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Abstract; The forest age as a factor affecting soil respiration is one of the hot issues in the carbon cycle, and forest age
also plays an important role in simulating succession and monitoring the long-term carbon dynamic. We investigated
soil respiration dynamics and characteristics in warm-temperate oak chronosequence in China, and measured soil respi-
ration with a Li-Cor infrared gas analysis. We studied the effects of forest age on soil respiration flux and different com-
ponents of Quercus aliena. The results showed that the seasonal patterns of soil respiration among the age classes of
Q. aliena var. acuteserrata forest (40 a, 80 a, >160 a) and different components showed the obvious seasonal dynam-
ics, and occurred as a unimodal curve. Soil respiration rate had a significantly exponential correlation to 5 em soil tem-
perature. This also could be explained by the effects of temperature on the activity of soil organisms. The exponential

equations of soil temperature and soil respiration accounted for more than 80% of the variations in soil respiration
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rate. There was no significant variation in soil respiration and its components among different forest ages, and the sen-

sitivity of soil respiration to temperature in different age chronosequence and soil components of (). aliena var. acuteser-

rata forest also had no significant difference, which might be explained by the fact that there was no significant differ-

ence among the age classes of (. aliena var. acuteserrata forest in soil properties, forest productivity and micro-envi-

ronmental conditions. The cumulative soil respiration in treatment with doubled litter was significantly (P<0.05)

higher than that of other components, which indicated that more litter could provide more abundant nutrient for the ac-

tivity of soil microorganisms. There were also correlations of cumulative soil respiration with soil organic carbon

(SOC), fine root biomass (FR) and microbial respiration (MR) , which indicated that the soil properties and under-

ground metabolism could well enough to explain the pattern of soil respiration among the age classes of Q. aliena

var. acuteserrata forest in this region.

Key words: forest age, rhizospheric respiration, heterotrophic respiration, soil temperature, soil properties
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Fig. 1

Seasonal dynamics in soil temperature

A. Soil respiration rate; B. Different treatments of stand age classes in Q. aliena forest.

Vertical bars indicate one standard errors of means (n = 3). i. Control; ii. Root pruned; iii. Litter removed;

iv. Littler doubled. (a) Young age forest; (b)Middle age forest; (¢)Old age forest. The same below.
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A - ST TT DAAR Gy b i AR 00 1A RO ) MRl
B | [ SR TR RN S R R 2R T I B B A

R A8 A ST ) ek B P SRR A S (2) TR
BV BRARAS [R) ARy B2 A4 BRI Q1B & B4 AR | h
MRFEMENTR T Qo (8 73 5k 3.42.3.20 1 3.31,
A S R SRR A AR B 22 AN B (P>
0.05) . bk HAARFIEEM T FRIFULY Q,, fH 5 51N
3.91.2.98 1 3.65, A F2MEIL 1 Q1535 H 3.03
2.67 F13.35, &b FHAEMIE ] 2 R AR E (P>
0.05) , HA AL FRE] 22 WA B2 (P>0.05) , Uil
ANTRIARIE X+ SEREI Q8 TCH AR,

BEVTHRAN R A8 17 51) = HERF I % 5 K 4y
SRS T, K BLER T BV R MO 85 i 2k
PEFIEAN (R’< 0.1, P<0.05, & 3) , 4his bR it
M TCEE G A PE (RP< 0.1, P>0.05, [

3) o VLHIA-3500 B 7 i B B O AR AN R 4R I8 7 91 1
SR 2 I Bl S A Dy T A R R 2. Uk, AR
AT T IR 280 RN &

22 AEAMBREENS FERITTHIEFRES

A 2R A T 3 AR O BR AN [ (1] 2 5
ANERE (P>0.05, £ 1), HIRMFIARFRIFIAE =
MR E 2Z R EAEE (P>0.05, £ 1), UM
Xof - SEWF WL 20 43 (R RE MR/ o TR 7 00 W W R AR
[EFFAE 225 (P<0.05, % 1), 4K 4E 2itip
W3 e i 3 T A R AR | AR S 64.8%
LY RER 2.8 f5 . BEUSARAS AR 5 21 53 % 1 18 5
WP 1Y BT R 38 D S SR ROl 3 R P54 R otk 1T
5.6%~15.5%,

