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SHFTHBEXRE"

PR SmES REW R /L i SN S ot/ A S
CPEMFREAFREAESHEFERFREAESTIRELZHE, KV 410125; 2 HXFARFER, & T 530004; ° FE
PRI R A SRR AR, 7 B®ERIL 547100)

W OE ETHEHEAEMRKER AT KER EEARS RES AR L EMED
EHADBERLERDWAN AXK T T AR ESRA L EHENHMERLS LR
FAMABERR, EREN. AR ESRABED AR E, ZW I EHEMRK, KIE
K AT FEERNKEAELERA, MAERBRELERAFTRAESRARFHAEDE
R(C,) GHAEWER(N,,) HEDEH(P,, ) MHKMEHLET BEIMEFAKF;F
FASARLEMENES LERPNRATY, MHMENKES LER WL EHR
BORALEEMENEE FH RAEABEELANENERA TAEXE K2R
FHEF;AAASRAATLEMAENEUERMEERQWBEX AT E  KME K LEA
JT(SOM) .pH 28 (TP) BB AER , T EZ W L% C,, HEMEE; AT F LEAL
SOM 2 & (TN) \TP = 2 % v £ 5 & 4y & ; K £ AR F 2L pH SOM TP % AF 5 (AN) |8 ¢
FAK) ZZ ML EMAENEFMAE ;R EMEZH pH TP AN B LB EDEF S
W

X EEMAEN; DERL BEKR; £ARG,; A FELENR
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Coupling relationships between soil microbe and soil nutrient under different ecosystems in
depression between karst hills. LU Cheng-yang'”’, PENG Wan-xia'”, SONG Tong-
qing'?**, ZENG Fu-ping'”’, YANG Gai-ren*, ZHANG Hao'’, LU Shi-yang'’, DU Hu'’
('Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agri-
culture, Chinese Academy of Sciences, Changsha 410125, China; *Forestry College of Guangxi
University, Nanning 530004, China ; *Huanjiang Observation and Research Station for Karst Eco-
systems, Chinese Academy of Sciences, Huanjiang 547100, Guangxi, China). Chinese Journal of
Ecology, 2013, 32(3) . 522-528.

Abstract: Based on the analysis of soil microbe and soil nutrients in different ecosystems of
depression between karst hills, i.e. , cropland, plantation forest, secondary forest, and primary
forest, this study explored the characteristics of soil microbe and revealed the coupling relation-
ships between soil microbe and nutrients. The composition of microbial population differed in the
four ecosystems, where the ratio of fungi was lower in the four ecosystems. The ratio of actinomy-
cetes in cropland, plantation and primary forest was larger than that of bacteria, while the reverse
was true in the secondary forest. In the four ecosystems, the microbial biomass carbon (C ;. )
was significantly correlated with the microbial biomass nitrogen (N, ) and phosphorus (P, ).
The relationship between soil microbial factors and soil nutrients differed in the four ecosystems,
among which the soil microbial biomass was closely with soil nutrients, while the amount of soil
microbial population was weakly related with soil nutrient in the four ecosystems. This indicated
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that soil microbial populations such as bacteria, fungi and actinomycetes was randomly disturbed ,

instead of controlled by sole nutrient factor. The coupling relationships between soil microbe and

soil nutrient factors were different in the four ecosystems. In the cropland, soil organic matter

(SOM) , pH, and total phosphorus (TP) played a greater role and mainly affected on C_; , bac-

teria and fungi. In the plantation forest, soil water content, SOM, total nitrogen (TN), and TP

had a greater effect on soil microbial biomass C, N, and P. In the secondary forest, pH, SOM,

TP, available nitrogen (AN), and available potassium ( AK) mainly influenced soil microbial

biomass C, N, P, and fungi. In the primary forest, pH, TP, and AN proudly affected on soil

microbial biomass C, N, P, and bacteria.

Key words: soil microbe; soil nutrient; coupling relation; ecosystem; depression between karst

hills.

