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Contrasting responses of soil respiration to litter manipulation in subtropical

Mytilaria laosensis and Cunninghamia lanceolata plantations
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Abstract; Future climate change is expected to alter the primary productivity of forest ecosystems, and thus potentially
change the quality and quantity of aboveground litter inputs which could affect soil carbon emission and sequestration. A
litter manipulation experiment was carried out in 19-year-old Mytilaria laosensis and Cunninghamia lanceolata plantations
replanted in C. lanceolata woodland in subtropical China between January 2012 and February 2013. Three treatments
including litter exclusion, reciprocal litter transplant and control were conducted within 2 m X2 m plots in randomized block
design. Soil respiration rate (R,) were measured monthly by Li-Cor 8100 and soil temperature and soil moisture were also

monitored. The results showed that R subject to three treatments exhibited similar seasonal patterns in M. laosensis and
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C.lanceolata plots. The average R, in litter exclusion, litter transplant and control treatments were 1.79, 2.18, 2.45umol
CO, m~ 57" in M.laosensis plots and 1.77, 2.29, 1.90pumol CO, m™ s™" in C.lanceolata plots, respectively. Overall, litter
exclusion and transplant significantly decreased the annual fluxes under M. laosensis plots by 29.8% and 14.2%,
respectively. Litter exclusion caused a slight decline in annual flux but litter transplant markedly increased the annual flux
by 37.8% in C.lanceolata plots. Using the decay constants of the two litter species in a reciprocal litter transplant
decomposition experiment, priming effects were calculated as the amount of litter-derived respiration minus decomposed
carbon from litter. Results showed that M. laosensis litter aroused higher priming effect than C.lanceolata litter, suggesting
that the quantity and quality of litter input caused by different tree species could result in different below-ground responses.
Correlations showed that R, were exponentially correlated with the soil temperature and negatively correlated with the soil
moisture under both M.laosensis and C.lanceolata plots. Non-liner regressions of soil temperature and soil moisture together
accounted for 68.9%—77.0% and 36.2%—63.8% of monthly variation in soil respiration in M.laosensis and C.lanceolata
plots, respectively, indicating that other factors were responsible for interpreting variations in R. The average R, was
significantly correlated to soil dissolved organic carbon concentration ( P = 0.019) and microbial biomass carbon
concentration (P=0.037), which suggests that litter manipulation induced changes in soil labile carbon caused significant
effects on R,. A one time-point measured soil PLFA profiles showed that the average R, was significantly correlated with the
biomass of main signature PLFAs such as fungi (18:1 w9¢, 18.:2 w6,9¢), which may imply that the high quality of litter
input could alter soil microbial biomass and thus affect R. The temperature sensitivity ( Q,,) of R, decreased to 1.86 and
2.05 in the litter exclusion and transplant plots compared to 2.14 in the control plots under M. laosensis plantations.
However, the (), in the litter exclusion, litter transplanting and control plots were 1.40, 1.52 and 1.52 in C.lanceolata
plantations, respectively, which are lower than other studies in subtropical China. In summary, we concluded that the
effects of litter manipulation on R, were dependent on tree species, the contributions of litter to R_.can be attributed to the
quantity and quality of litter input, the changes in soil labile carbon and soil microbial biomass in subtropical forest

plantations.

