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Interannual Variations of Soil Respiration and Its Temperature Sensitivity in an

Orchard in Jinci Region of Taiyuan City

YAN Jun-xia, HAO Zhong, JING Xue-kai, LI Hong-jian "

(Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China)

Abstract: Jinci area of Taiyuan city is a former hometown of rice, and with the cutoff of the Jinci spring the land use in the area
changed fundamentally from original paddy rice to corn or orchard use. So it is very important to investigate soil respiration after land
use change and to analyze the relationship between soil respiration (R, ) and soil temperature ( 7,) and soil water content (SWC) , and
to estimate soil carbon dioxide efflux in the region. For this purpose, we measured R_ for seven years (2006 to 2012) with an interval
of 1 to 3 times per month from March to December in a field originally for rice but now Chinese jujube, and analyzed seasonal, annual
variations of R_ and relationships between R_ and both 7, and SWC. The results showed that the seasonal variations of R_ against day
number of the year could be significantly fitted with a three-parameter Gaussian equation while there was no significant correlation
between T, and SWC. Significant exponential relationship between R_and T, over the season was found, but not with SWC. Interannual
average estimation of soil efflux between March and December from the soil was (5.32 £3.31) wmol-(m?-s) ™', and was equal to
1690.2 g-m ™ from the same period ranging from 1 294 to 2 006 g-m ~>. No significant difference in annual efflux was found between
the years. The sensitivity of R, to T, Q,, value, ranged from 1.54-2.20, 1.68-2.48 and 1.82-2.46, respectively, for the T,
measurement at 5, 10 and 15 cm depths. The R, at 10°C, R,,, ranged from 2.37 to 2.81, 2.43 to 3.13 and 2.59 to 3.47
pmol - (m”+s) ™', respectively, for the T, measurement at 5, 10 and 15 cm depths. Both the Q,, and R,, increased with increasing T,
measurement depth. In comparison with the fitted one-variable of temperature model, the two-variable model combining both the T, and
SWC together could be well used to predict R, over the season. Our research results can bear important implications for the study of CO,
efflux in the region and similar regions.

Key words :landuse ; soil respiration; environmental factors; interannual variation; Jinci area of Taiyuan
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Table 1 ~ Number of the measurements for soil respiration and envionmental factors in each year

Ay 3A 4 H 5H 6 J 7H 8 A 9H 10 H 11 A 12 Gt
2006 2 2 3 3 3 3 3 2 1 2 24
2007 2 2 2 3 2 3 2 1 2 2 21
2008 2 2 2 1 2 2 2 1 1 1 16
2009 2 2 2 1 2 2 2 2 1 1 17
2010 1 1 3 2 3 2 2 1 2 1 18
2011 1 1 2 1 1 2 1 1 1 1 12
2012 2 2 2 2 2 2 2 1 1 1 17
it 2 2 3 3 3 3 3 2 1 2 125
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Table 2 Parameters of the Gaussian equation between soil respiration (R,_) and soil temperature ( 7',) with day of the year

IR I TR R 28

LM Y AR S

o " a b x R (P)? a b x RE(P)Y
2006 24 9.82 66.42  212.80  0.54(0.0003)  26.06 76.88 193.22  0.82( <0.0001)
2007 21 13.65 57.45 219.42  0.78(<0.0001)  26.76 80.10 188.47  0.88( <0.000 1)
2008 16 7.91 96.37 200.98  0.38(0.0466)  28.13 78.05 193.59  0.88( <0.0001)
2009 17 8.00 71.52 231.85  0.83(0.0003)  29.00 88.29 182.36  0.89( <0.0001)
2010 18 9.01 78.15 208.99  0.61(0.0009)  30.33 78.20 186.83  0.95( <0.000 1)
2011 12 5.96 94.58 208.21  0.61(0.0143)  25.58 85.43 180.15  0.81(0.0005)
2012 17 9.57 67.77 210.28  0.52(0.0062)  24.95 76.41 191.53  0.92( <0.0001)
2006 ~2012 125 9.21 74.38 2133 0.51(<0.0001) 27.17 80.40 188.76  0.83( <0.000 1)
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Fig. 1

Seasonal variation of soil respiration, soil temperature at 10 ¢m depth and soil water content

over 0-10 c¢m depth against the day number of the year
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Fig. 2 Test results of the monthly average values of soil respiration

and soil temperature over seven measuring years
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Table 3 Calculated CO, efflux from March to December by monthly-mean R_ in different years/g+ (m?-month) ~!

