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Effect of plant detritus changes on soil respiration and its components for four

typical forests in Northeast of China
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Abstract: Soil respiration, the largest CO, flux released into the atmosphere from terrestrial ecosystems, is driven by
various factors, including substrate properties and environmental conditions. Litter quality and quantity are important factors
affecting soil respiration. Using the plant detritus input and removal ( DIRT) experiment, we assessed soil and litter
respiration in four distinct forest types in Northeast China—namely, Aspen-birch ( AB), hardwood ( HW) , Korean pine

(PK), and Mongolian oak ( QM) forests—to explore the contributions of litter and roots to soil respiration and the
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mechanisms influencing them. The results showed consistent trends in the effects of plant detritus on soil respiration. Litter
removal delayed the peak time of soil respiration and reduced the seasonal variation of soil respiration. The fluctuation range
of soil respiration flux in growing season under the six DIRT treatments was 270—667 gC/m”, 284—598 ¢C/m*, 234—610
¢C/m’ and 274—668 gC/m” in AB, HW, PK, and QM, respectively. And the underground respiration flux in growing
season under the six DIRT treatments were 270—485 gC/m’, 284—505 ¢C/m’, 131—356 gC/m”, and 186—455 gC/m”,
respectively. Doubling litter significantly increased soil and underground respiration fluxes, while litter removal and root
cutting significantly reduced them. Litter respiration was more sensitive to environmental factors and was affected by litter
quantity, root, litter C/N, soil temperature, and soil moisture, while underground respiration was only affected by soil
temperature and root. The fluctuation range of litter respiration per unit mass under the six DIRT treatments was 0.032—
0.046 wmol s™' g™', 0.041—0.055 pmol s™' g™, 0.052—0.059wmol s ¢”" and 0.038—0.047 wmol s™' ¢”' in AB, HW,
PK, and QM, respectively, there was significant difference only in AB. The litter respiration account for 14%—33%,
9%—21% , 19%—62% , and 16%—46% of the soil respiration for the DIRT treatments in AB, HW, PK, and QM,
respectively.The proportion of litter respiration in PK was the highest among them. Root cutting and litter doubling had some
inhibitory effects on litter respiration per unit mass. This study provides theoretical basis and data support for the

construction of forest carbon cycle model for the temperate forest.

Key Words: soil respiration; temperature sensitivity; litter respiration; temperate forest
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Table 1 Summary of site conditions

psin] Y fir W i TR K

Forest types Slope position Slope/ (°) Age of forest/year Tree species composition
LI FAMR PK 3 Mesoslope 12 57 7PK2BP1FM - QM
R AB H13J Mesoslope 10 73 6BP1PUIFM1AMI1UJ+QM
2 ARAR QM 3 Upslope 23 74 10QM+TA+BP

T bR HW 74 Cheuch 7 68 6FM2JM1QM1UJ+AM-PA

AM .BP QM . JM . FM . TA .PK .PA .PU Fil UJ 43 53%/R T A ( Acer pictum subsp. mono) \FAME( Betula platyphylla) 5% i85 ( Quercus mongolica) 1]
WK ( Juglans mandshurica) 7K WM ( Fraxinus mandshurica) 548 ( Tilia amurensis) (£L¥5 ( Pinus koraiensis) . & B¥ ( Phellodendron amurense) . K5 %
(Populus ussuriensis ) FIFAi ( Ulmus davidiana var. japonica) BN RGP BT~ 2R s W T RR T o5 (9 1080, + — 4 SRR 2 R L 151 < 5% Fil< 2%

AM.; Acer pictum subsp. mono, BP; Betula platyphylla, QM : Quercus mongolica, M; Juglans mandshurica, FM; Fraxinus mandshurica, TA ; Tilia
amurensis, PK: Pinus koraiensis, PA: Phellodendron amurense, PU Populus ussuriensis, UJ: Ulmus davidiana var. japonica. The numbers in the tree

species composition showed the percentage of breast height area of the tree species, and+and—showed the composition ratio <5% and <2% , respectively
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Fig.1 Seasonal dynamics of soil respiration under different plant detritus change treatments of the four forest types
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Fig.2 Seasonal dynamics of litter respiration under different plant detritus change treatments of the four forest types
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Fig.3 Seasonal variation coefficients of soil respiration and underground respiration under different plant detritus change treatments of the
four forest types
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SIS R - L-R AL B A T AB H Rs 19 Q,,(P<0.001) ,{HXF R Q,, ol E W (P > 0.05)
(£2, %3),

R2 MFMREREEYRENERNTIEFRS TE Sem REMRENINESH
Table 2 Fitting parameters of soil respiration and soil temperature and moisture at Scm depth under different plant detritus change treatments

of the four forest types

AL

puse]

