H 5243 Chinese Journal of Ecology 2014,33(6) :1694-1699

FREEIEFER X L8 B FwREDik

[=] 1€ &€

B2 A

= i

X ETOM #® BE®K EAFX madl Bi® FHAMKT XK

(" PAEARLHRERF®RFR, K 410004; *FPEAZREATREESHRLN, RUAKSZAIRELERE, K

410125)

M OE AAMEMELEY ZHEE,ERRELFFERERNHE CO, R A B FmH K
THH, B, AFRRACESFIETHERA  ARE AN X 4 A LIEHATE K
PSR T ERE 5 FR AR E 3% 8RB R B AL A KX R R E
Ao, EREW EEFLEA110d 5, FRE5FRREFHXRIAE TAH CO,
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Effect of disturbed and undisturbed soils on the carbon assimilation capacity of autotrophic
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and Technology, Changsha 410004, China; > Key Laboratory of Agro-ecological Processes in Sub-
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Abstract: Assimilation of atmospheric carbon dioxide (CO,) by autotrophic microbes is an inte-
gral process in the soil environment. However, the influence of disturbed and undisturbed soils
on CO,-assimilation capacity remains poorly understood. In this study, we incubated four types of
disturbed and undisturbed soil samples for 110 days in a closed, continuously ' C-labeled CO, at-
mosphere and measured the amount of "*C-labeled carbon (C) incorporated in the microbial bio-
mass during this period. The allocation of '*C-labeled-assimilated C in labile soil C pools such as
dissolved organic C (DOC) and microbial biomass C (MBC) was analyzed over the '*C-labeling
span. Significant amounts of '*C-SOC were detected in both disturbed and undisturbed soils. The
assimilative rate ranged from 0.015 t0 0. 148 g - m™ - d”' in the disturbed soils and from 0. 007
10 0.050 g » m™> - d”' in the undisturbed soils. A significant positive linear relationship was de-
tected between the concentrations of '*C-SOC and "“*C-MBC (R*=0.955, P<0.01). The propor-
tions of “C-DOC, "“C-MBC, and "“C-SOC to the total DOC, MBC, and SOC were 0. 9% —
4.5% ,2.2% -9.7% , and 0.09% —0.43% in the undisturbed soils, and 0.26% —1.09% ,
3.6% -20% , and 2.9% —5.7% in the disturbed soils, respectively. Furthermore, the distribu-
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tion and transformation of microbe-assimilated C had much greater influence on the dynamics of
DOC and MBC than on those of SOC. These results offer new insights into the importance of
microbes in the assimilation of atmospheric CO, and of the potentially significant contributions

made by microbial autotrophy to terrestrial C cycling.

Key words: soil autotrophic microbes; undisturbed soil; disturbed soil; CO, assimilation; "“C

continuous labeling.

3R AR AIRE L H 85 By 2 BRAE A 5 H R RL2F
TFF 5T SO A FIT VA AR ), R4 1.5%10™ ~
2.5x10" ¢ Mk LIAHLEE S g7 T L3, 2Rl
FEBEBRIZE (0.5x10"™ ~0.6x10"™ g) 192 ~3 5, &K
SBRIE(0.75%10" ) ) 2 7% ( Kumar et al. ,2006) ,
DRI, A A 127 Bl o A 75 2R Bk P Hh e K B i 2
oAt AT R BE AR AL, B 235 2L (SR Ek I 55 ) 52
M KA CO, M BE M 5% ) 4= BR S A2 4k ( Rustad
et al. ,2000) , ¥EMIAE LA PLIKZE 2 ERR R

FEGS AL A 1 B B2 S (S 0WI5%,2012) , 1 H., 80
d 1" C-CO, HELEHRICHE 77 52 50 2R B, Ff HH 0 F
TR I ik R AL E ) 0 35 KT 1+ 3% (Ge et
al. ,2013) . SRT, LATERYBIESE, B2 4R Th e 2 4 3
CHEJEOIR A o - R [0 5 75 52 56 3 R 47 90k 3
FroEaR) 254, L3 A FRUE W ik R AL RE ) O
ST (Ge et al. ,2013 ;Hart et al. ,2013) , {H 2,
JER A AR IR 4 ik Rl Ak B ) R — B, I,
FERE R 4= 5 AR FOR 419 F SR A9 €O, IRl fkRE

