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Soil organic carbon content and composition characteristics of different
vegetation types in the northern Shaanxi Hongliulin coal mining area

XU Shigi"*, KOU Wei', SHI Ruoxuan', XING Rui', LI Zeyu', ZHANG Yulin', WANG Xudong'
(1. College of Resource and Environment, Northwest A&F University, Key Laboratory of Plant Nutrition and Agri-Environment
in Northwest China, Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China;
2. Sinochem Environmental Remediation ( Shandong) Co., Lid., Fengtai, Beijing 100071, China)

Abstract: To examine the impact of different vegetation types on the soil organic carbon (SOC) pool in the
Hongliulin coal mine of northern Shaanxi, this study analyzed soil from three vegetation types—grassland, shrub-
land, and grass-shrub ecosystems—within the mining area. The content and density of SOC, as well as content
changes and percentage differences in SOC fractions such as microbial biomass carbon (MBC) , dissolved organic
carbon (DOC) , light organic carbon (LFOC) , particulate organic carbon (POC) , and mineral-associated organic
carbon (MAOC) were analyzed along soil profiles (0~200 ¢cm) under different vegetation. In addition, pathway a-
nalysis was used to identify the key factors influencing SOC and its fractions. The results of research showed that in
the 0~200 cm soil layer, the SOC contents of the three vegetation types ranged from 2.04~18.35 g « kg™', with the
highest average content in grassland, followed by shrubland and grass-shrub. The SOC densities of the three vegeta-
tion types followed the order of grassland (16.51 kg + m™) > shrubland (12.28 kg - m™) > grass-shrub (7.91 kg
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-m™). In the 0~200 cm soil layer, the average contents of MBC, POC, and LFOC were the highest in shrub-
land, followed by grass-shrub, and the lowest in grassland. The average contents of DOC were the highest in grass-
shrub, followed by grassland and shrubland. Among different vegetation types, DOC/SOC, MBC/SOC, POC/
SOC, and LFOC/SOC value were the highest in grass-shrub. MAOC/SOC value was the highest in grassland and
the smallest in grass-shrub. Pearson correlation analysis showed that among the soil physicochemical factors, SOC
was significantly positively correlated with ammonium nitrogen, available phosphorus, and sand, and significantly
negatively correlated with available potassium, pH, and silt. Path analysis revealed that SOC content was mainly af-
fected by soil-available phosphorus and MAOC, while SOC fractions were mainly affected by the content of soil-a-
vailable phosphorus, ammonium nitrogen, and pH. In conclusion, in the reclamation and ecological restoration of
the Hongliulin coal mine in northern Shaanxi, priority should be given to enhancing grassland vegetation, followed

by shrubland vegetation. These findings are expected to provide theoretical support for optimizing vegetation

structure and advancing ecological restoration in mining areas.

Keywords; vegetation type; soil organic carbon; organic carbon fraction; path analysis; Hongliulin coal mine area
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Table 1  Basic information of sample plots

HH A Y HZ7 ZHE s mh
Vegetation type Altitude/m  Latitude and longitude Dominant species
U EFSE ARIE AT 0K AR b IR AR
AR 1320.01 110°12'29"E, Artemisia desertorum Spreng., Stipa capillata L., Vincetoxicum mongolicum Maxim. ,
Grassland ’ 38°54'9"N Agropyron cristatum ( L.) Gaertn., Tripogon chinensis ( Franch.) Hack., Stipa
bungeana Trin. , Artemisia gmelinii Web. ex Stechm.
A 1319.37 110°12'8"E, Fr 2% LTHI VR
Shrubland ’ 38°54'18"N Caragana korshinskii Kom., Tamarix ramosissima Ledeb, Hippophae rhamnoides L.
AR IRUY NS o R ST IR E S AR e
S R7 1323.80 110°12'32"E, Tamarix ramosissima Ledeb, Hippophae rhamnoides L., Caragana korshinskii Kom.
Grass-shrub ’ 38° 54" 11"N Vincetoxicum mongolicum Maxim., Artemisia gmelinii Web. ex Stechm., Stipa

