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Table 1 Stand characteristics and soil properties in the MAP and MP

Forest typel)
Parameters

MAP MP
Stand characteristics / /
Stand age/ a 11 20
Mean tree height /m 19.1 22.6
Mean tree diameter at breast height/cm 324 48.5
Stand density/ (stem-hm™) 820 680
Stand volume/ (m*-hm?) 340.141 388.926
Soil properties (top 0 ~ 20 cm) / /
Bulk density/ (g-cm™) 1.10 1.20
w(Organic matter)/(g-kg™) 34.6 323
w(Max water holding rate)/% 42.09 39.95
w(Field water capacity)/% 27.97 24.50
w(Total NY/ (g'kg™) 1.23 1.19
w(Total P/ (g'kg™) 0.31 0.29
w(Hydrolyzable N)/ (mg-kg™) 117.2 112.3
w(Available P) /(mg-kg™) 5.92 4.69
w(Available K)/ (mg-kg™) 76.7 61.8

MAP H1#%#k middle-aged Populus tremuloides plantation; MP i3k

M mature Populus tremuloides plantation
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Fig.1 Dynamics of soil respiration and its components in MP and MAP in field
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Fig.2 Dynamics of soil temperature and soil moisture in MP and MAP in field
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Table 2 Model parameters of soil respiration and its components

R=ae"” R=aW+b R=ae”"W*

Year Forest type =~ Compartment P , 2 P b I P , . 2
2010 MAP R 1.823 0.031 0.81 0.209 -0.796 0.677 0.32 0.021 0.664 0.851
Ra 0.852 0.037 0.675 0.116 -0.653 0.571 1.04 0.041 -0.082 0.792
Ry 0.924 0.025 0.366 0.093 -0.142 0.324 0.019 0.001 1.492 0.585
MP R 1.178 0.042 0.802 0.221 -1.748 0.637 0.136 0.032 0.804 0.883
Ra 0.478 0.053 0.728 0.118 -0.994 0.354 0.149 0.058 0.385 0.782
Ry 0.702 0.028 0.462 0.104 -0.756 0.49 0.021 0.008 1.328 0.502
2011 MAP R 1.537 0.013 0.056 0.217 -0.683 0.742 0.051 0.016 1.365 0.833
Ra 1.006 0.004 0.502 0.079 -0.009 0.483 0.056 0.028 0.994 0.71
Ry 0.641 0.025 0.185 0.137 -0.675 0.707 0.01 0.008 1.758 0.765
MP R 1.087 0.026 0.206 0.131 -0.041 0.438 0.058 0.035 1.14 0.824
Ra 0.393 0.039 0.226 0.039 -0.258 0.142 0.049 0.052 0.817 0.689
Ry 0.665 0.014 0.066 0.091 -0.031 0.597 0.014 0.025 1.48 0.782




MR R BRI B A R A N TR ST 8 1) B ) 5 867

euramericana cv.) N THKHY 4.23 pmol-m™-s™" W 52!
AKAE A MP 19 0.54 umol-m™-s™, 41 T JZE 1) X ¥
Mk A TAR0.7 pmol-m™2-s™H!MOHITL 57 K 2447 bt
AN TAHARZI(0.1~0.27 pmol m2-sH)!'H

R B A 2T AR AR RRIE B S (E12), BRAZREK
MRS ERE R, R A BN 3
A, SRR EER ZERAKR, 20104F 115
Je 45 41y W A7 = R RE B2 I B R (3R 2) . 5 3%
R ZETT AR T], B 2 AR A
Ak, EA R0 EhR S (B12), BEKSE T
O, AR R REK, R A SRR,
AR R EIRRIFAZE SRR . AT, 2011
A A 3 R X) 1 K A A A I ) M R R
X ] RE -5 12 X R AR XA

