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ABSTRACT

Terraced paddy fields play an important role in soil and water conservation in
mountainous areas. However, detailed experimental data to confirm this function is
missing, as well as an identification of the most decisive factors for groundwater
recharge. The aim of this study was therefore to quantify groundwater recharge in
terraced paddies both experimentally and by related water balance analysis. The
in-situ measurements including water requirement rate, vertical infiltration rate, soil
textures and soil moisture distribution of different soil layers were investigated in two
experimental terraced paddy fields (experimental field A(FA) was re-cultivated after
fallow for over 30 years, and experimental field B(FB) was cultivated continuously
for over 100 years) on Gongliao District of New Taipei City. The factors about the
history of farming and maintenance conditions impact on groundwater recharge and
soil erosion of the terraced paddy fields were then discussed in this study.

The average field infiltration rates in FA before/after maintenance were 113.37,
and 25.24 mm/day, respectively. The under-bound percolation rate was 5-17 times as
high as vertical infiltration rate. In FB, The average field infiltration rates were 9.02
and 9.96 mm/day before/after maintenance, respectively. The under-bound percolation
rate was 5-24 times higher than vertical infiltration rate. Soil moisture analysis
showed that the saturations were near 100% at inside edge of the bounds, higher than
the measurements at block center, indicating that ponding water trend to percolate
through inside edge of the bounds to deep soil layer. Relatively short history of
farming in terraced paddy field resulted in a higher recharge rate. Maintenance of the
bounds also could be a significant factor on field infiltration rate, while the length of

the block boundary showed no significant correlation with the field infiltration rate.



The amount of groundwater recharge of FA and FB were estimated as 8,834 and
3,486mm/year, account for local average annual rainfall were 171.1% and 67.7%,
respectively. Recharge benefits are far more significant than for lowland paddy fields
or other land uses on slope with no ponding water recorded in other studies. Soil
erosion rates calculated by the Universal Soil Loss Equation (USLE) showed that
annual erosion rates for abandoned terraced paddy fields under bare-topsoil condition
were significantly higher than those of the rice-planted terraced paddies. Therefore,
sustainable rice planting in the terraced paddies or maintenance of the water-storage
capability in abandoned arable land is necessary to increase the water and soil
conservation function in watersheds. The government should formulate effective
measures and maintain sustainable rice planting in the terraced paddies.

Keywords : Terraced Paddy Field, Groundwater Recharge, Water requirement,

Infiltration
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24 kw3 i GAR 2 fr
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W1l 1985 £ 14 ts B FEFER T 4479 P R/mD A rL R (g 2R P S
1,280 ) WAL 2R ERASHRSTE 42 R P (P F 12 7) 5 kEY 2
ARFRIPHEID G TH A R ld 512125 2452 £3702 8,400 § 7 ~ (4
FLN 2400 F )t B 2RI R E 430 P (R E T oW
123 =) o ¥ p &R EREFY #7(1998) 4781 o -kfen R A F o 2L E
#-d 4.20ton/halyr 38 3 14.77ton/halyr» &2 % it = ¥ 5F & AT 5 T2 H i E48 £ 5.77

CHERT ASEOke RPER2Z I EIFBTREFRERRLST D BEYZREF B

-

& g 224ton 23R A 5 AL 1997 £ % # 6 f 761,000ha 32 0 i 1,704.6
Ftono ik ton d 3 RAFec L 5 R 7,940 (AP § 2 227 R)A R s #
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T AR AL K

3.2.2-kfen 2 ARG & 17

Mokgiraku £ 4 K25 (K 3.6)d 1 LT A 5 24 # i -k (ponded
water) > — SEERH BB ROk FG S 6~8om 5 k2T S A2 8 BRIk
& & (muddy layer) » i@ % gt fok G 0 2 EORFEAT A K L B vy o H
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Bo R EHHH
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B LIRS R ERe g A3 A2 MM TR IEFEFRE SRS
REEAEAL 2 Roke TRk R P EH 4 o Tabuchi(1968) ¥ $7 it 2t — 154

Yo@] 3.7 47 o WL BBRIRAEA £ 2 o AR ke HEA A 2 RV 0 F
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3 - e TRt o VOt d e R E el ;Y 2 kil £q, 0 40(3.2)

FUATIE L

_x dH (3.2)
4z dz

B > Kitefok 4 BHE B HE Bokeg -

PR BAEER Az 2 2K BN T B LG VLA T

- _K (hB_hT_AZL) (33)
qZ_ L AZL

AP KGRk BRI hg R hp A u S L K TRIRE AIVR SR o
kv Hpd N MBERAHA L G ERALE 2B UM ARAL ]

W2 foin s (Chenetal. » 2002) » # v — @3 %

a0, = —K(h) (% + 1) G4

Z_ .

