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Losses of nitrogen and phosphorus under different land use

patterns in small red soil watershed
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Abstract : Soil erosion is very significantly serious throughout China, which covers 1. 80 million km?®. In red
soil region of southern China, soil erosion also occurred seriously with area of 0. 80 million km?. Soil
erosion, which causes river silted, floods, nutrient loss. water pollution, soil and land productivity
degradation. has negatively impacted on sustainable agriculture development. A lot of reports on soil
erosion were presented focusing on simulation based on single factor treatment. Scil erosion research on
watershed scale by adopting comprehensive approaches is poor reported. Reports aim to clarify soil erosion
process and the approach to develop a comprehensive farming system in some watersheds were little
presented.

In this paper soil erosion and nutrient loss in Jiangjiatang micro-watershed located in Lanxi City in

Zhejiang Province were studied. The micro-watershed is located in west of central Zhejiang Province. at
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the north of Jinqu Basin and upper Qianjiang River. It is characterized by monsoon climate in a subtropical
zone. Annual precipitation there is about 1400~ 1600mm. mainly occurred in the period during April to
August. The annual mean temperature is round 17. 7 C and cumulative temperature of more than 10C 1s
around 5600 C. Soil in the micro-watershed belongs to red soil, being zonal soil originating from Q.. and
the land with this soil is mostly sloped with a relative altitude of about 34m. The micro-watershed for the
cxperiment is about 321100m?, and 194900 m’ of it is sloped., 126200 m’ is riverside land. Five
experimental catchments were set up according to the naturally canal and gully systems. Each
experimental catchment has respectively independent canal and gully system. This micro-watershed with
five catchments was exploited and utilized in 1992. The patterns of land utilization were described as
follows.

Catchment 1. it was an extensive land use area with 43400 m? where land is nearly barren and covered
with few naturally grown brushwood and short bamboo (Bambusa) on the upper part of the slope which
accounts for 27% . and 16% of total land in this area respectively. On the middle part of the slope. China
fir (Cunnhamia laceoluta (Lamb. ) Hook. ), Chinese chestnut (Castaea mollissima Blume), loquat
( Ertobotrya japonica ( Thunb. } Lindal. ), huyou (Citrus sp.) were cultivated without terraces, which
accounts for 31% of total land in this area. Except China fir (Cunnhamia luceolata (Lamb.) Hook. ),
other fruit trees grew very poor due to no fertilizer application for three years. The denudation was
significant on this slope with no grass among fruit trees. The lower part of the slope was constructed into
terraces for planting Chinese chestnut (Castaea moliissima Blume) and cole (Brassica napus L.). which
accounts for 26% of total land. But the quality of those terraces with different widths ranging from 2m to
4m and 5 to 7 degree gradient was not good enough. The application rate of fertilizer used on those
terraces was relatively less.

Catchment 2, it was an intensive land use area covering 66700m®. On the upper pari of the slope there
are little brushwood and even bared resulting into a significant denudation. The open vegetation land
accounts for 25% of total area and 12% of that are bared. On the upper and middle part of the slope there
were cultivated bamboo (Bambusa) and huyou (Citrus sp. )} which accounis for 28% of total land in this
area and 16% of that are bamboo (Bambusa). Much organic fertilizer and phosphorus were applied to the
bamboo. The middle and lower part of the slope were construcied into terraces whose width range 4m to 5
m. some of them were used for huyou (Citrus sp. ) accounting for 22% of total area. others were used for
fruit trees intercropping soybean (Glycina max (Linn. ) Merr. ) and cole ( Brassica napus 1.. )" which
account for 25% of total area. Only small terraces had grass stripe edges to prevent soil erosion, Fertilizer
management was practiced on those terraces as usual.

Catchment 3, it is a plant conservation area covering 19000m?. Some of the upper slope were barren
with significant denudation accounting for 17% in this area . In the rest area of this catchment, the planis
grew very well. The types of vegetation were mainly grass and brushwood with less mason pine (Frnus
massonia 1.amb. ). There was no obvious denudation or gully erosion.

