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Effects of tree growth and soil properties on soil respiration rate in Chinese

fir plantations
WANG Dan' ,WANG Bing' ,DAI Wei> " LI Ping’

1 Research Institute of Forest Ecology Environment and Protection, Chinese Academy of Forestry, Key Laboratory of Forest Ecological Environment of State
Forestry Administration, Beijing 100091, China

2 School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

3 Betjing Soil and Fertilizer Working Station, Beijing 100029, China

Abstract: As an important component of carbon cycle in forest ecosystem, soil respiration characteristics and its affecting
factors in Chinese fir plantations have gradually become the focus. Tree growth and soil properties definitely affect soil
respiration rate in the entire developmental stages of Chinese fir plantations from juvenile, medium, near mature, mature,
to over mature. In this paper, the Chinese fir plantations at different developmental stages in Dagang Mountain of Jiangxi
Province were selected to investigate the effects of tree growth on soil respiration rate, and the relationship between soil
respiration rate and soil properties was further studied with path analysis. The results showed that soil respiration rate ranged
from 0.51 pmol-m s ™' to 1. 14 wmol-m ?s™", and it decreased first and then increased from juvenile to near-mature,
slightly increased from near-mature to mature, and significantly decreased in the over-mature forest soil. With increasing
stand age, annual litterfall amount and soil cellulase activity increased gradually, invertase activity decreased first and then
increased , and amylase activity had no significant change. Soil physico-chemical properties were found better in the juvenile
forest, worst in the medium forest, and they recovered gradually from near-mature to over-mature with different recovery
speed. The direct path coefficients of soil properties to soil respiration rate were in the descending order of annual litterfall
amount, soil organic carbon content, soil cellulase activity, field capacity, non-capillary porosity, bulk density, total

nitrogen content, invertase activity, capillary porosity, capillary water-holding capacity, amylase activity, and total
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porosity. The direct path coefficients of annual litterfall amount, soil organic carbon content and soil cellulase activity to soil
respiration rate were 1. 069, 0.736, 0.518, respectively, indicating the most intense direct effects. Their high indirect
path coefficients further indicated the profound influence of their interaction on soil respiration rate. With intense direct and
indirect effects, annual litterfall amount, soil organic carbon content and soil cellulase activity were the dominant factors for

the variation of soil respiration rate.
Key Words: Chinese fir plantation; developmental stages; soil respiration; soil properties; path analysis
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R1 EMEAREIR
Table 1 General situation of different forest stands

Moy i K e Wera Wepg MR35 i I b MR AR B 5 B
Forest Stand Altitude Soil Slope Slope stand density Closure Vegetation
stands age/a /m types direction /(%) /(¥k/hm?) Coverage/ %
LA Juvenile 7 260 a3 xR 30 2955 0.6 66
gk Medium 16 290 R =R 25 3275 0.7 21
IR Near mature 23 298 a3 Ak 22 1385 0.5 70
AR Mature 29 280 a3 Ak 30 1155 0.5 85
AR Over mature 49 300 R =R 26 1050 0.5 90
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Fig. 1  The variation of soil respiration rate in different B2 AELZEMEREREMENTH
developmental stages Fig.2 The variation of annual litterfall in different developmental
T AR P RN R FUR B B BLAS TR PR A 22 5 135 (P <0. 05) stages
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g/kg , S LI W A4 A vy | PP MR R AT S AR — i AR S BT o B AR (181 2) , E5 ey
PEFUA AR IEAN R A2, P 0 35 A A bR B Bl Bl 5 R, s VR A2 S 2yl MO | A e 2R B
BOk BB R AT Br B oK AH

R2 TRREMRTEHDEERMNTL

Table 2 The variation of soil physical properties in different developmental stages

TR E FH [R]457 7K o BRIk EEFLBRE B LB LB
b .
Bulk density Field capacity Capillary capacity Capillary porosity Non-capillary Total porosity
Forest stands 5 i
/(g/cm’) /(g/kg) /(g/kg) /% porosity/ % /%
KIEHFK Juvenile 0.95+0.08bc  581.15+30.9a 601.87 +36.8a  57.83 +2.34a 4.17 £0.57c 62.01 +3.09ab
rh Ak Medium 1.24 +0.21a 338.06 £22.5¢  346.46 £25.9¢  42.05 +1.09b 3.32 £0.34c¢ 45.37 +4.31c¢
LK Near mature 1.15+0.13ab  365.80 £24.3bc 372.51 £31.2¢  43.24+2.0lab  6.33 20.62c 49.57 +4.19bc
SR Mature 1.01 £0.05bc  461.66 £31.2b  464.99 +26.4b  45.46 +1.36ab  11.45 £1.22b 56.92 +2.87b
3K Over mature 0.86 +0.06d 566.89 £28.9a  572.40 £32.5a  48.98 +1.69ab 19.76 +1.78a 68.75 +3.55a
35.00 a 3.00 a
30.00 | b 1 550
= 5 be K B b b
e 25.00 | KA % 8
35 : s B S5 200f
3 § 2000 |- i XY % &
2 ke =e [ [ N
£3% o o o 525 41§ 150 | d
B o 1500 | P d ! e ool & E
=2 %! 2ot I %Y I ¥o? s
& & %! e o'l e 1554 ®E 100 -
S 1000 - P REY R B 8 he
= BCx] BC3] b K K] HE
H3 L 2 [ [ [ 3
A o%e! I o I oY BN o%o? IR ¥4 0.50 |
5.00 - pex] B b ] Hx ] K] :
Xl R ORI ORY R
o LB k5] S Te% K5 3
hEAbk IR GEEVK BREUR Rk hiAk  REMK EBGK BRI Bk
Juvenile Medium Near mature Mature Over mature Juvenile  Medium Near mature Mature Over mature

