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Effects of black carbon on soil labile carbon and nitrogen pools in a Pinus

massoniana plantation subjected to slash burning

WANG Yuzhe',LIU Jundi’, YAN Qiang’, FANG Xiong’,YI Zhigang” ,HU Yalin',LIU Xian' "
1 Forestry College of Fujian Agriculture and Foresiry University, Fuzhou 350002, China

2 College of Resource and Environmental Science of Fujian Agriculture and Forestry University, Fuzhou 350002, China

3 Xigin Research Forest of Fujian Agriculture and Forestry University, Nanping 353000, China

Abstract: Slash and burn is a traditional and efficient way of removing forest harvest residues in south China. This study
was conducted to investigate the effects of fire-derived black carbon on soil labile carbon and nitrogen pools in a Pinus
massoniana Lamb. plantation in subtropical China. Three levels of black carbon [ nil (B0), single (B1), and double rates
(B2) ] were used by transferring black carbon across the plots after slash burning. The unburnt area (UB) adjacent to the
burnt site was selected as the reference site. Soil dissolved organic C (DOC) and N (DON), inorganic N, microbial
biomass C (MBC), and N (MBN) contents were measured 1 year after the black carbon application. The results showed
that the effects of fire on the soil DOC and DON differed among the sampling depths, and no significant differences in soil

DOC and DON contents between the burnt and reference soil were observed at the 0—10 c¢m depth, whereas the DOC and
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DON contents in 10—20 cm soil layers were significantly lower at the burnt site than they were at the reference site (P < 0.
05). The soil inorganic N, MBC, and MBN contents were lower at the burnt site than those at the reference site were,
although the differences were not statistically significant ( P > 0.05). Soil moisture content, pH, total C, total N,
ammonium, and soil MBN content increased with the amount of black carbon input. Especially, the soil ammonium content
under the B2 treatment was significantly higher than those under BO and Bl treatments were at the 10—20 cm depth (P <
0.05) . Moreover, the removal of black carbon significantly decreased the soil MBN content compared to that of the reference
site. In conclusion, this study suggested that the black carbon input played a key role in the recovery of soil microbial
communities and N retention after slash burning, and the underlying mechanisms by which black carbon regulates soil N

cycling should be investigated in future studies.

Key Words: slash burning; black carbon; soil dissolved organic carbon and nitrogen, soil mineral nitrogen, soil microbial

biomass carbon and nitrogen
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A=A b, RTVE A 5 DU FFR A M PR FE R0 ik, AR 58 2 BROA 4 R 1 Hh Ay
33 AR T AN N TTMCR G, WF5E T R I 1 4R 5 A [ S8 A A £ Ak B K b8 - 398 5 0K it HR - E AL 1
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(Dissolved organic nitrogen, DON) 4" B4 , 1414 ) &k ( Soil microbial biomass C, MBC) 1 4 HEf L ¥y i
&.(Soil microbial biomass N, MBN) & 22 5%  JF41 T Mk 1l J H ™= W 28 e 6 38 15 PR ZUFE 2 i pLEE | |
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Fig.1 Slash burning in a Pinus massoniana plantation
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PRI ARG ORI B 33 ) SE A TR AL M R L3 1, BTN IR 1 3 1) 5 7K RAFAE B 35 25 5+ (P<O.
05) ,7£ 0 — 10 cm F1 10 — 20 em )2, KB TS /KRR T X I 4098, kope HIERY pH 21 T4 IR 14
Finile B2 AL 0 — 10 em T3 pH X IR T HEE M 24% (P=0.058) o #RILXS 80 FN 4 Z A & 7
(P>0.05) , 1M K Be 5% R -4 C/N 25 H 215,76 0 — 10 em +)2, SUF R ucHi A AP+ 1 C/N 2 i
FRTFRR A4 (P<0.05) ,10 — 20 em 2 KBEFIXS 1A H3E C/N A BE 2 (P>0.05), Kbtk
R pH A foR 2 E X BE A B A A B3 N, {0 22 5 R A 8 B E MK (P>0.05)