Catchment 4. it was an intensive land use area covering 57400m’. Before conducting experiment. the
peach (Amygdalus persica (1.) Batsch.) and plum (Prunus salicina Lindl. ) were planted. but on the
upper slope the land was kept barren accounting for 5% of the to1al slope because of difficulty in use. In
1999, most of the slope was constructed into terraces and the rest was naturally growing plum (Prunus
saficina Lindl, ) accounts for 9%. In 2000 all the terraces were planted with watermelon (Citrullus lanatus
(Thunb. YMansfeid), white gourd (Benincasa hispida (Thunb. }Cogn. } and peanut (Arachis Aypogaeal.

A regular farming management was practiced.
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Catchment 5, this area was kept barren before experiment began. Most of them had serious guliy
erosion. In 1993, a China fir stripe (Cunnhamia laceolata (Lamb. ) Hook. ) with width of 15m was planted
to control soil erosion. Now trees are grown up and cover 20% of total area.

On those experimental catchments outlet water tanks were built to monitor runoff using triangular
weir and auntographic hydrological gauge (SW40), sediment was drawn from water tanks and dried. then
weighed. The precipitation and rainfall intensity were monitored using rain gauge and autographic rain
gauge; the rainfall erosion index was calculated by using Wischmeier formula.

The content of different forms of nutrient in runoff and sediment were assayed according to assay
methods on soil physical-chemistry properties.

Data were collected and analyzed in 2000. The main results were shown as follows. Compared with
other catchments, the amount of total N and total P lost from catchment 3 with vegetation conservation
was the lowest. Although total P lost from catchment 5 with serious s0il erosion was the highest. but the
total N and available P and dissolved P lost from this catchment were lower than catchment 1, catchment 2
and catchment 4. Those results indicated that except of nitrogen and available nutrient, the loss of other
nutrient based on parent material had closely positive relation with sediment, the mare sediment, and the
more loss of nutrient. In all catchments, the sediment from catchment 5 was most, so was the loss of P
based on parent material also most, but the losses of N and available P and dissolved P from catchment 5
were less than that from catchment 1, catchment 2 and catchment 4 from which the sediment was less than
catchment 5. The sediment from catchment 3 was least, so is the losses of N and P least. Total N and P
losses decreased significantly in catchment 2 and catchment 4 where an mtegrated management for soil
conservation was adopted, so total N and P losses in catchment 1 where land was extensively used were
higher than that of catchment 2 and catchment 4. The comprehensive measurements for conservation had
significantly impacted on controlling soil erosion and runoff, the sediment and runoff from catchment 2 and
catchment 4 were less than catchment 1. so the amount of nutrient lost through sediment and runoff had
the same trend. N and P losses occurred mainly in May., June, and August accounting for more than 90%
of the total lost annually, because of the seasonable rainfall distribution. In local area May and June were
the plum rain season, and August was typhoon season. During those two seasons rain was more abundant
and rainfall intensity was stronger, so that sediment and runoff by which nutrients were lost had the same
trend during those seasons. Particulate N was the major form in runoff except in catchment 3. P in particle
form accounted for more than 70% of tatal P loss in aill catchments. Factors affecting nutrient loss include
rainfall, plant species, agricultural management, fertilizer, soil erosion controlling, soil type ete.

Key words : watershed in red soil; losses of nitrogen and phosphorus; land use
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I HRENERMRA
RRREEHRTESRTA T HEHEERNBERBIAREAFRRBR AR X T#7 T 5 P

WP AR AL R B R T A NS R M B 1400~ 1600mm . § T & 47 i 4% A 1
S EESEBE4~8 AR EFHBEN17.7C. KF 10CHEHBRY 5600 CE/DRB L RERHE
MEAEE T REOMBEAR BTG R K F 5, X FR 34 m. 5B A 321100m? . H I i H
B 194900 m?. BE A M ML ph o EER A R A RARE A A A 4 i R R 126200 m’,
FEAE AR EX AN, ZRRAOEERA EAEREBBEAEAAR.ARHTAGENH
M.z EERED. ERRR. KR REER N E. .
2 BMRAX

2.1 REWRit

BE#FBE/ DB ARATVEANWEARERERLERS XS MERR.BMRABRYAS A MMM
THIBRILCEEE T 19922 FHATERARMA EARAMATMT .

