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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 populations, and the
p

soil content of C, N, and P in microbial biomass (C,, , N respectively) , were obviously higher in the karst area

mic ¥ mic

than that in the red soil region at the same latitudes. The content of mineral nutrients was relatively low and the sum of
Si0,, Al,O,, and Fe,0, 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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WP X AR ) PN B RR AR B (A EALLHEIR B ), 107°51—108°43E  24°44'— 25°33'N,
R R 1028m i ME R 2 KU DX, MRS P ERYTEL UG JR) 1986—2005 4F 20 4[] i LR LI Kbl
BFFE XARFH R 15.7 €1 A28 10.1 °C,7 H 2 28 C, DiAFRAR AR -5.2 C, TE/I0 290 d, 4F 14
H IRIBCR 1451 h AR IR 0 1389.1 mm,4—9 H MR 4 24E 14 70% , 3978 % 804 1571 1mm , SF-3
ARSI LR 70% o W BRI AR B vp 23 A 7122 B A D 1 o, 408 DLBR R 6 8 & B Y IR (L al bR (A K 1208
F, R R KRR A A RER RO, A AR IR . A AR S RS A B
Hu FEAA HEIN AR ORAARFN AR AR, AN A AR S R GERIRETE 2R B R] B 2L £ K (Zea mays) (HE
( Saccharum officinarum) | 8% 5. ( Glycine max ) . £1. %5 ( Ipomoea batatas) "N F ; ¥ I\ £ EAH VLB ( Saccharum
arundinaceum) 15> (Imperata cylindrica) = 45577 ( Microstegium fasciculatum) KT ( Murdannia triquetra) .
YEF ¥ ( Bidens pilosa) A B RERR A VA IS N\ F 2 IS 22 B B ( Bauhinia brachycarpa) (2135 LLEK
¥F (Alchornea trewioides) B3| ( Vitex negundo) ERIRA (Rhus chinensis) . K3 ( Pyracantha fortuneana ) A = B
RERP IS SR, N TR EEA LIAHE ( Toona sinensis) AL5.( Zenia insignis) . = %M ( Vernicia fordii) | B R4
(Allospondias lakonensis) Jy = B3R FEAP O FETE S AL, A= AR T2 LU\ (Alangium chinense) KT EZ (Ttoa
orientalis) ] VAR ( Mallotus barbatus ) K 32 E2 FHEFE R () FETE 28 7Y 5 I AR AR 32 B2 UL K ( Handeliodendron
bodinieri) FlJK 5 ¥ 6 1€ ( Cleidion javanicum ) . 75 X ( Cyclobalanopsis glauca ) F1H5 FR 2 | @] £ 1 4l ( Machilus
pauhoi ) FIA=AEA ( Eurycorymbus cavaleriei) 48 ( Cryptocarya chinensis) ACFM ( Platycarya longipes ) F15E ik
(Acer laevigatum ) . W #A ( Platycladus orientalis ) . 2 K] £k ( Quercus phillyraeoides ) 1 [8 3 1k & ( Platycarya
strobilacea) . Bk M5 ( Sinosideroxylon pedunculatum ) . 72 ¥ ( Calocedrus macrolepis ) F1 % Y& #8 H- 4l ( Carpinus
luochengensis) “h T A HER O FEVR 257
1.2 W55k
121 FEJ7BEE S R R

