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Effects of different exogenous carbon inputs on the soil organic carbon decomposition

and priming effect in two Chinese fir forests
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Abstract; Soil organic carbon decomposition is one of the key processes in soil carbon cycling, and regulated by input of
exogenous carbon through influencing microbial community composition and enzyme activity, which is defined as priming
effect. However, how the quality and input method of exogenous carbon influences priming effect in forest soils with different
fertility remains unclear. In this study, two soils with different properties ( poor and fertile) from Chinese fir forests were
collected as rearch subjects,and " C-labeled Chinese fir litter and glucose solution were added. The Chinese fir litter was
added to the soils using two methods; placing intact litter on soil surface (IL) and uniformly mixing litter powder into soil

(CL). The amount of CO, released from the soil and its "*C isotopic value were measured during 120-day incubation , and
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soil nutrient content and microbial community structure were also measured. The results showed that; (1) the input of intact
litter resulted in a negative priming effect, while glucose addition induced the positive priming effect. They had significant
impact on the cumulative primed carbon and the intensity of the effect is signally regulated by soil nutrients. As the same
time ,the cumulative primed carbon by intact litter addition and glucose addition were —1.22 mg C/g SOC and 4.80 mg C/g
SOC in poor soil , respectively ,and were —1.73 mg C/g SOC and 1.56 mg C/g SOC in fertile soil. (2) Compared to placing
intact litter on soil surface, mixing litter powder into the soil caused positive priming effect (2.21 mg C/g SOC) in poor
soil ,but negative priming effect (=1.72 mg C/g SOC) in fertile soil. (3) Compared with the control treatment, exogenous
carbon input significantly increased soil carbon—acquiring enzyme (36.1% ) , nitrogen —acquiring enzyme ( 88.6%) and
phosphorus—acquiring enzyme (21.4% ) in both Chinese fir forests. (4) Soil bacterial biomass significantly differed between
two addition methods of litter in both soils ( P<0.01) ,with biomass being 27.0% greater under litter powder addition than
intact litter addition in poor soil and 19.2% greater in fertile soil. (5) Cumulative primed carbon was positively correlated
with soil enzyme activity related to nitrogen cycling, and negatively correlated with soil bacteria biomass. In summary, the
quality and addition method of exogenous organic carbon affects the priming,which is regulated by soil property, especially
microbial community composition and enzyme activity. These results provide theoretical support for managing soil organic

carbon in subtropical Chinese fir forests.

Key Words: Chinese fir forest; soil organic carbon decomposition; priming effect; soil property; microbial community

composition
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JERT SOC A RO Y 2 5 B AR AN R o -39 T iR 4k, HoA B RL 7
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1.1 BT XA

WG RE AL T BN 2 4 ELIG Ty 2208 [ MRk (115°22'—115°507 E,31°06'—31°20' N) , X & T
ST 5 I T 2o Y X, AR e 2 KU AR AR 13.3 C L ARREK R 2078 1510 mm , AR B
H 80% , ASZHRVEI T WAL 3SR i 25 B KR INAZ A ( Cunninghamia lanceolata ) N T kit 4358 HA 1%
#4313 (Poor soil , Ps) E@ﬁi@jﬂ@%i,ﬁﬁ%%ﬁi%( Fertile soil, Fs) i) Bt 1 + IR IE (R 1), W
AP P A AT A2 5050 4 19.48 em F1 17.58 em , SEXIM 43910 13.16 m 1 11.58 m , MRAM 36 3951 N
1022 #/hm* 1 2104 #k/hm”

R1 AMEARANIREE N BB RN R PR )

Table 1 Basic properties of soil in two Chinese fir plantation plots ( means+SD)

AR N T RN T
TR R Chinese fir artificial plantations || - g 5t Chinese fir artificial plantations
Soil properties K355+ 4 Ps 374> 11 Fs || Soil properties IR L3EPs  WHFA LTS
Poor soil Fertile soil Poor soil Fertile soil