HBX 1 HESEMNAX. EHHAR 3400m’ B REMKE LBRE - RE A5 BEHAM 270 HKE
EEE A TBEA BRABARETE BARE MEEE. ENLERENRTBE LA
NEMENEYEHRENAFRIE AACNOMNGRLIERMAEF L. A OEEENEGR LRI
NEBEEL BVENSEMNE. 28 (P,0243 mg/kg. £ (K.0)6. 53 g/kg: B 73 0 Wb Hi B9 B 4R 48 8
HRARMAT BREAEBRN 6%, FHEE NI EREYEHHENEEN 160 . FHMEK.H
WG FRESEAABMAETEAB FRHENLOAF IS . AERENL FHIEYHSH
5. 02g/kg. & & 0. 36 g/kg. &8 (P.0O.)305mg/kg. £ H (K.())9. 60 g/kg. 3K PEEFHEEZ A HBE A .
M FEAGKMAAE EHRSAEAMRINY BREVTENHAEEER I N RP AR EA N ER
R sy CR%.FEHEMRER AR ER 16.22/kg . 28 1. 84 g/kg . 28 (P,0-)529 mg/kg . &
KO L9 g/kg SRAZ AR R RUAT AR R /N RE A REER L AW ERER
B+ AR LR LE ANEEREN R 9.52 g/kg £ 8 1. 12 g/kg 2B (P,0:)404 mg/kg. &
B(K,0)10.24 g/kgF 3a BRE ML AL FEREEKRES KB RETHBE. HOTHRERMN
FRBEMNME.HAFE. SRAEH26% . TR IER L AREL BHEVIOHEEAEE N 2% HFP
WMEG M SRERAN 2% BRI EHERRE BEE S~ A FHRE 2~4m, K/NF--, R
AR EEE11.23 g/kg- 22 1-34 g/kg 2B (P00 K 569 mg/kg, KOV K 11.32 g/kg R EHLA
VL &8 14.76 g/kg. & X 1.54 g/kg, &8 (P,0,)535 mg/kg. 28 (K,0)12.19 g/kg M EMEFEE R
825 ¥k /hm? B M. FL—ERKE T 2B M. /M. 8/ L Bk 870 L &8 10kg . R E 2 ke I BEMR
Eo ke MEMEBZ A BERALAEAAHEESE. L ELRHEN 22500kg/hm’ . R & 450 kg/hm”,
it BERE4E 750 kg/hm?, KB T EHRAARLER.

REK 2 BEPHSEMNBR . ERY 66700m" JERE FEHBE A RE KR EAN{LEE K. &R
HEER 25 AR B A SR 2% FRISE 367 FARF(MEE & . L M AR £
RS PR BEREE N B - ARERARFAFENRBRANEAAINE IR 5. 628/kg. 2K
0. 62/ kg LB (PO 475 mg/kg, S (KX0)8. 91 g/kg: W@ LM FHEET 0L RSB, & S 6
B 28% . FHEER 1. RASVENMENESE Y 4%, KPR FMRHEE B 11000m*, & & F R
60 M ERBERAE L FRE L RAENEESRNY 15.6 ¢/kg. £/ N 0. 93 g/kg. 2B K (PO
831 mg/kg. 2@ (KM 14.50 g/kg . ETHA L MEFHE M £ 0 KBEMRE. L4 45000
kg/hm* A PEER 2250 kg/hm’ il BEREHE 1500 kg/hm ;W T B H AR ELEM 7% . L WAEHNE S
BH10.) g/kg. 28 1.19 g/kg &8 (P,O;)513 mg/kg. 28 (K:0)12. 9 g/kg . BR+ AHME H . GH L&
W 22% HEEE S BAORBEFKGIH. SRR SREDELA. KDEE AR 8RH 25%.
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BE M EPFOBAABRHEKEEYERE, L RHFR IR LARE L BREVFIAEAERN
619 AAREEE I B 750 ¥/ hm?, F &k — RN + B FOREHC, X5, 8% L SR B/ L %0 50kg R XK 2
kg I BEBEES 3 kg  BHARBREYRENEAREDIXERLRN . KENRE LM HE WAL ®
RS EPEES. +&ER RN 45000kg/hm?, i3 BEELES 900 kg/hm?, & JE fin ik bR 1€ 2ELHE - il i #& 09 750
kg/hm?, RBEXKEHRARBRHN R BRI,