E*E
i<

v oo tepfed ok BEGRBKE ECE > S BRA KA Sk e
S S R Ak

1395 Tsubo et al. (2007)2. F 3 dp 41 > -K¥m 0 k4 BE e v L3 3
BERPRGF O RTEHSCIMER v LR 2B L REd 0 B
o e TREOALIREF TARE O RZIEI e E > BZREBERSRE
B RIRR TR T R R ARz B 2 (] 3.9) 0 SAT Y kB Rk
rFE T ISP LR KPR WK S ROR AR TR E B0 A A

TR ET R Ao gLE ~ B2 g oA Ed 2 iEf & Dupuit equation B

AR TR RS SR
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(=)~ HEFZEBEEH:
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(=)~ 9 WRIE S
1. 2oz
Rypda TECRFEFTAACE > d P RIETHY R BXRIREAT
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dh
qs = —Kh— (3.5)

AP AU A R2ZoKEEL K393 0 k4 B Gl 22 KB

e Hw o RT RN EQRIGER e R e BERL B3 H e

dh
Qs =—L- Kha (3.6)
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2. Dupuit equation

£ % 2L '8 2. Dupuit equation & * vt - Mok R R %2 o H
Dupuit-Forchheimer assumptions % (Reddi, 2003) :

(1.2 325 k4 HiR

(2). kT3 k4 RESp D g i TRE

Dupuit equation i * ** g MAL I 2R 2 -KF - Heo BE L R BB T
qs3- 8 AR5

s = 5y (03 = 12) @7

R OWEA TR KBy e Hok 4 Gl hy s v Y R EHRE

Bhyohys v BT EEHKES o F L EHEBRHHET R20 0 RRTEQs B

RIEFR e Bh ook HERL B3 E N4

KL
Qs = 577 (hF = h3) (38)
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BRI 6o SEEHRNIET R0 BB ARk Tk AR O FURE
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LR ER RS B S Y R S SN

—-
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a F oo
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Janssen et al. (2009) 4-%20 # 2 100 & fr € 2 -Kf&t 0 v W ZR/EFFAY -
u TR RARERIEE R R THAIES R L SRS
Tl N BRI NZ ke P RP e THG 0 X0 S Rt KR I R
DGR PAEYHPN ZTHE Y Y e g SR> 20 £ P LT
BRI RITT 30 o F o3 RH R F RN WE 20 £ RS KT P A
PP RA G BRFTRARF R AP E PN RS KRR ER Y E R
FEIRT G AAREEF A BRFUFL 2020 WBpRRMY F 7
e3[4 o Lin (2013) 33 » B3R il B A R E 2~ B
(Z2 »%) fofsn ¥ Fo B (RFRE) DEFRL - 5d 2472 B FPER
SR RIFR o B F 2 BB 2 f PITRE Y TR E RAF A froipl e
KAF A PR S s F A VDR EE B iR L h g T R
i PR AA R BT WAL Eavke T FRR A BRI L o A

LR

fe b map v gz BTk ZRARERR TR B e

443 k40 v HREFGH X BRL2Z B
4R B E BRI A ~ B2 B Lin (2013)2 A 5 B

kB R OR PR T o 5 1 R e T R 0 Rk edF £ o Bouman et
al. (2005) 273 # T4 a4 A HEAET 0 M P L SF € BRAF F LK
FLorAFFEHFTHRD AZF%e BLru>aA®102# 10" 1 12 " 4~ Fw
Wl aETEARI03E 3 B B alie FRKERK Fid BA
BOREE N RAT LR 2 B B KRR R (R 43 2 A E ERE T
(F14.19 B 4.20) B n Ao ks n R BFP RS X200 Bagis
Pk BRI ERAH AR MERL o F AN A Re e~ Se §