525 1 1900 B 25 A e SR - R IR AR R 22
(0 =B F R 22—, EpronZel e i [ pa 6 — 7%
MABZRG6 a5 R, T HENTIR BA B A 2=
AR, AR T S LR R R, i
TN R B K B S L3 A 1) 25 57 0 5 | e - S9N i A4
PrAasfbi) EE RN, SavageMiDavidson!"* 1 & 38 1
TN W AT AR Ak Y 32 2 i PR I 2 A T R A 22
S LY - Gaumont-Guay 25 A T+ S AR 4
WP AN AR S RGP AE bR AR A rh R E AR . &R
WA ZS R G 4 S AE B AR 1k 1) Dt R R 2 4004
THELHREMNZER, 582508 1T
W FAVE GG 5 o (HUZIRA T il - 3B AR B
A ZE A TR B ST, LGN[R RE K AR
(1) - SFE IR 7
3.2 TERELSTIEREX TR A E R0

KBTI, I SR 2 M HA
FRHCK R, MR H BRI TR EEA —H
s T FEFE BT FE) . Arrhenius 5 F2 X A& IE 1Y
Arrhenius /72 . R PREUT R LABIE B R R BT FE |
LEVE RS AIXT IR BEXS IR AR T, £
HOR o 45T A IR () s i B R B A — 2k Ik Ay
A W A= G A A: B AR, i ESE SRy
Wo WHE A, REFARMCA HE S K ESmH 1+
AT, TR R B3O B R AR,
RIE, W EEAR RN /INGY - e P o e 38 25 375
roenl

ARG K PR A IR B AR B N o 2 P I A
A dd s ] SRR AR Ak . (HEFAR ST I E 1
HENPIY S B b R M) R R A A
PR FRF IR R A T 4 SR P2 FER A 4%
PR ME LA S A I X A B — PR R RN . AL
R 22 1) 25 R AU R B 22 [H R I & 7
St - IEOFIRAE T, Raich 2 — oM )y L4

AR SRR . FKIIER ;s ChenZE P R E
A 48 B0 Wi o SR RAR 7K 14 RS 28 52 M) o 5174 28 HL
VEFHHEAR + HERFI A ] ; Bond-lamberty 252 M [ 7k
5 L R o A MR P I 4 5 0 55 7 A UL A - g
W, I e R K B PR e e — B R LS
KR . AW R AR MR R= ac® W° AT
PIA - HEREIR S R . REREASCR, miH
B AT A 55 1 A 48 B B A 4 R ) PR DR R AR
A PR R R AR AR X - 3 I I ) 5 i 4 R
81%.

RIS B, A SR A - S A S Ik
WEI LT AR -3 R I 91 % 1 28 4k s WOk 228 3
TE R SR LT - 9 I 8 0 - S 78 I ) T i R
1% F#% (Castanopsis Kawakamii) F 35 VE 215 254k,
f81%~90% ; % T B4 & B 4 9 B A+ R i
[ figp R A ER % AN [R) A 403 A A5l 7 e J2 I I R TG AR
- SFEIF IR 3 R Z 5 AR 11 82%~8 5% F185%~92% 5 ™
PR U 4 XU B (S0 3 K 3 YR TR A4
AR HAENEI AL, 2 BRBE AR - S AR Ak Y
58%~79%; AHIFGY A B A 3L AN + 808 R 3L [R]
fEBEMAPHRIMPAS [RI4F Ay +3E0F IR | H FRIFI AN S
ST 183.3%~85.1% . 71%~79.2% . 58.6%~76.5%
#182.4%~88.3%. 68.9%~78.2%. 50.2%~78.2%, 4
T FRBFSESS 5 2 ] . CecconZE V% i efph
ST R BT R el SRR A A AR A T 1%, {3+
RN RE AN - RN B A G, T AR AR B B T LA A
B L WA A — 43

JRUAE A SRR R R A SR B A R - SRR R AR
fEAI80%LA I, {H T - 3ERF I AR b 2 Fh R P
VR FHAOSE SR, AU 5T - R R N 390 3 A 5 i
WHLEANE, B SERALR IR, SIET .
IR B ZS M SRy el AR | FERY 2T (1) 78 A 45 R 2% - 1
WA RE =2 & 78k, DRI, SR 2 R R
5% 25 T PR 28 Xk ZR AR - SBT3 ) 552 e X6 0 5 4
ERBRAGIRE A VR A 7
4 5ig

