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Effects of land use change on soil organic carbon and microbial biomass carbon and nitrogen
in Naban River watershed, Yunnan Province of Southwest China. GUO Fang-fang, 1.I Yong-mei,
LI Zhao-li ** , WANG Zi-lin (College of Resources and Envionment, Yunnan Agricultural University ,
Kunming 650201, China). Chinese Journal of Ecology, 2012, 31(10) . 2473-2478.

Abstract; The land use change in tropical forest area, as compared to that in other areas, is
more vital to global carbon cycle. Taking the Naban River watershed in Xishuangbanna of Yun-
nan as study area, and by the methods of field survey and laboratory analysis, this paper studied
the effects of the land use change from natural forest to dry farmland, paddy field, rubber planta-
tion, or tea garden on the soil organic carbon (SOC) and soil microbial biomass carbon ( SMNC)
and nitrogen (SMBN). The results showed that after the natural forest changed into other land
use types, the SOC, SMBC, and SMBN decreased significantly, with the greatest decrements of
SOC and SMBC in paddy field. The SOC, SMBC, and SMBN were significantly higher in latosol-
ic red soils than in latosols. The SOC was significantly positively correlated with SMBC, SMBN,
and soil moisture, and significantly negatively correlated with soil bulk density and soil pH. The
SMBN was significantly positively correlated with SOC and SMBC, and significantly negatively
correlated with soil bulk density. The ratio of SMBC to SOC was significantly positively correlated
with soil pH.
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F . Pan % (2011) ffi3t,1990—2007 4F #4HF +- Hb F
FHASAL A2 T 1. 3£0. 7 Pg - a” BRI, i [] I 30
IR AIERIL N 2. 420.4 Pg - a”' . ELPEITRI
TR Je = AR | 35 L 4 A ] 4 A £ 0 2 3
FRAR, BEALZE R SR & 2020 AEAE W BREHED Bk
77 A 55 38 o A R A A BRI T VA%
T2 250 a( Lapola et al. ,2010) . 4§ Houghton %%
SR« f 30 #5 AU ( Bookkeeping Model ) A9 5., H
1850 4F IR 3 KA BB 5 1 75% S HH AR AR
B AL N gk Bk o AR ), L2 60% SRk H O #RGHE
(Houghton & Hackler, 1999 ; Houghton ,2003 ) ,,

A F- 3 [ VY R 19 2 B 48 PSRN % A TR M4
AR E IR TR AR, A, PR
20 M DX 11 = bR FH 2R R A T AR AR Ak, $4 I AR
WEREERIN, BT BoR , 1976—2007 4 7 XU Y
i DX A Bk TED AR A T /D, B 1976 AR 1Y 69. 0% T
R 2007 419 43. 6% ; MRl | 3 BRI AN Wy
PHRIFRE W A, HPh s b R B 1976 4E 1Y
1. 3% BN 2007 4E11) 11. 8% , Him ALY 5k 3= 2ok
VR X A 25 TR ) A £ (2R 2T Mg 55,2007 5 253
TN ,2008) , 1976—1988 414 &k 1 1 £ 7E AIr 4 b
Ferp iR 522 B R T I AR T A I i
5 NS G WO DAE S DG SRS S G EOR N RN
EESARX A/ % A EE N ER
(ZRLIMGAF 2007 ) W RS 1) = H 1) FH AR Ak 20 98
XoF >0 b A BB P 7 LR R R

550 A (2004 ) 3 B T 78 AURR 44 ¢ 22 A4 A
LR AEAR BEFP 6 AF A R FE R AR 3 41 I AR e el
Fed X H 0 ~5 em 1 5 ~20 em )2 HIEAFH YR
TR, SRR R AEMEEE IR Z S,
0~5cm fl5 ~20 em )2 T A4 LT 2 5 1 B
11 33. 6% 1 23. 7% 5 MR A= R A8 i e el 43 93)
FEAIK 28. 6% Fl1 27. 6% . FF 4 RS #AVHY 25 I ARG 21 52
SRR AR AT N T AR, LR 30 £
AR B B N TR 38 AR 1 1 0 A AL ik AR R
(>16.5 g+ kg™ ) lLCHHL(2.79 ¢ - kg™ ) A T KIR
Pem AR AR AR (21,73 g - kg™ ) BY 76% (Ji
34 2007) , Cheng 45 (2007 ) WF58 &3, M K &
FAER A0 R IR 30 A lE A HLR TR T
48.2% (ZIN2.78% FF&H 1. 44% ) .