capillata L.
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Table 2 Soil physical and chemical properties
et +Jz NH,"-N TP AP AK
Vegetation type Soil layer/cm pH /(mg - kg™") /(g kg™") /(mg - kg™") /(mg - kg™")
0~20 8.26+0.04Ch 1.26+0.04Aa 0.21+0.02Cb 1.82+0.06Ba 60.67+3.24ABc
20~40 8.36+0.08Ch 0.98+0.06Ba 0.26+0.05Aa 2.08+0.08Aa 73.67+2.32Ab
B 40~60 8.71+£0.17Aa 0.35+0.10Ch 0.26+£0.07Aa 1.07+£0.09Ca 38.83+1.34Bb
Grassland 60~ 100 8.79+0.23Aa 0.45+0.01Cb 0.23+0.05Ba 1.21+0.02Ca 36.33+1.25Bb
100~ 150 8.59+0.22Bb 0.55+0.06Ca 0.24+0.08Ba 1.51+£0.04Ca 40.67+0.53Bb
150~200 8.68+0.08ABa 0.43+0.04Cb 0.21+0.02Cb 1.90+£0.07Ba 40.17+2.21Bb
0~20 8.50+0.07ABa 0.95+0.07Ab 0.32+0.05Aa 1.29+0.14Ab 91.67+4.32Ab
20~40 8.36+0.02Bb 0.81+0.03Bb 0.22+0.07Bb 1.24+0.23Ab 81.67+3.86Ba
TEAR 40~60 8.61+0.03Ab 0.54+0.08Ca 0.15+0.09Ch 1.20+£0.22Aa 35.00+1.73Cc
Shrubland 60~ 100 8.59+0.31Ab 0.38+0.04Cc 0.18+0.11BCb 1.17+£0.32Ba 32.33+1.82Cc
100~ 150 8.39+0.02Bc 0.49+0.05Cb 0.15+0.07Ch 1.18+0.07Bb 34.17+1.72Cc
150~200 8.59+0.09Ab 0.51+0.01Ca 0.19+0.03BCb 1.11+0.11Bb 39.50+1.96Ch
0~20 8.59+0.11Ba 0.62+0.05Bc 0.25+0.07ABb 1.47+0.15Ab 105.00+3.58Aa
20~40 8.57+0.21BCa 0.75+£0.05Ac¢ 0.26+0.08ABa 1.22+0.12Ab 75.89+2.61Bb
B 40~60 8.62+0.81Bb 0.53+£0.03Ca 0.26+0.04ABa 0.99+0.04Ba 42.33+3.15Ca
Grass-shrub 60~ 100 8.72+£0.42Aa 0.54+0.03Ca 0.23+0.10Ba 0.92+0.04Bb 41.67+2.31Ca
100~ 150 8.74+0.32Aa 0.57+0.03Ca 0.25+0.07ABa 0.98+0.11Bb 47.67+2.62Ca
150~200 8.54+0.23Ch 0.47+0.01Ca 0.29+£0.04Aa 0.99+0.17Bb 47.17£1.26Ca

T Rl — A T AN 2 0] 22 7P KRS 8RR (P<0.05) |, Al — 1 2 R AR A 2 A 0] 22 ek /NG F B 7R (P<0.05) . NH; -N: 8%

RGP 2B AP A R AKH, T,

Note : The difference between different soil layers under the same vegetation is represented by capital letters ( P<0.05) , and the difference between

different vegetation types under the same soil layer is represented by lowercase letters (P<0.05). NH;—=N: Ammonium nitrogen; TP Total phosphorus;

AP Available phosphorus; AK: Available potassium. The same below.
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TLHI 4 2.04~18.35 g - kg™, A LIRS EH N
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HENT 82.98% Fi1 201.75% ;40 ~60 cm +JZ SOC &
BRI AR S H 3 B RAE 60 ~ 100,

201

w
T

B/(g-kg)
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T« R — M [F] 2 ) 22 57 Pk KRS S 8 3R0R (P<0.05) , [l — L B A R AL 9 28 A ) 22 e vk /NS F B3R OR (P<

0.05) , LAFAHIE,

Note: The difference between different soil layers under the same vegetation is represented by capital letters ( P<0.05) ,and the

difference between different vegetation types under the same soil layer is represented by lowercase letters ( P<0.05). The same below.
1 AEEHRKETERNBRSEREE

