 5 H 25 HIZHNTH
JUERX CARBUIIA L, HFMZHEE L3RR, i
LR cix RamaRX] & [eaftkX] oe%Ei
A TEATIX ] % LR A E 72 5 720 BRH L3RBTk
ZOMTH»SE L OFP—FIHFMET 270K
T2 FEN L SERTEBFBUIMOEZEHIIL o720 D
D, TH16 HIZIZZD 3EREPMILLI-EEZ S
N7ze 90 17 HOAMERD [MEITIX] <839 x 10°
AR, TBIEAHEKX] T994 x 10° A, [EaakkX] T
875 x 10° AL MBEAHKK] & [ZeAEX] 0fF
WD TEITIX] % ER AN E 257, RERER
5H 25 HIZ [MEATX] T27cm, [EEFHEX] <33
cm, [5E4BE#IX ] T33cem, 9 A 17 HIZI1: TEATIX
T 213cm, [HBIEAREIX] T223cm, [BE&EWEX] T
234 cm & FMEZ S TR EBEAERX] & [%
SEEX] ORERL AT, S [ETX] % L0
LAEITH > 72,
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200 _
Fhl 2 3k 300 M A kS
. 250 r e [T
| o ETT!Z i -
E o N %EE@E 200 | +*’i£§%'%
;f; 100 é g 150
. 2
® ¥ o100 F
S50 ¢
50
0 . . . . ! 0 . . . . )
6/6 7/4 ﬁ}ﬁ?%sﬂ 8/6 9/26 6/6  7/4 EH:.?%SEI 8/6  9/26
20 L 300 b L
o AT 250 s
BT o0 BT
E % :E: 150
4 100 | =
~ 100
& o50 t
o 50 +
0 . ' ' 0 : ' '
525  7/16  8/19 9/17 5/25 7/16 ~ 8/19  9/17
[t AZH
1R FMZB XU Lﬂi%b:z‘aﬁ%%iﬁ (BEHEAEIZER LIEROHER
a) BERII TV ERTHOARE LT FNERIIT— % 2RTHEMMTOR NI,
b) FHE 2 FKEZ BT i6ﬂ6 H, 7H4H, 7H25 H, 8H6H, 9H 26 HIZHEZRT-720 ERIZOWTIL, 6
He6H&ET H 4 HIZ ERAFEL, TH 25 HURIIBEMNZERO AL 72,
c) kR Hjlfk a‘ou\fci 5 H25H, 7TH16H, 8 H19H, 917 HICHEZ T 72, ZERIZOoWTid, 5H25H
ET7THI1 FeEHEFEL, 8H 19 Eluﬁxpciﬁfbiii@&ufiitto
d) fEiZ 3 Ji@@?i’ﬂﬁ I T —N— [ JEEFE, — IO E O CULE XN IZEEZE. L
3 HMAB IO LEEICBITANEROY by R UOERZE Y, FRZEE, HENEE, malEs
PR RE R U ARES
HILBR X [FEEEZq GEEE S R E ] OB B JRUBFEZL JFOREE HREREEE ] LR B
(10°4 ha™") (tha™) (%) (tha™) (10°4 ha™) (tha™) (%) (tha™)
EFIX 90.13.4 (100) 85.5+ 6.8 (100)12.8+0.3 (100) 9.8+0.7 (100)  62.5+7.1 (100) 45.8+ 5.4 (100)14.7£0.4 (100) 6.1£0.8 (100)
BIRGEEX 87.746.9 (97) 84.0£15.5 (98)12.7+0.5 (99) 9.5+1.5 (96)  62.5+5.4 (100) 50.0£12.2 (109) 14.5£0.3 (98) 6.6£1.5 (108)
S A REX 78.6£7.2 (87) 79.0+ 6.4 (92)12.3404 (96) 8.6:0.7 (88) 64.948.8 (104) 56.7+13.5 (124)14.040.5 (95) 7.2+1.6 (118)

a) TNl 2 Feke 13 2013 45 12 A 25 H 2

, ARIB LA 2015 4F 1 7 21 HIZ

ML 72,

b)MEIE 3 TR DIl = FEAEFE, FEIMPIAEATIX IO 51 (%) 2K,

¢) T RTORAIHHET,

—ICHE D5

FELT AT CALBE X RIS 2% Lo
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2. YhIFEDRESLURE