BUAZFAH) %0 SHERA TRIE NS ERAPEPIIHRAE

PIBRFES IR EETIAARPREHRAFEF TR st o BRo A
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EE e REWMBFAMTEERE > PR HKREZ B A BEX(Null
Hypothesis) » FHy t py =pp o m v HAaED ~ 69 FEM 352 BT i5E 7

e RIAR 5 ¥ = B3k (Alternative Hypothesis) » T Hy @y # py o > ¥ A T # 2 5%

L

ik
(g
N.

t_a—lid
=S, (4.2)
Vn

Hoth THZAEP R didHAE THENE [ u s dHAh* T
BiEad nsfrd: SysBERL o
FETH TR RlEE LB (q)Ep d B (Degree of Freedom, D.F) % 34t
LpefRhiEd o F T RTAFEANLE f RS E2FRES n & EX > F 2R
G AFTELEHEFEF L 95%(T a=0.05) F$HEF TR T %k404 49
Fon Azt 85 6161 fd & 8 s fefh B &EBRER P
B %-2306<t<2306> %4pGhEBR > TP% A @R § AR
BEARMTIoE R £ FAELAMTHE ¥ Y RS T L8 B et
BRI AT E AN AR M T5E o P&k B2t E:
01100 f ¢ & 104345t A fefef B4 m A BRI R S 5 -2.228 <t < 2.228 >
HEREEEBX > TA% BoHAdve AN B BTHEE N0/
xg_—ﬁw-a gﬁ‘r.l i’]:é; °
HER S E AP > PBe AL BAaEs R RESAERS APk B
R AR ST E S A LR ot Re R 52 k(B 4.21a 2 B 4.21b) >
Ak Ao Radve g Nl a4 BNV AR LR
FFAFEIFTERFIR HE AL RSV KD ERL FHTBES R
B L MESF TR RS v R NAGT Y R E A RFKITL @
Dz AEL R0 P R B RT 0 ATV TR ke 2

ARV GEER R M2 R el > RRGKIREA TS o Bk B v By ag
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(W] 4.228)fp 00 HFH A5 (R 4.22D) 0 7 50 RS o RS 4od %
D ASEZBAA n B AR RE RS P A% B A AR
R R @ L i R G IR T L L R R
Bz kf 4 K FFE - TP RPN

FELES R Rk A RBHAET  BHRLE A 0P
HEPAE 2 F oo BRI A RIAF - RPN - B7okihe o ack

] ET0 F /7%71‘?‘/_154}3 1% % L‘E?%‘:}i » 43~ E w ?Figz_?gﬂljﬁiﬁij#{ R
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% (mm/day)

.A
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o
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o0 s R (= R (S o e

92 w3 w4 w5 w6 w7 w8 w9 wl0 wvwil
B S5

@420"5&5@” Bw i’i_fii/ﬁ.pﬁw‘fgi‘? ?vff%ﬁﬁiiﬁ’—?‘“ﬁi

2493 HE AT R TS S

T32@)| pd BR(DF)

FEra A 6.161 8

Fa B -0.110 10
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45 kfa XLy TOKFE A

PAEE 2 offEn o Bl AERL R Rk B ke T R

j{‘é ) T gl /E/%Lg’::\'n Eﬂ/yk J\ﬂrﬁ ’ 7%1\'2& q&ﬂ"‘ﬂ:ﬁ&/” ’m’T }\Mf#;t]—_
KRR 5 v MEE BEE TR0 BRRKE TE LR

7_

LER KR B RBD BT BRI AT RERE E kS £ Rt fl

308 TORAIA Y o BEARFI AR A 2 FLAF 0 ® 7 5 5 ik 40 Chen et
al.(2002) £ ipl35 it = ¥ 452 F v > ¥ ToRAAF A Smm/day 4 @B
(2003) *t B L o KU EHF A ¥ - L MEF T BF R ToRAAF S 38
mm/day ; § ¥z Rk § F (1987) R E R Ak A ke L BB
IS A AL T ORRZ 36 R R B TR AR BT IR K
Joe X T st T EROR T REF B R R ETARRAENFEY
5 5.5mm/day o @ AR F FEw Av | FH ad e T iEE-0F 113.37 mm/day o
M s TR kE 25.24mm/day ) F S e B v i A T ek -k 9.02 mm/day o
A s T opokE 9.96 mm/day 0 B TR AT E R R AT E T2 T E ke o

