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Artificial macropore installation and no-tillage practice in subtropical sugarcane field

to conserve water and organic matter in soils

Kanako OKA!, Thanh Long BUI', Yasushi MORI!, Kazutoshi OSAWA? and Akira HOSHIKAWA?

Abstract: Artificial macropore introduction and no-till
practices were conducted in the subtropical red soil of a
sugarcane field on Ishigakijima Island, Japan, to increase
the storage of soil water and carbon. The examined fields
were suffering from heavy rain, typical of the subtropical
climate, the intensity of which is increasing because of cli-
mate change. Heavy rain causes surface runoff and soil
erosion, which decreases sugarcane field. Soil particles
were being delivered directly into the sea, potentially af-
fecting coral reefs. Therefore, the storage of soil water and
soil carbon is crucial for protecting the natural subtropi-
cal environment. Artificial macropores with bamboo fibers
were installed at 1 m intervals to enhance vertical infiltra-
tion. In addition, no-tillage agriculture with the retention
of plant residues was conducted to protect the surface soil
from the impact of heavy rain. Field management trials
were conducted under no-tillage with/without macropores
(NT-M and NT-X, respectively) and conventional tillage
with/without macropores (CT-M and CT-X, respectively).
Rainfall, surface runoff, soil erosion, soil moisture, and to-
tal soil carbon were measured. As a result, the macrop-
ore installation fields (CT-M and NT-M) had greater soil
moisture contents than the fields without macropore instal-
lation (CT-X and NT-X). The average soil moisture values
of each profile revealed that NT-M retained more soil wa-
ter than CT-X (p < 0.01). Moreover, the calculated soil
profile total carbon decreased under NT-X, CT-M, and CT-
X. This is normal for a tropical climate with a relatively
high temperature. However, the NT-M treatment showed
an increase in soil carbon by +0.45 t-C-ha™ '-yr~ !. This
value corresponded well with that of conservative practices
in such agriculture fields. This result indicates that macro-
pore installation in combination with no-tillage practices
increases the total carbon in the soil profile, even in trop-
ical climates. We recommend macropore installation with
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no-tillage practices with plant residue retention as an effec-
tive measure for enhancing the retention of soil water and
soil carbon.

Key Words : artificial macropore, no-tillage, surface
runoff, soil erosion, soil carbon

1. ZL®HIC

BAE, &M T R MRS EST L, R OHHEM
D 20 %, FHMHD 30 %, FHHD 10 % BHLLTED,
EF 15 BARZITEBELTVWS EEINTWS (FAO,
2008). FFIZHRWBEWIZ X BKEI, BRERVCEZE ED
HALMETHY, HEHOBTHERELEEE LD
TW3% (Pimentel et al., 1995). #HHiz B \WTHRE 15
BLEDZEIFAEEEDOET 2 ERIL, KRERHHEE
o TW5, HlxiE, REOLBEE2ABRBIZBVWTE
WEERRZ1TS &, 10 FMTH 15 cm OR LM KD
n, TEEERZEN 1/4ITETFL, TN TE
03y O I% 2.7 Mg ha~ 'y~ &4 U7 (Borst et al.,
1945). 72, 714 VEVTIHMZRIZE 5T 15 FH#TH
TEOIVOEEED 80 % WA LZEWIMEND B
(Dregne, 1992). EREIFMIE A & HiviX, 1600 Mha &
DOEMBATERTCICREEINTE Y, T > TR
SRbhBREMYEIZ 249 Pg 25720 (Lal, 2001),
e WS L AL TR, BRIV NV TOBER DR
HEER5.

MREGEHETEH, BEE» SHEEADREMGD 118
(AR, THh1)) OHAKRERMELR>THD, KiE
BOHELED AN REBER I TWS (HH - &,
2014). FREFEIZ, EHZE T 30K Z LEOR NI
LMD T TR, Rz E T 204 L/
XY VIO - HibELIESEIT. Y TIEE
KBS TOAEERZITA, EREEICHBELZRLIZY >
T HETIEHFEONAGKEZHET 2720, ALl
By Io4gFRE2S(EES (IUHE, 1991). GEHE
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JEAOY v THEL 363 FXEICDIF Y, HREEOY v T
RS E R L T\Wa (AU B R E A RS, 2007)
e, ERLBMEERERTLHS.

