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THAE DR VE S5 R R0 T A . IR RIS £ o0 R
AR+ R TR SR s L S i
SR W B AR B A TE B A5 0F T A5 W e i AT 3
JRFN AR W TRE TR S5 M ) S A 5 o i o
TRV W] o A R R A AR A, TR
W) e ELA 3¢ i W p HUR 4 ik 25 o S 4R AE R A8
TR N IR T 0 0 A 0 e W T I8 5 e R TR,
NREAR UL A W 0 A K T X G R S R A
Wi, R, ASCUBZARANT RS, &
BRI I . B AR P DL BGIRA ER N
PIED AP RN, ST —ERE N, R
() 35 Jonn g Ak 3T A 498 P I ARG AR 0 AV 5 A 1Y 52
e, Ay S FRGHE N bR A 39 ot % 15 R DA S T
LNE LRl B R T

1 MRS
1.1 ARXER

S R [ AR A @R T T AR 3 AR X
(27°03'N, 118°09'E) WHIFZAK N TH ., ZXJE

WA RS, FEHRIR A 19.4°C, AEH K E
M1 731 mm, FHZEL T 466 mm, FEHFAX IR
FEHN81%; THERMAEH A KB WL, ZARNTAR
H19694F KARME ffa N Tl MIB L, Mo %5 By
1117 Bk hm™, RIFDEE—, MROTZERRIE, BEAJR
PIAEZEL ( Maesa japonica) . M) E % ( Diplospora
dubia) RF, WARBEHME ( Woodwardia japonica )
MEIRH ( Sarcandra glabra ) %5, #fi BAKA 4
S0k [13 ] .
1.2 it

201343 Z Rk KR JE (0~ 15 em) I,
SR TT WL A K S sk ik, 112 mmifi, 1R,
T4 COAFH . RIS R, R
1SRRI, FHZEEKUEE I E T70 CHE
Mt REE, BHEIER cmAEfh, FH U
LSAEA (A2 AR ZE M S il 25 A= W) e b, BRI — &
HETHHEKS, MAKTFE P &, e
g NRAOE RSB EG, 38 B BB B 5 T 4R it
f, BABE2 ho BABEIRIEZ 1IN H350 C . 550 CAN
750 °C, AR A E B BRIC I BC350, BC550
FBCT750, 142 mmiiiss o PR A 5L
%1,

F1 PR TIR AEYAMEIRERM R

Table 1  Basic properties of the soil, litter and biochars used in the experiment
MR AR Material JR B pH 4HTotal C (gkg™) A& Total N (gkg") RAHLC/N
+-3ESoil 5.3 18.23 1.61 11.32
A& Y Litter — 455.10 18.74 24.28
BC350 8.9 612.34 29.89 20.49
BC550 9.7 681.37 28.14 2421
BC750 11.2 661.69 19.39 34.13

1.3 EFW

AL ES NI, £ (S) . L+
APEET (S+L) . £HE+BC350 (S+BC350) |
+ 3 +BC550 (S+BC550) . HHE+BC750
(S+BC750) . L+ KEEMT+BC350
(S+L+BC350) . T+ K EMH+BC550
(S+L+BC550) 1L+ AR MIEMH+BCT750
(S+L+BC750) , WA ELE 4R, L
YIRE Y B TS N 25 A 2% H s (DT 4
i)

BARTFEWT . FREUH Y T50 ¢ T L ff £
Faz HE 52 6 b 38 75 2000 A A ) e s A2 KR R VR Ot S
THER G5, BRI, FREE T R 60%
I KE (WHC) , BT L&A
o, PN ] BB A5 20 ml 0.5 mol LT'UNaOHE
TR YRR AR 1A DA IR CO,, 2EH 2818
IKI BRI U ZERR G TR IR . 725 CHY:
FEAE PR FR364 d, FFRE B WA OE £ 8K
W TERIFRMAL. 3.5, 7. 14, 28, 56, 85,
112, 140, 168, 224, 280, 336, 364K, Bk
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HORE, 052 - 39 RN 3 A i B A T
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) MsE; pHRAHRAIENE (K5 HEY R LT
H5 1, KSEME 2.5 1), FIEEREEA L
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HESCHR [ 14 ], 2R HTOCEm A H1X (TOC-
Vepns HAS) FEZEH 8531 ( Skalar san++,
far =) MWAE .

