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AJZ0~10 cm; i3E)Z: ABJZ 30 ~50 em; JEFUZ: B2 70 ~ 100 em) H IR E YA Yk . & (SMBC, SMBN) K44
(R AN LR ) 2 ARk 38 /s B 0 4 J2 % 1 e WA= Wi A2 B s ). 45 SR AR I, B A 4 2 T 3 B AR A
WA AR RFEERABEZW(P <0.05). BRI, Y EY & 5FE R 23RBS, A 2
SMBC 7 N3 B e, 8 T L3 (P <0.05) ,AB 2. B JZ SMBC 78 "3 v #5553 SMBN 78 N3 RPN e iy, b 3%
T ESL(P<0.05) 5 B B RANE A4 | AB 2 B F R AR WA ) JE 1 35 22 A, R IR th 05 (P <0.05) . &
S BT ES SRR W FES AR 1 2 052 T B BB . B 05 pH L DU a0 5 SR AWl . RN 43 5] /2 SMBC, SMBN, 4 7=
JE | HRE R R EEE 0 R T

KR IR S0y 1B RIERMUEYA YR SIHPOtE = PCR
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Effects of Slope Position and Soil Horizon on Soil Microbial Biomass and

Abundance in Karst Primary Forest of Southwest China
FENG Shu-zhen' *? ,SU Yi-rong'*,ZHANG Wei" * ,CHEN Xiang-bi''* ,HE Xun-yang' *"

(1. Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of
Sciences, Changsha 410125, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Huanjiang
Observation and Research Station for Karst Ecosystems, Chinese Academy of Sciences, Huanjiang 547100, China)

Abstract: To explore the effects of slope position and soil horizon on soil microbial biomass and abundance, chloroform fumigation
extraction methods and real-time fluorescence-based quantitative PCR ( Real-time PCR) were adopted to quantify the changes of soil
microbial biomass C, N and abundance of bacteria and fungi, respectively. Soil samples were harvested from three horizons along
profile, i. e., leaching horizon (A, 0-10 c¢m), transitional horizon ( AB, 30-50 ¢m) and alluvial horizon (B, 70-100 c¢m), which
were collected from the upper, middle and lower slope positions of a karst primary forest ecosystem. The results showed that slope
position, soil horizon and their interaction significantly influenced the soil microbial biomass and abundance (P <0.05). Different
from A horizon, where SMBC was greater in lower than in upper slope position (P <0.05), SMBC in AB and B horizons were highest
in middle slope position. Similarly, SMBN was greater in lower than in upper slope position for A, AB and B horizons. Besides soil
bacterial abundance in B horizon and fungal abundance in AB layer, the middle slope position had the highest value for all the three
soil horizons (P <0.05). Stepwise regression analysis showed that soil organic carbon, available nitrogen and pH were the key factors
responsible for SMBC and SMBN variation, respectively, while the important factors responsible for the variation of bacteria abundance
were available nitrogen and available phosphorus, and that for fungi abundance variation were available potassium.

Key words : karst primary forest; slope position; soil horizon; soil microbial biomass; real-time PCR
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e SR G/ e op A L TIVASE = N TR S
Tt B R [) it 550 5% - 48 A 3 457 R0 = 22 T RS 4180
AR, TR X 2 R
AT e = ¢ R AR e R K
YR Z 205 v G A A B MR R IE
TR B R IK B R PR R, HR R
R T g A B AR AR E
R, XA [ 305 7 1% 2% S B A 4 i, o LA 92 IX R
J2 A g [ 1 K 5 35 A R JR L AR B LY
=Y.

H T AF et P e p I 5 vk R A
PEEZEN) EIERME A R | SRR E T
B B FAYE IR e E . B
W 2 T LIEBME Y A Y . ORI+
Hetdo Wi I SRS I ) LA A
BHERMER™M BT P B R R Rk
PIAIE 1% AT B0 O vk B R RE R AF 1 ¢
A= W AR5 e i SR = R AR A R
Pt mtss . g ERAE S T RUE YR R
ST, HL A B AN PR 0 e 107 A B T ke - Rk
A SR LT R b X b 1 RN R otk
A R A IR AR R R TR S )2
F14y o 137 EL AT R | T4 % S AR R | T T
R T i e DK R e TR A TA R - SR R 7 1)
FROE RO RTHE.  DAWE R AT b i IR AR AR AR S R 4
gt G2, I FH G TR 25 1 B SR 52 i PCR AR 43 3
Fa7R HHEMAE Y AR Y R S T R I BH R TR X — il
PR RS AT, K B B SN —oni e ad iR
A5 ) SR A W i B = B B A 2 Y
M 7, B LT A T . D3 A A 2 %o 18 5%

