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Changes of above- and belowground carbon input affected soil microbial biomass

and community composition in two tree species plantations in subtropical China
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Abstract: We employed Detritus Input and Removal Experiment ( DIRT) to examine the effects of carbon ( C) input on soil
microbial biomass and community composition in 19-year-old Chinese fir ( Cunninghamia lanceolata (Lamb.) Hook) and
Mytilaria laosensis forests in subtropical China. The treatments included: (1) reciprocal litter transplant; (2) litter
removal; (3) no inputs (litter removal+ root trenching) ; and (4) control. Each treatment had four 2X2 m’ plots. From
January to December 2012, we collected the top 5 c¢m soil layer samples monthly from C. lanceolata and M. laosensis plots.

Chloroform fumigation-extraction was used to determine the soil microbial biomass C and nitrogen ( N) contents.
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Phospholipid fatty acid ( PLFA) analysis was used to characterize the microbial community composition in soil samples
collected in June 2012. Results suggested that the C input manipulations induced differences in soil microbial biomass and
community composition were dependent on tree species. C input manipulations had no significant effects on soil microbial
biomass C and N under M. laosensis. However, the concentrations of microbial biomass C and N seemed to increase under
C. lanceolata. PLFA analysis showed that M. laosensis litter significantly increased the contents of bacterial PLFAs, fungal
PLFAs and actinomycetes, and significantly enhanced the percent abundance of gram-negative bacteria and arbuscular
mycorrhizal fungi under C. lanceolata. Litter removal significantly increased the contents of gram-positive bacteria, gram-
negative bacteria, arbuscular mycorrhizal fungi, actinomycetes and fungi by 22%, 29%, 44%, 25% and 52%,
respectively, and also increased the fungi to bacteria ratio by 21% compared with the control in C. lanceolata soil.
However, litter removal and root trenching did not change soil microbial community composition in C. lanceolata and M.
laosensis soils. Seasonal patterns of microbial biomass C and N were different between C. lanceolata and M. laosensis
plantations. Nutrient availability rather than soil temperature, moisture or fresh litter input, may determine seasonal
fluctuation of soil microbial biomass in this study. Our results suggested that further studies are required to confirm the

relative contribution of above- and belowground C inputs in different tree species plantations in subtropical China.

Key Words: litter removal; root trenching; soil microbial biomass; microbial community composition; tree species;

subtropical plantation
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1 #MREFE

1.1 R HESL K 5Tt

R A TR A B E T e BH A7 (26°48' N, 117°59" E) | Hikb i (L Wk A< B 0 ) VT -3, W3R =
229—246 m, ZIXJ&E G ZE KSR AR TR 20.0 °C AR K R 1644 mm 7% % 1370 mm, AF A
YRR 75.2% , FIERARB AR AR T NILMAIE, AR 19 FAKEHEREZ R PSRRI T
KR 1993 AEFAEAZ AR N THMORART L 85 WA BE X R 2500 #R/hm® ok HEN £ 2R K
ZHER B SRTA, B AAAE WA M X A 2 &+ SR Al —" ) 2011 4 7 A FEHLA R I8 &
Bf KR ZHEE I 15.4 m, PRI 14.7 em; AR 13.8 m, FXIM04E 15.9 em, PSR TARYE
TRV IR AR B T DL SR 1 b AR YR T W AR R U T P AE ISR VA AL AT RS R RV R L AR
60 C FMET 2t ¥y iS5 1t 0.15 mm i, FHICER 347X ( Elemental Analyzer Vario EL TIT, £ & ) I 2 Hofk A&
B R HERE SRR R 0—5 em " &k 2R & RICE ML Elemental EL MAX CNS analyzer, 75 % )
W2 ; 1458 pH (R 2K HR 1:2.5 P

R1 REBHMZARRPERESR

Table 1 Site features under M. laosensis and C. lanceolata plantations

MY Forest type

P Characteristics

KEHE M. laosensis AR C. lanceolata
PR 4EAE M) Annual biomass/ ( t/hm?) 9.5(1.7) a 43 (14) b
Litter Wit Litter C/ (mg/g) 469.3 (11.0) a 513.6 (7.8) b
AT Litter N/ (mg/g) 19.3 (1.5) a 8.9 (0.6) b
kA L Litter C/N ratio 244 (1.2) a 57.7 (2.3) b
0—5 em T4 pH & pH 4.4 (0.1) a 4.6 (0.2) a
0—>5 cm soil T Bulk density/ (g/cm®) 1.01 (0.05) a 1.05 (0.12) a
SA AL Soil total C/ (g/kg) 39.5 (4.1) a 30.2 (5.9) b
2% Soil total N/ (g/kg) 2.2 (0.3) a 1.9 (0.3) a
R AL soil C/N ratio 16.9 (0.4) a 15.7 (1.9) a

