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Soil heterotrophic respiration and its sensitivity to soil temperature and moisture in Liquid-
ambar formosana and Pinus massoniana forests in hilly areas of southeast Hubei Province,
China. WANG Chuan-hua'?, CHEN Fang-qing', WANG Yuan', LI Jun-qing’ ('China Three
Gorges University, Yichang 443000, Hubei, China;>Ministry of Education Key Laboratory for Silvi-
culture and Conservation, Beijing Forestry University, Beijing 100083, China ). -Chin. J. Appl.
Ecol. ,2011,22(3) : 600-606.

Abstract: Field monitoring was conducted to study the annual dynamics of soil heterotrophic respi-
ration and soil temperature and moisture in Liquidambar formosana and Pinus massoniana forests in
hilly areas of southeast Hubei Province, China. At the same time, laboratory experiment was per-
formed to study the heterotrophic respiration rate along soil profile, and the sensitivity of surface soil
(0-5 cm) heterotrophic respiration to soil temperature and moisture. Then, a model was estab-
lished to valuate the potential effects of warming change on the soil heterotrophic respiration in study
area. In L. formosana and P. massoniana forests, the soil heterotrophic respiration rate in 0—-5 c¢m
layer was 2. 39 and 2. 62 times, and 2. 01 and 2. 94 times of that in 5-10 ¢m and 10-20 em lay-
ers, respectively, illustrating that soil heterotrophic respiration mainly occurred in 0—5 c¢m surface
layer. The temperature sensitivity factor ( Q,,) of soil heterotrophic respiration in 0 =5 cm,
5-10 em, and 10-20 cm layers was 2. 10, 1.86, and 1.78 in L. formosana forest, and 1. 86,
1.77, and 1. 44 in P. massoniana forest, respectively. The relationship between surface soil heter-
otrophic respiration and temperature (7T") well fitted exponential function R=aexp (BT), and that
between surface soil heterotrophic respiration and moisture ( W) well fitted quadratic function
R=a+bW+cW?. Therefore, the relationship of surface soil heterotrophic respiration with soil temper-
ature and moisture could be described by the model InR =a+bW+cW* +dT+eT”, which suggested
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that the response of soil heterotrophic respiration to soil moisture was depended on soil temperature ,
i. e. , the sensitivity decreased with decreasing soil temperature. The calculation of the annual soil
heterotrophic respiration rate in the two forests with the established model showed that the calculated
respiration rate was a slightly higher in L. formosana forest but close to the measured one in P.
massoniana forest, illustrating the applied importance of the model. Our results suggested that the
soil heterotrophic respiration in the L. formosana and P. massoniana forests in hilly areas of south-
east Hubei Province would have an obvious increase under the background of global warming.

Key words: Liquidambar formosana forest; Pinus massoniana forest; soil heterotrophic respiration; Q.
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Table 1 Main physical and chemical properties of soil (0—
20 cm) in Liquidambar formosana and Pinus massoniana
forests (mean + SE)

i TRRE pH W WK
Forest type Soil Soil bulk WHC
depth density (g g™
(em) (g cm™)
A 0-~5 6.04£0.06 0.81x0.03  0.46=0.01
L. formosana 5~10 0.37+0.03
forest 10 ~20 0.35+0.02
) YN 0-~5 6.40£0.03  0.89+0.12  0.30:0.03
P. massoniana 5~10 0.25+0.02
forest 10 ~20 0.26+0. 01

Sy IS A HHGEE AR TS AR R 0 e
FARG B ZE BP0 11, 7 BRI Sk R 2848 B 2600 iR
R S0 SRR ] ( T, , min) FIEE IR CO, #e
JE(Cy,pmol - L"), #R HEFK J5 HUsKs 15 S R
Ri3248,3 h JF I E ML O, ¥ (C,, pmol + L"),
FEIC SRR E] (T,) . SR 5 T3 3% s [ ) gl 1) 1= 38
CO, M HER (R, ,pg CO, - g DM - d7"). 13RI
WP R AN

R =[(C, =C,) x0.25 x 1440 x 44/

[(T, = T,) x30]