B3 AREXENMRIEANBRMEEZNENL

Fig.3 The variation of soil organic carbon and total nitrogen content in different developmental stages

2.2.4  HERGIEYE

H 2 3 WA BEE AR AR & B BB i A8 4k, #5550 - et 1% 1 R B A R A AR FL AR 1327 A Rl s
PE BRI 1020 T HE T, 5508 9 ) et 00 728 Al R — 50 TR it 3% P DU B S 1 5 A ) AR Ak A BLASR I
R MR B K, 0. 28 mg/g, i BB B dme/IN, ALK 0. 16 me/ g T8 A Bl I 1k 5 41 4k 3 i 16 R A [R] , B IR
R B AR B (BAEAZ RIS LB B Berh IR S B0 B 2 28 AL e
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Table 3 The variation of soil enzyme activity in different developmental stages

ARAY T Y F REVHRE TER

Forest stands Cellulase activity/ ( mg/g) Invertase activity/ ( mg/g) Amylase activity/ (mg/g)
L AR Juvenile 0.10 +0.05¢ 0.22 +0.04a 2.37 £1.98b
AR Medium 0.12 +0. 04hc 0.26 +0.05a 4.70 +2.33a
LM Near mature 0.21 +0. 18h 0.28 +0.08a 3.17 =1.24ab
K Mature 0.32+0.10a 0.21 +0. 06ab 4.60 +1.57a
1A Over mature 0.34+0.12a 0.16 +0.08b 4.32+2.17a

2.3 bR A P STORIAR U 7 ) ek ] A9 R LG R
WARTIHTAE SRR T (K 4), AN [R] A S 1 T %) e M I g AR Y 4 AR AR RO O AR P Y )
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( -1.069) > EHEHHLIK &1 (0. 736) > £ 4E RGP (0. 518) > MBI FF/K & ( -0.339) > FEBEFLHE
(-0.332) > HHEZTE(0.295) > ®FE(0.250) > FEMEREGPE (0. 178) > BAEFLEE (0. 155) > BERIKE
(0.154) > VEMBEHEE( —0.142) > SALEREE( -0.027) . X RUITE B HER I IO IGH AR 1 25 TR R v, 34
T AR RSO, LR A ML 7 5 RI2F 4 R TG

T4 0w, AL TR Py i 0] T R R AR IAEAS B B 0 B E A, Rl 2%
PR 38 o AP RS s A Tl s, (AN [R) A b S 1 %o - S s 3R 1 [ s i R AR ), ey 4R 0
Y A LR AR G PR = R A RIS AR R AR DR T4 A Bl R R, R =
(i) P L [ 1 FH AL TR 0 52 e 4 - 8P IR 3%

ZEA TS SR R TG - SR R ) S M B AN ] A T E ) SRR R v AR R VR R X
- ST AR S A K, LR A ML AR A R B

F4 TR IR IRE R AR R

Table 4 Path coefficients of soil respiration rate to soil properties

X,—Y X,—Y X;—Y X,—Y X;—Y X¢—Y X;—Y Xg—Y Xo—Y XY XY X,—Y

X, -1.069 0.078 -0.056 0.007 0.021 -0.242 -0.010 0.506 0.187 0.429 0.025 -0.097
X, -0.284 0.295 -0.079 0.010 0.086 -0.023 -0.010 0.066 -0.004 0.145 0.149 -0.010
X; -0.205 0.068 -0.339 0.137 0.135 -0.196 -0.025 0.534 0.155 0.294 0.042 -0.070
X, —-0.048 0.02 -0.302 0.154 0.115 -0.157 -0.022 0.435 0.133 0.21 0.016 —-0.049
X; -0.144 0.164 -0.295 0.114 0.155 -0.135 -0.025 0.398 0.100 0.254 0.100 -0.089
Xe -0.802 0.021 -0.206 0.075 0. 065 -0.322 -0.019 0.603 0.222 0.416 -0.004 —-0.081
X; -0.406 0.114 -0.317 0.127 0.142 -0.224 -0.027 0.562 0.172 0.354 0.060 -0.092
Xg -0.735 0.027 —-0.246 0.091 0.084 -0.264 -0.021 0.736 0.232 0.438 0.020 —-0.066
Xy -0.801 -0.004 -0.211 0.082 0.062 -0.286 -0.019 0.683 0.250 0.451 -0.004 -0.056
Xy -0.885 0.083 -0.192 0.063 0.076 -0.259 -0.018 0.623 0.218 0.518 0.048 -0.090
Xy -0.152 0.247 —-0.080 0.014 0.087 -0.007 -0.009 0.082 0.005 0.14 0.178 —-0.080
X, -0.727 0.208 -0.166 0.053 0.096 -0.184 -0.017 0.343 0.099 0.329 0.100 -0.142

Y SRR X VR s X, R X IR KA X BRI XS B LU X AR BEALBUE X, - BFLBUE X, IR
AR i 5 Xy 2R X AR WA X, )« BEERGE 5 X, VEM R M 5 32 P RO B HSE AR R0, A i Hal 42 R AL
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