FIEETIE 1950 FR0 6 BIGRHHEEPSEA 7
T HIEENTHE (T, LR H BRI S M A K
EizE SNz, GEHBIZEEWZAEE 2K OR S0
B LEPESOHGLTH Y, MTASIZOBUTH
T2 ($E - HE 1984). HBUEHLELE 72 5 T HW
BEOBOHIT LEICEREZ 52, RilzRIE5.
72 AE S TIHER 3 % DA E D S A B A R4 iR
D 5#EEEDT NS (FiRIR/\E L7 EARK R,
2008). Zho THE, BN, MELMALIND L LEEA
MR U772, MBI 1994 F12 TR LR HBA Ik
M) ZHIE L, SRERIFICAE D Pk IEHE % ik 200 mg
LD 8@ U7z, Z OFRERBARIC & 5 7k LI
DULEDD, ERFEIRTH 5 EHMD S O H T
INTVRWED, REE2 GO TWPRET 2588
WEINTED, BMHEEDOH D AArFERINT WS
(K¥E 5, 2004a; K5, 2004b).

—J, MHETIE, GEBOFEEEYTHEIY ITF
COFEHZ B B BRI E R R e U T,
O T A5 7 0 [P 5 R S D £, IR o0 ek, A R
DRIHE, DL, AHEREORBEEP TR 2%
FTwaft, itz 2 E0HERTLORITVS
(B L AR EE YR, 2014) . [H35 T Ok L H B R
AR, MEEYC L 208, WMEFORED 3
DTHY 5 &, HETORE, HEEYIC X 5HE, R
HHERRT DI R R E o7 (KB - i, 2007a;
KE - i, 2007b; J5H 5, 2009).

LR 2 1%, @BETONEHEETOLT, oD
MO R, 674 OIEYFRE % Mtz 5% U 72 R g
TROEW R RIET 2 HETH L. FYREFPEHEO
ERAEGD, EHREOLIES I A MNOEREMHIL, W
KO LIERANDREZMFET 2720, T H
ELUTHIRENH B L I T WD (Tebriigge and Diiring,
1999). ¥EANTIX, —DITIXEMDEETIZ L 5 TIEDOKE
O ZFRIFT 5 72512 (Richard et al., 2001) , /-t
BRIBBALOBE L W S Bikh» S, LEMK 2L, 8
R OEMEMRIE, BRYOMREREL S 2
TR, THETRET2HMBPERLLDDH S (Six
etal., 2000). SBITBRR7z & 514z, FHRARES LR LR
HHENZRIERH D, TOEENEENDH, EEICAH
EREEZITOERBERIGEEREZTOBRRL DB DR
W (fAiETE, 2016). BigE LT, MELEZRTVIRE
2B Zl, £/, BRXUCTEMEICRZ2EHE2 H
FOEITRVWRERHITONS.

HEAEIZ B B RMFEDOFEZ U TENITHE D R TR
HI, LHEOFEKEZBXCTERELES, F7-ixhEHEE
BIZAREKENTETRENMIHIE NG Z EAWEHKN L E
Zohb. foT, BAMEDREF /1B K2 MRS
B2 TRPTENERMBOFER R LREEZRBTE S