S B A N TR AR Az v A T - S %
E M ZETRME, HREREATE, THRE
I MAPHIMP 4371 44.43F13.55 pumol'm™-s™, 4
7 HENF IR ORI, 1A 2L TS MAPFIMPI 43
190.72F10.54 pmol-m™>-s™", [ FEMEML i34k 5
T IEFNCA AL S, R IR R AR
b, IR T A2 Bk B2, JEARER L T
W AR AL 58 42—

SR 5 A 0 R A2 A T B O 2R AT AR
BRI R=ae” AT, HHERE 5 13 R4
W% 1Y 6 2 ] AR B R=a Wb k4T84, {HEA



868

AR 21 B S (201245 )

DRI R 498 W 45 21 43 I ) e I Y AR 3 8 1%, £+
SRR N A R R 5 A 4% LAY R R 25 A
ZA] AR MR R=ac” W° B M, LA iR
T i TR R N T [R] 48y £
HEWPWG | H 57 R 0 S5 AR 0T I 11 83.3%~85.1% |
71%~79.2% . 58.6%~76.5%H182.4%~88.3% . 68.9%~
78.2%. 50.2%~78.2%, XA ZHIIH BAL T &
TR Bl R Y R AR A, R R
N TR 4 8 K 45 21 53 I I 3R 2 A7 + S8R B
01 - S Y P ] R

SE

[1] BAHN M, JANSSENS I A, REICHSTEIN M, et al. Soil respiration
across scales: towards an integration of patterns and processes[J]. New
Phytologist, 2010, 186(2): 292-296.

[2] BOND-LAMBERTY B, THOMSON A. A global database of soil
respiration data[J]. Biogeosciences, 2010, 7(6): 1915-1926.

3] HERE, W, BERTE, & BRI IR R HX 42 B2 A Ay i
[7]. A= Z524R, 2004, 24(3): 583-591.

YANG Yusheng, DONG Bin, XIE Jinsheng, et al. Soil respiration of
forest ecosystems and its respondence to global change [J]. Acta
Ecologica Sinica, 2004, 24(3): 583-591.

[4] GAUMONT-GUAY D, BLACK T A, MCCAUGHEY H, et al. Soil
CO, efflux in contrasting boreal deciduous and coniferous stands and
its contribution to the ecosystem carbon balance [J]. Global Change
Biology, 2009, 15(5): 1302-1319.

[5] ZHOU X H, WAN S Q, LUO Y Q. Source components and
inter-annual variability of soil CO, efflux under experimental warming
and clipping in a grassland ecosystem [J]. Global Change Biology,
2007, 13(4):761-775.

[6] LIU W X, ZHANG Z, WAN S Q. Predominant role of water in
regulating soil and microbial respiration and their responses to climate
change in a semiarid grassland [J]. Global Change Biology, 2009,
15(1): 184-195.

[77 BAHN M, RODEGHIERO M, ANDERSON-DUNN M, et al. Soil
respiration in European grasslands in relation to climate and assimilate
supply [J]. Ecosystems, 2008, 11(8): 1352-1367.

(8] vk, WhIE, XUAR, & FHMPEEA R LA AR E L

HECOLHEMuE 1 H AR SO R[], AEASIREEAIE, 2012, 21(1):
33-37.
TANG Jie, HAN Yuan, LIU Sen, et al. Diurnal variation of soil CO,
fluxes and factors in different land use types during growing season in
western Jilin province[J]. Ecology and Environmental Sciences, 2012,
21(1): 33-37.

(91 BERE, Motk BT, S5 IR R 5 A TTbk 2 SRy
W REE K BN [T]. H3E2=HR, 2006, 43(1): 53-61.

YANG Yusheng, CHEN Guangshui, XIE Jinsheng, et al. soil

heterotrophic respiration in native castanopsis Kawakamii forest and

monoculture castanopsis kawakamii Plantations in subtropical china[J].

Acta Pedologica Sinica, 2006, 43(1): 53-61.

