5 28 5% 3 HOE OB % E #Ht Vol.28,No. 3

2008 453 A Acta Scientiae Circumstantiae Mar. , 2008

R, BB BB, % 2008. 04 - Y B AE BR Eh ok RAFIE[T] . FRIEAL 222 4] ,28(3) 1525 - 533
Zhu B, Wang T, Kuang F H, et al. 2008. Characteristics of nitrate leaching from hilly cropland of purple soil[ J]. Acta Scientiae Circumstantiae,28(3) ;

525 - 533

22 B 30 b A R R M SR AR AE

*7‘}2* ,fi?ﬁ'—,%ﬁ%ﬂ,ﬁ‘?f&% ’%%ﬁaﬂﬁ(&
FENERRD LK ESFEFEN, KA 610041
W48 B 88 :2007-01-30 & B H 8 :2007-06-14 5 FI B 89 :2007-12-26

BEAARFRTRNE RO ER/DRYEMRAE S LRI THRE BTSSR T RGP MHR I RIPE. HREH,
HETWHHREERZRR MERRNFN METRARRCIMBRERRNIEEE. BRI HIRR LB TREXERBREAE
A, ANEERTEE, RFREN KT 2003 ~2005 FRPFFHREN 169. Tom, STWERRE K 52.42% , H ', NO; -N & B 2R
6 ,2003 ~2005 £ P FRFEE 14.92mg- L. 3 FPHREREPRMB R MW SEE 27.98 ke hm >, GEHLER 10.0% ,WRIEBRAAESE
TEEREAZR KAATEIEZRTAR B M. RELSOUHRIEFMERT R BKREA IOERLYHBRE T RWRIET R, WAEMEK
L KT )

KR BRI R R PR ERE R R e

3CE BB 102532468 (2008 )03-525-09 hE 4 %5 . X53 CEEERIAAG A

Characteristics of nitrate leaching from hilly cropland of purple soil
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Abstract; Nitrate leaching from hilly cropland of purple soil was studied by monitoring and analyses of nitrate accumulation in soil profiles. Experiments
were conducted from 2003 to 2005 in artificial small catchments with subsurface flow monitoring. Results showed that nitrate accumulated in dry seasons
and diminished in rainy seasons on the hilly cropland. Subsurface flow is the main pathway of nitrate leaching in the rainy season. Nitrate leaching through
subsurface flow was influenced by a shallow soil layer (60 cm), low infiltration parent rock beneath the soil, and heavy rainfall in summer. Average
annual discharge of subsurface flow from 2003 to 2005 was 169.7 mm, which amounted to 52.42% of total runoff in the rainy season. The content of
NO; -N in subsurface flow was persistently high with an average of 14.92 mg+ L ™" between 2003 and 2005. Annual average loss of NO; -N through
subsurface flow was 27.98 kg-hm =%, and accounted for 10.0% of total fertilizer nitrogen applied within a year. NO; -N loss rates through subsurface
flow showed seasonal patterns. It peaked during maize elongation and stamen stages, which accounted for 69% of the annual NO; -N loss flux. Nitrate
loss through subsurface flow results in in situ groundwater pollution and downstream pollution. Pollution by long-distance travel of soluble nitrate could
become a major threat to the water quality in the region of the Three Gorges Reservoir.
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LERREEHEMRNERN, W TEKE—-BHE
4o, AR L B 3. SRR K, B 28 58 0 3R 38 W) 2R
W AR — SR EMBEM A, AR HE I E
BIRBESE T EFET T KER PR (Nelson, 1982;
Wild, 1972 ; Shepherd, 1996 ; £ %% £ % ,1996 ). HF 5%
KR, BEREHBRBRALHFAHER N EEREK
HHE-ELEPAHEBREBRE R -+ EKSE
S (EW M ,2002; 5K K 8. %,2002). RE LW
BRERBERBR T 4TER, WRB T RKENRIER
BEZ®,BEHRFEEPETH,ROH AN
i+ AR MBHTIRATR (K XE % ,2000; )
P45 ,2003). AW, RELA 69% DI LR E LK
L FE B (PR ,2000) , st R b AR 3R B AR H A4
BRATHAERMA,FHNERKIT B, Wb
YH 65% KPP £+t REBREENH KR
B,E2PaHAEMIES5HERT (ZHREX ), XY
N Z 3 EAA 16 x 10'km” (24 EH ,1991) . 4R T , %
ErXETERMTEEMXERRERERY
FREWES (HWSF,1998; i1 1485 ,2002; F %
4,2003) B AR B RGLZ, P A BR E K
REBEREMRBEHAERE. AEEART EEL
Yoo + M BRE M R IFIE, ERA TR
FEEHREBNS BIFEXERRER, DR
e R RS G I 5 R B (= E
X ) K IR AR 3P 4R el 22 K 4R

