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Abstract: The main soil nutrients, soil mineral nutrients, and soil microbes were investigated, sampled, and analyzed in
farmland, grassland, scrub, plantation forest, secondary forest, and primary forest in depressions between karst hills.

Multiple comparison analysis, principal component analysis, and canonical correlation analysis were used to study the soil
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characteristics and the main factors affecting soil fertility as well as the relationships between those three factors; the main
soil nutrients, soil mineral content, and soil microbes. Soil pH ranged from 6. 60 to 7. 75 in depressions between karst
hills. Across the different ecological systems, from farmland to primary forest soil, pH varied from acidic to alkaline. The
soil nutrient content varied in different ecological systems, and changes in soil nutrient content can be modeled during the
process of ecological succession. In the process of secondary succession soil organic matter (SOM) , total nitrogen (TN) ,
total phosphorous (TP) , available nitrogen ( AN) , and available phosphorous ( AP) content increased gradually. The soil
nutrient levels were highest in primary forest and follow the sequence of primary forest > secondary forest > shrub >
grassland. The soils of these habitats were all significantly or very significantly different. When the landuse type was
changed from a landscape with natural secondary succession to farmland or plantation forests, soil TP and TK content
increased significantly. The content of the main soil nutrients ( SOM, TN, TP, TK, AN, AP, AK), microbial
P

populations, and the soil content of C, N, and P in microbial biomass (C,_, N respectively ) , were obviously

mic mic Y

higher in the karst area than that in the red soil region at the same latitudes. The content of mineral nutrients was relatively
low and the sum of SiO,, AL O,, and Fe,O, accounted for more than 90% of the total mineral nutrients. Although the
supply of Ca and Mg were adequate, serious shortages of other mineral nutrients limited plant growth and development.
Many types of ecological systems in depressions between karst hills were not obviously showing signs of rocky desertification,
although a strong potential for rocky desertification still exists. All ecosystems studied here had high soil microbial
populations, and primary forest had highest total microbial populations, bacteria populations and Actinomyces population
while plantation forest had the lowest. Soil fertility can be ranked in the order of primary forest > secondary forest> scrub >
grassland > farmland > plantation forest. The landscape in this karst area is strongly heterogeneous; the ecological systems
are complex because numerous factors affect the ecosystems and different ecological systems are influenced by different
factors. Therefore, the practice of returning farmland to forests or grassland tends to improve the soil ecosystem environment
in karst areas which have undergone rocky desertification. Farmland requires more organic and nitrogenous fertilizers and
plantation forests require more nitrogenous fertilizer than other ecosystems. In the primary forest, plants and soil nutrients
reach a state of dynamic equilibrium, and land management should focus on strengthening and improving the forest
environment and balancing the relationships among plants, soil nutrients and microbes. Assuring that soil resources are used
rationally will be helpful in improving the results of ecological restoration and accelerate vegetation rehabilitation in

depressions between karst hills or even in the entire karst region of southwest China.

Key Words: canonical correlation analysis; depressions between karst hills; ecosystem; principal component analysis;

soil fertility
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PRE AT 00 AR SCTEWG I RR I AT 1l 6 A~ AR A 25 R 40 (SR M RE A A N TR A
AR H AR 2 AR VEREE SO (LR I 1.2, 1) A HES7 3 4 20 mx20 m BEJT, 3T A 1A 4 1T 14 4 X
OB A AR ARG NP 1) FEA FEIN AR AR AR I U AR B R 2 52 ) B R AR IR AR 2R R s Sy 3
B A TR A T b R 7 XA e b F . 38 2 8 LU 0 7 i A 17 W 30T R 06 DA S TR A= S R 4
B AL T RAE B 22 55, T T2 IO 0 W D7 R AR T g SR 06 AT b - 398 AR 28 R e T R I PR 1, T LA G
ST ITIENR N T VTR I AR b - AR AR R G b T R BRI SR | SR W P T 2 (] A
RF, VI Rz X T 22 A8 30 b DX ST 0 st i) 5 BRI T (AN [+ A4 285 2R 00 it S % s o 4 AL 23
WA F5 T2 X A B s A S AR A E
1 AREEBREMRFE
1.1 WX

