oh E B RhAS 34 AR HAF ISSN 1000-0933
ER T T CN 11-2031/Q

FSEM

Acta Ecologica Sinica

#ohE 60 FHFE N BYEAT
ERMATFIZR

2010

rRE RS -
rh E R B AR TSRS AT ST AL
AL xR B Hi AR



EFEER
(SHENGTAI XUEBAO)

R S A % 30 & 5 23 Hf 20010 12 A (¥ ABT)

B X
1940—2002 4K 3z o T /R 5 AR KB P Hrb K B AR LR RSB FHTA -ooeeeee REE. 2 F,A0E,% (6309)
B R TAMEA L BELIRIE +oorerrerrrrttteen e e B W, ek, BT, £ (6323)
BEAERTANIEE B ELIRBEIAFIRR corerererrrerertten e B W, EA)NL,E &, (6331)
B g s BB A S RAEDEEME NP SRR BINEIRIFAE ooveeeereeeeees A, AR, FAM, % (6338)
K L B o AR AR AR I BB AT oo AEHE,RER, HHL, % (6348)
MEEBEEER I EBEELEMBEIE cooreerrerrereneeeeseenen s EAB,LFE E % & (6355)
LR BAEEN G AR R ATE A AR coverererereer st BE s, BRE,RYE, £ (6363)
TR KBIETE Z LA TF AR KRB IE DA oo eeerrrerrerreeremmmmtieee e VE BB E, THE, £ (6372)
FRR AL BT ETFABEF A BT coeeererrrormrrererttenten sttt e e e e RE® 7 = WEK, % (6380)
TR EE R AR IE T R ES A EMAEN AR e X\ 4%, ES L E, % (6389)
UM T T AAE J 6 22 ] T JFBE +oeeresemvrmeeneteestesen sttt bttt e e e sttt e e s ;OB OELA B4 (6399)
B EIR AR A Y NS FRIER G AEF cooeererrrreei REF,XNEE FRE,% (6409)
WL A B 6 B & KA BETEAELE MY oo rreser s ser e B ERIE N EF, L (6418)
KA KA AT T IBH B E L EEAD evveererrreneemiiti i B E, Fah Ak, 4L (6430)
RIFBRIER B G T OM A Z B E G4 EAPBER D FIMIBEILLE, coreeeeerrrrmr kAL, A (6442)
I AT IRBE B Tt 3E A R G B uh v vveeeenereeeen s ettt ke B4 FF s (6451)
BT PR TM HIE6 B H R A A IR eeveenrnmenmrnmenmr e L, ERT,RXE (6460)
EFCVM 6§ Z - R B AE B AL IR o ovoeeererrrereer e, HEM,E—F B ZE, % (6470)
B RN T B FAME R A AL VAT I A ALTT ] wooeremremsensensensnsnene, OB M, A, 4 (6478)
BRBHFRERORRFPSEH YRR FEARAFEBHEABEDEEG LR BAX, K #,4%3FFE (6487)
B I - = 0 PP A XMAE, I E L (6495)
R BB ARG R R E A AR B ARG Hr coveeeere B & TW.E .2 (6504)
B R R A A R R A G AR B LY REE oreererrerrrrrr s DAK, KRB BRE £ (6512)
F A b B T AT R AR AN W TR eereeeeer ettt o o4 T x4 (6521)
B B O RIEIEE B A R A R AGIED TG oo BN K H,KEE, % (6530)
BRRAEETIREAIRT R TALHLIE e T, ZmE, HE K, % (6538)
LT T KRR AL JA IR ZE A TE AL AE -+ eeeeeeeereeereereeneete ettt ittt ettt # B OREE,%R B (6546)
3E 42 JbH f P AR KB AE AR (L) MR ARG IE B ST <o ermrererrertee e e EER, B £ (6555)
AN BT LA R TR 0 S AR BRI L B AN A v Tl % % #,% (6563)
B R o i R Sk AR T 9 K — S AR T IR o WHLL Y W HER,E (6571)
EFHEFERNEEZATHRERARAI YT LB C NP ALZFBHAE oo X T R, E &, 4% (6581)
EREREEBELE L GRIG T SR T E eevrerermremermre e R ABE KiEMH, L (6591)
AT CEVSA2 B2 ) B A A LA vH AR K AIBB B RBAEFHED -ooeoveeemmereeennenneens BUEE W, EFR, % (6598)
P R A 8 1B -3y T PP WK, A FEHE L (6606)
TR5RR
N R Y DT b L T T PP PP PH PP PH PPN WAZE EBE, T24 (6613)
B R A B 2 ST PP PRSPPI B, T (6624)
B R T EEREIEITREBIEIN corevvrereeeree e MEE T EE RER, £ (6635)
MEE A
ETFABSZRGIBRENEORBAEBIME— VAL FE G AHB] oo, FLA,0 B, E2KT,% (6646)
A E R AR L T EEBETELE M covvverererreeeenn e e Y&, (6654)
e BARA T AR T A5 R R A R R AR B F R R OG- FEW,KHML,E F,HEE,F (6661)
FRORIE R T ik B A DB ARG U L+ oo reereereeneereemtenet ittt ettt ettt BRI, B2 HE &\ (6669)
EREESHE
GIS #rik BB RAA B EANE AW BAEPARIF PRI LI coveererermrmmiii A, ke (6674)

HITIR A S :CN 11-2031/Q # 1981 % m % 16 % 374 % zh % P s ¥70. 00 % 1510 %42 % 2010-12



