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Effects of labile organic carbon input on the priming effect along an ecological

restoration gradient
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Abstract; The soil organic carbon (SOC) pool is the largest carbon pool in terrestrial ecosystems, and a small change in
the pool will result in a great change in atmospheric CO, concentration. The input of labile organic carbon will accelerate or
mitigate the mineralization of SOC through a positive or negative priming effect and eventually affect soil carbon balance. In
the present study, we sampled forest soils at different restoration years from Changting County, Fujian Province, and added
“C-labeled glucose to those soils to investigate the impact of labile organic carbon input on the priming effect. The results
showed that the direction and magnitude of the priming effect induced by the input of labile organic carbon were dependent
on the restoration age. A positive priming effect was observed immediately after the application of labile organic carbon.
However, a shift from positive priming effect to negative effect occurred in the 15— and 30-year-old Pinus massoniana forests

as well as natural forest with time. Throughout the experiment (59 days) , the input of labile organic carbon accelerated the
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mineralization of SOC in the bare soil and 5-year-old Pinus massoniana forest. The amount of SOC—derived CO, emissions
increased by about 131% + 27% and 25% + 5%, respectively. However, the input of labile organic carbon declined by
about 10% + 1% of SOC mineralization in the 15-year-old Pinus massoniana forest, and it had no significant effects on SOC
mineralization in the 30-year-old Pinus massoniana forest and natural forest. The cumulative priming effect was positive
correlated with the cumulative percent change in soil available N due to glucose addition during the 59 days of incubation.
This indicates that the priming effect induced by the labile organic carbon input is governed by soil N availability, and

microbes increased SOC mineralization to meet the N requirement.
Key Words: labile organic carbon; priming effect; soil N availability; ecological restoration; stand age
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13 1 Frilaie 25 . 5y o AT ML AN TR0 B2 A BRABR MK - S A S0 7 9 5 i) 3

J& T IR i b I P ZE XU X AR R K R 2 1737 mm, AR 17.5—18.8°C 7 i) 48 ) 45 7
M, HEHR 300—500 m, 3 HOHDRAE B R B BOLIIE Uit BE AR, M X M VAR S 4 i AR, R
[P B BEARMAE R LA S B AA S F2 . ARG RS 1A R 2R BRI BT L, 283 1R B AR &2 A R A S
A 15 45 30 4RI E B AR LA Y HR BCA AR KUK A5 DLORAE TR I RERAR, RERMRAS TR 7€ 70—110
AT AR AR BR S AN I AR 55 AR IR B EE AL
1.2 IR AR A

- SR R B AR R AR B RE S 3 AR R RO RE D, AT 22 R SR AE 0—20 em TR I,
Nk A A — PR EREHL Y £ SR A, 2 2 mm 0, SIBR AR AR R, — 00 - HERE 5 X I 0 44
pH AU S 2R &, 7 — o EHEHTENIEFREE, U JEAR I £ 1,

£1 TRKBEMRFRTEELER

Table 1 Basic soil physical and chemical properties at different vegetation restoration stages

R/ N 15 AFFAFR 30 4EFAMR

Sioiili% prifirlies B:iliil 5'—year-old 15'-ycar—old 3Q-ycar-old Namaerifziest
pine forest pine forest pine forest
S Total carbon/ (g/kg) 1.24 6.33 6.14 12.00 13.13
S Total nitrogen/ (g/kg) 0.10 0.27 0.28 0.45 0.85
7S A Nitrate nitrogen/ ( mg/kg) 0.91 0.96 0.57 0.55 5.31
A Ammonium nitrogen/ ( mg/kg) 8.91 8.59 10.00 15.90 48.69
T AE Wi Microbial biomass carbon/ (mg/kg) 62.24 117.89 253.71 227.83 268.95
+ 18255 Bulk density/(g/cm®) 1.02 1.00 1.05 1.08 0.98
pH 3.90 4.04 4.02 4.07 3.92