- 5T A W R VR 5 R 4 BT SR B TR R I
(PLFA) ¥, BENEHE MR 4R IS % White s
05 ¥ o B EURY MR B R H MR E ok SOAE 5 A
(Agilent 6890 N, E[E ) , 4545 MIDIRAYIR
W ZE % (MIDI Inc., Newark, DE) #F17% 5.
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al7 @ ORMEHFE 2 CHMEAME (6P) ',
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BOOGN) M7 16 1o 5c K AE BB AR K
B (AMF) "™ 10Mel6:0. 10Mel7 : OF
10Mel8 : ORIFHLE (ACT) ), 18 : 1w 9cHl
18 : 206, 9K EH (Fungi) 7™, ¥ 2
PRGN TR /2% TGP LU (E ( GP/GN) S — & T
MRIEMIR S EZ L, HER/MEHME (F/B) NEHR
SN IR AR iR & /22 Lk, PLFAR &= KT
0.40% W A i 107 R & 15 2 il
1.5 HIBLLIB O

Bl R FHExcel 2007 F1SPSS 1708 F #1758
AT e RN R 2508 CANOVA) i€ A~
[Fi) % 0 42 A 38 06 = 398 5 N A A 0 W I s i R E
BEAILEM W, ZE K HDuncan:, 3%
PEIKF-BE R o =0.05, SR A: Y T4 24544 5 1 4y
ST (PCA) DI REE YRGS S E M iz
Ti] F B9 X5 B 20 Hr (CCA ) 2R Canoco 50844
Ab P

2 4 R

2.1 REERMADAC TR *T 3814 BT A 22 0
HIR2WT A, S SAbBRAH L, B s n A W

5500 AU 0 08 T B A A B e 4y S 4 S p HAR
T9.4% ~12.7%M9.6% ~12.5% (p<0.05) , H
S+BC750/ +3EpH . 3% 5 T S+BC350 MIS+BC550;
HS+LXF HHEpHIC B F 2w . A [6) s n 4 ik 3
e S 2R T MNEIN21.7% ~ 94.6%
M16.2% ~45.7% (p<0.05) , B INAEY
AL LAY A R R R R T R 0 A I
PR S+BC350M A & & ¥ M TS+BC550
MS+BC750, S+L+BC350M LA S HEES T
S+L+BC750, S5SAHLL, FRAMEIMAEY K SR AR
T & ) A= ) e A3 i F CIN | F427.1% ~ 41.8% i1
26.3% ~40.3% (p <0.05) ; S+BC550F1S+BC750
M C/N Y E S TS+BC350, [AAfS+L+BC550F
S+L+BC750C/N 2 5 T°S+L+BC350, 5SHH
Fo, S+LIUDOCH & B EWM17.6%, MS+BC350
FS+BC550X DOCH = IC W F W, S+BC7501Y
DOCH M & T H5S+LAMltL, IRERMIEE
YA W R 1 3 A HRLOU) L E R AR T DOCT . BR
S+L+BC7500DON 7 & @ (K FS4h, H b P
DONFEESZHERANEE,
2.2 REIRMADAIE 3T £ 38 4 Y 8% 5 BE AR BR ==