F1 DEMWREEHEL 1 FEFHEEREUER (n=4)

Table 1 Soil physiochemical properties in a Pinus massoniana plantation subjected to slash burning (rn=4)

e LR %I UB PR/ BO %%b“z Bl XURE B¢ B2
Soil properties Soil depth/em Unburnt soil Removal of Single rate of Double rates
black carbon black carbon black carbon
Z5H Bulk density/ (g/cm®) 0—10 1.12+0.05a 1.16+0.04a 1.16£0.07a 1.23£0.03a
10 — 20 1.17£0.05a 1.2420.03a 1.15£0.03a 1.19£0.01a
7K # Moisture/ % 0—10 23.34+1.60a 18.45+1.36h 20.97+1.48ah 21.83+1.68ab
10 — 20 27.10+1.10a 21.51£1.29b 21.52+1.22b 21.83+1.85b
pH 0—10 4.24+0.04a 4.58+0.13a 4.69+0.18a 5.28+0.66a
10 —20 4.24+0.02a 4.29+0.06a 4.41£0.06a 4.77+0.41a
42T Total C/ (g/kg) 0—10 20.69+1.50a 18.81+1.85a 18.93+3.64a 24.65+3.02a
10 — 20 14.26+0.65a 12.00+0.55a 13.15%1.87a 14.45+0.53a
4 Total N/ (g/kg) 0—10 1.58+0.10a 1.35+0.15a 1.38+0.24a 1.56+0.09a
10 — 20 1.14£0.03a 1.00+0.06a 1.06+0.15a 1.13+0.07a
A C/N 0—10 13.07+0.15b 14.03+0.27ab 13.58+0.28ab 15.78+1.41a
10 — 20 12.47+0.32a 12.04+0.29a 12.38+0.21a 12.84+0.48a

B N B AR E DS s AR T RER R [l — 1 JZAN R Ak B2 (8] A7 35 22 52 (P<0.05)
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HRIlx) 4 DOC &2 A2 N LR 5 (B 2) 760 — 10 em )2, KBE1HE DOC &1 53 I8 1A
WE225(P>0.05) 1 10 — 20 em +JZ M kB3 DOC &5 5 F{R T4 IR 138 (P<0.05) . AL, HR 1L %)
14 DON &g m A £ 2 m 5 (B 2) , 5B G B A s A (B 2) . Kbefa A% (B1) RS bk Bk
(BO) AbFErf | 435 DON & W B AK T-%F A 35 ( P<0.05) |, 111 XU BB e iy AALBE( B2) 5 %) IR+ 380 35 2%
S (P>0.05) . Hr1l K H B i A HE X 11 DOC/DON A W& 50 (P>0.05, K1 2)
23 +HWRASGE

TIET R A VISR R, 505 KB R iR 31 70.82% — 95.95% F1 48.40% — 97.53% (& 3) , +
RS R R KPR SRR A AR BRI RE IR 10 — 20 em FJZ L3 (I 3) , ST, R1LE
R a5 (BO) Wb 3 AR T 3B S RS i, MG I SR e A ( B2) B b 1IN SR 3 i B S AU = (P<O.
05), 7E0 — 10 cm F110 — 20 cm F )2, KB RS R S KT X0 1R 58 0 22 S5 Rk 3] 1§ & PR K7
(P>0.05) .
24 +HERMUEYERE S E

Hrill 1 4FJ5 ke 3 MBC Fit MBN 55 344 TXF B8 35, HR L 5 BB A A T MR AR L+ 3 MBN 7%
HHEm L ZMR(E 4), 70 — 10 em 12 FR LG BB E R (BO) A HE i + 3 MBN 75 2 i 1% X i
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Fig.2 Effects of black carbon on soil dissolved organic carbon and nitrogen contents
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Fig.3 Effects of black carbon on the contents of soil nitrate and ammonium