H & 2 R 2010,30(23) :6309—6322
Acta Ecologica Sinica

1940—2002 4 45T TR 8 & H E MK
R R+ R R R T

ABEZ, £ B, AmEY, Fait’, HHhE,
FE xR, A4, Ellis, Erle C7
(1. R R BRI S5 22% , Jb 5t 1001935

2. o E R i B2 5 BEURAI T BT AR A R G0 O 45 O 5 A B S SR i e R A ARG, bR 100101

3. hER KRR GAEYBARERE, JLat, 100193; 4. FR R KRR GBI, Fat 210095,

5. hEBFABE R R LTSI RT, ML 2100085 6. AR KA 5T AESHINT, TR 510642

7. Department of Geography and Environmental Systems, University of Maryland, Baltimore County, Maryland, USA, 21250

8. Institute of Coastal Ecology and Engineering, University of Louisiana at Lafayette, Lafayette, Louisiana, USA,70504)

E Tk 60a 8], KILH TP IR £ A UK AP LA R AL, R BB 2R B R A T B AR JF 0 K AR R A
ERTET R 8T R X RAE AT PP SBE R B /N R AL U A 1965 SRR LR 2R
SEEEE R RUE M RIS AR E A5 8, PR T 1940—2002 AFK YT A T HFF IR A D 35K & A 808K 358 P # i
HRAFH TR EHMHERIEL, FRFI . I 60a K, 76 86 x 10°km” B XI5 H 47% WKL T, o 33% [T
FURBHBREIRAL . BB 18.6% ( -16.0 x 10° km®) , e B BRI 21. 5% ( - 18.5 x 10° km®) , FpHEAAEYI
EHEAB 1.7% ( ~1.5 x10° km® ) s TR AAEY FIFIE 1 4R EDIK BB ARG HIH0 T 3.5% (3.0 x 10° km®)
M2.0% (1.7 x10° km®) o SRS HEAR KRR , 1B HA R X 8P AR R i L s R BB B

1940—2002 4,4 98% FA T REAE X B b 0—30 em +IRAR RSB, TIH 0—30 em TR LBEAHENITEH B, X
kR R AR B (7.2 Tg N) , B2 ZHE DR REE BB (8.0 Tg N) B0, T M AR K g b 2
FEAEH R R B RBAON ERRR ., SR, MEASEDR RN HIRERERBD T 0.7 Tg N;TAEAAAEY
M 1 SRR RK BE o B3N 1.3 F1 0.7 Tg No X 3R Bk B A B, TEZAMAE H 1R 2B R T B4
PRI o A TS AR MRS, (H b TS H R B BN T 29% (Hg iy vl §edk  76% ) 5 Iz A H 1 3R 2Bk
BEAR SR, B LARE F TS e Wi B A B s , sl T REAE (SR 64% o S5 IR A 75% K AT B A A AAE Y
) R BEE gD BAUBID T 0.3 Tg P TR ARA R B K SEHUAFIAE 1 SRR K SR T R Bl >
i, 550 0.7 #10.4 Tg P,

18 3 S HR X SRR AR T ISR S Y /N ROBE R AL L SRR A 33 0 s M08 B 5 RIS RIS A 2
PE M IT I, RERBHRR 1940—2002 SR RITH FFF IR A DR K £ A LK P Bt R I K+ e RO SR R AR
KW RICPTIFFER; SREW; S REHES; N RETE DReAEE; DReAME; T RelmEE; e
Bk E; LR RESE

Long-term changes in area and soil total nitrogen and total phosphorus storage in

croplands of the densely populated village landscapes of China’s Yangtze Plain
WU Junxi'®, CHENG Xu™* , JIAO Jiaguo*’, XIAO Hongsheng®, YANG Linzhang’, WANG Hongging”* ,ZHANG
Fusuo', ELLIS Erle C’

1 College of Resources and Environmental Science, China Agricultural University, Beijing 100193, China

ESWA : L EEZP#H LT H (Grant: DEB-0075617) 5 F5“973” 8 pi R BIFIE & & 1R H (2006CB100206 )
U7 H 8 :2009-10-27; &1 B #1:2010-09-17
* A IAE#H Corresponding author. E-mail ; chengxu@ cau. edu. cn

http://www. ecologica. cn



6310 £ A5 % R 30 %

2 Lhasa Plateau Ecosystem Research Station, Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural
Resources Research, Chinese Academy of Sciences, Beijing 100101, China

3 College of Agronomy & Biotechnology, China Agricultural University, Beijing 100193, China

4 College of Resources & Environmental Sciences, Nanjing Agriculture University, Nanjing 210095, China

5 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China

6 Institute of Tropical & Subtropical Ecology, South China Agricultural University, Guangzhou, Guangdong, 510642, China

7 Department of Geography and Environmental Systems, University of Maryland, Baltimore County, Baltimore, Maryland, 21250, USA

8 Institute of Coastal Ecology and Engineering, University of Louisiana at Lafayette, Lafayette, Louisiana 70504, USA

Abstract: Over the past 60 years, land use and land cover ( LULC) have changed dramatically within the village
landscapes of China’s Yangtze Plain, especially in croplands, causing significant changes in their soil total nitrogen ( TN)
and total phosphorus (TP). Estimates of long-term changes in the region’s cropland LULC areas and TN and TP in the top
30 cm of soils from the 1940s to 2002 were made using a regional landscape sampling and upscaling approach. Fine-scale
LULC area estimates were obtained by field-validated high-resolution ecological mapping of 12 regionally-stratified landscape
sample cells based on historical aerial photographs (1942) and IKONOS imagery (2002). Current soil TN and TP was
measured at points selected at random within ecologically-distinct landscape features chosen within landscape sample cells
using a regional-area-weighted stratified sampling design. 1940s-era soil TN and TP data were obtained from regional
historical sources published before 1965. Long-term changes in cropland LULC areas and in soil TN and TP across the
village landscapes of the Yangtze Plain were then estimated by integrating these data using a multivariate regional
optimization and resampling procedure combined with Monte Carlo uncertainty analysis.