55 RO AR ESE (n=4) , R — AT ARR/NG PR R PR 2 ] 22 57 3% (P<0.05)

2012 1 H AR EHERAZ R N TMCR H 58 2 AL IX 4 303 7 2553 i & 16 > 2 mx2 m /NI, FE /)
PN 4 FPABE ., (1) = _EIREY) (liver removal ) ,7E/NX _EJ7 1 m AABCEFLAE R 1 mm BRI M, By
1R A | [R] I bR R Vs ) 4 25 Bk 5 (2) P8 7% W) T35 (reciprocal litter transplant) , RURE K & HEFTAS
AR R 7% P AL BN X JE R T 485 BA ) 08 9 kA7 B R v W 25 B, B 1 IS — IR (3) BRI
Y+ BRI AR (no input) , KERIATE YT HAZEVAHEER /DX AR R BEWREE N 1 m; (4) XTI LR B FOR IR
(control )

1.2 SRR A S E

2012 481 HIFER 2 12 7,8 H @ WA/ X NI X M 4R S5 B B A I 3 A A, R 4E 0—5 em HIE)ZEHE
i, A TR ARG  AEE N 2 mm THEEAET 4 CUKAR T, DT - 252 38 e I E W Y i
Bk (MBC) FVEL(MBN) 1 SRAE 3968 5 1 [ i, P07 =X BRI TRLBE T (AM- 11T, Avalon 23 ], 36 [ ) I 5@
T 5 em ARSI (C) |, SR AR 81 (TDR ) ( Model TDR300, Spectrum 23 /), FEE) M EHL T 5 cm 4k
B EESKE (%)

S WA O 2H R I BERE AR TR ( PLFA) 23 Afrids , 06 2012 4F 6 H SRR T 3ME fitf AT 1T . %
e NG TR I3 BB % White 570 532, I BAERVE A I8 FREUH S T 8 ¢ T LB AUEE + IKIINA 5 mL BEFRZE
i .6 mL =W 5E 12 mL B 4R 2h J5 250 (1000 #/min, 10 min) , # 8 _EJ2 5% 25080 =54 a7
AEHRFIA 12 mL =5 BRI 12 mL BERRZE vl , 3% 250, 788 12T, B I MR VS W, SR A5
TEE G WEE T E AT R T T, e A S s R AR, I 2R (1.1, v/v) R 0.2 mol/L
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BRI AT AN T AT AR TR WY TR . B — B 07 TR P T 2ok U4 351X (Agilent 6890 N, 3
) MG T AT 5 B ] 25 4 MIDI A= 91U 2 48 (MIDI Inc., Newark, DE) REFTS 5, MU (iso)
R 2544 (anteiso ) SCHERR TR FAFE 45 22 [CRHME IR > s BA— AN AT ( monounsaturated ) FFFPILE (cy ) AR
W AE 4 22 FO R M40 T 2 5 18 Tw9c 1 18206, 9c Ji TR RAE ELTAT, 16 1oSc RAF MR H R ILH
10Me16:0 ,10Mel7:0,10Mel8:0 EAFMLH (F£2) .

R2 BT EREMTENEREREE

Table 2 PLFAs used in the analysis of microbial communities

[GR7ES] WEARE ViR bR iC

Microbial group Phospolipid fatty acid signature

22 [CBHMENTE Gram-positive bacteria (GP) i15.0, al5.0, i16.0, i17.0, al7.0

B2 [CFAPEANF Gram-negative bacteria (GN) cyl7.0, 18:1w7c, 18:1w5c, cyl9:0

MBI AR BB Arbuscular mycorrhizal fungi 16:1w5c

JXZR T Actinomycetes 10Mel6:0, 10Mel7:0, 10Mel8:0

HEE Fungi 18:1w9¢, 18:2w6,9¢

B2 PGB 2 o 5 B 40 ol A i LU A GP 2 GN (i15:0+a15:0+i16;0+i17:0+a17:0)/ (cyl7:0+18;:107c+18:1w5c+ecyl9:0)

(18:1w9c+18:2w6,9¢)/(115:0+al5.0+116.0+117.:0+al7:0+cyl7.0+18: lw7c+18:

gy
HLIE 50 A= W) LU fH Fungi : Bacteria lwSe+ey19:0)