14 (P<0.05) , TMi7E 10 — 20 em KBEFIXT E 13 MBC Fl MBN & 340K 8 35 2% 5 (P>0.05) . AS[A) Bk A
AL KCBE 1 MBC Hl MBN &5 50 3 22 5 (P>0.05)  {H B 8 i A BB I (o — 10 em £
HE MBC FrEpRoh, I 4) , KBEJE R A RAER EEI 0 — 10 em F£JZ AR AEY 28 A L (MBC/
MBN) , # R F kAL 3 (BO) 14 MBC/MBN 2 I 2 15 T XU B8 o i A AL (B2) (P<0.05) ,iX 5 158 C/N 1)

RN
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Fig.4 Effects of black carbon on soil microbial biomass carbon and nitrogen contents

2.5 EHEEMEBREES SBR[ E R

2 P, £HE DOC & 5 3 S /KR 2 (R A7 7 35 B B 3 I IEAH DG 50 — 10 em HIERSS A
5 5 pH 2 A, 10 — 20 em HIEESA S E S 2EIEM ;0 — 10 em 3% MBC #1 MBN &5+
G AR B AR W B IEAHSCE R MITE 10 — 20 em 21, -4 MBC F1 MBN & & 5 & 7K 3 pH 45 11
PRAE BT ASAEAE S35 AH DG

R2 TEEMHREESTEBAERBEXES T

Table 2 Correlation coefficients between soil labile carbon and nitrogen pools and soil physiochemical properties

+J2 Soil depth/cm DOC DON NH}-N NO3-N MBC MBN
0—10 ey & 0.511* 0.083 -0.019 -0.060 0.746 " 0.795 **

pH -0.013 0.084 0.406 -0.530 = 0.203 0.144

B4 0.243 0.059 0.371 -0.017 0.454 0.583 =

2R 0.343 0.020 0.169 0.187 0.412 0.588 =

10 —20 TR 0.681** 0.457 0.247 0.239 0.175 0.230

pH -0.419 -0.363 0.400 -0.425 -0.019 -0.010

ERd 0.147 0.280 0.768 ** 0.048 -0.088 0.166

2R 0.193 0.303 0.579 = 0.020 -0.178 0.042

# FERATAE B E A (P<0.05) , * * FoRIEAEM A (P<0.01) ;DOC: 7] % P4 HLEK Dissolved organic carbon; DON. AR HLA
Dissolved organic nitrogen NHX—N; £ A A Soil ammonium nitrogen T4 A% Soil nitrate nitrogen; MBC: + T A W) B Ak Soil microbial biomass

carbon; MBN; + i AE M E A Soil microbial biomass nitrogen
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A it AEL R 1045 B 3 e A i A A AL S5 A e A o B, DA T - B W O T MR B i 1 488 DOC
AWFFE, B3 DOC & AR T X IR+ (K 2) (HAE 0 — 10 em 12 2R A R X 5L @M
{7 LU TR A IS 25 SR ANI] , 33 7 i 2 Fh T % R A B G e AR T) , ARHIF 5 vl %o R IX Ay SR A5 32 il o
KOBEIX I, Sk [ R A HL R AR D | i e L Ag E R Az f > BRI S ot BE X U T i A B % F
WM, SR, 10 — 20 em 1209 b3 DOC F i 22 i I8 F 0 IR 38 (1 2) , DA U B kB Xt £ 3¢
DOC A5 R+ J2 M5, KB 322 30 DOC &4, 25 +3 DOC S8 izsal i >, k
Lext 143 DON Bzt )2 1M 5,0 — 10 em )2 KBEFIXT IR 3 DON & &% 3 2= 57, (H7E 10 — 20
em 2 SO - SE Y DON & i I T- 0 IR 448 Rl 70 SR i A s /D Y AR B (BO A1 B1) |, i B JE o 1Y)
A BRI 158 DON 98, 3% 7T R85 2R A v b 2 1o BRI % B R A 6