WFEIX BERR L) PUIMT BRI A A (A LS IR ELE ) ,107°51—108°43'E 24°44'— 25°33'N,
RN 1028 m  JE S Z KU X AR PEERT B4R 1986—2005 4F 20 4F (] )T LI H i)
WF5E AP SAEA 15.7 °C,1 AR 10,1 C,7 A28 € AFRAR IR A -5.2 °C, EFHIH 290 d, 4F T8
H BRELECH 1451 h AP HRERT I 1389. 1 mm,4—9 H BERT &t (5 24E 0 70% , 328 & & 1571, 1mm, 7
PIFHXIRIE R T0% o W i pIde DA A v 20 A 7R3 B 1 VE 1 38, - LUBR R 6 78 & B B TR (0 B8 €0 41 K+
R, R R K R A A R ER TR DU, A A IR . B AR A S RS A B
H FOA FEAN AR AR AR AR AR AN TR AR 28 RGN TE B[R], BB 2L oK (Zea mays) (H T
( Saccharum officinarum Linn) 8% 5.( Glycine max) \£1.% ( Ipomoea batatas) i F 3 5N EEAG LIBRESF ( Saccharum
arundinaceum) |1 2% ( Imperata cylindrica ) | £ 1= 35 4T ( Microstegium fasciculatum ) . £ B 5 ¥ ( Murdannia
triquetra) Y515 ( Bidens pilosa) & B EERER B RIS 28 N 24 LIRS 86 W ( Bauhinia brachycarpa) |
2L LLRRAT (Alchornea trewioides) \¥5FF] ( Vitex negundo) XA (Rhus chinensis) . K ( Pyracantha fortuneana)
B RR A YR A, N T AR A UL A b ( Toona sinensis ) AT 5. ( Zenia insignis) . = % #il ( Vernicia
fordit) \FA R % (Allospondias lakonensis ) “hy 7 2L 442 B B (9 B v 28 AU 5 OO A Ak 32 22 DL\ A R (Alangium
chinense) i (Itoa orientalis) )7 VG EFAR ( Mallotus barbatus) “H E 5 AP O FEVE ST, JR A AR = 50F DLt
A ( Handeliodendron bodinieri) F1H G AL ( Cleidion javanicum) .75 KI#% ( Cyclobalanopsis glauca ) FIFg R4 )
ACTEHE ( Machilus pauhoi) FIA=AEA ( Eurycorymbus cavaleriei) 75 18 ( Cryptocarya chinensis) [/ 5AET ( Platycarya
longipes ) FNAE M (Acer laevigatum) AMHI ( Platycladus orientalis) 2% X8k ( Quercus phillyraeoides ) 115 F: 4k 7
( Platycarya strobilacea ) . 8k # ( Sinosideroxylon pedunculatum ) . %% ¥ ( Calocedrus macrolepis ) F1 % 3% %% H- 1
( Carpinus luochengensis ) “h 3 B HEFEFR (T 2T
1.2 BT
1.2.1 B icE S R

FET A A AR ORI AIPE ] 6 FhA S R G0 FEEMF IR A h & % 2 MURTERER 2K
AR (1) FOR+B G R+ 208 NI ) AR B E RE 55 A CI) « 39R) ERAR A N TAR(IV) .
AR B UAEARC V) /SR B 5 S A AR (V) < AT BRE . e 3 im) 3 RE | VA S5 A ) AR {117 3
R AL B ST 3 A 20mx20m BIAETT , I3t 36 ANFETT o FEXTA B I | A A0S D 4 T A A Y B
7 20 mx20 m FEJT AR AL TN 32 18 (0-20 om) HEAT 5 SSBORE, 000 TR A AL LR IR S, 43 1R
g3, — 3l 1] S ey s KT a0 o D0 - 498 SR SR A RN TR 48, O — B 43 I SE g % T 4 C AR IR VKA RE
I SR AR
1.2.2 ISR T

3 pH SR FH A% AV 755 A HLAK ( Soil organic carbon, SOC ) 4% iR 47 4 fb—oh i #v i: ; 4 & (Total
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nitrogen , TN ) 2 {3t - FC i — i 8 v 8443 ; 28 ( Total phosphorus, TP) NaOH & fl—4R86 P I (6 —5840 36k
JE ; 24 (Total potassium, TK ) NaOH # fili— JFL W2 YA 72% 5 B8 f# 2 ( Available nitrogen, AN) § B ; 38 %0 W
( Available phosphorus, AP ) 0. 5 mol/L NaHCO, $&J(—%H %6 ¥t It B—%8 &b 7 Y6 0t B vk L 20 ( Aailable
potassium , AK) NH, Ac 122 — i W% ik (Si0, ) ik BR 1 47 il —$h PR 4 B — o1 5t 25 5 8 (Fe, 04 ) (85 (Ca0) |
BE(MgO) i (MnO ) BRI EM I il —Fh R 32 I — 5173 OBk 5 0 (AL O, ) Bk TR Sk A4 i — 5 T2 2 i — 16 41

B EDTA 2k ; BIRRA MR (C,,,, ) RS A5 —K, S0, BARKLIE ; IR R A (N, ) IS5
HZE—K, SO, P —T TS R Ik ; T IRBUEY (P, ) R TR BUEY) R Y 0k (R 5 R —

NaHCO, 42 —Pi 5E—FMin Pi A E%) 4058 LB iR B A S50 4R PR B AR -
1.2.3  Bdakbi 5 orHr

