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BC, 350°CH#i# ) X HIEA AN (J5 SOC) 0k B AMERK A S ol i soma . SEoEAT 28 d, KEFRiRBER 25°C, KoMR
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Effects of Chinese Fir Litter and Its Biochar Addition on Mineralization of
Native Soil Organic Carbon

LU Xiaorong, YIN Yan, FENG Jingxian, MA Hongliang, GAO Ren, YIN Yunfeng'

(State Key Laboratory for Subtropical Mountain Ecology of the Ministry of Science and Technology and Fujian Province, School of
Geographical Sciences, Fujian Normal University, Fuzhou 350007, China)

Abstract:  Objective  Understanding of how soil organic carbon (SOC) mineralization response to management practice and
environment change is crucial for mitigating greenhouse gases emission and minimizing the impacts of forest ecosystems on
climate. However, there is little information available about relationship of SOC mineralization with quantity of extraneous
carbon. In this experiment, effects of addition of Chinese fir litter and its biochar (BC), on native SOC mineralization were

investigated to provide certain scientific basis for building up soil fertility in Chinese fir plantations and utilizing biomass
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resources efficiently in subtropical China. Method In this study, soil samples (0~20 cm topsoil layer) were collected from the
Cunninghamia lanceolata plantation at the Wanmulin Nature Reserve of Fujian Province. '*C-labeled litter (Chinese fir) and its
biochar (pyrolysed at 350°C) were used as two different types of extraneous carbon (an easily decomposable carbon and a
relatively stable carbon) in the indoor incubation experiment. The experiment consisted of 11 treatments, i.e. S (soil without any
addition), SL, (soil added with 10 g-kg™ litter), SL, (soil added with 20 g-kg ™' litter), SL; (soil added with 30 g-kg ™' litter), SL,
(soil added with 40 g-kg ™ litter), SLs (soil added with 50 g-kg ™! litter), SB, (soil added with 10 g-kg™' BC), SB, (soil added with
20 g'kg' BC), SB; (soil added with 30 g'kg' BC), SB, (soil added with 40 g'kg' BC) and SBs (soil added with 50 g-kg™' BC).
The carbon derived from different sources was distinguished with the "*C isotope technique. The soil samples were incubated at
25°C with water holding capacity kept at 60% for 28 days.  Result Results showed that the addition of either litter or BC
significantly increased the cumulative amount of CO,, and the effect of the litter treatments was more obvious than that of their
corresponding BC treatments. Cumulative CO, derived from added litter or BC and native SOC increased with increasing
quantity of the extraneous carbon. After 28 days of incubation, 5.71% —13.68% of the litter carbon (LR-C)was decomposed,
whereas only 0.34%—0.50% of the biochar carbon (BC-C) was, and 6.42-13.58 times and 2.06-3.94 times as much of the native
SOC in the litter and BC treatments, respectively, as that in Treatment S was decomposed. Regression analysis shows that there
was a significant linear relationship between native SOC decomposition rate and quantity of the extraneous carbon added
(P<0.01). LR-C decomposition rate was positively related to addition rate of the extraneous carbon, while BC-C decomposition
rate displayed a significant parabolic relationship (P<0.05) and peaked when the addition rate was 10 gkg ' (Treatment SB).

Conclusion  Addition of litter and BC accelerated mineralization of native SOC and the effect increased with addition rates.
Compared with decomposition of litter, that of BC was less affected by microbial activity due to its lower bioavailability and
higher stability in the tested soil during the short incubation period. Therefore, it may be a management practice more conducive
to enhancing soil carbon sequestration of the plantations in this region, to return biochar into the soil.

Key words: Litter; Biochar; Native soil organic carbon; Decomposition rate; Plantation
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FHONIRTE G, R PC dRid A2 AR IS KX
il 4 1 BC /EN 2 RhASRIZERISME R, R = A S
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Table 1 Basic properties of the soil, litter and biochar used in this study

Ak 2 ) A ML kIR L
ok /& 8¢/
pH Total C/ Total N/ DOC/ Carbonate/
Material C/N %o

(gkg") (gkeg!) (gkg™") (gkg™)