AREOTEE E W 3 ] o U~ B R 4 (1995)3 HREeTIEE S B R R
BIREHRE A BFE R E FTERMTE2Z I FF L6 A B G
640mm/hr ~ 144mm/hr ~ 84mm/hr 2 168mm/hr - 35i% § 3t A2} R LB~ % 5
WL kP AR EFFRZEFRT A2 AT LR IHF B RE -
AT S0 7%k AZ P%ke BERAFALZE NS FT2 p T ig(T
PRGEEB LR RFIEEFE A T R R P FERL G RFEH AL
pokiERt G2 LB )RR 350 X (Flg e ES N # k11365 %
:}r‘,lfﬁr‘ii%'li%f CHEBPRRAFD)F-FERE AL ELN T KR A2
8,834mm % F v B 2. 3,486mm - ;i % ¥ E33'% A § 5146mm 2z 171.7% %

67.7% -
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P EAICRI S 101 E-kflst? o £ E A R 113004 B D2
Hoe Eigyn g Bk 74.95% & FHFE L 20.58% &£ 35 E L 447%(W 4.23) -
HBHHRE R TR e 28 k32 2R 4% > w2 EES R T L HESe
52343 mmo AR AL A" B RE 2 MBS IR ek TR
Fotf ER AT AL (5 HAR(2003) FI 2 EES 35 45 B R AIRE kT inE
a8 LG 43.7% ~55.3%% 41.7%= L7 M inE > @ H 1987~1996 2 & FF 4%

£ 1ok T gE B3t 2 1,182mm; 2 Thornthwaite 2 & & % 1,004.7mm; 2 Hamon

E TR

F B 5 083.9mm) HEEE P AT T P H%Y AB Ak BT 2 R T 40
2ZERHH ToAAAT o TR EHRLELEAE 5146mMm - K L S EEE A

B2 2% B A RIS WP LR R FRAKY T Bk (5 4e S W iE

FERIEHEFZAR) BoRD EREFEH G2 KRG ECE BRI G B FREe {5
-

koA AE Tk ok AR EA R R AT B PR R e
TokzZ A KRR SRS 0 1S 3 F(2003) ok fse 2 R 0E (a8 G B))
ZLWRFOR R B T RAT A S T A o o B R BT B R T ok fRe - RS E
Ep ot Tk LR 136.8mm (K 21%) o ?ﬁr’f’kfé_ (7 & &) "% 1< 308.5mm
(¥ 69%) » ¥ T ok w gk £ TR € 22.1mm (£ 230%) o TR (T A - B ITHRE o
FOUBPTORMARE B TORTERE o R Bl e fF 0 R IT S (T2
ToRAFLR B T ok w kR A 20T 25 F % 7 - Chen et al.(2002) 5 S BLiR 7 T
Ko FAREPTEREDET R ki PRI RIELSREYT S
0.9~12 =& » PP ke BHE LI REF T RZEE KR o gt - 2 TR &
R EFL T T MBIRIIFRE ZE TR B LT LR kR
Foo AP PEAT 0 - ATV A2 ok u SBITRIAITA ,T}‘A L Ek ‘,}i‘(m,\ﬁ » K
AR LB ERT R 2 E & S 5N o IR 3 (2003) 44 F R ROk FEH e 1B T
A IR F AR 0 BRI 2 kS e TR LR ETE 325 @/
a5 056 R v oREZ G E R 0 FNA B BACATH R € 24 1%
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e
il
o

