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Abstract: Forest soils play a critical role in the carbon cycle and carbon sequestration at both global and local scales, and
forest management practices (e.g., harvesting, burning, and thinning) influence soil carbon processes by altering organic
matter quality and quantity, key microclimatic conditions, microbial communities, and other factors. However, the effects of
forest management on soil carbon effluxes in different ecosystems are still largely unknown, despite being critical to estimate
global carbon fluxes. Quantifying the responses of soil respiration and its components to forest management is vital to
accurately evaluate forest carbon balance. Thus, an aerially seeded Pinus massoniana forest was chosen in the Three Gorges
reservoir area to evaluate the effects on soil respiration of different forest management practices (i.e., control; shrub-
cutting: harvesting all shrubs and removing all harvest residues. Harvest strategy 1-—15% harvest intensity and removing

main harvest residues without leaves and small branches; Harvest strategy 2—70% harvest intensity and the same harvest
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residue management as that in harvest 1). All experimental treatments were located in similar habitats and consisted of three
20 m x 20 m plots. The treatments were conducted in October 2013. A combination of trenching and litter removing methods
were employed in order to partition soil respiration into components of litter layer respiration, root respiration, and mineral
soil respiration. The soil temperature, soil moisture, and rate of soil respiration and its components were observed
continuously for one year (from November 2013 to October 2014 ) using a Li-8100 system. Management did not affect litter
layer respiration within the measuring period. Root respiration in the control, shrub-cutting, harvest strategy 1, and harvest
strategy 2 treatments were 1.00, 0.83, 0.86, and 1.11 wmol CO, m™ s, respectively. The mineral soil respiration of
harvested stands was significantly higher than that of control and shrub-cutting stands (P < 0.05). The proportion of litter
layer respiration to total respiration was not significantly influenced by forest management ( 18.78%—23.70% ) , but the
contribution of root respiration to total respiration was reduced, especially in the harvest strategy 1 treatment (P < 0.05).
The contribution of mineral respiration to total respiration significantly increased in harvested stands, which was mainly
attributed to the decrease in total soil respiration. Management effects on soil temperature and soil moisture were only
observed in the stands of harvest strategy 2. A two-factor model that included soil temperature and moisture better explained
the variations in soil respiration (4.6%—59.3%) than that by a model using temperature (4.2%—59.1%) or moisture

(0.3%—23.5%) alone. Other factors that influence soil respiration and its components need to be further elucidated.

Key Words: forest management; soil respiration components; litter layer respiration; root respiration; mineral

soil respiration
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Th A (Pinusmassoniana ) J& H IR 5 = B AR Al 2 =08 FE X 43 A T R OR (1 AR AR 20 H G
TA DR AR A B SR A i R WA AR LA = A XN O A B B R TR AR
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( Parathelypteris nipponica ) % .
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A FFRSREATE B b P R BT (B4 ) SEATAF AT R 5 R AR 1 (HL) ST BR A N AR BT TE 4em DA B
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Table 1 General situation of aerially seeded Pinus massoniana under different forest management

F=xry X (CK) FRiE (SM) Ktk 1 (H1) Ktk 2 (H2)
Forest management Control Shrubs-cutting Harvest 1 Harvest 2
¥ Grade 340 35° 33° 33°