1.3 HdEab

BT A B AL BEFNGE 323 BT HI 3L T Excel 2003 F1 SPSS 17.0 #4047, R B 2 )7 225347 (ANOVA )
i 2 AL 3G - B A ) TR G5 R s i KO = 0.05, SR FHEE 0 4 (1Y) 5 25 50 B ok
Biff o A R Bsf ] A B 3 A= i A shAS 052 ma 3l ad AH SC /B ke i e 38R VR S AE
Yy A DG

2 HREHS

21 HEERUEYEYRERE T B

I 77 2243 HT & B, AR RUBORE I 1] X 143 MBC \MBN H1 MBC/MBN HA 3850 | T Ak 380 6802k 9 74
Pt 2 A TR B i KO (3R 3) o MARTFRMECRE K HEM T, 5% EAR L, 25 AL 3#/N X 158 MBC \MBN
TR AEA . TERZAMR | BRI A HEVA W 2 BRUR 75 ) A B U8 7 1+ L B AR R A0 #4 + 1% MBC | MBN
50 RZ [A) 0 22 S B RGR BN GE i Y 2 /K- (P>0.05) L {H 3 A B b + 38 MBC (17% ,21% 1 20% ) \MBN
(17% 10% 1 17% ) 475 0 .3 i ki

R3 B AEMEENEREZEERN T ERENENER ERELESMNTESIRE

Table 3 Statistical summary of tree species, treatments, sampling month and their interaction effects on soil microbial biomass C (MBC) and

N (MBN) and C/N ratios (MBC/MBN)

e d ifgﬁzi%i%ﬁw i@tﬁi%i%ﬁﬁ i%ﬁffﬁij@
K+ Deeree of ' Soil microbial . Soil microbial AW A
Factors © biomass C ( MBC) biomass N (MBN) MBC/MBN

freedom

F P F P F P

R b Tree species 1 26.869 <0.001 60.469 <0.001 4.055 0.055
JE B Treatment 3 0.702 NS 0.989 NS 1.178 NS
A4y Month 11 20.992 <0.001 39.610 <0.001 44.494 <0.001
P Ffxib B Tree speciesxTreatment 3 0.886 NS 1.215 NS 0.072 NS
R Fhx H ) Tree speciesxMonth 11 2.414 <0.001 4.341 <0.001 10.330 <0.001
Qb3 x H 45y TreatmentxMonth 33 1.292 NS 0.737 NS 1.054 NS
Rk A 33 1.350 NS 0.727 NS 0.919 NS

Tree speciesXTreatmentXMonth

NS, not significant
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MH BNERFE K EHM/NX P L MBC AR 163 [l 394—990 mg/kg, —4F 2 P T I S WG (H, SR (IR
MAE10 H (Kl 1a) ; 13 MBN M 1—4 H 2SS, 5— A MM FRE- LI FREA-EE 7E 11 A 3
—ANMEAE 116 mg/kg (K 1e) . FZAM/NX P, 14 MBC MBN H S8 (A —2 By 2 3« M7 BIRE 5. M 1
A IR, HIERUAE Y A Y R I AR 7 4—9 H I BU RN F- EF- PRS0 A Z 5, HIERUEY A&
Yrht SO B BT AR 11 A ER—ANEE (K b F1 d) il ad 7 22500 & B, A Rh ok TR B RS B
AW EFW(P=0.00) , 1 #5 A0 P 2 [1] - 556305 BRI B2 TG i 25 22 5 (P>0.05) o AHOCAMHT i, K2 HEMR S Ak
PH/NX A - 48R B BB 5 MBC \MBN Z [H] 350 8 25 A0 S s 2 ARMUINIX N (SO0 JERT 2 BR YA P45 0 + R BRI &R
AEF/INX A B S MBN 2 i) 52 52 3% A 56 (P<0.05)

—Oo— X —a— ERIHESBRRR e EREEY 4 BB

K HE M.laosensis KK C.lanceolata
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Fig.1 Monthly patterns of soil microbial biomass C (a.b) and N (c.d) in the 0—S5 cm soil layer between January and December 2012

under M.laosensis and C. lanceolata plantations ( mean+SD, n=4)

