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AR K6 B K ACAFAE R Ak L3 IR xE AR 6 < T o R AFAE M 1200 ~
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Response of soil carbon emission of biological crust to hydrothermal factors in
mining subsidence area in aeolian

DANG Xiaohong'? ,LIU Yang’ ,MENG Zhongju'*,GAO Yong"*, WEI Yajuan',ZHAI Bo',LIU Yuxin'
(1. College of Desert Contol Science and Engineering ,Inner Mongolia Agricultural University ,Hohhot 010018, China; 2. Inner Mongolia Hangjin Dsert Eco-
logical Position Rsearch Station, Ordos 017400, China; 3. Institute of Water Conservancy Science Inner Mongolia Municipality , Hohhot 010020, China;
4. Center and Local Co-building *“Aeolian Physics” Key Laboratory of Special Dominant Discipline in University ,Hohhot 010018, China)
Abstract ; Soil carbon emission of the lands covered by biocrusts is an important component in the carbon cycle. To
clarify the carbon emission pattern of typical biocrusts in the coal mining subsidence area of Mawwusu sand and its re-
sponse to changes in soil hydrothermal factors,the soil carbon emission rate,soil temperature and humidity were meas-

ured by the Automated Soil CO, Exchange Station ( ACE) ,and the relationship between them was explored. The re-
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DANG Xiaohong, LIU Yang, MENG Zhongju, et al. Response of soil carbon emission of biological crust to hydro-
thermal factors in mining subsidence area in Mu Us Desert[ J . Journal of China Coal Society,2021,46(5) ;1498—
1507.

i e
Bl i3



SEMETR A WU SRAMECIE DX 3 A= W45 e - ERRHE O 7K P PR 528 A g i 2 1499

sults show that : (D) on the whole ,the diurnal variation characteristic curves of soil carbon emission rates of three typical
biologically-crusted soils generally show the characteristics of asymmetrical bell single peak’ curve,with the peak val-
ue between 12:00~-13;00. The daily average soil carbon emission rate order is algae overlying crust (0.47 pmol/

s)) > lichen crust (0.44 wmol/(m” - s)).@ The soil respi-

ration rate of three typical biologically-crusted soils shows a quadratic function relationship with the surface soil tem-

(m® +s)) > moss overlying crust (0.45 wmol/(m” -

perature ,and their determination coefficients are 0.59,0.46 and 0. 64, respectively,all of which reach extremely sig-
nificant positive correlation levels ( P<0.01). @) The relationship between soil carbon emission rate and surface soil
water content is quadratic function,and the best fitting relationship between the soil water content of moss overlying
soil is quadratic function,and its coefficient R* reaches a very significant level of 0.45 (P<0.01).® Soil moisture
content and soil temperature could better explain the soil carbon emission rate ,and both of which could explain the soil
respiration rate more than 57. 8% in the fitting equation. The findings can provide data support for the estimation of
carbon sink (source) and carbon balance in the ecological restoration process of mining subsidence area.

Key words : biocrust ; carbon emission rate ;soil temperature and soil moisture ;forest type ;mining subsidence area; Mu

Us sand land

T TR T R HLA 25 0] L R g | R
FEPLEIL T RRX ETRX AR LX), #E5
I, 8k 2] 2005 4R, 30 E R B U0 X IR C b
700 km?, HLABFAEZ) 200 km? )3 FFHE K FlioR
ok, T R R IR X i ALK A 5] 6.0x10* km™
FRREE R R FERAIFTHRT LY, S8R
A AT, T2 R T R SR TR X, I
Mo Ko RN IR BE 1 R A T R RO A )
. x| RN A 2 REPERRAIT, X uk
AR T JRA AR R (R K 2 B B , I T e 28
T ORIV X A28 R GRRAE R