THMAEY R EIRA S RENEEA ST —,
JEHESh LY AL RE R S RS FROC R A Y
BRAL 24 28 19 35 7 (Harris, 2003 ; Devi & Yadava,
2006) , R IHEEARUR, H SRS R
St A DA R WS R G R AR LA £
BT ) UGS AR 2 — (BRI AE 20025 R A 5
.2009) , HEEMAYREES LIER BN CRE
I (A i &S AT BAE 2007 )

g DA i 2 LR g s i R b 3 4 TP A TR
] 7Y i s R R AR M L TR 9.7 U7 k'
FIEFRS K LR, NP R AR, W
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PR A HE A FIBR S (RGBT 55,2007 ) o s I AT
i W A TR R 9 1028. 0 m, 3% X M B 2 X
S AR 16.5 ~20.5 °C 1 AR 1001
C,7 A AR 28 C, iR E-5.2 €,
FEI1 290 d, 4R H BRI 1451 b, A K PH S5 S
334.4 ~413. 4 kJ + em ™ AFEHEKE 1389, 1 mm, fF
WEN T 4—9 H, 5 24ERFWER 70% ,FH7E K
R 1S5T1. 1 mm, HXHE R 70% (KR,
2010) , 4 KMAIA: R RGEVFIE X R e % B 7Y g
T AR UG AT LA v o A T 3R T R AR
X, AR SR B4R R DX (AR A AR X
KT RAPR B ok WM EEAEY), . A
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SRS AE SR R 50% ,2001 AEUEATIE BRA K I8 5
FRFNENLE ARG ) . W KA, RAAKRE
HRETE B SRR IR A MR 55 TP IX (1985 448
Tit) o Vo JEAERR, RIS A SRR A MRS BE T
DX (AT SR g 30 b DX A7 B SE 4 L T AR R
AR, 1996 AF 3 B K HARIRIPIX) . 4 26
TH XA E RS <80 km, LAME T b, B A e WL
1,

1.2 W5k

1.2.1 FEHLIZR B IHAE S @ B4, 2007 4
10—12 F 7EWE 3 457 1 A Ml 4 28 LR A 28 R G iiF
FE DX A BERE 1 -5 RII) 1% 38 T R b 3% A
Foe Rty B 25T H.0 ( Centre for Tropical Forest
Science , A FX CTFS) #57fE ( Condit, 1995 ) M 3 i i)
e TN —H R AU 200 mx40 m (1) 37 W
FeEHb o B T 160 mx40 m JEHEL 40 mx40 m, H
S SR BEANEE R 43R 20 4~ 20 mx20 m BEJT K
FA20 mx20 mAEH HAGEE A 73 84110 mx



524

32 3

F1 PEHETERIEM EM 4 RABERRGERER

Table 1 General status of the four ecosystems in the area of depressions between karst hills

B3| TR LiE e~ TR RREEERE (%) AR

I i RAEY) iR+ <15 EK Zea mays VT Glycine max FAaR Ipomoea batatas

1 E2rTi NT K AKXt 15 ~40 A% Citrus reticulata MIE Castanea mollissima fE R Zenia insignis
T H#5 Toona sinensis

1 ] WA AKL 40 ~85 JNFAWR Alangium chinense .\ ¥53f] Vitex negundo 2135 LLFRFT Alchornea
trewioides

v 55 JRA K AR A =85 ALK Pinus calcarea FEYEAR 2 Kmeria septentrionalis A1 111 Cinna-

momum saxitilis

10 m /METs 2044 B/ INEE T R4 R 4 4> 5 mx
5 m BIRORAE T . 2010 4F 11 A 768 10 mx10 m
FETT VU P BEH LR B S A H3EFREAS (0 ~20 em) , R
FHVY IR A SRR R SRR A 2 R
A A HR FIC3 A HRER A A
Jo B3 AR IZ SRS (B2 4R, 2010) , AR
80 /N AE . FH T H AR A5 1 A BT B Ak
ARG, FH U vk B R G | FH s
YIFE BRI 1 = A O 8 R A RS IR AT 4 CUKAR
e fE

1.2.2  HIEIRARATINGE ISR I R FH R
Tk (P E R 2E B o ST T, 1978) , Hib A
BT (SOM ) R FH 5 4% iR 41 25 ot -4 i #Rk  7
pHEM 12 2.5 W LK, BRI & ; &R
(TN) s IR 5 5 42 ('TP) H] NaOH %%
Al-FREAPL L LI A2 240 (TK) I NaOH J5 fil- &
YOG RE LI E § Bt 28 ( AN) FHA™ B0 ie ik il 5 5 3k
SWE(AP) 0.5 mol - L™ NaHCO, £ H-5H 86 1 i
-5 MR I R 5 AR (AK) P PR R

