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Effects of Litter Manipulation on Soil Respiration in the Natural
Forests and Plantations of Castanopsis carlesii in
Mid-Subtropical China
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(State Key Laboratory Breeding Base of Humid Subtropical Mountain Ecology —School of Geographical Sciences,
Fujian Normal University ~ Fuzhou 350007)

Abstract: [Objective]We investigated the effects of litter manipulation on soil respiration in Castanopsis carlesii forest
and C. carlesii plantation to provide a scientific basis for an estimate of carbon dioxide emission in forest soil for the global
climate change in the future. [Method ]JOur experimental sites are located at the C. kawakamii Nature Reserve, Sanming,
Fujian, China, where a C. carlesii forest (less man-made interference in recent 200 years) and a C. carlesii plantation
(planted 50 years ago) were selected. We set 3 plots (20 m x 20 m) in each forest. And each plot was set 9 subplots
(1 mx1 m). A litter manipulation experiment (No Litter, NL; Double Litter, DL and Control, CK) was carried out in
these subplots. Soil respiration was measured using a soil carbon flux system (LI-8100A) during the period from January
2013 to December 2014. Soil temperature and moisture were also monitored at the same time. [Result ] The mean soil
temperature of C. carlesii forest in NL, DL, and CK were 18.2, 18.05, and 17.98 °C, respectively. And the mean soil
temperature of C. carlesii plantation in NL, DL, and CK were 18.68, 18.70, and 18.76 °C, respectively. The results
showed that soil temperature did not change significantly among different sample plots. However, the soil temperature was
significantly larger in plantation than in natural forest. Litter respiration increased significantly from 11.8% to 29.7% in

C. carlesii plantation. DL significantly increased soil respiration by 25.2% (P <0.05) in C. carlesii forest, indicating
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priming effects. But there were no significant change in C. carlesii plantation with DL treatment, which had no priming

effects. A very significant exponential relationship was founded between soil respiration and soil temperature at 5 e¢m soil

depth in litter manipulation plots (P <0.001 ),

while a significant linear relationship was found between soil respiration

and soil moisture at 0 — 10 e¢m depth in all study plots (P <0.05 ). [Conclusion 1The results suggested that increased

litter in natural forest of Castanopsis carlesii least to priming effect on the soil respiration, but no significant impacts on soil

respiration of plantations.
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Tab.1 Survey of Castanopsis carlesii natural forest and plantation
T H = KAt R AR ZS NS
Item Soil layer Castanopsis carlesii forest Castanopsis carlesii plantation

. . . 4 0~10 cm 0.95 1.00

+ 4% B Soil density/ (geem ™) 10 ~20 em 114 126
+ 5 4 A & & Soil total N content/ (gekg ") 0~ 10 em 2 L7
10 ~20 ¢m 1.48 1.36

+ 38 4> % 2 2 Soil total P content / (gekg™") 010 cm 048 052
10 ~20 c¢m 0.43 0.53

TR A PR & & Soil total organic carbon 0~10 cm 43.0 29.8
content / (gekg™") 10 ~20 em 23.1 17.9
A A ) B Fine root biomass/ (geem ~2) 0 ~10 em oL 826
10 ~20 c¢m 63.3 32.6

4y %% Bf Stand density/ (tree*hm ~2) 1955 2 042
35 i 4% Mean DBH/cm 20.0 16.6
S B R Mean tree height/m 11.9 14.2
MR A8 A BE Canopy closure 0.89 0.82
i % M B A7 & Forest floor/ (t*hm ~2) 7.92 5.91
J4% 4 i Litterfall biomass/ (t+hm ~?) 9.15 8. 90
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USA) i 52 45 /> P W BB B3 0 ~ 10 em 1 23 (1 1 38 1
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P A gE vk 73 B B3R A SPSS19. 0. >R A] # 52 J
7 723 H7 (repeated-measures ANOVA) F1%2 & b
3 9 S 58 DK A R SRR RN A A AN [] 9 9 4 Ak B L
S0 P W AU S K 2 Y 2 e R S TR R T
Z53H1 (one-way ANOVA) & 56 N [7] I % 4 Ak B 1 358
W W T TR OURR M R B (Q,) I ZE R R
FIMSEREA e KB R A 56 2 SR AR 0 1) 4% Fi8 Ak 22 57t B
s 20 )R P e R A e A R L I
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FEE B0 o QB LL MR E: Q="'

3 HiR50H

3.1 AEYLENTIERERKSEZN

TEKRE RS, NL, DL 5 CT [A] ) 5 em b &b
THEEEERALRE (P>0.05, K 1) . {01805
BB 2R B3 (P <0.01), 2013 4F & & i H IR
66 AT, BRI BLAE 1 A LA 1f7 2014 4 i
il HILAE 8 ] BA), B AR IRAE 10 R A,
2014 4£ 5 em TR Ab LY B T 2013 4E
(P <0.01) ;NL.DL il CK &b B 2 4F [ 3 + 5295
435 K 18.2,18.05 F117.98 C .

