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Seasonal variation of soil respiration by root exclusion and its controlling factors

in a Cunninghamia lanceolata plantation
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Abstract: Soil respiration (Rs) , the emission of CO, from the soil surface, is one of major carbon fluxes from terrestrial
ecosystems to the atmosphere, and is therefore an important component of the global carbon balance. Total respiration from
soils is mainly comprised of both the heterotrophic respiration of microorganisms ( soil bacteria, fungi, and fauna) and
autotrophic respiration from roots and their associated mycorrhizae. While Rs has received considerable attention in recent
decades, much less is known about the contribution of heterotrophic or autotrophic component to the total Rs. A large part
of gross primary production is consumed in heterotrophic respiration, and published estimates of the contribution of
heterotrophic respiration to total Rs vary greatly and ranged from 10% to 90% . As a result, precise assessment of the
contribution of autotrophic respiration to the total Rs is important to understand the effects of global climate change and
human management practices on carbon sequestration and cycling in terrestrial ecosystems.

This study aimed to reveal seasonal changes of Rs and the contribution of root respiration to total Rs in a Cunninghamia
lanceolata plantation in the Tianjiling Forestry Park (113°01’'— 113°02’ E, 28 °06'— 28°07’ N) of Changsha, Hunan
Province, China. A trenching method, in which the roots existing in a given area are severed at the plot boundary but not
removed , was used to determine the contribution of root respiration to total soil CO, efflux. The Rs rates were measured from
January 2007to December 2008 by using infrared gas exchange analyzer of Li-Cor 6400-09. The results showed that the soil
temperature at 5cm depth between trenched plots ( without living roots) and control plots ( with living roots) was not

significant difference( P =0.987) , but soil moisture at 5cm depth between these two types of plots was significant difference
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(P =0.035). The Rs rates in control plots increased from May to August and then decreased during autumn. A similar
seasonal pattern of Rs process was found in the trenched plots, but the Rs rates in the trenched plots were lower than the
controls, and the difference was significant in 2008 (P =0. 021). The rates of soil CO, efflux within the trenched and
control plots ranged 0.19 —2.01 and 0.26 —2.61, mol-m s ' respectively. The annual Rs in the trenched and control
plots averaged 0.90 and 1.30p, mol-m s ™", respectively. The Rs rates were decreased 9.4% —59.7% with an annual
value of 30.4% in trenched plots when compared with the control plots. There was a significant exponential relationship
(R*=0.882,P =0.000) between Rs within the trenched plots and soil temperature. The Q,, value, representing the
sensitivity of Rs to soil temperature was higher in the trenched plots (2.56) than the control plots (2.01). It was worth
mentioning that great decreases of Rs within the trenched plots was suppressed in September 2008 due to natural distribution

of precipitation and the variation of soil moisture in the study area.

Key Words: Cunninghamia lanceolata plantation; soil CO, efflux; trenching method; root respiration; temperature;

moisture
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A SZH M 2006 4 12 H I iR AR N THRAYE BN &, REAZ AR 2 H 85353538 : IR A
NP F, Mk B AR ( Cinnamomum camphora ) | 111 Bl ( Symplocos caudata ) . #& K ( Sassafeas tsumu) . K&
( Clerodendron cyrtophyllum) % , B FE )4 "B 9k ( Nephrolepis auriculata) JRATM: ( Lophantherum gacile) . F. 75
( Miscanthus floridulus ) F17 [t ( Phytolacca acinosa) %%
2 MIRAE
2.1 RAEHEHKKE

2007 4£ 1 H—2008 4F 12 A , 7ZERFpI& EZ M EH A ARMRAES RGN IEAHBURALE 3T
4 YRR 15 m METEE @R EEAEErE NS5 E 3 M BUEMALIER) PVC 13E3F, Jyxt B
FESRUT X B A A 5, R A& 3 1M 0.6 m x 0.6 m KRR RALH/NX . 3550 R GRAKAE /)N X d 4
1250, EEHAZR 0.6—0.8 m(BEABMRARMEE) , YIKR (A E) JFHEA 0.6 em JEEBHR LABH 1R AR 5] /)
KPR 324 4~ PVC HIIFM A, PVC HHEFRHI N 10.5 om, 4.5 om, FHEALH 2 eom 4.
B 7E 22 JiC L3838 24h Z 5T IR, PR T 1 SR AE B I 5 B ) o AR