T HE LR SOC/ (2/kg) 15.08+1.02a  30.65+0.86b || 2tk 4N F eNa*/ (mg/kg) 7.81£0.72a 16.01+1.23b
2% TN/ (g/kg) 1.00£0.11a 2.2120.05b || SZHAEEEE T eMg? / (mg/kg) 61.37+2.49a 141.29+3.46b
FHERRALL soil C:N 15.27+0.98a  13.88+0.11b || pH 5.34+0.10a 5.38+0.16a
AT %A ML DOC/ (mg/kg) 85.30+6.40a  230.28+4.84b || fibki Sand/% 79.99+0.58a 41.08+0.96b
B¢ [ FEAE 8 C/%o -23.21+0.27  -23.87+0.11 || #¥Hki Sil/% 13.11£0.72a 48.76+0.56h
LHMHE T K/ (mg/kg) 1.38+1.73a  17.13£0.75b || Kiki Clay/% 6.91£0.19a 12.21£0.54b
LHMATE T eCa® / (mg/kg) 99.17+4.70a  143.11£7.96b

[l —4 7% I 1 1A [8] - 36K .38 22 5 (P<0.05) ; SOC: Soil organic carbon; TN : Total nitrogen; DOC : Dissolved organic carbon; 83C: *C
isotope value; eK*: Exchangeable potassium ion; eCa** ; Exchangeable calcium ion; eNa®: Exchangeable sodium ion; eMg®" : Exchangeable magnesium

ion; pH: potential of hydrogen; Sand: Sand particles; Silt; Silt particles; Clay: Clay particles

1.2 ISR

BRI FRAGRLTE T EE Y B TE P AZARRH S BIZEI 4 4> 20 mx20 m BIFETT . BT AR AT« S 2l
BORER SR 10 S EREN 5 em B9 EE5TE 0—20 em AL REX 3 SR 5 BEFETT A R3S & l—A>
TR A TCIE A B4 WIS N, 7RSSR 3 N 2B IR IR AT DL R P e S AR R FERAS 3 2 mm
FERIFIR G5 Hoh — 80 LR AFTE 4 C T T RER, 93— &840 L AEFE 2 9 KT 17000 B4k 1 BT
(F 1), BRI E EAREATAE-20 °C T FH LA R 7T %4 HLIK ( Dissolved organic carbon,DOC) ,

BERXPAE RS C K0P AR L X 1 AR E R ARG R #EAT 10 S H MdRic, R AR M I it iy 2 bk & & 4
470.78 g/kg, A F iR 15.76 ¢/kg,C:N 4 29.85 RJiiZ N 24 8.13,8 C {H N 121%0, S\ Wy BT W M
DL TE R 0 F 530l 83.79.58.21 ,43.72 mg/g 1 20.44 mg/g,