B 1] Exposure [liiE]d [lif] 4 Jiitp| [liiE]4
K Altitude/m 1225 1240 1200 1226
Jf4% DBH/ em 11.1(0.37) 12.5(0.43) 17.74(0.56) 9.36(0.30)
MA>2E % Stand density/ ( tree/hm? ) 1688(6.25) 1480( 13.45) 524(17.38) 908(8.74)
P75 Tree height /m 8.33(0.14) 8.91(0.16) 12.35(0.24) 8.54(0.58)
AR Height of grass/cm 28.16(3.02) 25.90(2.72) 31.76(3.67) 31.75(5.09)
A 7%y (M) Monthly litter fall (dry weight)/ (g/m?) 47.09(3.16) 34.75(3.40) 39.03(4.14) 7.57(1.25)
0—10cm - 3EHALIR b5 HHUEE Organic carbon 22.7(0.73) 22.09(0.35) 22.35(0.32) 21.71(0.21)
Soil physical and chemical & 18 Total nitrogen 1.05(0.01) 1.06(0.12) 0.95(0.01) 1.05(0.01)
characteristics in 0—10cm W5 Total phosphorus 0.20(0.01) 0.24(0.01) 0.23(0.01) 0.24(0.01)
soil layer/ (g/kg) BB Total kalium 0.25(0.01) 0.10(0.03) 0.11(0.01) 0.13(0.02)
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2, Rs I 5E 14 - JERFIGHR (ol CO,m™s™ ) T A R)ZE Sem TIEIREE(C) o 2R 0°C 19 LI,
SRR F AN 488
- SR R IR (W) Z [A] Y ¢ ARl —k elE )7 AR (3) TR
Rs=b, +b, X W+b, x W (3)
A, W R E K (%) b, b, by AT RIS SHL
IR SR R R R XS T S I GH AR Y B KON R SRR | R K R R SRR sy
AR G | NSRS 07 R (2) b R R
InRs =¢, +¢c, XT+ecy XW+e, XTXW (4)
[P T WAEFTIE ¢, ¢, oy o, NITRRUGSHL
Fr A I GETT BT B AE SPSS19 8k i1 7 , H Repeated measured ANOVA K5 56 4 090 2H 73 2 45 A8 fL 1Y
B, FH SigmaPlot 11.0 #A4AER
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AL 3 P - S WG sk R H SE R R, 5% RERE M A Fb , BRIV et & A T Ak - 3 B Reot, FAIG
T 17.74% ,RAK, 2 $85 7t WG R AR - 598 B 0PI Riot B W35 MR HEVE T, #2081 17.34% , RAK 1 485 it X #R Ak 1
BRI Reot AT P2 AR BH R AOFE I . MR TRt 3EE IR 40 430 Sk | BRI 85 e ol 38 A1 1T 7 o H 3 E I, RM, R
A1 FRAR 2 5t A R T BRI R BREFR AR 1 15 G 0 S RN T AR LI A AR IR RR
SRAKR 2 N ZRAR I ARPF I RR TG 5838 52 W 5 10 T AT 75 MR ft X 08 95 P9 I RL 5% 350K 5 3 35 (EL A
0.47—0.53 Z[a (£ 2),

®2 TRENEELETRES FHESEHE (B pmolCO,m2s™)

Table 2 One way ANOVA for the means of soil respiration components under different forest management (unit: pmolCO,m™>s™")

AP ) J2 P IR R R MR NP RR BT L eI HR RM T EIFIER Riot
A Litter layer Respiration Root respiration Mineral soil respiration Total respiration
Forest management HfH FrifiiR HfH FrifEiR W FrifEiR HfH iR
Mean SE Mean SE Mean SE Mean SE
Xf B ( CK) control 0.53a 0.04 1.00a 0.05 0.95b 0.06 2.48b 0.10
[ (SM) Shrubs-cutting 0.46a 0.02 0.83b 0.04 0.75¢ 0.05 2.04¢ 0.07
K% 1(HI1) Harvest 1 0.47a 0.03 0.86b 0.04 1.17a 0.07 2.50b 0.10
KAk 2( H2) Harvest 2 0.53a 0.04 1.11a 0.06 1.27a 0.07 2.91a 0.12

%1 a.b.c 2 i EMHEZE A («=0.005)
FH L 1 AR 26 4 - S35k o3 ) A8 A AT 0 AS R 3E PR AR it 1= 48 S F I Reot . RR \RM H ${E7E L 5=
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Fig.1 Monthly dynamics of soil respiration under different forest management

a)RL; b) RR; ¢) RM; d)Rtot; iRZZWNARAER Error bars show SE
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BFMT RAHHE(P<0.01) (£ 3)

R3 TREWETET LR A S X MR STk (A6 %)

Table 3 Contribution rate of soil respiration components for soil respiration (unit: %)