CO, I | B SRS A R — TS 6 AT IARA 1 A2 45 2R SR e PR 7
WML 75 R SEBRIRIRAL T R BRI ORIRAO OB, e o

i (Lal,2008) , 4% HIAE 285 22 45 2 i s A= 25 R 4 vh e
15 BR L [R5V 77 5 K BB i 22— ( Smiith , 2004 5 8 7K
4,2005) , T H., BOR B2 R pF IR R T, AR - g
HAETEA YA 1Y H SR E Y (OGRE A 72 51k RE
F%) (Selesi et al. ,2005; Tolli & King, 2005 ; % L5}
85,2012) , X 88 [ FE0CE W aE a & B R s AR (R
IR B R BTG A BEFARLAIAE A B0 5%)
¥ CO, MR A VLTS 5 + Rk G 35 72
(Ge et al. ,2013 ;Hart et al. ,2013) , $18K%E(2013)
WF 5T 22 B, R A A 5 A ik TR) A TRy
0.08 ~0.15 g - m™ - d™', Hitk, +45E A FRHAEY
PR S K- 458 R Gl I B 1) FE B A R A,
T HEA LR EZ AR (Ge et al. ,2013)
REABRGRZ N TR ERWRIEZ —,
R R R 2 (HETE AR 4 ) AR T
RESZ I H S5 080 YA T 45 40 AR 1 22 4k, DA TiT 52
M) 9 55 2R ) CO, [ AL BE 11 (3R 40155, 2012 Ge
et al. ,2013) , K A 3 B0+ ek R £k B 557

F1 il HEEAREALER

Table 1 Soil characteristics used in this study

A5 O AR 5 S ) JROIR + S R TR
+ B C ESREE ARG A E NS &
SAT 39 SR W R Ak i) - A HILAR E A
A, BOHAE A+ e PEd PE (M C-DOC [ C-MBC) H1 1
SYECRFIE PRI IOIR A 5 R R 4 0 398 B SRR
YR R AL RE ST w2, DA R i —25 T ik H +
SRR AR AR, B0 A I AR VS ) SR AR S
Bl

1 #R5EFEE

1.1 fit

TR VE O A X 4 B [ 7 = i
HHEZ (0 ~20 em) 58, 53 001K A 1R &4 K0 BB
MEH(UL) A BRE B AR (P1 P2, U2)2 A
by DX %) SHL TR 555 D 20 21 338 Ja Mt R ST BT T A
P1 P2 7K FE 4+, UL U2 i+ il £ e A
BAEPE L 1,

+ 4% FIH T 0 pH* soc N CEC iy
(g-kg™) (g-kg") (emol - kg™") (%)

P1 W 2R 5.66=0.01 20.90+0.72 2.80=+0. 00 13.20+0.23 33.20+0.43

P2 KBRAR 5.79+0.01 6.34+0.01 1.02+0.00 8.76=0. 10 28.10+1.27

Ul e 6.60+0.01 18.70+0. 10 2.60+0. 02 13.700. 10 26.10+1.84

U2 FK-NE 4.40+0.03 6.20+0. 04 1.40+0.00 11.10£ 0. 10 31.40+0.55

13 pH JE MR FEFIRK KL 2.5 0 1,
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1.2 THERAE KA

FEFR L RE . HER N 5 em BARFEHR L5

JFUIR R4 RS2 — HA% 40 em [ E4E, H
HA%220 em 5 35 em [ PVC MAEIFNLE H AP0 4R
Je FHARA™s AT A1 Bl A0 1 45, 2 1) = HEAR 1 ~ 2
cm B HINTT /GG B Hs A BRERAESMI - H &2
T BAEREREHE PVC A,

IRFOR A S AR JFR 402 PSR = R UL ke
ENRF, 355 0. 25 F10. 149 mm i, F T 00 5E
FIEEARTAME T (R 1) o A AT A B
FRZE KN A H A 8 59 3 7K o 28 100 R i) 1 K
M R & R R K 45% i 2 JE]
Ja RN C R R AR R IR 05, W0 B
PVC A RHEUR AY 55 20 em, B4R 10 em 1 B A B
K
1.3 "C-CO, LA+ R 75000