K ,0. 25 MEEFRIAF(L).
1.3 Hdlnkba

K SPSS 13.0 X 0 ~20 em 4% 1 2 ] 57 55 M
W G 22 5 P9 4T ANOVA Z» #r; B JH R =
aexp (BT) BERIADL A A 2T W 11 38 B8 b,
AR Qo =exp (108) 5 Q. X THEJZ (0 ~5 cm)
13 R R=a+bW+cW? Fl R = aexp (BT) 43 HIRHE
JE(W) FURBE (T) #4780 5, SRJG H InR = a +bT +
T +dW+eW? FETUXT 4 498 53 5 WP W 5 TR J3E 17 6 3R
TP R NS InR=a+bT+c T +dW+eW* F5
T SR A ) - R R Al AR Th R A AR AR AR
A B A5 S AR R B R AR SRR e SR FH e Il
AT SRR 55 S I A ] A A DG O6 R Al BRI K £
SR K A R A TR B R B

a9 ANOVA | [n] 5 J AH 56 43 B #41 7E - SPSS
13. 0 B kA7, I B PLA M 22 2R Origin 7.5
A

2 HRE5HM

2.1 AR TR A LA & AR 1L

HIFFE AR AR B FE A PR - A BR324 Bl
SRR BERE N RREAR (] — R BE A S AR LA
Bl & W R TIE MR (3R 2).
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Table 2 Content of organic carbon (g C - kg™ ) along soil
depth in Liquidambar formosana and Pinus massoniana for-
ests (mean+SE)

TR AR 2<% VN

Soil depth L. formosana forest P. massoniana forest
(em)

0~5 9.3%1. laA 3.2+0.7aB
5~10 5.2+0.3bA 1.5+0.9bB

10 ~15 4.9+0. 7bA 1.5+0. 8bB

[F)F) B8 e AR/ NG kR 22 5 5. 35 (P<0. 05) Different small let-
ters within the same column indicated significant difference at 0. 05 level.
FEATEWR G R RIRE P8R 22 .3 (P<0.01) Different capital

letters within the same raw indicated significant difference at 0. 01 level.
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Table 3 Heterotrophic respiration (pg CO, - g™ - d™")

B O ~5 em 12 L 3E5F FRIF AR L 0 ~
20 em )2 HIEFEE Y 55. 6% W B EHE T 5 ~
10 cm#A1 10 ~20 ecm 1 )2 (P<0.01);5 ~10 em 5
10 ~20 cm L2 ZERALE. SEMMKO ~5 cm
TR R SR AR 271,11 pg CO, - g7 -
d', 50 ~20 em+ 2 HIEIFIL Y 55. 0% , 1 i 2 Hh
5 TS5 ~10 em Ff110 ~20 ecm +J2;5 ~10 em 5 10 ~
20 em LEMIERARE(F3).
2.3 [RGB A 8 S P R 1 30 B R

25 TR B 11 - 8 S 5 WP AT R B 1) i 1 34 A5
Lloyd F1 Taylor 77 2 (% 4). FAFEK 0 ~5.5 ~10 Fl
10 ~20 em £ 21 Q fHAT 51K 2. 10 1. 86 1 1.78,
LMK O ~5.5 ~10 F1 10 ~20 cm +J21 Q  fH5>
S k1. 86 1. 77 HIL. 44 i B T B AA MR A AR £

along soil depth in Liquidambar formosana and Pinus masso-
niana forests

PRI +J2 Soil depth (cm)
Forest type 0~5 5~10 10 ~20
AR 309.63a  129.15b  118.10b
L. formosana forest

L2Y =Y/ N 271.11a  129.80b  92.27b

P. massoniana forest

AT AN 74 e 7 22 7 Wk 2% (P<0.01) Different letters within the
same row indicated significant difference at 0. 01 level.
BT X T 11 AU R B G AL
2.4 R XS g S R I SEAR Y S )

N R=a+bW+cW? BTG 45 BRI AT
AR B FEAAMR SR 2 1 SR OO0 32 A8 B i O 455
TR RS RY (5 ) 5 A SR IS R 1 R B

F4 AERETIERFTERIEREMNMIEHEENEESE
Table 4 Parameters of temperature dependence functions ( exponential) for heterotrophic respiration along soil depth
(mean+SE, n=3)
b ®iAl 12 R, B R? P Q1o
Forest type Soil depth
(cm)
RN 0-~5 72.98+15. 42a 0. 074+0. 008a 0. 989 <0.01 2.10
L. formosana forest 5~10 39.59+2. 70b 0. 062+0. 003a 0.998 <0.01 1. 86
10 ~20 40.48+12. 35b 0.058+0. 012a 0.951 <0.05 1.78
MK 0-~5 83.546.43a 0. 062+0. 007a 0. 983 <0.01 1.86
P. massoniana forest 5~10 44. 58 £6. 56b 0. 057+0. 006a 0.988 <0.01 1.77
10 ~20 48.93+2. 05b 0.036+0.018a 0.720 >0. 05 1. 44