2 ## 5 7% (Materials and methods)

2.1 REAERER

REmm i FRENEREHEEE L RILA
SEE -5 W7 W (105°27'E,31°16'N) , i 5
REZELEEHE 826mm,E ¥R 17.3C, >10C
RIFRIR 6500°C , TFEHI 295d. HIE N ERBEHAK
Hgat(Jp) , VREIREL T HE 3 ~15°,F
¥+ EREEY 60cm.
2.2 WMRBRIE XL
2.2.1 FHAZEPRTRSHRETH NN &I
F63 YHhh + R R (30 ~80em) , A FRB KM
REMECRITE, MEE X SERE,FEEW
B KABTE 800 ~1200mm Z [H] (& A B #E A + R
RBAXBERTHETE, LT EKSEL TR
(BWH)RE B S i R 4 8K DR R
T RIRPL 15 T 1278 ,2001 4R 4R B 58 6+ B iR i 40
B fE (LB 1), BRI EE T RAEEP RN

TNRERI B AR IR /0N X, BB ) B T R b 2R AR o A
M AAXEENZETHEK TDR Ko HEL, B
JAFE TDR W 1 KA S8, WZE2d —K. EHR
I A0 P R S b 2 3 1SCO - 6712 KUP A 3
SR, W 58 bR AR 5 W T AR K AL
AL (AR SN E R R, R ER D XA
A/),FE, BFREZSERREETRER, R
SRR ST G B, B E KRR ] JE B ISCO 7Kk ¥ SR AE
B3R, W EH S NO, -N S &. Wl 5RHF1E
R T 7= 06 W00, 90 <2 B[R] R 2003 ~ 2005 4R R /D
XY R 7°, L ZRE 60cm, M 8m x4m,3 KE
2B5BEMRRITHESHRN T2 -8 PREAFE
PRl /NE /N IR R (N 3) 130kg- hm = (BB
(PZOSﬂ‘)QOkg-hm_z\ﬁFHFj(KZO i‘[‘)36kg-hm_2;E
ZMHEER, EKREMHAME (N $)150 kg-hm > B
A2 (P,0,3f)90kg-hm > & A2 (K, O ) 36kg . hm >,
i+ pH 8. 83, M VB L, L ERE
1.33g-em B LR B AT RS FIN 8.75.0.62
grkg ! BAE AN 42. 29mg - kg, AT Sk R R

0. 28mm -+ min "".

HERH
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W -
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Fig. 1  Hydrological pathway of slope land of purple soil and

design sketch for runoff plot

222 ERAFBRERBHIIRE ABEEND
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R, A FE SR/ XA B Pk, KA
B B B S HHE GRS B WS B R D
XA, FEsp it B3 A L 450 AT/ IR
AL R 3R (2003 4E 11 A 20 H.2004 £ 1 A
22H3A25H4A23B)MEREH. W K
T R RER (2004 425 322 HS A 29 H .
6324 HB7H18BH.8A12H9H3H.9A 12
F)EEBEAFTHRE S EHME (0 ~15.15 ~30.30
~50.50 ~60cm) A &b, B H T+ EHRE T &,
PRI T @Rk RS T BB S -
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 pH 8.68, i Nt , +IEAE1.38g-em ™, +
BAEHR BES AN 9.22.0.73g-kg ', REA R
39.44mg-kg ™' JEFI T K E K 0.3lmm-min ', +
AR5 RR/NIREEEER(BEERK p<
0.05).