EFEL BRI R

B TR, S+ L5 IR A I i 75 1 F A= 4 o
BYPLF A B 2 5 5l 5 S48 i 45.5% F128.5% ~ 45.0%
(p<0.05) . 5SHIEL, FashnE Y mkb B ) &
= RPEA F A B (p>0.05) , TMS+L
5B S IR T W R0 AE W i 0 2 TG BH P Al R R
FEAr 9 R RE11.6%5.7% ~ 13.4% (p<0.05) ,
HS+L+BC7504 % [CFH M 40 19 3= 5 3% &
S+L+BC350; /N [R] ¥ fin 47 Ak B feff 5 2% B 1 40 1
BEE TR6.2% ~ 18.2% (p<0.05) , A FEH
BAAR N AR W e 55 R A S 0 R A ) e 1
RPN B/ L IR B PR e B . 5
SAHEL, S 78 i A 9 e A 3 1 T TR E WS A I
F+ (p>0.05) , MS+L5IEA Mm% LY
TR T R B 43 0 R B 20.7% F113.1% ~ 14.5%
(p<0.05) , ARG i v 9 A 9 o iy
AR E R TS+L. SSM, S+LERS
TN 75 B A W e b BRf - 98 T R 4y
TF158.2%M1126.9% ~161.5% (p<0.05) , 53X
S+ L5 1R 5 W T8 v W) F0 A B e 1Y) BT 4 T G AE
WERE, HS+L+BC750 B /408 M W &K T
S+L+BC350F1S+L+BC550,
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Table 2 Properties of the soils after incubation relative to treatment

4678 Troatment R H £ Total C 4% Total N B LCIN AEEAPLRDOC  FTETEA HLADON
(gkg™) (gkg™) (mgkg™) (mgkg™")

S 5.21 +0.23¢ 18.20 + 0.39¢ 1.73 £0.07d 10.54 + 0.46¢ 159.1  14.1be 42.36 + 4.98a

S+L 5.16 +0.02c 22.15+0.68d 2.04 +0.05¢ 10.86 £ 0.15¢ 187.2 +4.1a 40.16 £ 5.05ab
S+BC350 570+0.11b  31.49 +1.62bhc 2.35+0.08b 13.40 £ 0.25hb 160.0 = 11.1he 39.76 +9.25ab
S+BC550 5.71+0.01b 29.31 +2.36¢ 2.06+0.11c 14.21 £ 0.43a 160.6 = 7.0bc 42.67 = 1.96a
S+BC750 5.87 +0.03a 30.17 £ 3.26¢ 2.01 +0.10¢ 14.95 + 0.94a 132.4 +4.3d 41.28 + 3.80ab
S+L+BC350 5.71+£0.02b  33.60 = 0.42ab 2.52 £0.03a 13.31 £ 0.16b 147.9 + 19.0cd 32.38 2 0.61ab
S+L+BC550  5.74+0.03ab 3497 +1.12a 2.44 + 0.04ab 14.33 £0.29a 166.8 + 8.9h 31.65 + 6.53ab
S+L+BC750  5.86+0.07ab  35.41 +2.55a 2.39+0.09h 14.79 £ 0.62a 167.3 = 13.0b 28.53 +2.89h

e M AR ER, B IEIEAR/NG FRERR 2 F IR B E K (p<0.05) Note: Means + standard deviation. Different

lowercase letters within the same column indicate significant difference between treatments at p < 0.05 level
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different lowercase letters within the same index indicate significant difference between treatments at p < 0.05 level
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Fig. I Abundance and ratio of microbial PLFAs in the soil relative to treatment
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gy L 28 BT 2, X PC 1 BTk K i g i
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(EE ) . 10Mel6 : 0 (RZERE ) . 16 : 1 20H,
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R ) A5 S+LSIRA IR TE W) ALY s ik 3T
T A Y ELUE E R R, SFIAAR AR Py
SR BRI T B 3 TS+ LS IR A S N R v
VIR AY b B . TE AR AR L, SHIS+LALH 4
A Tl Loy, SO A Yk SR A 8 v
YR A Yy A B AT TRl 2 N O, W XA TR

YN TINAE W 1 Ak SRR N A= W) A Ab B . X PC2 BT kAL
KIIEWiR Fi14 : 0 (F 2 [CBHYELNRE ) . al5: 0
(B2 RAPEE ) . 16 2 1w 9c (HE 22 [CHIE4
W) A6t 1w7c (FERAMEMNE ) 5; PR
A By e Ak ) 25 TG B A i B = TS, IRA
NI 5 0 0 A 0 5 b B A 2 G P PR AN T T
TS+Lo UL [FIES N9 Ak B AR T A )
EIR 45 M, HLUR Y DB A: W s G A R v 4 A 1Y)
S B G 3 AR R A 100 A ) e A R B R
N IR R X T, UEBH A A e i TR TR
FRF T A R T S5 B S AR B i K