TR 20 80 R0 53y 3 AR & o IR SR 4r 8 — 25 AR i A4S pH {H ., SOM (soil Organic
matter) TN TP ' TK AN AP  AK; 1388 i 5553 085 A8 &, 45 Si0, AL, 0, \Fe,0, ,CaO MgO ,MnO; + 1
A RS =2 4 C . N P A1 (Bacteria) | BT ( Fungi) \iZE # ( Actinomycetes) , A %4
A0 RN F 5353 W HSEAE S A M Y TE SPSS16. 0 FRAF 5 i,
2 HEREHH
2.1 AFAEBRG 2R

W ST AR A b, - SRR BT Ry A W, DRI VR ISR Z, pH (B TE 6. 60—7.75 Z [A] #% PR R A S R G
HESWNTUT p 3R b 28 Jir A bR 38 pHL (B F OB P [ Bk A8 Ak . 7R R AR W o R b 12358 pHL (B 28 by J AR
MR RAEMRS FEASTEIN . 24 1t SRR R A S B B s AN TS 3 pH (BB B RRAIC, H S5 BREE I
HARIRR AR 2 i 2 (£ 1) . ARIMAERRS N LI F LI R, 78 IE R AR o f v +
% SOM TN TP \AN AP Z s B Wi in . & s 4y B AR RS U AE MRS TEAS BN TK A AK % i A8 10 I
TR, B BT 53 0 R B ASTE N A RS JE A AR BE A S BN IRAE RS AR AR, &G Z [ 241583 1 1
F R E K 2 MR P2 By SRR AR A R S SR RN MRS 4 TP U TK 1Y A
wem .

1 FRESESHTEEFTEFRS K Duncan ZELLE S

Table 1 The conditions of soil nutrient in different ecosystem and Duncan multiple comparison analysis

y i 2 S %
N B 24 i 24 PR i I
HERRG . K Total . Available Available Aailable
pH {H Organic matter  Total nitrogen Total potassium . .
Ecosystem /(&/kg) /(&/ke) phosphorus /(e/kg) nitrogen phosphorus potassium
i i /(¢/kg) v /(mg/kg)  /(mg/kg)  /(mg/kg)
I 6.60Cc 46.48Ee 2.85Cc 1.31Aa 15.86Aa 81.96 Ff 5.60Dd 70.47Dd
I 7.34Bb 52.99Dd 2.61Dd 0.67Dd 7.72Cc 192.70Dd 4.73Ee 166.51ABab
| 6.78Cc 60.48Cc 2.95Cc 0.81Cc 7.33DdCd  256.39Cc 3.70Ff 172.98Aa
v 6.78Cc 29.03Ff 1.71Ee 0.94Bb 11.08Bb 163.98Ee 7.71Cc 158.36Bb
\Y 7.75Aa 95.95Bb 5.63Bb 0.76Cc 6.69Dd 408.94Bb 8.35Bb 166.31ABab
Vi 7.54ABab  115.46Aa 5.91Aa 0.99Bb 4.22Fe 603.95Aa 11.10Aa 107.61Cc

T 35kt 0. Bt s T A IV MR VR AR VI SR AR AR, RONG B30 3R B 91 300 ) 22 5743 SIS B0 i 7K 7 P<0. 01 Fili
ZIKFE P <0.05, FIF  Note: 1 . Slope field; 1l . Grassland; Il ; Scrub; IV : Manmade forest; V : Secondary forest; V. Primary forest

2.2 AFRAEBRG LG P BURE

BT & RS Z 0 A A K R AR PR B . SR W B A A 2 5 1 A AR
T R OIS, X AR A R R | 3 B S T AL S22 RENS T SRR L R R
) B - A M TR Ao R P B AR R 0 S AR 3 75 SR BT Si0, (AL O, #l Fe,0, =H Y& & 51"
A L E A X O AR AR S RS B R 0 0 2 SRR AE A [R), PR AR SR i A b, S0, A R Iy
PN HEDAS JRA AR URAERR; AL O, 5 Fe, O 35 F MU A FHE A > FEN AR MRS AP CaO 55 BN D Ji A k> B
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IASTRAERSTEIN s MO E 12 57 A A JE A MRS T A B A S URAE AR MnO 25 1 I A B AN IR AE AR TR A S T AR
M SFESRGEZ M 25 B E SR E (R 2) . Yl KRR A RIS BBk AN TMOE 3 Sio, &
2 B 3N A0 [R5 1% CaO MgO B 20D,

K2 ARAESESHTIET RELENXR Duncan ZSEILEHHT

Table 2 The soil mineral components in different ecosystem and Duncan multiple comparison analysis