JURLERL, BORIZEE, HIEHE B L OB A 5
3EIR L7zo BB AR, AR LRGSR & b1, Ok
8, FREE, HAEEE B X O EER o E
DT T X MICH B 23D o 725, £F
B o2, KEREOHER OGN & FEkOME AR
Bz FHEZ R ORI ZERIS Tha 4720 [E1T7IX ]
T901 x 10° A&, [BAEAHX] T87.7 x 10° &, [
AKX ] T786 x 10° A&, FEAEREIZ [MEIFX] T
855 t ha', [BAEABEX | T840t ha', [EaAHEX |
TT790tha' TH Y, [EEEEKX] T KW EIA
A O Nz HIEMEIZHEE LD DR w12 DI
HTHo 72720 RHNK < TEITIX] T 128 %, [1&
JEAHX ] T127 %, [E2FHX] T123% TH D,
JFELZEEFEE, [EeARKX ] TR OEWETAR S
N7z EEEEE [ETIX] T 98 t ha', [BALAHEIX
T95t ha!, [E&FAX] T86 tha' &7, JEE
E¥, FRLER L HIEHEERE, [S2AKX] Tk
HALNERI AR 5 172,

MRH Lk o R 22803 tha 4720 [MEITIX] T
625 x 10° A&, [EAEAHEX | T625 x 10° &K, [5%
EEEKX] T649 X 10 RTH Y, [EaFEX] T
EVEAIDS A Sz, FEZEEIE [EITIX] T458 t
ha', [GBAEAREIX | ©500 t ha'!, [EaA#EX] T
567 tha'! TH 0, [METX] &< 5T [BEAHEK]
L [REHEX] TRV S 2 otz, —J, HIEHE
JEIE THEATIX] T 147 %, HEEERIX ] T 145 %, [52
EEKK] T140 % TH Y, [EEEHEKX] TRHK
WA CTd - 720 ATEBERE, [ME4TIX]) T61 t ha',
[EARAREX ] 66t ha', [5EaAHX] T72t ha'
Thh, FEEZEFRME METX] £ <5T B
AKX & AKX TEWER L o572,

3. BXR, UVE, HDUDBRABEY MOFEH EE
(CKDIRUNE

R UV ) o b BE, wIE 4S5 AE
I, VHRFEEMEHC L 2 AR EEE WNTABLIDY
HEYT) & Zofh (RHEHEE - 38) 12X 24 EERIE %
B2RNIIR L7720 BRI BIT5EHEOHEARIT
MEFTIX] @ 283 kg ha' 12k L, [BIEEREX] < 398
kg ha', [524- A #§IX | T 487 kg ha' L AL#IEE & R,
FHAMAEE & OTHRFEBAECRET 2 2 & THIN