2.3 WEFE

SRR AT AL M R W E (B,
1999) ,REMEHMAFERE 0.45um JEESIEH
EANA] A3 et BE T B R W B A R & B (i
WS, 1998) L RENFH I HAEFHZY
B4R, TIKFE W 4°C AR RFE ,6h YN KC {2 BRAE IR
B, 2RAA] LA O BE U K B 0 S 4R B A A A
TE(BWMH,1999).

2.4 BERELEUE

BH/NRE R F KA B ISCO6712 k¥ B 3%
A B B IRK AL B Bt oK AL, R = HAE
IEEREEABRR THR, KUEEHATETRRE
HERRE N0, -NEFEK NO, -NIFHEEYH3
MNEE/PXWEME K FHME, PR RSB R
i RE S B R A /NI EE.

T EHE NO, -N RBREH AR A=0.1hde it
B.HF,AHNO;-N RBE (kg-hm*) b A+ 2
B (em) ,d N HEAE (g-om ™) ,c N HEHEH
NO, -N ﬁﬁ(mg-kg_l).

BRBEW=REH NO, -NHEEF RIS ER
Q:=C, xq/1000, X H,Q0 AEFHRIBEER
(g'm™?),CHEHFH NO, -N & (mg-L7'), ¢, 8
BT ERARRE (mm).

AEREH NO, -NERER Q=10 x Y Q, (i
=l~n,n AREHEEWZREFFL),XF,0H
NO, -N & #% 8 & (kg-hm ~*).

3 # 2 (Results)

IRAEHRLEL RS EREE

2003 ~2004 SEAE/NEMERER FREY H
TEHIEAE, o fr £ 3 NO; -N B HsEEL, 5
RALE 2. NEFZREMERZLENO, -NFESE
TRk, B IR A AL FRAKME, 4 2. 35mg-kg ™',
T F 2 (30 ~50cm) 5K ZE (50 ~60cm) 1 # NO, -N
SRERW & EHE, 45 h i H R 10. 10.6. 26
mg-kg ' EF Ec IR BA MY 54.37.56.49 mg-kg ', Ui
RS FETEST T ERR (L EH w30 ~
50em 74 ) , i WY Z= %1 + S H] @ NO, -N & & W
&, 3F B EE TR T H Z MR, 4% NO; -
NEEMEZRMK, XA LEHNEDRRNHERENZE
AER T, 86+ 4 5% AN BR £ 40 Be A 1E 7T BB
S5EmARSBAE R BEHRERTK KB
S EEFZ KIS ( Young et al. , 2005).

3.1
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Fig. 2 Seasonal patterns of NO; -N at soil profile of slope land of purple soil
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BE—B B EHE NO, -N RBREIE , R /»
FEEETHENO, -N BREEB(AEL) ,BEH
(MEAEJG 6d) 4b, FE/NERIRT AR, TR ZE (0
~15cm)NO; -N 2R B D>, FERIEYRWETE,
MERZE (1S5 ~30cm) FIHFFE(30cm LT )EHE
RS, FFREEWA TRES. MENEZEKE
% 7 RGRICER B, 4 NO; -N RFUA B &%
KE, T EFTRB0em T ) RREE BN LE
FREE A 259. 13kg-bm " M EKRFH B RH
RESNMNEZEARRF,BEHPRH&EE (350. 65

kg-hm ) RHIE 5/ EE RBMLFRER, HE
ABTPAHEZER NO, -N RHEHEKT NES
(£ 1) ,MAERKT (6 A THET A HE)MH#
(7T ATHE 8 A L) B, X B F R FEW &
WS, T T BE S A BREE MR IR B R A K. T E K R
B ORI 4 AN B Eh R B B F
] RE R AR R M, T R TR A A T
LB A ( Stevenson, 1982) , B BF 58 & 3 % € + i
RESEETENEHFELHERNEH(HOE
%5 ,2006) .