From the 1940s to 2002, 47% of village landscape area (86 x 10’ km®) in China’s Yangtze Plain underwent a
substantial change in LULC class, of which 33% was cropland transformation. Cropland areas declined by 18. 6%
( -16.0 x10° km®) overall, caused by a21.5% ( —18.5 x 10’ km®) decrease in paddy and a1.7% ( —1.5 x 10’ km®)
decrease in rainfed perennial cropland, coupled with net increases in irrigated perennial (3.5% , 3.0 x 10’ km®*) and
annual (2.0% , 1.7 x 10’ km”) croplands. However, even with this substantial decline, paddy remains the most extensive
land use in the village landscapes of China’s Yangtze Plain.

This study demonstrates with 98% probability that soil TN storage in the top 30 cm of croplands across the village
landscapes of the Yangtze Plain decreased from the 1940s to 2002, while soil TP storage did not change significantly.
Cropland soil TN storage declined by a total of 7.2 Tg N, caused mainly by an 8.0 Tg N decrease in paddy soil TN
attributed to the 22% decline in paddy area. Over the same period, soil TN storage in rainfed perennial croplands also
decreased by 0.7 Tg, while soil TN storage increased by 1.3 Tg in irrigated perennial and by 0.7 Tg N in irrigated annual
croplands. Soil TP storage in croplands did not change significantly across village landscapes, partly because paddy soil TP
density variation was very large, and because TP density increased at the same time that paddy area decreased, such that
the net 29% median increase observed in soil TP density yielded only a 76% probability of a net increase. Similarly, soil
TP storage in rainfed perennial croplands changed very little, decreasing by 0.3 Tg P with a 75% probability of a net
decrease. In contrast, soil TP storage increased significantly in irrigated perennial and annual croplands, by 0.7 and 0.4
Tg P, respectively.

By combining a regionally-stratified sample of fine-scale landscape features with current and historical soil data in a
regionally-weighted upscaling analysis, long-term changes in cropland areas and soil TN and TP storage were revealed across

the agricultural areas of China’s densely populated Yangtze Plain.

Key Words: Yangtze Plain; village landscapes; croplands; upscaling; soil total nitrogen density; soil total nitrogen

storage ; soil total phosphorus density; soil total phosphorus storage, land use and land cover change
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Fig. 1 Regionally—representative sample selection in village landscapes of China’s Yangtze Plain
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BHERE LR ER D BT AT A 1965 4FAT + 5 £ R M 2B ERE 2 20 4 40 FR 2 HREMWE
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BE >30 em HAE 0—30 em WFR/NFIRZE 173 BTRE, k& 3% MR K2 1 2808 F TiH5E
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R1 2002 FHIRBRE 30 om RYTHERE
Table 1 Soil bulk density in the top 30 cm layer in cropland classes in 2002

0—15 em 15—30 e¢m 0—30 cm

HritiZeR AR HHATE/ (g/em’) HHATE/ (g/em’) HIATE/ (g/em’)
Cropland classes Number Soil bulk density Soil bulk density Soil bulk density

(Mean + SD) (Mean + SD) (Mean = SD)
ﬁlﬁl PRI S 9 1.12 £ 0.10 1.22 £ 0.12 1.17 + 0.09
Irrigated & Annual (IA) *
T S AR AR AR K Pt
frmigated & Perennial ( IP) 9 1.07 + 0.08 1.18 £ 0.10 1.13 + 0.08
fEH Paddy & Annual (PA) 10 1.02 £ 0.14 1.16 + 0.12 1.09 + 0.09
T 1 AR it
Rainfed & Anmual (RA) 21 1.12 = 0.07 1.18 + 0.10 1.15 + 0.08
RIS A EAAAEY) T 8 1.07 = 0.10 1.25 + 0.05 1.16 + 0.06