EEZONDS. FHEREC-EOMEIBEINDED
W&, FEPIERE DS OB E S, REKEDOI K % B
IEg23Z ickde#25%. TITAMETIE, HERH
Pk % Bz /EA AT~ 7 1R 7 (Mori et al., 2014)
FLEIZERE L CEKERZREL, REROFKE % BB
TEZEeEEZ. ALYZuR7 &IE, BRBOLIE
& THh 2 AR EZ A THIZED, HEHER Oz
P 2 BALEZEDTH S, ZNETOWET
BEEROHFEE Y 2ENEEL 22 (Mori et al., 2013), T
FiE M S 5 Z & (Mori and Hirai, 2014), iR
DREULLRARETBECTHIRBE2REL, B
TR ZEBME S Z & THYINA A~ AL LA
YIENEINT 2RI E SN T WS (Mori et al., 2014).
BEROFFIZ & > TRBHEREE D ER L IZ WA,
L UBEITEEICRO2E R 2 RT 2 eV TENXSHE
DOHRENEMEHIZIEE G THS. Lo T, K%
TlX, FATBIR OB e U T Lk & LAY
ERETAHILAHMNE L, MBEGEEICEWTHERE
IEEFRHNTON TV X LS M ke e
ALY 70 R7EBAEEML T OMEEFARTZ., BAR
i, hHOKS, WE, RERE, HERCE, HEE
BPIRZEHIL, RHEEREOMHELE AT 7 nR7E
ADKFRZ L, MEEL 7z,

2. HBRAE

21 HRBOMEE AT/ ORT DRE

AEEMEETICALEST 55 b Y M (duf& 24° 21
567, W% 124° 07 34”) #idBR[@EG & L7z, 1981 ~ 2010
EOEFIIRIIE 24.3 °C, FFHREKE X 2106.8 mm
(KRART, 2011) Th-o7-. REBEHAMD 2013 F1% 2161.0
mm T D 72535, 2014 1% 1300.5 mm & FEF 1274
mole (KET, 2021).

A OMER % Fig. 112, BATFYa—-1L%
Table 1 1279, LEEIMEROL (h—FER) (il
IR, 2021) £7zi3EfbEERE L (RIEERE, 2021) T,
ARBRE L, AR 80 m, HAMEIXAY 1.4 m T 8 4,
DLENS AR (EPSH) N3 % OERIZEH D, HE
BCTIEENIZR NS TH 7. 2013 F£2 Ah
SHR 4 5153 % AR, k4 502 #EKX & U TR %
1707z, 2014 4 3 FIZHHE - AR ZhZE DX DR
FI1FNC ALY 27 aRT Z23%EL (Y7 0RTX), BiEE
LM 1 A2 RK (LX) & U, A#fE~ oo
R 7 X (No-Tillage with Macropore, NT-M), A#ic fEAL
H[X (No-Tillage without Macropore, NT-X), #fit~ 2
1R 7 X (Conventional Tillage with Macropore, CT-M),
HHE MEALBEX (Conventional Tillage without Macropore,
CT-X) ® 4 DOiBEK %%\ 7. AT~ 27 BR7 DG
IZOWTIHRDETHIHS 5.

REHEEX X 2013 £ 2 AR Sl 24T 07, HifEOY
MY FEOMERREL, 2014 42 HIZINFEL 7. X561
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ek U217, ERE L 2015 4£ 3 HICHE

 O2E | m mmLe mexcrzmzasese, 201375

TL (T CHEE, 8 HIZH b U AN, 2015 4 3 HICIY

5|1 | = FEL 7o, EREARBCIXEORAN & 7-0 HI2455 7
N Gl D, REOERE | ke,

EIT|E i 2.2 A5 ORT DHE

Fig. 21T ALY 78R 7 OEAMEZRLZ. ALv2

MG BAETIE, b F COMBIZEICH > T 1 m BT 10

- LN/ AFTERE L7z, MM CTER 1 cm #E 40 cm DR %

AR . % ORISR B LA AT 1 em o

N\

1 HeKE | ]

FizL, EX50cm, ZE03gecm> Db D&M,
Mo EZATREREDS 22T B L DIz U7z, Thidih EERiz e
WiE T I T, BRIZZTANBIERSNEZD, TR
ROAATHINLE UTOREE % MR LT iR EHkE

MFFdT 27-0TH5 Mori et al., 2014). =B, AL~
2R T DKET DR 3B L 2 E50cm TH

AT UETIN OF= L r o

Fig. 1 GABUthHiZ.
Schematic design of the field.