#®1 E&1LIWMHENO, -NERE

Table 1 Accumulated NO; -N at the soil profile of purple soil kg+hm 2
INELETY (2003 £ 11 § ~2004 5£5 F)
THER THREAE Bearing stage of wheat (Nov. 2003 ~ May 2004 )
Soil layer Soil bulk density
. (aeom-t) =W "H i e Wea
Seedling Jointing Flowering Mature Harvest
0~15 1.29 53.99 25.74 19.74 43.54 40.25
15 ~30 1.33 61.45 81.00 85.39 71.02 25.34
30 ~50 1.40 28.56 47.04 77.84 78.40 119.84
50 ~ 60 1.42 7.95 14.48 14.07 29.54 73.70
£+ Soil profile 151.95 168.26 197.04 222.50 259.13
EXREFTH (2004 57 ~9 F)
THER THREAE Growing stage of maize (May ~ Sept. 2004 )
Soil layer Soil bulk density
. (aeom-t) W m "H s e Heak
Seedling Four-leaf Jointing Stamen Mature Harvest
0~15 1.29 101.78 19.93 7.35 5.42 4.26 4.83
15 ~30 1.33 70.42 31.12 12.57 14.36 7.38 6.22
30 ~50 1.40 102.48 24.92 8.96 33.60 67.92 78.4
50 ~ 60 1.42 75.97 71.99 39.48 18.32 28.68 24.71
£+ Soil profile 350.65 147.96 68.36 71.70 108.24 114.16

3.2 RELHHBEFRSHEE
3.2.1 BHRFRBERLSBTHEEHX R
2003 ~ 2005 4E LWL ) 29 WEF R, EF R
WMEFE2.6 ~52. Tmm 3 Bl ,2003.,2004 ,2005 4F1%
HRECEEEE 4 A 15.1.24. 1,14, 2mm, [ (K 3
W I B R T & 9 7E 20mm D b, T R T R
EREERE(LE3). Sttt k0, EWE 5%
FTRERFEEERBHEX, RRESERE K E
HAFRK y= 1.7436e" " (R* = 0.684** N =29;
y ARWRBE,x FEWE (mm) ). F6 L+ R
1= g =l ST i A N 7 /A 2
1991) , +BKAR G EWH, REFEWN, KF T8
2HE-FAFE,BEARIEEEW.S, KD
HUEBEABMBHEHICELETR. HEPRRA
BES5VPHWRMHEXEARE(LE3). FETRE

J2: 58 [ T HF) T 9P G okt = B UR VP OB B R - TLER
AATHREBRE &, HIEERAL, AHT %
. HHGRB/N, ERUAB N X, RRE
AUEFRMAE R B E. TN, ETHERET
W EEE T, H 1K,2003,2005 4 [ W& 5D,
TR BT 2004 4.

3.2.2 BAEPRAAHTELMN  2003-06-24,
2004-06-30 [T &4 92k 64.6.47. 8mm, ¥ J§ kX
W, P TR E 4 %% 0.036.,0. 072 mm-min ',
R RFBE A 36.8.23. 2mm (K 3) , @A X i
BEMEFS. o HBRERS EFR>HT R,
RA—EZARANE. MRERIBE L&, ME P
ROBEALHIE EFHR=RABRE THER
W.mEFRNERK, PR RE, BRERER
ETHEERELER(AE4) XEERMBERER
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BB R, MEFREWBMHXAEE, 5 BEWITHEDS K0 ~50em +/2) L EALEFE
T 3E KM BA K (Soulsby et al. 2003). FHAMER  BER (I 4) , DK EWH IR N REE, B iLES
BERK WERERAESE, - BLFOKFER, WERER RFRFENEBK, 0 2003-06-24
EPREEN A EEEWNREL D EZERE KEPR—-EREIEWIGE 4d,2004-06-30
1k, R R AL TP . 2003-06-24 HFRMIE ~ Fy= WAL 6h, SEWFA K (9h) F 2R W R E
MR W4 6h,2004-06-30 #j5 20min. Hj=HmFSE R L EEF K> HRERKEA XK.