RBRK 3 HERFHEBER TR 19000m?, Z X HHK E M B AT X, 5T R LA B HR
B HEBRSLERN T%ESE. EHEE 20, 2RYUMTE. HRARB I L, 1997 FETROIAE
MEREDRASOK. A KREABE RASTETHEMEEEN 164 HERS HEPEER . £ KRE
B EETFTENEER . AABRANSRER.KLHSRREHMANM, FPHEE 6. 2RFVFHAN
WERH 3% . HAMEIHMNET R FRIOA . TR EEHA 192, 13905 #8508 % £, 3
S EFRFERR TN E EMENR SR 12.13 g/kg, &% 0. 76 g/kg, &8 (P,0;)543 mg/kg.
24 (K,0) % 10. 68 g/kg.

REK 14 HFPHL2BEMAR, @SN 57400m?, B A PRI E 2, 1999 FARBR G H . KR
MELRERME, 5OER%,. LNHEHYER T EHHBVEARHNMEE NEREA @RS E
RO, EREBHMEICHEE, T AR FVER L RRFVFHOEBEEBE R 28% . LRAHLAE
& 6. 08 g/kg, &% 0.59 g/kg, B (P,0:)434 mg/kg, M (K;0)7. 98 g/kg, E B 21°;2000 F TR
RO AL AMEVRES, T REM AR T AFH L AU TRN 8 92 g/kg, 2 M 0.72 g/kg,
4 3% (P,0,)497 mg/kg . &8 (K,0)9. 68 g/kg RREH FHHBMBHE R 61%. FMHNMAEERN
+ 2% 45000kg/hm®. R ® 750 kg/hm?, it BEBR 45 900 kg/hm?, /i . B R K F B HELRPA R KEHR
37

HRBRK 5 @AY 8400m* , FRAZEXBRFERRHARBRBE, KEHEEHVINFRHERK. R
B BER AFHEXIMHRATHLRRMR. ERENESRBRGTOREBARBBEMRPEN
RHAORNRBIFBOK L ERER . FHZARRKBHENE . ARELRBREE LrE DI R
B K ERE IR T REGIEI)REBF LA H . EER 15sm, AL 5 ERRN 20055,
HAEEANE BENCEBEK. BRFVFHHSASEN NS, DMEVNH I RN 18.85 g/kg. 2 X
1.19 g/kg, &8 (P,0,)583 mg/kg . &8 (K,0)14. 20 g/kg. FAAMBBRE W W EITHBNY LI E
KWL HERBRARDPTRY:HABRAAR S AR LE Z2REAFMMIINEM. B LMEER
WAEEL.

2.2 MEFHE

EFRANE STRAICUBRKXFEITATHEHBUSMIBATHREIT A THME . EHZHIE
MBEACHRICFEERY 30min BXHIR () Wischmeier R AR EAX AR, &
KX EZER 2000 EREM B (PORBEREHRI(RIELER 1.

xi RBREFER 200 EFHTRAMENRMNIETLIE

Table 1 The seasonable distribution of precipitation and R-value at the experimental site

1 2 3 4 5 6 7 8 g 10 11 12
Jan. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct. Nov. Dec.

H Month

BE T # (mm)

Precipitation

MEE@EMmA R
(m. t.cmh/(m? + h)})

112.4 128.3 133.9 127.3 151.44 349.9 58.6 201.4 7.8 168 122.1 31.6

259 684.8 670.9 1824 6917 19799 1714 14704 0 2988  568.2 O

FAZRRX B KOLBAVVRAANE I L ORENE MK, UNXAEAH SWO A
Hic KLt )
RHENME FSW4 BB BigKAHRM, 848 H JidKMHER . KMER, =AM 08K, L
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- PR T R Ay Y 2 K M R AR B AR i T R
BRERS 7TV E O A (Y i) R 1000ml R B FRAES mE. HE -
ErWE N BER M THRE I RRSERE R RERRBYMESERITHBBRMMARE.

5 it R B ER M 500ml 2R TBRES N 2ml B &R A MK EH T o,
BEBENE FTRAZHEE. ESEZME REEBRE AT . REMESARGAEBERAR.

HERDERE BRHYE. FRRRNARBNEDRABEMSRIELE 2.

tiME KR #HTHE EEEZE.EEREE.

mBEHER FREEE.