KB 2 271960 K

CRASH e e TR n R AL PR vk

Hix s or
% ® 101+ (2012) Unit : 10°M°
2% af
Annual Precipitation
1130.04
<100%>
EEFE #iLin g EREE
Annual Evaporation Annual Runoff Annual Infiltration
232.56 846.98 50.50
<20.58%> (100%)<74.95%> <4.47%>
EREDELE FIER S e oim e e oL m
41.07 Annual Intake EREARE S TR kR
Annual Release of Reservoirs from Rivers Annual Runoff Ground Water
W okEF F R 75.18
i i 0, 0,
Effective Storage of Reservoirs (8.88%)<6.66%> to the Sea Usage
18.60
BRI 4 Aok
41.07 Seawater 730.66 56.78
Annual Utilization 0.07
.27%)<64.66%> <5.02%>
(4.85%)<3.63%> (0.019%)<0.01%> (86.27%)<64.66% 5.02%
EA kR
Total Annual Utilization
173.10
[100%]<15.32%>
LiEr kg kd 1ErRERT KR PR dEa kS
Total Domestic Consumption Total Industrial Consumption ota on.sump fon
for Agriculture
31.86 16.10 125.14
0, 0, 0, 0, .
[18.41%]<2.82%> [9.30%]<1.42%> [72.29%]<11.07%>
T ki EACRIF RREY B2 ok Fge
Data Source : Management D|V|5|0n & Hydrology Division , WRA, MOEA.
. porl<>m% A 5 fAfc Baseon Annual Precipitation <100% >
Note ( )m&E:Zin £ 5 A#c Base on Annual Runoff (100%)
[ ]ree&q* %-k £ 5 3 #ic Base on Total Annual Utilization[100%]
2. # (A M38E& 1100# )T oA £ 1 2497F
Average Annual Rainfall of Taiwan (1949~2011) : 2,497mm
% J101# TioE & § 1 3,139% 5
Annual Rainfall of Taiwan in 2012 : 3,139mm
fr&E T ¥aE il g (R M38& 1100£) : 645.67im > o %
Annual Rainoff of Taiwan (1949-2011) : 645.67*10°M°
% RE101# & :En§ 0 846.98f o ¢
Average Annual Ralnoff of Taiwan in 2012 : 846.98*10°M*
31\%\1 P ET R RE o
FooR R AP FTAL T R AR40 8 1 B R Z 3 EARE o
*x%:-.-r kR e g;gg&giw kg e
6 E3RE A 2 el £0100%3 B2 o elicfr > BRFIR MG R e BT M2 o
T7.% % .‘141 FEMBZE @J-rm T o
B 4.23 5k FRE® G R(EA R F 101 & k) set)
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4.6 -k¥w 33 F LA
AFTASRT R RER SRS AT (I ER

ﬁﬁMFgé‘i%ﬁwii‘iﬁﬁ%??iiiéﬁﬁ)u£%%ﬂ4éﬁ
AT BN S RS ER A EE MY R FHE R B kP

.Fua@%ﬁvg,yv EAREAARIRET 2B EHRGoUT L EHTHRY T LT

F 2 Jgin .

4.6.1 USLE %-#cd2 5

-~ A 4y di(Rm):

AP Ay Boend ) (N AT R R LI RV g N B ARR O K F
%0 R E L HBRPITA F Y pRE R A (2005) 712 3T S T £ R
ERLE ErE SRR &ﬁ SIS NER = A § (] 4.24)2. Rm iE(# 4.10) -
It BEHT S F LGS A &Y B2 Rm E(& 411) 0 FRARFIY L 8L
Ahk BRSSP A B ERIONRPN R RE o F I 2 e

RIET LG A G2 T

N

424 Eeber ko =% F
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% 4.10 iR B2k A B fich

# 4 TWD97_X(m) TWD97 Y(m)  Rm(Mj-mm/ha-hryr)
L e 324813.70 2764092.90 23610
% 330186.20 2778442.80 24050
E 319447.50 2774911.40 15980

AL % R P & % (2005)

% 411 F v " ‘J’Aﬁ'#ﬁﬁxfﬂil' RS

\:'

8 % TWD97_X(m) TWD97_Y(m) Rm(Mjmm/hahryr)
Fn A 340142.83 2763146.31 22261.70
@5 a B 339644.96 2764518.49 22287.74

S v Ak e He(Km)

Zdpok 2 fRdE AP (2005) 0 2B Km T o gd T4 ¢ asbscads
e % 51

\\\Xr

BT E o N R R 2 3 T0% o

m = 01317 [[d(d+e)] (10%)(12-a)+3.25b -2 +2.5(c - 3)