I TR B 8 T 58 J3E 0 T4 3989 B A 5% ,2004-06-30

i & Discharge/(mL-min ")
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——pm-—m

0

[T & Dainfall/mm

100 200 300 400 500

[ 142§ Discharge - -A- - & Ti§ Rainfall @ TR B Rainfall density Z 030
I ° e
70 - N .
: N
i I [ i - 025
60 = N Lo L
B l‘, “\ A' % . 'I ll i
= [ hi 1“\ i T/'R
0 D AR ]| 4020 =
ol . v £
50 ' 4o : ' i ]
el sl 10 {1
73 H : 1 —
= PN R IR IPN o8
o3 TN | B
X | ® Al o
N -4 010 &
20 1 T
L 1 a
10— | | ol | + 0.05
- . d
0 R ﬂ ‘f‘ ]
L1 1 TN AT AR AR N AR T
-+ N O = O ND OO RXT OO T O — N
3 TadgqQgaeT SASTHAD - AA
NS SSReAd E858EEEEE E8555553388
o o o s TT T T TS s
SEEEEZfi CEEEIIZic fmpifffiisy
B3 2003~2005 FMAPRERBHFEGEEL
Fig. 3 Seasonal variation of subsurface flow from 2003 to 2005
—a— #6423 Overland flow --O- HErp i Subsurface flow  —v— B FIAHAZ NO5-N in subsurface flow
2003-06-24 2004-06-30
THET 0~15. 15~30. 30~50cm BT 0~15. 15~30, 30~50cm
3K A 20%.13.9%.12.7% S KA 23%.16.7% - 14.5% - 40
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Fig. 4 Characteristics of overland flow and subsurface flow and variation of NO; -N content through subsurface flow in typical rainfall events

3.3 ABAMEEYRKX
E ¥ NO;-NA&ERKA Xt 2003 ~ 2005 (RES), Bt HmBEFR NO, NFE—-ER

3.3.1

FHRER = HE PR NO, -N FE&aHERH
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B O#®# % % #

28 &

75 8.31 ~33.63mg-L ' 2 [H,95% L) E iy
NO; -N & B &7 10mg-L7' DI E. H# NO, -N &
BENETAARNEE, FHENES(RES) £

BEEBEZ L EHRE N R EERNEERRHER
HEEPROAEME, LEHRERRET R,
FEEERENE PR R T ERER.

--0-- NO3-N ] ki@ & Loss flux
40 X = 1.0
35 | .
L > &
30 | Y } 08 i
- N A 2 . E
25 L 0 f \ =
o~ i Y A ~ @
I I 3 L i 1%}
Do [ | \ } % E
en Y %
;E - i § AN -1 0.6 Z.
= 45 L el = { \ R o, = =)
WL /g sl 2 o o o - z
4 ¥ o ol N/ i
10 | ) o \©
“ © & i)
g B — 04 *
o 5 L o
“or z
0 7 S"
5 L 02 “Z
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SSSSSEESE SES2E222222 gEggsssssss
ERERssEss (RS e N N RS K ANAAAAERAAAS
fi i) date
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Fig. 5 NO; -N content and loss flux at every subsurface flow event from 2003 to 2005

3.3.2 BPRAEFNO,-NLELX A Zgiriual
MR BPER R NO, -N SBA(NE4),
AREFHRIES NO,-N T EHEF, £ 10
mg-L ' | B ,2003-06-24 [ 3 NO, -N %
FERE,NO, -N S RBIZHSEPRRZIEMHEF S,
J5 R ] A 4 HP O B OB /E A 5 T 2004-06-30 fy 3
RS A A A B KHESTE 20me- LR B, H =S
NO, -N #BAMAR, BAKBERNELSELE -FHK
e , 2+ M E BHRPYREWHREMH NO, -N &
BB EAE EABE X WE 2004-06-30 F3E R
NO; -N & & T 2003-06-24 R . = ifg 5

£2

(2006 ) i it A THHAFE T BF ST 145 2R U 45 51

3.3.3 EWH NO, -NWhkxa# BEIXMNEERL
Wi i & H NO, -N % B9 B Ll 55 R A 4y
r(Es) , RMEATETRRARE ,Ea X F
WIEF M E R RN, 53] 2003 ~ 2005 £ K EH R
WEAE 136.3 ~216. 5mm Z[A],FH 169. 7Tmm ,F3Y
BHAR20.20% , 5EFERMEM 52. 2% (K
2) ERETRBEBU/NY 2005 &, ETRELBE S
R 64.38%. [F]of, TP NO, -N B L RK
B EEHEREEEPRHEAEE R, KEW™
REBWHEBEERN0.04 ~0.86g-m ~*,2003.2004,