SR, L IRAF IR R 2R T TR, BT e i
Ak 3 HHHEFBR M RIR A B, A HE H S 4
JR R I S B9 A1) FH R 0 B JFE = 3k e 1) A2 Ak

AR LA T R 29 AR AT S R R e SRR IX Ry %o
S, UL SRR XT IR IR T AR AR A5 Bl K A
M 4 B AL Y A B A S B 3G Bl (SOC)
Ko A HEf A A e B S, LAY SR R O R R A
Sy H A A b P S TR S A SR B T A A A AR
DX = Hl R RS 1) o o R AR i

1 #HREFEE

1.1 WFFRIXARAL

At LR K G A AR PR IX (22°04' N—22°
17'N,100°32'E—100°44"E) {37 T P4 SR8 2 1% A 1A
M SEE T S B B Al | BE SE kT 25 km, BT AR
26. 6 km® , TR E 5 — AN He /N A A Ve R B B
MR 2 I6e 2588 AR X, 2RI XS
G R DR M EIR I RMAE S R G R A
SR, AR X A S VY b AR AR, TR 539 ~
2304 m, HBSZEAL LA IR L 5 A A B 3 A
TRYT, 3 s 228K, R A 1100 ~ 1600 mm,
W FEim&EY ,5—10 A AWZ, 11 H—K4 4 H
FTZE AR YRR 18 ~22 °C, MRS 2 Al g b
T R BT MR S, BRI X AR O IX
(3.9 km®) ZE0PIX (5.8 km®) FIAE PR IX (16. 9
km?) , HA R0 X R 88 DX (A RT3 R R )
SRR X H )R ,2009) .
1.2 BEACREE

2010 4F 11 H A i s 58 [ AR AR 57 X Y
SRAET oA T U R 5 Rl MR 2SR (A
SRR SR KA ARk Z5Be ) 3R )Z 0 ~ 20 em
TRA TR L 24 > SRFE SR 3R 1+ RN
PWIARTR 53 R A JE 51 2 7 51— R ik 650 ~ 1000
m ARG LT HEIX | e 4% T 0 B A AR B H SRR AR
JKAE AR 4 Fp ORI A kiR
1700 m A2 47 B AR LT HEIX, e #% 7 07 B A 4B I A 2%
MR AR KRS RS 4 Fh R 2R R — P
SRR oA PR AU S 3 NS, WA FR 4
FIFHZERY R AE 3 MRA RIEFESL . BTt ig BEpk
K54t | A e 2 Sk 7E Y b [ SR AR 1 R R R ok
(1), AR RS AR (R BRI 241 30 4F 7K AR H R
AERRZY7E 50 AL, b A AR R 2978 30 4R L,

FEAFE SR GPS fE 7, FEfh R AL S L K2R
BT, —MRA RS R 5 —Sir 2 A, R
B Ay 2R A4y AR 1 kg KA, 2
Wk WY UL B R i R A i B AR R AR AR K A
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Table 1 Basic properties of soil sample

e T A okt THAE pH
Al (%) (g+em?)

Tk 21 35 R/ 26.34x1.45ab 1.02:0.02b  5.68%0.24 a
it 29.14+2.30 a  0.98#0.12b  5.35:0.03 b
JKAEH 23.90+1.82b  1.27+0.19a  5.25+0.08 b
BRI 28.03+2.20 2 1.40+0.18 a  5.3120.04 b

iaR: EEN 33.30+0.22 ¢ 0.9920.09 b  4.560.01 b
it 44.55%1.22a  0.9120.10 b 4.58+0.10 b
JKFEH 36.84+1.59 b 1.19£0.06a  5.190.08 a
el 24.39£3.20d  1.23%0.08 a  4.50+0.04 b

Bk, SR J5 R VU433 43 P 0y, — 10 BE 76 A B 4%, i
N KB AR P, 7 1] S50 = ICTE 4 °C VKA
PO AT, DL 4 38 5 A= 0 A6 ) = ik (SMBC) L &L
(SMBN) ; 75— ] 5255 2 K, 425 0. 25 F1 1 mm
i, A BRI E (£ 1) .
1.3 SRk