4.2
100 (4-2)
A s ET AN
biE: 2 iﬁé—f#?}ﬁ{ v SBciE 2z b

FHcE HEBE R
1 & w3k <1l mm
2 3Rk 1-2 mm
3 ¢ e SRR 2-10mm
4 Bk o PR EEHEGKR S >10 mm
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s
NS
{sh
T+
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g
(w
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I
i}
W
N
H
w
o

S¥E BB AE (mm/hr)
1 e >125
2 e 62.5 3 125
3 ¢ % 20 % 62.5
4 EY ] 53 20
5 1 125 % 5
6 & <1.25
4. difg:d ek e e (/s 0001 2 01 mm)z £ 4 o
5, emidEpHHEE0L 2 2mm)z EF A o
HeY fcaj B B0 9%y R d g3 Ao Lechie 7 0 5%
b d e 2P I ARP EFIEBE T rPHTRFHENITE L £ mGH R

H oo Hov gzl 3t Amm 2 3EkAgiE 50% 0 A iEwEiz £ 9 kR 30% ;
SRR DRk ETERNFEKREE LA IEL TS S AL 414 2 A

Bt B %4k 415

"

FWRVE ETIEE S eraat

PR FEET%) B2 (%) B2 (%) T3EE S (mmihr)

7 A 5.61 63.8 29.9 0.82

%
F5n B 5.13 53.4 36.6 0.04

40415 3k ek gt E B

2 a b c d e Km

Fo%9 A 561 1 6 49.04 4470 0.038

F5%v B 513 1 6 52.62 37.40 0.041
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b B - R ke 2 0 B e ul i 217mm/hr 2 2.86mm/hr > R
RAEfeF ke A2 KmiEstgi 003> 7% BRIFEH k-
= B E RS (L)

BOE TSP E G SR A D 0 e N g kT (M)

;\ _li‘-_—-"l-' :

}L m
L= [22. 13) (43)

Y omEZ K B Ak 416

HAER%) m
<1% 0.2
1-3% 0.3
3-5% 04
>5% 05

F%9e A~BH & A% E 6324-35.04m B A Y <3 5% Flpt om B YK
T 5 0503 E 2%k 417

0% kT B E B R HAEF A (%) L(m=0.5)
%o A 63.24m 35° 36 1.69
@50 B 35.04m 20° 58 1.26

z ~ B8R F]F (S):
PRk LR (2005) 0 BB EAVELA 4 T RETEH B S > L
TN R @ R FS(S)iE o
S = 65.41sin* 0 + 4.56 sin 6 + 0. 065 (4.4)
Fsa A-BHRETFF A w5 9.27 2 18.68 -
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hEg g s (C)
CEAfHEn F2 3N A B LHATFRED P FR420 5,0 A
bk R K LS @@ Cid MaFldedaicho ooy 2 4%

CHETAUE AN GE T A REE AR ?Ewif%“ﬂ‘t?l}}:éﬂ' G

m‘i—%

PAFA R BAeFP T E T WV R F O o g B ek A AT R E
TR RS Rrg AR L gt (ER R R S RIE Y B IES hfaE 4 R g T RIS
FE FARM o0 N IES e 2 R E 2 £ F W 3 e B G fe B
USRS 0 T AR i R iR R F I A 0 4 A% g F AR N C
o FPFERFEERE B C B FHEAR PR B ROt TR
ZEEE R RRM A AR VY £ 418 ERRERFE R
T3 (C)iE - Ao A~B W fEHKAE  doff 2 £ 9 G XA R S Rl
(2004) #-3L B3 5 KB o

%418 REHFEAT EHEL

B R EHRIR Cie »4ZHakw Ci

TEY 0.01 N R 1.00
kfe 0.10 KR 0.00
0% 0.25 T 0.00
5 B 0.20 T I 0.01
3 E 0.14 43 i 0.00
T 0.20 ERY B 0.01

e (£ ¥ BE S S8) 001 Fo ks 0.15

RN 090 & : 2 k¥ ¥ ¥ 0.01

3 0.15 e 0.05
B i 0.20 L2 0.01
¥ 0.10

PR Rk 2 iRdE £ (2005)
2~k 3 EgER 0 F) S (P)
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%ﬁ%ﬁwwﬂaﬁmmiﬁﬁ%’§¢Wﬁ%%ﬁﬁ%’wﬁgy%£%