My SRR - SR W T A A% A 3 ] R B AN (]
M2ESAEOL ( 4) Bt AR L ARF AR 38 S A
P B (P<0.05) P HAMA s, meikitcE
AR, AR AL PR S A B T W (P<
0.05) I TIPS 12 RN U Y W Ak 3 1) SR AR P
Wik, RBRIAE DAL SRA A 0P 5 H A 4b
2R ANEE (P>0.05),

23 HEMHERFEI T EFREAS SHERTF
FIESER

BT IEREI RS 0~5 em HHEA YLK Bk
Pinpz (MR) FZIRAY& (FR) ¥AHIE (P<0.05,
Kl 5:a, b, ¢), FFEMTR R SHAEYIEE (MR) Al
YIFRAEYraE (FR) S FHIEMSE (P<0.05, Kl 5:e,
),M5 0~5 em LHEFHLARAAHIE (P>0.05, & 5.
d), AFEIPCESARAEY E (FR) 2 E8EIEHX
(P<0.05, Kl 5:i) , 54T (MR) 2554M: 0
K (P<0.05, 1 5:h) 15 0~5 em HHEAPLEEA
K (P>0.05, 18 5:g), A7) RTINS
0~5 em TIERRA L GUEYER (MR) Ffs 44
Y (MBC) iX 3 ANAFAHE, HAor 3l S5 A Y
W (MR) A9 ahx (MBC) & EA G
(P<0.05, K 5:k, 1),50~5 em HIERRA L E N
I (P<0.05, K 5:)) .

3 it

AR 5T, A LR Z CO, B
XTI AE S R G RE B OCHE 2, P S
HEEEB RGN G- (Zhou et al, 2013),
T IEENRE —A  EARAE Y R AL A



1210 i 7/

36 %

®1 HEHKRERFITETFREASFRITTRES

Table 1  Aannually cumulative soil surface CO, flux from diffenent components of stand age class in Q. aliena forest (means + SE)

ISV F FR I

FHRIFL

Mo Total soil Autotrophic Heterotrophic L{Jﬁ%%ﬂ?ﬂ& 5 ??”T%ﬁﬁﬁk * dﬁ%% ﬁﬁﬁki
R(gC-m?) Ri(g C - m?) Ry(gC - m?) o " -

40 a 613.75 + 34.74a  109.57 + 20.37a  504.18 + 28.45a 96.72 + 13.78a 82.15 15.46

80 a 528.74 + 22.41a 76.17 + 19.86a 45257 + 23.62a  58.70 = 11.54b 85.59 10.75

160 a 587.32 + 34.74a  107.03 = 30.55a  480.29 = 38.43a  34.79 = 10.21b 81.78 5.59

E: F—FAR R FHERRAE P=0.05 KV E2FAEE,

16
14 ® LEEHK Young age forest R”=0.014, p=0.06
1 m R4tk Middle age forest R?=0.027, P =0.02
49 A 4 ZHhHK 01d age forest R2=0.001, P =0. 64
172}

-2

(umol CO2 = m

TIENEIR Soil respiration

30 40 50 60 70 80
5 cm £IEEZ/KE 5 cm soil water content (%)

Bl 3 BLIERARES tHERP I EeR 5 oK S R e R
Fig. 3 Relationship between soil respiration rate and soil

water content of stand age classes in Q. aliena forest

HR BRI 5 00 A e SR P 3 1 2 A 1) S SR
% (Kuzyakov & Bol, 2006) , I3 1R 2 K & 1) 5%
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PR B ) B R T B A PP 5 em 1+
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AT BT R TT LUERE 80% LA I fh) - HEnF e AR 5
BT HRARIE (] 19 47 SRR A SR G0 i 25 N 2
F T W IR e 55 I W2 7 PR (] 25 A 35 100 IR
WA X - AFE T Ko LA A B2 /0 %o L - S5
2H 417 22 S5 R B0 UG ARGl bR B I 04 9 A ey
Wi 0 2 v T A 4y, X PT B S UMY IR A A
T BAFA WL A G