A AR R I SR B SR B R
K,SO, $#EBUE (2R 45 ,2008) >R A B L E 2
PRSI A i, AR A e R I R
L E Rk, IR A J) 5 SOC Sk I
BEFREP-AM N BTE 5 pH DU 52 2R LA 35, K E oy
2.5 : 1(#f3+H 2000) ,
1.4 Hdlabr

FIT A B4R Excel F1 SPSS 17. 0 4K {47
AT, SRR R 7 22007 (one-way ANOVA) Fl
AN 22 S (LSD) AN TR B s A 1] i) 25 57,
Pearson AH 3¢ 2 BT AN R K 78] B9 A 2 56 & ;ﬁ:‘k%
PEAFRE R a=0.05,

2 HBRESH

2.1 R BT - 3 B ) 5 i
SOC & R/ FEZRHT SOC By A i

DA B - S S R AR b (9K F 6 AE,2006) . FEAN ]
) i R 2R RN | FR T i A0 A Bl RN - b T A2
TR AR, T2 SOC W& =LA, k2
Fis  FEAS R B £ H R 2R AR SOC % it 25 5 ik
F . TERGLIIEIX SOC Bl [ SRS S >R IR,
KRG H ARSI AR Z R B 35 25 5, Hofth s -
FIHERIEIESA BEVE2ZER . 5 ARMAHLL, B4 |
RRIEAR KA B SOC 43 I FEAIR T 39. 1% ,52. 5%
F160.8% ., FRLLHEIX SOC &4 H IRMS B4 > 2%
Fel > /KA H 4% bR 287 SOC [ B35 25,
5 ARMAL, Bt Z5bd JKF - A SOC F3 5 BRI
T 8.2% 29.9% F139.0% , WiFh+IELE, ARer I
XA A 2R SOC &3 W s Trk 4
HEIX , JRETHE X SOC 34 52 1k 213 X 1 2. 26 135,
RLTHEIX F SR ARG AR R LS SOC AYARfE A dnté
IR IXRIZN
2.2 HbAFH 2SI - AR W A i e )
2 Won, TEARR LA HZEAT  SMBC 7 &
25 BE GRLTIR I BAR RN . B RS AR >
S, 25 A SR B 25 5 ARURR R
Hu KA Y SMBC 4390 LE AR ARREAR T 42. 0%
45. 1% F1 88. 4% , IRLTIEIXFEI A . A RS> A Tl >
> KRS 52 RN K R (R 3 22 5, HoAth
THEMYA R E SR, AR5 AR R H R
SMBC 43 il Lt A SR AR AR T 69.8% | 73.4% A
73.7% . X W] A A 2R + BEii A YA )
o A W R
2.3 L HBAI 2SI - R W A i A
ANl A 2RI SMBN & AR (£ 2),
TR LTI IX BN H RS 52 1 > 45 B AR, 7K e AR
JRER 2 () A 2 P 2 S, At A% = b 1) FH 28 7R i)
EOAFAE W22 S O R b KRS RN AR IS AR SMBN

®2 ARIHFARBETIEANR MEDEVER NENEVERSE
Table 2 Contents of SOC, SMBC and SMBN on different land-use types

e 2 SOC(g - kg™) SMBC(mg * kg™") SMBN(mg - kg™") TAEYIT (% )

AR EF/N 32.12+0.92 a 824.8+6.96 a 41.63+0.45 a 2.5720. 06 ab
LS 19.57+2.34 b 452.946.94 ¢ 17.3622.52 b 2.34£0.26 b
7K A H 12.59+0. 84 ¢ 95.56+9.12 d 9.75+0.29 ¢ 0.76+0.03 ¢
TR 15.27+2.83 ¢ 479.2+5.61 b 7.18+1.10 ¢ 3.22+0.64 a

GiNAR: EFZYN 55.63+1.74 a 1054+76.02 a 84.28+1.39 a 1.90+0.20 a
Ll 51.08+0.08 b 280. 6+8.70 ¢ 25.95+0.38 b 0.55+0.02 ¢
7K & 33.94+2.34 d 276.9+10. 61 ¢ 23.61+2.89 be 0.82+0.04 b
P 39.00£0. 27 ¢ 318.0+12.17 b 21.48=0.81 ¢ 0.82+0.02 b

R RRING P 25 %
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Table 3 Pearson’s correlations between SMBC, SMBN and soil properties
B gE| SoC SMBC SMBN AP TaERE pH K
SOC 1 0.449* 0.741% " -0.357 -0.568 " * -0.712* " 0.599 **
SMBC 1 0.845" " 0. 568 -0.380 0. 008 -0.019
SMBN 1 0.083 -0.487" -0.343 0.210
WEDR 1 0. 115 0.536"* -0.318

w % BB EAHE (P<0.01) 5 # B EAHIE(P<0.05) .

