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Thinning treatment and litterfall changes influence soil respiration in a Larix
principis-rupprechtii plantation

PENG Xinhao, HAN Hairong, XU Xiaofang, CAI Mengke, BAI Yingchen, CHENG Xiaoqin *
Forestry College of Beijing Forestry University, Beijing 100083, China

Abstract: Soil respiration (R ), the second largest site of carbon flow in the forest ecosystem carbon budget, plays an
important role in the global carbon (C) cycle and climate change. Understanding the effects of forest management practices
(e.g. thinning) on R_ is crucial for the accurate estimation of forest carbon cycling. Simultaneously, aboveground litter
management practices (removal, addition, and so on) can also influence R_ . However, little is known about the response of
R, to thinning and its relationship with the changes in litter production induced by thinning. We aimed to quantify the
response of R_ rate to different thinning intensities and to explore the relationships between R_ and soil temperature and
moisture as a result of different litter management practices. A thinning manipulation experiment was conducted in a Larix
principis-rupprechtii plantation in Shanxi province, China, with the following treatments; heavy thinning, moderate

thinning, low thinning and no thinning. In addition, three treatments—litterfall removal, litter addition and normal
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litterfall—were applied to analyze the relationship between differences in litter input and R_. Rates of soil respiration were
measured twice a month using the LI- 8100 Automated Soil CO, Flux System from May to October 2016, while soil
temperature and moisture at a depth of 5 ¢cm were measured using temperature and moisture probes and data loggers. A
significant difference was noted in R among the different thinning treatments ( P<0.05). Clear monthly variations in R_ were
noted in the growing season, and R_ reached its peak value in August. Overall, moderate thinning increased R, rate during
the growing season by 15.7% from that of the no-thinning treatment. During the growing season, the R_rate was lower by 40.
16% with litterfall removal than that of normal litterfall; however, R_ rate was higher by 16.06% with litter addition than
that of normal litterfall. Moderate thinning increased accumulative R, by 55.06 g C/m” during the growing season. Under
litter removal conditions, accumulative R_decreased by 153.48 ¢ C/m’ during the growing season, while accumulative R_
increased with litter addition by 79.87 g C/m’. During the growing season, R_ exhibited significant exponential relationships
with soil temperature, while there were no significant differences in soil moisture among the various treatments. Temperature
sensitivity (Q,,) values of R, ranged from 2.36 to 3.46 in the various thinning intensities, with the highest Q,, value in the
low thinning stand. The @, value were lower with the litter removal and litter addition treatments than those of normal
litterfall. The interaction of soil temperature and moisture had a significant effect on R_. The best fitting model with
temperature and moisture explained 28%—62% of the variation in R_. The results indicated that the interaction between
thinning treatments and litter changes has a significant effect on the R_in L. principis—rupprechtii plantations. The compound
effect of moderate thinning and litter addition on R_ is significantly greater than that of any single factor. In conclusion,
thinning played a considerable role in altering R, and carbon cycle in forest ecosystems by influencing the soil micro-

environment and litter production rates.
Key Words: Larix principis-rupprechtii; thinning; soil respiration; litter
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Table 1  Characteristics of sampling plots