B ARARAEIS 751 SN [R) 20 4 7 A Sl =y
BNAHR S TR EE 0 R B A B 5 W RO
X, 3X 5 Tang et al (2006) Fl Yang et al (2007 ) B 45

Note : Same letters mean no significant difference at P=0.05.
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Fig. 4 Annual mean cumulative soil CO, efflux for different

treatments of stand age classes in Q. aliena forest

SRR, DR T AN+ R T R A
YA T 49 A W ) T S0 T CIRHE, S0 T B
A RGN R BECR FE , B R R Ok
B KM SRR FE T, ShAE A PG o, e T
IR (XIARER TR =, 1997), BT
AR 2 L R o A AT I 338 2 3 ) 3 2 R A



10 1 FIE5E . BUAHRARAE IS F 51 1 S8 RF 02 20 - REIE A9 1211
800
& a y =1534,72-15.80x b ¥ =-906. 99+1 548. 02 x c ¥=369.78+0.89x
I 3 700 4 R?=0.455 P=0.046 1 R?=0.547 p=0.023 R?=0.686 P=0.006
=5 —
B = 600 -
H >
g -
B = 500
M E _
P 5 °
400 T T T T T T T O— T T T T T T T
54 56 58 60 62 64 66 68 0.55 0.60 0.65 0.70 0.75 0.80 100 150 200 250 300 350 400
800
& d y =11. 88+8. 27x e ¥ =-554.90+1 640. 51x f ¥ =399, 98+0. 43x
@ § 700 H R%=0.130 P=0.341 n R?=0.619 P=0.012 1 R?=0.341 P=0.099
B2 600 - . 4
ﬂ 53 o & [ ] ®
2 500 L4 -
;“é s 400 *
= ] ]
iy § L
300 T T T 1 T T T T T T T T T
54 56 58 60 62 64 66 68 0.55 0.60 0.65 0.70 0.75 0.80 O 100 200 300 400 500
300
& g ¥=799. 69-11.52 x h v =1713.10-1 754, 45x 3 ¥ =-82.89+0. 79x
Hﬁ 5 250 R?=0.250 P=0.170 R’=0.455 p=0.046 7] R?=0.560 P=0.020
B & 200 -
B o=
= o -
+,| o 150 i
[ -
B £ 100 s
ﬁ _§ 50 -
o
0 T T T T T T T T T
54 56 58 60 62 64 66 68 0.58 0.60 0.62 0.64 0.66 0.68 0.70 100 200 300 400
0~5 cmE1ES0C (g - kg™ P AIIEDR MR (mg €02 - kg™ = soil = h™) MIREYIE FR(g - m D)
200
o J y=1136.16-79. 36 x k y=-517. 87+897.18 x | y=-298. 41+0.52 x
B 5 150 @ F'=0.452 p=0.047 | R?=0.449 P=0.048 R?=0.545 P=0.023
=) 4
& 2 100
ﬁ"é * 50
N>
F5 04
B ©
B g -50 -
o
_100 T T T T T T T T T T T T T T
12.5 13.0 13.5 14.0 14.5 15.0 0.58 0.60 0.62 0.64 0.66 0.68 0.70 600 650 700 750 800 850
0~5 cm C/Nsoil TEHIREIR MR (mg CO2 - kg - soil - h™) 442 0~5 cm MBC(mg - kg ')
Bl 5 IR A BRI i 5 4 SOC A W R 2 ANARAE Wi DL A A E R ARG R R

Fig. 5 Relationship between different cumulative components of soil respiration and SOC, MR, FR and MBC
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