Fig.1 Soil organic carbon content and density under different vegetation types
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3 FEGE N S A MR AL L an g 3
78, 1E 0~200 em +)2,DOC/SOC JEFEA T 0.17% ~
1.85% 2 [i] ,MBC/SOC {5 FI7E 0.09% ~ 0.96% 2 [A]
POC/SOC 5 FEI7E 16.27% ~69.20% 2 ] , LFOC/SOC
HEFEIAN T 3.52% ~ 32.41% Z 4] ; 45 1% 1t A HLA 2H 43
d7 FEHIE LA K 0~20 .20 ~40 .40 ~60 em T2
EXEM RN E R E S TEARFMEAR (P<
0.05) ., B T R B AR Ak, AN R A LK 7 B L
T () LUAEA Pt 25 5, L rp REAS | A R 2 8 A 0 1Y
DOC/SOC {HF& A4 1 FRI0 Jy bifi + 2 MR mi 34 o , 78
150~200 cm ik 3 e K, BHEMPLTE 40 ~60 cm T
JZ1#) MBC/SOC {H 35 3] fie K, AR B I 7E 150 ~
200 em HJERI N K, BB MBC/SOC 7E#1>H
T H B B A A Y 25 R K . POC/SOC 7E R A Al
FEAAEYE T 3R b F BN Bl 2 00 00 1 33
hn, BAEE 2 (150 ~200 em) 34 3 5 A, T 55 9 48 1
TEREASF T (9 POC/SOC 18 43 i TE Wl i % F
LFOC/SOC 2846 5 L iR 8 bR 454 B A [F] , v AR i
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Fig.2  Soil labile organic carbon content under different vegetation types
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23 AEEEEBLBEEEENBREESLE

T RS AR S B E - ERE L
R e A LIRS = SR, 3 Ak 0~
200 cm Y MAOC 34 &= 22 b 1E 0.60 ~ 14.83 ¢ -
ke ' Z M (& 3), IR LS G ASA WL S A
0~20.20~40 cm 1 JZH BRI FASHEAS FHE
7= Sk 3 5 E K- (P<0.05) s 1F 40~60 em H, B
AR AT W G, SRR R 25 R
%3100 em DA 3 BB ] 0 30 BT 4E 5 S A L
R e R TO 22 5 . AR g 2R B 4 w45
B A BB 5 5 100 #9110 A R X B 2 i R T
REARR, HL T B8 Wt A AE 22 57, B AR AE 0~ 20 em
TR R B AS G A U S R R T 20~40
em 2 TV AT B VR A R X IO 1 )23 TG B J 2

®3 TEEHRETHEHEEBES S
Table 3 Ratio of soil active organic carbon fractions

under different vegetation types/ %

Hivalee

Percentage of SoiJlJ:lE:;I or FIAR A i
component Grassland Shrubland Grass-shrub
/% /cm
0~20 0.17£0.01Cc ~ 0.35+0.03Cb  0.54+0.04Ba
20~40 0.29+0.04Cb  0.37+0.05BCb  0.66+0.07Ba
40~60 0.36+0.06Cb  0.57+0.03ABb  1.27+0.14ABa
DOC/SOC  60~100 0.85£0.19ABab  0.57+0.07ABb  0.90+0.01ABa
100~150  0.85+0.16ABab 0.58+0.07ABb  1.14+0.15ABa
150~200  0.90+0.17Ab  0.78+0.06Ab 1.85+0.13Aa
YI(E Average 0.56=0.07b 0.54+0.03b 1.05£0.13a
0~20 0.09+0.01Bb  0.12+0.01Cb  0.29+0.02Ba
20~40 0.12£0.01Bb  0.15+0.02BCb  0.44+0.04Ba
40~60 021+0.04Bb  0.22+0.02ABb  0.96+0.19Aa
MBC/SOC  60~100 0.34+0.07ABa  0.24+0.03Aa  0.39+0.06Ba
100~150  0.50£0.14Aa  0.21x0.02ABb  0.32+0.02Bab
150~200  0.23+0.05Bb  0.24+0.02Ab  0.38+0.04Ba
YIE Average 0.25:0.03b 0.19+0.01b 0.47£0.05a
0~20 19.23+0.60Cc ~ 46.55+1.58ABb  69.20+£6.29Aa
20~40 16.27+1.78Cb  26.38+1.98Cb ~ 42.48+7.56Aa

40~60 25.11+4.04Cb  35.88+5.61BCb 61.62+12.56Aa

POC/SOC  60~100  33.89+4.74BCa 45.43+2.30ABa 46.35+14.62Aa
100~150  50.71+7.23ABa 50.39+4.73ABa  54.75+4.61Aa
150~200  67.42+7.40Aa  5548+3.81Aa  65.22+5.02Aa