P& AR GH R RL AP % RR W - BT 2 RM
EAREH Litter layer Respiration Root respiration Mineral soil respiration
Forest management 1 Mean R SE B Mean bR SE B Mean R SE
XJ H& ( CK) Control 21.24ab 1.19 40.44a 1.33 38.32b 1.74
[ SM) Shrubs-cutting 23.70a 1.12 39.30ab 1.40 37.00b 1.62
FA% 1(HI) Harvest 1 18.62b 0.97 35.75b 1.26 45.63a 1.56
FAk 2( H2) Harvest 2 19.53b 1.02 37.40ab 1.01 43.07a 1.42
3.3 +HHERES T oy — CK —& SM — Hl - H2
AR F LRI T A e T T e ]
2) AN N A H2 B IR B H A B3 & T CK L4 12
(F4), TIEMPULLE S5 R S P OE A %C’g ;5) : 5 g
HFAR(P<0.05) , I3 AT H IR IR 2 S o | 03g
JE 56 2 7 AR AU T AN YR B (S REAR e 1) A AR 43P 4 HE 20 | | 3 %é
SRV IR RUR AR 2 $i006 T L HORIEDRE R & ] |

HEMEI AR AT 4.29% F1 4.5% , % BEFI SR AR 1 &, 43 ) sl :710
N 21.4%H116.5% , AR RR 5 385 LG L

— (o] @ < wv O o~ oo [N} (=1
O 2 AR Ve 2 o o T T T T T T T n
T RL,R* s BIRAK Y H2(0.498) >CK(0.352) > S 3z z % % % % =

SM(0.339) >H1(0.203) , AS[FIE MG T LR S H 9 Date

SN K F I 2 2 v | SR AR
v }iji AP RM‘ iﬁf )“E‘fé'& iﬁ%f @’*&*ﬁﬁﬁT M2 FEEHEETHERENL BT
iﬁ%ﬁmﬁ‘i RM M = *%E:JE/‘J R 035 TR i %[][3,1‘;{% ’ Fig.2 Soil temperature and soil moisture under different
i%/ﬂ%{lg ﬁE E ﬁ% E]/‘J %747‘ ﬁ!“ % ﬁZ j:jFiI: ﬁ@ T RM E/‘J 7@41\ /f't %m ?i forest management

( %@ 5) o TR ZET M bR DR Error bars show SE

R4 FARENRBHETLEERE(T/C)58E(W/ %) FHEZSEILR

Table 4 Multiple-range test for the means of soil temperature(T/°C) and soil moisture ( W/ %) under different forest management

TR T, TR W, THERAE T, TR W,
A Soil temperature Soil moisture Soil temperature Soil moisture
Forest management ¥E bR [ PR ¥E FrifEi ¥E FrifEi
Mean SE Mean SE Mean SE Mean SE
X B8 ( CK) Control 14.73b 0.45 15.71b 0.56 14.40b 0.46 20.26b 0.67
[ #E (SM) Shrubs—cutting 15.6b 0.48 14.65b 0.68 15.60b 0.48 18.13¢ 0.76
A% 1(HI1) Harvest 1 14.83b 0.46 14.98b 0.53 14.90b 0.47 18.93ab 0.60
KAk 2( H2) Harvest 2 18.21a 0.56 21.82a 0.49 18.83a 0.62 22.50a 0.49

3.4 HHORES - EIP L s

R B - RTI4TN 2%, R T A IR A AR B — 3K
P . BRXTHR RM(R*=0.001,P=0.966) #&, +-360% & 68 5 47 (1 ff B FLAb AL BEAS 7~ RM 928 4k, L rfr )
KR 1 A (R =0.235,P<0.01) , TWJAIEYIRFNE RL WIAH R, BRUE CRAR 1 SRR 2 N 3R E AR IEAR
RES L RL (AR 4L, T X HEAE LY RL 5 R38R A 7E B AR &R (IR R U - AN FEAR (R =0.09,
P<0.01) , AN[FEMAEH T, BREFIRAR 2 19 £ 5 HIBE A B RR Z51LAY 19.8% Fll 14.8% (P<0.01) , X &
FERAR 1 1 HHERENIEAR S RR B —E A (£ 6) . B2, 580 B AR /I R BE 52 i R[]
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IR 20 3 R4k
x5 FREWERTHEFRRASSETEEE (T) XRERSH
Table 5 Relation model parameters of soil respiration components and soil temperature ( T)
JI. 4 75 10 )= R E AR RL AP HE A RR A5 L T I AR RM
lijjjnﬁﬁ S8 Litter layer Respiration Root respiration Mineral soil respiration
X HR (CK) a 0.109  0.024 0.214 <0.01 0.273 0.039 0352 <0.01 0.245 0.049 0.197 <0.01
Control b 0.085  0.014 0.077  0.009 0.073  0.013
[RE(SM) a 0.263  0.044 0.042 <0.05 0.182 0.031 0339 <0.01 0.217 0.043 0.179 <0.01
Shrubs—cutting b 0.024  0.010 0.083  0.010 0.063  0.012
AR 1(HL) a 0.120  0.027 0.165 <0.01 0.370 0.049 0.203 <0.01 0.207 0.029 0.510 <0.01
Harvest 1 b 0.070  0.014 0.047  0.008 0.100  0.009
KR 2(H2) a 0.232  0.052 0.045 <0.05 0.215 0.029 0498 <0.01 0.194 0.025 0.591 <0.01
Harvest 2 b 0.028  0.012 0.078  0.007 0.086  0.006
®6 REEHEETHEERASS TR (W) % RERSH
Table 6 Relation model parameters of soil respiration components and soil moisture ( W)