AW G B R AT LT M AR | R RN A
ERACAE Y o I 1 Z W W) i 5 26 2 4 HE UK A B
YERE B A A amim & 5 &S, e afT
TR AETFRXT B S RGN E R
B, W IE R, A 4 e RE R v IR A M R
M YR b XURE ), B o K SO
B, Mok - e A E RE 1Y . CASTILLO-MON-
ROY 25 HF 5% 2 PR, b A< 45 Je 7 56 IX S A HE 0 2
5 HERR Y T BRI ; T AR R A
Fe MIE#ELE 7 3 o, B B AW G &
PR kA A F 1 3% co, i & iy FRR R JE 5 4
Y2k B (4 M A W i LR O, SR R AN
WFFE 2 B, JR A ol 5 VD SR A 45 B AR B OK
TR HE R R W S TR, S
R, B4 GE A0 A W 45 R ik HE . AT, AR
B A= e HE R B S = 8K oy IR R 2 DDA G
SR T 5 AR A R g ik DK oy B3R 4, S B
W2 B AR IR (V1) J7 A7 AE 3R 2 N ff e 1k

VAR SR | T AWy 45 e X 4 HEBR A B0 1Y AF 5% 48

2, A XD SRR B XA 9 25 Be - S A T 4
FUEEAHGE , R, O T 2 R R BT X AR )
G5 B S0 5 A S HE T 8] B9 5 2R, X SRAIEDTRE XA
I 244 K 2 Y 4 e a HE ik A7 SE o I e . 2R S IE AR
BULRE DAL T 21 0 55 B 5 3 1 R R
AP RS R WM, & 2N XA
SLEEIN M, X AR BB B R M B3 Moy
P AR R T ARG LR W 45 B, M R AR £, B A
—EMRERE, T, EH DB RDIRED
B3 DX A AT 5 DI, LA DX 3 280 A 2548 2 S ol i
P ARATD AR 9 A 0 205 B g WF T X 5, X 45 Ko
RN LA B b e HE L H B2 | K g%
PR REAT 2 3 D A5 3 25 e DN, e e A S (] 0 5 R B
U5 K IR AE RS R bR 23 S TR AR 25 B
SRERRHET RS AR A SE M, DA R DL X A BB X
SRR AL/ PRI SR B A

1 HRRBEHARTE

1.1 HREER

W XA T B SRR, NS AR XS
IRZ W 4 B IS LIS IE T X (110. 0°F ~
110. 4°E,39.2°N ~39. 5°N) , S A2 A K iR T+
B P T RRRERRAE, BA A ZREK™E, Z X
W BRI RRRE, BRIRZER, ETERERE
Bk, JC R W AR SR A AE IR K 350 mm A2
o HOSREA BN PR YD M EE 1 BB A A
T ok % e A Yt R
HMER)Z L SRS IE R ZNE ., b
I8 X B AR o A A KT AU W 45 B, T K g 2%
1 AR R E BB BRI, A4 Je Bt 45 5%



1500 # 2

FERESE RO BWAMEGO%, PRKAEY
S5 FEFI BT PR BEAS KA TR IR
TR BOK =TT AAIRART 0 CHpFE ARBRIRZ . 0
XA 2 Fh S 7N 4 ( Populus simonii ) . Y9 Ml ( Salix
psammophila) . % 2 53 1 % % ( Hedysarum mongoli-
cum) FF5E L ( Caragana korshinskii) i ( Arte-
misia ordosica ) \ HL 5% ( Corispermum hyssopifolium ) | b4,
REE S (Stipa krylovii) -3 ( Leymus chinensis) \ H B
7 ( Thymus mongolicus Ronn) %5141
L2 ®HRAE
L2.1 FEHERERIA i

AR T 2019 4F 4 7 hh) (FF) 47, 48/
WAzt PO MIAR AR 52 BRI A A, R
Hby PE AR AR XS P30 ST AR — By X, 7R
FEHBA SIBEE 3 4 20 mx20 m BIRETT, 3 ANREHL ] AH
PR 20 m B 5 SOUE LR REEDT NiICE 5 4>
2.0 mx2.0 m B/METTVEN I il AR BRI

