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Effects of litter manipulation on soil respiration in natural secondary forest in

subalpine area of western Sichuan Province, China
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Abstract; Natural secondary forests play a crucial role in the subalpine forests of the upper reaches Minjiang River in the
eastern margin of the Tibetan Plateau. However, the knowledge about influence of litter on soil respiration remain
inadequately understood for the secondary forests. In order to evaluate the impact of litter on soil respiration under different
natural secondary forests in subalpine area of western Sichuan Province, China. Aboveground litter manipulation experiment
was carried out in three natural secondary forests including Abies faxoniana secondary coniferous forest, Betula albo-sinensis

+ Acer davidii + A. faxoniana secondary mixed broadleaf-conifer forest, and A.davidii + B.albo-sinensis + Sorbus koehneana
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Schneid broad-leaved forest by natural alternation after timber exploitation in 1960s in Jiabigou forest zone of Miyaluo town.
Litter treatments consisted of control ( CK, litter inputs un-allowed) , no litter ( aboveground litter excluded) , and double
litter (aboveground litter doubled by adding litter removed) in September 2018. Soil respiration rates were measured using
automated CO, efflux systems ( LI-COR 8100A ) about every two weeks during the growing season in 2019 ( May to
October) . During the experimental period, the litter addition and exclusion did not significantly affect soil temperature and
moisture , respectively. Soil respiration rates among three forest types showed no significant difference. Soil respiration rate of
the litter exclusion was 17.65%, 21.01%, 19.83% lower than that of control treatment ( P<0.05) of the secondary
coniferous forest, secondary mixed broadleaf-conifer forest and broad-leaved forest, respectively. While the soil respiration
rate of litter addition was 6.76% , 7.28% , and 8.16% higher ( P>0.05) in the three forest types, respectively. There was a
significantly exponential correlation between soil respiration and soil temperature in all treatments ( P<0.01), while no
correlation was found with soil moisture. The @ of control were 2.01—3.29. Compared with the control, the litter exclusion
decreased all Q,in three forests, while the litter addition increased the @, in the secondary coniferous forest, but decreased
in secondary mixed broadleaf-conifer forest and secondary broad-leaved forest instead. The regression analysis indicates that
soil pH, soil organic matter, dissolved organic nitrogen and Pielou index of herb layer had significant correlation with soil
respiration rate in control plots of the natural secondary forests, respectively. It could be seen that the contribution of
aboveground litter to soil respiration and ), in broad-leaved forest and mixed broadleaf-conifer forest were higher than those
in coniferous forest. Additionally, the magnitude of the increase did not match up with the doubling of litter inputs,
indicating that under elevated atmospheric CO, concentration and temperature, the increased aboveground litter may be

advantageous to the forest soil carbon sequestration in coniferous forest.

Key Words: soil respiration; litter; natural secondary forest; physical and chemical properties of soil
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FEAEN PEE i LR AKX, E4 20 20 60 AFAURARIG 28 SR BB IR S I ) R AR U AR, Hill 3 b Ak 3
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RIRULEAR L IERFIR Y TTHRA , AT BT 1 AR PRE A AR BA T 57 T AR UL MR 7 1 X b H e J% G
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1 MREHR

BIFSE XA T U1 A BT RO TS I i M LK 2 BRIXC P 947 ) 2200—5500 m, Ja& T 7 96 = S — a1 |
MR AT S A2 R R R S, B IR Y L AU RRE . AR IR 6—12°C 1 A PR
-8°C,7 H PR 12.6°C  AEHIRERT i 700—1400 mm P 5—10 H AR KT Bbk £ 52 A DLl A
B,

SRR T B ELJERE & T R SR AR UMK X (102°50°20” E, 31°37'15" N) 3K 3113—
3172 m, HIEREFRA S AT SAHL . AR 3 R EH VEM (Acer davidii) +Z1K8E ( Betula albo-sinensis ) +B% H 1€ #k
(Sorbus koehneana Schneid ) YA REM AR (TRIFRIEFAR) LLME+TT MEBRHIR VLY AZ R A BT R ASAR (5 TR 28K )
FRTTARAZ (BT IEAR) 55 3 FhRIRUCA IR, FEZW A T VMR (Acer davidii) ZLHE( Betula albo-sinensis ) UK.
B2 (Abies faxoniana) | 7 e ( Helwingia japonica) \BEH Mk ( Sorbus koehneana Schneid) . BF #E Bk ( Cerasus
szechuanica) | %% % ( Lonicera japonica ) . %5 ¥ $8 2 ( Smilax stans) . & 5. ( Carex doniana ) . L1 BE H 5 ( Oxalis
acetosella) \BPMHE (Allium ovalifolium) %M 35 ( Ligularia przewalskii) JRFEZE ( Polygonum macrophyllum) %
IKAE (Pilea notata) % . ASWFFELEICET AR T REE SSARANRE bR 3 FhAREL A S0 AE A FEAHE DL IR 1,

