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Abstract: Uncertainties still existed for evaluating greenhouse gases fluxes ( GHGs) , including car-
bon dioxide (CO,) , methane (CH,) and nitrous oxide (N,O) at the regional scale for desert eco-
system because available GHGs data about biological soil crusts (BSCs) was very scarce. In 2011
and 2012, soil ecosystem covered by various types of BSCs and BSCs at different succession stages
in an artificial sand-fixing vegetation region established in various periods at southeast of the Shapo-
tou area in Tengger Desert was selected to measure fluxes of CO,, CH, and N,O using static cham-
ber and gas chromatography. The results showed that curst type, recovery time and their interac-
tions with sampling date significantly affected CO, flux. Recovery time and interaction of crust type
and sampling date significantly affected CH, flux. Sampling date significantly affected the fluxes of
CO,, CH, and N,0. The mean annual flux of CO, for moss crust (105.1 mg - m™ « h™") was sig-
nificantly higher than that of algae crust (37.7 mg » m™ « h™) at the same succession stage. An-
nual mean CH, and N,O consumption was 19.9 and 3.4 pg - m™ + h™', respectively. Mean annual
consumption of CH, and N,O for algae crust was slightly higher than that of moss crust, however,
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significant difference was not found. Ecosystem respiration (Re) of desert soil covered by BSCs in-

creased with the recovery process of desert ecosystem, in contrast, consumption of CH, and N,O

decreased. Re of moss crust was more sensitive to temperature and moisture variation than algae

crust and Re sensitivity of temperature and moisture gradually increased with the development and

succession of BSCs. Both soil temperature and moisture were not the main factor to determine CH,
and N, O fluxes of BSCs-soil in desert ecosystem.

Key words: biological soil crust; greenhouse gases; artificial sand-fixing; ecological recovery;

succession; Shapotou area.
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Fig.1 Air temperature ( 1 ) and precipitation ( Il ) in 2011
and 2012.
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HIZ 1 AT ARt 45 e A0 PRI [R] R AE H
WA R 25 He 50 5 3R H ) K I [) 5 R A H )
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Table 1 Multivariate analysis of CO,, CH, and N, O fluxes in soil-crust system

SES CO, CH, N,0
Factor F P F P F P

48 Kz 290 Types of BSCs (T) 33.169 <0. 001 0.677 0.413 0.008 0.928
%% Fit 18] Recovery time (Y) 8.774 0. 004 7.767 0. 006 0.146 0.703
SRKE H  Sampling date (D) 29.894 <0. 001 6.105 <0. 001 3.496 <0. 001
TxD 16.380 <0.001 2.508 0. 008 0.194 0.998
YxD 5.416 <0.001 0. 895 0.548 0.747 0.691
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Fig.2 Dynamics of CO,, CH, and N, O fluxes for various BSCs
types.
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2.3 AN TAIWEEVO X A 2h e - 3R R G0 N, 0 i it
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Fig.3 Fluxes of CO,, CH, and N, O for moss crust in various

succession stages.
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S5 G RE 26.2% 1) CO, @ ARk, H Z e[ 4 77 72
H.Y=5.017T+6.488M +2. 301 (R* =0. 262, P<
0.001). . 7y -8R B s M Ry L8R . AN ]
RN AE Y ZE B2 7,5 em 38R B AT
I3 I GE i & 26. 8% ~37.6% M 9. 4% ~51.3% 1y
CO, Mk (R 2) . X R BE A + 560 AN
FRBE TN , i 16 A6 ) 45 F -+ 18 2R G0 W W 3% T N R
CH, 3 i 5 T 58 BF 5 W 3 O OC, 5 50 B i
FAEAHDE,S5 em A1 B R R 3 A R 4. 7% FN
8.6% M CH, B AT (K 4) , “EEAMHR11.0%

F2 CO,BESS cm THFREMRENLERFSH

1) CH, il A8k, K = oanlH 7 7 4. Y =-0. 209 T+
1. 060M-25.109 (R*=0.110, P=0.001). P CH,
W S ek i PR ) 0 A P A A T R 3 1
5. N,O 5 5 em - 387E BRI BIAAH K.

R R S CO, M 2 A 2 M w1 5 AR
(R RER AT DL R AR A 2 2R G0 WU 174 38538 R 3
TR | R s U R . i 2 AT,
1964 4EE#E4E iz -+ R S5 CO, 38 % -+ 48 I A
TRRERYRER YA 8.8 A1 15. 8, W K T 4s
(2.7 F17.9) , F B EBELE B 0T WRO0T ek 5 R B AR
AT R R RIAEAR 25 i JE ROk, H CO, i it
SR B A 2 M R 5 R A R R H IR 1981 AR TG AL T
Fr 1981 AEEEEHT 1964 4 B #E 0T . 1981 4F
ALY - 13 R G 5008 BE A OC , SR IS AL 7D
T IR R AN URR. 1964 4F 25 RE 45 Hz R 5535 )3
LANERNH IR AR (15.8) W T 1981 4R &
HELE 17 (10.0).

