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Abstract: Over the past 60 years, the village landscapes of China’ s Yangtze Plain have undergone extremely rapid
development, causing major changes in land use and land cover (LULC) and soil ( and sediment) organic carbon (SOC).
Here we present estimates of long-term changes in LULC and SOC in the top 30 cm of soils across the region from the 1940
to 2002 using a regional landscape sampling and upscaling approach. Fine-scale LULC 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 SOC 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 SOC data were obtained from regional historical sources published before 1965. Long-term
changes in LULC and SOC 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. The
main results as following;

From the 1940s to 2002, 47% of land area (86 x 10’ km’) in the village landscapes of China’s Yangize Plain
underwent a substantial change in LULC class, of which 21% (18 x 10’ km®) was cropland to noncropland transformation.
These LULC transformations combined with changes in SOC density within different LULC types to produce a net increase in
total SOC storage across the densely populated village landscapes of China’s Yangtze Plain. Declines in paddy (21.5% of
region; 18.5 x 10’ km®) and fallow water body areas (6.7% ; 5.7 x 10” km®) caused 41.8 Tg C and 12.9 Tg C declines
in SOC storage, respectively, while increases in aquaculture (14.2% ; 12.2 x 10° km®), sealed constructed areas
(7.7% ; 6.7 x10° km®) , and irrigated perennial (3.5% ; 3.0 x 10> km®) and annual crops (2.0% ; 1.7 x 10’ km®) ,
increased SOC storage by 32.2 Tg C, 22.2 Tg C, 12.2 Tg C and 6.5 Tg C, respectively.

When these estimates are combined, this study yields a 75% probability that SOC storage in the top 30 cm layer of
village soils in the Yangtze Plain has increased over the past 60 years, by a total of 18.2 Tg C. This was caused mainly by
a 17% median increase in SOC density in the paddy soils that were not transformed to other land uses during this period, a
regional net SOC gain of 22. 2 Tg C (with a 92% probability of a net increase). This increase was coupled with SOC
storage increases by caused by paddy conversion to irrigated perennial croplands (1.3 Tg C with an 86% probability of a
net increase) , conversion of paddy to irrigated annual croplands (0.3 Tg C with 70% probability of a net increase) , and
by conversion of fallow water bodies to aquaculture (1.3 Tg C with a 77% probability of a net increase). However, SOC
increases were tempered by paddy to aquaculture transformation, which caused a 6.3 Tg C regional decline in SOC, and by
conversion of paddy to sealed constructed areas ( buildings and roads; 0.6 Tg C). As soils in the village landscapes of
China’s Yangtze Plain have formed a small regional sink over the past 60 years primarily because of SOC accumulation in
paddy soils, these may soon become a source of atmospheric C emissions, if paddy areas continue to decline.

By combining a regionally-stratified sample of fine-scale landscape features with a regionally-weighted soil sampling
and upscaling analysis, coupled with historical soil data, long-term changes in LULC and SOC were revealed across one of

the most densely populated agricultural regions in the world; China’s Yangtze Plain.
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Fig. 1 Regionally sample selection of village landscapes of China’s Yangtze Plain
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Table 1 Soil (and sediment) bulk density in the top 30 cm layer in land use and land cover classes in 2002

0—15 c¢m 15—30 cm 0—30 cm

T BB HEAR HHATE /(g/em’) HWAE /(g/em’) HMRE /(g/em’)
Land use and land cover classes Number Soil bulk density Soil bulk density Soil bulk density