3R SR A W e RS R QM A
JZ T2 B AL S IR E Y AR R
FREMMER , BN A PR L IX A B A £ gt
DECRIR T A A 0K S B o e i 42 (R B AR A

1 #RE5FE

L1 FEHIEE PR BB AR AR

SR DX AL T T P9 BRI E K B SRR IX
(107°53' ~108°05" E, 25°06’ ~25°12' N), J& #1754
W S e 0 AT b 55 O L B T Y 2 XU X TR
400 ~1 000 m ,4FF-HTlk 15.0 ~ 18.7°C , i v Uik
36°C, M di IR W - 5°C; AF ¥ B R 1530 ~
1 820 mm , MR A X IR BE — M 7E 80% ~90% , H 2=
FIFEI AR 5 AR A S AT 50 2 A K
TR BRE T+, 248 b vk g XL
ANKIES T, SR A 52 3B RO 15 3h iy
.

F2008 4F 12 H %2009 4 1 H , ZEPFFEIX ML
T L A5 & 3 A REATT, 0 0l B SRR 1 b
T A BCE — DT (20 m x 30 m) | HER
BEST IR 615,509, 416 m. I 1, FHAIEA Y
PTG - BH IR SEHE ( Cryptocarya chingii) | HF Al
W ( Miliusa chunit) | ﬂi%i(Murmva exotica ) | A
(Aidia cochinchinensis) ; 3 /b 37 32 EA W Fh
E@Tﬁﬁj*(Phoebe zhennan) | 7‘}?%%1‘@7{2( Cleidion
bracteosum ) %5 , 3% 457 R ER T K ( Phyllanthodendron
anthopotamicum ) . ¥ K ( Cleidion bracteosum) %, T
A2 A OR SR 963 #i ( Pittosporum ovoideum Gowda ) . 111
IINKE ( Glycosmis citrifolia ) 55 , BRI RIHE Z FEMELS B
WER . TEFETNREMEZ (A JZ,0~10 em) | i

R1 EEETESEEERY

Table 1  Diversity index of vegetation in study area

ZR b A SAH DA HAE E {4

YL 1.39 £0.50 0.80 +0.03 2.72 +0.16B 0.89 £0.02

LW N ERF A 2.47 £0.42 0.80 +0.13 3.40 £0. 10A 0.84 +0.13
LHefi 1.52+0.17 0.82 +0.03 2.92+0.21B 0.88 +0.03
T fr 2.87 +0.92B 0.75 +0.08B 2.86+0.51B 0.79 +0.07B

HEAZ ERF A 5.59 £0.37A 0.92 £0.01A 4.28 +0.07A 0.94 +0.01A
2 5.52 +0.75A 0.92 +0.02A 4.32 £0.29A 0.95+0.01A
YL 5.44 +1.04 0.85 +0.05 3.62 +0.39 0.89 +0.05

T*ARZ LR A 5.44 +0.77 0.89 +0.03 3.92 +0.39 0.93 +0.03
Y 7.47 +1.84 0.92 +0.03 4.42 +0.46 0.95 +0.02

1) S {E 0 4= EFR AL = AP B SRV EG D (BN Simpson 178X = 1 - iP,z, K, P SR BRSO S BE R BT AR T B R L
i=1

i, l) P, = N,/N; H {H}3 Shannon-Wiener 841 = - Z P;In P;; E{EA Pielou ¥4 BEHEEL = H/InS ; ARRBRIRN KB F-BEAR A R A 7] 7 75 fi
i=1