F1 MAWEERS N LR
Table 1 Stand characteristics and soil properties in Cunninghamia lanceolata plantation

B TREL , 5 X £C 4N
g Wi opn B BEE /R
Number of per High of tree High of . Total C Total N pH
Year/a ) /cm Crown density 1 1 CtoN
hm /m branch/m /(mgeg™) /(mgg™)
18 1102 16.3 (3.9) 12.5 5.3 0.8 0.78(0.24) 0.09(0.05) 11.83 3.55(0.09)
5 N IEUE I bRiELR

2.2 - HERPIR KGR R R E

SR Li-cor-6400-09 ( 130K 22) 3] Li-6400 {FE#E CO,/H,0 437 % 5 (Li-cor Inc. , Lincoln, NE,
USA ) i - 1nP R %, 78 B4 9:00—11:00 & 15d W& 1 K. 2a FE 47 ¥k (2008 47 1 A T A B K%k
RKEDLWE1IR) . [FEF, F Li-6400-09 )+ 38E BEHREH I E L4585 5 em 9IEEE , F§ ECH,0 Check( Decagon,
USA) %z ET-5 U@ A 138 5 om B (KR EKE, %),
2.3 P bR E

T35 LBk P AR R AR A AL - AN AR I 5 2 R AR E LRI E ; pH AR ALk E ; TIRAE
REFRTIEREN
2.4 FaEGitoartr

PR WG HrERLE SPSS13. 0 44+ i#17 , F§ Repeated measured ANOVA 47 J5 22 70 T f 2 B AL
56 + 0P IR 25 AR AL A [RI ZRAK (] 1 338 0P 0 IR BE RN BE ) B 35 1, A SigmaPlot 9. 0 FA-AERE . HIEFFIR S
TR 2 A6 R SR AN T 1 A % sy = ae’ Ry NIRRT O R e IR N 0CHT Y+
eI b IR RS R R QufEilid TR E 0y = 'R, b IR B RS R B AR PR TR
TR TR (% ) =100 x (Xf B T IEIF IR AR — ERAR R T3P s R ) /% BR A T 43 IR i 3
3 £R55%
3.1 RARXT IR RN

BEAMAESRELBRIRR S RAEN R EER B EMENTHEZAL(E 1a) (P =0.000), HEER
AR 2a B 5 om LR 53 A Z H 2= FMHA B2 (K 1a) (P=0.987) , BT H3IRE &R K(EN 30. 4
CH129.9 C, ¥ HPUAE 2008 4E6 A LA, H/ME R 4.5C 4.5 °C, ¥ BILE 2008 4 12 H (2008 41 A X%
SR F AR A 0.7 °C, i FHUTE VKR , A W2 3P ) . PIAEE3RE 45120 18.0 CHI18.5 C,

FARMREBRR R SX AL LR 2R B ENFETHEZM(E 1b) (P =0.000) , KRR RPIE

http ://www. ecologica. cn



3.2

2502 E A % R 30 &
—— 3 —O— ZBRARAR
350 4
§ 30
=,
m%é 25
B2
=1
il
EZ 15
“~ o
g 10
8
Z s
0 1 1 1 1 1 1 1
100 200 300 400 500 600 700
35
o 30
5
_§- 25
e
B3 20
x:
[0
£ 5 15
-2
g 10
.—'s
I
0 1 1 1 1 1 1 1
100 200 300 400 500 600 700
EE T
% 30}
§ 25
%
B0t
£ E
® g 15¢
HE
B 10f
8
0
100 200 300 400 500 600 700
I5f ) Time/d
E1 BARAIHREZBRRATREDETERER GEEMEESTIIE(EA SEIER 4 PFE N FBE, BAECH 12, bar EHrfER)

Fig. 1 Seasonal dynamics of soil respiration rates, soil temperatures and moistures at 5 cm depth of different treatments without root ( No

root) and with root ( control) in Cunninghamia lanceolata plantation

BRYS em RS RZ EK 2 FE B3 (B 1b) (P =0.035) 4 ERZEREBCARE B2 (P =0.091
P =0.103) . ENTHFERE R KIE 30. 1% 1 25. 4% , 735 i BL7E 2008 4F 4 H LM 3 A THA. &/ME
5.2% 1 1.2% , ¥ HBULE 2007 4 11 A ER)(ELE2 A TR) o WEFEIRE 2  18. 1% 1 15.3% .
KRR IR A L