Key Words: litter; priming effect; soil respiration; soil temperature; soil microbial biomass; tree species
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Table 1 The basic site parameters under M. laosensis and C. lanceolata plantations (n=4)
e T4k AR s e . . .
2 T L o ﬁ%ﬁk TIRRALL AR SPE AR ¥ A
| e Bulk density / . . .. Soil C/N Canopy Tree height DBH/
Forest type 3 pH Soil total C /' Soil total N / . h
(g/cm”) (Vhm?) (Vhm?) ratio density /m cm
AEHE M. laosensis 1.08+£0.10a  4.3£0.2a  56.7x12.1a 3.7+0.8a 16.9+0.4a 0.9 15.4£2.1a 14.7£2.8a
2K C.lanceolata 1.10+0.18a 4.6+£0.3a 42.5+4.9a 3.0+0.5a 15.7£1.9a 0.7 13.8+3.5a 15.9+3.6a
, o ) ) gz .
FREYRE HEY UERE27) V7R fﬂﬁix WEYE ARAY R
Moy Litter Tl A AL Forest floor AR Fine root
Forest type biomass/ Litter C/ Litter N/ Litter C/N / bio;nass Y Forest floor biomass/
(/hm?) (mg/g) (mg/g) ratio ) C/N ratio (g/m?)
(/hm*)
KZHE M. laosensis 9.81+1.73a 469.3+11.0a 19.3+1.5a 24.4+1.2a 7.90+2.0a 55.8+7.1a 981+360a
2K C.lanceolata 4.96£0.9b  513.6+7.8b 8.9+0.6b  57.7£2.3b  4.94x£1.33b 59.5+12a 767+172a
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Table 2 Annual CO, fluxes in different litter manipulation treatments

AR g yEpigid RN
o Annual fluxes % of change Priming effect
Forest stand LRI BAI ) X Ak 7 i LR ETEY) SR HTEY HPHTEY
Litter exclusion/  Litter transplant/ Control/ P Litter exclusion  Litter transplant  Litter transplant/
(g C-m%a™l) (gC-m>al) (gC-m%al) /% /% (gC-m%a™l)
KEHE M. laosensis 725+117a 880+91b 1027+88¢ 0.006 -29.8+5.4 -14.2+7.8 86
KA C. lanceolata 609+11.6a 893+136b 649+48a 0.016 -6.1+£8.2 37.8+17.8 149

[)— A5 A [l NG B AN [ b B ) 2 5 e 25

2.3 SRS R AR Y 5 R
PR AN [ U 7 P Ak A - SJE I T 5ok A< 2

TR B IR HOCR (R 3) , 5 H R E
PR, BAEAREHE AN AR IR 3] 8 2K (P<
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0.05) . SR T3l B AR EE () WU AL GE 40 1) SCHe PR T A AR 1 I e R g U B R Qo M
B EHE N TR LB IE Y S B fst IR AL B RS AR iR AN 25 B U % 9 A P A AEG T 398 IR 1% f
- HENEI ) 68.9% . 77.0% K1 69.6% ; 12 A N Tk Q1.

) 53.0% .36.2%F1 63.8% . KEHEN T AR 2 BR A

F3 TEMRERSTEREGEENDEFERE TEFRY Q,E

Table 3 Regression models of soil respiration rate (R ) against soil temperature (7)) and soil moisture (W) and Q,, values

QbR R = m+nW R,=ae"” R =ae!” We

Treatment m n R2 a b R2 a b ¢ R? Qo
KEHE EBRVATEY Litter exclusion 3.103  -0.052 0.088*  0.596 0.062  0.678**  0.244 0.068 0.274  0.689**  1.86
M. laosensis AR TEY) Litter transplant 4.036  -0.073 0.104*  0.593 0.072  0.755**  0.152 0.081 0.374  0.770**  2.05

X} & Control 4734 -0.089 0.101* 0.624 0.076  0.670 **  0.089 0.088 0.531  0.696**  2.14
A LB IH7EY) Litter exclusion 2488  -0.026  0.024 ns  0.997 0.034  0.530**  1.034 0.034 -0.010 0.530**  1.40
C.lanceolata  ZZHIFEY) Litter transplant 3.777  -0.059  0.07* 1.080 0.042  0.339**  3.461 0.036 -0.323  0.362%* 1.52

it B Control 2.035  -0.012  0.005ns 0.848 0.042  0.599**  0.200 0.047 0.411  0.638** 1.52