K2 TRESRZFTEREVHERHHEXMHE

BERRI-JE MRS 2 (XIDEHA, 1996) 5 HIERIA Y
R (C,,. ) ST 25K, SO, $EE-B M A3 1k
I PR A (N, ) S B 2R-K, SO, $2 BT
BN RTINS HIECE Y R (P ) A
i B Z%-NaHCO, $& H-Pi I & -Fh I Pi 4 1 1 4 1
T B0 DU SR FH G 8 T Al T (MG RORT B o
3,2002) , b AR A= R E R RS IR A ik
B RS 3G 5L, B A P20 i S 4%
SEH MR IR K 4 I AN A | LB R T (R
47K ,2006)

1.2.3 R3] Excel 2007 #4758 (1 i i
ALF ] SPSS 13. 0 A TEE S 1401, LSD %l
T R ) Y 22 5 B SRR Pearson A5G R %K
BTSR[] A B G RR | 32 S 7R A 54347 L
IR AT HE AR AL PR BR ] (8 A DG

2 HRE5HMH

2.1 ARASRG TR R XA E R
M2 3R 3 1A, A RS RS HRMEY

Table 2 Soil microbial quantity and the correlation in the four ecosystems

Ay TR WEYBCR (x10% ind - g71) AH G R B R
¥iE HArH FrifE 22 AR (%) il HE Tl Lk
FAEIX A 1.22 Bb 12. 11 0.26 21.56 1
HA 0.04 Bb 0. 41 0.01 24.75 0. 189 1
e 8.81 Aa 87.48 2.10 23.84 0.173 0.411** 1
T B 10. 10 100. 00
AT Bl 1.71 Bb 28. 49 0.71 41.70 1
A 0.03 Bb 0.52 0.01 45.86 0.189 1
&R 4.26 Be 70. 98 4.01 94.13 0.283* 0. 150 1
A B 6.00 100. 00
AR Bl 2.13 Bb 95. 04 3. 60 168.70 1
A 0. 00 Be 0.11 0.01 242.62 0.303** 1
e 0.11 Ce 4.85 1.92 1761. 47 0.291** 0. 600 * * 1
R B 2.25 100. 00 1.91
SRR A 4.520 Aa 43. 68 1.91 42.33 1
ENT] 0.17 Aa 1.61 0.06 35.51 0.383*" 1
& 5.66 Bb 54.70 2.41 42.58 0.335" " 0.549 " 1
[CER7PEY 10. 30 100. 00

AR KNG FhE 5 5 s A R A 25 R S M) 35 25 5 (P<0. 01) R 3 22 5 (P<0.05) , * P<0.05, * % P<0.01, K[,
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Table 3 Microbial biomass and the correlation in the four ecosystems

2 WA WAEYR (mg - kg 1) AHIE R AL
A FRifE 2 AR (%) Coie Noie P

RAEX Coic 323.902 Dd 154. 110 47.58 1

Nic 80. 451 Cd 37.350 46.43 0.798** 1

P 9.643 Dd 4.067 42.18 0.587** 0.371 1
ATk Coic 574.376 Cc 308. 353 53.68 1

Noie 234. 621 Be 153. 039 65.23 0.983** 1

P 47.499 Bb 30. 679 64. 59 0.935** 0.951° 1
WA Conic 813. 565 Bb 136. 595 16.79 1

Noie 315.089 Aba 98.290 31.19 0.406 " * 1

P 67.317 Aa 19. 769 29.37 0.223** 0.774 1
JAEY N Conic 1424.360 Aa 871.715 61.20 1

Noie 373.570 Aa 240. 972 64.51 0.919** 1

P 30.288 Cd 13.539 44.70 -0. 084 -0.262** 1

PR A A AR, 4 BAEB RS
A WA B DL LT T BN R B A
AW EER Y 2% s ARAVEDX TR A AR 4 i A
YRR LU TR T 7 B3 R, o A W B
54.70% ~87. 48% 3 U A= AR - EGIU A= W Fh i L) Al 1A
S o B g 5 U AR AR DA AR B S R TR A
EY i