Bt NOy -N ¥k il

Table 2  Loss flux of NO; -N through subsurface flow

L Subsurface flow

HARIM K NO; -N Loss

=1 N
£ . g BRAK o TR L B - BEE GHANRE
Rainfall NO, -N & &
Year Discharge Runoff Runoff ratio at flux Ratio in
/mm . . . /(mg-L™1) _2 e e
/mm coefficient rain season /(kg+hm ~?) fertilization N
2003 825.9 136.3 +22.1 16.50% 40.26% 12.59 +£3.52 18.89 +4.36 6.75%
2004 860.0 216.5 £28.4 25.17% 52.62% 15.82 £3.37 36.97 £8.22 13.20%
2005 834.5 156.3 +20.7 18.73% 64.38% 16.35 £5.43 28.19 £7.28 10.07%
1y 840.1 169.7 +23.7 20.20% 52.42% 14.92 +4.82 27.98 £6.62 10.0%
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2005 FE AR MEMM LY ARKRBEE 4 F K 0.20,
0.39.0.23 g-m~>,2003 ~2005 4 NO; -N Wk 7 #F
435 18.89.36.97 .28. 19kg-hm ~* ,NO, -N W &
HRERERAR, FEEETRRBESKEER
FT3L. 3 4E NO, -N ¥k & A ff & 27. 98kg-hm 2,
AT PRI A NO, -N AT RE R 248 + Bt

A, A 1 Y NO, -N B F Rk & RN ET
ZALBI B (L3R 3),2004 4F NO, -N kR FEEF
IR AR , R 25. 72kg-hm * , 4 | £4F NO, -
N#HEKRER 69.6% ,3 5 R NO, -N RHREHRD
AHRFRE , 3X 7 — 25 U B Y BR & Bl 4 P RO R B A
RoENOEET AT WM EFHRERR,W
EEBWERE.H5 NO, -N BB (RE1) X
W, RATR BBEE S HLHER NO, -NFETKT L
ZEARE T FEREEA T EHREZRENDT
B, AXEWREXR, THSEYRIK. L EREY
k¥ 4L A 3= (Stevenson ,1982) .

£3 NO,; -N B APRTEBRNFEHIENL(2004)

Table 3  Seasonal patterns of NO; -N movement through subsurface flow
(2004)

_ NO; -N
EXREFTHY BHRAE NO; -N s
Beari o THEE
earing stage /mm /(mg-L™1)
/ (kg+hm %)
P90t Quatre-foil 2.6+0.2 33.43 £5.61 1.40+0.20
K7 Jointing 53.8+7.4 19.36 +2.03 12.35+1.30
ik Stamen growing 76.4 £9.5 12.86 £0.98 13.37 £1.26
JER Mature 50.8 £6.2 10.80 £0.56 6.57 +0.59
3k Harvest 32.9%5.1 10.36 +0.43 3.28 +0.51

4 1Fi8 ( Discussion)

4.1 RerEHHARI®RINHA
HEEESH T EHRERHRERTR, EE
T s R RRERE R REA LT &
R R (R ,2006a) . (H 56 T M BREE
RUAAUENETRALEYE, RERE, WER
&, 55 R R L ERERRF AW EAR
Fl($AFM%,2002). X 5 BRETE T F-K A HK
MEERARY BEBILHE A X RBTAA, R
BTKEVBREIBRELTEASBIFEAT L
(White et al. ,1996). £+ X[EWMEEF, T EF#h
BRI RE, L ERKREEH, BN, £6+ 1
BERH , MELE KRB ER, W TBKERE
BREGTRE -GE2, MEKEREKEGBRRT