# P<0.05; * * P<0.001; ns: not significant

24 HEERTEMEA PR HOEY R LS R 4)  BEARNRNTER 43 A A5 R WoR , MR ORR 43 ] 4 B
I F AW PLFA AR Z R AR E, SXTBHLL, K
[l — b3, K EHEAN T AR+ 458 DOC il MBC & ZHESCHRITE Y /N X £ HE K PLFA AE9) i 8 25 FEAIK
BYBESTEARNTH AR MM, AR 7 52%, TiAZ A B8 % /NX 5 PLRA /&
il 1€ DOC Fl MBC 25 ¥ KRB E W EKF (FF WEdin 25%,

x4 AREBPZEOLEHEATEFRERE T RAMAEENRNBENEYEHRIE
Table 4 Average soil respiration rate, dissolved organic carbon concentration ( DOC), microbial biomass carbon concentration ( MBC) and

total PLFAs in different litter manipulation treatments (n=4)
KEHE M. laosensis 2K C. lanceolata

AR DL BRI R R AL B A YRR

pOBL . A A . A AW E Y
Treatment le-solved - Microbial Total PLFA/ lesolved ‘ Microbial Total PLFA/
organic carbon biomass carbon ( Ve +HE) organic carbon biomass carbon ( Vg 45
mmo! mmo.
/(mg/kg) /(mg/kg) ¢ /(mg/kg) /(mg/kg) £
7% Litter exclusion 94+15aA 756+119aA 16.4+3.8aA 29+2aB 502+64aB 12.8+£2.6aA
LR IEY) Litter transplant 86+27aA 634+137aA 10.8+1.8bA 40+13aB 514+51aB 12.4£0.6aA
% B& Control 99+22aA 722+185aA 14.6+3.7aA 32 +8aB 437+74aB 9.9+2.0aA
6] — A /ING TR R R AN R AL BN 22 5 2 R 6 KE FRERR IR S3 (8] 22 57 i35 (o= 0.05)
A AT A B, AR AN TR B -2 13 OC(’2) .
I 33 26 5 + HEAE 1) DOC I MBC & i34 3% 5 AR
=030 - r
ol ° ° i *
g ° °
3 ° 4 o ®q @ ¢ ° s
g g 20l / L ° ° .
= ;3/ °% °* had °
& POy ° oo °
B
- & 1.0 L L
& y=0.001x + 1.4251 y=0.0053x + 1.6968
g R?>=0.182 P=0.037 R?=0.226 P=0.019
i)
«n 0 I I I ] I I I ]
200 400 600 800 1000 0 40 80 120 160
T A A R AT A LR
Soil microbial biomass carbon/(mg/kg) Soil dissolved organic carbon/(mg/kg)

2 WHRSAELEEHTIEFRERSHEYEYEHRNTAEEFNBRNIXR(n=24)
Fig.2 Relationships between average soil respiration rate and microbial biomass carbon or dissolved organic carbon concentration with

different treatments under two tree species (n=24)
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AP TE YRR BRAL H/INX 5 H 5y A SR R I
R 2012 AEAE 4 A I 0 e R 5 — 2l AR W)

PLFA & S E A0 AR (R 5)

x5 THAFWANRLERNX TEFRERSEE PLFA @BHEXSH (n=16)

Table 5 Relationships between soil respiration rate and the concentrations of main PLFAs ( nmol/g soil) in the reciprocal litter transplant and

control treatment plots (n=16)