EERG Si0, Al, 04 Fe, 0, Ca0 MgO MnO

Ecosystem /% /% /% /% /% /%
I 72.68Aa 13.55Cc 4.31Ee 0.25Ff 0.86Dd 0.11Dd
I 44.88Cc 17.07Bb 7.06BCc 3.03Bb 1.96Bb 0.30Bb
| 43.49CDed 20.45Aa 10.99Aa 0.81Dd 2.02Bb 0.28Bb
I\ 59.52Bb 17.10Bb 7.44Bb 0.58Ee 0.87Dd 0.67Aa
\ 40.08De 16. 158D 6.74Cc 2.01Cc 1.57Ce 0.30Bb
VI 41.67CDde 12.38Cc 5.88Dd 4.59Aa 2.42Aa 0.19Ce

2.3 ARRAESRGEWMAEY R
2.3.1  LIERUEWR RS

S DR R 2 2RI R R BRI |, REAS SUR M S AR S R S AN TR AR A R AN
T A SRR B S - i L R AR 2 — o W IR AT AN ] A 25 R G0 - SR E W B B AR TR
FEUR AR R R T, S R B U oA J A R > B S YR A RS T A A PR A 40 B R L B A B
F THAL 3 MESRGE, SN BURR R AR TR E 225, Y - ORI S RS S IR b s 2 A
B EE RGN 33X AT RESE SR b A MUIE A R R B R E WA REECR B 2 L Y - bR RS AR Sy Akl
J& BIERUE Y BCE EARXTID . FER SRS A YRR R L, AP B EL AP 11.32% —63.58%
3AMBMAT RGN LR R, B 5 T HE R B | W 0 25 0 U0 M, o0 DA RNV DA I8 25 8 T30 M 5 ek
B IR HL 1A 35. 79% —88. 18% , FE Ak | 50 N FITE MG He A i, R S BF b 2 8 T b AE S R
G, B NFNTE N 35 3 T JE AR ORI A bR JL R A 2 A HESRAR /N AR 0. 14% —0. 87 % 45 R G2 [0 £ 5
NTEAE XD

R3 FRETRGTEREDEIEMHYE
Table 3 The main microbial population in soil in different ecosystem
o i) B & §58¢ AT L FL LA R B L]
HERS . . . . . .
E ) Bacteria Fungi Actinomycetes Sum Percentage of Percentage of Percentage of
cosystem / (cfu/g) /(cfu/g) / (cfu/g) /(ctu/g) bacteria/ % fungi/ % actinomycetes/ %
1 40755.41Aab 856147.50Aab 8739897.33Aa 9636800. 25Aa 11.32Bc 0.50Aa 88.18Aa
| 442.97Ab 111095.58Ab 226056.50Bb 337595.03Bb 41.85Ab 0.14Aa 58.01Bb
I 538.71Ab 77916.34Ab 105523.41 Bb 183978.45Bb 41.12Ab 0.31Aa 58.57Bb
v 258.07Ab 27134.67Ab 14312.83 Bb 41705.57Bb 60. 15Aab 0.58Aa 39.27Bbe
\ 1157.28Ab 128991. 13Ab 59260.92 Bb 189409. 33Bb 63.58Aa 0.62Aa 35.79Bc¢
Vi 71574.13Aa 1949717. 15Aa 1119279.75 Bb ~ 3140570. 89Bb 58.66Aab 0.87Aa 40.47Bbc

2.3.2 LIERUEYAEY R

I A Y R BEAS ORI H A LT BRBEE A SO b B i 2R A, i R 2R S
TEM 33 i AR IR B B8 bR 2 — W 0T 06 3 S ) A6 285 2R Gt A W A i R B 1) 2 S TR
FEUAE R R R JRAEARIY C, B R T AR B B A AR N B T A A R
BL;P,. SRR B AR BB M 22 5 . 2 R 5 =08 e s N Tk f5 1498 + 3E i A=
YR W Bk, S ARAESRGH €. /SOC N, /TN P /TP {HHAR/IN, 23 HI7E 0. 34—1. 68 2. 03—
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7.23.1.03—9.63 Z[i,C,, /N, 7E 1.04—7.02 Z[a], Hrp i ARBRRk s fr iy , 23 THA A S R GE (R 4) .