FEARMR EBRAR 2R 50 HRALEE A PR R ¥ 2 BB 3 i F A2 4K (18] 1e) (P =0.000) , 5 T 3R B

A EA R ZAE R . ARMERRAR R 53T IRALBE A 3 P s R LA b R AR LAY i A% R (1 1e) o
D BRAR R XS A BT, RBR T 2007 45 1—3 H TN EHE . RERAR R 53 A B R4 (2007 —
2008) 225+ & (P =0.007) (K 2) , 734F B 2007 S 2R tE A B2 (P =0.163) ,2008 2R LR E (P =
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3.3 ARPPIRXS SRR A BT RR R

FEARPREBRAR R AL FEXS P IR R =4 T B B A2, 30T 1 3P IR R B BRI (& 1) . 2007
22008 P4 SC I HA [A] R BRAR R 5 %) R b 38 AR 4k Y5 B 4 51 o 0. 19—2. 61» mol -m~?s™' 1 0. 26—2. 61
p mol-m s ™' AEHJ + ENP I F 4354 0. 90 p mol-m s ' 1.30 p mol-m s ™', KRR R HIEIPRHER
5%1&511151#%39 4%—59. 7% , FHIFEAR T 30. 4% , H H:2007 4 L BRAR R £ 38 0F W R F- 35 2 0. 98
p mol-m s~ X FRAEHIME 1. 31 p mol-m ~*s "' [ 25. 2% ,2008 £EAEH4H 0. 82, mol-m s, Xt FRAEYY
8 1.29 w mol-m s £ 36.4% |

F2 BARAIHEZBRBRAMIRLEN T EFR(SR) \TEEE(ST) FEE(SM) £HEREER
Table 2 Annual mean values and variations of soil respiration (SR) , soil temperature (ST) and soil moisture (SM) with no roots and controls

in Cunninghamia lanceolata plantation community

2007 2008 2007—2008
i H Ttems B P St 8 P St 8 PR
Control No root Control No root Control No root
+ IR SR/ AEHE Mean value 1.31(0.11)  0.98(0.11)  1.29(0.11)  0.82(0.11)  1.30(0.09) 0.90(0.08)
/(e mol~m_zs_l) F 2.034 5.696 7.713
P 0.163 0.021 0.007
+ S E ST AEHE Mean value 17.96(1.47) 18.04(1.48) 18.97(1.47) 18.98(1.48) 18.47(1.06) 18.50(1.07)
/C F 0.001 0.000 0.001
P 0.983 0.996 0.987
+ R SM AEHE Mean value 12.68(1.05) 15.73(0.90) 18.01(1.05) 20.62(0.91) 15.29(0.85)  18.13(0.80)
/% F 3.016 2.767 4.593
P 0.091 0.103 0.035
5 B R A 1
3.4 FAR TIPS IERERRR 0F 0 m
LR S om PRRBENAMTRI(E T Ll e .
2)  EBRRAHEH Y LIFREE S S om LR £ E
BEZ IO 7 , MR 2R A AL B 1+ SR 1% 33 R 5 ;;
OB I R B E B (P < 0.001), [ BE
KRG RREATHH % Z
EBIWAR  y=0.120e""" R*=0.882,P =0.000 i

5 10 15 2'0 25 30
TR E/PC

Soil temperature at Scm depth

XTHR ¥ =0.291e"""  R*>=0.858,P =0.000
R,y R TIEFFIRGHE A 0 KR 5 om TIEREE
AE T AR UL LRI g ) HBR ARG LHTRS 5 om HHEREREER
FEBURR I Qo B0 2.56 F1 2. 01, HEBRIRRM  pg, 2
Qo fE > XT R Q1B
3.5 EMRLIEPRS IR KRR
FRRAR TP IEA S S em TR AR T
R (B 3) , AR BRAR ZR FIRT R AL 3 F) - 458 e I 5ok

The relationships between soil temperatures at 5 cm
depth and soil respirations of different treatments with without
root and with root ( control ) in Cunninghamia lanceolata

plantation

RETHREZ EHE RIS, [BARERIIARE (P > 0.05), EIHUSGENZEBXR, AT LG
T E P RRREA

EBEBR y= —-0.003w* +0. 123w -0. 246,R2 =0.052,P =0.309
it HR y=-0. 001w* +0. 046w +0. 796, R? =0.024,P =0.581
A,y TR HIEFRER w FRS5 ecm HIERE
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MR, ZRR R PR R TR o8 00 %o
{15, 3 AT A R B TR B (RS B AE T T 31 T 0P Y e D