F % 2021 455 46 %
NS 2R A (IR 1) (BSR4 fe s i 4, Bk
BRI 1,

ACEL B SR

K1 BRSO B

Fig. 1 Study site selection
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Table 1 Basic situation of biological crust in different forests

FEHA B M ZS A AR g 4R % 45 7 JR B/ mm

110.2°E,39. 4°N TN A7 b, 2004 [y 71.28+1.48a 20.37+5. 41a

110. 4°E,39. 5°N AN 2004 HERGE 22.23+1.12b 10. 95+4. 41b

110. 0°E,39. 2°N FoSii A2 R 6.68+1. 24c 6.63+2. 52¢

NG FRE R B3 p<0.05,

1.2.2 b3 & R =a+bT+cW (1)
TE £ B B JC B RO R AT 2 . R ACE R.=a+bT +cW+dTW (2)
e B H B IR S (. [ ADC; B R, =al"W (3)
ACE ) X AN [ A Wy 235 Bz 570 4 SN g el 3 904 5[] 250 AIC =2In L + 2P (4)

E BRI 30 ming JFEAIERT 12 h, FHAL
BY BRI PN M A W 3T T R A A, R ERURE
(8.0 cm, HAR 34.5 em WHIED) EHIEAL)Z
5.0 cm, IFIRUEA WSS K i) oo et RS B A Sa A
HuIVE S ANEURE R B 5 IRER , BT iR B EAY
TR IS, K e oE [ S WA F A K S A
TRELAE A 5.0 em Ay 582 0[R20 2 5
BEEREKE, AT HIERFIE 245 R AR, UL i
[ 7:00~18:00 , IR Ny 1 /b, ZELLWM 7 d,
Gy BC SR A Y 4 B - ERHEGHDR M 5.0 em IR
FEAD 43P R b R B A R K

4 Co, HEBGE RS LR H S KE
FOT AR MR FRBORIR) XTI | 2235 X bR
BRI AT A, )5 18 13 7Rt R 58 ( Akaike informa-
tion criterion , AIC ) Wi AP E R EL R? T vk 1 e A 40
GHR, R R KRR E A E LG RIS .

K, R, Ry HIERRHEHE R 50,6, c R d HIUESEL
TR 3RS, W o RS K Lo NE I R A i
FOEALSR R EL; P oAy 81 A 5 R A b 5 240014 ALC
(B NUEBH UL 7 R A
1.2.3 Hdmabr

FH Excel 2007 X W i) 4 3 HE AR 2F 774 B
PGSR, SR SPSS 22. 0 #k i k4T 48 30 #r,
KR E T 225001 (one—way ANOVA) X 3 25+ 1k
HE CO, HERAT 25 5 W E VEAr T, [N R ] Eviews
10 B 7 15 b X A SR HE B R -5 38 T
KT, FIH Origin Pro 2018 7E&,
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Fig.2  Diurnal dynamic changes of soil carbon emission rate and environmental factors of surface biological crusts
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FH 1T 3 AT, S HE I 2R At S T v s AT A
AR, 3 FGE Y A IR HE A A (R A ) A 22
2930 min, FEILE R 12,00 ik 2] 4 HE AR HE ik 0
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WEfE 0. 77 wmol/ (m® « s) . JE LT HIHIIE LI 3 2545
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FE e AN [\, 3 245 B i R IR HE i A 5 0 ~
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Fig. 3 Regression fitting of soil carbon emission rate and soil temperature three typical biologically-crusted soils in coal
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Table 2 Regression equation of soil carbon emission rate and soil temperature

mining subsidence area

g [¥E WA R R? F
FEYEN y==0.007 66x>+0. 193x-0. 609 0.592 # = 16.97
BERLE I BB y==0.001 96x>+0. 124x-0. 410 0.921 * = 53.22
T RERT B y=0.031 3x%-0. 999x+8. 438 0. 348 0. 06
PRI y=0. 004 03x%+0. 123x+0. 376 0. 459 # = 8.49
WAL TR E y==0.002 45x*+0. 109x-0. 351 0.935 % = 86. 85
TR B y=0.055x°~1. 591x+11. 760 0. 548 # = 7.06
FEREN y==0.006 06x>+0. 162x-0. 489 0. 640 * = 20.57
ARG B BB y==0.003 3x%+0. 126x-0. 395 0.943 * 33.40
TREB B y==0.039 7x*+1. 300x—10. 085 0.221 1.42