YIE Average 34.56+3.74h  43.35+2.13b  56.12+3.79a
0~20 6.02+045ABc  20.11£0.49Ab  32.4122.83Aa

6.92+0.57ABab 10.65+1.67Ba
6.81+0.68ABb 14.45+3.26Ba

20~40 3.52+0.36Bb
40~60 4.27+0.88Bb

LFOC/SOC  60~100 741+2.07ABa  5.80+0.65Ca  11.47+2.40Ba
100~150  12.29+2.99Aa  7.43+0.93ABa 10.17+0.83Ba
150~200  11.85+2.66Aa  9.14x0.78Aa  12.45+1.61Ba

YIE Average 7.56+0.92b 9.37+0.87b 15.34+1.60a

T : SOC: 1A B ; MBC - S/ W1k s DOC . T kA7 HLAK 5
LFOC R4 A BB POC IR HLEK . T,

Note:SOC: Soil organic carbon; MBC: Microbial biomass carbon;
DOC: Dissolved organic carbon; LFOC: Light organic carbon;POC; Par-

ticulate organic carbon. The same below.

53 MR AIAE 40 em LA + 2RI KIE
FERFAK ;150 ~200 em )21 H3E0 TR 45 584 HLik
TR R R AR AR R (93.32% ) , Hidr
MR NHEA (80.90% ) I (64.66%) .

ANEFE WA 0~ 200 em MAOC/SOC {5l Ky
33.41% ~83.73% ,MAOC/SOC ¥J{H N H A (68.97% ) >
WA (56.65%) >BiNE (44.38%) PRI E S B E(P
<0.05) , FEAFIFEAR MAOC/SOC #1k [HE% +
JZ B IR T AR , Y9 7E 150 ~200 em + )25 F 5 A1,
3N 51.29% F1 44.52% , i HEHE 4G + )2 A] 22 SR
BEGRL) .

24 HMTEEVNHBEEASNEZRS T

241 AWMU LEHARNFZEEEZ  SOC K
2] 435 AL R T 18] B9 Pearson 43 B 25 3% 4N 4]
4 Ji7N . SOC SRR AR S Ab R 2 4 5 3% 1E AH
KRR, GHACH  pH Kby 2 0 2 fUR DG &
(P<0.01), SOC 5 MAOC W EFIEMHKER, 5

20

Soil mineral-associated
orgainc carbon content

- 2 4 AT HLBE g - ke )

5K Grassland  3# K Shrubland i Grass-shurub
i 4% 25 Vegetation type

B2 0~20cm Il 2040 cm 110 40~60 cm
E=60~80cm KJ100~150cm  [1150~200 cm

B3 FAEEHEEBIETVRAASEIRIE
Fig.3  Soil mineral-associated organic carbon

content under different vegetation types

F4 FREHRAXBLTETRESTANBKSL
Table 4 Ratio of soilmineral-associated organic carbon

fractions under different vegetation types/%

Hivifelia
Percentage of Sl I;er HR AR FlE
component Grassland Shrubland Grass-shrub
/o cm
0~20 81.77+0.60Aa  5345+1.58BChb  33.44+533Ac
20~40 83.73+1.78Aa  73.62+1.98Aa 52.79+9.54Ab

40~60 74.89+4.04ABa  64.12+5.61ABab  45.45+9.13Ab

MAOC/SOC  60~100 66.11+4.74ABCa 54.57+2.30BCa  57.55+5.17Aa
100~150  56.00£8.74BCa 49.61+4.73BCa  43.63x11.13Aa
150~200  51.29+6.53Ca  44.52+3.81Ca 33.41+4.46Aa