1.3 Rk
1.3.1 FEHEFE

FRIBOR S T 1 151 40 g (96 -+ TRIIEFRM T O A=11 em, B4 r=3.5 em) , I 2B F/K 075 H 50K
o3 T H [ RFK R 60% , BEAIRE B B (AR 30 2 AN (FN 99% P C ARic H A HE 5 AN IR i
ZRE) REAEEE 3 AN IR IRE 4 IR PERURE | BSIG TR A0 120 A, B - M35 S ICAE 25°C iR
BRI USSR 7 d T A RUE Y LR E . B SRIS MSE IR AN 1 g/kg” C ARIC I BE (AHY T
0.4 g C/kg) , FIZHE LAV WA TR I, BN K AT A VA W (4 mL) S50 7 - 38w 1, X HRAH TR 0 45 o
MR FK, IE 5 B A LB R S s, 5 R B R R AORE . SR SRR SRR LA 25°C 1H il A=
EIGEFRAANEE SR 59 d, S THREEFR K 3R B0 5 d SRAIFREIRAN K A3, ZEARSZER Pt 5 4F (15
AF 30 AR I R A AR LA B R SR AMRAS B8 I AN IS o 4 A UK Ik k38l B, BG, SF, 5FG, 15F, 15FG, 30F, 30FG,
NF,NFG,
1.3.2 SEREHE

AR 1 h R A B 55 4T (S R B R 2 SOR A 35 . BURERT B B 0, 4
A AN AR S mL, B8 1 b5, FIBCE AR ARSI G SR AR 59 d, 43 e A NS
%1.2.4.5.7.9.13.21.,29 39 48 54 d F159 d #EATAMREE, RIFRAE 13 IR, 1ERETEPIRARFES (10
mL) Z J5 TR AR 200 mL (14 [F) 057 38 SUARRE i, JFH 00 A BB i Ay 25 1 < UAR L

CO, R JE I A3 BT S FH A0 €5, 359 ( B 7t Shimadzu, GC-2014C, Japan), CO, 46 #% J & KBS T4
MR (FID) , 2B 4EEE R N, , Ji i 30 mL/min, H, RS 3 A 30 mL/min, 25 S BRI A 400
mL/min , K5 #8852 SR 200°C , 43 BIFEIRE A 55°C . CO, SR 87 C [Al o 2 (BRI 2= LU AE BT A0k i 4 7
5 (IRMS, Isoprime 100, UK)
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TR FEREL
1.3.4  RFEERIEmIT CO,HERL A TTHk

FIEHERAY A CO, Tk AR Y Eb 31

5 -8,
5, -5, (3)

o f RN AR IR CO,HER S 3R CO,HER L], o 6 R F MY 67 C M, 5, T/ R U I %45
B HER Y CO, 1 87 C AE, 8, F/n BN I 4 0 - HEHE Y CO, 1 8°C 1A,

A LR TR CO, B HERL L = 1-f
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K, [ CO,-C), /R A PN HL T ok [ A MR LAY CO, HEGHE R ; [ CO,-C ] o 7R AU I 25 8 19 £
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SRR AU Z (PE, x 24 x D,)
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1.3.5 HEEE T

FE R IR 7,21 .39 d 159 d FEATRESRPEIURE I 35 Wik & 5 . DOC B LA K+ 3En] A1
Z(NH;-N + NO;-N) & f, HHERUEY YRR A gz ™ . 13 DoC RAZEE F/KIZH (KL
Fb 5:1) 324U TOC 43#HX (Shimadzu TOC, Kyoto, Japan) #EATiK, 36" R A MIME R FH 2 M KC1 12
$£ 1 h J5 4 A shiE W24 Hr 2 (SmartChem ) #EF 743 MU
1.4 St