75K N TR, NL.DL 1 CK [i] 5 em 354k +
T ZE R WAL E (P>0.05, K1) . {H 185085
BHARENETZR (P <0.01), 2013 4 & &k
KW 6 H A, BRI 1 A LA
2014 A gy il W LA 7 H A, A B A 2
H b4, 2014 4E 5 em iR ab TR AR B W T
2013 4F (P <0.01) ;NL.DL 1 CK &b B 2 4 (1) F ¥ +
335 B 4 ) 4 18. 68,18, 70 F 18.76 C o Kkt K AR bk
e AR B ) - g 38 AR TN DK (P <0.05) .

KA R ARIRFDN TR (1 88 B K AR o &
A% AFLE VPR 23 R AN [) Ak 28 28 A7 AR AL 9 AR 40 il 25 L



14 SR S~ 52 &

A EENEH LS (P<0.01,®1). HTEMH, 27.76% , RARM K 6.00% ~32.43% , P} &% LB 3
F Mo AELHFEESKELREEEZRS Z52(P>0.05) .
(P>0.05) o Khig N LA+ 55 K& H6.00% ~

40
40 KEEREMR Castanopsis carlesii forest 35 KEEATHM Castanopsis carlesii plantation
35 30
30
25
L3 o
P geed wn "
\

25 = f\a«?ﬁ e
PN
Fug % jad \
15 fw’ Bog e a2 0
.. \ /
10 F §$&§#d \&‘ﬂ

FIEBEE Soil temperature/(°C)
[\
8

5 . . . . . . . 5 , , , . . . . , , , .
" " " w0 v = w0 w0 " " " w wn " " n v o
| | | | [ | | [ |
Aoobh oL 4 L L L L 4L P S S N N - T S A
5 £ 5 8§ 7% % 8 5 § 7 g ¢ % %5 77 % %% § 3
en en en en o = = = = = < o o o o en = = = = = =
(=] (=] (=] (=] < (=] (=] < < < < < < < < (=] < < (=] (=] (=] (=]
(9] (9] (9] (9] «o (9] (9] o™ o™ o™ «o «o «o «o «o (3} «o o™ (9] (9] (9] (9]
9 45 KAERIRM Castanopsis carlesii forest 45 Kk ANTH Castanopsis carlesii plantation
< 40 40
L
£ 35 35
5
Z 30 30
E 25 25
Xl
2 20 20
oy 15 15
B 10 10
w5 5
H 5 . . . . . . . . . . . 0 , . . . , , , . . . .
- v - - e - - w = . - - v v n v v - v - a
] | | |
I - I & L L ch 4oL & L ch b L & L ~ o bl g L
T Y 2 T T 2 T T 9T 3 7 T T T T T % 3T T I T 7
o© o© o o o© <t <t =t <t =t =t lat] lat] o o lat] = = <t = <t <t
f=1 f=1 (=2 (=2 f=1 (=2 (=2 f=1 (=2 f=1 f=1 (=2 (=2 f=1 f=1 (=2 f=1 f=1 (=2 f=1 (=2 (=2
™ ™ ol ol ™ ol ol ™ ol ™ ™ ol ol ™ ™ ol ™ ™ ol ™ ol ol
H#A Date

BT R RARARAN N TR 25 B (NL) < hnfis (DL) 8 3% 4 Rt T8 (CK) (1 -1 B 5 RS B 1) 2845 3h &
Fig. 1 Seasonal dynamics of soil temperature and moisture of no litter (NL) , double litter (DL) , and control (CK) in

Castanopsis carlesii forests and Castanopsis carlesii plantations

3.2 tEREXERESAEYE HRERFH WAREFLL T LERRE AR (P <0.001) (& 2).
XER KAt K AR AR DLLNL R CK A 58 W % 3 22 43 53 O

HELL 2 AE M B oK R SR AR N AR L 1.39 ~8.05,0.72 ~5.65 F10.92 ~7.00 pmol*m *s~',
S A R AR R R gtk (B 2) o JHTEY 2013, 2014 AEE ORME S HBLEE 7,8 T, e /AME Y