WAES SRR REBAIMENE XBRR A RN Soil moisture at Scm depth
BURHEAPIGL AR 38 Lee S50 AE H AL SEAL IR B3 XERRAMREOLEFRS S om TIHBERXXF
IR A S B UE S ’mﬁ%i%ﬁ 23 AZERI AR Fig. 3 The relationships between soil moistures at 5 cm depth
?JEEI u/@\ Wﬁ*ﬁﬂ?%’(% :F‘ﬂl: ° *ﬁ}E iz_‘%i/t\; ’ ﬂ:ﬁ—"ﬁ-% HTJ‘ and soil respirations of different treatments without root and with
HEBRT 2007 48 1—3 H 1%dE root ( control) in Cunninghamia lanceolata plantation

ME Te AT 33 T —HH, RERR R 43
B 2 B AR I bl oS HEAR T Y S AL, R B AR T L3RI . SEIR I A2 AR R BRAR R - IF I
HRFERIREE N 9. 4% —59. 7% , FFHIFEAR T 30.4% o 7 4R BETHR 45 2R 2007 4EFEAR 25. 2% , 2008 4F [
36.4% .

FBRAR AR SRR W A 0 L D DR DD T LA A B TS B A P, BEL AR b b 30 ) D 5 7 ) 1)
HUFERA ) B E AR R0 EARP BRI A . X — SR BB LR YR R RARPR R Y)
PR THRAR SR B TS PERRURAE O BE BRI, R R BR BTS2 75 PRI A B RR R AR 5 | S A BRI Bl Y
T o FEEEARRFR IR S A2 (Picea abies) RIATREIRIFESE O 2 E B ABAE W RIRIFEAC ™ o 1]
FRERIET L BE MRS E BB A/ R AR R R R RIRAR R WA R I R
TR R (R ER T A YUR BB B BUE T AR RE M 2 B e Y
A7 F B X ZR G I PR A% 25 BRAR AR IO B, 38 5 X RS PR MUY, BP 3 A ALBR ORI F 2, PRIIEAE
BRGMREMIN . TP RS IREE A 725 TR0 B RR T B SRR AN IR IR i MO LB, R O — 3
S PRBEAE B LA BT ] o S AR R P IR AR ) CO, Tk AR A ) 8 B AR P R R BT MR Y, T
Y B A K S BB AR I PSS VAR LA S A RIRSE IR AR T AR AL o DR AR IR B2 B 25 AR ) AN R
YR T P XL P S A PR B A T s IR A L

EALBRARLHG 5 om LHRE S RAHZ FMEREA B (P =0.987) 1 XEBRRA K LHRF
MR AR5 R BE 2 1A B G OR AR (R 5 AR R B, 5 BRAR AR ) 4P I o 5 3903 B2 =2 1A 4 2 3 i 5]
K(P < 0.001) , 55%f HEALIRS 39830 BE ] A [EIFSC R — B o RBMRAR ) L3R IP I R 5 48R B2 ] )9
BRI PRE R BT X I, O LB IR BE U R B Qo R T X R QuofH, X5 Neao %% 70 W AR L #E
EEE AR TR AR R — BN o X R IR 3R B AR R, 20t IR B AR BE X 1 %
W R R S A o U T ) S R A2 1 T S R AR AR A K B B R T
Xf AP A S o 24 3 BB, I W T 2R 52 A Al S T PR AR VR B R B ) T 1R £ 4 A
SN S YR BERE R B, e R BRI G (R (RIS AR 4 (A UK. CO, %) AR T BRI 7

IR KU R T+ 08 B AR B X, MABFF G RE 12505 I B T TARR ST R 80K Rl %
BRAR ZAE T A RO S BE AR 3 B B b X R, S IR Z I 2 088 T B3 (P =0.035) . NKBEARE,
2008 4 8.9 A 10 A, MK 2+ FR R T IS, ZERRR T IR 0P R R ok, IR IR
HSEHBEREA KA LR LIRREE RA TR MBSO T A A L P il o KRR R A
HEHA YT B, 4 oK RS, AP BR A T B A AP IR, 7 AR CO, B BRRE S0800 s HR 5K it
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