Forest types Treatments “ b ¢ P-b Pe ke o
AB -L-R -2.720 0.052 0.705 0.001 0.046 0.654 2.052°
-L -2.916 0.083 0.744 <0.001 <0.001 0.823 2.883¢
-R -1.500 0.085 0.360 <0.001 0.102 0.758 2.589%
CK -2.235 0.110 0.609 <0.001 0.001 0.811 3.253¢
+L-R -0.397 0.072 0.207 0.024 0.781 0.480 2.370"
+L -1.306 0.104 0.373 <0.001 0.189 0.619 2.887¢
HW -L-R -0.025 0.034 0.372 -0.007 1.400*
-L 0.283 0.043 0.143 0.047 1.537¢
-R -0.185 0.072 0.008 0.219 2.046"
CK -0.092 0.081 0.002 0.288 2.247¢
+L-R 0.350 0.057 0.016 0.179 1.770*
+L 0.710 0.035 0.169 0.037 1.419*
PK -L-R -1.908 0.069 0.428 <0.001 0.140 0.661 2.238*
-L -2.724 0.074 0.694 <0.001 <0.001 0.875 2.328*
-R -5.504 0.042 1.553 0.003 0.001 0.612 1.868*
CK -2.941 0.056 0.951 <0.001 <0.001 0.703 1.924*
+L-R -6.145 0.031 1.879 0.038 <0.001 0.642 1.864*
+L -3.699 0.065 1.227 <0.001 <0.001 0.675 2.061*
QM -L-R -2.194 0.042 0.663 0.040 <0.001 0.803 2.989*
-L -1.505 0.088 0.335 0.001 0.019 0.719 3.625*
-R -2.758 0.077 0.715 0.002 0.011 0.587 2.950*
CK -2.322 0.075 0.749 0.001 <0.001 0.730 3.316"
+L-R -3.060 0.035 1.053 0.132 <0.001 0.536 2.164*
+L -1.460 0.077 0.555 0.003 0.009 0.562 2.933¢

WEBEIERN R = a x ™ x Ms® R Ts FI Ms 53 550G L E0E 0 sl I 75 0P | 13 Sem JREEFI L3 Sem JRBE, 36 P.b P.c R* Q%)
IR T R b e B9 P AE DJE R BRI LSRRI S R P U B Q0 MEL, Q0 TE)R BY/NE TR T4 (2= 0.05) 5

The fitted model isR = a x "™ x Ms® . R, Ts, and Ms represent soil respiration or litter respiration, soil Sem temperature and moisture , respectively.
In the table, P.b, P.c, R* and Q, represent the P values of coefficients b and ¢ in the model, coefficient of determination and Q, value of soil respiration,

respectively. The lowercase letters after the value indicate significant grouping (a=0.05)
P y 10 g grouping

£3 NHREREREMRELTHEZFYTRS T Sem BEFEENINSSH

Table 3 Fitting parameters of litter respiration and soil 5cm temperature and moisture at 5cm depth under different plant detritus change

treatments of the four forest types

i

ﬁ:ﬁt ypes %ji a b ¢ P.b P.c R? Q1o

AB -R -6.415 0.037 1.567 0.224 0.006 0.387 2.239°
CK -7.199 0.047 1.907 0.039 <0.001 0.662 2.081°
+L-R -3.939 0.014 1.186 0.553 0.138 0.458 1.914°
+L -4.056 0.084 1.028 0.001 0.012 0.457 2.463°

HW -R -5.568 0.135 0.686 0.011 0.316 0.270 4.567°
CK -5.424 0.055 1.052 0.120 0.010 0.280 1.985°
+L-R -6.456 0.096 1.225 0.028 0.130 0.278 3.263°
+L -6.610 0.041 1.504 0.288 0.008 0.273 1.997°
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f(': :;t ypes ff:ﬁ a b c P.b P.c R? Qo

PK -R -11.713 -0.017 3.181 0.499 0.001 0.363 1.274%
CK -8.108 -0.001 2.322 0.977 <0.001 0.559 1.251°
+L-R -6.354 -0.009 1.957 0.615 <0.001 0.389 1.256°
+L -5.847 0.040 1.764 0.057 <0.001 0.458 1.663°

oM -R -4.822 0.146 0.682 0.006 0.242 0.394 5.799*
CK -7.371 0.097 1.714 0.086 0.001 0.530 7.323%
+L-R -5.066 0.100 1.121 0.022 0.025 0.430 4.263°
+L -4.444 0.118 0.953 0.031 0.038 0.391 5.441°
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x$=259 P=0.86 GFI=1.00 RMSEA<0.001
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0.65%**
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Fig.4 Path analysis of soil respiration components and influencing factors under different plant detritus change treatments
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(P<0.05) BAEA R ARAY v % b PR B f2 s Bem il AN 6] (B 5) o fERr A AR + L ¥ W& 4 & 1 Rs
AR, -L-R . -L FI-R 0 R8T Rs A Kl G (HFE AB FHW H —L X Rs A=K 253 5t 1 iy 41
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