ST A AT AR AR A UM 50 I 6 AR RGE Y TR B rh & R 2 MR VR 2R
BB (1) R+ T L D) KA 5 A (D) < 350 BRI K TAR(IV) L4
LM UEAR(CV) /SR G B I A AR (V) DA BRAE, FES 1] 3B 4 A5 BE AR AH () R AL 1) 33
TR AL B ST 3 A 20mx20m BIRETT , I3t 36 ANFETT . TEXTA B I | R A0S P A T A A Y B
L 7E 20 mx20 m AR NAEAMEAE AL 262 58 (0—20 em) FE4T 5 s HURE , FE43 TR A AL AR I BE &, 43 1 79 350
3, — BB 43 1] S 6 28 XU a0 R ) 498 = SR AR B AR 48, o) — Al M LR T 4 CAEIR VKA TR
I+ SEREYIEIR
122 hHHRRR
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SRS ; W (TP) SR A NaOH 45 il -4H AP 0 (-2 AN BE 25 80 (TK) SR A NaOH 425 - J 7 W ik
R AL AN) SR T 8000 5 U0 (AP) SR 1 0.5 mol/L NaHCO, 32 HU-5H 56 5t i €0,- 58 Sh 43 516 6 B 1 5 o A o
(AK) >R NH, Ac 248 -J5F WIS 5 i (Si0, ) R TR R 5h 425 il -58 2 £ JC- o 2t 125 5 8K (Fe, O0,) (85 ( Ca0) (B
(MgO) i (MnO ) B FR 4N Falt- R R B B J 743 e BE 1% 5 4 ( AL, O ) SR A 2 M s -6 12 12 - A 4 LA

K, SO, $EI-J 2l S B A Hr ek TR E W ok (P, ) SR T30 W A W) 5 o (07 B 25 -NaHCO, #2
B-Pi 52 M0 Pi RS IR ), AN BB 0k B 170 50 2 340 R R R Bt
1.2.3 Bk 55ty

FERTA 20 N EARIN 50y 3 AR Horp R LIRS 1 R 4 pH {H | IR DL SOM TN
TP .\ TK AN AP AK; H3EF" IR0 5 2 2245 & A45 Si0, AL, 0, Fe,0, .CaO MgO MnO; +3ERA 4 M5 3
KA AFE C o N P T ELR R A . A B A0 3R 3 1853 3 A B AE 5 43 A 4 7E SPSS16.0
AR
2 BERESW
21 AFAEBRG HELSIER

W TR I\ b = SRR B R A A PIRIAVE R 2, pH (B AE 6.60—7.75 Z 0], ¥ U AN FASRER
HEFWINL P F 395 9 bt 320 D A AR 198 pHL A Pl R 1) BB PR AR A, e R AR VR o 7 o 5 pH (A A8 A R D A
MR RAEMS FEASTE I 24 1 AR R AE SRR S e B i AN TS 18 pH BB W ARG, H S BREESR Y
HAl KRR AR 22 T 2 (K 1), ARIAES RS 3 T EIRMIRAR] 78 1E [ R AR i B fE v+
£ SOM TN TP \AN (AP &t BB, & w0 A R AE RS R A MRS TE A S BN TK FiT AK B i 280U
FEAKHBL, 5 P53 590 Ry B DA S HE N R AE RS R MR, TE A S RN IRAEARS JRAE MR, 02 [R5 8 T i
FOLE KO, Y A ORI 2SR R AR Uk A 2 RN Oy 1 e AR A B AN TS 3 TP TK B R
B,

F1 FRAESESETEFESRS K Duncan ZELLEHHT

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

e WA P 7
s LR 2 # A PR I i
HEBERE A X Total . Available Available Aailable
pH 18 Organic matter ~ Total nitrogen Total potassium . .
Ecosystem /(&/kg) /(&/ke) phosphorus /(&/ke) nitrogen phosphorus potassium
i i /(g/kg) i /(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
I 6.78Cc 60.48Cc 2.95Cc 0.81Cc 7.33DbdCd 256.39Cc 3.70Ff 172.98Aa
v 6.78Cc 29.03Ff 1.71Ee 0.94Bb 11.08Bb 163.98Ee 7.71Cc 158.36Bb
\ 7.75Aa 95.95Bb 5.63Bb 0.76Cc 6.69Dd 408.94Bb 8.35Bb 166.31ABab
Al 7.54ABab 115.46Aa 5.91Aa 0.99Bb 4.22Ee 603.95Aa 11.10Aa 107.61Cc