Tablel EHEREZA7 Y a—). % (If)11,2016).
Cultivating schedules. 23 BEFE
- i %#El% X%#%E@Tuﬁ&:/\~‘ytib7')z~L\ (3
L e e o 1 /9’:@, '7'1 ) k7 Dj bk iﬁ7ji{¥a+ (UNZ—G¥30,
0132 B DS Bk DAYY) RFEL, 2 DO SRV B R H
2013/6 A BOKMEFHIL, RECHBELEZ. /2, =Yyl
2013/7 iz 71 2— A FEICIZEEEEH (COMPACT-CLW, JFE 7 K
2013/8 HEAE B 2013/8 ket e B NYTv o) ZREL, WL EE» SR -0 EZE!
2013/11  fEpE A, 5+ HTEBdLSIT L.
201472 UNEE, FEPDFRIE 4 ODMHRZFNFNDNR—V YTV a—ALh5
2014/3  REREL, AT 20T Ko —KiE EEM 6 m Az, TEADEYY— (Fun—TEX
2014/3  HiEOBRP 5 Heks 2014/3 GliEs 124 cm, ¥ —HBIDOER 4.2 cm, HydraProbe II,
20149 #H, 7— X Stevens) ZMF U7z, XX 10cm, 30cm TH Y, Hh
201573 e 20153 i o (T2 BRTREBS) &Y b F ok
20154 AR, 7 ER Oz, BEF 8 AREL, KBIEAEE 1 BT L1
IR A: BBSTT. HlE B: [EXA%A.D R, 24 WERPYI KA B BRATIC P 7.

2014 4 3 AR SO M DOBLk T X Photo 1 D & 5 TH
D, FHEXIIHEYRECEE N EbLNLTE D, HHEX

Bamboo fiber

(packed bulk density=0.3 g cm3) IFHBEI AR L Tz,
EofRT, X 0cm (FE), 30cm BT

40cm
<>
1cm
Fig. 2 AT.x 70T OE 7 VH. Photo 1 RHHEX (/) LHHER (F) OAME (2014. 3).

Schematic representation of artificial macropore. Field view of no-tillage (left) and tillage (right) management.
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Table 2GR o> + M PR
Soil physical characteristics of examined field.
Management No tillage Tillage
Depth (cm) 0 10 30 0 10 30
Sand (%) 42.4 47.8 50.6 43.0 49.6 50.5
Silt (%) 32.6 26.9 21.5 32.8 20.3 18.8
Clay (%) 25.0 25.3 27.9 24.2 30.1 30.7
TC (%) 1.16 0.798 0.935 1.305 1.41 0.928
™ (%) 0.14 0.110 0.110 0.120 0.10 0.120
Bulk density (gcm™3) 1.44 1.46 1.45 1.49
K, (ecms™!)  1.35x 107 1.50 x 1073 8.30 x 107 1.34 x 1073
Table3 > Ial—Ya iZflALAENAT A=A,
Input parameters for simulation.
Management No tillage Tillage
Initial water content (mm?> mm—3) 0.20
Rainfall intensity (mmh~!)  20.0
Evaporation (mm d~1) 10.0
van Genuchten parameters 6, [N o n K, (emd™1) l
Bulk soil* 0.050 0.448 0.015 1.233 335 0.5
Macropore** 0.037 0.832 0.154 2.103 222912 0.5
Plant residue 0.045 0430 0.145 2.68 712.8 0.5
Air** 0.001 1 24 3 23846.4 -3.0

*: characteristics of bulk soil was estimated from measured data in Fig. 3

**: referred from Sakikawa (2016)

100mL 274> 75 —CARILEEEZRNL 2. K8
P OERET AR & 1% 0-5 cm, 72 E 30 cm DK
&1 27.5-325 cm ORI TH B, BAKMEITEKALIE K
ABRIE T, SRARMEFIERGE (0, 50, 100, 200, 500, 1000
cmH,0) ¥ 1 270X —RETHNT.

7z, BELLZHE X 0cm (EE, 0-5.0cm), 10 cm
(7.5-12.5cm), 30 cm (27.5-32.5cm) 2 SEREL L, BiJE
87 (SALD-3100, Bif) & 2k - 22508 (240011,
PerkinElmer) 124U 7=.

WS, RKFE - REFR, GREE, SRZEKREK
{ZDWTIE Table 2 (2R U 7.