+3E DOC TS5 HHSKEE R FIEMAC (K 2) , 5 CHE P e 0T AR MR8 45 5 — 3, X
JEH T R R K S AR TR TE R IR U T KR LA BRI Y ARHFSE 5 DOC
i g I pH AN A DM — B0 R pH B i ) B - b A R AR 2 ok AR R S e S e 128 DOC (1)
R h kSR 5 N RET AN B 45 S R T B 28 ROBEAR TR A7 AR 25 520 PO R - B -5 Jr0IR 4 49k 1) 57
HRRAS T RER £ DOC F i 5 +3 pH BLZ AR RN 22— ) kB H A pH = T IR 35 4 ) 2
TERU BB i A AL LR 5 1Y 1 4% DON &5, 2K, 4% DON % i 55 4% pH WARAFATE W8 AHOC | X
SRR A X U N TR KO - SR A5 45 A I, % 9T % B 4 DON &5 55 4 38 pH 77l i
FRAMR,
3.2 KB A A IE  E E

RZMFE R, Jobe) b P 5 AU S i 2 3mSR i T — O R b A vl LK A HLA
AL AL, o5 — 07 T 3R BT 0 U e N 3 AL A AL VE T T EL O AR AR B0 B Y i
WCVE RIS, Bl S AR A A W W SOR 38 B SR B2 B ORI KT kA2 ] 5 ok
PR+ IR A S A 55T, Meta—analysis SMT25 SRR B, IS IR AS AR — B LS R T
B K ARHE] T AT R L 1 AR KRR R A B A R B E S R L SR K
PR MDA KCBEREHD IS FIAE 1 1 AR A IR 4T 1, HLOOEA [F) b AR b Y 0 75 4 AR AR B it — 3, PT LA Ay [
T4 v 1 A A R ISOAN 25 ik 2 52 M AN [ b 38 - 3380 o 2 7 et 9 25 55, AR SR I X K I Rk R - A58 [ A ) 1 R0
WCRFIE T R — 250 5Y . K5 H 380 e R 2 0T 68 -5 WIS FE b 19 S R MY 250 56, ma A TR 28, +
BRI LG ™ o, DRI KOs T 5 | A P i 28 R AN 2 A B R B TR P TR 2, 0 2 I kobe R AL &
FEAR AL | 3 5 K 52 S A AR VD N TARAG I 2 48 R — 30 | i e K% 28 Ak, Kobe 1 4F 5 1
BSR4 AT RE R R Ry 2L T A TR AR R R D, b X 3R 40 1 [ R fE 5
PRI JoT Uk R 0

PRI R AN TE R B =, SR e e AR B IR Ay AR TR, SR v LA 3 AR B AR R
ETAERE R BN T LR - A A B b R AR W I I RS I - SR o R I R R
RO — Iy, KoBE T LA N e A e A, R T (1) SRR ELA R A W B AR T A
Xt A A A P A S0 FE 47 AL & n B A5 2 A B i R 348 5 2 11 52 A FH B0 S Ak S in 2 87 5 (2)
HEREIE SR FUR AL T W RIS T | DR R BRIR AR By il - MR M B AR IR0 FL 2 F LA Ak B A I 43t
B AR IR EE Y AngE g L M ARAR A 58 R B KO A ) B T RS T i Ak A 0 TR A ) LR 2
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fiE, I R ISR . ASWFSE b, S PRIEAS [ 8 A A T AT FE 408 i 1) e 58 - 8 B8 3 7 552 o)l 2 g o)
TR AL RS R A R R AT B 1 AR S AT SRR T, A5 R R IR TR R g A A B ]
EMSASEIFEA BEZS (K 3) , X ATREH TAMF A8 10018 19 W #ak | A8 b Z B A 58 i A6 7 BR AR
AR = LLARAR VR 22 W9, A B HA A i PR AR 6 1 2 R A IF S % B, S IR e XoF i b i A 3
A5 R A b SRS AV SO A R AN, BB AR T AR N - A FRE AR R RE N AR 5
W T )2 TS A S Rl R A A S S I G (& 3) , Ul B R A AT I T b330 2 28 AU [ 45
AE T, B TR AN 1 g8 b a] DU AT HE BT ( Electrostatic adsorption ) P s, NTTSE I 1 X644 28
RALRRE S ABFGE R, SRR S A — 7 TGN T X S R AR R RE 1, S — O 1 T B B iR 5 B v il
FAEHT, BRI/ 1 KO8 Fo i 245 280 B S 3G I B S SO I 2 XU 30T T3 1 At 1Y) 352 o i i R B R R e B A
3.3 KBRS