2.2 HIEWUEYIREE AR

IR RIS (R R R R EHEAR R, 55 B EL, 4540 B AP 200 B 3 B RIS 28 T 2 o 2 T W
B (3R 4) . MAZAMA, 5XFRAR L, IACK EHEJA 35 4 b 35 rb 8 22 [CPH PR 20 TR BAPEAH B | VB TR AR B01AT i
LR TR A EL AR YR 0 BN T 24% 24% 53% 25% 28% , TN #E > [ FH A 20 T 5 B M 4 7 L (8 L EL TR 5 4m
PR OB 38 T 8 5 8 Ak 5 BRI VR 0 A B A o 2 T PP A0 | ) A DS T A T S0 28 T R T A 0 2
PR E RN T 22% 29% 44% 25% 52% , ¥ 2% [ BAYE A0 B -5 B PE 40 T LU (8 TG 38 A8k 1 B -5 40 B LU e i
EHEINT 21% ; 2 BRUATE D+ L BRAR R AL B P - R B WA A G 8 ARk,

ML YIRS R R EHER T SXTRRA EG , In AR AR PR IE ) L BRIRTE Y bR IRTE )+ L R AR &
AL BT - eI MR AL TC 0 S R IAEAZ AR 5508 BEAR EE I A K 2 HEJA 75 4 b 3 v SRAE 85 >
RPN cyl17:0.,18: 1w7c 18 1wSc JE IR LA K AR AR EL IR 1Y 16 LoSc BARXS F 234 A B 351
N P<0.05) , M2 BRIATEY 2 BRI 7% P+ L BRAR R AL BT T SRR v 40 TG b 5l

3 e

3 IR O DR RS LU ) E B
ATFFELE S R ABRA  IILATS B (IRC/N) 0K 2 HE S5 5 - MR 9 e 8 )
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Table 4 PLFA contents (nmol/g soil) as affected by C input manipulations under M .laosensis and C .lanceolata in the 0—5 cm soil layer

DGR/

ERITEY

KRR AR+

i 0 5 M JE T i AR i

o s b Gl s gl e U e SRS C
group removal No input

KEHE B2 RPN (GP) 4.32 (1.07) a 3.95 (0.64) a -9 4.62 (1.04) a +7 3.81 (L.11) a  -12

M. laosensis B2 IR FIE TR (GN) 474 (1.11) a  4.52 (0.82) a -5 5.39 (1.20) a +14 4.63 (1.67) a -2
AR BRAR BB 0.76 (0.19) a 0.71 (0.15) a -7 0.87 (0.20) a +14 0.70 (0.29) a -8
e 1.56 (0.42) a  1.53 (0.27) a -2 1.76 (0.37) a +13 1.46 (0.38) a -9
HH 3.19 (1.56) a  2.25 (0.66) a -29 3.71 (1.16) a +16 2.68 (0.98) a  -16
GP:GN 0.91 (0.03) a 0.87 (0.05) a -4 0.86 (0.09) a -5 0.84 (0.07) a -8
FLANT L 0.35 (0.03) a 0.33 (0.09) a -6 0.37 (0.06) a +6 0.32 (0.03) a -9

AR Ho22 [CBH PRI E (GP) 3.27 (0.53) a 4.05 (0.33) b +24 3.99 (0.72) b +22 3.15 (0.45) a -4

C. lanceolata B RN TR (GN) 3.64 (0.79) a 4.51 (0.25) b +24 4.71 (0.99) b +29 3.57 (0.56) a -2
IAE TR FLT 0.36 (0.06) a 0.55 (0.05) b +53 0.52(0.09) b +44 0.38(0.08) a +6
eq: 1.25 (0.19) a  1.56 (0.10) b +25 1.56 (0.24) b +25 1.26 (0.17) a +1
HH 1.34 (0.47) a 171 (0.03) b +28 204 (0.56) b +52 1.34 (0.13) a 0
GP.GN 0.90 (0.06) a 0.90 (0.07) a 0 0.85 (0.03) a -6 0.89 (0.11) a -1
FLANTE L 0.19 (0.03) a 0.20 (0.01) a +5 0.23 (0.02) b +21 0.20 (0.02) a  +5

S B APRIER (n=4) X T —DERE R PLFA, [7]—47/NG FREA R F7R A0 LS Xof B2 ) HAT 35 2 5.