EFEBRERBE CIFABPLZEI T OHES PELREYZEHFL2ET O
A AREERE FAEIR AR 2B A S R FIRIRE TR 20K

R SR TR D AR E TS AT ke BT oo R FREA Y B
RAZFEPP RIS P Ehe R LR H RRT AP E R R
(2004)® #13afe 2. P fE(% 4.19) 0 d *t 3 U@ s BH A 4 20~30 B 0 - %
F_5 45% > T 5 PEE B 3R "fif%%‘}%’k%ﬁﬁ‘i’kﬁ;g 3% %.(P=0.09) » &
Mok BRSO E A LR R B K0 RS T SRR/ 2 T (P=031) -
BEFBETIG o

2 AL %3 087 ok D RS2 HR 2 B

e ]

£ (%)

T ARBRIRRRE T LR IVAY )M R B
10 0.52 0.00 0.07 0.43
15 0.51 0.00 0.03 0.43
20 0.49 0.07 0.01 0.42
25 0.47 0.16 0.02 0.40
30 0.44 0.20 0.05 0.36
35 0.40 0.20 0.11 0.31
40 0.36 0.16 0.19 0.25
45 0.31 0.09 0.30 0.18
50 0.25 0.01 0.44 0.09

FAL kR Hh 3 % (2004)
462 3 LG E
AT AR & F M TR R SR R AR E R 3 (2004) $
C P 2z a hokfha ad KR EHRT » Zecskfhn 17 2G5 42 %
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ARBETEFEA)FEL LR E > BRdod 420 fr7 o HY o R ma A
ke 234 £ 4 119.89ton/halyear 3 1 3382.09ton/halyear: §F v B k5w
234 £ d 194.15ton/halyear 3 1 6687.35.35ton/halyear - i iz %% % &g om0 K-

-

bk PP F RIS 2 HF BRI B

ba]

%420 %0 RIEFBEHS

H x5 f
v REFEE
v % A Rm Km L S C P Erad
(ton/year)
(ton/ha-year)
FokA R
F%9 A 020 22261 0.04 1.69 9.27 0.100.09 23.98 119.89
F5%v B 038 22287 0.04 1.2618.680.100.09 73.78 194.15
[ % = S 3
Fe%e A 020 22261 0.03 1.69 9.27 1.000.31 676.42 3382.09

Fe%v B 038 22287 0.04 1.2618.681.000.31 2541.19 6687.35

d 3t USLE 5% ¢ 2 C P & 4 #B 2 # /& 2 1+(£ £.% > 2010; Chenetal.,
2013) > Fpt Lt A p2 M EFEEY R EFFFH FEA RS B
g HER PSRN ERS 2 FRT O RE LR GTELRF 0
ke R RS 0 BRI RET g $RCEX L A o Chen et al.(2013)z F %
BRAp Do kB IEZ R e 0 F A G 2 2 B RS RGR G E R

HC BERABITE > 3R G EzZ ko I EFBFRITF P E - =55

—h

i
b ez "R ik SS Ep REEC N L;ft,ﬁ—,n THRiTz 28 F L
0.77ton/halyr > -k f&th v k2 (T80 1S x/grj 0O X ARR et > ERE A
TR SS A gk 4F o BLIPLE 4E B 7 i 3400mg/L 11 b o Gookm ok (R

#pz2_ 500mg/L M T2 8RR F s E AR ROk iR E 5 B o x



MoK feth e B E B R 2 A E T o PR E K B B IRE
BT AR Se EERTFE M B0 2 EEEH RS B F - Machito Mihara
(1996)4n &1 p A kHhm chizdb #3 E F L300 B8 o M X T A M g
BELGrioka w0 Hend A E S k5o AT Y S HRm ke i ok
- e o e ARk P ARk IR RENEELE .
EUPEEAPETER R ENRLIR BP0 Ay EL wEREY 207
fim &Rk ke ks AR FRIEF I MR AL BRI RG> TG R
2P AE SR A o d T PR R 2 ok fE e HEE B P L IR
BEEXTFIT M RTE ke { SHEF RFIRP BHA T EIFHS
FRRXFEEDTR o RO - T ke § A bl i