SR JH U 00 -39 Bt s A pH T E 12358 pH B ( /K R 1:2.5) 4 EA3000 JCZR Z3 A 5E -+
SR AR A WL AN 2 1 2R FH R 2 5%/ ( Thermo Scientific Delta V- Advantage , Germany ) il %€ +
AN 87 CAH ; HIEACH AR LB T8 (eK™) (H5(eCa™) fH(eNa®) BE(eMg™ ) RH LIREIZHE- KA
SCFEETHEDE . FYIARTTR & 8 R CBEIR - 43 GG R 5 S P AR AR 2 5 5 57 & & ik HCL-F
AP A 5 ol FH AU L €2 000 S A2 AR i 1 T VA PE R RVE K & it . ] CleverChem 42 [ 21 [H] W A2 23 B AU
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1.3 SRt LR
T8, ¥ 120 g( 1) BUHTEE IO 1 LA JFAE 25 CR ARG SR 5 d, DR I RA- Y 1) Thiig
S, B BEOM RN T - AR R 4 N X R (CK) RN C ARiE A RTE T E T R
(TL) KHERC FRiCEARTEEM S IMA £ (CL) LA C FRiCH4ME R (GL) , e BEE 4 A58,
FEAPTE M R AN SOC Y 29 Herhsg & i BB 363 i, iKY RS A I R 24
SR G B s rh A A A IO T3 Y S WA E R IR, FERY SR, SK S O R K 2 1Y 60%
W TSR R, SE I CO,Z8 R B IE TN SR, o Sesi - b i v i A B . AR, QM IR 11
NG FEAE P RE G2 P — B ), I S A O SR T . ARSI 4 AR G FR 55 1.3.5.7.,10,14 .21
28,3542 .49 63,77 91,105,120 JRHESM I CO, AL 471X ( Picarro, G2131-1, USA ) il 5 K {4 o
) COMRIERM 8 C A, FESf R RE v R P Fe 4 5 K i — 30, e JH SR ZR IR K
1.4 GRAE WD RETS 2H AN A TG A R 5
FI ISR BR NG WA (PLEA ) 40432 X6 - e A W pe 6 = B b AT s D E 40 Y L BB 3 ¢ T A 20 mLL
(A T FP IR = 1:2:0.8) G2 = IR 2 h TS0 5 min, SRS SR YO HIE IR A, AW 37
CRZE 1 mL; P4 B S PSR A R BEPE R, A kA v o0 8 e e e s OB AR AR . A 0.2 mol/L
(1) KOH HH Bt v FH ALl As LA Wi 107 2 FH G . 555 1 FHISC AT MIDI Sherlock A= 1) %5 58 3 48 1 SUAH (35
1 ( Agilent 6890N, USA ) Mz 48 5, Horpr | 2% [RPHPEAN B ( G+ ) £245 114.0.,115:0.,a15:0.i16:0.,a16:0.i17:0,
al7:0.i18:0.a19:0 ,10Mel6:0 ,10Mel7:0 10Mel8:0, H:H 10Mel6:0,10Mel7:0 F1 10Mel8 0 i ] 92 Ay ik
LRI (ACT) , 2 [CRATEATE (G-) f03E ¢yl17:0.¢y19:0.16: 107 17 1w8 18 107, ELH (F) L% 16 lo5c,
18:109¢ 18:2w6c ,18:3w6, PLFA HG T (TB) 24 A 4558 i A BR TR AR I35 th 0, 78 5 4078 PLFA
B HCAE (F 2 B) DA 8 2% G PH M B S5 B 3 PLFA 2 F(G+:G—) IR FEX Se S BERY AT 5 i
TEH5 e RGP OC 1 A A W B e, b B- 1,4 2 AR R R A SR it X P el 5 e A9 B
K5 N-0 T Wi J3 0 760 W Tl 0 2 I 2 K 5 8010 B0 A O 5 8 e I U] 5 e ) % AR A G . S ] German
25V Razavi 26 N4 1975 1% A4 96 FLEGFRAR 6 Hrik , RS 4-F 3L B (MUF ) 81 7-% 3%- 4-F 3%
T E(AMC) MRS FIEY) , A JOEHER MUF 587 AMC AHRHIR I, 88 I FR AR I 2% % | I ) o
MR AT i, i b - A TR
Mt P 34 K [G Michaelis-Menten 31 /1225808 FH T W0 E .
V=V, [S]/(K,+ [S]) (1)
Ko, VIR RNV, RS i KR K e R B B 12 v, BRI IR B S W
IR K BRI, S DU R R R S
1.5 Bt 5500
T A L AR | R A RO R AT
_ (€x1.964) xVxMx273.15%1000 (2)
22.4%(273.15+T) xWxtXWy,.
A, R A RIERRHE G (g C ¢7'SOC d7") € SHIARHY CO,MKEE (mg/m®) 5 V RN EVSRIEF (m*) ;T N
FEFRURBE (°C) sM Ry C AR B fe (12 g/mol) s W i HIETH (g) ,¢ IHGFRIFE (d) s Weoo WEE T 38T 15
1 SOC & (g) o

nolf Ri + Ri+1
CR = xT 3
; 2 x 1000 (3)

i, CR A LR BFHER R (mg C/g SOC) ;R NE i Ik COLHEMHZE (ng C g7'SOC d7") s 7 MAHAE 2 Y&
RN AT R () 5n 9 SRR SRR R R

PE=C,~C,, (4)
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K, PE ALK BB A & (mg C/g SOC) ;5 C, 0 I AN ik &b 3L~ SOC 7= 4= CO,-C 19 R &
(mg C/g SOC) ; C o AT INAMIESK B HH ] 13 SOC F=E CO,-C & (mg C/g SOC)

fdiFH SPSS 26.0 #AFH R 1E F A LB HR TS0 . RIS R S B A ST T K50 50 B 1R TRl R
by A SEIAEAE RN A DA T 2 S RS PR Y 25 5 SRR R D R S R AR JE S 850K S 2 % SOC HE ik i
2 RRHERC R A BB RN AT AT