I . 3#FHb Slope field; 1T . FiHb Grassland ; I ; ##E M\ Serub; IV : A T Ak Manmade forest; V : YR A4 #K Secondary forest; VI ; JEAE #K Primary forest; K
ING FBE A ZRR 18 B 18] 22 543 5 38 B 25 KOF P<0.01 i 2 KF P <0.05

2.2 AFRABRG LS YL

BT 3R SR R R A A K R RO PR AR, RS W S A S I AR AR AL
o R VIAOC, X SRR B R I, e M T e i A A 4N RERS 1 H R L A TR,
] ) A A M A A A R o AR 1 O B AR 75 SOIRBL T, Si0, AL O, Fl Fe, O3 =35 1 {5 & i 7
J A O E A X A0, AR AR S R GEW B 37 43 W LR RS ], R AR O i R v, Si0, 2 I Sy T
N TEAS JFAEAR IRAEMR AL O, 5 Fe, O, 5 iU A DA > B DA AR MRS B AR PR 5 CaO 58 TPy Ay Ji A B>
NS TR RS HE N s MgO F5 BT S A S A s HE AN (B DA S YA bR MnO 35 U S B DA AR bR TRE A > J5UE
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M, B RABREZ 027 BF MR (K 2) . 24 b RARUA RO bk AN AR 15 Sio, %
W 54 i A4 TRl £ 37 CaO \MgO B I/

R2 FEESREETLET HLER Duncan ZELLE

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

HBRG Sio, 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
I 43.49CDcd 20.45Aa 10.99Aa 0.81Dd 2.02Bb 0.28Bb
v 59.52Bb 17.10Bb 7.44Bb 0.58Ee 0.87Dd 0.67Aa
\ 40.08De 16.15Bb 6.74Cc 2.01Cc 1.57Cc 0.30Bb
| 41.67CDde 12.38Cc 5.88Dd 4.59Aa 2.42Aa 0.19Cc

2.3 ANHAES RS
231 HIERUEYIR RS

B DR R 2 2R R R BRI |, REAS SR S e+ R S R S AN T AR AR A AN
TR A S AR B 2 R IR AR R AR 2 — o PR IR I AT MR [ 2B 28 R 48 - SR U W 85 S 2 AR TA]
FEUR A R R P, A W R R B U A J A PR > B A S YR AR RS T A DA PR A 40 B R L B A
FE T HA 3 NS ARG, AR W BUMER R AR O 255, XY ORI FH S A A A A b S s TR A
SR IN, 3K0] BRI b A MU B R B MR U E DR R A3 22 2 MR FH 2R TR S R
J& IR BCR DAL TR RS TP U E AR R A L AR TR Y E B 11.32%—63.58% ,3
DEMAS RGER HR K, B35 5 THEMRI RN My 0 35 5 T3 kb, B ANV DA 8 35 o8 T30 M 5 Ok 1
LR LA 35.79%—88.18% , TEE Bk | B MR NI bR A iy, e B il (2 28 o T H M AE S R 4, o
DA DA 25 1o T SR AE MR IR AR MR BCBA R 2B LG 28R /N AR 0.14%—0.87% , 5 B R G Z 01 26 5018 1 3
(%£3).

R3I TRESRGTEMEVTEMHEYE

Table 3 The main microbial population in soil in different ecosystem

P il HR e et il LL il FLTA L] TR LL ]
EERG . . .
Feosvt Bacteria Fungi Actinomycetes Sum Percentage of Percentage of Percentage of
cosystem / (cfu/g) /(cfu/g) / (cfu/g) /(cfu/g) bacteria/ % fungi/ % actinomycetes/ %
1 856147.50Aab 40755.41Aab 8739897.33Aa 9636800.25Aa 11.32Bc¢ 0.50Aa 88.18Aa
I 111095.58Ab 442.97Ab 226056.50Bh 337595.03Bb 41.85Ab 0.14Aa 58.01Bb
1 77916.34Ab 538.71Ab 105523.41 Bb 183978.45Bb 41.12Ab 0.31Aa 58.57Bb
v 27134.67Ab 258.07Ab 14312.83 Bb 41705.57Bb 60.15Aab 0.58Aa 39.27Bbe
v 128991.13Ab 1157.28Ab 59260.92 Bb 189409.33Bb 63.58Aa 0.62Aa 35.79Bc
VI 1949717.15Aa 71574.13Aa 1119279.75 Bb 3140570.89Bb 58.66Aab 0.87Aa 40.47Bbc