F4 FARESRFLIEMEVEYER B BT
Table 4 Soil microbial biomass carbon, nitrogen, and phosphorus in soil in different ecosystem

(DGR /h s (@R e T Wy (@R [CER7) ¢ LY R AW Rk

gffi C. N, P THEHRC,. RN, SP / BUEWIREC,./
. /(mg/kg /(mg/kg) /(mg/kg /SOC TN TP N
I 448.76ABb 78.35Bb 13.52Aa 1.68Aa 2.71Aab 1.03Aa 6.44ABa
I 317.51Bb 52.50Bb 13.54Aa 1.07 ABabc 2.03Aa 9.63Aa 7.02Aa
il 246.43Bb 136.88Bb 41.18Aa 0.76ABbc 4.83Aab 5.21 Aa 2.77Cb
v 239.69Bb 75.55Bb 14.21Aa 1.56Aab 5.03Aab 1.47Aa 3.20BCh
\Y 182.15Bb 180.31ABb 33.98Aa 0.34Bc 3.32Aab 5.86Aa 1.04Cb
VI 946.21Aa 323.31Aa 44.78Aa 1.41ABab 7.23Aa 5.76Aa 2.75Chb

2.4 ERHIHT

F R BT REFE WMALKS Z2 6 0 ) R Ak R B D AR AR IR BB — 5 2%, 256 IO B 4 A A AN A 5G| g
ZEA IMLE R Z AR 015 B . DL TR IS A b 6 AN E S R G 20 A B3R AR A HEAT T A 0 BT (3
5)GERKRIET 3 D ARG BRI TTRCR A 72, 44% A, Hifl 5 NS RGERT 3 A T4 R TR
RER KBNS T 85% , AT BT A 15 8., 45 F 053 10 5 22 DTRR R B b A i , B AR 4T

TEAE R L R, RN B AR R RGNS — T4 LA AK (Si0, ,Ca0 \MgO F1 MnO Y 17 iit f K, FR
AT IR 3, Hh AK CaO MgO NIRFIMER T, EMTEEA L RAS RG h AT 3 3107, 55—
FE Ry i DA LB AR IR R, 5 = RN AP E AT B 4 25 AR Gt A ARG L AT 5 TE A
BBt T E B RS SE — T4 L pH . SOM TN (AN Si0, BOZE Mk, Horr Sio, 2 RRMIPER 7,55 — =
F RS EfT i DL MgO MnO (P, AP LT 80 it e K, BT B3R R R g i TR B LA ; IR
MBI BE LI AR S RG0S — TS L pH {E .SOM TN\ TK , AN  Fe, 0, .\ MnO | it 2% 1 it 45 107 1 ok, Hob pHL,
TK FUBE R 7 45— = s N R P B g 5 2 0 1) V8 o 30 B A o B et ek
BRGEP YA RE ESVEMH 58— 200500 pH BB 4B SR R 20 e K, Ferh pH S BR il
PERF, 55— F 14 LA SOM  CaO MgO P, BTt K, B AT 134 A BRI R 5 = 32 o i 2l &2 LA AK
IR, HRI FH ST A A el AR S Bk AN TR G AR ok Rt v ek bt 3 A4 28 R G0 1 50— F2 B oy 2y 4 LA
SOM TN \TK ,AN AK SiO, ,Al,0, .Fe,0, ,CaO 5K , FBH B A T7E W W4 16 A M b + AR S R G Ak T
F U, RN LR A = 3 U T i K MO, TS G0 R BRBE Z AN LR G 1 R o I
B, Hr1 Si0, A1 MnO JEFREIPERE T, 58 = F 05 P, EURE AGE = E 0 N, MR K, AT IS HE
WS RGP T AR AL, FRENT A LA T N TARE RS KRG L1 SOM TN [ TP |
TK AN AL O, .Fe,0, .CaO MgO FI P #hfar g K, 2555 — B s b #ifmr d ER i AP, il WL 32 7 )L
T TR RISy (FBFR M BFE4r) 50 N AP AT SO B T B R K, BT A AR X
2.5 BRIEAHSC AT

W TR N MG 55 42 S R G, R HE TSRSy SR S AR W A B R TRD AT R ] ) B
RUFADC AT (ULER 6) 1T 4 NRFIEME 1Y 7 22 DTHRFE 7 IR 5] 79. 72% (83.02% 84. 41% , FEASfiE S Bt 45 K
YA EE R LIS T R Z (A1 4 X M A AR s i (LR 7)

I TSRS 5 SRR B — O R 5 R B0 R 0. 93 ,0. 87.0. 81, F3K TR i 2 K
- B — 2 AR AR i R AR L pH HS MO Z IR A IEAH G R 55 41 A AR & R R 2Bt T TN AK
55 8i0, F1 CaO Z [A] Y FAHSEIE R I AP ST 2 (B A IE A SC 56 2R 45 — 2 RIS i RAUT ML T -4 Fe,0, 5
14 SOC £33 AN Z R IEAHE 5 -4 TN Z Rl A SE L R
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Table 6 The canonical correlation analysis of the soil main nutrients, mineral nutrient and microbial in difference ecosystem