Rainfed & Perennial ( RP)
* ;155 PR A RS

BERE 2 NI 94 RURI B B ORISR 20 BE R O, A Rl 2 Ab - 1 e i R 2 R B BE(E I
SR BNES B BIES A o FFEESMI I, LR E MBS RERE( > 1% M),
BOE BB IE A7 AR BE s B (72 0 AL , R O 3 B AS vl B8 (D) 5 AR AT & X BUE S 204,
B IX 2 A RENERAT &, (H LIRS AR BB R4 B8 R R & 7 AR AR S A 0L, 00 8 DA X 50 A AR = 4 2
R WRBEARAFE IES A ORFFE X BOER /M , MR A REA B p S (o R | A fE
B 30 MR AT | AREE, Z AR EE RS AR R H A B B R o
B IR AR W AEE A& ES SO BUES 40 , W AR08 I3 B 4 A S 28 BE R 0 o AR
15 30 MREABE B SRR LA 1A, W REA B B B Jy 3 BOE RS oA O ME S 2 BE iR " o TR 2
AN S - 3 4 SRR i o B O ABE SR BE BRI AS [ 2 Ak 2 : 2002 4R Bk 3t 6 BY v A - SEBURE SR F), P HGF
PERERHER (SE ) BEEMERE BE BN SHG BoA BRI 2SR, FT 5 AR Bk S 2 (48 1) F 2R BUAH
[A], Q7K PE s 52 s B SE RYAT AR [A], iR 262 ) 1) 1 P A B i) P 358 SO AR 22 (SD) BEE M
R4 BE PRI SR AN AR B AR 0L Bt S i SR B, UL e b ) PR A S Y ) - S e ) F
PE R HAREZ (SD) B MR B R B SR, HF LB X B A AR R 2 B R . A =3 IR
SRR A SRR, P S E A R 1. S fR R (SD) BUEM R B RSB A <3 ALt
Bl BB SRR, R (A 1 AY) BEHAFIME (2 ) AR N BSR4 BE s BN P I E S5, R TR BR B
FIMEIR I 2002 4540 RIS AL ) 2 R SRR 1AL RE(CV)  FRRESE N 1. 5 455 /R 35 B pR 5
PRIEZE SR, BRI B AR B SR B BR . R B SR AN A P s R, S AR L B s SR A
9 39 I s A A s SR B I s 5 F A, U 2002 4 A R Bk i B Y - e BURE S AN, R 2
FBRREA WP IEIE K L5 5 MIREZ BOE B RE E KRB S . WRAFE LR, WH
2002 4F - 3t 1] F B S B ) 20 LS BURE B3O8 (9P S (BRI K 1. 5 A5 AR 22 (SD) B E R B BN 2
B, I HHBE o BUE 250 BB 5 B e A

2002 FAEBFS R + ERUR TR 19 S RN ST MM B R E SRR B BT
RSO YO E R R L (FA, fallow & annual) B2 88 5P (B3R #1965 4ERTRI KR ) , A 2002 4£3F
PSR O BORERE ™ AREF 20 42 40 ERMIEIBLAR R M 2 A M A EE, e KRB R, 5
B ST 1 39 7 s B AR 4 BE R U T YA A AL
2 HZRESH
2.1 BRI

1940—2002 4E ], 7E 86 x 10” km® (R IL A F#ET A DB & AT MK A 47% R A4 L i A
FIBGRA AL, 2o 33% iy T FUR B SR B R Fe 4L, oF B AL T B 71% o Bt i ARk 2> 18. 6%
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( -16.0 x10° km*) , HHF% H (PA, paddy & annual) TR/ 21.5% ( —18.5 x10° km®) , Fifl Z4E A AR AAE
Y)Yy 24t (RP, rainfed & perennial ) Ji /0> 1. 7% ( - 1.5 x 10° km® ) ; T FhAH 25 4F 45 AR A= /E 99 9 7K B 3t (TP,
irrigated & perennial ) FIFPAE 1 AEAEVEY) 7K B (TA, irrigated & annual ) B9 TR R4 BIBEAN T 3.5% (3.0 x 10°
km?) F12.0% (1.7 x10° km*) , BEA FIAANEY) EIVE R 24 ( RM, Rainfed & Mixed) FI7K Beh (IM, irrigated &
mixed ) 1A 3F 5 b3 0, T ARSI 0.25% (& 2) .
b 2% Ak S A b S 7Y ) T AR R K (20. 9% ,18.0
x10° km*) , Hoyk bkt ISR jE) e AL AL (11. 9% ,10. 3
x10° km*) , MiAE# b % T A F LSRN 2. 1% (1.8
x10° km*) . #fHh A1 5% AL 2SR Bt A 18 4, Hd R
i >1.0% A 44, >0.25% A 74, \4L 11 4
AR A T AR BAR /N ( <0.25% ) s Ho | K9 5
FpEEAG AL 5 B E AR 10. 1% , 5 #F b 28 B e 4
THFRHY 85% (& 3a) , B A2 8508 K T AR Bk 3t ) 7% 1k
KA EF, P e AL A 48 1,
HARE AL > 1. 0% B 3 4, >0.25% 1974 10 4~
PR 38 NEEAL R AR THARAR /N ( <0.25% ) s Ko “10 0 10
FORH) S TR ALK 05 LSRRG 15.8% , 5 4 5] i
JERk bR 5% 4k S T AL 76% (1B 3b) o 5 [E] 5%
PRI, R AR K R B b i {2 19402002 S RITH Tl F R & HRREM A Hi S 2Ry
RN ET o IR OB T R 0 4, TR

AR 1.0% 04 0.25% 2 A F Fig. 2 Cropland area changes from the 1940s to 2002 in the
52 N el
HAomARAEN >1.0% #F 04>, >0.25% K)H 2 4>, 5 village landscapes of the Yangtze Plain

AR 38 MEALRA M AL AR/ ( <0.25% ) o PA: T ; RP BB AR A A (EMI 0 S5 RA: FA 1 452 F4

AEH (PA) REW /D, FEEA FIEF ISR s, M. SARRAAREY HERK S ; RM: BAFIA AR
(15.3% ) FEAL LT Bt H 2 B0 (A S b /K DR ) () WORIARIRSAE 5 TA: RRRE 1 4F2EAEMI IOk BERe s TP: RRREZSARAEA
BA(8.5%) . FEH AL N 2R AEEE b B ARAL VYK Bah s B as O RAE R E s BROR AR U 4 2 5
Je(FE 3b) . Jhrb B LK = FH (AW, aquaculture & DI 5 YRR G MEAE 1 SRR B M1 5 IR 5 R FREE 10 A