%
A e okPhe By e XL gk TREY SR CE R FAEZ - o
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$7% BHmpEn

ML ER LA R E O R T A e £ R TR R
R FURERESR S R ROk v R E M BRI ERIRZ b e
AL 0 AR S Bk ~ B £ 8 TS ’%ﬁ PR B
Bokdm rBA A ToRF A2 AH ot R R BE A E 2
Qa2 L FS (e HIBEBRI 0 FE RN TR IEFTPHTE

P EBE) A B AFTIRAR AL O RERPN C I 2 EA P AL
AT F T RECORY Y BB 2 R TR AR RET LR E

G o Bm2 EHkAT!

5.1 3%

L R APy R AT kst kP> 255X Ho sk
FoRZAESFRES > LA ER A BE L H F R I R
BRI  EMAIARGE HEAEL 2R B RS R RE
LR

2. AL R AE %Y B B2 R A A, IIBINETES S 1 2
HARLERAIFTEERET AL RRET o9 P I E LSRR AFR
Sem W G e ok L o ek fo R AR Y B 0§ Bt 90%7 ¢ 5 F A& 10cm
MT 2 3 FECRPCTI A EERTEe P R LT BRI
R AT E L 100% 279 Rk b AT RPA D EP RBERZELRE 2
& o

3. ¥ ALABERET P ERBREL R BREIRA G LA
BINA BN R AN FREEE R F R LA T EHT

ok TEe B R 2 R e g (Preferential flow) 2. = sVl 2 T g
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Folito s A PIRAAERS A B X R2F %o B Av
Bagsis > HAFRE e Hfu G PRI R
LR Rk e RS E 2R3 L R B EE R T %
£

EABERUE] > DA% A rpF A n % B g

34
AN

ke EEF BB EEREFAFZSE M o g R
el

W 0 Bad r B A Ao AT AR LT MBS RN B L2

R AT RAETRRFIFEF LG RS g R L REWBS
T35 5 113.37Tmm/day - v W e {s T 35E 5 25.24mm/day ; F %9 B v A
M2 0 BRI T e L 9.02mm/day 0 v o E (s T E L
9.96mm/day- § 2 © Rk e REM B AN EF %Y B2 126
B2 25R BN HFHFLEFTEN S 2 Ea FRFIEFEMINITET T R o
IR B I A oA RPN S RE kB -8 NS BRI ' N & A
ZoERZ AR NFRIELGEDd e EY TP AL TR
ke A ERBIREE R RZFRT A4 3T ERZAFABKE
WA A0 F5%y AZFB%Y BERAMALENERT 2 p TR
(o MG AEE 2R RFEI G EFE 3 ARG R RGP RFEH 4
BHB R RFER G2 L B)R U FE K350 % F- BEBE AL E AN
FEa Az 9135mm % F%v Bz 3,958.5mm: i ¥ & £ 359%% & £ 5,146mm
2. 1775% % 76.9% - @ H @ 28 kA2 2w J % > UEES B R L6 HE
R g 52343 mmo R A S Al BB 2B ke T

7N

BB o f BRI B R LI AT LR %R ACBArt F 2 & A

BT oRA LS o

FTREFEAEIES E 0 g # a8 c(Rm)EES 2 FRT » B
IEFBRETEZBR  cRBEEET 0 R REZ R T 00 R
Eaa 24 R > FH AR EBLIT R Ak R RAEL > FREK

88



ARG ERRREEERES (CE)4 gt 2o {17 USLE 2 %426 2 2

CEREHRZIAEESEARE 5146mMm L SHFEEERE2Z 2B AR iR
;@i,ﬁ: BOE o E S oREe 3y m,ﬁ\(frpléﬁ;—:*ﬁg}g’_‘f@? 7fﬁ}f%f%}ﬁ_"ﬁ (S
T BQGRE) HoR D R R 2R R R E R A B R Rk

L8

lm

GOSNV R SLEC R PSR RS A B IO = A
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