A3 EE AR ARFRAR T 58. 3% \76. 6% F11 82. 7% .
SIS RPN . A SRARS 52> /K R T > 250, H 2R AR
35 T A A R S AR B R 2 T 2 (R
FhEES, B KRS AR SMBN 43 b [ 4%
PRFEAR T 69.2% .72.0% . 74.5% . 7% £13E SMBN
S SRR LT HERY 2. 05 %,
2.4 3R FH ST A AR B v S

A YIRS SMBC 5 SOC A HU(E, HiAE b
ST 3 s A AT AL [ A e e e AR AR
R BRI K DL K A T ) A BT A [ e S
(AR AR K ,2003) o 35030 E g I 4 i )
AR AR, e 2 B, 40 B il 3 B A
[ w0 U e o= 27 QAR /S R T
0.55% ~3.22% , {ERELTSEX, O E W R 7E A A
AR |22 5 2 RIS B SRR >
P S/KAE I, FEARLIIEIX, i KRS A4S 4
Hetd A Wy v W E AR T B SRR, 4300 L AR MRAIR
71.1% 57.0% #157. 0% ,
2.5 HHEAHLER AR R AR RS
FRAV A 5 2 8] A8 A S

2% 3 7 LUA Y, SOC F1 SMBC  SMBN | + 3 &
KR S B E IE ARG, 5 R A pH 2K
WM AN, SMBN 5 SOC , SMBC & # & 2% 1F A1
K, GHIEAEE W EAMAX, MEYRS pH £
e 5 35 IE ARG 5 K R DG (HE A 1A 5 B
Ko
3 it it

AN ] A b R FH 28 750 30 1o A R 2R DA e Ay
THEREE A A R] 15 0 - 3964 LT A4 50 A i LA
R AL IE S PR R 22 il B M BLB AL AL A
I B 25 5 (B AE,2010) . ZELAF
SRR TEA I IR B 5, R 5 5K
(AN TR Xt = 8 Bl A 4 A 0 i A A 24 R 1 5 g
(Kara & Bolat,2008 ; Patel et al. ,2010) , A5 4%
IR, B SRbREL AR Sy At - MR FH 2B S A

Bk | I W A e L RCER ) T AN ]
i 2R ) 25 S B &

2R RN, LA A S S8
B P K A AR R (B 45,2007 ; 32 A5, 2007 4
FI KA ,2008) , AHEFE A A HLEK 75 A [F] Y
TR AT 22 7 0 2, FARARAY - A BLAR &
i R T s R X X 5 22 55 4 (2005)
POBERTIR BRI 73 FibR T e S e e A Sy P Sl =|
SRR A= ) Z2 FEIR 5 8RB P 7 2 B, R AR A R
AR Il E 3 B TR EE RN, A A
T AP IE WL, 2558 % 55 (2006 ) X F 4t
W ST e DX T 9 6 B, - 39 ML 55 o 7 A RN
Al BEAS AR ] 177 5 b Sk A T A D RIAR M, AR
5 s FE P FR 58 oK RS M 4 HEA LR KT
L 5 AR LR AR S (2011) X TR [E 30 4E Sk K R
FHOCIR SCHAT I GE T IT R 2 45 R IEAFAR S, 3X AT
FE A2 PR A A b DX 5 b 5 1 8% AR s =X,
SETERAEL A T AN B 2083 2 H4d B A
Wrdi ke, HL R BUH ek, ekt T 2ot i — 2 B
() (R BRI ) A K 2R W Bt it A L4 i rh
ESRE R R A RN R i T ] B = =l i i SO 3
W5 B 1441 DEEACH SR A PSR 94X 97 A, i
SR S BB 1) 5 s U B /0 TR Ik A DX 52 e
BRAPURE KRR SR 2, BEAh, Y Hb i 5 b
KEBBHEAERR R, Xt 2 5 3O R MLk
A IR AR BRI B i A LR
AT R HU KRS | 2 (8], 3 3 2R AR R
ARPE R ZAE AR, T AF A — 5 1T A LT IH i
T4 (BRI /N T H SRAR, H R R A R A
K, AR5 BOR ML 53 A 1 I 2, S B0t 45
R