R 90 HIE MR RS FRARSE 5 ML 95 HE /i
water) \JEB IR N R EES AL (CS, Constructed &

Sealed ) \FEAAE 0y - BT (DA, disturbed & annual; 32 A i Bh5s ZURZ MR B JC 1] 2 FH 38k ) - 1) 2R
) FER - FR T F S (CE, constructed & bare soil ; JH# £Z 2 =2 m T £ K HEEER/KIE) , HeHK
PR BIRINT 0.5% o HifE A0k i T AR K 0 H B 8 3 28 20 R AP A AR A VE W i K D3 3tb (TP, 07 b 2
ERAIEBRRE) FE 1 FEEY R R (RA , rainfed & annual) FitE 1 A EY ROK P80 (TA B 07 &
BRBEHE ) , HR R MERE/NT 1.0% (& 3a) . THE b F| B SR L 78 H i AR AR 2>
({2 2.4% ) ,Horpsk B TAHAE | SEAMEYR R (RA) TEIARER K (1. 4% ) , HARTEFRI/NT 0.5% o sl
D HRAGE R FHEARAAEY) ) B3 (RP) , HR AL AR R AR £ (1.3% ) , Hp A hIEB TR R E N
FER RS EARE K (0.65% ) (K 3b) s AL BB ZE R (0.9% ) o

b TR ARG 0 9 28 AR FAE AR AAE Y 7K Pasth (TP ) JFAE 1 4EAEVEW /K Batth (TA ) \FEASFIARAAEY) [H]
YER) 24 (RM) FIZK 3 (IM) (18 2) o FEARAVEY 7K Bt £ 2ty HoE B R B AL Tk (3. 4% ) , T A
JER B AR R 20 (0. 1% ) 5 Horb H RS H AR AR IO TE AR B K (3. 0% ) (18] 3a) , i H B R BIFE (LR 1 T
FABI/NTF 0.25% o FPAE 1 EAVEMI/K Gt (TA) th 22 l Ak b IS AU AL TR (1. 9% ) , T N AER s S AU A%
R HIR (0. 1% ) 5 Forb th 78 FH#E AL R M AR B K (1. 7% ) (B 3a) , i BB S8 B A ok i T AR /N T
0.2% o FEAFIARANEY FVE ) F 3 (RM) FK 2t (IM) B EARER/N T 0.25% (18 2) , g H B 2R B ALk Y
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Fig. 3 Cropland class transformations from the 1940 to 2002 in village landscapes of the Yangtze Plain

AW KP< gt C: AT A TAN 0 EWEESURM; DA: SRR LM THIL; CE: B-LRITH ERRSURN; o2 OB R
{5 VAR CURE L PGB AL VAR R 5 A L A4 SRR 10 FIZ 90 ITTAMING LKA S RIAOS IS
firsk