232 TEMUEYAEYE

TR A Y R A AU R LT BRI BEE PR R L A B R A T HR RS
TEMY 3 B FIAE SR FE AR 2 — W el N EE R R A S R E W B Wik R B & 2 AR TR,
PEUAE R AR JRUAEARAY C B i i 2 v T AR B B s B AR AR N 7 B 3 8 1 At Rl R By
B P SRS B MR R E M 22 57 2 bR O AR G 82 N TR fS 1 458 + 38
YW e ARk, SRS RS H C,, /SOC N, /TN P, /TP {E#AR/IN, 23 5I7E 0.34—1.68 2.03—7. 23
1.03—9.63 Z[i],C,;./N,; 7F 1.04—7.02 Z [i], Hrp BL AFRE R o, 03 T HAAE S RS (R 4)
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F4 AEESRETEMEYEYSER. K. BEAOTL
Table 4 Soil microbial biomass carbon, nitrogen, and phosphorus in soil in different ecosystem

TRy R EYRA Pl e Rk e R A A R/ e Rk

LB RS C.. N, P A L 25 L MR
Ecosystem me me me ’ - :F‘ ” - ﬁl‘
/(mg/kg) /(mg/kg) /(mg/kg) C i/ SOC N,.../TN P,../TP Cie’/’Noie

1 448.76 ABb 78.35Bb 13.52Aa 1.68Aa 2.71Aab 1.03Aa 6.44ABa

I 317.51Bb 52.50Bb 13.54Aa 1.07ABabc 2.03Aa 9.63Aa 7.02Aa

1l 246.43Bb 136.88Bbh 41.18Aa 0.76 ABbc 4.83Aab 5.21 Aa 2.77Cb

v 239.69Bb 75.55Bb 14.21Aa 1.56Aab 5.03Aab 1.47Aa 3.20BCb

\% 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 2.75Cb

2.4 FEWSSHT

TR AT IR I AR Z2 46 bR [ UG AL R D8 B () B — Fh 7 7%, 25560 I W BT 6 e A AN AH 5G| g
CZEA MR Z AR5 B, DL iR A M 6 N AE S R S8 20 A TR AR A A UEAT A b (R
5) EERR I ET 3 A R ERE AR BTN 72.44% 40, Hifth 5 AN EBRGERT 3 A T B TR
FHBIR BN S T 85% , RE R TH R WLFT A 15 8., 4 T3 1 5 22 DTBR R 1 LU A i | AR B4