+ 3 Soil 5.240.0 21.9+0.3 1.7+0.0 12.8+0.2 0.10.0 ~23.540.2 0

V&Y Litter 45+0.0 474.1+£1.5  24.7+0.3 19.2+0.2 94.5+3.0 130.4+1.6 0
H W) J % Biochar 9.3+0.0  647.7+2.3  36.2+0.3 17.940.2 6.94+0.2 104.7+3.1 75.9+0.0

g AN [ ARF ] PCO, M E G YRR, Az
Bt 3R AR AR B CO, W T 8 T ik, R
FHBER S S 5 R A0, FEAS R 8S 35 i BE TR 3 i v vl
VIGRIIE T A R i B4 4 B PR A SR 5 P T b AT, e RS
S B[] SR AE SR T LU (8 CO, M I PC F R
Mg o HAE IR FREGS 2 mm i 5357 f + 38 (A1
2T 40.00 g BET A ) FIAH R A 0= A TE P e BC,
rARA YIS E T 60 mL SRR, 5 HL 2 4~ 60 mL
SARFR 43 PN & 20 mL % & F 7K 20 mL 1 mol- L™
NaOH ¥, ¥ 3 MR ET | L AR sEs:
Feith, BRI R 25°C, BT BC 4 RSEE HI

I AR AL AR IAE R SR (2 JAEk 4 ), ik
iRt Al 28 do FERFFREE 0L 1. 3. 5. 7. 14,
21, 28 d RS, AURRER, Fif TR
FIIRIMRFERE 2 1 L RAURH, FIFIEE 4 M2 H
FARME CO, T 5Ll , KA AR ZE
PEREAS | IR FE R E A T ORAEAUR, AR
704 ke £ . 2 h JE ST AR 20 mL SR TEA
CH LS 1Y 20 mL RAUR BB . RS
3 3 AR VA AT K AT 4ERE 60% - HERFK 2 (WHC ),
SR 5 e A - A S ) BRI AR L B 8 JROR (1 B SR
i, TR T I BRI Ak S P B 5
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T RIFRREFaER R R CO, SRFHERU S K I T W& W sl A W BT i 22 57 3 (P<0.05); ARI/NE FRFRRAL B CO,
BAHECE R IE TR SOC 25 B 3¥ (P<0.05), S: +£HE; SLi: £H+10 gkg ' JAKY; SLy: +3+20 gkg ' ¥4 SLy: H3E
+30 g'kg ' PHVEY; SLy: H3E+40 kg PVEY; SLs: H3E+50 gkg ! VEY; SBy: 14E+10 g'kg 'BC; SB,: +3E+20 gkg 'BC; SBs:
+3E+30 gkg 'BC; SBy: t3E+40 g-kg 'BC; SBs: H+50 g-kg 'BC; LR-CO,: IR TFHIEMH CO, BB ; BC-CO,: KT
YR CO, R ; SOC-CO,: K IETF 5 SOC 1Y CO, BB . T, Note: Different uppercase letters indicate significant
difference at P<0.05 level between treatments in cumulative CO, emission from litter or biochar; Different lowercase letters indicate
significant difference at P<0.05 level between treatments in cumulative CO, emission from native SOC. S stands for control ( soil without any
addition ); SL,, for soil added with 10 g-kg !litter; SL,, for soil added with 20 g'kg !litter; SL;, for soil added with 30 g'kg "itter; SL.,
for soil added with 40 g~kg" litter; SLs, for soil added with 50 g-kg’1 litter; SB;, for soil added with 10 g-kg’1 BC; SB,, for soil added with
20 g-kg™' BC; SB;3, for soil added with 30 g-kg™' BC; SB,. for soil added with 40 g-kg™' BC; SBs, for soil added with 50 g-kg™' BC; LR-CO,,
for cumulative amount of the CO, derived from litter; BC-CO,, for cumulative amount of the CO, derived from biochar, and SOC-CO,, for
cumulative amount of the CO, derived from native SOC. The same below.

BT AFEAEEENS 2 R COp SRBUHERCE A2

Fig. 1 Effects of the treatments on cumulative CO, emission from the two sources
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Fig.2 Relationship of cumulative CO, emission with addition rate of extraneous carbon relative to source

F*z2

BAEYR. £EMRRFLIER SOC HE=ER

Table 2 Decomposition rates of litter C, biochar C and native SOC

A

RIS YA HE Litter treatment

AW 5 AL B Biochar treatment

LR-C Jpfiff 3 J5 SOC /3%

Addition rates

Decomposition rate of litter Decomposition rate of native

BC-C it % J§ SOC 43-fift %

Decomposition rate of Decomposition rate of

/ (gkg")