2.4 Hydrus2D IC & 23 EHKOHE

AR TIX, REIRERE 25 L - AR, shiEE R
ARTHEv 7 uRT Z2EIZBITHAL, ZORHE % i
LTWa., LKy —TKGEHIZITO M, RiE
DIFRIZ DWW TIZFEMIA S MR 5072, ot
¥ 3 alb—¥aY (Hydrus2D, PC-PROGRESS) iZ & -
TREHRZFMEG L2, £9°, 100 cm x 100 cm O 118
IS AR E L, EH Xz LBk Rl (Fig. 3)
7> 5 van Genuchten /¥ Z X — & (van Genuchten, 1980;
Mualem, 1976) ZHS L, T3EOKSBEREEE L7z
(Table 3). ¥ 27 uR7 XTI, fEEHOFHIZER 10 mm
F & 40 cm OFEKENEWISNT A — X & OMMA BRI
WASINTHY, AT.vzuar7 (Morietal, 2014) &
U7z, AHHEEE X CIIMYRER» LIEREIZ 5 cm

HBHHDE U7z, HYFRERE BN I XREEN &
<, WZIRIFIZIZARFEEWT 1222 D D b, EERICHE

WIBRE % MR 777 L AN TR E T 5 L ORI
o 7z, B QTR - TH S O — R % A8 E

LT, 20mmh™! OFi%Z 6 KK SE, TOBREN
Heke 10 mmd~! OEFKOBELZIT = 1 BB OKSY
BEa G R U, K B 2 23102 0.20 cm?
ecm 3 U7z 7y, THOE CEKDOE2HT, &
WEERR TR U 258 138 80 5 22 @0 2 HEfR L
7= ()11, 2016).

0.50

0.40

E
£ 0.30
€ ——VG-model
2 020 | o NT-ocm
8 ® NT-30cm
% 0.10 F| A CT-0Ocm A A
= A CT-30cm A
0.00 P AL i
1 100 10000
Pressure head (-cmH,0)
Fig. 3 FABRIES O LK R iR,

Soil water retention curve for examined field.
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Surface flow and soil erosion related to rainfall intensity.
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Rainfall data was obtained from Japan Meteorological Agency
Fig. 5 AL XITB 1T 5 LHK7.
Soil moisture at no-tillage management.
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Rainfall data was obtained from Japan Meteorological Agency

Fig. 6 HHEHET X251 5 LK.

Soil moisture at conventional tillage management.

3. BREER

3.1 [BRE & RERY, TERT

WU OIZTRUZ LD IT, RERA® LR CIZIERE
WIRE VBT 5728, Fig. 4 TIRAKRBEMEAKE B &
%3, 4 7 A0, BEINTREICNT 2 RER & LR
TamRUTz. %28, 2014 £ 9 AH 5 2015 4£ 3 A DA
BIEREICBENNI WO EEL E 2D, 7, Fig.
LIZRUEEDIZ, NX=Y 3y )b T7 ) a— MZEVGATHE
FREWTEDIE, 270 R7 0 . RLBAEEL T
B, RBELEBERE24TS.

T 7%H5E, FHEKIIERER - LERTCEHIC
INE L, ZHNIREYRBEP LEREZ2E > TWVWE0 5
(Photo 1 /2) tH#tflE iz, ko T~ 7 aKRT DEAD
SIRIRENTH S, —F, HHEXIE, 2014 F3 H%25
WCRER - TERTIKBADPR NS, EYMOEFIC L
LWBEBIMOREELR SIXE 5D LR ICED TS L

HEnzh, 3 AZBEICKRELBALTVWS. 2014 F 3
HIxF7ZMEm»A 0 BEH L TWA7O (Photo 1 £4),
AL 7B RT7REBEIZL > THIEED T HREEMEH
fTbhh, REEE TERTOMHNE S Nnzd D &k
L7-.