(Mean = SD) (Mean = SD) (Mean *= SD)
K= FREH
Aquaculture & Water (AW) # 2 nd nd 0.71 = 0.27
BRI A E RS
Constructed & Bare soil ( CE) 3 1.12 + 0.03 1.17 = 0.07 1.14 = 0.05
BT A LR E RS
Constructed & Sealed (CS) 22 1.06 + 0.16 1.09 + 0.14 1.07 = 0.10
BARYOA T
Disturbed & Annual (DA) 6 nd nd 0.74 = 0.44
BARFIARAR AP ER T
Disturbed & Mixed (DM) 3 0.98 + 0.07 0.88 + 0.06 0.93 + 0.01
ARAHEHA E T
Disturbed & Perennial ( DP) 3 0.96 + 0.10 0.97 + 0.24 0.96 + 0.16
LW - o E YN G )
Fallow & Annual (FA) 11 nd nd 0.46 = 0.17
[ B KI5, Fallow & Water (FW) 15 nd nd 0.40 + 0.12
T — AR K Pe it
rrigated & Annual (1A) 9 1.12 + 0.10 1.22 £ 0.12 1.17 + 0.09
T AR AR AAE Y K Pe
frrigated & Perennial ( IP) 9 1.07 + 0.08 1.18 + 0.10 1.13 + 0.08
BARFIARAR AR ERFE 2
Omamental & Mixed (OM) 3 1.17 = 0.10 1.19 + 0.09 1.18 + 0.09
FHH Paddy & Annual (PA) 10 1.02 + 0.14 1.16 + 0.12 1.09 + 0.09
T — AR I Rt
Rainfed & Annual (RA) 21 1.12 + 0.07 1.18 + 0.10 1.15 + 0.08
T AR ARAAEY I 3
Rainfed & Perennial ( RP) 8 1.07 = 0.10 1.25 + 0.05 1.16 + 0.06
ATHAERIE A 3 1.19 + 0.05 1.08 + 0.08 1.14 + 0.05

Forestry & Annual (TA)
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AN SE P, ASTEFENE 2 A~ 3 0 ) R 2 B 10 38 (BUIR IR ) A WILBR 2 A B LR 3 - A 2R B, s
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SEMERE KA. 56 Jarque-Bera (JB) J7ik' iIH 0—30 om -3 (BUK IR ) A HLBR BE AR R A1
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3.5% (3.0 x10°km*) F12.0% (1.7 x 10°km*) , BAKEBE R F KRR HL(FA, Fallow & Annual) 3/ T 1.6%
(1.4 x 10°km®) , BEAFIARAIR A HIEE R F K T4 H (DM, Disturbed & Mixed ) 31T 1.5% (1.3 x 10°km?)
(E24),

KILH TR 2 A 5OU K I A 4 1 R P B % b 28 AL Bt A 180 A, AR AR {k > 1. 0% A 10
A, >0.25% B 25 A, TR 155 MREAERIF L EARAR /DN, SR 10 Rk (28R A AR o DX T AR Y
31% (26.8 x 10°km”) , BB 67% (& 2B) . HHIKE , L b FIE s L LB BER
AR SE ALy 32 ; [R]B, S5 Ak 2R B 224 H AR AT AR/ M2 12 X S - b A B B R R 2 —

REH (PA) KB/, R NI AR (15.3% ,13.1 x 10°km®) , $540  H B #0287 (407K Pesth
BRH) B (8.5% ,7.3 x 10°km?) R ERIGH K 1.8 5. FHEBELKZERAA L B mAREK, flingE 10
T R AL RIS Rl A 55 (0288 (18 2B) , A E B AL K = FR 50 (AW) JEB TR RN EH)
AL (CS) FIEARANED /K el (TP, A FE R AR ) FAE 1 FA1EY 7K Yol (1A, 1

http ;//www. ecologica. cn



1404 lz SN

Bt
i
b

30 &

A

B
N e S ECa— LA e .
PW - e ] PA-AW [
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®Eg RAF BEF PA-IP [alme
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B2 KIPTHERSNSUREPEENTBFABRABNZAH 10 FEEE LB TR EL
Fig. 2 Area changes in major land use and land cover classes (A) and the top 10 land-use and land-cover transformations ( B) from the
1940 to 2002 in village landscapes of the Yangtze Plain
PA: FEH ; FW: PEKIE; DA FARYO LR THM; RP: MBS EERAEYINTH; RA: R 1 AFEEYINRH; DM RATAA
REHBCAER T FA: SRR ERIRAEM; TA: Fi L EAEIEYRIKTM ; 1P RMEZEAARAIEY KRS ; CS: BT AL
RIEA LT ; AW K05 ; B ORI E ; WK GRS EUX E ; TR ERAE T SRR P E; REARE
NG 10 I 90 BB AL TR ARARSE S A 95 I AL