YHE Average 68.97+3.25a 56.65+2.13b 44.38+341c¢

{E:MAOC H RES G AA K, TIH,

Note;: MAOC; Mineral-associated organic carbon. The same below.
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St
5 3 1]

v 8% LET Y
VROV = = Correlation
a0 ST a M s = = .
82052§z<<£055) coethcnenlto

SOC '
MBC 0.8
DOC 0.6
LFOC 04
POC
MAOC 02
NH'-N 0
AP —0.2
AK

—0.4
pH
Clay —0.6
Silt 08
Sand

—1.0

W AESAHSE T MEL RIS .+ Fl = = 4351
FIRTE P<0.05 Fll P<0.01 /KPR 3, KHEERET 0
~40 om 1)z, SOC: HHEA HLEK ; MBC. 2 ¥ B ; DOC
AIVATER Pk ; LFOC: 38 4 A HL 8k ; POC: UKL A HL Bk 5
MAOC : ™ 45 4 A HUAR ; NH, * - N B 5505 AP . A R0
AK HERUH 5 Clay RS0 ; Silt, BPBE; Sand B0 KL,

Note: The positive and negative correlations are
represented by blue and red, respectively. * and * * indicates
significant correlation at the P<0.05 and P<0.01, respectively.

The data in the figure are based on the 0~ 40 cm soil layer.

SOC: Soil organic carbon; MBC: Microbial biomass carbon;

DOC:; Dissolved organic carbon; LFOC: Light organic carbon;

POC: Particulate organic carbon; MAOC: Mineral-associated

organic carbon; NH; =N: Ammonium nitrogen; AP Available

phosphorus ; AK : Available potassium; Clay: Clay content;Silt:

Silt content;Sand: Sand content,

B4 TEANRAS SEAEFEBEXSH
Fig.4 Correlation analysis between soil organic
carbon fractions and physicochemical factors

LFOC 1 POC 2 23 TiAISECR (P<0.01) , LFOC
5 POC B & IEHDCCR , 5 MAOC 24 i 3% i
MIKIER (P<0.01) . MAOC S8 A% A%k Kb
KA I EAH GG B, S EALHR  pH SOBRL 2 i)
B E TSR ER (P<0.01) s DOC 5 R0 A L2 40tk =
EAHXCR (P<0.01) , 5B A R BE TR
(P<0.05) ; LFOC 5281 pH 54047 12 4 I 2 I
R FR (P<0.01) , 5EA AR B 2 7747 ¢
KFR(P<0.05) , SR E M BE AAHLKR (P<
0.01) ; POC 5 ALH  pH 5447 52 1 35 1E AH G 5C
A (P<0.05) , SR B R C R (P<0.05)
AR EF A KR (P<0.01), 5 LUl
B SOC B4 7 iy e — e b3z 3 L
FRAL PR 1 - SRR ZH S
242 @A HES ATHL SR (0.202) pH
(0.260) 154 AU & 1 (0.451) XF SOC 1Y B #2382

FEOY R TR 12 R AL, DA S0 & X SOoC
B B EAE RO, TRy =2 B 2 8 0o A Rl 75 i
X SOC A4 IEME M, MBC T EZESA SR
ELHERZIA 1] SOC FIRM KL i 32 B2l i B S A&
T MBC 77 AR [ 4252 ), R BN IERUN . SOC Al
WAL E X DOC MY ) HziE 72 R K F I H
R ZE Hoh SOC 3 %2 38 i 4 A A & & X DoC
FEAE R R TS 6 DOC Y 3 ZE 5Tk 2 1
TR SRR RN . B AR AR R
X LFOC 1Y B #2428 R4 /0 T H I H5E 2 &
B, =N LFOC £2&iE i Soc i ffEH,
SOC Fl pH X} LFOC 1) =22 5Tk A EHHR00 , LA SOC
Xt LFOC Y H#E /E i K, POC FEAZ25] pH 5
AR Y B R R A S 6 POC 1Y
B B K, SOC 32 % J2 58 o A7 A% i 7% &
POC R HN I HAEH . MAOC £ 5 pH 1Y 1 3%
TN, DL SOC B[] 42 52 ) B K, 32 28 23 1 A AL
W& X MAOC A (A4 1E 520 . MAOC (1.079) |
DOC(0.009) .LFOC(0.023) .POC(0.089) %f SOC 1y
BLHEE AR BB R F I 2 42 R 5L, DL MAOC X
SOC 1Y HL 42 4E H & K, T MBC 3= %2 J& 3 i MAOC
Xt SOC #H| [ 3 /EH , BRI M IER N (£ 6)
Zi b AR MAOC J2 52 SOC Y 8K 71, ib
FiFN MBC A UREE I F ; 8 A8 E 2 520 MBC . DOC 1Y
FEHF-,S0C R R E K+ A 80 25 0 POC (1)
FERF,S0C HWERH F;S0C &5 LFOC 1) F
B, AR A YL T pH &5 MAOC (1) 32 %L
KF,S0C RMIREEHF,