1 FH ) 75 ik %8

7 w oo i ot aig ke AP

Factor Typical vector  comelation {4 Eigenvalue  Chi square degree of fevel of contribution
coefficient freedom significance rate/ %
R oS TN 1 0.93 5.03 144.77 48 0.0001 35.90
The soil main nutrients 2 0.87 3.22 89.68 35 0.0001 58.93
and mineral nutrients 3 0.81 1.89 51.65 24 0. 0009 72.44
4 0.67 1.02 21.70 15 0.1160 79.72
T TS A 1 0.95 5.44 162.49 48 0.0001 38.87
The soil main nutrients 2 0.90 3.52 97.60 35 0.0001 63.98
and microbial 3 0.78 1.44 50.74 24 0.0011 74.26
4 0.65 1.23 25.31 15 0. 0460 83.01
WS S 1 0.82 4.00 80. 64 36 0. 0001 33.32
Mineral nutrients 2 0.73 3.37 49.42 25 0.0025 61.39
and microbial 3 0.68 1.83 27.29 16 0.0384 76.63
4 0.47 0.93 9.91 9 0.3577 84.41
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Table 7 The composition of canonical variables among the soil main nutrients, mineral nutrient and microbial in different ecosystem

[HF Factors

AR I The composition of variables

TIEEEGR S IR R —

T DU AR

The first, two, three, four typical variable
among soil main nutrients and

mineral nutrient

TS SR —
= DO
The first, two, three, four typical variable

among soil main nutrients and microbial

The first, two, three, four typical variable

among soil mineral nutrient and microbial

N, =—1.0029Y, +0. 1087, +0. 2529Y, +0. 1560Y, ~0. 0913 Y, —0. 1602Y, ~0. 3584Y, -0. 1304Y,
N, =-0.2294Y, 0. 4658Y, +0. 7880Y, +0. 4239Y, 0. 3410Y, ~0. 0346 Y, ~0. 8463 Y, +0. 7498 Y,
Ny==0.6190Y, +1.0310Y,~1. 1035Y,—0. 7248Y, +0. 1724 Y, +1. 0261 Y, +0. 0022, +0. 1865,
N, =0.0890Y,+0.4509Y, +0. 1874 Y, -0. 0559, +0. 0962 Y5 +0. 2787 ¥, -0. 6991 ¥, -0. 5365 Y,
M, =0. 60942, +0.3266Z, +0. 75742, +0. 5260Z, ~0. 91842, -0. 6768 Z,

M, =-0.8393Z,-0.0904Z, +0. 4878 Z, 0. 8258 Z, ~0. 0237 Z; 0. 3309.Z,

M, =0.20642, - 1. 31472, +2. 11482, +0. 966502, -0. 488125 0. 14557,

M, =—0.08687,+0.55547,-0. 1451 Z,+0. 41292, -0. 152925 ~1. 0329Z,

N, =0.0203Y, -0.7169Y, +0. 1958Y;+0. 1144Y, +0. 0302Y; +1.3627Y,+0. 0402Y, 0. 1602,
N, =0. 1627Y, +1.4631Y, 1. 0542, +0. 0387Y, +0. 3771¥; 0. 3021 Y, +0. 0588 Y, 0. 4825 Y
Ny =-0. 1144Y, =1 6276Y, +1.2665Y; +0. 2180Y, +0. 4411 Y, +0. 5052, -0. 0943 Y, -0. 4003 Y
N, =-0.1354Y, 0. 0646Y, 1. 2064Y,-0. 3389Y, +0. 8196 Y, +1. 488, -0. 2612¥,0. 3970,
B, =—0.5747L,+0.5793L,~0. 0867 L, +1.0611L,+0. 1809L; ~0. 0767 L,

B, =1.0962L, +0.3722L, +0. 0336 L, 1. 5878L, +0. 5298L; +0. 5972L,

B, =-0.2339L, -0.2985L, ~0. 1718L, +0. 2010L, +0. 3550L; +0. 6452L
B,=2.0337L,~1.696L,+0.8092L, 2. 3785L, +1.5542L; 0. 5105L,

M, =-0.0220Z, -0.0696.Z, -0. 48342, 0. 46902, ~0. 33922 0. 3541 Z,

M, =1.11432,+0.89572,-0. 501125 +0. 5122Z,+0. 5107 Z5 -0. 3438 Z

M, =0.1023Z,~1.59092, +0. 9964 Z; +0. 3444 Z,+0. 1562 Z; +0. 0162.Z,

M, =0.50912, ~1.56212,+0.8399Z,~1.6071Z,+1.6630Z, +0.3364Z,

B, =-0.0994L, +0. 3160L,~0.9295L; +0. 20981, ~0. 14181 +0. 6066L
B,=0.5242L,-0.3131L, 0. 7841L, ~0. 2240L, —0. 0982L; +0. 7488 L,

B,=0.0176L, ~1.1845L,-0. 8382L; +0. 0408, +0. 3975Ls —0. 2296 L,

B, =-0.6930L, —0.7129L, +0. 4217L, +2. 5870L, 1. 2034L; 0. 2007L,

Y, :pH;Y, :SOC; Y5 : TN; Y, . TP; Y5 : TK; Y : AN; Y, ;AP Y, . AK Z, :Si0, 32, : AL, 05325 : Fe, 0532, : CaO; Z5 : MgO; Zs : MnO; L, : C 5L, : N

L;.P

mic ?

mic ?