I EE R BR B SE) o INE/KI (FW) B B0, 74k A B a A A R 2R A0 F(5. 0%
4.3 x 10°km®) , ¥4k R ToBARAFI FH 895 2 A2 A0 (AR R b ek T4 ) 380 (1.9% ,1.6 x 10°km®) . MK
) 10 P Ak SRR , IR B/K IR B R 5 AL K =35 H (4. 1% ) A AP g E M IRINHL (1. 3% ,FE 07 &
BLRIBEH) o EAMEY I EM T M (DA) Rk, Ko 4 38 e A\ TR 1H R £ 5 A #h (CS) T
BRK(1.1%) o

- b ) 7 1 S AL Hh T ARG i e K 2K P2 78 (AW) , EZE A H (PA) Fl PR B K 38 (FW) FALT Ok,
AR 8. 7% F1 4. 1% BiE M ALE TR G & W 2 544, TH B 2R 4 /K 7= 5758 1 AR 2>
(1%), EBWATRE I EMEF A (CS) M MthIEH B3, TERA ThHM XA (FHHMBH)
(6.2% ),k B THEAES AR A (1.9% ) o NEKH 10 PR AIKE, T2k TRIHE(PA,
3.7% ) FhHE 1 FEAEY I R (RA , Rainfed & Annual;; 1.8% ) FIFAMEH R FHTHHL(DA,1. 1% ) . FiH
ARANEY) 7K Pt (IP) FORRAE 1 R4 VEH) 17K De st (TA) ERBA 30, 48 KER 43k B TH E B A, Hh g
H &AL TR A AR K, 43510 3. 0% F1 1. 7% ; ik B TAESF 2SR NIAR D &2 0. 1% 24 .

FPAE 1 A EY R Fb (RA) AV AU R B &, He A (b #2670 (3. 8% ) , o (b M EB IR E
TR F AR K (1.8% ) (B 2B) , F A BB RI 0 (2. 0% ) s 58T, HoE st S B 4k o 2
HLELZ (3. 6% ) , Hor B AE AR M T AR B K (2. 9% ) (& 2B) , ekl R RIFL AL Ry Rt i3 (1. 1% ) .

BEIRE ,1940—2002 FK LA T I R £ A 500 X sk b+ s A F B g2 B kA T 3R % B 38 1k
FERAEFRE D HRE H EARIERD , T8 B TR F7K =S558 R AR AP A 1 SEAEED)
FI7K R R B N, oAb, AEB e AN TR E N £ MRS R ) B NS T £ AME B A s @R B . [R]
B, B T3 2 A R P g 2 R A O SN B AR, R IR B R B B, 1 O X 3 PR
FEAAEEIA B,