RHRBFLENSR BREAR HSO, KHEEEARFRENEEREME" . ,
REPKEEEN SR RFUEA 0. 45pm BT S R HSO, - KB REFE AT REREE

%E‘Eﬁd%ru'ﬂ]a
BBEAESB NaOH MBS AaK . BBHEERB 0 dmol/LNaHCO, BEMBILL &

EIIL’]Q
BPHBEBPLRASE BABAKHSO-KBREEGHESHIaEME™.
BRPKBEROSTE BREA 0. 45xm BTG  HEBH K AZRE ",
ZHRPEAERESE 0. 1lmol/LNaON BRAWE,. TEAER ek,

ERBRAEBREGE N 2000 F 1~12 A,
X2 FAEMNAAARRESREBANESHXE

Table 2 The runoff and sediment from catchments under different use patterns

F % B Loss KX 1 HEX 2 HERK 3 X 4 REX 5
o Catchment 1| Catchment 2 Catchment 3 Catchment 4 Catchment 5
2K Runcff(mm) 139.1 109. 5 £3.8 g98. 1 193.5
¥ vb 3 % & Sediment (t/km?) 412, 3 271. 1 94, 0 154. 0 607. 0
3 gMS5aH

3.1 FEFMAFARAERERRARNERSN

311 AEHRAFRARREEREREZRSN SRARREFEMANEBVYVHAVEREE DIUFH .
MAMPRBARMAFRARREEENHABERFVAR HREREXLBRHINIIFRIRER 1>EK
2>RBX 4A>HEX s> RHBX CHPRUSEGAREREXBMA/NIFE LR R R XS H# KB K/HIR
F—¥ BRAPABHEERREBRADPEENRRE 2>RBRK I>HBR > KBER 5>XBEX 3. A F
KBRS HAEERABRELE BENEER/ D REATHEAEAMEFRNEREAH BV T I REMEAH
530t /km> (B BRAEHBENENHR Y I NEHEERE.ARHARY P ERAH I BRM. RE K
BESRUALBARKHBRENERR K. AHALRHERLRNETEREX L XBRX 2 EKEK 4 89
REFEAR BBR 3SHTRE#SBPEF BHRBMBEUREARE/ AMEREREBEMK. HBK 2
MR A HTRBTKEIRERFNESHERAME. RHEPHAXBMZHEAES /D FRREX 1, HikHED
MEHRAHAERLABERTERAENRER 1 WERRELR. ERANEEF RUSEERERK
BLHEERELARYEH . RRK 1 H61.25% B KBKX 2 H52.29% . iABX 35410991 i ABKX 1 K
53.43% JRKK 5 K 56-12% ., HILT WM PMHBE I RBEEREVEES . RABRX SUSRERARBR F
ERRBEEE.

3.1.2 ARAMAFARBREBREREEREIN MAR4JUED: HRBERFLA LB R/DBFE AR
Ks>RBEK I>RBRKE 2>KBX 4> KBEX 3. HP RIS/ S0 R K Bt 4 18 8 6 XD BUF . (H 2
FRBHHEEBRAXIMIFIRER 2>RRBRE 1>KRBREK 4> KB K 5> K 3. K7t 8% AY il K B X/
WAENEBX (>RBRK 1I>RRR 2>RBR 5> ABRK 3, ARAWREF . RULESEHRRERLES
BB ERYELARBE 1% 85.06%,i BX 2 % 83.78% . ABK 34 79.88%, . iKWK 44 71.79%.,
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HRK 5% 9L 2% RALMPABRENRALSEERRVESE. B FRRRK A KSR L L0
0 % o 2 g B CRR RS B W -+ R S B%) 99 % LA b L B MG AT LA A k4 O 9L K PR AT W B O 1 R R Y
MR, SERBENTAE SR RO L RBRX | K35 74%,iRBK 2 % 49.05%, iR KX 3 %
55.3%, iABIX 4 F54.58% AKX 5 #20.31 % ABX 4. KKK 2 MLKKX 3 MEHREERHERR,
ERENARK 4 MRRX 2 RREBER K AR IRERANE AEa FHARNSIEEK - GOR
ERAAEATRRENER AMA LK ELAEE. KEX 1 BIEREREK. ARKX S pmmE,. &P E
MR SERE EHERENNEPRAAREEREK. RRX s AR ERAE R . HBEX 3 0%
EHEBRBD.XERIRRE S WARBREDAARERR AR SXEREMRDHAER /],
HFRAD LB SRFAFENEA.CREH AMARE S MR ERLABRA.REX 3AIRKHK
BB BEEABEAKBHEIRRE B DR SEREROXDPFA - ZRAIER T
B KEER R R A BA R E F42 %5 A /N i BB T HEE R KD, RIKEN KPR
MR EBEEROSBRABENER, RRX s REAZREX . HEG TFTHEAMBEN™E. LEKPH
HENAREE BAHEAHEPAXSA KA SERORERE KR KEERERORARRPTER
X1.ERK 4 IARK 2 9sR. ARX S FTHAERIEF AN EHEAED R UER/).
AT ENR KENBENRAXERKE. RRX 2 MRBRE 4B FRET KLRFNESERKER.
BETALIAEB AMHABREALCLR QERYPEAARRALA BN THRLENRER 1 R X