L7z ) vEEoFA®IE, [EITIX] © 144 kg ha' 12
xf L, BIEAHIX | Tld 124 kg ha' L&A L7295 [58
EHREIX | TIHES AR S X 0T IR SRR O Jit
12XV 423 kg ha' EHIINL 720 B ) OIFARE, [1E
TIX] @ 141 kg ha' 123k L, [BEAHX] T 298 kg
ha-1, (524 A X | T 427 kg ha' &, {LAAER % i,
FAAHEE B X ONGREIEE TR 52 L TER
BRI L 720 BRI LB ICBWTIE , SO AR
(& TMEATIX] 365 kg ha' 12 L, [BEAEKX ]| T
475 kg ha', T5e@HEIX] 531 kg ha' & HHl 2 #
BRI L 720 U v EROFE AR, [1EITIX] @ 135
kg ha' 12xF L, [HBAEAHEX JTld 133 kg ha' LA L,
(e FHIX | Tid 418 kg ha £¥hnL 720 #1 ) 0%
AL, TEATIX] 0164 kg ha' 126 L, [EEAE#EKX
T 274 kg ha', [E&AHIX] T332 kg ha' & 2K
BN L7228, 7)) 2% &5 AR A R L %
Molzlzd, BB LD AHARITEDY -7,
FBMHX DgEHR, ) W, A7) O EERINE I LF
E (NH AL oM (BEEDE - 1) onE,
) VR ) ERICH EEONS A AmE R LR
Oz WEE ONF R L) L 2ofl (BEEE - 32)
DEFR, ) UEE 1) 0EEE, FHIERO [
AKX 2B 2RO VEBEENE,roZ L
whrE, WMEXIZEIDEE R A1) OFAED
Rpo/ICbBbOLFHFEM, I LERIIZB VT
HXETHEEZEEIAON P> (F— 7 IEHI) .
ZFOHER, ) U ) O B E LR R
H L FAOMIN R L7z, FBHZET BT [5%2
AKX ] ORIET [ETX] & [ERAERX] X
DEETLhhoiz AR EWMINER KT 2 L,
gERE) VEBRoM FEPINE TS TORIEXIZBWT
BAREZ TE 7255 0k MEFX] & HERARE
X| oWPEiZAmzs EmY), 7)o AT RD
L [ZEAEX] o7 ) RNEOAR, DI PICHEA
wmx T o7z BRI LR IZB WO M 3 E &
R EE & Fo@EmE R L, g% VU a0k
bl BRG], Teafikx] < MEfFX]) £
L EAS R SN e A E WIE % LT 5 &,
B BEERERE, BEL) YBoM EERINEIZ4ET
DX NZBWCTHEAREZ TH -7z, 71 ORINEIZ
B AFRE L ERR Y BT ] oAaHARmE LED
FEIEARK] & [EaaEX] 3 RAREE T 72,
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o
AL E-ER AR Yk AL A
BAR  @mER ——— gAg WBOE EST— BAR EIE =T
BBEHK T BREARK = 2221 BIEH K
ELHBR REHHK o AR
WIRE  ETR g HAE prm WARE R
BRAHR BEEHK Fom BEERR |
ELHBR REAHRE RLEBR ==
BRH LR PRHL B BRHUBE
BAR AAX : ] wAg TR 1 BAR AR
EREHHEE BREAHE SNz ERERE N prmm
REBRK ELABK ELABK
RE RO s RuRE  ETE BRE BR |
BEAHR BEAHER BIEE#K
TEHHX TLEHR @ TEHHR
0 200 400 600 0 100 200 300 400 500 600 0 200 400 600
$BARFELLIRIRE (kg ha')) B ABE LI E (kg ha)) A RE T FIINE (kg ha))
R (EE) O {EZREF (EAB) B S AHR-EIESEEH (EE) DL ABF GEAR) & &AL GRAR) [sPAV:P-S @t B ¥HEEER -3

5 2 FMAXIZ BT HEFE, U VR, B ORAEE N A, . ST - FEC X P

a) AT ITALEARL, R, S AHEIERTH RSN X 5 8%, ) VR, v ) EwEolifEs L, M EERINE I
FETTVE, INA A, REEEER - WEoEEFR, U W, ) OEwEE 1ha U700 OUNERZIZBI LKA F < Awmr FE
U7-flEE L7,

b) 2013 4EDFERLZ FFEI BT E5 H O HIZHH L 72K RAREREREOZESE, ) Uk, 2 OEmId ko Tch o727
W, 3H1H, TH5H, 7H 26 HoShrilEz i L7z lE% vz,

c) 2014 SO LaE Ic B W T L 727G gk, ) U 7)) ORI RGITTH o 72720, 2013 FED
FHZ 3BT L 7275 VR S8 BE AR R O T & JH V726

B4 3 ANAREETT L MR LRSS o 130 pH (H20), EC, MR
HFREE, THE) VEREE KBS ), Ak WEEREOM
EC i EEE AIAATEY T SEHAPER Y SRR ARHAPE 1
R A BRH L AR PR L AR BRH L FRLZ BRH L 2 BEH L AR BRH L
Hehrml Btk AR AT R ARG Mo Hehrml Btk AR AT R BRI B
dSm’ mg kg’ mg kg mg kg’ mg kg’ mg kg
0.07  0.11 ns 21.4 13.2 * 61 64 ns 226 92 * 841 324 ** 174 90 *
0.07  0.06 ns 19.0 15.2 ns 68 51 ns 317 190 * 896 570 * 211 150 **
0.07 0.07 ns 17.3 13.4 ns 66 214 ns 261 225 ns 881 1432 ns 189 233 ns

1002 I 94~188 1402~2804 302~605

a) TIES WL MEAS X ETE~ — DB 2 3B E Y B TS WEE () oW~ F EMICBIT MM (MPHEE 1979)
ZHHE L 72,

) MEIE 3 AR DI, Mg CHLBL XA B 2 B al & bR LB IE oo iE 2 ik, ™ % - 22N 1% B L
5% HEARETOREEDY, ns: AEER Lo