3.2 AHES LU/ ORTRENTIBEKDDEEIC
52282
4EHDOEVEREET 72012, HIRMFHEL%E L,
BEOEWRDH DX T\W2014 £ 4 H ~ 8 HD 18K
DOEMZONWTHEET 5. Fig. 5 T AP E IO
1K OEH %, Fig. 6 IZHAER O LEKSDES)
ERUTz. HHEXOBSIZOWTIFAELEILRLEZE
BOTHD. b, trV—2FKBLLRETOLE
I DY LK IEABEX TIZ 269 % (n=4), #Hild
XTl&23.9% (n=4) THH, HEYKRECEHLN TS
NHHEX DK BT HIIIEL D -7z,

Fig. 5 # 5% & NT-X X TI%, & 10cm TIXBERIZ
W BEHRWKG EREERCTENRLONE. — A
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X 30cm TlRE—27 % A7, BenricEdz LT
5. NT-X K CIIHMRENRBIZH 572D Z K
L O R, RETO—RNREKE, BBADRE,
U TP HRIKRDBOPBREINZEDEEI NS,
ZNDFERINIT Fig. 4 THE I NARER S TERETO
DRI DB oTWDBLEZ SN,

—7%, NI-M K Tl%, EfEOY—27 % BE7-1%, EX
10cm % 30 cm &AL U 72 KD IRAMER BB TE 5.
RIZURTETHHEDOKVPRZZESTELHLT S
®% Mori and Hirai (2014) O & —3 L, FEYIERE
o0 LIBEEHADEP DKM T HIRERED
SR, U CHEMIREIC & 2 Z8FEW I X KO %H
(Derpsch et al., 1986) 2SWiE T LT VWh 6728
Rl 7z, B &5 ¥ NT-X KOFHDOKSVBEE SN
THY, LEWEIZST 2 RKEEHEUT 22, RED
ERELRLLEZLND.

— /i Fig. 6 TI&, BWIZH T 2 KkiE, CT-M X, CT-X
K& HIZHEEX 10cm FEFBDKRE L, X 30cm TIEEE
PPCHOKE N, WFITECLU 2 K ER 2 T w5,
CT-M X, CT-X KDk EHE WX, %X 10 cm, 30 cm
ZTNTFNDEIDE = HBDKSDFEDEICH L. FX
10em IZBWTIZFENBORARELE UKFETH > T
HMDEIET 70 R TED AN L, RLHEE D /B
KEW, FEEI30cm ZBWVWTIRBDPERHTH S
R, RUEXOHLBEBPKEL, Y70 RTRO LN
INESWZ ENTZ T oBIEING. FHE XX
AWNE L, WMHOEEEZMSIFEH DR LW, K
WOFELPTL, MAkELERNIZESZERRVWI
WIKD DIEBORHE U THNTWE EEZ oz, —
i, xoBRTRIE, THREKNEZRFOD, HEiRt
BN AKEL ST, X 10, 30cm WHEET, &
MEX L L L TP - D & UzHikE LTWA & &R
TE5. &b, YU RTRIEHENmO EE FEO
KADERY, NT-M TELE U & 5 wIENM6 TR
W, ZNRERBIZHEYERED LS ICHAKEESZ5HD
M, REWE LTHRNTLUE S 72Dz EE L FHD
EEBECOPIZHEDO TV T AREE LWL ST
ZEZ oz,

I TR VY —TFHILTWS 24 K40 LK
NEEFZLDDE Fig. TOE> 1 %m>7 (2014/3/15-
2014/8/16, n = 154). HEZ 10, 30 cm D FIHE % 7145
U T Tukey #EIZ X 2L EEBZ1TS5 &, NT-M X, NT-X
X, CT-M X TIZ LK PED L idWwixd, CT-X X
WD B IRIZ AR T HEK A PER DN WS FER
(p<0.01) ko7, HHEE WS EBEBRBII R X
D LK DR DRV (CT-X<NT-X) A%, HhET
EX IR RTHEEZRE D L HRZIT O L DKF B <
(CT-M>CT-X), ZHIIAHHE & Zb o Ky % ;iR
TEHLUPATES.

3.3 TIERMBENTKITBICEZ 2 EDHE

HIETHER UKD DAEDE R ED L S IZHHT S

D% HELRT 572012, Fig. 8 12 Hydrus2D TfT- 72
W7 HEDOKD %R LU .