2.2 AWK EZEL

- b ) 7 1 S AL 1) 3 WL i B S A A B e T L AR 3 (UK VR ) AU 2 MR R A
WFFTFE 2005 T T 48 (SRR ) BURE , BE Bt 153 4>, Hodb 148 MR S I AR 25 30 #h 28 R 7E 2005 4R BURE
Bt R & A AR, BT LA SCANEE 3 148 MR T 08T . BRI 3 15 A R P 4 28 70, 3 eSS 8 1) IX 3k
PP ERUE TN 98.5% (84.8 x 10° km®) (% 2) . HITAME N 2550, XA [ L 1A B R 0—
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30 em (BRI WAV EAET Z 0. (UANIERTE , #2813 A DU B AR AR X B, 40
A5 (PA, FE D7 EERK B AE A R IIREH ) FEARAAEY) 7Kk Pe sty (TP, 4875 i R AT B R bl ) |
FRARZAAEY) ) 240 (RP R D5 v B R R e ) MFRAE 1 AR A AR K B8 b (TA B8 75 b 32 222 v R 10
FRHLBRIR) o A PR BE R AR 3 DRI IRAE (AW AR T5 P 2 B8 LR /K A2 ] o 19 2 K 7™ F7 A
KA , PR E KSR (FW B 75 P38 B B 0 F K S B2 T 7K SR s A MR AR IR A T Y Bl 203t
(OM, #¢77 H EZ 45 8 Bt h S A AR B ISR ALY ) o

H1 T 1965 4F i STk AP I TR BE AF & A BT S e BV o B 820, AR B 3 A st | P B 8 2 ) 3 %K
3, (ER X AN i I TR 77% (66.2 x 10° km®) , 48 XIRAE KER 7P AR (3% 2) o Horp A H RS
ARERK, B 58 A, HAP VLI 40 A, WVLA 11 4, L8408 4 4, 81008 3 . WERE , HSHEXR
T+ A DU A ZE AN K

£2 2002 £701940s T3 F A BH LR 030 em T (BUKR) BNBREE
Table 2 Soil (and sediment) organic carbon (SOC) density (kg C/m?) in the top 30 cm layer in land use and land cover classes in 2002 and the
1940s

5 4 §

RiE e e SRR X g Poem IREED g
Code Avea /(10° kn?) Number Mean + SE PDF Avea /(10° kn?) Number Mean + SE PDF
AW 12.46 (14.5%) 22 2.63 £0.11 log 0.15 (0.2% )

CE 0.81 (0.9% ) 3 2.95 +£0.14 Norm 0.46 (0.5% )

CS 9.27 (10.8% ) 22 3.30+ 0.19 Norm 2.59 (3.0%)

DA 1.29 (1.5%) 6 3.50 +0.17 Norm 2.87 (3.3%)

DM 1.82 (2.1%) 3 3.62 +£0.21 Norm 0.51 (0.6% )

DP 0.57 (0.7% ) 3 3.53 +0.47 Norm 0.15 (0.2% )

FA 1.85 (2.2%) 11 2.94 £0.27 Norm 0.37 (0.4% ) 3 3.40 £1.14 log
FW 3.83 (4.5%) 15 2.27 +0.09 Norm 9.66 (11.2% )

1A 1.76 (2.0% ) 9 3.71+£0.22 Norm 0.00 (0.0% )

1P 3.00 (3.5%) 9 4.14 £0.46 Norm 0.00 (0.0% )

oM 0.13 (0.2% ) 3 2.06 +0.16 Norm 0.00 (0.0% )

PA 39.85 (46.3% ) 10 4.11£0.22 Norm 58.85 (68.4% ) 58 3.51 +£0.23 log
RA 5.86 (6.8% ) 21 3.54+0.17 Norm 6.59 (7.7% ) 2 3.83 +0.45 log
RP 0.44 (0.5% ) 8 4.02 £0.34 Norm 2.05 (2.4% )

TA 1.03 (1.2%) 3 2.83+0.35 Norm 0.13 (0.2% )

3t Total  84.75 (98.5% ) 148 63

¥ o I IR E A, 55 TR B XSRS P 5 PDF . A4 B2 6% Norm 11 log B IE A 86 55 1F 245431 F) M 22 4% B
BREL; § ¢ 20 40 40 AR L IREUR T 1965 4R SRR B R