TEUAE SR 7R BN Be I AE R R GRS — F U LA AK (Si0, ,Ca0 \MgO Fl MnO FY £ faf 1 e K, FR
AT IR TR, b AK CaO MgO MFRGIMER T, EMI7E R B AES R G b AL F 2 S, 56—
TR e B VAL AN R, 55 = A0 AP BT R A A 28 R St A T ARG B A A s E A
B Bt 3 B R GRS — TS LA pH SOM TN (AN SiO, By fiff e ok, Horh Sio, Je BRI 1,45 — =&
5y 2w i LA MgO \MnO (P (AP iR B I 2 et e K, BT TAEVE A 3 A 25 R 4 v b T R BE LA 5 TR A AR
W B 33 25 R GRS — 4 LA pH { .SOM TN | TK AN . Fe, 0, ,MnO it £k # (0 48 ff & % K, Horh pH  TK
FIBCZR TR Ry BRI R 38— = A0 N, R P B B R 5 224 0 1) 38 i 38 D A MR B i 3 A R R
Surb i A YRR R B R S — A DL pH  ECTE AN A IR A ey e A K, e pHL S B ) R
T8 F LA SOM , CaO MgO | P F 2 far & 55, B AT X0 BR Al 1 PR 7, 56 = 2 o i 8 i DL AK B
Ko EHOAFHZSHY A Ry i S Bk b RN TR 4 A8 sk Bt e, i b 39826 28 R B0 09 58— 2 100 28 Ao £ LA
SOM TN TK AN ,AK ,Si0, AL O, .Fe,0, .CaO 5t K , 32 W& A 175 15 1745 0 I 3ok H U B b - 390 74 25 R e v b T
F G, R EEMFE RSP AW R AU 3 B i ORI MaO, T IH 94 8 BREE Z AN 25 A 3R 4
b Sio, F1 MnO 2 BRI T, 58 000 P, B B = 1 N, B8 i K, e T
A IEA S RGP T LA A AL, RN A BUE Y ER G 5 N TAR AR RS L) SOM TN | TP |
TK AN AL, 0, Fe,0, CaO MgO F1 P Zff i ik, 45550 = E i h 8 i B R0y AP, v WL 3= 5 (H 7 )L°F
WS THTA L3R (R BRI 50 Mo AP HIB IR B 3 far i K, B AT A S AR X
2.5 LA SEo BT

W SRR A AT b Y 55 A2 S R e, I SRS TSR A VAR W R B O RD AT T i Y S
RUAEAT (£ 6) L 7T 4 NFRIE(E A Jy 22 5T RkoR 4 BA H 79.72% (83.02% ,84.41% , HEARE Sz W H 46 S 431
AR fE B, B LIRS T PR Z (] fY) 4 XL AR Ay il (R 7)

I FEIR S5 IR TS 1,23 XFBLALFHSC R 05 31 0.93.,0.87 ,0.81, B3k T H . 35 /K 46
1 2 BRI b R TR B pH {H 5 MO Z RN IEA R 56 2 AL AI AN & RA R ZR ML T TN AK 5
Si0, Fl CaO Z A TAHK IR e AP ST T2 B A IEA SCOC 2R 5 55 3 A SR AR B R B e T+ Fe,0, 5 1
18 S0C , 38 AN Z R IEAH K S 5 4 TN Z M AL R .
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Table 6 The canonical correlation analysis of the soil main nutrients, mineral nutrient and microbial in difference ecosystem

HAUFHSC R AL kT YA

A LA 5] Canonical LR KHME o \l L of accumulative

Factor Typical vector correlation Eigenvalue Chi square . eve © contribution

. significance

coefficient rate/ %
TIEETIRI G0 R 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 ESR I S REY 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
W R 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

R7T ARETRELIREERS T RFD MEWZ BB TENR

Table 7 The composition of canonical variables among the soil main nutrients, mineral nutrient and microbial in different ecosystem

A F Factor

AR HY I The composition of variables

TIEEBFRS G IR 1.2.3.4
T

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

mineral nutrient

N, =—1.0029Y, +0.1087Y, +0.2529Y, +0.1560Y, ~0.0913Y; ~0.1602Y, ~0.3584Y, ~0.1304Y,
N, =—0.2294Y, ~0.4658Y, +0.7880Y; +0.4239Y, ~0.3410Y; ~0.0346Y, —0.8463Y, +0.7498Y,
Ny=-0.6190Y,+1.0310Y,-1.1035Y;—0.7248Y, +0.1724Y5+1.0261Y, +0.0022Y,+0.1865Y,
N, =0.0890Y, +0.4509Y, +0.1874Y;~0.0559Y,, +0.0962Y; +0.2787Y, ~0.6991Y,-0.5365Y,

M, =0.6094Z, +0.32662Z,+0.75742,+0.52602,~0.9184Z,-0.6768 Z,
M,=-0.8393Z, -0.0904Z,+0.48782,-0.8258Z, ~0.0237Z,~0.3309Z,
My =0.20647, ~1.31472,+2.11482,+0.966507, ~0.4881Z5—0.1455Z,
M, =-0.08687, +0.55542,-0.14517,+0.41297,-0.1529Z, - 1.0329Z