HH FLA
psti AT
18:1 w7c¢  18:1 w5c al7.0 16:1 wS5¢ 10Me 17:0 18:1 w9c 18:2 w6,9¢ X
Total Fungi
fungi Bacteria
5 11t .
0.52 - - 0.640 0.52 0.601 0.737 0.67 0.561
I g ’ 3 3 ? :
Soil respirati te
ol respration rate P 0.043 - - 0.010 0.046 0.018 0.002 0.005 0.029
of Jun.2012
2012 4E1y
. R 0.518 0.432 0.512 0.629 - 0.599 0.687 0.653 0.658
- I 5 R
Average soil respirali
verage solt respiration P 0.040 0.094 0.043 0.009 - 0.014 0.003 0.006 0.006

rate of 2012

Ferh B0 T MISEE B35 PLFAT

3 e

MH, 2 BR BN A 75 ) 4 S PR AR oA e
ST R T A I A S 3R AR A e ) s 7
MBI (R AW R BRGEE0T ) R bR 2
YT R S0 S SR ] 1Y R AT
Z2 BRI TE Y Ab PRAT K ZEHE N TObR - S8 07 0 43 2 t
FVHD 29.8% , 5 WA [ A% o 2% ok 0 V% 0 i+
Henpu B E R A —80 AN TR %
BRI 75 90 /0N X 398 0P I A5 RIS 6.1% (P>
0.05) KT W 2 M IX 2 AN TR EBRIEEY +
SO 5 FE R AIG 15.0%—22.6% [ 24180 530l
25l Be S AF 5T X 8k | b B AE 25 (4 e ] LA K2 T i
PR AR AR Rl 5 OREHERIAZ AR P 7% 9
HARJE AZAR /N IX A eI AT 8 R R 37.8%, Tk
ZHENX I FEAR T 14.2% , 3 156 B A~ [7) 5 ik 0 o
WE ST L RO AR R R LS
Bréchet 25 VRIFFY & R AN [ B b 8 9 40 %o - 0
WA R A5 1e — 3, ARHESE X, K E HEM
VEPV I IR B BT A2 ARBR I 2 £%, R R (C/N
fiX, Lignin/N fIK) , 78 5 53 sk Ik 5 2 Ak 1l T s 1 A AL
B, A 4 S 5 IR I B AR K A R VR i A2
A CEM) RTEDAR TR RS Y& R, /i,
Ty T SR AL B 55 T A 100 o - S A s e
117 AR P s 2R 4

IRZHIRFE I, A 008 V5 0 B 3 & I P - 15

A L Y 23 i, DT K IR 42 5 9 0 g gk
ARISS100 T I YR Y W R R B W S A8 AT gk #)
11.5%—21.6%"* , ABF5E v, 28 e i 7% 0 A T
SRR TE Wy b BR AR TR TR R R B R RO (3K
2) o HERAREHERS th R VA P AT S 20 TR R K
BRI P I 777 48 0 ) A ST 1T SR i ok S HE U
WIAERZ AU N X R BR300 (16.7% ) KTFAZA
PSR K HE U /NI R (Y 3K A (9.8% ) o X
A fi 5 A AR B oA SRR P R K A A A
(IR A 525 53 41, K HE (R ) U8 9% ) 5
15, IR B LUAZ AR AT Myt Rl RE S 25 ) B 48
TS A HUER AR BRR AR 2 v R I 4 A Y
W O R MBS R T SN R, TR B R R
R b 7 ) B £ S U R
B RE

SR R LT S ) - S O e A BRI
DRI, 3o 3 A 006 5 A P B AR 2R AR AR T 5
M - SE I 20 AT ok B HERAZ A T AR/
IX - SN ok 55+ SR A W IR RO R T
5 K R R G, 2 IR R Y - S T i ot
T — A T R R RS +
BN R BRI T (£ 3) . {H Wang % B
FEEIAZ AN T ARA [ U 7 40 A T - S8 IR 087 o >R 5 -
SN TG A S X AT A 5 R 5 40 ] A R A
FHEEK R 22 F A Y BRI 7 W Ab
HIE F 4 0 IR 0 9 0 V5 W 2 0 KR A AR
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SRR R ARG, N R E v 4 A 3G 3R
RN BE 1 5 ) 4 A8 J 2, L K B M AS 4 0 7 )
FRR) A IFENT R 1% e A e A B A R A A
TC A HE(P>0.05) , R Bl A ] 4 3 Py b #i5 |
R 114) S R B A 7 Ak AN A5 i) - 49 P I 5ok
RUST AN SIS 1] A R, R R R AR
FKSE (1) RFITF 438 co, iy momnHER ™ .