F1 EEHEARER
Table 1 Basic condition of plots

NN

eS8 Bk . o R
. Mixed broadleaf-
Sample parameters Coniferous forest . Broad-leaved forest
conifer forest
R Altitude/m 3172 3159 3113
1) Aspect Aty Aty Aty
FIARREYE T5)% Community coverage of herb/% 8.6 11.18 12.5
== st = FPL Y == H =Y
N . . A B M 2B A ke HEREL 2R A
FZRF Dominant species oy ANAR 4 % PR EH 2
Rl
7.44 4.19 4.3
Average diameter at breast height/cm
SEHIR L Average tree height/m 9.05 6.78 6.79
% Density/ (#5/hm?) 1075 1871 1775
pH 5.18+0.16a 5.34+0.09a 5.37£0.10a
WAL The ratio of carbon to nitrogen 13.41+1.33a 11.43+1.07b 12.01+1.02ab
F L SOM Soil organic matter/ (g/kg) 89.30+10.91b 152.11+7.66b 171.21+12.39a
GRS % DON
RS 21.51+5.15a 30.10+4.20a 41.10+4.68a

Dissolved organic nitrogen/ ( mg/kg)

) —A7 ORI R 22 53 .3 (P<0.05) , 6 P AEE I P (e hr i 1t 22

2 WRAE

2.1 R

2018 4 8 H 1B B RIS HRRIREIM: b 3 Flobk 80 e o HERR 408 5000 ( B8 o8 e EL AR 19 00, B
HTEIFE =20 m; ML EIBE >20 m) | B 4 (DQL- 1) 43 BIEE 3 AR A 20 mx20 m (FRIERE I , 76 45 KE
7 P BEHLEE 3 FhAbBE AEFRR B 1 mx 1 m f/NVRETT, B (1) X BRAR IR ( CK) | AN (O ] b B, 45 J50IR
(2) RIS (RL) 15 R/NVEE D5 P9 2 F 96 4 5 (3) IS UH 744 (DL) 46 2 R U % W A 31/ INEE O Y 1Y
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P& S a M E IR R B W/ NRE TR RN ALEE 3 AR MRBIS IR B 27 A/ IME I E R BRA T
Y/INREDT Y 5 0.5—0.8 m B ARCE —> 1 mx1 m ()2 16 R, LABH 1 P8 75 1 A/ NRETT Y
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BN N — PVC 38, Hoh LB J5 WAL B PVC R0 1A% 20 emx & 8 om ; XiF BE IS 4 7%
YIAL BRI PVC 30 HAR 20 emX (& 12 em, A PVC AT HEFRAH A 148 5 em, Wi E] PVC FRE07 B AA S

NAE L T 2019 4EAK (S H—10 H ) FIA LI-8100A 3658 7 [ shill 245 (LI-COR, NE, USA) & +

SERF IR A (Rs ), BEHME 2 W (I s (] () B 2 2 S0 ) i ) 3 BSUI B99 DR A=A O, 3000 5 Bt 1] Ay
9:00—14:00, FEIE +IEIFE A [RIE, 73 515% ) LI- 8100A [ 4 BT #R 4T 5 /K A8 s (ML2x) A 45 I 2
IS em ALY IR (T) FIRREE (RS K, W), BRI a5 E S0 2 ORI {E ., e oh WL I
K 2019 4 8 H T A) ZAEMIFGT X 5k A 30 65 R 5 2 0 Ay It 1 30 e 35 3 P e, e 8 ) R b A — IR
2.3 YRR A S R S

FIFH A S B IE RE T VR A 1 X R R R AT TR A, EEC SRR K N K (72 =1.5 em)
WP FP A FR a5 B B R RS 5 B AT IR IR AL 5 AR A S A 1 mx ] m /MDY IE SRR AAE )
AR KRB R SRR RS . AR K 20 mx20 m FEHLFE B AR VAR 2 4 S 10 mx 10 m AT RS +
BAEREN AL T N IR AR 5 R 7 B 0—20 em R)Z 3 (1 20 85468 , IR G5 , 3 U vk it —
MRAFEAS LR, PR P A ER RABMZEY, L 2 mm I, A H RS0 2