C/% SOC/% biochar C/% native SOC/%
0 - 0.31+0.07Af — 0.31+0.07Af
10 5.71+0.70Ae 1.99+0.12Ae 0.50+0.06Ba 0.64+0.05Be
20 8.92+0.74Ad 2.74+0.07Ad 0.38+0.01Bbc 0.78+0.05Bd
30 10.20+0.77Ac 3.31+0.12Ac 0.34+0.00Bc 0.87+0.02Bc
40 11.87+0.93Ab 3.74+0.25Ab 0.36+0.02Bbc 1.10+0.04Bb
50 13.68+0.82Aa 4.21+0.29Aa 0.39+0.02Bb 1.22+0.11Ba

e FPIARE/NE R R AN RIS A B 22 7 B35 (P<0.05 ), [RIAT AN [R) K5 % k327 I 9% 40 R AR ) Jo o e B ) 22 5t W

( P<0.01 ), Note: Different lowercase letters within the same column indicate significant difference among different addition rates at P<0.05

level. Different uppercase letters within the same line indicate significant difference between litter and biochar treatments at P<0.01 level.
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Fig. 3 Relationships of decomposition rate of litter C, biochar C and native SOC with addition rate of litter or biochar
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Fig. 4 Effects of addition of extraneous carbon on total microbial phospholipid fatty acid ( PLFA ) content relative to treatment
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Table 3 Correlation coefficients of cumulative CO, emission, decomposition rate and soil basic properties
4b 3 SR EX3 oo B/ PLFA i
Treatment Parameters Pl Total C Total N C/N Total PLFA
Va2 LR-CO, 0.85%* 0.94%* 0.95%* 0.85%* 0.73%%*
Litter SOC-CO; 0.40 0.92%* 0.94%* 0.87%* 0.86%*
LR-C 435" 0.74%* 0.91%* 0.94%* 0.83%* 0.74%*
J§ SOC 4rfife % 0.40 0.92%* 0.94%* 0.87%* 0.86%*
He W) T e BC-CO, 0.96** 0.94%* 0.94%* 0.85%* 0.37
Biochar SOC-CO, 0.96** 0.98** 0.97** 0.94%* 0.65%*
BC-C Jrff " ~0.50%* -0.52% -0.50% —0.65%* -0.42
J§ SOC 4rfife % 0.96%* 0.98%* 0.97%* 0.95%* 0.64%*

*¥* p<0.01, * P<0.05. @ Decomposition rate of litter carbon, @) Decomposition rate of native SOC, ) Decomposition rate of

biochar carbon.
3 1w

31 ARESEXTAZWF BC 4 #EE# 0

BT, XFRIE TR AP B BC 1) CO,
FHE R S HBR IR R RINAHRE: W@
Shahzad 2PN EKFEFF (0. 3.6, 12, 24 gkg )
F I, RIRIEFREFFN CO, RFHE & 7
PR B ES i Smith SEPUHFIT I R IR
T BC (500 CHMIARR , WINEN 0, 11.2, 22.4,
44.8 t-hm > ) CO, B RUHE i 7 Bl 7 Jon 2t 386 Jon i 344
e FEARMSE T, RIETHREH S BC 1Y CO, B
Helct 23 T 2l s, IF HoRIETFIREY R CO,
SRR B E KT BC /Y, HENAETHED S
HEZ G0 MY T, XA PR o B
(& 4), dEmifedt 7MY e 5. RIE T &Y
i) CO, 2 HE & F1 LR-C 43 i 2624 514 %) PLFA
SR E EARC, 2D UE SR YR W o i
AT 5 HAMRH BC-C Hff%RY
+3 pH. TC. TN, C/N ¥R BFHME, MkE
T BC 1Y CO, Rk 7 5 - 53444 PLFA S
ARG 2, HENAE T BC A FER) CO, R
FUHERC R IR 58 40k A fE W REfe, T ek A
TeHLER (£ 1), BC HCHLRR 32 22 AR IR SR 1K 2047
e AT HRAREE , 5 S R 4 TR R
HE R CO,.