P& IR A b 1343 5 B A B VR, JHL ok s 1k 40
il 7 HE 1) G AR AT TR R T A ) S 9 O O ) ik
PR BRI A I w25 R T A L
R AEAE AR R BRR R [ R ) Ak
Xf 4 DOC 75 1 JC 8.3 5 M, {H P AR bR 43 A ] b 23
DOC & &5 P s R E F IEMHX, X5
Cleveland 2“2 BIFE 1 U8 7% 0 i A 00 ATV 1A HL
e 5 I R S AR O 258 — B, AN, B
R VR I R S Sk 19 DOC AT g il i+ 3 R A A
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SN R B A AR A i 388 2 T 39 AR R RN B AR IR
W5 3 A, ER A 9 I R I R A R A 4R
T R ) A R 2 R ) A R g
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C AT & IR, 25 B sl U8 i 0 7 ) 2 il 3 5 )
B Y A W G T B BT R KA
ARARIOTT AT G R, 2 U 95 ) A EE S BOK S HE
/NX HEMBC & 5 DL UAE Y B PLREA A=Y 35 A
TR BE ik 2, T 78 2 AR N TS [) B 444 >
X5 Ushio 251 % B TRV Al (CEF AR ) X 4
WA ERAEREE WL -8, B
Subke %54 & LAY - e A W A 0 s S5 A B4 R U5 4
A I 2 R 0 R AR W A R N PR R 2 e —
0, Wang & W58 20T, AN TR bR [ ki
AALERAY A S0P S 5 ) PLFA £ 5 B 3 A5G,
TG PR RO 3 5408 T FOGT RE b 38 -
W A5 AR Y PLRA & i 538 A0 56, 69

PRI YA 5 | S ) 1 3B R W A ) i R e 7 W 2
Me) 1 IR o R EAR I B A, SRR T
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PLFA HA —WRIURE  NRESE 42 I WL A W VR 19 3
AL, BT AL 53 B - 5807 0% 5 G A ) A ) = )
KA,

SRR, A R AT WG 1% U B SRR A7 3] 4 B AR
Yy S T AR S 2 R R R 0 R B
SbfiF MK A R AR S & AR AR AR
FE REHE /N IX B RN 2 4 A YE ) Ab B Y 3 3
HEIE IR A 3L AR QIO{EI‘%&E,E% Boone 251
WFoTah R —2, M5 T FEE"Y e 45 A, &
HHAEAS [R) b DX AN [R) BRI B LA KA ) SO e Bz, £
BT T 4 7 P b R e 1 AFAE 25 5 A2 AR TR
N Q0 BEIET Zheng 25147 WF 5% 1 3o [ IE P4
R Qo 1 B9 ZE AL VT Bl (1.56—2.39) , 1fii 5 B 7k
SR A B B AR R A Q, (H S Rl AE
1.33—5.53 Z [ 45 —3L,

4 Zig

AR N T ARAS [ ] 95 49 Ak BT 4 398 i 1) 5%
M) e BTk BRAR RO 5, 2SR A Ag ¥ 08 95 ) S 8ok %
HE TR CO, - HECE 350870 29.8% M1 14.2% , 2
AN T AR 43 500870 6.1% F3 in 37.8% , Wikh#R4Y
SEA R TE ) A B 7= A T AR B A B BN, K
HEVR T AR T A2 A UR ¥ 0 B A B8 R R R0
RS A [ 8 75 0 Ak B B P % ok 5% 5+ 3 ]
PEA ML B IR A i i DA K R B R
Y PLFA W EHK
BUigt . R A R O Tk B A M 5 AL TR
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