FHER(P<0.05)
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B 306

P2 (AB 2,30 ~50 em) | WERUZE (B 2,70 ~ 100
em) HHERE 5L JBR AT UL S AR B R A R
FHPH A 50 g e 8 i 8 T K I 3 B4
35 E S Sz BVE T A L CRAFEAE - 80°C vk AR
it + SERUE Y R T D3 IO A . — I R A
TE 4°C VKA Pt - 3R A s o b, — I & H
SR JG T R B R B A . TR B, SR 3R
PNE A
1.2 EHEEA R A e

pH K H pH iHE (+KE R 1:2.5) ; BHHE
FHEE % TR 1 45 e - Il g 5 2 AUH e
FREREEI 2 ; 285 H NaOH B #5- 50 B bt 1L €2, 322
FE 3 24 NaOH 6 - JOEB BEVR I S 5 i 2UH
B BRI 5 B 0.5 mmol < L™ NaHCO,
FRI-FH 56 BT HE €0 15 (Olsen 15) I 5 3 R4 40
NH,OAc =HE- K AL RE P ™
1.3 R A P i e

SR W) Rk (SMBC) R FH & 45 TR 78757
PERRA TGRS, R E )5/ (SMBN) 2R H
A EZR - A E g E " MR A,

SMBC = E /ky
Ko, B S HEZE LR IO A PR TE 75 1 4R
WA BB , ke R A0 288, B 0. 455
SMBN = E\/kj

K By BB ZE A+ MR BT 4 R BB 28 - R I
YA kNS 288, HUE 0. 45.
1.4 F£S5h DNA fUHEEL

B — 80°C VKAGPR-AF () L HEkE i B T R T i
(Freezer Dryer, SIM, USA) fili %5 24 h Ji b 2 i
J& 143 DNA P2 L F A7) 6 ( Fast DNA®
SPIN Kit for Soil, MP) M 0. 5 g ¥ 1% T4 + 358 2 B
A DNA, 28 1. 2% Byt B WHEE I B Uk R & DNA 7 Bt
KNGy R 20 kb %4043 36 5% B 11 ( Nanodrop,
Peqlab, Germany) I & & DNA #&HUiE 4 80. 60 ~
584.62 g g™ Avgyn/ Avgoun LI R 1.7 ~1.9 Ay, /
Agsonn FLTECA 1.7 ~ 1.9, A T HEE A 1 3 i3 A= 4 A
DNA F=i g ¥ m , vl it — 20017488
SE5YHT
1.5 SEIIOGE  PCR 1Y

KSR} % )6 E B PCR ( Real-time PCR) Il %€
TIEAHTR 16S TRNA | FCTA 18S rRNA KL K45 DL %%
191530 H -

41 " F1369: 5'-CGGTGAATACGTTCYCGG-
3", R1492. 5'-GGWTACCTTGTTACGACT T-3';

'™ Fung: 5'-GTAGTCATATGCTTGTCTC-3', NSI:
5"-ATTCCCCGTTACCCGTTG-3'. #%( Takara) X7 &
(HRAVEULIA JEAT P A5 SYBR 1 2662 & PCR §73%
(PCR IV 10 wWLAKR) | 2 43 H7 W5 i R 06 M
DR A MR T SR Y . SR Bk E
PCR {¥: ABI 7900, Foster City, CA, USA.
FRUERD A IAE . 20 DR AT | H 3 P 4R A
(% 41 J 1 BH R o B - G 8 R 4R RS R
DNA , Mot BRI B, 547 10 ~ 10° %
BB EERR RS /E M 16S rRNA | 18S rRNA F [H Y75 &
EAPRERE S, AR 4 RER. DIPIIRBIAR
DNA f# C B AL bR, L PCR N i 72 4
FRRERE SR Co B AL bR, 2 hl bR 2. A8
FE T RT-PCR ¥ bR 2535118 .
Ct =-3.372 Ig C + 60.703
(R* =0.995,E =0.975)
Ct =-3.325Ig C + 50. 692
(R* =0.993,E =0.999)
LTS L5 30 10% ~ 107 F1 10% ~ 10°, 97 1AL
HAE0.96 ~ 1.09 Z[H], Wi & B DA 3= B o f L 40 B
SR, LG ik it 0 2 B0 R B AR PCR ¥4 3 72
o OB AR R Y3 Bt HE T E & PCR BT
B BT ARAR R B 2 1T S Y.
1.6 Hdlsrth
DAY AN A 2 Ry Ab 35 PR 5% S E A=
1 (SMBC,SMBN) S F 58 (40 . BB ) E47 WA %
TrENHr, AP 2 & A S-N-K i (P <
0.05) ; BAA+ 2 T80 3kt AR b 5 £
B A Y e . FE BRI AY O R SR Pearson A K
AT B A B 43 B ( Stepwise regression ).
SPSS 20. 0 H1 Excel 2010 f§4¢ 143 #r Al 1.