Fig. 8 DA ESBERBEUIEDENEZRLTWS. A#
R (Fig. 8 1) T, REIHYEREEZBWTSEY,
BEEMENE L, BRENE LTEL. Rrofligsns
E D ICERHTHRE TKERETE 2 RPERE D
DR (Fig. 8 F) TR U TIRKEDN L L, KHE|

04
~ I [ B
£
§ 0.3 T T T I 1
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L2
c
)
[¥]
5 0.2 ]
‘g @ 10cm
.g 0 30cm
g 0.1 —
=
o
>
0
NT-M NT-X CT-M CT-X
Management

Fig. 7 &8 X 5 D FRERHI R O T3 Wi 0 -3k o i (B

10, 30cm D& Y —FHliz & 5. ** |& Tukey %12 &% 1%
FOKYE, n=154) .

Averaged soil water content for each management. (sensor mea-

surement for 10 and 30 cm, ** means 1 % significance by Tukey

test, n = 154).
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Simulated soil moisture distribution for 7" day after the
rainfall (100 cm by 100 cm profile).
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EEELKEWZ &b h 5. Fig. 5, 6 TIEAHEEE
DS IER N TH D H, ZORFIL Fig. 7 T
AR DO GRS DL WK E UTHETE 5.

Fig. 8 DELADEWNIY 27O RT DEEEZRLTHD,
AR - BRI IC N HIREREDOFR R & U THiRRIZA
MBIKDDADKIZE DD, THEER £ TROFE
LTWBZeDbhd., ZNEARHHE - ke v KE
W DENZ & S TSN, BIHNADKIFESE LW
SHNTIRE S SO TS 7 0 R T7 8 AIKI RS
IR @ Z 2 3bh 5.

Fig. 8 DR ERBUHDENDEH S LTDY o1
R7EADHEZRLTWS. HERROKMIRELHEN
LIZAFTHOND Z LRI DED 7273, FEYEEE
DKDERFED AP RERE TCRE 1> 72 (Fig. 8 BA)
72, v o/aRT ZEAL & & OB AL
HOBHBENEDEDDIER D PR EL, RhRK R
2o TWB I bhb.

Ty Ialb—YaVEBORIZhR»SELIC
10, 30 cm, THEXEH S 20, 40, 60, 80cm, Ft 16 5l
DHEEAA VP E2BNTYIal—vaviEReLT
DK EMEB L. FFEETEDZNZOHMSATY v
TV ERITAE 16 MO ZEMAGE EDKTEE S X
55, TZTLEHEHE L TOKSDO L2 EHT
%k, 7T HEOWHEEAKS &I, NT-M K, NT-X [X,
CT-M X, CT-X K DIEIZ 0.292, 0.261, 0.256, 0.234 cm?
cm™3 ¥ 7572 (Fig. 9). Tukey iEIZ & 2% &% §
%5 & NT-M K CT-X K & b K43 Ha3% v (p<0.01) &
WO FERIZA 572, NTM 28 NT-X (ICHAR TR D Z D
THY, CTMIENTX & HEVEDL SR WK EIZKR
D, CT-X BEH RS DD ERIE, S50 Fig. 7 O
Me—8T5.

FHEEREZY I 2V —Y 3 v EREYEREOE T
K~z YL LTERELTE Y, ZhitK
AEINZDRR o TWwWEEEZI SN, LTI 7R
THEANIREREOE N LTHNE, —F, #iakss
BRADEE 30em L FIZRDITRWTE S, KM
HOBERRKRENWEHNTE S, TZIZv 7 RT7HE
HEATDHEHEE 30cm L NOKMIZHEEIMNAR S N,
THT7 74 UTOKRDPEINI RIS & 2 <
BoTLBZeDbhol. FHHERKIIHEYFERED L1
WA LT, MEOEEEMS S, HEBRCEEILETS
72T, KoBRENTH Y, HHEXKEZDOFEE TR
BRI AFAET 2 72D AT OWTHRENTIE
WD, THREBZEET A Y7 uRTEE2ET L L
TEWEICKDOMERENTELZ I ERLTVS.