2 HRE5LHH
2.1 AN BRI AT 7 26+ 38 DOC A S A S = 52
120 d iﬁ%éﬁﬁﬁ,ﬂﬁﬂ%%iﬂzﬂéﬁiﬁéﬁx HABEER(P<0.001), 3 DOC FEEASRLEFs

B &S BEET Ps, 5 CK MHI, GL ﬁiiﬂﬁ%ﬁgﬂw Fs 118 DOC Frit, 7EPAbRH 388 1L b3 R 1)
+3E NH;-N B EET CLAM A, 5 GL A, IL A F A9 13 DOC Fl NH;-N & #AUE Fs R
ERRAR(E L) .

bk M CK [CJcL Il [ ]GL

250 Ba 12
L: P<0.001 — L: P<0.001
Tr: ns Bb Bb Bb Tr: ns
200+ LXTr:ns LXTr: ns

150

£
Ammonium nitrogen/(mg/kg)

A HLER

Dissolved organic carbon/(mg/kg)

Aa Aa Ap Aa

375 138 [ZEiv = 374 13 [ZEpv =
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Bl1 FRSMEAVBMANT T B E 200
Fig.1 Effect of different exogenous organic carbon inputs on soil carbon and nitrogen

CK: ¥ IL: PChpic e BEAREE T 1%, CL: PCARCMBRZARMEHSIMA LY GL: PCARic#sl; L. LHVER; Tr.
AMBBRIRIN ;. LxTr: T3P BT SN RIS BAE T 5 ns: TR M AL 1/NS 58] (abe ) FRIR A — MRt A [RI A0 B2 8] 22 53¢ . 3 (P<0.05) , i
KE T (ABC) FRAFIbSE 2 7] 22 57 1 3 (P<0.05) ; IRZZB TS PIEMIRMER (n=4)

2.2 AINIERR G R AR N7 2% SOC 20-fife S Heas Sz 380 ) B i)

P PRHL Y SOC HERGH e fe Wl 1) 3—7 d IR B I KA, SR 5 Bl 15 35 o (A1 g i T B | e a1
Fa, T AREPE T AMIRRR I ()R S 5 R Y CO, HECER S, (H P S A A MR ik 1) 22 B4R L 9F
ANEE, Ho 50 R AL BE R IR T 30 CO, HEMUH R K + 3 R S B EE T Fs, 5 CK
LG, R 5% 120 d J5, BpRih GL AFE T () 3% CR W& 0, i 1L PR A0 2 3 BRAK, [RIRT, CL b3
7 CR & T IL ZbFR (BAYTE Ps R LR (K 2),

S A NIR RS i 2 6] 1498 SRR RN 7 A R R 2 R ( P<0.001 ) , HREGERI N Ps (1) PE KT Fs
(F3), FEMLFRr 13 CL A F = 3740+ GL AL T 1) PE #5280 S (8RS58 W IES R B S, Hof
WO KRB BAE S T IR B (<35 d) o 120 d BEFRGS AT ARF% 5 138 1L Fl GL ALRE R i SRR 243
=122 mg C/g SOC F14.80 mg C/g SOC, i 575 TN A-1.73 mg C/g SOC FI1.56 mg C/g SOC, 5 1L
FHEL , GL ACFET 1Y 149 SRR A 1 70 P IS bRch v o 2508 e rp R A VS S 2 1 SOC 43+ 7 2B TE
R T A S8 BEAZ A 5 W 254 o3 BRI . BRI o 38 i | el 158 2 0 0 | 1) TE 380 o B A1
T 67.5% , i SEBAZARMFE ST AR EERIN T 29.5% . AN, Ps P CL LT T 38 2R L AR T IL
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A B G I OT B BUR RN (2.21 mg C/g SOC) |, T{E Fs H =35 125 T IEAN 1o 2 HARIN TR AU (-
1.72 mg C/g SOC) .