TIEFEEIR SMAENE 1.2.3 .4
M AU
The first, two, three, four typical variable

among soil main nutrients and microbial

N, =0.0203Y,-0.7169Y,+0.1958Y, +0.1144Y,+0.0302Y, +1.3627Y, +0.0402Y, -0.1602Y;
N,=0.1627Y, +1.4631Y,—1.0542Y, +0.0387Y,+0.3771Y,-0.3021Y, +0.0588Y, -0.4825 Y
Ny =-0.1144Y, - 1.6276Y, +1.2665Y, +0.2180Y, +0.4411Y, +0.5052Y, —0.0943Y, —0.4003Y,
N, =-0.1354Y,-0.0646Y, - 1.2064Y, -0.3389Y, +0.8196 Y, + 1.488Y, ~0.2612Y,0.3970Y,

B, =-0.5747L, +0.5793L,~0.0867L,+1.0611L, +0.1809L; ~0.0767L
B,=1.0962L, +0.3722L,+0.0336L, ~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,

WSS TERMAEYE 123 4
YRS R
The first, two, three, four typical variable

among soil mineral nutrient and microbial

M, =-0.0220Z, —0.0696.Z,~0.48342,~0.4690Z, ~0.3392Z,~0.3541 2,
M,=1.1143Z,+0.89572,-0.50112,+0.5122Z,+0.510775-0.3438Z,
My=0.1023Z,-1.59097,+0.99647, +0.3444 7, +0.15627+0.0162Z
M,=0.5091Z,~1.56217,+0.8399Z,~1.60712,+1.6630Z;+0.3364Z
B, ==0.0994L, +0.3160L,~0.9295L; +0.20981L, ~0.1418L5+0.6066L
B,=0.5242L,~0.3131L,~0.7841L, ~0.2240L, ~0.0982L, +0.7488L
B;=0.0176L, ~1.1845L,-0.8382L,+0.0408L,+0.3975L; —0.2296 L,

B, =-0.6930L, -0.7129L,+0.4217L,+2.5870L, ~1.2034L; —0.2007L,

Y, :pH; Y, :SOC; Y, . TN Y, . TP; Vs : TK; Y : AN Y, : AP Vg : AK Z, :Si0, 32, : Al, 04375 : Fey 0532, : Ca03 Z : MgO;3 Z : MnO3 L, : G, 5Ly : N

Ly:P Ly =Azs) Fungi;Ls s Bacteria; Lg R Actinomycetes

mic »

mic 3

ST EIR O SRUEYIN T RIS 1.2 3 X SERARSC R K 0.95.,0.90.,0.78 , 243K T AR F KR 5 1
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2 S AN B R AN LR JA] I IE AR DG OC AR 5 5 2 ZH M A i RACE L 1 SOC |G, A TEAH IO
FAEERE M AAAICOCER TN HI N, Z B AR S5 B Z IR AR 55 3 4 RS i REUR
BT H IR 5 I SOC Z B AR R 5 1 TN Z [ IEAR

T AR SHAEYIR T HA S 12 X IAAEOC R BGABIN WE7K -, 435112 0.8158 ,0.7349, 55 1 41
RIS B R E TR M4 P 5 Fe,0, ,Ca0 MgO Z M IEM IR ;50 2 4l AU g RAN E B/l T+ 4
Ca0 5 P, AR SR IEMH LR,
3 itig
3.1 WEHTRRIE A E MR A AR S R S R IR AR