Wk,
%3 FRMNBFARBENREERSR

Table 3 Fhe amount of nitrogen lost from catchments under different use patterns (kg/km?*)

i BN ¢ HEKX ] HBK 2 HERX 3 HBKX 4 AEKX S
Loss Catchment 1 Catchment 2 Catchment 3 Catchment 4 Catchment §
H & Total Nitrogen TN 1613. 8 1411. 7 502. 6 1136.0 934. 3
bt 4 A& M Particulate Nitrogen PN 988. 5 738.2 2086. @ 607 524. 3
K 78 Y& & Dissolved Nitrogen DN £25. 3 673.5 296. 6 5258.0 410.0

X4 TRAHMAARRARERRERLSR
Table 4 The amount of phosphorus lost from catchments under different use patterns(kg/km?’)

P AEK I HEX 2 KEX 3 AKX 4 HRE 5
Loss Catchment 1 Catchment 2 Catchment 3 Catchment 4 Catchment 5
2 Total Phosphorus TP 350, ¢ 263.8 130.2 212.7 365. 3
¥ b 4% & 7 9% Particulate Phosphorus PP 297.7 221.0 104. 0 152, 7 360. 5
% ¥ f 3 ¥ Biological Available Phosphorus BAP 125. 1 129. 4 72.0 116. 1 80. 3
A 385 ¥ 3 Dissolved Phosphorus DP 52. 3 42. 8 26. 2 60. 0 34. 8

3.2 REFAEFXRR X 2B & et e] 2 78 2
1.2.1 ARFAEFRBBRREREweEZF AN NE 1 ME 2 7T LUE K 2000 484058/ 38 A R A

AR RERDESSEEAKBSEEREYH B4R 108G FERTESAH.6 HIY R 8 A
 BREIRYESSHKBEEARANIRERRE ARG T REPEXNE M. X BB E %k
NEOSASBERER.FLERVESAERRREBHLHGZRE 1 K 95 48% JARK 2 95. 06240,
B 3%596.19% . REK 4% 96.24% . RRE 5K 95 WU KBSREREAR. S2FKEERERK
B, RRE 1 %88 61%.iXBK 2% 90.59%, . AKX 3K 92.89%,.iXKRK 4 K 91.43%.HEBEKX 5
B 94. 21 % B RUESSRABEASEARAN I NEERELAR. S 2F I NAXRAXLENHS KR
K 13%92.24% . iIRBIKX 2 % 92.93% . . iXKBX 38 94.24% A RKX 4 % 94.02%,iXKK 5 5 94, 86%. &
XFERNBRERRE PHBEEERENEAERRAR BRI A L REAKKR G EEALRE, HERR
HE %R EE L AR I TURKE. ARr.6 ARV LSBMTEY.8 AR N LNBERATET . ¥
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fRE AFTEEA KT RETEREERH MY AMBERANRIRAY I RERERERE
EFARMAER. FRAAFANREE HRERWHRREXFHERWE LY K BB RARET
HRBKE I>RRKE 2>RBR 4> RBRK s>RBX 3. iRR s i FHEHE LS ABREAR L. LI
MAE LR RELMERREHBRIRDAARRR B THEARMRBD L RAR T RBMEEER
SHSREHY 3 76ma/ke KBHEETHSRY 2.2 mg/kg EBELEFHTHE 0. 35g/kg - HIRT
RRE BB 2. ABRK S ARBR O HAAREDE SRR KBHEREERD LR KX R RK
FRABARDALEDNTFRER s NXBR | ARR 2 MRABER « MRV ESERE . KBFHEREN
IR EAER. UM THRERAEH I NEREREREAM LR (WL RA KN LIRAGIB . E L
BB RENIRELNEE LR RO SERE TRFETHRXBEEERKR EE LR M
MmE . Z 1R+ EEEBR.FGOLIENESSRIBRE . SERECHANRTRABRK, LRFETHK
BEREEPHHE, ARX3HTHERPEF. SRABDREA BB/ EH#ES XHEFFTHOEE
HEATMEESHLARR DN RBER 2 ARKRE A A TRARPHERASERE ABERX R/ THERK