AR 2SR+ P1 P2 U1 FI U2 #E47C 4L
TR TRAE S L SO i e w50 1| B My D2 N w4
Rt BES 5 R, BREENITESE X
Hik (1 FISE4E 2007 5 Ge et al. ,2013) ST HIBFSE 5
e X HEE T H LM (L A% N
712006100197402 , 5& x & 70 cm x 250 cm, & 150
em) H1, T 2010 4F 10 H 18 HIFIAIRIC, B LEhric
110 d, HEFEMAANIRERE NA K311 C, KL
241 °C (5 BEHDRS 2 500 IR ¥ il 45, SNT-96S, bt
MY, ROEIE 12 h (8:00—20:00) , A X} i &
80% ~90% , M 5% & 500 mmol - m™ - s™' PAR,
FERRE 2235 1 AN E R 50 ~80 em BYBEES 4545 5K
FEJ33t B it — i S i R A N ) — i
TR G RAEM RIS PR AR A 0 T
WLEERR N B AR R A AR AR B SR E . pRidad 72
SRR T S B K R T - KRR 1 ~2
em FEARAS  FAH - BERERR 2 d N 20 mL X
TR DA L5 /K B R E HH ] K 1Y 45%

“C-CO, i 3 " C-NaHCO, (1 mol - L7',16. 5 x
10° Bq - mL™") Fl HC1(1 mol - L™") &=, &5
B FRF A 200 mL 1 mol - L™ C-NaHCO, ¥,
T FER HCL I A B AR ICH N CO, Wk B 4E R 7E
270 ~350 wmol - mol " ¥kl il ( — E AL R A I &R
45 (Shsen-QZD, 1) ) .
1.4 R

FRiCEFRRIGAE R (2011 4E 2 H 27 H, #4hn

I8 110 d) J5, R4 PVC MR ER b g it 3R
FF AT, — M Sr BP AP, B F 0 ™ C-DOC Al
“C-MBCH i, — M E N HAR KT G, BIE 100 H
i, FH T C-S0C - rE .

14 SOC R F 7T % 43 Hr A 22 5 13 DOC R
JH0.5 mol + L' K, SO, IZ #7522 ; £3 MBC R
AN EZE0.5 mol - L' K, S0, =2 M 2 ;" C-DOC
FIC-MBC 5 2 % 2 UL SCHk (Ge et al. ,2012; %%
AR 2012) BT R EAT, 13 C-SOC R H STk
(Wu & O’ Donnell , 1997 ) f 77 ¥ 2 .

1.5 #dmabi

BAEGL T 4r B K SPSS 13. 0 for Windows Al
Microsoft Excel 2000 34347, 2257 W& 1 one-
way ANOVA (FRIZE T 22504 730, A e 138 2 (]
(2 5 AR A Duncan 325, 5K + SRR 19 2
HLBOR A ¢ K256, AH DG MR FH 2 7R 2R 48 2L ( Pear-

son) 73T,
2 HRE5HH

2.1 HHE"C-SOC 7t B Hom R fb R

HLLbRid 110 d 5, JFAR AR AR £ C-soc
A 4350 6. 21 ~43.39 FT13.35 ~127.41 mg -
kg (18 1) ;™ C-SOC I F I A KAE £ (P1.P2)
BT R+ (UL 02),"Cc-s0C fEJE R & &
e THAEAR L rh iy &

ANFEZEA 5 C-SOC Fm R W ETE 2R
(P<0.05) , 32K PI>P2>U1>U2; J5AR + SR FOR
+Z M C-soC i ER WL R EM KT (P<
0.05) ARG, FEA R 514 T, RIZ2 (0 ~
17 em) +HERCE Pyt [F] 46 3%« 5K 1 0. 007 ~
0.050 g+ m™ « d™",JEJFIR £ 0.015~0.148 g - m™>
o d7 SR A 5 R UK A R [ Ak
A4 0.03 F10.07 g - m™? - d' (K1), JEJE
MR SOC R AL Fa K 2y J2& Rtk 4 v SOC [ ki
2.1 ~2.8 1%,

2.2 +3E“C-MBC .“C-DOC &

“C-Co, # £ Fr i 110 d J&5, R £
“C-MBC . "*C-DOCE #4510 5.1 ~17.87.0.71 ~
2.39 mg - kg ' (1 2) , £ Ab B ] 22 5738 W 35 M KOF-
(P<0.05)," C-MBC M K P1>P2>Ul>U2,"C-
DOC MZEI N Ul>P2>PI>U2(K 2) .,