= ) [8) )

5 800 L: P<0.001  —e— CK+Ps S A s3]

3 Tr: P<0.05  —e— IL+Ps ) Aa Bl CK I
o T: P<0.001  —e— CL+Ps % Ab ] e Gl
= 2 600 [ LXTr: ns —=— GL+Ps £ 18
3 ! -+ CK+Fs B Ac
£3 ~e - IL+Fs B 32 Ad
S & 4003 IR S
= cg 1 Bk ~§ Ba
B ®Z Bb
ﬁ e 200 i} T 6 —
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Fig.2 CO, emission rate and cumulative emissions from soil after different exogenous carbon additions

T. BF[AIEFE; S MAKTRE 5>+ 4 ( Ps, Poor soil ) , BEZE N R 3753 T3 (Fs, Fertile soil)

IR L ——CL GL
S i = e s (e
3 L: P<0.001
@ 4t Tr:P<0.001 41
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Y 2
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Fig.3 Dynamic changes of soil cuamulative priming effect in different woodlands

2.3 AR TR N7 2R R BN 5 i AL B

A S R, 5 G+ G- AHE (B) I TB B2 2 - 500k 5 5 AN IR e 1) 2 520 [ st
FEVIA AR R BN Ps /NT Fs( 2 FIlEl 4) . 5 CK AL, Pidkibh 319 B A1 TB {UFE CL AbBE T B 2 4
fn, [FEFIL 5 CL AR Z (8] (%) +3E B & EAE WISk b ' A B 25 5 (P<0.01) , HiH 7E Ps 1 CLARBE TR /Y
B S AT 1L ACEIE N T 27.0% , 0 AE Fs PABEINT 19.2%, 1AM, 5 CK #EL, Ps B9 G+ G- Z MR
BRI, T 924 138 GL AR N Y G+. G- 3E T+ (P<0.05) . 1 B R4 43#T ( Principal component analysis
PCA) AJ 1, BTN HE Sl 8 T 89.5% 1) A3 W4 s S (1 5) o Herbr ) B — S5 o Sl i i e s S >
75.5% , HAF J7 10430 B A G+ JEREER (Fir) B ACT LAK G-%¢, drit ol AR e i 3840 i 40 7 %F PC1 By
SO T A 2 T AR R A A A RS S 14.0% , HLIE D5 14300 80 A F B F  FHEH (Ase) JEATH
(Zyg) %5 X VEHIRE IR PC2 1 F B HIE R 414y, IRAN, ZERUE WAl b 45 Ab B 22 1) -6 I 3 22 5% {EL e
% TR ANRILE PCL % b S A S SRk
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Fig.4 Effects of exogenous carbon addition on soil microbial composition
ACT: JAZH Actinobacteria; G+: #522 FGFHPEZAHT Gram positive bacteria; G—; 2% FGBAMEZ4H T Gram negative bacteria; F; ELj# Fungi; B 4f
A Bacteria; TB: f{“E4#) & &t Total microbial content

®2 TEERSMNEBR M HEMEEARNEIE

Table 2 Effects of soil properties and exogenous carbon addition on microbial community composition

. MR L HMBEBRES N Tr etk B ANk 1958 HAE
\z ible Soil properties Exogenous carbon addition LxTr
PE PE PE
LR ACT/ (nmol/g) <0.001 ns ns
H22 [CRHME AT G+/ (nmol/g) <0.001 <0.05 ns
22 RBIHEAE G-/ (nmol/g) <0.001 <0.05 ns
EH F/(nmol/g) <0.001 <0.001 ns
Y07 B/ (nmol/g) <0.001 <0.001 ns
BB 405 F:B <0.001 <0.05 ns
B FPHPEANER . 4L RHIPEAN G+.G- <0.001 ns ns
BCEYIEY)EE TB/ (nmol/g) <0.001 <0.001 ns

G+:G— ratio of Gram positive bacteria to Gram negative bacteria; F:B: ratio of Fungal to Bacterial

Ri g% 120 d J5 , PR MRHbAE A [R) Z IR AL B 1) 1 S5k Ul — S PE B B 35 5 T CK 4, R /MR Rk E
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