e ST 0 AT b 1 - SR BRI R B RE N T, VA 152 M ) b P 2T A o R T ELA A I R
FALRHIE, A A LR B A Kt — R SRR RS | 498 Sk S, pH (B 8, 4K T W 30T e e A 7
i b A P ARHT | FREEREE IR A RIS BE IR, TR R VA LU AR I A R A B it
FIAE TR AR AT S i 'V Z BRI e A 38 BT KR I A A Bl 4 o e 2 b AR R i
UG D i - 9 5L PP PR D AR R 1 2 5 A B, pH (EAE 6.60—7.75 ZIa], i HoAth 1 56— BE 38 it A HLAL A B
FIF G R A — e L RE RN DSk i pH (B B/, O AE AR BUZE AR pH (B K, W SR I A
T b I IR T 2R A AR AT R T AR i B A AR AR FE AR 4 s B RT st T A v il XUk
MAIRTE AL & B IR, SRS X LM 320 S E R e AR S R0 &' AR, 7EIE
1) U A 3 s e A v 1438 SOM TN TP AN (AP &7 F BB 0 i , TK Rl AK 7 5 48 A0 IR 35 4 AH I, 4% 2% =2 [)
PRk B T 0 R w2 KO X — R L U B A O ) VR A R Y R R - rh i 28R A i — R R R
B AR, 2 AR UK A AR AR SRy B RN TARS 8 TP TK A9 25 B S 384m , 3k d B A T3t AES
ARG TP A1 TK FEAE A K 3 hn 1 TK 095 &
3.2 WEHTRRIE A EM R AR TS RS IR R IR A AR AL

3 Yy [ R - A T B B IR Ve BT R U AT MR TR 43 A i R AR R VAR T R R AN T ) R
KRBTSR T Y I R T AR T AR T AR A K TR A AT b 1 T R S Al
FRER A1 CaO Fl MgO & AR, (A LARERREL 04y £ R ANV ) & 1EARAIK, CaO \MgO \MnO &5 [ B ik
1. 5%—2.0% , A1 KAL B SR F AR AT BR , T8 8™ BT 3% 43 Si0, L AL O, Fe, O, 5 48X L3, {HHA 2 1]
ARG T SR A X SRR ) 48 3 XA M P4 SO b R D R Ca Mg RYBER T8 A
(TEMRTE SR ZU BB RN TR, Ca Mg S ARG, (H R SRRk BR £k 7 (10 & A5/ F o8 e B A ) (1
HAbw BaFe 53 ™ ik = IR TR AER AR T, —Bokul, 7 T A B IZ A 1, Si0, & & TE 700
g/kg L1, Fe,0, R 2 40 g/kg,MgO fiXF 9 g/kg,CaO thFHEA HEE, S 7E 50 g/kg LA b iR & A AR
13 ,Si0,<650 g/kg,Fe,0,>70 g/kg, MgO>10 g/kg, HBEH A FEALRINE , -5 Sio, &85, ALO, .
Fe,0,.Ca0 MgO %5 B AR W IAAR , A5k S 380+ e A8 s BE U 28 B AR AR 551 g Sk I A 4%
FKEBRG BRBEA RAEW B ABAAIG (DR A R A B IR, iny#E L Sio, =ik 726.8 g/kg, 3
BEH AR FAEMR) Fe,0, A 43.1 g/kg 67.4 g/kg.58.8 g/kg.
3.3 WEHTRRIE A E AR R AR S R S A YRR

T ERUE YRR oA S ANAR KRR EE s It o 3 IR AE s vE A Lo RSB B A A | g
BTG LA B - HEFR AT A AL W SRR IG IATEE i 45 A 75 R 6 e AR W R R e o, LA A
2 TR RS O R R DL A R e N PR B AR 5 — B ST AR R R SO B 2 I LA T Y L B
15, (A ST AR I AT b AN ) A 25 3R 5 - A W R R 5t (9 2 AN (], AR AR B 4 22 0 35 9 | 2 DA RIIEE DA
LR R Y ELBIECR 3 MM S R MRS 2, BREE R /N, AR 1%, 31X 5K S SR 5T
SEIRAML SR YR R I R BRI, O A U I 4 P B A 4 2 R AR T A 00 A 4 1
YT A RE 13858 , BEM U A 28 R G R R RE ARG ER ) | R I e i 3R A VA M X S A T AR5 B ) AR B
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AR B A R T R R R G RS