OB T K88 T 8,38 6K 450w 3 R
B, MEAR L EEMARESTE 3 ~20°, B GE1E
R BB 1] K A W & n 4 HE S p i e, R G,
HOALTYWHMEPRRARET, FHME (169.7 +
23.7)mm, EWERZHK 52.42% , K2 7853 %F + 5
EPRHBRENBEIFICAZETRRAAIEELHR
HEBNFERIS . K6 EFERES, LF
10 AERSES AWM S 2309 4£A, 2 ETE
KARUFEREFTR, TEHREENE ZRRE
RS MRE RBVE TR, MW EHREH
FEETREBEREEKRRNEENS , BREEA T
MR RREFVHEZRPRAERE. EHAF AL
EVMRIBARSE R URY, P E b R AR
R B EEHLH (Hinkle et al. ,2007 ;Silva et al. |,
2005).
4.2 BFRARENHBRIAMXRATNE R
HETYMMEREBMEZEPRES, EFR
B BZEAT AR PR 2R AL R iR 5 W 1 R Eh Wk K AR AT
WEZEEER. 7£ 2004 £ E KRR AN, EPRRER
B4 514 53.8.76. 4mm , 43 B 5 £4E R B IY 24. 8%
#135.3% , M [F#Y NO, -N W&k 4 f5 4 Bl o& 12. 35,
13.17kg-hm >, 43 5 5 4R 97 #7049 33. 4% 1 35.6% .
&) i, 3 HP U U B K B /N I 4R 4 U 2R 2004 >
2005 >2003,3X 5 NO, -N & 7 7 & 1R B4 4 LT
AH IR BEAL , 8 A O % A Rk U 2R R T B R IR AR T
TN - B VR PR L 1R B AE A |, 2003 ~ 2005
FERTHE PR NO, NS ERA(WLES) , HERAR
REH T ERRERERFERX, MEESES
MMBE/NEXR. MEEEWEHEDHRNO, -N &
B RN 2 R R R B K BT R
4.3 REeTRHHERIKENARRANL
EPREEA LI REEM T KR EEKE, E
ik NO, -N B8 EIt— B 47,2003 ,2004 ,2005
LS B4 5% 12.59.,15.82.16. 35mg-L™",3
EFBVHMEN 14.92mg- L7 [ i, B AR %
27.98 kg-hm™* X 53 #1 F & B H K NO, -N
KRR B KT (10mg- L") PR (EHSE,
2006) , KAWL FEEFRMKRELARHERE L
REZHTKHEREFEME. F, i THEPR
TERRI M EZH R, B A BIC A& (Soulsby,
et al, 2003) , EH H/PFBREA NO, N S ERME
(K% ,2006b). KL E#ga L 45, HX
ZAFHE L = ke FE X K b i T 2R A Rk e
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5 B % % H 28 %

FRABEBMEK, CARKILT R, HREE TS 55 2
07 i BONE 5 M, A RS T B 3 4 B R =k R X
JKIRBE IR 7. SRR DL AN 58 58 €6 o 35 b A IR B 3
WAER SRR, o — B P ER Er M &
ROFRSEONE , PR I I T | 05 4 1 R =k IR XK 3R
SR B B O A B

5 &% (Conclusions)

DEELEHm L EERERFREFRRE
ZERRPFTER XL LREREARACLFEN
T KREFGTHEBRGSR.

2)8E A RPN RE B
PR, ETREEEEREM KK EEIH.
HETYHEFRBEARE 3 FELHRERN (169.
7+23.7)mm, EHERKEMN 52.42% . fEET 5
THERNHESASEFEMRE, F1H(14.92 £4.82)
mg-L ™ Wk AR K (27.98 £+6.62) kg-hm >, F Y
FHAERK 10.0% ,HBREM R AFAEH BHFENE
RFERZE .

3) B0 1 B A AN BRI R R (N 3E R XY Hh YR
BT KEREGRMERERESERE, W
i K B &, T BT BB 0 B K Y =k R X K 3R
BET.

REMFEEE A A% (1966—), 5, FER. TELELE
FARALESAEMTERRIMEETHRHETRL. BAX
# AR # X 100 % £ . E-mail; bzhu@ imde. ac. cn.
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