T LA (BURYR) A UK B B 35 BE pR R, Gl S5 R 9 7 0 U 2 I A o g (SR D) A AL
Tk B 22 57 3R 9 : 2002 A4 F A ML FE LG 1965 AERTAIHEIN T 17% , HA3 i vl RBHE Ry 92% o BT
A PR DI A o 0 28 X DL B - A B R R, 5F B R T ARFL b HE L st Fl I PR B, RS
X ok FERAALR A B TR DU B 22 5, A B TR R L st R B Bt T A LR B A AR 1L
IR o 8 AL oK 3R ARB TeaR O F BESA  FEARAAEW B K Pe st FIAP AR 1 4R AAE Y
7K Peth. 2002 4E7K P2 S5 A RS VB A8 HLBR 4% B EL 2002 4EF1 1965 4F i 75 H 396 HLRKR 25 B #04% , Ho P 4
B 36% F125% 5 1L5h, 2002 4R35 T2 1y 3 B R St Y 308 HUAK 285 B2 Al EL 2002 411 1965 4F-RiT A
AR , AP {E TSI 20% F0 5% (B FEARATAT BEYE N 69% ) o T 2002 4FFHHELARASYEY) i) 7K e i) A AL
T B2 5 2002 E A H B3R Bl 2257, JF BLEE 1965 AEATHIAE I L3R HLER % BE R 19% , FLg 3 fn iy v e
N 86% 52002 AEFRAE 1 AR AR Bk BE i Y - 396 B 3 L EL 2002 457 I A9ER 10% , Hovg ek D (9 T BB D
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90% ,{HEt 1965 4ER S H LI A VUK BE = 6% , HESE M mT EPE R 69% o TiBARS H A H B L A
FBWEAG , B TR fb a8 b AEE (LG B B[], X F 8588 WU % B 28 fL R i AR ), o o 7%
Ak g AEBk 2 7Y I 1458 (SRR TR ) A AU BE s /D, e Ak A # b IS AL I + 388 WLk 2 B BB A RF RS = /K,
PR A ARANEY) K GeHh . BUAh, RAE — 387 ) 1 35645 HLEK 2 B EL 2002 4575 H IBR MK, 15 1965 4F
AFEHNZRARIEE AR, HEETREEH TR AL EAERE L ERBETREEIRZG , H B ibaT
A RMREK

¥ 2 B 4 A b R R ) X RPN A S ML B IO R R B AS E SR R R
B RILH T HEF IR £ A o X G pUak i & (& 3) KHAR (& 4) o 2002 471 1940s % X3, 0—
30 em A HLERAEE 73720 308 Tg C H1290 Tg C(HUGEAFFRIE T %izE 10000 MR HE, TR) . 2
A B A XA AR S I LA BT S 43 R, R KR HIRA R RN FERE, A
I7i] = $th ) g 28 2 0 48 ( BRI TR ) A8 HILA it 2 B 3] i A0 b 32 o T AR L 49 S B ks ma ok (1B 3, B
4) . AEH (PA) FEBKIERE( -21.5% ) 5] & H 38 YLk > 20% , &> T 41.8 Tg C
EL¥E s B AT BEYE R 92% 5 IR B /K IR (FW) i R T AR 6. 7% T B K T A Lok B i (- 12.9 Tg
C) B/ MR BYER 99% ; MLAb , R 248 A AR A VEY) ) T tth (RP) FIEASAR Ay 32 19 TP 1 ( DA ) th R
TR 80 T S BOLA HLBRAE &4 510> 5.7 Tg C F1 5.5 Tg C, H A/ B A] GEME 4351 R 96% F1 95% T
IKFEFREE (AW) R AL i (14. 2% ) (IR A HLERAE EIG N T 32.2 Tg C;IEB MK N EHER
Fi#b (CS) fy-th R T AR BA S 38 0 (7. 7% ) i A HIAR A RIS T 22.2 Tg C; IeAh , M B4 A R AAE
Wi K Gasth (IP) FIFMAE 1 4EAEVE /K Bt (TA) BRI TET B 43 B3 I 3. 5% 1 2. 0% , {8 1 35875 HLAR At B th &R
SrHIBEINT 12.2 Tg C #1 6.5 Tg C(& 4) .