3 W ®

3.1 AREEHERI T IEEVBRE T
TG HLK (SOC) & &t 5 il % B Bk T SOC
a5t 22 0 18 30 2P R X — A R AZ )
LR R A ZEE R, IR R ey |+ e
SIS PR ZE e DA Bl ST 14 5 i oy i
AT R, B E )20 , AR g2 B B SOC
B AR RV B RIS, S < SRR AN
PRI G 2 G 2RI DX R 2D R A
$A K, SOC ZRERE, WAFA H 2P IR
Wy, T 25 2 SOC & & 3 m TR 2 L™,
TR A IR g T, R TR B S TR 2 ) A R 5
JELRE M LA bR AR R A A AR IR 5 AR R i
W45 TRIATAE 22 5%, AN 2 5 R 4 38 v 9% W 7
3 il RV AL T 5y T 1Y) 25 5%, R 3 3 SOC B
bt AR AN AR ARtk . AR R, A
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Table 5 Decomposition of correlation coefficient between soil organic carbon components and physicochemical factors
RIS i ek *Hff?:ﬁ( E?}Q@ﬁé%i& [A]4238 4% 22 %L Indirect path coefficient
Dependent Index Correlation Direct path ; - —

variable coefficient coefficient NH;-N AP pH Sand S0C Total

NH;-N 0.683 0.202 0.239 -0.165 0.078 0.152

0C AP 0.838 0.451 0.107 -0.146 0.135 0.096

pH -0.722 0.260 -0.128 -0.253 -0.082 -0.463

Sand 0.722 0.181 0.087 0.336 -0.118 0.305

NH;-N 0.457 0.431 0.010 0.036 0.046

MBC Sand 0.200 0.023 0.186 0.038 0.224

SOC 0.330 0.053 0.294 0.017 0.311

NH;-N -0.553 0.748 0.149 0.046 0.195

DOC Sand 0.072 0.346 0.322 0.048 0.370

SOC -0.194 0.067 0.511 0.250 0.761

NH}-N -0.542 0.150 0.258 -0.105 0.125 0.454 0.732

AP -0.842 0.488 0.079 -0.092 0.216 0.556 0.759

LFOC pH 0.692 0.165 -0.095 -0.273 -0.131 -0.479 -0.978

Sand -0.564 0.290 0.065 0.364 -0.075 0.479 0.833

SOC -0.881 0.664 0.102 0.409 -0.119 0.209 0.601

AP -0.784 0.836 -0.084 0.124 0.011 0.051

POC pH 0.533 0.150 -0.468 -0.075 -0.009 -0.552

Sand -0.516 0.166 0.624 -0.068 0.009 0.565

SOC -0.675 0.013 0.701 -0.108 0.120 0.713

NH;-N 0.671 0.021 0.050 -0.014 0.019 0.647 1.394

AP 0.856 0.094 0.011 -0.012 0.033 0.794 1.776

MAOC pH -0.726 0.022 -0.013 -0.053 -0.020 -0.684 -1.474

Sand 0.711 0.044 0.009 0.070 -0.010 0.684 1.508

SOC 0.996 0.948 0.014 0.079 -0.016 0.032 2.053

®o TEANKRSHASEBEXRHSHT

Table 6 Decomposition of correlation coefficient between soil organic carbon and organic carbon components

PR i =2 *Héé/%ﬁ E?ﬁ@ﬁé%’éﬁ[ [A] 42238 4% 2241 Indirect path coefficient
Dependent Index Correlation Direct path - - -

variable coefficient coefficient MBC boc LFOC POC MAOC Total
MBC 0.330 0.021 -0.003 -0.001 0.033 0.278 0.077
DOC -0.194 0.009 -0.006 0.004  -0.001 -0.199 -0.051
SOC LFOC -0.881 0.023 -0.001 0.001 0.077 -0.982 -0.226
POC -0.675 0.089 0.008 -0.000 0.020 -0.792 -0.191
MAOC 0.996 1.079 0.005 -0.002 -0.021 -0.065 -0.021