2 HBRESW
2.1 BV X e S S A b A T R

Al

AL, FIEA LT, % 2, WA,
SRR | U A R 2 IR A, R A 2
BEETABE . BJE(P<0.05); [F—1 /)2, 1
PR TG 3% o7 g e S —, HAR R R, A JZ . AB
2. BEHIETHAMANLR ., &% &6, 28K
A L o i 2 T A . B3 (P <0.05) A
JZ2 SR e LY R B e, 1T AB
JZ | B JZ IR SRR i W RN B3 T
MR FEE TN (P <0.05); TIE2 AT
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R BN 5 BAIXS pH T 43 5 TG R

HAATE 6. 13 ~7. 53 JERIN (% 2).

®2 TEBUMREREEMLAELREH LR

Table 2 Comparison on soil physicochemical properties among different slope positions and soil horizons

e
/g-kg']

- HHLT 2R B
12 /g-kg ™! /g-kg ! /gkg !

g
/mg-kg”

PR
/mg-kg~

WA

RE .
/gkg ™! 3 p

! /grem

THEAL 106. 83 £2.37Aa 10.97 +1.54Aa 2.08 +0.31Aa
PIEA; 77.79 £3.28Ba 7.90 0. 74Ba 1. 14 0. 11Bb
3 54.78 £5.95Ca 4.91 +1.54Ba 0. 86 0. 03Cc

T
gz
jEe:{a
Bip: 3
gz
e

0.63 +£0.00
0.79 £0.01

1.00 +0. 02
0.76 £0.05
0.81 £0.01

91.73 +1.55Ab 5.52 £0.59Ab 2.05 +0. 18Aa
25.83 +£3.40Bb 2.94 £0.94Bb 0.91 +0. 12Bb
24.62 +5.62Bb 2.69 £0.59Bb 0.73 +0. 06Bc

AB 2

17.83 +2.70¢
13.13 +4.10c
15.17 £3. 14¢

2.15£0.69¢ 1.10 £0.03Ba
1.51 £0.75b  0.42 £0.11Cc
1.81£0.31b  0.59 +0. 15Cb

Bz

0.76 £0.21 312.45 +£21. 65Aa

59.21 +14. 16Bb

1.10 £0.04A  73.46 +£2. 65Ac
0.67 0. 10B  44.01 +8. 44Bb
0.88 +£0.00B  71.10 +4. 53Ac

0.54 +0.04b 7.40+0.24
0.76 0. 10b 7.00 +0. 05
0.68 +0. 13b 6.41 +0.22

12.26 0. 78Aa
12.41 1. 11Aa
5.58 +0.93Ba

96. 15 +7.47Ba
99.15 +0.94Ba
130. 21 £0. 06Aa

159.28 +£5. 82Ba
182.28 £8.97Ba

0.89 +0.09ab 7.23 +0. 10
1.09 +0. 10ab 7.26 +0. 39
1.17 £0.06a 6.13 +0. 18

7.19 0. 19Ab
2.85 0. 56Bb
1.98 +0. 27Bb

40. 52 0. 50b
35.20 +£5.29b
41.40 £0.72b

168.75 +6. 03Ab

110. 54 +6. 81Ab

1.10 £0.06a 7.24 +0.05
1.35£0.17a 7.53 +0.18
1.15+0.06a 6.27 +0.33

6.43 £0. 13Ab
1.29 +0.23Bb
1.89 £0. 11Bb

48.97 £2.39Ab
33.67 +2.09Bb
49.72 +1.32Ab

)R A 3 AT AF I, [R5 PR SRR NS PR R 3L R L2 AT B2 (P <0.05) ; ARFRRIRE FRERER — 12

AL AT B EE2E R (P <0.05); T

2.2 AR O B A D A AR S R AR W AR
ggiop-Al|

RN A EUE W A Y s e e TR —
fii,A )2, AB 2 B ZNH{A7EM 22 5 H3RIA A
EAE (P <0.05) (1), efrxd i A
BT —. HHMAEY YR, A 2 SMBC
TR RN m, e ES T, B¥A(P<
0.05); ABJEfE, By L ¥ 25%  We T
THAL; B ZWIAE S e, b R A B
ZR[E1(a)]. HIEMEDAEYRERR: AJZ, AB
2. BIETE Y RO B, W T LY
(P<0.05)[E 1(b)].