A DX N TR AR A A 38 B2 i ik
(Cio) FIRUER A (N, ) 52 3 H O AR
MAEY R (P ) 5 N Co PSRRI M E R
By AR 0.951 F0. 935, 3k BB B 35 /K 5 Uk AR Ak
FEAMA C 5 P A RBER /N, HIERUE
WYyiee 55 AR YRR R B R A
A RAEBRGE LI C AP, PP Z (B AFTE R 8 3
225 RAEIX N TR N, B i 28 (KT AR AR
JEAIR, RAE XN T AR 1 N 28 i 3, kA
AR AE AR 1 N 25 55 A8 3 DA R ) 4 T A
HAMW B E S T HAL 3 RAEB RS, WEKEE
T AR X5 AR IX 1R 2 T W 3 v T oAt 3 26
ARG, B2 (AR F) B e o 255,
2.2 AFAESRS LIEMAYS LR RE
2.2.1 HIHEWMAEYS SRS A
ERRG WM E YRS SR A AN
W, &4 TRLEN, KIEX C N, SHILE
(SOM) 2 (TN) Bl fift 2 (AN) (R (AK) K
P, SOM TN 4 8f (TK) 484 (TP) ¥ 2 1) 2 3%
DG B RS AP B B E MM, AT

I YR 5K 3 SOM TN (AN % it & ARG,
FEEARE A U | 4= R0R AR & 1 ] s A
IR R MAEY =S pH TP TK A #E (AP) 1
B, AR T 5 34 R )
RIFHIC MRS 2%, JE A MK €, N, 5 SOM TP AN,
AK B AR SRR 3] T M B 7K W € N
ANTE E IS pH TN ARR I 25 UG
2.2.2  TIERCEYIRRME S 58 5E 4 i SRR O 4y
Bro B3RS AU RAEIX AR R A AR i AR bR
I 4 A FEAEAE /9 J7 22 BB 5T #k R 43 il ik F)
76.86% \71.91% .71. 18% Kl 74. 64% , FEAFE [ ik
R A AR B L, R ST P 2 TR A 4 X
RIS RE AR L (3R 6) , B T4 = DOX A A 1 ) 5
M /0N, R 0k L ECER — | % B AU AR B R A T 43

PN LA YR A SR e —
X HLRIAR 56 22 K043 51 SR 0. 990 Al 0. 897, & B +-
TRy o — LRI A AR - R A — X
AR AR B M A R, AR AR DX T 32 HFAE A L i)
S NS B it B 52 ), - SRR W PR N - R
MR SC R BOA R T B E K, ke TTE
W, R YRR C A TR R R TR R A
v, R HEFE A LA SOM pH TP %, Ui C,, 2
B 5 SOM ., pH ., TP {40 I 5 i ¢ K, Tt LA
SOM F1 C,,. R R Y]