[EAE B2 R 7E 0~200 em )21 SOC P&
0~20.20~40 .40~ 60 cm 1 JZ SOC R A &
AR Fo e (1 1) AR A HE AN R A B, ke
MR AR R, FEAAE R SOC 7 i 5k
W L HEAA B = i DR R AT BB LA R W T, —
TR LTAAR B X A T 52 i 1K, A7 349 B T 4K
FEUCFP T 5L ER5E T HEA AR K22 B0, AT 5 B0 A HE
Bl 0 e R B 5 AT, AT RE 8 i A 179 b LAY 4 5%
PRAHXT AL /D | 52 ) T E A 1 DX 18 A5 ML 6 A BE

Y ML Qv s | T A S S R R
AR A Hb I Y 2 i R B T i M X Y
AR HAE TR X, o AR R FHAK
Rt e A B A AR R A A TR A
T R Mk AR BUK 43 19 TR B, 6 13k 4 398 T Ak R,
PR b e AR A e 0 R R R A R 2 1) M A VR )

AT L1, WA AT SoC R R H—
DT, = FAE S RIAE 0~20,20 ~40 .40 ~60 cm +
JE B B B L DA R AR R e g, AT DAIE S X —
SCEb) . UEIHREAAE AR R AE Y i R B RAE
0~40 cm L2 MR FZHHAAER)Z L RZ TR
SRR SRS AR TG A ) T M AR R 2 MR A VR
I FIAR 28 HA FOM 9 J8 i A fb R ik 55 T Wy iy
ST BRI ST 4 R — B, E— AR S TS R R T
HERITE - SOC fifi it 25 5 5 R R 40 A0 Z B 1 2%
3.2 AEEHERX TIEEVHRA S KRN

P T AN [ B A 7 1) 08 9 Bt AR 3R 40 A I
T 2R B B I 22 5, PN b AR | R R R A b T
b AR I 23 [ R AE AN TR) 5 UM [ A g S TR T
SOC A AAEM I 22 5, 161 SOC Y Ji i il R 4%
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P, T8 T A W o i RES A — R
R SOC X FREE S5 A AR AL i ma 1z 5 T 1 SOC J&
T3 e R E 1 SOC 2H 4y, A i s fa) K aT
S e A S [ fe A FH ) R/ 36 PR SOC 4l 4 5 R
SOC 11 LU 28 5 Bk Aok 48 7R 38 P & i Fae
PE i LS SOC T B S5z Bt HH 7 ] M e 24 0 o) + 1
T S e s i A B, P G SOC Hu il el AR e
T thak22  ABFFE R W, DURP TGP HLBR & L
(MBC/SOC .DOC/SOC . LFOC/SOC .POC/SOC) ¥4
PR R I R (36 3) , A LR AR PR
%, X 5 LTAIDAAARERD™ DX Ak 8 DR R AR A ok U
WA K, FARTE A 25 6 XA HLITE 4B 9
Ak 5 1 S 5 B B VR A v A LR 4 43 {H
T BV b X A bk 7 e R R AR W N AT ML
(3G M o o AR UE WA AR ) A 4y il N e
b, A B F B e ik A, SOC 1Y B B2 1 AL
MBC/SOC {H7E 0~20 .20 ~40 40 ~ 60 cm Y325 K
AR B AIG , X PR T R AR AE 0~40 em
TR DB L 3 v TR RN R RE AT B Rt
SOC BYFR 24 kT MBC, #E il MBC/SOC {EAIE .
0~20.20~40 .40~60 cm () MBC £ f ¥ 90 Jy i A
SHOARSHHE (& 2b) , X ] Al 2 PR A T A5 A 4
AHEEIRWRR, £ LR RNz, 8m
T HSEFLEE, R T B iE ) Doc £
T m B AE - HE R AR, B Sh AR, Bk
Vo ASHESE & PR, B ML B AE 20 ~40 em + 2
1) DOC & i ik 35 5 T FEE AR AR B (8] 2a) , X
A A2 PR AT AR A A A A P S R R A
AR B I B PR 0 VR A 6 T 1 B8 L
AR i 30 A KBRS A IR T AR R A
YIIY LA B A ML i i, T VE AR - 486 F DOC £
FRefm A, AR DOC/SOC HE A T
B 2 B 380, X 5 DOC HA 5 i i 6 1
Sl Ky R AEWIR TR A OC, T RESE I R B
FLZMIE, R R B W E AT E
Z 17K 4y A8 A 398 v A 3R A A e PR AT B 4 o a2
HE5R T X DOC BN 7117 LFOC 3 %2 i 43 it B
BOARTR ) oI A 0 % A A 1, L 8 v 1) S B ol
POC 3 H 48 5 ¥ ki 25 & sl A 76 3 A R AR Y
ST B A 1] 19 ik, P 23 i N 56 4 1) A 40 3% 1R 2
B B G RROh L e B E AR A ML (LFOC
5 POC), AW &I, AR FIEFER A 0~ 20
em HJZH) LFOC 1 POC S H LB FE R Y EFE
FTREACK 2¢.d) . AREEZE POC 5 LFOC
& e S EEE MR & 22 7 I E, POC 5