AMIG B 1Y) ik 2 % 5 LR R o o DA K+ g

B AR N E A Y, Maestrini 2520 450°C
I B R A BC NIRRT, Hig% S
A H G BC 2% 4.3%. 1M Naisse %225 336 d
M= NS, BRI SRS 25%, {H BC
LR 0.4%~0.6%. ALIER S R EEA —
., ¥ig% 28 d 5 TR W oy R (5.71%~13.68% )
IR T BC 3% (0.34%~0.50% )., HJE R 7E
F BC &ML HI5 B PR R ke L 45 4 S AL, X
TS PR AL A HEAS 5 e A E W oy, JFH BC WJ
DL - SRR SOk RE B AT SRR, DT 4 e LR
PERT Jiang PR AL T BC MR S HB IR,
¥ BC (550°C, %A ) LLO0, 10, 50, 100, 200 g'kg'
+HE TR LS N E 4 R EAT 30 S H YRR,
BIL BC WP X B 2 A e s nmi en . AR
WAUESE, 87 Yo f R B S i 38 i kg, {5
BC /Mt R AR B IX — ¥, 78 10 gkg Wiz
AFEPIR B K, HEFEAET BC BHA K mfLpss
A RE AT 2080l g e A ) B 7 A O B A Y, i
el K BC 1 “REHMAY” EEZEEH,
Hor R TR W, W mns £ pH . 4k
MR EWAHN RS, XAF T BC o (£ 3 ).
32 ARLEIE SOC # A # M

T2l , AN AT + 5 SOC b7
PHIVER (SR ), RIFER (IESER )
s G P HEOX AR R R4 S e R
Brgg ot . AT DL T ANIR R B 2R R | B S R
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BAX, HEAREPIRIE 35 d RSB AR, T
KAEFFAFE T ME (10, 50, 90 gkg') HEEM
il T IR SOC Wyw™ 1k, HL7E 50 g-kg™ WS i il 4
g, HIFRE TN ERBH R RZ
Dy A R AR T A P IR SOC B AT . FHa
alhe KRR BE I 45 BC (350, 550 11 750°C,
EARGAMEEY ) BMEAZARN T P53
112 d Ja &8, Frfi BC AbBER) M 1T+
SOC #fk. XA HI/EFHAHLEI AT e BC HA K
HFLBREE S B RA LR AL, K e PR
W 2 HALBR N s ah e b, AT A A LR Y AT A
%29 fH Farrell P2 80 d U F 520 L9, 2
Fl BC (450°C, /NEREFFFRAEARL ) BT M iF
T 3R SOC W4k . Cui ZEP M5 KRG AT S Ho i 45
) BC (400°C ) 258z b 47 200 d A9 ks
e, RIFEF K& BC ¥Euk 75 SoC w71k, HF%
FRAL R IR TR SOC #Y CO, HEE KT BC Ab#E
. AUFRESIe S H—3%, M REHE, MY
K BC AR E T 5 SOC A1k, HIE7EY1e ik
FORTEHI R . B IR0, RO
JRUZJE SOC B 43 fff 5 1w A= Wi 1 22 1 3 T A G
(£ 3). JATEY K BC MR INHE S T 5k M0
(B 4), B A9 PLFA 195200 55 B
8, WA R AN AR R, e HAR L
VE T B i A0 IR B 1 [) R T A8 B i 1 b HE R
socPY, g%k “ILARH” EH.
ThEIEETE T PC FRidEARE DI T E N
RiFRaLs, 81 d Hi3R45 A SOC iR 3.6%~
6.0%. 1M Zhang ZF0°NE i3 Meta 43 #7 2& BHAE 7 ok
Wik (FEERIA BNy T ) BSEsed, SOC -
B iR N 26.5% . ARSLI N KRB, JH7EH X BC
BT SOC 73RN 0.64%~4.21%, Jf HB#
B U0 RS RN, o — 2 R B AN R B AT
KIRZE W AEYRTE SOC BIFI A, K2 4E gk H 4
fitt o BRHTPTRESE TURIEY S BC 5 W) i kil
AR T A K BT AR IR L, BC Y
ZALES IR A HAR L T8 B3 i, 8 T IR SOC
M= ml R, AT g SOC #4k .

4 4 ik

RIS as AR R PC REHAR LN,

BT XI5, AP BC MBI 5 SOC
O AL B 02 A B AN 0 5 3 hnmi s , - EL AT
PRSI S B L A2 R KT AR B SOC i 23l 5 I
IR Z B R R MR iR S U
ZI RN R, HAY BRI R IR 2 —
R, FETINE R 10 gk ARSI AAE . R4
wPIALE, JEIN BC (23 52 AR W 3h 1 R
BUIN, YA REEAR, FE P IERE, AR
PR = LR 1 7 2t — T
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