HHEATHLIT (SOM ) 75 R FH BB AR B S Ak - A ke il sz Y 5 38 pH R A ML AE I E Y R e R
(TN) 25 H 2R FH R JFVRTE IR - A 590 104 -0 31 20 BT A ( AA3 L2 sh 20 B CFA 8 ) ; I rT iR A HLA
(DON) ¥ f2 = R BV A & i (DTN, SR R TN E ) — AT LA &2 ( DIN, AA3 3EZ2 3 8h 43 Y
WME) o
2.4 FAEAbEE S Hr

PEFH Margalef 45 £ 45 %1 Shannon $5%L  Simpson {LHEHEEL  Pielou $5) BT T+ AR 2 FI A JZ Y
YiRh R

KRBT R =ae’” MR R =aW+b 5 XA AR R =ae” W A WL HA P 4 30T 55 4 398
R ZR A R TG (pmol m™ s7') , T4 5 em AL HIEREE (C) , WA 5 em b LIRS
KE(%) ,a.b.c HIUESE.

EEBURRE(Q,) Q=" , 2 b S HHERFI 5 LA S50

JHIE Y BT . S, = (R-R,) /Rx100% , 2\ S, R R T5 ) DR R Aok R L S0 I ok 2P 80 4, R, Oh 23R
PR DI - T R M

FIFH PR 2R 7 2270871 (One way ANONA ) HLEAN [R] AR 7Y K2 A B[] - 35 = HE 0TI 5 R 5 4 SR VR 1) 22 57
P 5 ) E 2 7 22 23 BT ( Repeated measure ANONA ) 6 56 AR5 55 U Y 4y b 3 22 B AN 5 AR LR A [] 19
(Regression analysis) 43T 1 & W W 3 2R 55 + S BEAL P T W0 Fh 22 REME S8 B A G ME . BG4 31 40 iR
SPSS 26.0, JH| Sigmaplot 14.0 #f4:Hl1&

3 ZBRE5S

3.1 IR AR

BRI BRSSP IR AR 3 AR ES b (18 1), R BRIF7E Y (RL) L8 35 % ( DL) Rk B (CK) 1 £+
BRI BRI eI R G TR (P<0.05) . NFE 2 040, [A]—H#RAU 3 FPAbBEE] S5 em 48T
2% AN B 3E (P>0.05) o AN [ ] AR ] A B 1) 1 3870 B8 78 6 i 3% 25 57 (P>0.05) 5 1 4808 5 I 25 Pk
PRI — | Hop RL A FRTE R [RIARAL 2 ] A B (0 3% 22 5%, DL AR FRAE BT AR (19.55% ) 5% TR A AR
(21.36%) [8] 22 57 .3 ( P<0.05) , CK FEEF RIR MR (23.37% ) 5 IR (19.96% ) 8] 25 5 2. 3 ( P<0.05)
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Fig.1 Dynamics of soil temperature and moisture under different litter treatments in natural secondary coniferous forest, secondary mixed
broadleaf-conifer forest and broad-leaved forest

CK X} Control check ; RL: &[5 JH745%) Removal litter; DL . {734 JH7% % Double litter
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Table 2 Average of soil temperature, moisture, respiration rate and Q,,

- . T UK 5
| - - P US55

Qb B BT + R + 3R R . e Temperature

. . ) Soil respiration rate/ e
Treatment Forest type Soil temperature/°C Soil moisture/ % 2 ol sensitivity

Cmol m™ s7) index/( Q)
X} IR CK ERLR N 8.75+0.29Aa 20.42+1.21ABa 3.40+0.17Aa 2.01
Control check B TR A2 AR 9.13+0.31Aa 23.37+1.14Aa 3.57+0.14Aa 3.29
Ji&] it 9.02+0.33Aa 19.96+1.17Ba 3.43+0.17Aa 3.06
LBRIA% Y RL Ak 8.67+0.30Aa 20.76+1.28Aa 2.80+0.13Ab 1.63
Removal litter AN RN 9.13+0.30Aa 23.11+1.08Aa 2.82+0.17Ab 2.94
[ie] i 9.01+0.32Aa 20.11+1.17Aa 2.76+0.15Ab 2.83
1GR9 DL EARLR N 8.68+0.30Aa 19.55+1.12Ba 3.63+0.13Aa 2.08
Double litter SRR MR 9.04+0.30Aa 23.16+1.08Aa 3.83+0.17Aa 2.78
Jid] it 9.05+0.18Aa 20.17+1.21ABa 3.71+0.18Aa 2.69