— 2002 — 1940s

100 -, 100 - 4
N
80 | S 80 |
on
S
60 - £ 60 |
X Q
S oL@ s oL
540 & D40 ¥
= 204 H 5 ¢
g =
=8 =
%
10 | = 10
+H
0
PA AW CS RA FW IP IA DM DA RP PA AW CS RA FW IP IA DM DA RP

R

Land use and land cover

B3 2002 £7120 g 40 ERKITIPTHFRESHEURBHFEIEL A ABHANNARRE T BANBBEET S
Fig. 3 Percentage of area and SOC storage of major land use and land cover classes in 2002 and the 1940s in village landscapes of the

Yangtze Plain

2002 4E 5 20 42 40 AERAEMRA L, K 0—30 em HIEA WK RA DB IN(18.2 Tg C) , HkiH
TNEIRTBEPER 75% (& 4) o X3 435G DB AK B 9281k AN (] R B S B i B HLB it B8 (L 25 &
SR AU SR 3, T B 57 081 E] 138 (BUR ) AL E R 2R A K. 8 HEREZX S
d R4 X E, 78 20 40 40 RN LB LB F ik 68% o X388, 1 U F] FI 7 428 1k LARS H Ao 5 1L 28 3
F,Hx IR IEAE VA R AR T 2XREERE, 1940—2002 4F,Z XA 43% HIFE H R & A28
b, EHE VR BRI T 17% , 8 X3 3G HUa g &GN T 22.2 Tg C, H g3 hn i vl gtk 92% ,
O IR PG B AR 0 Y e . L, B TR ARAAE YRR 1 A AEE /K Betih i) 3B HL
R B 4 ) b 1965 AERi S H I 19% Fl 6% , 3 ELAG I ALiX 2 Fhdk 26 R i A4 71k 3. 0% F11.7% ,
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et fol X - SR AL A B 3 I3 0 T 1.3 Tg Ceig in 9 T RBP4 86% ) A1 0.3 Tg C (¥4 Hin i T REHE
H70% ) 5 LA, BT 7K™ FREE LU PR EK IR R e A DL BE =5 16% , T EL PR B 7K 3% Ak A7k ™= SR B8 A TET AR Ry
4.1% FeAb)a fi X - A WU AE B 1.3 Tg COHSEINAY AT REVED 77% ) o (B2, B TR IR MK
A WU BE RS T 3% 18 D SR SURT b B9 1 SR DL B EL 1965 4R iR FH B 2331 25% 1 5% , Tii ELA
HIFEAL i 2 FhIRBU R TR 75000 8. 7% 1 3. 7% oAb G S B I LA PR E R 6.3 Tg C(HBIA )
ATREMESN 100% ) F10. 6 Tg COFB > B AT REPEIL N 70% ) o 2,3 60a 3R, F 2 i T H LA PUIRE B/
SN B R AR R B 1 A LR A B 9 AR 1L, B3N X3 0—30 em - 38fE RIS BRI, {EL AN R F 4K 520800 F)
T, AR AT REAS AR o

3 iFig
5t 1940 %] 2002 4F3E 60a 8], KT A F PR A R . *—E‘—* .
CAEAE 9 £ FHRILS SR - 0 TRl T =1
RN RSB R ThE Rk [ i
FXERTIIO RO AR R A R, AL B A S o5 | )
VORVRIG 10 B MUBRHE . ABRSUR BT R EZ | ) i
SRIFREBOE RIGYOR, XM R FIBE K 23 ou |
IR Skt e -+ Y 2 1 TR B 9 ML 2 2 ol %
o, TR AL R . ABFER FHRGJ7 1 B s g
B AR R T s - [
ARBRFIRR T K I8 -+ R B 1 B AW [~
fiE, BPAs K& K= SR RS IR T F -100 80 60 40 20 0 20 40 60
SO BRI o TR /N EBFSC R i s S e )