EHEBBELTWE LS ITRZ B I LS AHHERE
BERELRVERPD o2 EI1Z, REDHEL LT
FIZEEIALBRZED &\ D IV IRETE 2R L H
LrEZON. S, INZ 2 ICEmREEY HERT
EHMUITE D 5T IE L 0 R ERDTREIZ RS
EEZLNT.

34 Tt EHROLRERE

BEIZ, ALY Z7aR7DEA%EITo7- 2014 4 3 H
5 UNHERR D 2015 4E 4 HDR D 4 FHO LB 4R
FEEEHL, 20154 4 HORER%E Fig. 10 (23R U7z,
COEMXEMEBOEEINRDE L, KERT YV
TERZRT, 10, 30cm EEEFZRIFIFE-> T WL, ZOMHE
M 4 EHX TED S Z 2 idhr o, RS, B
EXTEEE LM TLH, IALEhTnwsZeitks
WENE Z ot KD 2015 4 4 HORKHESD
HIZIZZ DB IITENTVWAEVWEDIZR A .

Z 2T Table 2 IZ/R L 7= 2014 4 3 H D4R E R % I
BU, FEMOBRE%E Fig. 11 1227, XTI

I
0.3 [
) EI IE
O L
NT-M CT-X

Fig. 9 > I a b —va iz k3 LEEm DK E (20
mm h~!' OFEF 7 H#%, Wi 100 cm x 100 cm, ** i3 Tukey
HBIZE D 1% AEAE, n=16) .
Simulated soil water profile for each management. (7 days after
20mm h~! rainfall, 100 cm by 100 cm profile, ** means 1 %
significance by Tukey test, n = 16) .
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Total soil carbon after one-year management.
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BE0, 10cm THEMAR 54, 30 cm Tk L Tw
5. F-HEXTIEERE Ocm TREMARSNDHD
D, HX 10, 30cm THFEDPRSNB. HEX 10cm T
RELIKBZBEN > TWBD, Zhid Table 2 IZR L T2
REEDVEE 10cm TE WO TH 5. Btk cidsr
fEEHARE LIBIZTEZ N, 2 > THEEY» S
XN TLES Z & (Fontaine et al., 2007) H3K & 2295
DORKRDOEDTHBLEZ SN,

ZZTHEEMEIZ Sem, 15ecm, 20cm DEX 1 IF T,
FXA0ecm £TOTO 7y VOLBRERE UTEHE
+2 &, 0.0075, —0.005, —0.16, —0.17 g-C/100-g-soil &
otz HHEEKTREL RBREVRT 2MEHR LKD),
AR~ 7 v R T KT LBREZEVDTLITHINT 54
Relpor-. BIIHERRE TS < DAY 25 °C M
EROTEEYIIOMRETIC R, TOEETIEKY
IG5 Z 237w, TORDETEETH LHHEK
TRAEEMTHEALTWS. —F, fHiEe~v2onRT
ZHAEDE D & —4T 0.0075 g-C- (100g-soil) ~! D
MEorz, Zhix045t-Cha” Lyr™ L 238 h, &
HTHREE XN D EEMIE 0.1 ~ 0.7 t-Cha Lyr !
(Hillel and Rozenzweig, 2009) (ZR < 58T 5. ki
KX NE TOELD SR P LR TGN DWW T
RPN, BERENTHI L E XS, PR
EEKT LT THHEBFEIIEWTEHEBEYOELTIZ
FEXBTHEH, 615, ALY IZ7BRT LHlAGHLE
5 & AN O W T RN R e TRRIC R D & E
Aoz, ZThiciE, HEE2BREM RIZBLKIZI 53R
WZ e (Rfile) &, THREOHET, Ko - T -
AR L OYEE, REfe LBICRTIETIZ

ZTOWHEIZETZENTES (ALY ZuRy, #HlxiX

Fig. 8 DE5) ZeMEb-oTWBeFEZ 5N -,

NT-M TC
0.0075 g-C/100g-soil
i
NT-X
-0.005 g-C/100g-sail
i
CT-M
-0.16 g-C/100g-soil
i
CT-X )
-0.17 g-C/100g-soil
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Fig. 11 HIERFA RO K.
Annual fluctuation of total soil carbon.
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