N ARG YRt M 3 3R 5 —
X HLRIAH 56 22 K043 51k 0.951 A1 0. 513, & B 4 3%
FRAYEE— | LR AR AR R E SR — | %
TR AR R M K, PR B TR B KT R
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Table 4 Correlation between nutrient factors and microbial biomass
XKW MEYE FHT
¥ Ko pH SOM TN TP TK AN AP AK
LAEX Chie -0.220 0.311** 0.920%*  0.894**  0.553"*  0.582** 0.827*" -0.214  0.810* "
N, -0.163 0.079 0.815** 0.742** 0.323"* 0.341** 0.782** —0.312** 0.626"*
Prie —0.402**  0.420"* 0.645**  0.659**  0.666"*  0.557**  0.382"" 0.19  0.510**
i) -0.228* 0.135 0.033 0. 006 -0. 035 -0. 042 -0. 032 0.109  0.125
HH -0. 189 0.164 0.249" 0.158 -0. 104 0. 068 0.265* -0.179  0.295**
e 0. 081 -0.011 0.164 0.164 -0. 089 0. 037 0.220 " -0.274* 0.216
ATH Ce 0.677** =0.115 0.793**  0.728** -0.458** -0.053 0.512** -0.100  0.375**
Niie 0.613** -0.048 0.732**  0.668** -0.417"* -0.067 0.457* " -0.058  0.347**
P 0.617** -0.039 0.756**  0.686"* -0.469"* -0.100 0.486** -0.042  0.352**
gl 0.241%  -0.474** 0.264" 0. 146 -0.274*  -0.102 0.368** -0.276* 0.014
L -0. 065 -0. 041 -0.048 -0.034 0.293** -0.038 -0. 039 -0.034  -0.005
/e 0.210 -0.226" 0.247" 0. 190 -0.276* 0.076 0.247* -0.158  0.000
WA Cie 0.312**  0.109 0.303**  0.429**  0.373** -0.175 0.387*" —0.046  —0.097
Noie 0. 032 -0. 143 0. 152 0.247* 142 -0.158 0.019 -0.014  0.440**
P -0. 024 -0.133 0.084 0. 148 . 085 -0.037 -0. 066 -0.122  0.575**
il —0.243*  -0.049 -0.152 -0. 209 -0.223* 0.191 -0. 189 -0.030  0.011
LR -0.311** -0.168 -0.092 -0.179 -0.211 0.351** -0.260* -0.008  0.315*"
ETH] 0.034 0.071 0.038 0.033 0. 046 0.471** -0.010 -0.104  0.193
JRAEM Coe 0.322%* -0.628"* 0.656 " —0.527** 0.604**  0.084 0.742" " 0.404** 0.630**
Niie 0.315** -0.515** 0.549** -0.533** 0.517°*  0.058 0.666** 0.351"* 0.644" "
-0.156 -0.235" 0. 061 0.120 -0.048 -0.012 -0.013 0.136  -0.105
i) 0. 200 -0.011 0.203 -0.280**  0.186 0.039 0.282* 0.093  0.279*
B 0.108 -0. 158 0.157 -0.382**  0.149 0. 065 0.295** 0.059  0.233*
/e 0.172 -0.314" " 0.222%  -0.478**  0.189 -0. 093 0.341" " 0.112  0.303**
%5 TEREMSTEFSHIBEXRBNFEFRE

Table 5 Chi-square test of canonical correlation coefficient

between soil microbe and soil nutrient

HAL U IR REMER RAE AmE BF BT
I SRR KFE BRE(%)
RIEX 1 0.990 0.981 961.168 54  0.000  44.50
2 0.897 0.805 408.740 40  0.000  59.00
30760 0.578 179.801 28 0.000  69.88
4 0459 0.211 59.075 18  0.000  76.86
ATH 1 0.975 0.951 580.880 54  0.000  40.95
20716 0.513 157672 40  0.000  54.05
3 0.474 0.224 56.873 28 0.001  63.21
4 038 0095 20.338 18  0.263 7191
WEMK 1 0.987 0.975 830.793 54  0.000 28.77
2 0.792 0.627 266.288 40  0.000  46.90
30571 0326 115371 28 0.000  60.49
4 0.479 0.229 54948 18  0.000 7118
JEAEM 1 0.972  0.944 658.354 54  0.000  43.41
2 0732 0.53 217.042 40  0.000 56.83
3 0.587 0.344  99.653 28  0.000 67.33
4 0.408 0.166 35086 18  0.009 7464

YRR L G, N R P TR,
F2ArLAIK Sy (SOM TN TP %5 K, U BN T bk e £ 35
KA R ARy EE R IR E R

YA AR - SR R SR A B AR — | i
RIAHIE R K0 50 0.987 110.792, #4355 T W .
FOKT, HIEMEYEELL € N, TR R
AR, FIEFRATLL pH SOM TP 5k, WK
MK pH (SOM [ TP FE5Zm +3E C . N, FIE

JE AR PR - A P R R A T —
X HLRIAH 56 2 K000 51 ok 0. 944 F1 0,532, #13k % T
TR G O w47/ QAEL 7/ B S R\ N 1 5
B RO, TSRS UL pH TP AN 8K, Ui
Wl s A ARk + 1€ pH TP AN FEAEHT N, P, FIZH
WEGE, AV LAERSTTE N4 BAFEAS
RGOS 5 S BT S A OC AT T S A (R 4 ) BEA —
.
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Table 6 Composition of the first two-pair canonical variables for soil microbe and soil nutrients