JE R £ ' C-MBC M C-DOC 7 = 43 I i
4.93 ~40.27 2.45 ~4.87 mg - kg™ (K2) ,FLL
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Fig.3 Relationship between '*C-SOC and *C-MBC from
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JFOIR - RE & 7R 0.83 ~ 1. 28 {5411 0. 49 ~2. 45
£ o AR Y C-MBC &R I K P1>P2>U1 >
U2, 50K R —2; 1 C-DOC & &N RPN Ul>
P1>P2>U2( 3) .

UEAN A A2 I, 38 A SRR D R Ak
("C-S0C) HH A AP (" C-MBC) 4% 2 1Y 1E
MRFZR (R =0.955"" ,n=8) (K 3).

2.3 A FEMA Y FLERTE 158 DOC MBC F
SOC M5 3%

FHEREFE 110 d J5, FUR A MBC A9 B BT %
(“C-MBC/MBC) M 2.2% ~9.7% , +3% H F= 6044
[ fbfxt £33 MBC 9 ST K /NA P2>UL>U2>P1
15 DOC % 5 % (" C-DOC/DOC) K 0. 9% ~
4.5% ; 1 +HE SOC Y B K (™ C-S0C/S0C ) A
0.09% ~0.43% (%£2),

Ak B R A+ FEMBCBE B % (* C-MBC/ MBC )

F2 BERL5FERIEEFMEDELBRELEDOC,
MBC #1 SOC KIEH % ( %)
Table 2 Renewal rates of soil DOC, MBC and SOC in dis-
turbed and undisturbed soils

Qb H +3¢ “C-MBC/MBC '#C-DOC/DOC '“C-SOC/SOC

¥ /Na P1 2.240.1 dB 4.5+0.1 aB  0.21+0.01 bB
P2 9.7+0.3aB  4.120.2 aB  0.43%0.02 aB
Ul 4.120.1 cA  2.9+0.1bB  0.09+0.01 cB
U2 3.6x0.2bB  0.920.01 ¢B 0.10£0.00 cA
FH 4.9x1.7 3.10.81 0.2+0.08

JEFEARE P10 4.220.2bA 5.7x0.2 aA 0.61£0.02 bA
P2 20.0+1.2aA  4.9x0.3 aA  1.09£0.05 aA
Ul 3.6x0.1bA  5.220.1aA  0.26+0.02 cA
U2  4.4x0.2bA  2.930.1 bA  0.95+0.07 aA
g 8.1£3.99 4.7+0.6 0.7+0.19

ANIR/INE FREFR R JECR 4 A UK A ] s S A 2 ] 22 5 W 35
(P<0.05) ; ARG F R[] — 1R A R £ S5 EFUR - 2 0]
25 B (P<0.05)
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3.6% ~20.0% , 33 F F=H0E P[] Akt o) H: BT ik
IR P2 BEET PLUL U2, G =#F2E5A0E,;
+ 3 DOC Y ¥ H % (" C-DOC/DOC) K 2. 9% ~
5.7% ;i 1 5 SOC 1) ¥ 37 % (* C-S0C/S0C) Ky
0.26% ~1.09% ($£2) .,

Hy 3¢ 2 AT, JER R AE MBC S Rh i, 1
9 4.9% , 25 DOC SOC HH M 1. 58 2. 45 %,
FEJUIREE MBC SRR =1k 20% ,FHIR 8. 1% , 4
e DOC W B R & T 72% , & SOC H i M) 11. 5
B L Vs I w715 N @28 N ol | E |0 N
+) B E 0 DOC MBC 1 SOC B EH R (£ 2),
Br 7 RIS (R 2 SRR ) XF UL B MBC
OB U2 1Y SOC BB 4 T8 i 5 i oh , AR iy
FIAAEEAR £/ DOC . MBC 1 SOC 1Y B 87 %
ERTFIRARE(FE2),
KI5