[F) A 6] /NG G- RAR AR AL T AR Ak 2 22 573 1 2 (P<0.05) |, [F) S [6) K5 - B3R R A [ R L AH [ b 34 22 55 Wik 3 (P<0.05)

3.2 KBRS YR T YN L R 1) 5 e

3 TR TR AN [i] Ao FHE (%) - ST 3okt 447 5 0 B R 1y AR R AR — B (&1 2) , H 3R 2 WI I, 76 3 Pk A Ak
o, CK HIEFFIGH A5 DL 22 5 A 2 15 RL B4 3 25 5 (P<0.05) BT bR BRI S AK | ia itpk 1
HEIFI R I RIS RL<CK<DL, MM AH [7] b 38T AN [RI AR [a] %) - S99k 46 22 R I 3 (P>0.05)

Eipkr CK 5 DL -3 3R 53 %R 351 K 3.40 pmol m™> s™' 5 3.63 pmol m™? ™', RL %% CK [ 0.60
pwmol m 8™ IR AT CK 5 DL 44 - R 55 R 4351 ok 3.57 .3.83 pmol m~> s' RL %% CK [&1% 0.75
pmol m™ s~ s AR H CK 5 DL V34 +EnF I R 73051 4 3.43 .3.71 wmol m™ s™' , RL £ CK F#{IX 0.67 pmol
m 8T (K 2), KERAEY) G 10T H AR ET AR BT TR SRR AR 3 AR T 17.65% ,21.01%
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19.83% , T I 31 9% 40 1) = 38 P G Sk S5 U] 43 3138400 T 6.76% . 7.28% 1 8.16%
A7 225301 (22 3) AT INF ] R 75 4y b B0 S0 g 341 3 TR M B S B B4 ( P<0.05) | T AR ()
SRR 28 (P>0.05) ; ARS8 9 W b FE T - SEE I R A7 2 B9 32 BAE R (P>0.05)

—o— X{H CK —0— LMY RL —v— {EIH%% DL
8 EFnttk [ R A [ Wbk

120 150 180 210 240 270 300 120 150 180 210 240 270 300 120 150 180 210 240 270 300
I [i] Time/d

R
Soil respiration rate/(imol m2s™")
N

2 SRR SRR MR FEAM AR AR YA TE + R B AT
Fig.2 Dynamics of soil respiration rate under different litter treatments in natural secondary coniferous forest, secondary mixed broadleaf-

conifer forest and broad-leaved forest

x3 TEERNEENEFEST
Table 3 Repeat measure ANOVA about soil respiration

2 [K 7 Factors F P

B 7] Time 39.520 0.000
JHTE DAL B Treatment 7.154 0.001
A Forest type 0.141 0.869
JH T PR B X B ] Treatmentx Time 2.222 0.004
PRI A] Forest typex Time 3.560 0.000
PRI P LY ALFE Forest typex Treatment 0.025 0.999
PRI <[] < P FE AL FR Forest typex Timex Treatment 0.819 0.773

3.3 RBRFUINAT R P - HERT I R 5 K IR 0GR

3 FlORAAN [ A 7 P Ak 30 ST 2 o 4R g - I S A 0 RO DG (P<0.01) |, T 98 I B AT fig -
W AR AR 31.80%—58.84% (€] 3) , 5 TR FEAHSCHEA W2 (P>0.05) o SFREAR EHFETR SR R AR
CK LSRR Q{55354 2.01,3.29.3.06, RL 9 Q, fEL# CK 730l 0.38.,0.35.,0.23, DL £ CK 235 3 i
0.07 F&AK 0.51 F&AK 0.37  4F AR Q0 1 £ A RL<CK <DL, 4 TR AR5 i 4R35 2 4 DL<RL<CK
(%£2),