3Ly CEH Fungi; Ls ) Bacteria; Lg N5 Actinomycetes

TIEFEFR O SRUEIN T RS — T O AR S R B 0.95.0.90.,0. 78, Bk TR K
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S MR R R AN ECBE R TR TEAH DG 0GR 5 A AR B RIS T SOC (C . Y IE
PR RS B AAE KR TN RN, Z I AR OC R 5 B Z [ I A GG R 5 5 — 4 M A AR it
FREOR WL T e R S 48 SOC Z M ARG R I 5 18 TN Z [ IEARSG

I SRS SR RS — O SRR DG R EGA B 2K 405k 0. 8158 0. 7349, £ —
AR R T I P 5 Fe,0, .Ca0 MgO Z[RITEAI R 48 A MRS i R A B e 17+
H CaO 5 P, ARG R EA KR,
3 g
3.1 WEHTRRIE AN AR S R G R SR A AR

e ST 0 AT b P - SR R R B RR N T, A 152 M ) b R 2T A e R T ELAA A R
FRALRHIE, A A LR B A Kt — R SRR EY | 49 S Bk SO, pH (B 8, 4K T W 307 e e A 7
i AL O RRGHT  FEAEIR T A S BRI IR A IR LU, 0 i T A AN R B it
FIRE SR A TR i o' Z IR e A 3 e TTX 4 AR 18 % el 4 S 8 v A s
G A L - 39 5t TP PR DR AR T 2 5Bk S L, pHL {ELTE 6. 60—7. 75 22 [a), AnHo Al -+ HE— FE BTt A HLAE A
RAHG HIERR A — @ BB IS Bk i pH (B S/, AR ARRRZE AR pH (B R, W H g
AT b I 788 U0 0 2R A AR AT R T A A A R AE G AR B I VR T A s B TR s fim s T 25 A s XL
R HERITE ALk B AR, 5 R 26 B X A 2T AR L 200 S AR o NRAE S R AR & AR, 7
JE [P R i A rf 2398 SOM TN (TP AN (AP & & 3388, TK A1 AK 25 1 AR {0 P SEAS M I, % 2
[ 413K 3 1B R B B KT IR — e FEEE T U Rl o T ] JER O A A A R g v ) 2 B8R A 1 — R
HP R JERE, Y RAR UK A RIS Syl AT N TR 3 TP TK %25 BA S 08, 3o i B A T it A
REA AN TP A1 TK R A KB 3 1T TK M5 i,
3.2 WEHRRIE AN HE IS AR S R G R TR AR AL

3y I R A T B U I e BT R U AT MR PR 43 A R AR B R AR T R R AN T ) R
SR BIR AT U T RS R 3R T ARy AR TR ARG W I AT b 1Y) R T Al il
R R 21 CaO Fl MgO iR i, (H LARERRER 10 0 E R AN ) & FEARAIK , CaO \MgO \MnO 45 SN 1.
5%—2.0% ,t+41 KALII TR AR AT R, I 8™ BT %43 Si0, AL O, \Fe,0, o5 X34, (H 5 & 1
ARG T SR A 9 2 SRR ) 48 3 XA M P2 SO B R D R Ca Mg RYBER 78
(TEWRTE R ZL A SR A TR, Ca Mg 25 SEARME, (0N ERORAR 8 10 & 85 7E H 52 e pb i A A1) (|
HAbw™ Biae o i B ik = IR AR R T, — 8ok, 7 T AR 14, Si0, & &AE 700
¢/kg UL I, Fe,0, AN JE 40 g/kg,MgO KT 9 g/kg,CaO t FIA HER , T HTE 50 o/kg DL b MR B A A ALY
14 ,5i0,<650 g/kg,Fe,0,>70 g/kg,MgO>10 g/ke, HBEHE A EALHINE , 154 Sio, &5 874, AL O, |
Fe,0, .Ca0 MgO %5 Bl AW EAR , A3 B4k 5 350 39 0 T0 1okt BE Dl 2% & B AR E AR 551100 g ST e 0 DA 3 b 4%
FREBRGBIREAT KAV M ABACIRG BRI A BAL GRS, ind#Ei Sio, =ik 726. 8 ¢/kg,
PeRkHh AR JEAARAY Fe,0, HA 43,1 g/kg 67.4 ¢/kg 58.8 g/kg,
3.3 WRHTRRIGE A M [F] AR S R G I A vk