[10] TRUMBORE S. Carbon respired by terrestrial ecosystems- recent
progress and challenges[J]. Global Change Biology, 2006, 12(2):
141-153.

[11] MR85, ZBAEMR, 5Kk SOME, 45, 8RR AKX AN AR £ e
RS, A0, 2009, 29(12): 6366-6376.

YAN Junxia, QIN Zuodong, ZHANG Yihui, et al. Effect of soil

temperature and moisture on soil CO, efflux in a Pinus tabulaeformis
forest [J]. Acta Ecologica Sinica, 2009, 29(12): 6366-6376.

WMEE, AR, SRR, . SRR XL R R AR
T IENFIR AN [T]. A AR, 2009, 18(5): 2308-2315.

TAN Jiongrui, ZHA Tonggang, ZHANG Zhiqiang, et al. Effects of soil

temperature and moisture on soil respiration in a poplar plantation in

[12

Daxing district, Beijing[J]. Ecology and Environmental Sciences, 2009,
18(5): 2308-2315.

ARG, oLk, H#H, . M R RO bR L S g o
MBS [J]. A AS2%3], 2004, 24(5): 953-958.

YANG Yusheng, CHEN Guangshui, DONG Bin, et al. Responses of

soil respiration to soil rewetting in a natural forest and two

(13

monoculture plantations in subtropical China [J]. Acta Ecologica
Sinica, 2004, 24(5): 953- 958.

[14] HOUGHTON R A. Balancing the global carbon budget[J]. Annual
Review of Earth and Planetary Sciences, 2007, 35(1): 313-347.

[15] Zo%, WEE, P, . RIS EARALZbRAY LT

W 20 43 B %k R B 0 SRR [T]. R AR S AR, 2011, 35(7):
722-730.
LUO Lu, SHEN Guozhen, XIE Zonggiang, et al. Components of soil
respiration and its temperature sensitivity in four types of forests along
an elevational gradient in Shennongjia, China[J]. Chinese Journal of
Plant Ecology, 2011, 35(7): 722-730.

[16] R, WEE, TME, 5. RS XRE AR AR 3R Zh 25
SFTI]. EEEARE R, 2009, 36(2): 10-12.

TANG Jie, TANG Yuxi, WANG Sheng, et al. Dynamic analysis on soil
respiration of Populus plantation on beach land in Dongting Lake [J].
Hunan Forestry Science & Technology, 2009, 36(2): 10-12.

[17] EPRON D, NGAO J, GRANIER A. Interannual variation of soil
respiration in a beach forest ecosystem over a six year study [J].
Annals of Forest Science, 2004, 61(6): 499-505.

[18] SAVAGE K E, DAVIDSON E A. Interannual variation of soil
respiration in two New England forests [J]. Global Biogeochemical
Cycles, 2001, 15(22): 337-350.

[19] GAUMONT- GUAY D, ANDREW B T, GRIFFIS T J, et al.
Influence of temperature and drought on seasonal and interannual
variation of soil bole and ecosystem respiration in a boreal aspen stand
[J]. Agricultural and Forest Meteorology, 2006, 140(1/4): 203-219.

[20] BRAadk, WAIEAE, SKEE, 4. RhiAR 25 R G0 - EnT I i 25 108 55 (1 5

Wi PR R WP SEE SRR (). BRBERLSE, 2011, 32(8): 2184-2191.
CHEN Shutao, HU Zhenghua, ZHANG Yong, et al. Review of the
factors influencing the temporal and spatial variability of soil
respiration in terrestrial ecosystem [J]. Environmental Science, 2011,
32(8): 2184-2191.

[21] REICHSTEIN M, BEER C. Soil respiration across scales: The
importance of a model- data integration framework for data
interpretation[J]. Journal of Plant Nutrition and Soil Science, 2008,
171(3): 344-354.

[22] DAVIDSON E A, BELK E, BOONE R D. Soil water content and
temperature as independent of confounded factors controlling soil
respiration in a temperature mixed hardwood forest[J]. Global Change
Biology, 1998, 4(2): 217-227.