W72 40y 3H 4 A 5H 6 H 7H 8 H 9H 10 H 1A 12 A &it/gom 2
2006 67.8 122.6  250.7 152.5  415.1 441.2  221.2 114. 8 39.6 26.3 1851.8
2007 70. 6 132.9 195.5 256.3 214.9 505.4  298.3 186.9  122.4 22.8 2006.0
2008 116. 1 146.5 145. 4 348.3 259. 1 167.1 253.3 260. 5 56.9 37.4 1790.6
2009 66.9 72.2 130. 8 233.9 172.2 278.2 2252 242.8 70. 6 37.4 1530.2
2010 105.5 56.7  212.4  227.4  253.5 316.4  268.8 98.2 74.9 63.7 1677.5
2011 40.2 148.2 142.7 207.0 127.1 185.2 165.6 155.5 85.6 36.9 1294.0
2012 79.0 167.8 175.8 105.2  380.9 335.0 165.6 182.8 56.9 32.4 1681.4
2006 ~2012" 78.0 121.0 179. 1 218.6  260.4  318.3 228.3 177. 4 72.4 36.7 1690.2
1) M7 aFEH{E

2.3 HIERRIY SRR R R R
2.3.1 IS L EEOREROCR
S A A B SRS IE R AR &5 10

FI15 cm PR e O B AR 5, A Bk Bl
M Z MR 4R R (R 4) , HHERIE AR
TREE A - S R =2 8] ) 5 28 40 8 25wl 2 3, 3R
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Table 4  Fitted correlation equations of soil respiration and soil temperature at different depth

D R/ em AT R Q1 R/ pmol+ (m?-s) 7!
5 R, =1.275¢0% 0% 0.797 1.97 2.52
2006 10 R, =1.125¢"%2 0.818 2.27 2.55
15 R, =1.075¢% %% 0.805 2.46 2.64
5 R, =1.277¢%0" 0.797 2.20 2.81
2007 10 R, =1.259¢% 0. 808 2.48 3.13
15 R, =1.439¢0-08% 0.755 2.32 3.33
5 R, =1.509¢% %57 0.789 1.77 2.67
2008 10 R, =1.622% 0% 0.744 1.86 3.02
15 R, =1.775¢&% %7« 0.686 1.95 3.47
5 R, =1.452¢0 0% 0.503 1.63 2.37
2009 10 R, =1.528¢%05% 0.606 1.68 2.57
15 R, =1.469¢0 00 0.677 1.82 2.68
5 R, =1.849¢% 043 0.517 1.54 2.84
2010 10 R, =1.708¢% 0% 0.632 1.68 2.87
15 R, =1.696¢0 00 0.714 1.82 3.09
5 R, =1.408¢% 05 0. 664 1.70 2.39
2011 10 R, =1.353¢0-060« 0.734 1.82 2.47
15 R, =1.340¢0 06 0.799 1.93 2.59
5 R, =1.252¢% 07 0.742 2.12 2.65
2012 10 R, =1.325¢%07 0.730 2.20 2.92
15 R, =1.393¢% 081 0.722 2.25 3.13
5 R, =1.438¢% 0% 0.654 1.80 2.59
2006 ~2012 10 R, =1.437¢0-066 0.675 1.93 2.78
15 R, =1.447¢%07 0.700 2.05 2.97

1) BAANIE AR n =105 2006 ~2012 4F n=63; 2) AR 9, 254

BN 1 MR R {HTE 0.01, 0.05 .3 /KCF T I FHE 53k

0.54 #10.36; AN 62, ARECH 10 BRI R (H7E0.01, 0.05 WE/KF TG FES 517 0.36 F10.07; J5 #2702 S0k %50

N

A - SN0 A7 - S B A 5
2.3.2  FIERFILAY Q0 F R, 1H

HRAE UL 9 - P 55 -+ M B G R 48 B0
BOSEATED Q. R AR 4. HEB—4FM1
DN 5000 AR R S TR R B2 1) - 0P Qo [ 53 S E
1.54 ~2.20(5 ecm X)) | 1. 68 ~2.48(10 cm RE)
FI1.82~2.46 (15 cm W) Z [a], 3 E 43 5 K
1.85,2.00 f12.10; 8 7a ME IR A —EITHE M
Qo fE4> 54 1.80, 1.93 Fi12.05. [RIA % EH, b+ 158
U 2 W R BE 3G I Qo (3G . Tukey HSD ¥{E
Krge R A FREZ W Q EEZ R A E (P =
0.26). [AIFERY W] B —4F 00y i D0 i K 1
AR TR EE 1 3P R 53 BIAE 2. 37 ~2. 81
pmol+(m*+s) ™" (5 em W), 2.43 ~ 3.13
pmol* (m*+s) ™' (10 em HE ) 1 2.59 ~ 3.47
pwmol - (m*+s) ~' (15 em BJE) Z [8], SFH{E 43 5 M
2,61, 2.79 F12.99 pmol-(m*+s) ~'; #2006 ~
2012 AR B G — BTG R fH 59K 2.59
2.78 F12.97 wmol-(m*-s) ~'. Pifi - 3 B I 52 ¥R

FERIREIN R (I AN, Tukey HSD MI{EAGH I, A
R Z B R HZEF AR E (P =0.057) ,{H2
5 em W R, FHIMH S 15 em WK R, HISFY
HESBE(P<0.05).