LFOC & 50 & L IE L, 0~ 20 em + )2 HEAK
MFLHE IR R & TR, XAl g2 4%
MRLBESFE — & T2 B L -9 POC | LFOC 451 A
MUBRZEL 53, A3 80088 555 Tl A 0 ) 0 1 A LA 1) 93 e A
FH 5 TR, e s R s 5 b ] P R A P s
MIADLT, 2B A5 B 58 K R, 6 AH TR 2R 5% 4% 1
T Rk R ERRRAE I ] SOC B A M 4y
AR T SOC MR R, BURLAT BILAR 2 AT HL
f e TP B PR A, S HE AR RN B E A W AE AR R A
) R TR G B TR . A SRR 3R WY, ZEMIAR AR
B IX A HLBR L) MAOC A 3 (0~200 cm 1y
MAOC/SOC K 56.76%) , %% B H3 5 5 1 & 5
MAOC & #7E 0~20.20~40 .40~60 cm +JZ2F K
FOA S R > FEVE | R A 9 04 B B e 1k A X B
58,5 SOC & RICNMFEH, XRTERALT
BEEIE T ,S0C 1 8= Ik 2 Z R T1E A AL
T2l 0 B R AIG, VPR ML 2 40 76 B AL BB X A AL
e R R A AR,
3.3 TEAENHmEHEASNEmESE

458 pH | IS HE 7 A R PR A A
REWRAPEA M EZH R, AR FEY, SOC &
MAOC 5535 BRI 00 & = S0 35 IEAH GG
5 pH FUHASCE 5 it B I 2 RO DG OE &R (]
4), MAOC 5 SOC £ 5 + 3 #AL R 7 1 AH e 1 B
FHH—EME, X ATEES MAOC TE AL A 56
MAOC VE AR E A HLRR | H 7 f 3 241 1+ 3¢
W B I S0 ORI A SR RSN SOoC &
0Tk — 1 R I o 2 3 e S SRR AT R 4 1 2o
YEHT e pH | BUSCER (4 AR #1530 MAOC 5
SOC X 4 HE 35 4k PR 5~ 1y g o7 22 B ) 25 725 b 4
Zoipl 4 F AT A5 AR L2 8, (A AR B 5T
SOC 5 iU & B S B 2 3 M DG C R, X ] B
SE T LIRS X8 T T R 20E n i 1 X, HER
Fr 3 SOC & A J AU, &) Z BRI X
i AT 55 A1 5 TR 2 52, S B TR e B G S
PR, LFOC.POC 5 pH 2B EFFEM KL KLR, X
ST S ie— 3, R Rl 5 b
o BRI S A UK & &, Bk, R3] DL it
W CO, P TEHIL AR Pk A5k [ 2 Al , 1o FH s i P
AR T IS A LR AL 5 1 A, R
by = LR 3 S AN [ AR SR X e 4 4 7 A R )
SOC SHbh & i B2 W F IEAHCCHR, #ig L
T A N 25 T BROH 0 BN A AL ST Y RE D DRSS, TT
FE 2 D 38 3 5 1) A 5O B it B #E % SOC 77 AR 1Y
TE S R T He 5 | kS A W B AL B i 7 ek 55 1Y) 1715
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M) 5 A GBIt 3R B A v 0 b 5 ot R A8 14 - 4 1L
BB, P AR IS M A R TR AR R 0 2R A
imifEk SoC BLR™  A#FFTIE LB, LFOC 1 POC
EpkyRL i 5 B IEAROCOC R . X2 LFOC F
POC fBfE 5 0 B A B.25 G, POC 32 TR 45 # 1) £
108055 T HCE W A AR L, AR Tk AN TE R
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