[23] ALMAGRO M, LOPEZ J, QUEREJETA ] 1, et al. Temperature
dependence of soil CO, efflux is strongly modulated by seasonal
patterns of moisture availability in a Mediterranean ecosystem[J]. Soil
Biology and Biochemistry, 2009, 41(3): 594-605.

[24] RAICH J W, SCHLESINGER W H. The global carbon dioxide flux in
soil respiration and its relationship to vegetation and climate[J]. Tellus,
1992, 44B(2): 81-89.



MR R BRI B A R A N TR ST 8 1) B ) 5 869

[25] CHEN S T, HUANG Y, ZOU J W. Modeling interannual variability of

global soil respiration from climate and soil properties[J]. Agricultural

297-300.
(28] BEK, Bk, T/, 5. % IRFE RIS N TR 2 Mk 2

[26]

(27]

and Forest Meteorology, 2010, 150(4): 590-605.

BOND-LAMBERTY B, THOMSON A. Temperature-associated
increases in the global soil respiration record[J]. Nature, 2010(b),
464(7288): 579-582.

RIS, AN, Tk, S T S K ] LD R
FESENALT]. 10T TREHAR IO, 2006, 25(2): 297-300.

LIN Lisha, HAN Shijie, WANG Miao, et al. Influence of temperature
and soil water content on soil respiration in a broad-leaved korean pine
forest [J], Journal of Liaoning Technical University, 2006, 25(2):

WA B R [I]. AA2ER, 2005, 25(8): 1941-1946.

CHEN Guangshui, YANG Yusheng, WANG Xiaguo, et al. Root
respiration in a natural forest and two plantations in subtropical China:
seasonal dynamics and controlling factors[J]. Acta Ecologica Sinica,
2005, 25(8): 1941-1946.

[29] CECCON C, PANZACCHI P, SCANDELLARI F, et al. Spatial and

temporal effects of soil temperature and moisture and the relation to
fine root density on root and soil respiration in a mature apple orchard,
Plant Soil,2011, 342(1/2):195-206.

Synergistic effects of soil temperature and moisture on soil respiration in
Populus tremula plantations in southeast Shandong province

DONG Bin?

1. College of resource and environment, Linyi University, Linyi 276000, China;

2. College of Geographical Science, Nanjing Normal University, Nanjing 210046, China

Abstract: Soil respiration, heterotrophic respiration and autotrophic respiration were investigated in middle-aged Populus tremula
plantation (MAP) and mature Populus tremula plantation (MP) with portable infrared CO, gas analyzer (GXH-3051) combined
homemade closed chamber in Linyi, Shandong Province for two years to analyze the dynamics of soil respiration and its correlations
to soil temperature and moisture, and finally to determine the synergistic effects of soil temperature and moisture on soil respiration.
The results showed that: (1)The soil respiration in MAP and MP showed distinct seasonal dynamics with unimodal curve in the field.
Soil respiration was highest in July (4.43 and 3.55 pmol-m™s™', respectively) and lowest in January (0.72 and 0.54 pmol-m™-s™,
respectively). (2)The correlations between soil temperature and soil respiration, autotrophic respiration, soil heterotrophic respiration
were all exponential with R= ae®”, and the correlations between soil moisture and soil respiration and its components were all linear
with Y=kx+e. However, the effect of single factor on soil respiration and its components was under 81%. (3)The synergistic
correlations between soil temperature, soil moisture and soil respiration were fit by the model R=ae’”W* ( R stands for soil CO, efflux,
T for soil temperature and W for soil water content at 0~10 cm soil depth, and a, b, ¢ for the constants) . Soil temperature and
moisture together could explain soil respiration, heterotrophic respiration and autotrophic respiration 83.3%~85.1%, 71%~79.2%,
58.6%~76.5% and 82.4%~88.3%, 68.9%~78.2%, 50.2%~78.2% of MAP and MP, respectively. The results showed that the double
factor model was better than single factor model. Therefore, soil respiration was affected synthetically by soil temperature and
moisture of MAP and MP in field.

Key words: soil temperature; soil moisture; Populus tremula plantation; soil respiration; synergistic effect