KBERIRM Castanopsis carlesii forest

—
<

8
—~
[
)
W 6
g
= 9 £y
= T TR
E 2 ik N b ¥+ %%
= it 1 E %}; E/Ll =3
3 0 | L L L L L L L L L M Ml L L L L L L L |
=1 < vioown N N wvioown N vi vy N wvioon vy vy wvioon N
£ T T T T I T I IIIITITIIIIITIIITITITIIOOq
= — 0 T W Y I ® QO — & = A o T v oW ® e o = A
2 S A G G G G Gy G A R Al (R GO (R A G S SRR
= o e en en en e en on onen <t <t < <+ <+ <+ <+ < <+ < = =
= B T B S e T e
=Y cC 0 2 9 2 2 Qo 0 Q0 D 0 0 0 0 0 0 0 D D
2 A &8 & 8 a8 8 a8 &8 8 8 8888 888 a8
=
5] KN THM Castanopsis carlesii plantation
@ 10
g 8
2 6
I T
w4 N
H I LT; i
= Tl =
2 E A R N ) ! AT §
= — -
0 L L L L L L L L L L . LY . . . . . . L L L L )
< w w w w w w w w w w w w w w w w w w w w w W
T T T T 7T I 7T IIITITI I ITIIITITI I
— o T N L xR O — & — & N Y R g O — o
7T 7773933931113 T39I 111
o ooen e o o o o N o en < < < < < <% < < < < = =
B L e e
R R R = T = T = T = R~ N =S = S = S = S S S S - S S S = S =
A AA A A & aaAaAa a8 ] aAaARAaAa A& A
H# Date

2 KA AR RN AR U A 2 I A R AR B B CO, I R
Fig.2  Soil respiration ratio for the no litter, double litter and control
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HELAE 1 (& 2) s e np s %2 2 4P 441 43 il
7 4.01,2.82 1 3.20 pmolem *s™'o KAk A T Hk
DL.NL J¢ CK A F [y 1 58 i W 3k % 43 53l Ry 1. 12 ~
8.60,0.51 ~6.21 1 0.75 ~8.19 pmol*m *s™';
2013, 2014 4 5 KAE 7 0 AR 6,7 H» S ARAE 7>
SIELAE 1,2 (B 2) o WL ), K kk N Tk
DL.NL Fl CK &b B - 3 09 W Jd 28 ~F 3 {8 43 ) 4y
3.50,2.35 #13.34 pmolem s ™', NL & & #1158
Mg % (P =0.001) ,{H DL 5 CK E&# % 7.
12> #r 2 W1, 2 A #R 4y DLANL b CK f £ 3
BRI 5 5 em AL S S 5L 3 IR 4R BOKC
RZ(P<0.01,%2) « KRR S em i 1 5
T EE 4y S T fif B DLANL 5 CK - 38 09 0k 4 A St

1) 80. 1% ,82. 4% F1 84.2% ; DL A% T ik Ji
M (R 2) o KEEAN THARS em bR A0 4 3 BE 5y
ST DL f# B DL NL 5 CK A 48 B W 5 22 48 7 1)
69.0% ,75.0% F1 73.3% ; DL Fl NL B340 T K
N MR U (6 2) o KRB RARMER T NL 4b
PRGN, HoAth 2 FloAb B A BRI R 5 0 ~ 10 em 1
JEARBE K B A (P <0.05) , H 45 5 ] fi
B - 1R S R AR F Y 10, 1% ,10. 4% Rl 11, 1% ;
17 KA N AR & Ak B P I 23 5 0 ~ 10 em
12 AR K IE A OC (P <0.01) 5 43 il
AT R R b b R W R AR R 24.1%, 12.9% FI
14.1% (% 2) »

R2 THEEREFFRS5LIEEREE (D MIEESKE (W) FRERNSH

Tab.2 Parameters for different models showing the relationships among soil respiration, soil temperature (T) ,

and soil water content (W)

o F e R_= aW+b R_=ac” 0
Stand type Treatment a b R? a b R? °
KA R AR AR CK 1.55 0.09 0.11° 0. 66 0.08 0.84* 2.51A
Castanopsis DL 2.48 0.10 0.10" 1. 00 0.07 0.80* 2.08B
carlesii forests NL 2.26 0.03 0.10 0.55 0.08 0.82* 2.31A
KA A Tk CK 1.59 0.10 0.14" 0.92 0.06 0.73* 1.93B
Castanopsiss DL 0. 69 0.17 0.24* 0.70 0.08 0. 69 ** 2. 18A
carlesii plantation NL 1.12 0.08 0.13" 0.50 0.08 0.75™ 2.31A

DO P <0.01; * : P<0.05. a, b AA[F B S K0, KA KRS 7 8L 5 H F AR A A AL 2R A 22 57 8 3%« a and b represent the

parameters of model fitting, and different capital letters in the same stand type indicate significant difference between different treatents in the same stand

type.