I A7) 2 I AR RL HRA M RR A BT L SRR R RM
fﬂjﬁ“ It S Litter layer Respiration Root respiration Mineral soil respiration
Rt LI SN T
XT B (CK) b, 0.437  0.245 0.09 <0.01 0936 0.296 0.015  0.381 0.97 0.429  0.001 0.966
Control b, -0.012  0.031 -0.003  0.038 -0.005 0.046

bs 0.001 0.001 0 0.001 0 0.001
BR¥EE(SM) b, 0.488  0.118 0.037 0.097 0.062  0.201  0.198 <0.01 0.029 0.277 0.162  <0.01
Shrubs-cutting b, -0.011 0.016 0.082  0.027 0.062  0.034

by 0 0 -0.002  0.001 -0.001  0.001
KAk 1(HI) b, 0.43 0.199 0.003 0.844 0.682  0.256  0.017  0.338 0.161  0.47 0.235  <0.01
Harvest 1 b, 0.002  0.025 0.013  0.032 0.052  0.053

by 0 0.001 0 0.001 0 0.001
KAk 2(H2) b, 0.467  0.469 0.016 0.372  4.095 0.729  0.148 <0.01 3.013  0.59 0.095  <0.01
Harvest 2 b, -0.005  0.045 -0.257  0.07 -0.134  0.06

bs 0 0.001 0.005  0.002 0.002  0.001
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Table 7 Composite model parameters derived for the combined influence of soil temperature (T) and moisture (W) on the soil respiration components from

different forest management

E—— . Uﬁ%%)%ﬂ?%i%m *ﬁ?ﬂ%ﬂ&ﬁ? RR ﬁf{ﬁiﬁéﬂ@iﬁ% RM
Forest P;Z:ﬁm i th;r\{;:‘)fr Respiration i ;;;t‘ rr;esplratlon i N;T;ﬁlnsoﬂ respiration
management Value /]:S}L;Lﬁ R? P Value /FSEBE k? P Value /FS};;( R? P
X (CK) ¢ -0.691 0.676 0.271 <0.01 -0.647 0.449 0.368 <0.01 -1.709 0.512 0.243 <0.01
Control Cy -0.026  0.041 0.034  0.027 0.129  0.035

cy -0.130  0.055 -0.056 0.036 0.012  0.032

Cy 0.009 0.003 0.004 0.002 -0.002  0.002
FRE(SM) ¢y -1.357  0.391 0.046 0.119 -1.844 0.397 0.358 <0.01 -0.865 0.471 0.200 <0.01
Shrubs-cutting Cy 0.020 0.026 0.078  0.026 0.011  0.032

cy 0.005 0.036 0.023  0.036 -0.044 0.034

cy 0.000  0.002 0.000 0.002 0.003  0.002
RAR 1(HD) ¢ -3.234  0.722 0.185 <0.01 -1.427 0.429 0.211 <0.01 -2.056 0.425 0.553 <0.01
Harvest 1 Cy 0.124  0.042 0.068  0.025 0.101  0.029

cy 0.089 0.054 0.035 0.032 0.039  0.026

cy -0.004  0.003 -0.002  0.002 -0.001  0.002
KK 2(H2) ¢ -0.812 1.011 0.107 <0.01 -1.273 0.626 0.502 -1.519 0.713 0.593 <0.01
Harvest 2 Cy -0.038  0.047 0.074  0.029 0.087  0.030

cy -0.038  0.047 -0.011  0.029 -0.005 0.032

cy 0.004  0.002 0.000 0.001 0.000  0.001
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