+ R AR A E— e R 25 i R
YA W) 1) 3 B ( Bardgett et al. , 1997 ; Degens et
al. ,2000;Islam & Weil,2000) , 4 WF58 %M, A%
ML R Fofh = b R 2SR, A A
foe A T 2R B (AT g ORI AR B, 2003
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Sharma et al. ,2004 ) , ARG, AS[E] 4 R FH 2R
TSGR Y b R R R BN
H AR 2 T A - A A, X — Ty T
N ASRMRERAEA KA R P V5 B )38 8 R HEA L
B A R T S AR IR [ O T
RIELHK &8, EAMT LEMER A K
(E/DFIEE,2006) 73— D51, ARMRERE L322 A
PSRRI RIE L, X U E A
KAt TARSF AR IR, R R 25 4 1 2548
e R IEBUE IS, B A AR R R
BRUEY AR SR, M KRS AR BRAIS
el 28 3ok AN T BB bt I 4 R 2 e A T I A AR R
AR, BT IR W XA B AR R A i
TR IR B W A ) e AR (AR
2006) o AREARANZS e 19 - SR 1 LR W 1k
T A SRARED 5 5 b R K AR AT i 2 PR AR AR
A H R T 2 AR LE YD, BRI — 0 B iy B9
PIAE 5 (HIHE 5 /N T H SRR, R B R
AREETE B2 T L T —E BT, BT IARBERR
Azl i) 3B W AR W AR S R RT H AR
Mo ABFIERN], TEfk 2058 T 5 b i - e W Ak
Prigeh A0 3 S TOKAE B X5 2 AR 55 (2006 )
XoF ] B 5 X %) 9 52 F0 /NI 4 (2006 ) X6 S FAHT 21
AR X AT T 45 A I, 3% AW 5E IR
i Y S BILEI 5 1 T KR FH i SRR

T YRR TR Y AR Y S R
BLBR 0 AR, & RE 8% Mo b S i T 338 BILIK 19 20 25
AR Ak (R REEE AT AT 2007 ) o U R 4 Hkad BE F
FH, A SR Wi P 2 DU R R [ et
A A BILIBT 5 i RO AR PR AR B (R R R A
2006) , AHFFE R, AR L0HE X H SRR £ 3 A
Vi TR R OK RS S R A AR
(2009) 5T 25 R — 3, X UL A AR B A B
WAV A RAERFRE ), AT BE R AR AR AR R
BB Y [] B 5 A ) 3 A 0 A ) 1 i 42 1 ( Kong
et al. ,2006) , kLA B E M RT B , X T
REJE W1 T 55 N 16 3h 3 BUG JRObR 4 25 1 1
I, SRR A 2 IR LR Z A LR
RIS BT R YRR

FHOCHE AT R B, A Witk A S T
BB 5 I EAROG , 5 3 o 8 2 AR OC B &
B WA Rk T LAVE A PR R A 4R
Pz —o LK I35 A W A A A MY

FHEHERZ —, BIEHEY LY 2 b E K5 T
TRAZ R RIS, 3K 15 45 (2007 ) 7635 Ak L 2k 47 0 A
KM, HHEK & m X IR AE YA Y E R
K, ORGSR A Y )
S, B A Y e — 2 L BN SRS K
A IR I, 7K A3 e s AR R 2 s e A
(&, T ULAE 87K 438 3 — 8 Yu R B A Bl +
St YA A BRI R T (5 B AE, 1994 ) . 7
AT, M YR A S SRR A B
FR M | 3 R RN SR AR R - 58 Y K A i Ak
FEIE B S W A A S R 22, R B
e R E N . R R R RS
-3 pH (EAETEA K, AT RS L IREES, pH (HZ7E
4.51 ~5. 68 R, U4 - R etk 1 BE
B 5 M A T BT B A 0 R ELTE — S I R PR
LN, pH (BT AR — 8 20 A 3 sh i e pE 7
ol 39 A A5 AR bR T BESCON A W A K A R
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