Rl lEE W

Pt 5 1) TR R . . [ F 5
Plot code Aspect Elevation/m Height/m Diameter at breast  Stand density/ Density control/%
height/cm (¥E/hm?)
1 =4 2298 12.4 14.5 2160.0 0.00
2 =4 2317 16.5 15.6 2112.0 0.00
3 el 4R 8° 2329 17.2 16.1 2032.0 0.00
4 =4 2328 12.8 16.5 1936.0 15.00
5 =4 2339 13.8 14.5 1904.0 15.00
6 Jefm7R 8° 2350 15.1 15.8 1712.0 15.00
7 =4 2337 16.5 15.6 1504.0 35.00
8 =4 2334 17.4 16.3 1376.0 35.00
9 JtImPE 10° 2355 16.4 16.0 1328.0 35.00
10 =4 2330 13.1 15.7 1248.0 50.00
11 =4 2330 16.5 16.4 1184.0 50.00
12 JtAmPE 10° 2359 17.4 17.9 896.0 50.00
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Fig.1 Dynamics of soil temperature and moisture under different treatments( mean+SE)
CK: %t 18 | control ; T\5 : &2 ] 1%, Low thinning; T, : 7 J¥ ] £% , Moderate thinning; Ty, : T J& [] 1% , Heavy thinning; RL; 25 E I8 7% 4, Exclusion
litterfall ; DL : JI 5 J8 7% %), Addition litterfall ; T s RL . 52 BE [A] (R x K KR 75 4, Low thinning X exclusion litterfall ; Ty RL: 1 BE [0 £ x X BRI 75 9,
Moderate thinning X exclusion litterfall ; Ty RL: 2 FE [8] x 25 Bk 754 , Heavy thinning X exclusion litterfall ; T, DL 52 B [A] R x il 5 4 7% 4 , Low
thinning X addition litterfall ; T;5 DL #7318 < A3 8 47 , Moderate thinning x addition litterfall ; Ts, DL ; T B (8] & x ¥ 7% 47 , Heavy thinning

x addition litterfall
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Table 2 Mean values of soil temperature and moisture under different treatments( mean+SE)

b R e R
Treatment Soil temperature/C. Soil moisture/g 1 TeoPiration rate/
(pmol m™ s™")
%t #& Control 8.97+0.48a 21.35£1.10a 2.4920.14a
R 4% Low thinning 8.73+0.39a 24.63+0.96b 2.36+0.19a
B[] % Moderate thinning 9.33+0.38a 25.05+1.19b 2.88+0.14b
TR Heavy thinning 8.41+0.38a 24.38+1.20b 2.41+0.11a
EBRIFIEY) Exclusion litterfall 9.15+0.50a 25.41+1.23b 1.49+0.08¢
I 7% Addition litterfall 8.45+0.46a 22.09+1.26a 2.89+0.16h
R [l x F=BRIFVEY Low thinning X exclusion litterfall 8.61+0.40a 29.23+0.90¢ 1.49+0.09¢
R TE] Hex 2 BRUH 759 Moderate thinning X exclusion litterfall 9.93+0.42a 30.38+1.07¢ 1.83+0.10d
T RE ) R Z2BR AT Heavy thinning X exclusion litterfall 9.16+0.41a 32.01+1.03¢ 1.42+0.08¢
BN R Y5 Y Low thinning X addition litterfall 8.65+0.41a 24.76+0.95h 2.80+0.14h
FR R ] R < FNAE R 759 Moderate thinning X addition litterfall 9.03+0.38a 25.81+1.21b 3.85+0.15¢
& A NG T 74 Heavy thinning x addition litterfall 8.35+0.42a 26.37+1.05b 2.82+0.11b

[Rl— B AR /NG FRE R R AR R AL B2 8] 22 5 8. 3% (P<0.05) ,n=9

3.2 IR ER AR

AT Ao B A SR o AR By B R N R s A s (A A 8 A (1 2) . BN E R RN,
Ts JTso F9F-38 - ERF I RPN T CKHARIR BB 3 25 5 Tos L CK B9 T 15.66% ., RL AY-F-35 - 3580 i
FH CK F#IK T 40.16% ;DL b CK 34011 16.06% (£ 2) . K HALPL T, T sRL Ty RL T4 RL A9 - SE0F0%
BRI CK FRAK T 40.16% .26.51% 42.97% , T4 RL Xif -+ 35 I 2 ()40 i /6 JH B 58 5 1 T,; DL T, DL, Ty, DL
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Fig.2 Seasonal dynamics of soil respiration under different treatments( mean+SE)
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FEAR T YRS U . T sRL. T, RL 1Y Q,,fE K F CK, T, RL.T, DL T DL ¥I/NF CK, [A] i} 22 H AR B /N TR
[) 52 s 1 8 8 el | 9 T ) XA A 9 40 Ak 37 U R Sk 1 R B B/

®3 TEMRSTERENEEFERRRESRERE(0,)