K HI SPSS 16.0 (SPSS, Chicago, IL, USA) #4740, H ANOVA f/)N I Pk 22 53 (LSD) 43 A i
PRI AS [R5 B 2Pk AN RS U5 CO, HE MBC . DOC LA % 438 a] FI| FH A S 820 . 2R v [l 9 )5
BEA T HEAT R AL S 5 BRI I S R, Goit i KPR BN P<0.05, TERIR A
SigmaPlot 12.5 ( Systat Software Inc., California, USA) .
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Fig.1 Dynamics of cumulative CO,-C emission derived from different carbon sources ( means+SE, n=3)
B #jith Bare soil; BG . #ltHb+# 45 4% Bare soil + glucose; SF:5 4EHAM S-year-old pine forest; SFG.5 4FHA M+ Hj#H S-year-old pine forest +
glucose; 15F; 15 4EAAHK 15-year-old pine forest; 15FG; 15 4FEFABK+2 45 B5 15-year-old pine forest + glucose; 30F ;30 4EFA MK 30-year-old pine
forest ; 301G ; 30 AEAA MR+ 45 B% 30-year-old pine forest + glucose; NF: KRk Natural forest; NFG ; KIRM+7 4584 Natural forest + glucose

R2 AEERIMTEEREET LESSBIERZHELM

Table 2 Effects of glucose addition on soil potentially mineralizable C and decomposition constants

Qb3 WLERT L (mg/kg) SR d
Treatment Potential mineralizable carbon Decomposition constants
L Bare soil 101.23f 0.02be
REHL+ AT 2G4 Bare soil + glucose 158.92f 0.05a

5 4EFAHK S-year-old pine forest 318.61e 0.02cd

5 AEMAPR+H A4 S-year-old pine forest + glucose 319.26e 0.04b

15 4EFAHBK 15-year-old pine forest 1807.28a 0.01d

15 AEAA MR+ 4GB 15-year-old pine forest + glucose 1372.31b 0.02cd

30 4EFABK 30-year-old pine forest 615.59¢ 0.02be

30 AEARMR+ 2B 30-year-old pine forest + glucose 597.58¢ 0.02be
FIRHK Natural forest 644.62¢ 0.02¢
KRR+ 4% Natural forest + glucose 447.70d 0.03b

[R]— BN [R) - B 2w 22 5338 3 K (P<0.05)
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30 4F I AN S AR AR UL Kb (3% 2) o AR IR I B RRAR T 15 4R T ARG KSR MR AT AE
WAk (A B P TR 5 A I R AR B R SRR A AR 9 0 R R (R 2)
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MRUL SR SR Mg AR 9 AR CO, HERIGE (R S N 1 21% 107 % 44% \22%F1 30% .,

2.2 HHEHCERUN

AR IR U T 45K E B BEARAR A AR (5™ 1k, BP 52 B IE A 38R SO (B 2) . SR, B s
FRIT ] RS | 8RR N T I AE 15 4F 30 4R AR L B AR M I IE SR 6 A8 R Uk fE R L S
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M\ BB RN R, R TR 0 S R T AR S S AR T AN - 3 ALk 11k, K Ak 4y
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Fig.2 Dynamics of soil priming effect and cumulative priming effect ( means+SE, n=3)
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MOEEAIE MBC #8355 T 5 5 F D REMA(P<0.05, 8 3) . 3 MBC 7E8 371055 21d ik B KA,
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2.4 nlEYEA BLK

FEFEARE SRR D A O N B R T R IR AT S AR T B AN 3 DOC 1 i (P<0.05) , 1 Xf
HAK S B B 3 DOC & B g, Wi R RV B Be AR AR 148 DOC T, 15 4F 30 4 5 B AR L
KRR EA B F 1 3 DOC & BEA1AY DOC F i B & m T 5 F L B S (P<0.05, K 4) ,
2.5 WAHAS R

ST ) 2R S i AROPAIR A AT R A S S B i A T L DR SRR - T R R e T A
MAL(P<0.05) , Hfr i R R 5 4F 15 451 30 4F - 3En] FH A & 21 4—6,6—7,3—6,1—3 f5 (& 5) .
PR B VRN 5 AR T b T R U B A T X R BRI AR 5 AR 30 4F D R AM AR R B
8 FEREFREE A S0 A 0 - RN T A i TR AU AR A 4y e 1 BRROR RN A TE
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Fig.3 Dynamics of soil microbial biomass carbon (means+SE, n=3)
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Fig.4 Dynamics of soil dissolved organic carbon ( means=SE, n=3)
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