L FE R ATE 20 tH22 60 £ HILLUE , R 52 7E 20

g 80 FRZFE R FHES . BRETFEITH Fip B4 KIFTHEFRIASAREFERL R ABERREN
X EWFHBR SRR S R g, OO RsERE,
o BRI A R S R B AT P, AL S SR ani land cover clasies fronf the 19:)0s to 2002y in villag: landsca:es
I STEAR M IR BIF R G5 R L, T AEIEABT R X of the Yangtze Plain

L A SRR FEARE, TR T 2B RA  meas LSRRI b VR GROHR I BX E; YR
WFoR X IR FE ) B M K UL = A PN XA i X, RGBT RIS RARPA9ME ; IRZELARIRE 10 FH 90 HyH 53
A 20 42 80 4EAAHAZE 20 42 90 AR, Ag M 008G VRN S A 5 s (1A

A B Bs/b , TR & 215 F Ak S35 7 B B 3

FREZIFFETE I K T AT X3, HA4E T B A0 B b X, {E 2 3L 4 st AR b ) 2 BARAE 5 A B 5%
BRGFHEALEET . ZERIL= MUK BT R 11949 452 J5 , B 58 Ak 2 B B i 3k /b,
T s B B, JEAR P b 3 AR ok B Fafh, Hod 20 48 80 AEARAR P HIE] 2000 4EA A, ZHLIX Y
Bt (7K F A0 ) R/, FLIB /SRR BE AR IR ) e K B 32 A A Ay S R e 8 5 A 4 P
B FH A SS 8 T b ) U e S0 o 2 J8 o 3, =B MUK AR 3 Ak ik ) . KIT=AX
AT KB BRI — 84, BARIZHIX 45% RYERVR L™ HR SAMR M S BN, BR L
IRBIFFE A3 B AR B 3 S5 AR B 52 6], B -+ b R PR A T ) R BEARRAE AR A (0, 3 5 B2 2 B O 7 4R X 43R B e
B, AR A6 - st 1 P B B AL A IR 3 o R R AR AL, R ROV BOR , 2 B K O N I, BR R R
LA 2R IR D6, Ak 4 S A AR R AR B0 A0 3t A P B b 72, PR R MU B L R . ARSI 5 5 R
FEAT X A AR B B X IR T & A, HEAE 6 AT BB A IE AT X3 b 0 R RS L, 1 L i R
REAE 8 7~ R P 0 Ak =X (B IO B I SRR A AL 7R X I & AR B s (R B
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X 35 3G AUk A B AR AL RR T 32N [A] 3t 1] P28 1 28 B0 A AL TET AR ) s e 2 S , .32 BIAS [ i AL 28 2R [] 1
T (SRVR) AYIRE M ZER N, AR XS PREE SHEax £ SMmE I BRI 2 X 5
T A B B A Y =B AY X X SR MU At B S AR A 7= A T B TR . ASBIF R I B R X B,
RFEWRET AT, HE LR ) XIRA R LB B T/ B X P R K, AW A H %R
RS ENXBAEEREE, AR PHEE 0—30 cm HIEAEVIRRSE ] (13.15 £2.68) g/kg, 5 2004 4F
TLFA 0—20 em /KFE+ (EIHBAKAL AR £ ,9145 MREAS) AP S8 (13.3 £3.67) g/kg FEH R R
EIXFE LA T, RO B ER BEAS ], (BAHE G A 3R 2 R A AR & B ORI 2 KT8 B e 2% B 1 1 48
BRHEZAR G . T H 1965 4ERiTAS H 38 A HLBREURE A 2 HA S B, I B HARHERE K 1.5
i I B E MRS 5 BE PRI, XoF T 16k i DX 3R ) 33 WL 2% 2 9 28 ALY L B i R B 2, 1940—2002 4R, R #F
i VAT FR A ) e P T AR R R IR D (HZ X 8k 0—30 em A HLERAE B IR AW, A P EEK . HE
B — 5 T 2R H A LR BN T 17% 33X 512 RS AR H 43 % ARASAL F)F% H 5 - 3G YLk hE &
B S b i, XoF DX 3R - 39 WL A 3 N SRR K . A H R LA & & AR R E b g AR - BT
FE S IR B SRR AT IESE ™ < B 20 42 80 4R LASK, YLK FIAE AR H IX /K A + R Bk i 3 2 38 BLAR 2
RE bFESE, H— M, BB RS , IFpHE 254 RAVEY sl ff i —F A B K Bt
A TR WU BT BB A R AR A X 48 I /K T, 3% B 1965 4E i A% H i 498 MLaR 2% B g = , B FIl F
X 35+ 38 BRI (H RS AL N JERE R AL 5, WK P= SR FEB IR T8 E MR i, T =
MEH TR, SRR E TIEEVROTIR . RS B4R S D , HEE NS ER ISR % X IRAR AT BB
A RRIR . AW A R Z AL R RE R I I (SR TR ) B LR AL K ZS RO E ; 7540, A RIS R Z 3
JER bR () + 58 (SRR ) B WA B 1 i 50 B8 o
4 Hig