BT R, LR LA A0 T AR A AR e B R T IR A, X AR BRTA R AR
FER B, —BOkUL, SRR B U 8 b S A B MELL R 5K MEDT T e A 540 i e et 1 08 7 )
h R Z 58 GRKMERG FRALG W R, S 08 9 AR L, I IR 8 1 R I b A
210 5y B P LR (W FT P A LB A5 ) 243 3X 46 ) ST LSRR W i TR R0 R FERZS AR
A B A E A YIS, LR E PR At T SO A R R IR . RV B R e U W A
TAE N T A SR E YIRS RO AR S R T W o0 AR TR R T R B D A M R Y
e, A5 e ) P PR & A UM Ol By S 2 WU E T R 90, Cleveland 450
FERAEAR R S A AE T AN TRl 9 0 v 490 , A 2 PN AT I8 9 400 45 o ik S S 0F 5 4 B, A T Jo 1 ¥ 40 1
PRI T B 25 S RO RV R 7 ) o0 ik o ASBIRSE A SRR W A2 ACMR rp s o KR B HE VR 3 W i, AN I 1 3
A=Y i i HL A SRR E Wi 2RO — e TR et TR v I o

ABRFER KB A, L BRI 0 LB 8 5 0 + 25 BRAR ZR /N DX N Y - S0 A ) 2 0 -5 0 R
PIA W RIS X Al RE SRR MR FIR R BCA . WS MTIERM, EARER RS LR P
B B (AT TP A ) B, I A A BEAE T N BRI T 4 O B A B, RS AR 2 R 4 43
(17 R SE I AL A W REE I A K R A 0 BERERE G T  AS AR A A3 o AR P RS 1 1
R F— AR MY R TR A K ZHh, i 2 5 SR Gl A W R Wi R 4G
FRELESS 10, Souto 55 FERRY ZAZM( Picea abies (L.) Karst.) FFFFE A& BL, A7 22 10 B 26 400 oA
il SR G P . T IEPSE O HGE T W (Populus euramericana) NTHRA, B B BE 934, -3 rp Ay
RS AR HORE 035 I, JUR T RVl 1 A PR T 07 P 35 BRI DRI FE R AN XN K R VE I AR R U, &
SERE Y A RN, FTRES A TAZAE I g R PR R A KRR B O R EHEMR
SRS RRAR LE , 22 BR A T RN 2 BRITE W+ R R AR BN XN LI RUE Y AR Y i T AR AL X T RE S BT - A
A AU S A SE AT SRIET M o i i I8 /D, SRR M o e i M T e L
(¥ 2 A A DU AR B B AR AEAR SR M 19 SE BT b A 8L, K HEMR M 3T Y A AL B
Fr TR (R REAE) o I, 72— E RN R HEA TR LR Y A Y A2 3 b R BRI
ORR T AWFFELE SRR AR b 2 18] 8 9 o 1) 2 57 S o Wi LS W AR B B R
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32 PR AIAR F T B WA v A L

A= T R T BIR SRk AT P R ks B AR R S e AL s 1
ity B A 25200 S E PR LR 1 2 100, Brant S5 38 52K 301 1 F A1 U 9 400 1S 0 R 2 Bk
TR A B R AR MR R AR AR A i By Ao S Bl A W e i ) B2 T B R T B S o UM Y W S A
Wang %511 FEFR [ AT b X A8 2 B, A2 AR N bR v 23 4% A 98 W ALK 1 440 T 5 50 1 4 A 0 kL AR
R 2R 0[] B AU 1 2 [P A T 5 P 0 T L (DA B S LB L, SRR AR S5 Sl i AR S 0 %
B, 54 BRI AR R DA S Al B AR R . SR WA RN R AT A R A
B, R UT MR 7 W AR s A KT L SR MU RS L T TR R L AEAR R AR MK,
ds s B R EHEAE YIS Ok T b 22 FCBA YR R AR R AR LR 19 AR K, XS4 R S Bastian
A USTRN Potthast 451 78S 3 A B IR A5 R — B0, IO 13 P s s i (AR C/N) IR V& W 2> 0k 1%
TR S IR E MRS AR, BN 22 FRBA PR AR ER 10 DR R AN TR A B v A g i 5 14 M) T BA e 5
Yo FEAR M -3 | 5 22 PR 40 T 2 DI SR T 8 i A AR AR R A S e DR T 5 22 G TP 40 o A1) 2 )
F A DB BRIV SR RIS, AR 25 R 8 rh st 138 43 U 5 0 1 AL A R E T 3
TP AL, DR AR SR 45 RAE— SRR D E 13RS, AFLR 300 PG 2 R 2 ) 7 0 I3 o A b
T SERA R T AT RN 5 Bt Ak TR 1] A% B, ke YT U i 0 R R Bl AR L SRR MR U 2 LAY
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