TR/ TF 0.1% o

P 1 SRR 2 (RA) TARTG I B A8 4k , (X A R BB R A e fh , H Lo b

RAU(3.8%) Fe Ak W EERFHIRRIRED (2. 0% ) s SR, HE S T L (b o BRI L2 (3. 6% ) , B

REVEAL N BRI (1. 1% ) o T E, 0T LA R S Bt it (8] 5% fL 28 BY 45 ASESK , A% AL MRS H (RA—

PA) BT AR 1. 4% , T o 78 F 45 LR (1 (PA—RA) TN 2. 9% (18 3a) o

BIRTE ,1940—2002 AEKITH TP IR DR S A SO KIS St R R R A T W B & ik fl,

I B A o AR A SRR AR K (20.9% ), SRR [E) 3% AL T BB /N (11. 9% ) , T AR B 4% b Bk s

REAAR/AN2.1%) o BT AERF IS TY G , i T 3R R B R B 7 SR e 22, (678 I e 1

PR B AEAR AL B2 TR A T, AMB R 5 2 T8 B 4 5 B D RS Atk SO AR R P e A Oy

BIYEE RA KL EE RS 1, SE 28N TR, RERAEFHXIEZ LIRE A2k

BRAEUAE, WO, AMEREBR AR B AL, B TR BHE AL E B A 22 57, o S A R AP AR 2 2

MFRE LR AN S EESR I KSR E LR R 28R K928 (07 4 R0, BE TR0 X

AR B YA T AR

2.2 #iHIRERMER R

2002 AEBFHB ISR + A R AR RO 57 A, s 5 KRB (FR 2) , T ZT R A R 36

AIZ A 0—30 om +HEA AR AP TR 2R (SEF=1.511, P=0.213; £5.F=1.317,P =0.276),

BERE , FH (PA) HIREFH LR 45K, IS 1 4R T AEY Bk 58 (TA) B9 2R/ BEAH

5, FAEARAAEY B R (RP B2 J5 p R BR R R ) AR AAAE ) (7K 52 3t (TP, B 75 rp 3 B2 W] HE R A

bt ) i) e U BERGR s TIAPAE 1 AR AR VR A9 223t (RA) WA 7 P SR Bl L A O A, AL AC AR

TRV 3 (RP) (9 L3 B 8 B iR R 9, LR AE 1 AR AR E 9 R (RA) o

H1 T 1965 4F Al SCHR P ) LS BR FF & A DTS e BURRHE 800, AR B 3 Bk st 220 ) 3 4 SRR ,

HAARE(PA) B L (3R 2) . MEKNEAMEMBIRERZS, 0512 49 28 4~ K

TIREFLAR D AEILIAE 41 A WA 4 4, ZR0R 24, 404 2 4 LR e midi o A7 11954 25

A BB 3 A Guit T (One-samples ¢ test) B :0—30 em F% H TR SR M EBAE 2 TR E 257

(&H:t= -0.185,P =0.854; 2B .1 = 1. 130,P =0.266) . H 2 BHEIAE R R BUR 32002 45745 H (9 & 48

W BEY AR S AR B 1965 AR /DN, T i 28 B Y A8 5 AR BOUG A6 AR I, X AR BT RE-S5% HH 033 A 80IE R A
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AR MIEEAVIREH,20 il 80 PG , ZHb XA PUAL T B R IR D, HF R P KRBT
e, M RNERIBEAE A 20 42 60 FEACTT ARG , B T RR FMBER1E L P M b B FMERAR, Nz
AP K LR K B RIE FIBRALAE A 25 57, AR AT REZE /N T A RIS B D e R BE 2=, TR TR H £
REVHEERZESR

F2 2002 7120 42 40 FRBHHBAEEE 0—30 cm TS EFTE (kg M/m? ) MEBFE (kg P/m?)
Table 2 Soil total nitrogen and total phosphorus densities in the top 30 cm layer of cropland soils in 2002 and the 1940s

2002 N LR " . BN " "
R FeAR REE  pozm RSN PRI e R
Cod DR ¥ Numb TN density v/ % PDF* TP density v/ % PDF *
€ Area/ (10 km?) umber (Mean + SE) ¢ (Mean + SE) ©
PA 39.85 (46.3%) 10 0.39 + 0.02 15 Norm 0.23 + 0.08 114 Log
RA 5.86 (6.8%) 21 0.36 + 0.02 20 Norm 0.30 = 0.06 85 Log
RP 0.44 (0.5%) 8 0.43 + 0.03 23 Norm 0.48 + 0.18 109 Norm
P 3.00 (3.5%) 9 0.44 = 0.05 32 Norm 0.23 + 0.03 39 Norm
1A 1.76 (2.0%) 9 0.39 + 0.02 16 Norm 0.24 + 0.02 27 Norm
20 422 40 4R RS roickl "
fesm s Rr TREEC e pemn s TP pmgw R
Code & Number ensity CV/% PDF  Number ensity CV/% PDF*
Area/ (103 km?) (Mean = SE) (Mean + SE)
PA 58.85 (68.4%) 49 0.41 = 0.03 60 log 28 0.17  0.01 44 Log
RA 6.59 (7.7%) 3 0.40 + 0.06 27 Norm
RP 2.05 (2.4%) 1 0.46 Nd log
P 0 (0.0%)
TA 0 (0.0%)

PA: TH; RA: Rl 1 ARAEAEY R RP: MO ZAEEARRIEYIN R ; 1P MR AARIEY KT ; 1A Bl 1 AEEA/EY KK
el ¥ XBAHE BT I E, 55 PR E 0P PDF. 3R a2 p R KA A% B BB Norm 1 log: BV IE 25201 AR %
IEZS SR AR B IR § + 20 142 40 AR B T 1965 4R AT SCIRBAR B R

HT 2 I 0—30 em HIRERM B MR E LR (K 2) , AR RBIES B 2
AN S A g RN B BE YR 3R 9 : 2002 4R (PA) 23R R H RS 1965 4FHIAR LLAZ AL,
A/ AT BB 59% , Hor AR T 3% (-0.01 kg N/m® A5 fb iy B 43 B0F1%85 BE (B #F X 10000 Uiz
AR MPE, TR ;M | FAEY KR (RA) T2 58 ER WA, Hog /b 5w U
64% , A EAUED T 8% ( -0.03 kg N/m”) . T H -5 £ B2 B 2 W3, B in ity ml B 76% , 1
H BN T 29% (0.05 kg P/m®) s Al 1 4FAVEY) 9 2 4th - 398 4l 200 B0 52 10 Ao s 3, JHLo5pe 8 Jom 4 VT B Ky
68% , H AP EIIN T 62% (0. 11 kg P/m’) , $LH] 1940—2002 4F , FEH AR IR Z L FULTFRARR, TH
TIREPEERE R MR R G

T Bk AR 2SR A DX TE RN P 3 R W B RO B R, 45 B SRR RIS A E AT
TP 20 142 40 AECAT 2002 R ITA T ilF VIR £ AR A At AEBF R B K S R A 4
BiE R LA, 2002 SERE L AERHHATE A XA 0—30 em IR RAMER T HIN 20.2 Tg N(67% ) 9.8 Tg
N(33% ) #130.0 Tg N;20 40 40 A =& H 0—30 cm HIEL AR D H N 27.4 Tg N(85% ) 4.8 Tg N
(15% ) F132.3 Tg N, 2002 443 AEBF AR X3 0—30 em TIREBEAHE D H N 12. 1 Tg P(62%)
7.3 Tg P(38% ) F119. 6 Tg P,20 47 40 4% =F ) 0—30 cm HIRKEBEGER 2 H] 0 12.6 Tg P(83% ) 2.7
Tg P(17% ) M1 15.5 Tg P LA 2 ANIHHZ XS S B A T AR A 20 BU%H 0—30 em + 34 AN 2B
BHAEHCERY (A 4) 8 KR HE (PA) TR KRB, I 68% (20 fiE4R 40 4-40) B2 46% (2002) , B HATS
JE T AR R R A MBS Y, 2 DX 3k T AR i R A - b ) PR B 26 2 5 T L 3 e RO W R e Ko
HEBE SRR R A AR EL AR/, A 8 LB d /D, BT LA R S B0 A4 1 98 4 RPN e il B R 22 B
DI AR/ N o T 2 ISR R R A DR e R e B a0 fE B4, BR T R HE AR LR i A, d
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El 4 2002 £5020 g 40 FRGIFTHERSHERRBHEERHXBWEAR T HEENEHBEETHH
Fig. 4 Percentage of area, soil TN and TP storage in 30 top layer of the major cropland classes in village landscapes of China’s Yangtze
Plain in 2002 and the 1940s