A e — TR R e U T AN Y G DA L - R W AR R B G  B ET A
I T W ARG I B LU AR S AR W TR A + 3% ¢, /SOC N, /TN P . /TP {
HBAR/IN, 439 7E 0.34—1.68 .2.03—7.23 ,1.03—9.63 Z[i],C . /N, FE 1.04—7.02 Z ], v 5 N3 Hh A
LR ERTHMAES RS, KA SR G ER ARE, WEWRENS L2 C,./S0C P, /TP ¥
fik, B soc 5 C, &= TP 5 P, WA T, 5 EY A Y e S5 M AEY 2R (C, /N, ) B A E
5 A WA, Anderson %50 /N, PRI 6.7, BRIFM G AR+ 5E C /N, T8
{84 6.2, 58 SR W S e DAV Mty e 0 o, B A 3860 € /N 5 SRS AL, THE A A TARFIRAEAR €/
N,.. H 2w,
3.4 WEHRRIGE AR Ml A TR ) R BV B B R R

5375 Sk Y s ma R A 0 A Kk B TR AR R I P A R B R R AR S R g R
EBRGA T TIRAES RGN IBEER ™ EER, AR RGE RS LERE T YRR a] 0 5C R FR 00 20 A0 45 Jmy B
TR Z R RGERsE ) T AR 10 & R B IN T RGN TR, A8 3 337 40 ST WA a4 &
T AT, — R, 2RI TR A ATIYT , B A TR e A A A AR Ak T R R A B A R A AR 1k X
T AH B AR A FH AR 285 — B el ] (g R | - 9 RTAR  Ff  389 32 A0 ) BRI, 20 A DA A 28551465 Sy A 7 ) A,
BEE S IR A A ORI AE S R G L R R BRI FRE WA BRI R,
RIS HT R, HIE RS 50 i35 BIE R ER0 SAY 3 TSR0 S P 4 SRR E Y
75 % BRTTERR DGR E] T 79.72% .83.02% 84.41% , LA HE S Wl 1 46 SR 4 978 H (5 8., f L i S 1
P Z (A1 4 X Al AR SR AR, o 1.2 3 X AU AR A OC R B A ) 2 s B K, HIREE RS 5
JaFR oy FEFRIAE L HE Si0, . CaO \MgO ,Fe, O, X FEFE /3 M2 K 13 R85 Sy h 222U
Coie ~FLIRXT SOC ARSI Fie K 5 HHEW T 55 3 S HAE WA OC R T EZLL P I AT 15 Fe, 0, |
Ca0 MgO [5%Mf K,

W ST R 0 AT b O PR o, A S RGN A R P A SRS R G PR, i —2
Xt 6 A EEASRLE 20 N HHEEARAY TR0 B, 15 3 A E 7 25 RETTHORBR AR 72.44% 5,
HoAth 5 AESRGEHT 3 A1 2 TR A B8 T 85% , BE AT R ML A 15 8., 45 o1 Uy 2%
TUBRR I LA R, BRSO A SN SB35 40 IR T B, WE N AL AN 0 A, U2 AR 2 B2 P4
2 BEAESCRA T 20 AR SR AR AR R R - o R R R IR, P Y B R R B 2 Ah i 32
FAT T S R, N TR BT B S o i . 6T R 2555 0 R o e
PR 22 ] F SR A 56 56 28 MO [) AR 25 2R 40 R AT 3R AE = B2 00 R T A 25540, ol LIS AR B SRS 00 R Y IE
T YA VR e A P MR O R A W A R AR T R TR TR AR MO 5 3R Z A B T R AF Pk
A, FENINEARMIEE S, CE MR R BEAE DY) |+ A5 0 MUE Y Z M RAFUMECR . RIRIR A
AU RUAR Sy R bR TR N2 = i) 2 70 3 R v S 0 e 7 22 it A AL AR R URE , N bR 22 it 480
REL 0 Sl A e DX S A T AR R 2 A ) R B MO AR R ) AR S R G IR B
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