- A Y A e R S e - SRR A W T MR, T LAV Ay 3 B 6 PR T (A KRR ) B U

BRRY L KOBE )R R P S A e R R R R R TR b R A e T T DL B R AR W, i L

KBS K [ ML L4308 V5 0 BT A ML B A B0 B SR PR R R - SRR A O R
Yyt 2235 WK R B JCBERT B K, 3 5 K PR AR TR | - SRR 28 T | b BE R SR AT T RIS
KB 1 AR5 148 MBC F1 MBN & A5 T0 B RRDE 2 SO B4 TR R 2 T (K 4) X2l T4
WFSERE A B A N TR SR ARG b, — 5 TR LU AR T R 43 1 RARTRI AR, O3 — T THI R F 9T 2 R R 1 1
B/ L TN S | 0 NN A DO G e 215 S V1K 7/ DD AN s R A | S e 5 o N DN N 7 A |
T KCbe 550 IR - 338 G0 26 W o 149 25 55 T 68 2 K e A Mt 083057 0 1 b i 0 2 S B0 18 R R FH 97 4 T B
A

2SN FARMH Z5AF B S | IR AN FE AR 23 T 1l R e A5 [ A 7 40 A BR ZE PRl v i L 8 o 7 R 1Y
Ay ATAT AR B S | I ) - S ER AR M A S KR AN pH S (R 1), ARRFSE AR R, koben
FRRA A Y 25 S RE S ) IR AR e S RS 1% MBN S (K1 4) 4% MBN F s bEE kS
PRI A O HE T I, B R SRR S 4 MBN 5 KT 0T R T A PR e A Ak B kO -
MBN & it 500 R A 0 5k 22 5 AT I R A B T R IR E AR Y s i 52 T RERY B R . 1) B
2 T EIARE BT A5 rh 385 KRR pH S4B TR A A (3G T (3R 1), T - BEUE W i A
TS TS KR EN R EAIC (3R 2) 52) A ARG Y br 3 T ARURIAR 5 00 I BRI RE , BB W B K 23 A B
BREEFRS , WA A A AR RIS 2507 5340 AR BFgE b, ke 118 MBC/MBN B 5 2 1k
A\ BRI (B 4) U R R A S m T IR R AR, Kb X IR 44 MBC/MBN 125 5% 5
PRI N A K, BRI AL B (BO) 13 MBC/MBN 225 X FE 48 i K S B bk B /b T I A R
HER BT, AT RESEFE B SR Al /b 1T 1352 43 AW AR T, AT I T R A R R Bk . ARRIESR
I 1238 Ao 75 3 I A A AR W T BORIEGE KO H I U E v (RE R B AL DI RETIUE W ) S50 It
HAFFEARERHIE

4 Lt

(1) #r1Lxf 3 DOC #1 DON 75 & By 520 A + 21 7, k1l 1 4E 5,10 — 20 em kA& 13 DOC F1 DON &
R EMRTX R MEO0 — 10 eom £JZHIEEW A BHFLES, Kkt MBC Al MBN & 5 35K T Xt i +
5 Ul IR M RHR IR AR

(2) 338 C P BEARA S 1A MBN & i 50 LU SRy A B B E FE, B i AR I8 - S5 R Tl A e 9 TR
SN Z AR EA B S, DI By N TR A S A v 7 o 00 D0 e 1) AR, g D0 — S MR 58 5 A6 1) B
RISV CAE MRS, TS %5 T2l IR RS540 [
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(3) % RN K BERE M B R | AR e B A4k 252 5 - Btk S0P R Bl A= W I R AR A I 23 2R AR AR AE . AT,
U RPN R AL K ObE 3 N RO R E 2, S IR L N B2 AL DI BERUAE 1 A JE TR A FE SRR RS K5 £
BN RIEH R LB
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