20 147 40 4EAR2] 2002 4F , & FHETECIRATHE T 0—30 om + 84 R W1 B FFE , E04 80 T A
PEH 98% , Eri L/ 7. 2 T NCHL 10000 Yoz BE4E RGP A, FIR) (B Sa) ; B RS I (PA) 58 2 UM LM
IR ., F IR BT AP 99% , SEF IR 8. 0 Te N3 HCUCRAMEA A TR B R4 ( RP) , i bR
AT AEHE N 97% , Frh (U 0.7 Te Ny AR | AR MEMII0 5L (RA) 1364 LR I R, (LR b
HOTTREHEA )y 67% . TR 254 He A A A/K SEH (TP) FRRAE 1 AL AR BEHb(TA) B LIS B
AR, AR A B 1.3 A1 0.7 Tg N, BAHHHOAT + 6 BRI B /N F 0.1 Tg N(
Sh) . B, B3 B - 5 4 0B R B 0 LB R RSO T EL RS AR
(=229 ) MU 5 £ 5, 5 R AU PO I /18, [ 2002 4F 8 B + B4 EUAE 15 1965 4R FITAR EL
AR, E b T BB ALY 59% , Er AR 3% o JRLAFIEBE I 0—30 om HHEL R BRI
(RN T 5.0 Tg NCHAHE AT AEEE 100% ) 16 ph FHE AT + e 4 KRR B, BT L & RSO I,
5 0—30 cm HHE 24 R, Hrsk /0 Y T AR HE Sy 76% , Erh (R0 2.2 Tg N,

PA |

. RP
RA |

X1

M =
RM

Hhit

IA | E05:1

E'Fﬁi& i IA +

IP

F M2 A Land classes

-15 -10 -5 0 5 10 -15 -10 -5 0 5 10 -15 -10 -5 0 5 10 -10 -5 0 5 10 15
I AR Bk TN storage change/(Tg N) L3 ok B A5 4k TP storage change/(Tg P)

B5 1940—2002 TR THTER S HRUKE P #t I EHER Kt HERmMERERTL
Fig. 5 Soil TN and TP storage changes in croplands, noncroplands and across village landscapes (region) of the Yangtze Plain from the
1940s to 2002
T B OB P E s TR ERTR PR T E ; TR R P R SRR I MH s IRZERRARER 10 FI58 90 WyE - AR
FIRE S R 95 HE B

1940—2002 4F, & A S0 KR B 25R) 0—30 em + 2R B A B B A8, Hoi i i AT BB AL
H56% (B 5c) o BT + e 2B iR A AU IR BE S R B AS I (PA) iR B - 1.3 Tg P {HAEHRAD /Y
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AT REMEAL N 64% ;s LA AEY ) 53 (RP) F 396 il B Wb #a 3, om0 B 7T B 75% , (HLH: P
Q> 0. 3 Tg P TFAEARAANEY) /K Yot (IP) FIFPAE | A AEAEY /K Bt (TA) () 3wk i & 1 EU
SIREAT 0.7 F10.4 Tg P, 30 0 7 FEMEER 2 100% , oA #k b2 700 1 1 498 4 W i 52 1 o B398 I 6/ F
0.1Tg P( 5d) . miE K, KiH H R EL LT B2/ E LR LwER R, ERE R
FUKIE TR ( -22% ) (B 2R H 58 % B A P EBE N T 29% (0. 05 kg P/m’) , 38 0 i) T e R 76%
Bz G H B AR REOR, BT AR SR B BA B B b . R 20 HiE40 40 4ER0F) 2002 4, K
WAk 18. 6% ,(HH 0—30 cm HIRLBHEEHFBA WD . HTIEHF A 0—30 em IR
PRI T 4.6 Tg POESEANRY AT REME A 98% ) , T 27 + R B % B ¥ B B384k, BT LA X 3% 0—30
em HIESTEER A PERANT 3.9 Ty P, Hage g o] et 82% .
3 it

1940—2002 4F , b A JSIE Sl s Tk b b & B, KITH T PR M £ MRk 4 T /BT R A Rk
A5 R RAE/NR B EASEAR IR o Besh, A 20 142 80 AEARTTHA , A HLAT I A £ 2 KRB , B
SEALRE B 2RI A 5 B R AR . T ABE R b 2 1 9 A AR 17 10 R LV A O 38 XU e A1 T3 3 5 0
FIRE . AHFGT LA T 20 28 40 4R 2002 9% K 2R AL R KR Z TR  eufg a2k, B
a7 X SR 2SR K B AR AL R TEA R + E R B AR I A - S% . AR M Ba =,
B — R 4 SR BR A A A s o