[RIZELHE J5 AN [R) bk n 22 5+ .2 (P<0. 05) Different letters within the same column indicated significant difference at 0. 05 level. T [f] The same

below.

x5 WENNIELRTERFHERARET[BE R=R,exp(BT)HEE R=R,+aW+bW | #EEI NP ESH
Table 5 Parameters of single factor functions [ soil temperature R=R,exp(BT) and soil moisture R=R,+aW+bW*] for het-
erotrophic respiration of surface soil (0-5 cm) in Liguidambar formosana and Pinus massoniana forests (mean+SE, n=3)

R SR R, a b B p R Qo
Forest type Factor
RN BT 4 48.34+5.98 -0.08+0. 23 0. 006+0. 002 <0.01  0.990
L. formosana (°c) 10 34.4133. 12 3.1221.26  -0.014%0.010 <0.05 0.953
forest 20 34.47+28. 69 7.93£1.09  —0.0310. 009 <0.01  0.995
30 -56.86+236.51 17.2229.01  -0.074=0. 074 <0.05  0.923
TE M 20 51.48+16. 65 0.053+0.012  <0.05 0.930 1.7la
(% WHC) 40 59. 18+11. 67 0.076+0.007  <0.01 0.991 2. 14a
60 85.24+31.36 0.066+0.014  <0.05 0.954 1.94a
80 94.73+20. 25 0.077+0.008  <0.01 0.990 2.15a
100 105.09£26.73 0.072+0.009  <0.01 0.982  2.06a
LMK T 4 —6.08+18.33 2.14+0.70  -0.013+0. 006 <0.05 0.924
P. massoniana (C) 10 -23.45%51.84 2.40+1.98  —0.007+0.016 <0.05  0.899
forest 20 -138.00+40. 81 12.07£1.56  -0.061+0. 013 <0.01  0.993
30 —147.27+97.30 13.75+3.71  -0.067=0. 030 <0.05 0.972
B M 20 56. 00+31. 66 0.021+0.025  >0.05 0.310 1.24a
(% WHC) 40 58.14x17. 60 0.059+0.011  <0.05 0.954 1.80b
60  111.58x41.47 0.048+0.014  <0.05 0.890 1.62b
80  120.32+64.95 0.049+0.021  >0.05 0.805 1.63b
100 122.36+47.32 0.05420.015  <0.05 0.910 1.71b
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IR Bl 2746.4 g CO, - m™*, HoSE N E
(2471.8 g CO, - m™2) & 11. 1% ; S EIMRBYAE R T}
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gCO, - m?)f£2.1%.
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Table 6 Parameter of the polynomial factors ( soil mois-
ture and soil temperature) functions for heterotrophic res-
piration (In-transformed) of the top soil layer (0-5 cm) in
Liquidambar formosana and Pinus massoniana forests

AR S8 flitHE brifi iR P

Forest Parameter  Estimated SE

type value

A a 2.502 0. 164 <0. 0001

L. formosana b 0.028 0. 006 <0. 0001

forest ¢ -0. 00013 <0. 000 <0. 0001
d 0. 150 0.016 <0. 0001
e -0. 002 <0. 000 <0. 0001

L)% NN a 1.362 0.358 <0. 0001

P. massoniana b 0. 065 0.011 <0. 0001

forest ¢ -0.0003901  <0.000 <0. 0001
d 0.148 0.031 <0. 0001
e -0. 003 <0. 000 <0. 005

x®7 WERNDEMRTIEFRGTEMSUERNR
Table 7 Comparison of estimated values and measured
values for soil heterotrophic respiration in Liquidambar for-
mosana and Pinus massoniana forests

H# PR L R AR

Date L. formosana forest P. massoniana forest
(m-d) fliiHE A fliiHE SEE

Estimated Measured Estimated Measured
(gCO, - (gCO, - (gCO, - (gCO, -
m2-h') m?-h") m2-h") m?-h")