Table 3 Regression model of soil respiration with soil temperature and temperature sensitivity index( Q)

20

20
20
20
20
20
20

o T - B R 45 8
e R =ae R, =aW+b ﬁm’r)::ﬁf( (=R
Treatment Temperature
red a b R? a b R? sensitivity index( Q)

X H8 Control 1.04 0.09 0.53"" -0.01 2.36 0.03 2.36
B2 PEAAK Low thinning 0.65 0.12 0.56 %" 0.04 1.11 0.06 3.46
rf1 B[] £% Moderate thinning 1.14 0.09 0.50** -0.01 2.90 0.01 2.44
¥ 814k Heavy thinning 0.94 0.10 0.53"* -0.03 2.89 0.05 2.72
KBEITEY) Exclusion litterfall 0.75 0.07 0.44"" -0.01 1.76 0.04 1.95
N5 RTEY) Addition litterfall 1.58 0.06 0.31"" -0.02 3.37 0.04 1.86

et A e
HEREM o KRS 0.51 011 057" 0.04 0.21 0.16 2.95
Low thinning X exclusion litterfall

5 [ £l 25 PR 1A 7% )
*ElEﬂ{kX-i‘lz“r‘F]/%% - 0.78 0.08 0.40"" -0.02 2.17 0.03 2.12
Moderate thinning X exclusion litterfall

(] x 25 [ A ¥ :

@J}leﬁ? iﬁ?ﬂ%% . 0.54 0.09 0.46" 0.01 1.25 0.01 2.54
Heavy thinning X exclusion litterfall

R ] A S K ]
E}:EIEHI’”ZAXHMH F]/%‘% . 1.32 0.08 0.40"" -0.03 3.42 0.02 2.12
Low thinning X addition litterfall

ERIEIE% ~rYH S
'T'El_”iﬁxj']ﬂf.n R . 2.27 0.05 0.27*" -0.04 4.68 0.06 1.68
Moderate thinning X addition litterfall

ﬂ—‘H (L \‘»1‘(" S
LA o8 74 01 1.70 0.05 0.26"" 0.03 1.93 0.08 1.67

Heavy thinning x addition litterfall

* % ,T‘f 0.01 7KEFJ:§)E|’E%,R\ ;i%ﬂﬂzw;‘ﬂjﬁ,soﬂ respiration rate ; T.+3E 5 em AR, soil temperature at a depth of 5 cm;W:i% 5 em

WAL IRE | soil moisture at a depth of 5 ¢cm
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Table 4 Two-factor regression models of soil respiration with soil temperature and moisture

Ib B R, =a+bT+cW R =ac"W*

Treatment a b ¢ R? a b c R?
Xt H8 Control 0.37 0.21 0.01  0.50**  0.73 0.09 0.12  0.54**
2 A% Low thinning -0.62 0.29 0.02  039*  0.48 0.12 0.10  0.56*"
HF £ ] 4%, Moderate thinning 0.40 0.27 0.01 0.51*  1.18 0.09 -0.01 0.50**
T ¥ [8]£% Heavy thinning 0.40 0.23 0.01  0.59**  0.88 0.10 0.02  0.53*"
EBRIFIEY) Exclusion litterfall 0.65 0.10 -0.01 047* 084 0.07 -0.03 0.44*
I %) Addition litterfall 1.68 0.18 -0.13 029** 202  0.06 -0.08 0.32%
TR ) thx 22 5V 75 Low thinning X exclusion litterfall -0.52 0.15 0.03 0.57*  0.14 0.11 0.39  0.62**
o 2 ] o x 22 R U8 7% 9 Moderate thinning X exclusion litterfall 0.48 0.14 -0.01 037** 1.02  0.08 -0.08 0.41*
T ] fx Z2 BRI 759 Heavy thinning X exclusion litterfall -0.30 0.13 0.02  0.47**  0.34 0.10 0.13  0.48**
TR AL A 764 Low thinning % addition litterfall 1.24 021 -0.01 038" 136 008 -0.01 0.41°*
oS [E] A x A% U8 754 Moderate thinning X addition litterfall 2.09 0.21  -0.01 0.28** 2.86 0.05 -0.07 0.28*
3 A N5 754 Heavy thinning x addition litterfall 032 0.14 0.0l 028** 1.06  0.05 0.15  0.29*