3.3 TEMNRFEES
K RARMRIY DLANL 55 CK [ -+ 352 0 453 B AE
2013 4F 43 5k 14.72,10.25 1 12.20 t C+hm a ™',
2014 4E43 5k 14.56,10.38 F1 11.18 t C+hm *a”'
KBERIRMK Castanopsis carlesii forest

(BE3) 5 ERI AR, 5 CK A B, DL Ab 3 A 35 0y i
AE G R G N 25.2% (P < 0.05) , 77 NL kb 3 + 358 i
WY AF 3 B IS 11.8% (P <0.05) o« KhE N LA M
DL.NL 5 CK ¥y 1 48 0y W 42 3@ & 2013 4F 43 51 2k
KM ATH Castanopsis carlesii plantation
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Fig.3  Annual soil respiration flux of no litter, double litter, and control in Castanopsis carlesii forests and plantations
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13.24,8.17 M1 12.20 t C+hm *a™', 2014 4 %
12.36,8.99 1 12.19 t C+hm *a™'; K44 A T4k DL
A B B O U AR R CK E B3 2 5, T NL L
CK &M% 29. 7% (P <0.05) « KA KR 5 A Tk
(- P AR B AT B R I L
WP T HR 3 AE KA R SR AR bl 11, 8%, 75K N T
Mk 29.7% (K 3) .

4 ik

AT FE BB L FAaty K AR o S 0 W U v
Wy O R IR UK (B 1) o 20k 2 R s
Yy AR 5 VN £y (DL) AbHE I 25 39 0 T K kg
DRARMR - SO, Ty 3 V& 1 2 B (NL) Ak B35 68 35 B
R OK A AR MR N T A A 3 I W 5k 5, b G i 3 X
5% (Sayer et al, 2007; F N ZE %5, 2009a) J5BL.
ARHIE G TP KA R PR ) 2 1) L S W A 3
MR N 11.8% , #2341 )11 V5 W = 1 ML B = A2 (Picea
asperata) N THH) 14.2% (fe#i4%, 2015) , = T H
Ay ¥4 (Larix kaempferi) K [f) 6% (Liang et al.
2010) , I - ¥ V& 2 % obv 1 AR AR SR 10 7 2K P
20.2% (MoK %, 2008) o Khigf N T MR 75 49 2 Bk
Jo b SO AR T R R B 29. 7% , 3K 45 BRI
P AR AR 28 % (Vasconcelos et al., 2004) F K &1l
M (Pinus tabulaeformis) ¥R f) 27.77% ~ 30.36%
(ZEb %, 2014) , H & F W #4Gi5 A (Liquidambar
Sformosana) FAf) 18. 62% (Tt %45, 2009a) K IV #
AR (Cinnamomum camphora) #h1f) 39% (Yan et
al., 2012) o FEAERJEH A P8 % 9 25 58 )5 1 0 0k
PEACTE RS 6% ~ 68% (Nadelhoffer et al., 1998; Li
et al., 2004 ; Liang et al., 2010; Yan et al., 2012) , 3%
J M 22 S 1D Js R T i A [R) A o K R A 2 S R
Ko U ) B e oy g A Y ) AN /] o Hornsby
55 (1995) K BL 43 fi 18 F B W B TH 3% 11 B AR > Singh
(1999) 1 1iE W i B2 T i B 0 V& 9 23 il O 4 L T
I 308 ok i 9P A L S e OB 9 ) 1 ) R
1 AT RE T L 5 W AR ) 2 A S T R i R V) B 23
WA o T H T Y b DX 2 A AE KRR
F Oy i A0 iy T AR BE A o BB A A [E) B il
P T o R s T AN A IR R R B0 T ) DTk A
[F] o KA R SRR 36 o N ARG, I V& P % 1 B 0g:
W FR) T TR A 25 A8 K, T RE K R R AR AR A LR
A (R 1) 34t T 1 3Enp 0k T 7 fe & % L
W) DT BRSO s T KA N AR 22 0 B AR Kobe S i Ak
SRR, IR HUBR S R IR N (GR) , F iR
S22 ) SRR I AR S Bl AT U 9 D) 2 I Tt

R KT RAR MK

KAt AR AR DL Ab B AE A 38 0 1% 18 Ty 25. 2%
Sy NI O N L S 7/ e w L Y R a
(11.8% ) B ™A 7 WOR BN AHLI 3% 400 i N T i
X KA N TR A S 0 W 2 5 e, L iR IR AT A
NS RS 7 NNy | I e S 3y G
(Schaefer et al, 2009; Cleveland et al, 2010;
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