H A SR G A R U 245 R R A B T 2 [ ) L
X REAS BT AT AT CCATRICCA2 > i Be 1 HEFEfh Y
58.98%M17.67%, HHxfCCALE FEZE/EHMNZ L
4w, 2% . DOCHIDON, XFCCA2E T EAE
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JINYE & 4 Fn A= ) e b PR 2 R R T 3 EpH . C/NLA
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o [
e}
O
19 :
cyl9 : 0 w8c 18 : lo7c
o mnjy'.
16 : 120H = / =
nro\\\\\\ <
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X =_-' —F
@ |10 Mel6 : 0 ) / \17zlo)8c 18 : 2069¢
S o 1w 5c \
= |10Mel8 : 0 2 ¢ gat
cyl7 :.OA -
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5 - m
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Fig. 2 Principal components analysis of soil microbial PLFAs relative to treatment
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Fig. 3 Canonical correspondence analysis of soil properties and soil microbial community structure relative to treatment
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Fe, DRI BRS04 e X Tl R 1) N &R
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(%£2) . Fiiz%s? RRENEAREY B
B T HHERT A ML S, AR S+ LA £
HDOCT & B3 LTy, iR AU & Y M A4 e
XFEHEDOCHFE M I AW (F£2) , XATRERA
W97 1 W S D O CHR USSR R B Ik .
3.2 FEERMYILIEST IR R VB R IR
NelissenZf [21] wWinEYm (480 °CIVH =~ 42
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I & R0 1 %% (R AR ik X6 - S 3 A W Ak W B
ERW , SR A E, AR SEE0 T R AZ AR o AL
1, HAIEA K, AIREAE R K I a) X 3tk
Yy e R SR . e AL, ORRNS Y B
5y 53 F A3 R - A ) AR W e B T
Bamminger% (121 WFoE B, PR N AR W) o
(600 CHRF TR ) HIRA WA % P i
A Wy e Y40 A 2 G O 0 R /A 2% B P 40 T A
ETE, AR AR W ek B K 5 Mitchell
i U RS R IR AN AR Y R (500 °C P b
G NI e AN R K o N AW A R G N A )
B, U6 B A P B VR A R T ) ) 2% TG R
PR 7 A8 s ARBFR 45 R 5 R Bk 5% 45 2
ol 5% PR M0 TR A L, 8 2% 1 PH P 0 B
A ol 30 ) 35 N BB ) TR SR, R DL S 1 B A 1
R O A i, RS A R T B D A A A Y
e ARBEFEARSE AT R, % R B 4N
A/ 2 QB P Ao HE (B S C/N & I 35 A OG
(p<0.05) , DLl HHEC/NRZE AL ] 5] 4 i A=
WIRETE A7 AE 12 AR v RO R A v A
TR B WS I 8 9% 10 R0 A= 0 o 350 (o LA/ 400 AT LA B
P, T R TR0 A A e X TR A B L G
W, X 50AMBIES RS KRN
T FL B ) T AR VR P AR OR 4y, Bt
EY o, R Y 3 R B
BAEGEMR 0 ARG, SO A e
L HEFE A LT (p>0.05) , WAETRMIEE
YRR W) e B AR R =F B 0 3 = T S+L (L) 5
X 5 Watzingers 2 (URFSESE R WA . AW EA
07 BARAE A, HERRRE s AR RE W — R
JL AN -5 15 M 20 i i ) R A i A 70, AT A R
N = /0l ok 7)) U 5 1 A2 B/ b2

SYEINER R R . FR iR, HEYR
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Effects of Fir ( Cunninghamia Lanceolata ) Litter and Its Biochar on Soil
Microbial Community Structure

LEI Haidi" *  YIN Yunfeng" ** LIU Yan" > WAN Xiaohua" > MA Hongliang" *

GAO Ren" > YANG Yusheng" *
(1 College of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China )

(2 State Key Laboratory of Humid Subtropical Mountain Ecology, Fuzhou 350007, China )