sk E 0.01 K EEFRH

3.4 AR IEIFGHE R

W 5 B, CK T s Ty Ty, THENTUR A K 230 143510 416.14 39678 \471.20 ,421.27 ¢ C/m”, W] Ty
it - ST A K R L E R K 13.23% T (i -SRI S 38 T o (5 - I W f /b (HRIA ) 1 35 22
53 RL DL 4354 262.66 ,496.01 ¢ C/m*, RL fff 4= &0 W3 205 /D 36.88% 5 DL i + 3 P g A 1 7l 2 3 K
19.19%, X HALBR T ;RL T, ,RL Ty, RL . T,;DL T, DL T, DL 3800 4= K Zsi &4 5k 277.19 343.69
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Table 5 Cumulative CO, fluxes under different treatments

s 54 6 7H 8 H 9 H 10 A
Treatment May June July August September October
CK 39.33+14.61a 95.55+12.02a 187.76+16.36a 291.80+16.93a 362.28+21.39a 416.14+20.41a
Ts 27.10+3.66h 81.85+6.14¢ 174.73+10.63a 284.90+23.13a 353.73+47.78a 396.78+50.48a
Tss 42.69+5.24¢ 104.27+14.67a 207.81+13.71a 325.54+20.36d 407.92+24.67d 471.20+26.38d
Ty, 37.41+7.12a 94.91+13.20a 190.33+13.63a 298.39+15.13a 368.54+19.65a 421.27+21.29a
RL 24.83+3.28b 70.35+7.97h 112.43+11.25b 181.97+12.28b 233.14+11.49b 262.66+12.49h
DL 38.18+20.96a 100.60+22.65a 196.24+27.73a 331.13+35.47d 423.07+42.35d 496.01+41.15d
T,sRL 26.82+1.18b 67.32+3.15b 133.32+10.15b 209.45+13.50b 255.14+14.65b 277.19+16.53h
T35 RL 30.95+5.49b 80.11+10.05¢ 163.96+17.73a 254.25+28.35¢ 310.17+31.39¢ 343.69+32.61c¢
TsoRL 30.53+4.80b 76.93+8.48¢ 131.96+15.30b 199.80+16.88h 239.56+19.64b 258.21+19.53h
T,sDL 28.86+3.28b 93.81+8.65a 209.66+18.04a 342.22+23.89d 430.81+26.31d 492.69+27.02d
T4 DL 40.09+2.42a 125.66+7.24d 240.27+10.75¢ 417.75+13.76e 533.65+14.33¢ 655.61+15.18e
Ts,DL 44.13+12.69¢ 120.32+21.01d 208.53+23.84a 331.54+26.73d 417.48+37.02d 480.01+40.96d

[R]— B AR /ING P R AR [l Ab B 22 7] 22 53 5 2 (P<0.05) ,n=9
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Table 6 Results of a repeated measurements ANOVA showing the effects of different treatments on soil respiration

K ¥ Factor F P A F Factor F P
A Mouth 52.71 < 0.001 || JA¥%WAb3E > H 15 Litter treatment X mouth 2.51 0.032
[8]4% Thinning 4.84 0.003 || [Af&x &AL Thinning X Litter treatment 25.93 < 0.001
TIVEYIALBE Litter treatment 35.48 < 0.001 || ] Hx 7% 4L Bix A {3 Thinning, Litter treatment X mouth 3.23 0.016
[&] %> ] {4 Thinning x mouth ~ 1.37 0.192

x
E
2 200-.T " = RL
) 15 m T;RL
%E 150 ¢ s [ = TyRL
22 100 * TsoRL
3 I
X =
£ 5 50t - -
XZ
'Hg 0
E
£ 50t L L
Z 5 6 71 8 9 10 5 6 7 8 9 10 5 6 7 8 9 10
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Fig.3 Fluctuation of soil respiration rate under different treatments
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