03-15 0.237 0.133 0.410 0.438
04-15 0.421 0.477 0.398 0.415
05-01 0.335 0. 344 0. 406 0.397
05-15 0. 380 0. 360 0. 364 0.417
06-01 0. 461 0.524 0. 351 0. 480
06-15 0.568 0.591 0.442 0.491
0701 0. 547 0.518 0. 450 0.413
07-15 0. 651 0.518 0. 680 0. 633
08-01 0. 608 0. 408 0. 809 0.513
08-15 0.557 0.280 0.410 0.520
09-15 0.461 0. 409 0.312 0. 409
10-15 0.312 0.297 0.317 0.297
11-15 0.113 0. 152 0.111 0. 090
12-15 0. 143 0. 136 0. 128 0.113
R R=0.814, P<0.01 R=0.824, P<0.01
Correlation
34 i

3.1 0~5cm LEERFEIFI X IR CO,
1) BTk

ARG RE 0 ~5 cm T HEFIEIEE +
HER CO, i@ ) F Z TR . SRR m (I b X
WA PRI AR A 1 438 S5 73 I W I 288 32 4 v e
SRR | 56 [ BRI FE 45 T — 302 RO 5
PAMKO ~5 em L2 HIEFFRIFU 5354 5 ~ 10 em
10 ~20 cm 9 2.39 2. 62 f5F12. 01 2. 94 {5, 145
7 W8 34 %8 i = 98 U P GG i, i A [ £ 2
(A HLITE 7 1 I A AR AR I DA R AR g
AR I R R P A L B (3R 1) ARG
B (P=0.12) , TR AR 1 1 55 55 07 0% 5 A L5
HE R IEAHSC (P =0.006) . A Al fig %0
RIZH LA T L2350 (liable ) B9 HLAR ; H:
WAREIRTFIR)Z CO, In] 4%z %) b2 M R
il R A R AR = G )2 A0 SR ) bk
ZHIRR 6 HERE COo, Wi sk A R e
FREZT (MR Z) TRk 2, B8k Co, #
R A ZBR ™. HItA N ,0 ~5 em 12
X Ey AR R 2R 2 48 CO, 38 = pT ki K
5 emPh T 2 BT 5 77 I I AT RN i 226 B i A R
S 14 CO, i pTHEA PR 4 0 ~5 em )2
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HEAT S IR WAL — 2 (A Bl
3.2 TR AR A 1 5 R I ) A A5

RS R 5 S AT BRI A D0 R
I Qo [EAT A M AR 1. Zheng F1 Yu'? ' #fH
T AR R A A 1 AR AT ST B Q) TR
MR FET R BB IRHY B R 1 Qo 1E
43914 2.69 2.66.2.22 1.94 F12.31. AkEh
FEAAHR Qo 1 Hb HLAth 1 X 1) 5 R A ARSI, AT fig
S FH TR 7 AN [) 0 ST M 2% 2 1) 22 S T 35, I
R Qo £F 5 75 i 8 AR Q) KT 9 S B i AR L
@[27].

IR T S R - P R Y
HREOER NS RGNS A IELE R LW fEk:
SETREN, S0P i Xt 188 B A i O 45 A UK PR O
R (P<0.05) ,45 Rey 45" i iy Hr g AR AR (0 17 5 45 1
551 Jia AN Zhou ™ W 5T K& B, 2 T 5 X B A=
ARG A P T P I )5 0 A R O R A
7EH,20% HHERET Q0 F KT AR i 4
HER = T 40% LUS Q2 A w3, R vl fig
S YIAE 209 10 5 551 T 82K 43 BRI, i 8
FIRAE T BB A A PR AR5 e iR
(20 °C 30 °C) &AM T, 4585 F7 0P W X B AR (L o
BRURR 7R R DL B AR A S | T SR
AR B K R K 435 A ST I3 0T WA TR f X pk
TE T MELASAF ] S0 + 308 YR, R AE 4
JEWFFE Y, DK FE 43 R B X S IE I 14 52 0], 2
FE ABE IR TR 1 v B
3.3 SPARFC I R A MR AR 1) £ 498 57 35 0
WAk

I FHEE ST 2 (0 ~ 5 em ) - 438 1 W B A 76 D
S A A HEINE R K A SRR R A T AR DR
PABRE e TR (R,) S5 R R AFR R, 1Y
Ak 5P L S0P 2, 7T 2 S A A ) A B R 23
(ELACEET . DN AR 18 P 2 Aok B O v 174 i P
T2 IR 25 (R A REA RO RO 4 4 S i el 2
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