- ST R 5 9 T A ORI T (3 4) W, MR R LR g B AR CK RL DL - 3EnF i 2
ALY 27.94% 46.19% \55.32% ; £ RAIR AR CK \RL DL +SERF0E Z=5 42 41 66.93% .30.74% .50.84% ;
Ak CK RL DL +30P0 215 A8 1 45.16% ,38.51% 36.68% , JL & EAR ¥ CK, 1B 1R 58 AR RL,
DL, [ i-bR A CK  RL DL {0 L [7) fiff g R IR T 0] g 9 B PR B A R i e 3R (11 3) |, B W IX el A 4 2
R K et R AR PF T, R B S i R ) G R R 3R
3.4 IERFIR S SRR PR SRR DGR

T TSI AR BT S R R A S IO GE R A AR T H A B (] 4) | IR SR IR A AR T
W 3# 3 5 pH SOM DON KB Pielou X5] FEFEHR 2 A0 SCA H BLAE CK AL H, 33 ] RS2 P 4y U 7 0 1) 25 5
AU AR IR 5 S 3R L R B 224k, SOM 5 CK M I AR B2 4% 2 1 3 4K
LR AH I (P<0.01) , A i F6 SR I 538 475 S5 1) 93.48% , -3 SOM & 8K T 99.20 g/kg B T 171.47 g/kg
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o WIMCK o EREEWRL v {EH5A%Y DL

RN B iRk e bk
2120 O Ry= 173662007 R2=0.341%+ CK: Rg=1.115¢%17  R2=(,598** [ CK:Rs=1.136e"112T  R2=0.550%*
‘" 10 } RL: Rg=1.770e%047  R2=(.318%** RL: Rg= 0.943e%1087 R2=(.432%* L RL: Rg=0.976e*1%7"  R2=(0.464%**
M‘E DL: Ry = 1.858¢%0737  R?2=().540%** DL: Rg= 1.425¢%102T R2=().535%* DL: Ry = 1.373e%997  R2=(0.465%*
™I 8 L -
w3
53
£Eof
®E 41
g
£,
2
2] 0 2 4 6 8 10 12 140 2 4 6 8 10 12 140 2 4 6 8 100 12 14

13838 )i Soil temperature/°C

B3 THEMRERSERERXE
Fig.3 Relationship between soil temperature and respiration rate

® w o 0.01 KF2EREE

A, BN R LR R A TE 99.20—171.47 g/kg MIZEEL K [ Fhta s, Uil 4 59845 LS & ok o s Ak mT
fig 23 BR i -4 HEAL ; pH . DON FIHEAS Pielou ¥15) EHE 405 CK A HERF g 3R 52 g 28 1) W ith A G (P<
0.05) , R BRI 78.08% \77.94% .69.25% ,pH {HAK T 5.30 .DON & &% T 30.50 mg/kg 574 Pielou %]
FEFRBOR T 0.88 B, - NI HORFT I T REEH R Z 2 EIHEH

R4 TEREESTEFRERDFER

Table 4 Two factor regression models of soil temperature and moisture with respiration rate

oK Frutik AT AR
Model Coniferous forest Mixed broadleaf-conifer forest Broad-leaved forest
parameters CK RL DL CK RL DL CK RL DL
a 1.496 0.836 1.198 1.528 1.428 2.144 1.197 1.109 1.501
b 0.069 0.061 0.074 0.096 0.088 0.088 0.103 0.100 0.087
c 0.070 0.231 0.158 -0.021 -0.052 -0.083 0.029 -0.011 0.029
R? 0.279°*  0.462°° 05537 0.669°°  0.307"°  0508"°  0.452°"  0.385"" 0.367*

® w o fE 0.01 KPR 0E

4 itig

4.1 JATEY BRIt A SEF I 1) 5

FRACHB I V5 5 R e e A B A8 A i 5 e B SR E R SRR Y SR A LR
O S R R — P SRR ) Rk L AR, R BRI A — 7 R T 4 A LA
BB, 55— I R A U 95 0 22 2 04 - R e A A Bl =2 g 2 ok, s i S I IR S SR AR T L AR IR AR R B
FR RIS WA 3 B U A AR A P R B AR T 17.65%—21.01% (P<0.05) , B & Ti% XA T 2 A2 4k
(14.21%) VR AEREARM (17% ) 00 (AR T URAF A UCAE bR (18.8%—47.0% ) ) | 5 F i [ A 11 B R bK
(8.0%) ), 5 3 [T LA AR (19.0% ) HT 7, T2 B2 KR AR TR AR50 Fft 41 45 K AN [, 080 7 40 e A
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Fig.4 Relationship between soil physical and chemical properties, diversity indexes and soil respiration rate of control
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