WL 110 d (9" C-CO, #ELEFRICHT TR L5, Stk
+5IEFAR A A FRME YRR U Co,[FikEE
JI(E 1) , X 5CAHFAELT(Ge et al. ,2013; 1158
8%,2013) , 1 H, AE SRR iR R IR ECAR £
M IR BR R BE F1 (4 C-S0C) ) i 5 T 24+
BECE) X AT RE S R SRR T KCIRES , Bk
AL DB e mk R AL G R (1, 5- — %
FLBRE F2 Ak I 48U RubisCO) S35 5 T St + 3984 ¢
(Yuan et al. ,2012) . ABFFEA LI, S 3R A
Tt AWtk AL RE ) 3 & T F oK/ N2 R 2
M-8  3K vT B S B SR AR G T R
BEA O, X AR R 7 20F iR R AR A SRR
B ST RE R ) 45 W R IR IS T B — Y
Ao 7E 110 d P3EFR I, AR IRR 1 o A Ak
#(0.007 ~0.050 g - m « d7") JJFAR 1 (0. 015 ~
0.148 ¢ - m™> - d") M 2 f5 AL, X VLA -1 Z 4k
3, AT REHE = 1A R A W 19 35 P (Klironomos,
2002) 3450 T HHE A FRMAEW W COo, FLRE JT,
DeGrood % (2005 ) A5x4 BH , AE JFAR £ 3 A
B LR 2 REME Y B R TR L R
HEAT A AR BRI A 15 A 5% AT e 2> i 18 A SR
Y co, [FfkRe ) KL g

“Hrer” (A FEECE IR ) $EA S I
TE e i) i Ao 78 5 AR A O (Yevdokimoy
et al. ,2006; Kuzyakov & Gavrichkova,2010), Liang
2(2002) i@ R C R TR BRI R TR

KARBRUTR B AE T 800k 2 v (9 23 T, A R K s 1A
BLEK (DOC) FIfAE Bk (MBC ) 2 Hrbne” 1) EE %
], AR A IRk AT Nz — 1 A SR
AR Rk Rk i A 38 ) L R B R DOC
FIMBC 4k, TEABISE S bridss 9% 110 d J5, 1
e H FEAE IR RR ) DOC (" C-DOC) \MBC (" C-
MBC) ¥4 4k i 42 43 91 Ky 2. 45 ~ 4. 87 (4. 93 ~ 40.27
mg - kg (AEJFEIR+),0.71 ~2.39 5.1 ~17.87
mg - kg™ (R E) . W H, 3 B FEMA DR
CO,( " C-S0C) S/ EY# ik (" C-MBC) 24 . 2%
IIEMIFEE R (K 3) . T Marx %5 (2007 ) A9 A% 5K
IS As SR 7R, /NZE AR PR UT R Hh ) < B ™ 243
Ai7E MBC Al 38 SA HLEK FEH , T 7E DOC K AL
DZET ok, 31X AT RE 5 Bk A Bk ) 2888 FRic iy
(] 3R R E A & (Lu & Conrad, 2005 ; Tavi
et al. ,2013) , T H, FUR 1) DOC 5 MBC %5
HAYH0.9% ~4.5% 2.2% ~9.7% ; £ AR+
F DOC 5 MBC MY B iK% 2. 9% ~5.7% ,
3.6% ~20% ,DOC 5 MBC [ H R ¥ 1 SOC ¥ H
BRIGZ (K 2), XKW AT A Ak i A
X 44 DOC MBC 7 224k 52 M 48 K, X 5 Fir A BF
FELE LA 3 (Ge et al. ,2012; 5 =424 2012) .,
et D HWE 7K s T S8 5 0 ARk R 7K 2348 3
2T 23 DX R b 4 RS L R
255 B T3S K 1 [ ik 7 7 ( Perelo & Munch, 2005 ) ,
55 AR L R A SRR YR 2 I
H IR0 P 1) e [m) Ak fig 0 B L Ak o B v T 52
M, LU AR 3R AN R Rl R DL R )RR £
FEME S TR 1, 2 HE T A 0 A 3 ik 1) A
(Yuan et al. ,2012) , T3 20F6 H -3 B = 600E Y
[ {85 ] C-DOC F1'™* C-MBC (%4 Ak 1 X H o B R
WER TR, I, 76 AR AR AT 58
WEZFE ST A FR G0 ) [) A Btk 0T A S5 0 1 ok T
(DOC \MBC) B BTHR , K F S CO, [kt 72
AL A R GG A5

S 0k
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