ZEXRERRX 1.
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Fig.1 Temporal distnibution of loss of particulate N Fig. 2 Temporal distroibution of loss of dissolved N

under different land use pattems - untder different land use patterns

3.22 ARABEAFRRBREIBRAEOSEEZRSN ME 3 ME 4 TLAF L . 6 458K K K 6 H
B — B, 2000 4F NI KB R K AEREI N 4 AR ZE 10 Al . FEEPES WS Ay, XWHMEY
ELHABRENRER. SEFRVESEVERRENERA ABRE 1 5 95.07%  ABEK 2 5 94.9% &
BIX 3% 96.62%.iAKBKX 4 %5 95. 85X . MBX 58 95 4U s KIEMHBERELE . SEFEKBEEREREK
RAHH . ARX1H9075% . RBK 2 K91 12% . ABE 3 X 93 1% . MBE 14 491.90%.HEK S5
#9176 % IRV ZEEAESHABERRFNAHERBARARE S EFLNARENRRS BN KB
K 1% 94.42% . iR 2 K4 94.28% . iXBX 3 M 95. 91 % . iRRIX 4 K 95. 10%,.id K 5 K 95.40% . H
FHREREINEEREANBERNEN —# . TEZYHRBERRNEYHEIENSRER. B 6 AR XY
HWEHEY S AMIYMENFEY. EHRL . ARNEER KLIRAFEREAX RN . A Wb
BRAOARYHEG L RBREUETEAIFR I PR EN, EXHBEREE . FAEAMHATFAHARXEY
EAEMEBERERNIMNIFEIRER 5>RERK 1>ARE 2> HRE 1> HBEX 3. R WESTHER
EMEGKEBESHRERCBEZH.EBRE 1 5. 96 ARXE 2 5. 38, i ABRK 3 K 4. 11ABEKX 4 K 2. 62,
BXS5HI0N.ZHTRBAENHRRFIEIRYESEHE. AT LRRENH R EIBRURBDEES
Rl REX SHBYHEARBRA. AMELHAREBENARA.AREERHBEENME . EYFH £
RSB TR.BEREBEFHGEPHHBE, KEESREAINFAIRRE >REX 1I>2RBK 2>1]
BXS>RBEIHFERZRR s t REMBEATE. AP HAKN SRR BN H2W P KEMAE