ANZ L BRTEAMENTH o 720 MR LR [52
4. HEOIEZMDZELL AKX ] © pH (H,0), WHHEEY v ERE = & sciik
FHE 2 FRTHT & AR LR R 0 O G AT E O ZAL AIKEGEmOART by FEM (13 HE~Y—Y) 128
oW THER%4T o 72, pH (H,0) riEfEiESHa= VT B TEERS AR (PRHRIR, 1979) &7z L7
IZoWTiE MEfTIX] <, #Er Y, Ak, ELE

BIZOWTIE MBTX] & HEREAHEKX ] THEICK N. Z8

TLZ (845, ECEVTIOKIZBTHHERER

IO SN h o Tz BRI LB RO T3 ORI 1. REE, 43AHEEWDERREERDY MOFED
B IS & 2 BTN REA BRI TH - 7212 D ZY, RERECERES, TRBEECREIRE
Mbod, [TEARX] OSGHHEIZEM 2 5 h0 GEIEARX | 2B 22, KEREOHERIZEM

R LR R CHEEAET®EC, pH (HO), W ZAFH T TEATX] ERFETH Y, #Ril LTI
BB CRREE, BMERIK, WEEEL, RN MEFTIX] 2o Ll 2 enm L7z, HAZEE L
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BURERIX, BEI3IRIRLZEIICVFRG [ETX]
IR UNRETH 720 ZOZE05, W% BI
&L THAT 2 AL AR S FA 2, AR L ais
EHIZTRETH D 2 L ARERTE 72, [MEITIX] Tl
B AERHIEE R ERC 2 B2 TR L T 5
25, THEMEAEREX ] CIEEOWE MR HREo 2 [ &
B 1% o 1 o5 3ENI5 T T L Cwbe —ikiy
AIEEHE FETE DAL IEENC < & RTHERI AT W
G, Rt 5. AWFFEIZ B\ TE 3 NI4T C it
352 L TR L AEOLTE, INEEHERTE
7mEEZ BN,

—705, TR&EARK] 2B 2EH KREEOHER
& DEREEREX ] S8R 5 Tz, FAl 2K
BBV, (AKX ] OXBIIEBTIHO 6
Hr & RO R 2R E © TETX] 2 TFHY, K
ERIZEFMINCE [BITX] LRAETHo 7200,
8 HLLRE TMEATIX] % Fll» Tz, EFHM P D%
e IE R & [k, HERE 0 JEURF 2558 & W] gt & (18
fIX] # Fllo7z (551K, 53%). LaL, Hilh
LR BWTIE, ERIZEFTWO 5 HEKp 5 IU#E
REOFER 2 FE T [BITX] LRSTHY, HERE
RHEMAS MEFRX] % LR 2 @R L7z, ZL
THERMM, BFRZE wibEss [MEfTX] % -
mAEmER L7 GBI, 533,

HAEDRBRERTIEIDH L LOD, #RIELEFIZBW
TIXFEME D LEEAERF 2 HEAR 10 t ha' (2@ &z TH1L
FRALOEF B L CPEIE LN L REEI R S 1L
725

T/, HZRFEOREZEREISLEXIZL) R,
LEMERLEZDOD, FEI3RIIRLZEHI VT
NOMIRX E 2013 4F FEFAH 2 F B b7 F Coh
LR B L ORI YO FEZZE (4R
%419 t ha' & & RATFI 332 t ha' (AR MK
FESS, 2014b)) % K& ERIZERTH 720 MR
BERROK E RS S B ERR (2014) 11X, 2013 4EFE AR
KEICBITAH Py XFCOEBMRE LT, HRBT
DBEOATEIZ L ) FIZOREBICAR Y, EFHMER L
EIRARTV D, RREROINE AT B L 04
WA 2R E < ERlo 728K & LT, 3. HEmE
TREAR L7z &) AT A M 9 720 18 2 K 24T o
I VEBFTREIFCThHo 2 ENEZ LN,
—J7, BRH LRI B W TR 10 A ISR B I

L72BE 19 512 & 5o, BRED-O
FHEZ IS ORTNE IR EEMIZH Y, B EE
IEFMZFHIED 60 % BETH o720 WTNOMHEX
DOEEZEE S 2014 FEARD LIRFEET by F ol
ERFE B L OERITFEYOER 2SR (el
445 t ha' & RIS 337 t ha' (h#BIE AKX RE 5T
2015)) Z R LEBAERE o7,