Abstract Biochar is a kind of carbon-rich solid material prepared out of biomass through pyrolysis in an oxygen-limited
environment. Recently, it has been attracting more and more attention. Biochar amendment into soil is thought to be a good
approach to carbon sequestration, which may in turn improve soil physical and chemical properties, such as nutrient and
water holding capacity, soil fertility and crop yield. However, how biochar affects soil microbe is still a topic that needs
further study. Soil microbial communities are sensitive to biochar amendment, and microbial community structure varies
significantly with type of biochar. However, little is known about effects of the amendment of biochar together with litter
on soil microbial communities in artificial forests in Subtropical China. In this paper, an investigation was conducted of
impacts of fir ( Cunninghamia lanceolata ) litter and its biochar on soil properties and microbial community structure in a
fir plantation in the Jianou Wanmulin Nature Reserve of Fujian Province, in the hope of providing some valuable information
for rational utilization of the biomass resources and management of carbon sequestration in the artificial forest in Subtropical
China. The hiochar was prepared out of fir litter through pyrolysis at three different temperatures, 350 C, 550 °C and 750 °C.
Soil samples were collected from the plantation, and prepared into eight treatments by amending fir litter, biochar or both,
separately, such as: (1) control soil (S) 3 (2) soil+litter (S+L) ; (3) s0il+350 °C biochar ( S+BC350) ;

(4) s0il+550 °C biochar ( S+BC550) ; (5) s0il+750 °C biochar (S+BC750) ; (6) soil+litter+350 °C biochar
(S+L+BC350) ; (7)) soil+litter+550 °C biochar ( S+L+BC550) ; (8) soil+litter+750 °C biochar ( S+L+BC750) ,
and the litter and biochar was added hoth at a rate of 2% of the dry soil mass. All the soil samples were incubated in the dark
at 25 °C for 364 d. At the end of the incubation, the soil samples were analysed for soil properties, using conventional

methods and for soil microbial biomass and community structure using the phospholipid fatty acid method. Results show that
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pH was 9.4% ~ 12.7% and 9.6% ~ 12.7% higher in Treatment S+BC and Treatments S+L+BC (regardless of preparation
temperature ) than Treatment S and C/N ratio was 27.1% ~ 41.8% and 26.3% ~ 41.8% higher, respectively. And the effect
was more significant in Treatment S+L+BC750 than in Treatment S+L+BC350. The amendments, regardless of which,
increased soil total carbon by 21.7% ~ 94.6%, and total nitrogen by 16.2% ~ 45.7%, but the effect on total carbon was
more significant in Treatment S+BC than in Treatment S+L and in Treatment S+BC350 than in Treatment S+BC750.
Phospholipid fatty acid analysis shows that Treatment S+L. and Treatments S+L+BC were both significantly higher than
Treatment S in total PLFAs, fungi abundance and fungi to bacteria ratio, and Treatments S+BC and Treatments S+L+BC
were significantly higher than Treatment S in ratio of gram positive bacteria to gram negative bacteria. However, Treatment
S+L and Treatments S+L+BC were lower than Treatment S in abundance of actinomycetes, but Treatments S+L+BC were
much higher than Treatment S+L in abundance of actinomycetes. Principal component analysis ( PCA ) shows that microbial
community structure varied significantly with type of the amendment. Canonical correspondence analysis ( CCA ) shows that
the amendments changed soil properties, including soil pH, C/N, total carbon, total nitrogen, dissolved organic carbon

(DOC ) and dissolved organic nitrogen ( DON ) , which in turn affected the soil microbial community structure. The effects
of amendment increasing soil total carbon, C/N and soil pH were more significant in Treatment S+BC than in Treatment
S+L, but the effect of increasing soil microbial biomass was more in Treatment S+L than in Treatment S+BC, and so was the
effect on soil microbial community structure. Treatments S+L.+BC may not only improve soil properties, but also stimulate
growth and alter community structure of the soil microbe.

Key words Biochar; Litter; Microbial community structure; Fir ( Cunninghamia lanceolata ) plantation
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