4000
B2 (a)

OAE BABR

w
=
=
=

Be
Ab

=
=
=

Ca

s A4 A Rk/me ke

=

T i b

)
o

(]
-

=

Ab

E=

A = I B R A copies-g!

=

FHfE L 3 fE

2.3 B A 0 e R D AR bR G )
(1) 5 i

AT 16S TRNA BEPH FETE 5 WA & 21 43
AT 3, FR) M 2.61 x 10" ~4.15 x 10"
copies+g ™' [ 1(c) ]. Hrr, [Bl—3fr, Uy 1 2R
AN, A P 2 B B D (P <0.05) 5 A JE gk
B/ R > E3AL, AB JZHI0 > B3/ Tk
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Comparison on soil microbial biomass and abundance among different slope positions and soil horizons
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RS > EYE > R AB 2R EXES . B
JEFI A s EAL > R
2.4 WEHTRRIRAEM A Y R AEY R SEFEER
A

XURZRTT 220 A 21 (3% 3) =B S Al )=
XA A Y AL B R
A ANV R BE Y 5 255 ) () 6 A A S 3 A 3 R
BER AR HAE (P <0.01); M F kA, +
JENF A SRR ) ) R A R B A

ATl eI, bk - 18 4 2 = 5 40 A
HEFFE, @M ees5 HEMEY ek, ey s
IR E S W D et W e o Y TR
T RE Y A Wi S o R 2 (R A Y IE AR G

KR (HEEFRE 5520 W3 R GRS ) (B
PRUER A A FLE S A W B ARG (P
<0.01) , :HERLA Py 2B Wy TN = B 5 ol A5 I 3
IEAE (P <0.01).

iE—2 R H B AL W 43 B 3RS B2 F (%
4) EERRI . AL kR A ) A ) R
) BT EE R Bk 0. 632 (P <0.01) i
AHUT & A3 N, SMBC -t & 38 380 A i =M
SN IR Wy A= ) SR IE B 1 pHL R R
el PR, B 1 0 R 500 5102 0. 684 - 0.526 (P <
0.01) ; BRffZL, HACHE S 52w 20 b 3= B 1) =22
T, HUWE REL R 1535 0. 718 AR hy 52 i EL 1A
FEMELENT (P<0.05).
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Table 3  Effect of slope position, soil horizon and their interaction on the soil microbial biomass and abundance by two-way ANOVA

5iH IR A ik IERE Y A R A YR F B EH R

df F df F df F df F
bz A 2 72.156 * 2 93.261* " 2 15.532% " 2 33.972* %
+2 2 303.691 * * 2 382.026 " 2 146. 602 * * 2 135.456 "~
Wil x +)2 4 42.306 " * 4 13.533 % * 4 8. 178 ** 4 24.594 " *

1) BEEKF:. = =, P<0.01; *, P<0.05; [

F4 TEBAERMNMEVENZRSEES R

Table 4  Key factors among soil physicochemical properties on microbial biomass and abundance by stepwise regression analysis (N =27)

A i TS £ (A ofE 1) 550 RERB R
I A Wy e AL (0. 632 %) HRif# (0. 684" * ) 0. 399
T E YR A pH( -0.526" ") 0. 475
AN FEE B ARL(0. 720 * ) AR (0. 278 %) 0.718
FHEE T (0.646 7 %) 0. 417

1) ELHEBR B TR A 1 B0 R
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FEUL X AR AR ™ AT — 2, W IR R
Yy AE 245 Rl — SO AR A AL B2 TR
HELMAB JZ B JZ I BN v Ay vy, Ul L 0
AW A Wi e AN RIS | 22 B R N R 2 07 i
AR, 5 ERUED AR, A
JZ. AB JZ | B JZ I IR Y R Y R e A
B, A T RS E 1 (b) ] (R e T
ST i B A F B DX R AR B AIE 5 445 R 0 S /s -3 7l

A RAE BB, A s AT e 2 T+
B R A TAR, AR 2R W
fRAE TN B E®T L, THA(FR2), M1
I B L b A T A R 7 AN

Wit TR R A R RS H T
B ZERRUGR B ZAEF R, AB )2 HEFETE
A YA 0] TG ik 2 22 A0 SR B kA e, AT
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