2. W, AT REBERDER, UVE,
AVNZBSLUEEEEICKIFTHE

EHR, )V N oAR L TIGEOEITALELX
WEDRES R STV GE2HD . RO AR,
EINDLT vEZTREEROKARIMELIEROEHR
WAREFAELbEE LD, E1RIRT LI
WO EEEEREIT VETRELZDEEIV LS
{, 204, W X s EF0 & AL %
Eo7z, F72, HEOZERMIIENb 0D, A
EN7-ee@FeaE e ER-TBh), EHRo
BARIE 2B EX] 1BV TR S, o7 L
LEFROWIEIIHEARIKFTYS, BROTARE
WIE DD [EEAHK] TREL > T,

BRI LIS BV T [ K] oFRZEEL X
OB s [MEFTIX ] % EE A% R L7201,
BROBARLTINEOED BITX] L) K&V
DI, FEICHERL L -2 R R LI s A b L
T2l BELIEEZONT,

—7, ) VERIZOWTIE, [HBIEA#EX] 12815
PeAEE, TEATIX] 12T 20 kg ha' 7o 72,
AHES (1998) 254EH L TWwb X912, BRbho) »
BRI CH L -0 AT 22 L2k v
MEAREDE LD 2 LB aSNzA, # EEoRIE
£ BNR59~60 kg ha' LHEIZETH Y, FAEE
WL R H R R ISR B e o 7 (B3R A
B (2004) 1%, V) VEEOZAEIEIY MY FEICL K
WCTRHHH SN ELHMAT HEETT L bHEEL
TBY, TBREAEKX] ToOY VEEARIZELZVWE
HWr S N7z, [EeERX] 2B 2) VEROKAR
S AR B X OHRIERIEE 25 O AED S N
72l TEATIX], HERAHEKX] 0 YEREAED 3
BChose LoL, V) YEROWINE A & IS
B9, HARLTINEOEIIEREE [SefRKX]
TREL > T,
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H )N, EREEE R, 45AHEE, HlREEE
BHI XD B TEA SN, #FRston ) EHE (F
Hill 2 #5855 100 kg ha', #R LK 0 110 kg ha') &
B, BT EIEFOBERORHIZ X ) %4 14
fE& 15 K5, TEEARKX] ClE3fEe 2564, %4
AHEX T3 4315 & 307 ) ZHAL TWize —Ii.
HVIEH MY FEERNTIR T A BBICKRNTEEICE T
NAHMEEESCTH Y, MEARE ISR 2N EOE &1
HUHHELLE (BH, 1986) 2 & shTwn
%o KFERIZBNTH ) OWINEITERR Y VRIS
HARTEL B2, Fz 0 METX] & (8
JEAREX ], Bl LEkEEo [METX] 2850 )#%
AT VIR ZE TR > TWwic, —h, 7)) &'l
FRTEITELS, FRZEEDRFHEY KE L ER->T
Wz Z S, HARIZEL TV 2w EHRTTCE 72,

Tz, it or ) EEIEETLILICL)HIE
WEEDME T35 2 &39I S (2000) % Watanabe et
al. (2016) 12X D HME SN TS, JIlES (2000) 1
ZDOAHNZALE LT, TERITHY) PSEFEIHFET
HTEIZE) ATy AOWNAEIHE S, Ak
HEAME T AW REE A /R LT\ b0 — 77, 1YL (2009)
(ZEBERBER OV 7 FEAOBARBRIC BT
EHIAIC L) RT3 5 2 L 2580, HEEHE
FELH by X UBHHIOEREHREOBRN HER
WL EERE L THEIT T A5,

ARHER BT o7 ) g, B - #o
EREEEDIVMHRXM CTAELREITE, -7 (77—
ZIREE) o LA LA S, MRl LEE & i2k
HXETHELZZIEVL OO, [FEAEX] otf
REFE S IR AL S 7z BIR 2 58 % 5El§
LUENHDLOOD, [TEAKK] TOHEER I
OREFNIHREREE O 248 < WL E 2 b7z,

3. RAE, FAMEIECERAEIEEDLIEOLZ
[CRIFTRE

FNE 2 FREG T & BRI LaREE 2 0 T3 AT E D21 LIX
BRI X ) B o Tz (F43), WIHRAE) VR
EEIZOWVWTIE [ELARX] TIZ EAEmzAL R,
FRES LB 2 ol 1E T W AL e fE o # PR 4 il 72 L 72
(43 HES (2011 X, MBEETHOY v —7
WAZ BT BHERE 25 t ha' @ 9 4R OE I IZ X 1) AT #GRE
) VERE RSBz L 2 WG L Tw b, AR