7 v RE 4 7 DX IR b b ) S BT A S, A M LA B [R] it 348 A0 T 5 1 Bl i R AT E
B RS HE AP LB, 7T DMEEA DI i B B8 . PIINSE 2B EATI & H SR+ R
Bhr, N 20 g 80 FRRHAZE 20 tH4g 90 AR HA 10a [8], 75 H B Bk IR S S50 P Hb K 38R B 2 b 3
B X Al ARG 4 A TR AR AR L, QS B R0 3 R AL oK R SRR A S . BT
FEILHAE S (LRI 11949 SEARTE , Bt BB A 22 B B 8 A0 S Shosk 20>, A7 T Ay 348 A= | ok |
T, BRI =P X L F I WO 9% 11985 4E 3] 2000 4F , #F Hudh2emi/b , ELk /0 Fe BE R I
g, oAk B 3 B AL R R AN . SRR R MBS 45 SR S A B ST s AR b ) B AR AR ke B
BT AR RIE X B TR AR R X B RN A, (R e A= AR Ak B 3h 7 R R AR H AR AL, dnsoll Fn +
R A DK AR KR T S 0 1 B AR s R34 A S kA R AR i A 3
FErE AR R

AR HPREHRZ LIEA HHB G S SR AR 25 R AL . 8 AR 2 DX s 4 b 1 P 28 e 2%
TR SRR o G Rt Sy, TR R E DA R S B AL A R F M, 1%
EESRAMEBNF BB SRR SEAX. M 1979 F]2005 4, KITH R RILEN G L E—HE
BREH LMK S. 5% , AIENERE —BA TEMKE, FEMKER3. 7%, BIEEG KRN 4.3% 7,
2004 AEHEARE 2 F B % X UK RS AR b PB4 LUl , Tl A ARG A B IR T &1 0 BB 20
Z4E Al A 7 AL AE R N, (H SR EL AR P45 . BEAh, 7 20 148 80 AR AP HILUG  E LA HL
FIE - USRI 8 SR8 AT JEEAE O A B A B . — S K IR R I 7 B - B AL AT, B R B L
W FEARE T , AR TR E LSRN E  fEE KA, TR & B AR A B
B TAHUE AL AR RO R AL 2 4 | T — et 751k T IR AR 77 =%t T48 B B R AR BACR WA, B A
W, BEEATIREY AR R 2 R R T T B A HLAE A B, A
H#EeRS B E N mkas ', RE TR T T8, HHTBIRE ST 25—30 cm, AEE LR,
XL R 5ARMR PR HRE TIE L F R ETE 2 DA B, T 3R 2% B 23 e Sl
KA (VAR N ) 38 BEW A R 2 TS 2B, MK A B T/ R 205 i

F— L, AR PR RIR AR B E AL | BRI AR X /N 3 s R A R e
IR BAE , BT AE A S5 v BRAIAEE B R AN B 1, & e Kl i 3 ey R IR e B E
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16 A ik — B DR P AR E R R . BHRE , AT FER A M Bt T 5T e i 1] 15 B ) IX
BUNR B AL, R B B L R+ R e R &R S R L L BGE .
4 g

1940—2002 4F, 7£ 86 x 10°km’ KITH FIFFIRE A OB £ A BRI A 47% R & 42 T2k, 5
H 33% I TEAURBE L E A FE AL, B AR H R D AL R AR A 2 R A B b T AR B . Bt TR AR
W 18.6% ( —16.0 x 10° km?) , HA A5 AU /D 21.5% ( - 18.5 x 10° km?) , Pkl 22 4F A= AR ASVE M) 0 52 H
WA 1.7% ((=1.5 x 10° km® ) ; TFAE 2248 A AR AV (7K D b ANRIAE 1 47 A VR 40 (0 7K 378 Hb A v XL 4091 338 o
T3.5% (3.0 x10° km®) f12.0% (1.7 x10° km®) , Bkt EE AL IEBFERI(20. 9% ) , #3570 18] 5% 1L TH
TR 11.9% , TS5 Ak Tk b 27N 5 2. 1% B,

20 4 40 AR F] 2002 4F,F 98% AT REVE £ AR UK S A9 #F b2 700 1 38 2 R AR RS, 1T 0—30 em
IR LEERERA A B, XEFHb2AEENPES BRI -7.2 Tg N) , FEEZHEH LR A6
BENHERERED( -8.0 Tg N) B2, 7% H EAM KigE /> F3 T H LA E I B, b, #
FEAASVE D) 1) 52 i 0 45 4 S B 0 R EUR > 0.7 Tg N RIS 22 4F A R ASVE M) F 7K BEHURIRPAR 1 4F 4R
YK pesth i) S F AR P EMN S FIE 1.3 #10.7 Tg N, Kig#hih H L iER T AN, FEZ
FE H + e B 0 B g0 MU, Hges b R REHE U 64% o SRERE H E AU IE R ( -22% ) B2
TR IR B B BRI T 29% (W3 B vT BEE N 76% ) , in Z A% H + 38 20 % AR A K, B
RS H H S EEIRAE H B, B TFHES RN -2 ufE R 8038 m 25/, F 75%
I TT B HE R A VR4 1 52 b 1) 38 2Bl it B, (R P (B AU 0.3 Tg Py FAEARASVE 1 11 7K B b A1
FPAE 1 ARAVEY /K e i + 3R i B A B3 i, oA E 5 51360 0.7 F1 0.4 Tg P, iy DU X I8
M FE > T 18.6% ,{HH 0—30 em +IELFHEEH A H B

T X IR R B 2SR /N R BRGSO R B A
&R ERENZERRAHREE ST, BR T 1940—2002 45K IT 5 FWF B £ i 52 00K 38R 5 #5700
HARE L IRER SRR,

Bt 00 H LA 2V A BT AR AR T AR, B AR A AR IR S5 0 R T 3285 LB, 8
e, BRI , B = 5 U B BRI AR A SE b R A TAE , Rr It B0l
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