TR YRR oA S ANAR KRR E s It e 2 IR AR WiE v A Lo RSB A A | g
BTG LA B - HEFRAT A AL W SRR IG IAE i 45 A 75 R 0 e AR W P R A e o, LR e A
2 TR RS O R R DL A MR e N TR B AR 5 — B SRR R R SO B 2 A AR T Y L B
15, [ SRR I AT b AN ) A 28 3R 6 - S A W R R 5t (9 2 AN (], AR AS AR 4 22 0 5 9 | 2 DRI DA
HR W R R, = DM S REM R R L, RR N RN, AR 1% , 3% 5 K50 55 58 i
FEAESRARMLS | S WS R R R TR SR B N, LA MO A 7 0 v 5 3 2 A BT A 1A A5 X
I RE ) 3, RRAE IE 38 S R G TR RE REIR IR | DR A W TR Ay Ak b DX S AT AR 4 B i AR
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AR R A R T H RS RGBS

A Wt — R FE R e R AT GG Y WA AT b - SR W R AR B B R
T AR T B LUE A AR S R R A E b 1+ 3% €, /SOC N, /TN P /TP {§
HBAR/IN 43 4E 0.34—1.68 .2.03—7.23 .1.03—9. 63 Z[a],C,, /N, 7£ 1.04—7.02 Z[f], Hria AR ki
e, BERTHMES RS, HiES R G M 2ZRARE, 2™ K2 C,,./S0C. P, /TP ¥t
AL, ¥ SsoCc 5 C,, &8 TP 5 P, W2 N HEMAYEYERSHMAEYRER(C,,/N,.) P HEZ R
HHE , AR H WS RN E , Anderson 252 30 € /N SEY(EN 6.7, R E45E 2 a0 +3% ¢ /N
SEXIME R 6.2, SR E W RRIE R Bk RN HERY € /N, S RIS AR, M E A N TR R AR A
Coie/ Ny B AR
3.4 WEHTRRIGE A 3 TR ) R BV B R R R

S S A Y A R ) B A K R B TS A R A R R R R AR A R Gt R
EBRGAT T RER RGENFRE AR, T AES RGN SELAERe T YR E] 19 5C R Bl iy 50 1A% S5 S i
TEIF Z R0 | R S T AR 0 2 R BN T RGN E IR, B8 4 355 0 S U E A B, 4 =
T A=y RO VE, PRV TR A I, A e SR e A 1 R A [R] B PR AR B ) AR Ak AR 43X
T AH B AR A FHAE 285k — B (] (g R | - A9 R B B % 349 32 S0 ) R, 2 Ry DA A 28551 A7 Sk s o ) T AR,
BEPEOS TR N A PR TR AR S R G b T £ R4y BRI A A B AR e R %Y,
RUFSC AT R, B3R 50 g5 B R0 S 3 TSR0 S RUE IR 4 S RE(E Y
7725 BRTTER R BEAR T 79.72% 83.02% 84. 41% , FEAHE S e H 46 K0 0 i 2s B 8 i i g~ 1
PIGZ (B 1 4 Xf A AR b, Hor— | | =k B A AR B 5 2R B3k B i 2 o B KO, R RS Ry
58RI R R IAE 3 Si0, .CaO MgO Fe,0, X} FEIE MR MAS K +3E TR0 S5HEY b E 52
PLC,. LR SOC AR R K ; B B S A COCR T EELL P TR XS 14 Fe, 0, |
Ca0O MgO 52 i K,

W ST R 0 AT b e UL S P o, A S RGN A R P SRS RGN PR, i —2
Xt 6 A EEASRLE 20 N HHEEARAY F RS0 BN 1T 3 A TR 7 25 RETTHECR IR RN 72. 44% 4,
HoAth 5 ANES RT3 A F ST 2 5Tk R YA B SO T 85% , BE& T ML A 15 8., 45 F o 1Yy 2%
TUBRA I LR, BRSO AT . N B 52 40 R B S A A AL AR 3, R A R 22 IR 4
Z  BEAERCR Aoy PR SR AR AR F 22 DR - R i A Rl RS DR B SRR Y 2 oA R 2 A
FAT R A R, N TR T 2SR 5 i . 6T R 2ER 5 0 R e m
WA 22 ] f LR AF 56 56 28 RS ) £E 25 2R 40 AR 3R AE 32 B2 0 R T AU 255400, vl LAAS 7R A SRS 00 R A9 IE
[ VR A R g A v - 45 00 B i A W 2H R A 2 T B o IR R S AR o Z RE B T R PR
A, FERN R ARMRICE S, S AR R A YY) | TR0 MR Y Z R RAFEIMAOC R . AR IR A
ST PR Ay A R RN TR A I A b R 5 52 A 3 8 v 3 b 7 22 it A AILAE R RUIE , N TR 22 it 2R
HEL 6 S0 A T DX S AT AR R 2 A ) BB A MG AR A A T A S R G IR
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