JUMI PR LT IE ¢ o ¥ — 3 6675 (2017)

BRICBWTOHDY My F VI KAWL FHbH L% L
5w D5 AHENE &L G IRSEIEE kD) Y BROFA
AT AR R, WHREE) e E I EAENTH o 7
LEZ B,

SR 71 ) B R R RIS AL X T g
S D 94 ~ 188mg kg DFEFHZ B R Tzt
BRI LR TETIX ] & BIEAREX ] oI
AL, TEITIX] Ofid 32 WA EO#HE % T H -
Twize MMEFTX] & [HEIEAHEIX] o My F i
EEICE 2 ) RINEE AR EE R oTBY, &%
AT B ETIER OZRNES ) BRI S Nz & F
Z b7z,

BN S (2014) (X, BR7 LolEGIcBWThY
R 2 S L 7o S CREEVHT M F ¥R R L
R LS E S 2O TE DR T 2SR b 2
EEIRLTWD, F72, BUTOREAFRICBVWTH
BOZRYEN ) SRPBAERTH L Z L, HEIE
HRETHY) ZRICT A EDUEMERFICEE & BT
Wb —, A¥ (1993) (dacHitt ) EEAT 28 mg
kg' EIER IRV EE Y — VICB W TEY ) R4
EMTRECH O, JECHNESD ) (BUERERRIT) O
PR ) NOBITORE SN & L TWbe Rl
HALESGOLIEDEE~ - Th L0, IESHME
1) OIHNET ) ~NOBATEHFTE LML H S
A, BRI ZINEMROBIN 25130 ) 25 a0
JER AL & B35 @IC T A 2 Lok ), HIEosHM
) G TS W ERE M O ICHERET 5 Z L AYE
BChbHEEZ LNz,

7, REAIK, FLEEICOWT[ETIX] & (8
JEAREIX ] TR LTz, [SafEX] ox
WrERIK, ELERIZ EAEMTH Y, R L3R
DR T TS W R A O #i PR & i 72 L 72
(554 3%), RSB AHEM (1F5720 20 ~
100 t ha') @ 7 4EREFRER T, EAMEDE < AKX,
HIPER LT VRO ETHDICOMDbL T,
JEDREHIN & ) SRR, o &&= oA ElR D3
MENZEPHEIN TS (B - 7k H .2008) 0
RAERCBWTYH, B 1RO AWML L HREEEE
BoRsEeAE» SR T 5L, [EaAEX]
TIEHME AR E R LR I B W TENEIAIKT
1 ha4721 936 kg & 992 kg, ¥+ CT1 ha47-0 73
kg & 58 kg, [MEATIX] OZFh & H_THRGICHEIC
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BASNTz, [EaA X Tld i pH & FAMEm T,
FRES LB R ol E T W AL e O #i PR 4 il 72 L C
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DRRGERTE 72,0
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Effect of Pig Slurry, Cattle Manure, and Sludge Compost, as Alternatives to
Chemical Fertilizer in Sugarcane Yield and Soil Fertility of Kunigami-Mabhji.

Noriko Yamaguchi, Takeo Sakaigaichi,” Kunihiro Ujihara, and Akihiro Tanaka”

Summary

A field experiment was conducted in Kunigami-Mahji soil in Kin town, Okinawa
Prefecture, Japan for two years (May 2013 to January 2015) to demonstrate organic
fertilizer-based sugarcane cultivation for reduced or no chemical fertilizer use. In this
experiment, pig slurry was applied to all the treatments before basal fertilizer application.
Cane and sugar yields for pig slurry treatment in which topdressing was replaced with
pig slurry (a 70% reduction in chemical fertilizer use) and in cattle manure compost and
sludge compost treatment in which basal fertilizer application and topdressing were done
using compost and pig slurry (no chemical fertilizer use) were comparable with those
in conventional chemical fertilizer treatment. This suggested that the animal waste and
sludge compost were alternative fertilizers for productive sugarcane cultivation, resulting
in reduced chemical fertilizer use. The field experiment also demonstrated that application
of organic fertilizer improved soil chemical properties such as available phosphate and
exchangeable cations as well as pH, leading to stable cane and sugar yields in the next
sugarcane cultivation.

Key words : Okinawa, sugarcane, Kunigami-Mabhji soil, pig slurry,
sludge compost
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