2 M RIAR
RIEIX. Ul =-0. 4394X, +0. 3736X, 0. 7049X, +0. 0097.X, —0. 139X, +0. 1661X, +0. 0553X, +0. 0437X, -0. 343X,

V1 =-0.4076Y, -0. 1407Y,-0. 1947Y, -0. 1386Y, -0. 1217Y;-0. 0588,
U2=-1.6526X,-0. 5921 X, +1. 717X, +0. 077X, +1. 5889X —0. 4687X,—0. 0593 X, —0. 6486 X —0. 2392.X,
12=0.7277Y, +0. 834Y, +0. 4677, 0. 9672Y, 0. 7978, -0. 3475Y,

PN

Ul =-0. 1737X, -0. 6392X, 0. 835X, +0. 291 1 X, +0. 2434 X, -0. 0145X, -0. 0419X, +0. 0372X, +0. 1407,

V1=-1.9563Y, +1. 5242Y, 0. 3676Y, 0. 12997, -0. 1156Y;+0. 0386 Y
U2 =-0.7438X, —1. 3005X, —0. 0245X, — 1. 0778X, +3. 6364X; —0. 504X, +0. 133X, 0. 339X, +0. 4968X,
V2=-2.5971Y, +3. 1212Y, 1. 6811Y; +0. 5467Y, +1. 1126Y;—0. 2261Y,

U1 =0. 8892, -0. 1307.X, -0. 0382.X, +0. 1805X, +0. 2027X, -0. 1119X, +0. 0308X, -0. 1675X, +0. 1319X,

V1=0.8672Y, -0. 2219Y, +0. 3775Y, +0. 0829Y, +0. 0911Y, -0. 1576
U2=-0.2471X, 0. 0025X, —1. 2716 X, —0. 6584 X, +0. 9374 X, +0. 9584 X, +2. 6524X, +0. 2763 X, -2. 6104X,
12=2.761Y,-1. 3793, - 1. 2699Y, +0. 0459Y, 0. 255Y, -0. 0376Y,

JEER

U1=0.9235X, -0. 1432, -0. 1221X, -0. 1453X, -0. 2108X, -0. 0772X, +0. 5264X, +0. 1311X,+0. 1028X,

V1 =-0. 1861Y, +0. 401Y,+0. 3714Y, +0. 3014Y, +0. 167Y,+0. 0855
U2 =-1.0972X, 0. 3279X, +0. 6943 X, -0. 156X, +1. 1784X, -0. 1539X4+1. 1368X, 0. 2531 X, 1. 0018X,
12=3.2683Y, - 1. 9488Y, -0. 6805Y,-0. 6117, -0. 2977Y;+0. 2807 Y,

X, pH X, KO3 Xy AU X, G X - 20 X - 250 X - UM 605 X« SR 5 Xy TR Y, s Yo N s

B Y RTHEL

3 i i

TR A HUR, TIERUEY S5 1Y)
B o S A, s HIEIE D EER R, A&
BRGE D R o & A AR A 5 W G P T B
MIIREE R 2R 3 BT 0 P ) J 3 22 S 2 T 5
- HEFE 0 G R FES 4 ( Hansen et al. , 2009) , AN
AFF 5 F e B e A b D A PR - 3 A A A i
FETHAAS RS, SBTH% (2010) BWF5E4,
TRe— 2 A W R R DUARAE X R A MR Ol e e
—J7 T, A X WOR J5 1 3R A9 L S A AR 8+
KR AT N A Y AR SR T o R R R,
[ PR AF T 3R)Z K005 8 R R i AR K42
PEO R AR5 (BE 4559 ,2012) 5 55— 1, T fig
TRAIEX R AEMA R RGN R S5 N TR
YA MR A R G0 T 3 5 8 e+ I UE D 2R A
FIE 0 B 3 A W S P W R I A il 1
Cio N AR R, T IEMA D B MAEY =S +
SRy S R IEAOG, 5 W IE 8 AF (2009 ) BF 5T
Zhie—3, P RIEX R I = I T RE i T
A R AE A T PRt L A B | A TS
PR R (K ERAT 2001 5 BF FAREE, 2006 5 KA
45.2012) s T G Y N SR A 1A HAR
M.

TIEREY S LB KRB HEAS R
SE R R A AL A AR AU 4 e 2

V3P s Yy ARG s JOIR

A B i e AR R (SR BRI N AR IR =, 1995
Maithani et al. , 1996 ; Nishiyama et al. , 2001 ; Ralte
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