7 A RE AR AR BT Q. Ry MH 5%
REAEAY 10 em PREE M) 8RB I9(E (T,) . H31E
KAy (AEF¥ Swe, 5 3 ~ 12 A& H V1,
SWCy,,, SWC, 50+, SWC,, ) fH A 5 AT 22 o0 1Al
AT, R R, 0,05 T WX RWEE Q) =
4.412 -0.149 T,y ; P =0.016) ; MK IME R B 48
WINAZAT e BRPLE R, Q05 Ty & 7 A+
oK e B FE (Q, = 4711 - 0.141T, -
0.019SWC,, ; P =0.03), 3Kk 4 H(Q,, =5.167
~0. 1597,, = 0.027SWC, .; P =0.048) , A4
HRHRBE. (AR, GXEHE TR D E.
VEHAAR XA Qo 4T B A8 1k 32 2 52 4 963 B 52 iy, i
R, SZ I BE R T 52 ma 4 /)N
2.3.3 TIPSR E R

5 S 18] = e K o 10 HE AR 24 20% ~
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1.01% ) LAF. A KT H ) R5 K 2 10 - 58Kk 43 K
ZWHMT 3 A 10 ~ 12 A, 1LY 1 507 g 34 45
%, BRI 37K 43 Xof - 30 I BEACRAE 7 4 T 5
K A3ask 18 5 RS A R AT A . FH B 0 A
7 AN A A HERF IS 5 K A BE i B  RZ LG
HREGEREN, “HZEM R AR E. E—%
IR AR K ZE 4 ~9 A IR 3k o B
IEASG, RHERFI S 3K A1 56 R bR 2007 4F 3%
(P=0.026), 2008 4F%Eir 2 % (P =0.058) 4h, H
fARAD AN 1025 5 AT - ITERT T2 5 45 R 1t 14 O
RIFR .
2.3.4 IR SR ERUK A OCR

0 5 S 18] A S 5 A R B FNK A B A
ROMEM(KS), THEFWRS5IRE . KT
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|
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Fig. 3 Scatter plot of soil respiration against soil water

content for seven measuring years

PO, TR A PRE R 2011 AR RSN HAB AR 173
WRTHEEMPNRUEGER (L 4). T as
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Table 5 Regression equations on soil respiration against soil temperature and soil water content in different years

Ay AT R? Ay AT R?
2006 R, =1.071¢" 03TV 0.917 2010 R, =1.416¢%02TV 0.785 "
2007 R, =1.151% 04TV 0.876* 2011 R, =1.348¢% 02TV 0. 698
2008 Rs =1. 46660' 002 TW 0.810 * 2012 Rs =1. 07560' 003 TW 0.873 *
2009 R, =1.472¢%002TV 0.673* 2006 ~2012 R, =1.341%03TV 0.730 *

DAETTRR R {8 > df =9, P =0. 01 B XRII R* {H(0. 54) TA BB B E; FE RS (=) Fom R HR TIPR SR E K8 K2R

BAHRE R® (£ 4)

3 g

3.1 IR K AR

AR R FER B HuIX | - $80F i 7 H
BSR4 B W i A A AR A
7 100 PR JEC - B P 08 ) 215 AR A SR IR B R AR
HERm, KETR, ZRm S, 57 KR
AR TG L M XA ) 2R 2 2R B0 B 5T 4 SR A —
FH HEE 3 SO R, SR YE R AR
5 RERZ IR - T 1 PR R S LT, T LA B
YER AT, - SJEF R 7% 251 AR Ak, kg TR - 0T
TR L T — AR Al RERY 5 k. BFgEh
R e ST A8 T30 0 ) - S 0P R e A H B AE 8 ~ 9
H ] (209 ~232 d) ¥ i T 1 8 IR R A f AR
PREFE] (7 ~8 H) 29—~ H (180 ~194 d) ,iX —I %
e S oK B —ERR, FEAAR XK
ZHFA BIEM W R AE 7 ~8 H | RIS R A B
EAEHEIAE 7 ~8 H, BUES IR R A 2 T B 1 4

P87 e AR IR 32 i PR 22—

ST b A - ST WA 2B (5.32 £3.31)
pmol - (m’+s) =1 KT K Z B AT Mo X 1) + HEF %
WFFE s R0 R T AR i X o Bl L XA
VEA 11 ASFE LR - 0PI T 508 [RE MRS
- IENT R H R A AR G Bt R TR
oo g gele 17202, Bond-Lamberty L (2] gk Rk
TR 540 ) B 2R B IR A b DX A A 2446 R (745
+ 421) gm™ [ 1 pmol-(m’-s)™" = 375
g-(m2 a) - 1. AFF 5 b A S5 07 W i 3 v T 7F KR
TR A BRG] 1 IREFEE 1 a 1902 45
SO ARBI S M A T A A SR AT S AR X
TR A g, AR FE X A ST A ) IR
BN R HEREE | EHEA PR S B A L.
UEA T IR Y 1 ~ 2 H AR BEAT U DL K
e SRR E L R H Z —. A5 L 4T
WG R ek [ 2 27 [ EA T, MO RS )00 2 (B LE 24 h 34
H#E 10% ~20% "',
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em VR 60 5 + IR, Khomik 251
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