T o« K p=0.05 MR FEMS; # = FIR p=0. 01 W BFEMR; » = = FIRK p=0.001 W REAR, % 3,4 [H,

13 3 AT, X SRR RICHE R (B 5 FRORE
IR G R S K R AT Bl kB, 3
L Bz - IRRRAHEOE AR AT K R A R R
PR TR eRE, FEh EESAE mHEGE R 5 3R
JZ& e KR BN BN A TS BRI A
4 K - e RO A 5 32 2 5 K ST £ o3
fii .

2.2.3  RIERRHPCE RS H R RRE KR
P
HIE 4 R SRBETRE X 3 P BU 45 B + HE sk

HECE A K2 A IR A 4 39 oK = i B R O
BRI B K (p<0.01) . 3 2545 i + 5 mx
HEBCH AR S R 2 R A S K A R
BRI L) 2 SRR Ak, T (2),(3)
WA ROREF, Horp Ir 8 (3) & RO e b, 05
FE (1) 7 - e R HE o 2 xF 1 8 15 B AN BE P [
EBIFGE P A 25, SRBETTRA X 3 R 2 A 1 I
7K RN - S U B AT DA i R H A g itk HE T R 1Y
57.8% ~82.5%, B L5 Hr AIC &I, 6845 [ #F
- SR HE I 2 X A IR R R BE P[] ) 1 A Y
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Fig. 4 Regression fitting of soil carbon emission rate and soil moisture in three forest stands in coal mining subsidence area

®3 TEBHERSTIESKEMNDEESE

Table 3 Regression equation of soil carbon emission rate and soil moisture

) F Bt G R? F
JEREN y=-59.37x%+23. 47x~1. 65 0. 450 * = 8.19
BERLE ETBr B y=-10. 41x°-2. 60x+1. 74 0. 500 = 3.51
T RER B y=176.30x*-92. 30x+12. 53 0.470 * = 5.03
JEREN y==179. 28x*+83. 72x~9. 15 0.311 5.96

BGEK ETHB B y==126.53x%+61. 30x—6. 82 0. 355 4.31
TR B y=-18.45x%-0. 43x+1. 81 0. 453 3.31
JSYEN y=-17.39x°+8. 51x-0. 57 0. 134 0. 14
ARG K BB y=305. 77x*—173. 80x+24. 94 0.388 2.54
T REB B y=-13.55x"+10. 02x—1. 06 0. 878 44, 04

R4 TEBRHHEEESRETEREMSKENDEMUEXR

Table 4 Regression fitting relationship between soil carbon emission rate and surface soil temperature and water content

SRR I WA I R AIC
(1) R,=1.69+0.0177-5. 703W 0.583 # * -9.880
L (2) R,=1.99-0. 010 27-6. 85W+0. 104TW 0.585 % * -0.906
(3) R =e B34 0.754 % * * 0. 548
(1) R,=0.23+0.037 6T-1. 04W 0.418 =+ = -0.316
PGB (2) R,=-1.52+0. 25T+6. 58W—0. 701 TW 0.578 # # * -0. 548
(3) R, =e > 6551 067 0045 0.595 % * * 1. 260
(1) R, =-0.904+0. 040T-3. 374W 0.617 # * = -1.253
Ho A4 (2) R, =2.153-0. 1607-7. 827W+0. 745TW 0. 825 # * -1.948
(3) AET Y ) A 0.753 % * * 0.722
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Table S Comparison of soil carbon emission rate,temperature and humidity of biological crust
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