BRI EBEE,
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AMPRBEEFRRREARAAARE - THEREZENAE. — FEHERP/DFREK TR 5

- B G E& MM KR ER TR DR RTR A ICXREFNESEXR. B TAREEA
FBMIE B E M BRI E ERAAAN AT EEAREEFEXEBER . XfTH—
BIRKAEZMAREXBEATEN. ARES YA IEREYRAFRASH N AETEIHRE. 5 #
KEBRFRAMABE AEMAKEIER. EUALEROEESE, 2URHEEX 1. HEBX 2 dK
XKARRKEEGHBAEERHEATE -GS X3 NMEBREBEKLRFER HRELRE 1 FK L RFH
MAFHEHEREMETERBE AMAKLIRAREX . HERAMEBYRERN & o BB R 8 XMW
BR2HZRR AMKLAFBREXKFBHREERN, TRARNY MRZRMREY R F 7 EHRE
b S0 b oy A TF R R A0 Fr B O b LT o SRR T RK L MR AR R B IR L A BF 5 A V0 3 I8 TE T R 8
HAEEEX RN BRI TREAEENENRURRE.FVETRFR. N EEENERAE BB
DREAMEMBEYH AN AERE ARES T RABX KBSV ARER R, R 288K/ AR
B, R R T IRBATRTE, NhTEBASHD BEZSHEKROAAE YHREREFERN
ZHEMRMEKACHEEZLENAFEYR AR ZILEREGUBRREBRHTE . FHFHMHLEX 1.8
X 2 fMRKIX 4 th RRBT X #4503 MR A 5 A BE B0 A 3 IE Q0 Al i AT R AR R X BRI G E 1 K
RHEE KEBEFPNAEBRKIHED FARAEELD RAEX 1 AEX 2RRAEX 4 HENGRE
P T -5, A PEFHERBYPERALERER SRR s REVFROIRERBLENEMERG.H
REARAB-F . HT2ERAR.RRMTHABRNRYVRAREBLRE. AR W/ AERERLNY
AR REEZREEXHTRHRMETEAR . HERA.2000 FAI LN .. ZZAKEREMN D7 ZE
BR R MR 530/km® UKD THEDREN T RAE G 2R, REMARPEBNAZ LR B
A KEHAENABR SHERBRARBRYPRARBRE HEARNEDRAHRIHRBRM RHKER
BRI T MESHRNEEEKE. AREFREORMX AZHP . EHE L -HEARRYREF
R A BEADNT 25 B RHILERRRIP KL RRE ARSI ME XREEN HEBR
B ERRAPF T . HHEEEREARBKLRHEEE. AARFREX 2 IEBK 4 h TRET LXK
TRENEPHEGEAREEREEREFEHPABERAG KIS AKEE HYEE . MAKEX 1 KR
FEEHEBARANMOKFREERR 2 BHAE/M FARLER 2 MABX 4+ HZHMEYRE R LD Tid
B 1WNERMEDRAR ERFMED K TR0 Bl i SRR A Y DI 350 89 58 8 F
ACRERBHEMAKERIFHEE. BT LR T MR RRH BT L TR R R LR,
ETIMENIRAREENRLABHRE ANBRRTEFAMEBY K B, 01 BB R T &R AL 89
UHEIER -FRNERRTHBAMRESBEINEEEHE. FHRAFTHABRRE 5, RERHREYP RERAE




3 SRt AR YR RN R P ot e A1 197

Wi BN FHE KR X &Ko T IR R R B E. MANGEE. L ERAX
soasASE ELE T RERBAASEBRORAEINTRER 1L EBK 2 AR A HETRBR
FEMRRL XERYTHRESR (B ZIRYFEEEL RER 5 BRUHABEL KRR
ARAMIXHNES  AE T RBFEAOLAEERER RAEREX s HIRAMBYHRABRRA.H
HEEAEROUBRVESARENABEEEZENMARTRRE 1LRARK 2 MR KX 4. B KX 3 Bz
HRVEERR/ N EMEEERELE AEH LSRR/ . ETHREX 1LARX 2 KR 4. @ TRl
WX 2 RARE A PERAEEEATREX 1 SHERARR 2 ARRK 1 BHREATAIRE TER
K NURRK |LARK 2. AR X 4 WEBFR LB TH S /05X 0.792/kg 0. 92 g/kg 1. 22 g/kg  EH¥
¥ & B % 474mg kg 188 mg/kg.551 mg/kg) R T LHMKEHE S T REHAXHBYE HEXEKX
2 HIARIX 4 PR T KL RSHHE.2HRARDREREN MERMNEYH RO LRFETHEN DT
RBRRK |, BFARX 3MEAEF A BURABREK. ARRYPESESEERAR LRI . FAd FX
BB AN EEAEYRANGLE ERATURE I ESAKBE ISR THER 3 ®AMN
tREEUASHEENE HTRRRRAEMN EIREEURYEASAE . BRASHERERIEN L
MBENREBASHARVEES.

Mo AMARBARMAAR L RESORKRER — MRV E A0 B P FE T REE.RER
B AHEREAMERFR. PRSI E R MR AR A R o U R R
H R REGEEEN RSN R LR RO AR KB PR A -
8T+ R Tk B BL A L S RS TR A AR MR R B A OK o (R 4% R 0K L B YA L O R L 8 K AT e A
WA E BRI TR
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