1940—2002 4E i), 7E 86 x 10°km’ K YLH FHEFR £ M EMR A 47% WEREZA T L f HE
At , FE A E A B A . A A B SRR N AR5 T H e UkhE
B Rysae , Horh g F bR B K S AR 3R 21. 5% F1 6. 7% , 31 AHE: 0—30 em +3E (B TR) AV IE R
ST 41.8 Tg C F112.9 Tg C; K™= F55E AEB TR M8 £ 85 He FP Al 2 4F A R AAEY) Fifh i —
SEAEAEY) K VR L TE R4 B3 N 14.2% 7. 7% 3.5% F1 2. 0% {3 0—30 em (KK VR) A YLk fE & o
BHEN 32.2 Tg C.22.2 Tg C.12.2 Tg C #1 6.5 Tg Co

1940—2002 4, A~ X35k 0—30 em HEEGHUIRFIMEEIGIN T 18.2 Tg C, HEE M rI getE R 75% , 7%
BT SR I AR LRk i B B 28 A0 LARS B B A 2 R i + 3 AL it B 28 Ak o 32 3L (R w45
R X 43% MR H R EZ AR, FH A PRSI T 17% , /5 X8 A YIRS T 22.2
Tg C, HEHE B AT REME R 92% , 33 % X I8 LAk At B 28 10 AR R PR 32 Wil 5 TG L, A8 F B AL A AR A AE D)
FRME — AR A VEY) B /K GG o X S A3 A LR AE B 20 BI3E N T 1.3 #10.3 Tg C, H¥35inp9 vl getE451 0
86% H1 70% ; WAk , R B KIBEFE A A 7K =S58 G 45 X IR 388 MLaR g =34 1. 3 Tg C Hig3E iniml gEtE N
7% o B2, FEH A K=FREMIER TR N EWER G FEX R IEEVRMEE#K 6.3 Tg C
0.6 Tg C, B, 60a 3, T2 oy T H T 358H HUAR 5 BE 3 fin S HC e A 2870 1) + 3B A HLak i = 1 22 4k
AN X35k 0—30 em - 4JE ARSS AL, 1H 40 SR A FH 4k 2208 11 , AR AT BEAR AR UE o

T ot e B X AR AR T ST/ R 3t ] P 0l b, S BRORE A X 3 3368 DLk g 2 4580 ,
REBHEZMZRERIEAFEEST I, BB BRI T I F IR £ A 50 X ) 3 R P g R 3R
BB A B 4 0128 A S A 8 1k o
Bigt . 0 H LR BIVLI A BT AR R T AERL TR, B AR & A IR 55 O R ) 38, L, 3]
W, BRI , B 4= 5 U Bh BRI AR R SE bR A TAE , Rr It B0
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