Table 2 Regression between CO, flux and soil temperature or moisture at 5 cm soil depth

Ay Byl 5 em T HEERE 5 em TR
Year Type Soil temperature at 5 cm (C) Soil moisture at 5 cm (% )
LAk P R etk P R?
Linear equation Linear equation
1964 2 Algae Y=2.707T+15. 874 <0.001 0.376 Y=7.874M+8.220 <0.001 0.513
1964 HEE Moss Y=8.839T+34.260 0.001 0.268 Y=15.821M+34.188 0.097 0.094
1981 EHE Moss Y=5.223T+22.711 <0.001 0.374 Y=9.964M+41. 444 0.012 0.203
1981 70 It Sand Y=3.155T-2.199 <0.001 0.364 - - -
50 1 40 [
40 30 -
& 30t . 20l
ME 20
=i 10 |
ma 10}
H g I y=4.708x+18.510 ol I
= Or ° R=0211, P<0.001 y=—0.250x-17.377
=]
A _jol P -10 | R=0.047, P<0.007 . " . R s
20 " 20 .
16 167
4t 141 * e
§ 12+ 12F . .
BE wf 10} ey L
®E st 8t  y=0.916x-26.703
HE ol 6l R=0.086, P<0.001
[=]
[z 4t
21 0% o ® 1=9.931x+27.306 P
ol Lo R=0.110, P<0.001 ol .
_2 1 1 1 1 J _2 1 1 J
~200 0 200 400 600 800 260 -40 -20 0

CO A&
Flux of CO, (mg * m™ + b

4 CO, M CH, &5 5 em e AEEE /Y [8])3 504

CHBR
Flux of CH,(pg * m™ * h™)

Fig.4 Regression between fluxes of CO, and CH, with soil temperature and moisture at 5 cm soil depth.
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I oA, CH, A fLBE bl T F%.

Sl RS - RS CH, il i R
WA IEADC, 5 g0 R B E ARG (K 4) . X —F
Fra L 5 P 52 iy R R RN T
MO R ARAR P SRR R S CH, T R A BT AT R TE —
S TR EE AN R ST S CH, 38 £, 2 AR 2%



14 BELRIAE . UDBSR N TR R T DX A 045 B - 3 3R e T 28 A<M B RRAIE 67

LHE—R R CH, i . 24 + 50 R, 5%
o TR BE TT BB 2 PRk Y e SR AL BT A TG P Y i 2
HECH, AW ; T A 38 18 32 10 184 o [) Bt 2508 55
B A A B FRAR 3 O, & &, RFIF CH,
VR I MAC. - 48 T R 43 ) e e v Y AR A 485 1 -
MRS 4.7% M 8.6% 1Y CH, @ #721k (K 3) , ik
FHABE R A B R G (18% ~56% ) 22 §iH]
T E R YA A T REAS 2> I B MU TR R 4 CH,,
“GLTHIR/N.

3.3 N,OH

T4 N,O W AE P AR B o S A% H A
IR AN S, LR A9 N, O il s S AR VR L R
S AR F RS 1R A6 19 34 D (5] Ak o 72 3 Bl 42 ™
A= A ) R A R WA AR IR R SRR Y
e bt A2 L CH, F1 N, 7= A v/ by B 7 2 MR I T
RV ARG R B, eI A W 2k -+ R A
KFEFHN,0 #ERAANWI N,0, 2 N,0 1
“YL7. X5 Billings %5 53 % 18 14 576 1 2 40 B
N,O 5 RIEAR—2 AW FEie L8, L4 -+
WARGEN N,O B F 2L A A RS (K2 K
3) FEARTER KB E T 8—10 H (& 1), AT HE
F4) J5E R 2 R T AR 0 1 AR IR AR A 1 T I B A6
CH, I 7/=1: T2 210 N, O 15K HL T 32 (417 1
THAE. Xu 517 X6 P 52 iy LR B J A A 9 & B, PR AR
M R AR AE R N, O 7R A T R,
66% ~88% I N,O Bl 5 RAHALAE A 5C. e i A=
W4h B AE 2 8 REURE 1 e R v, B 6 1 2 e )R
R R B G i P ARRE AR W 4G 2 R (3
2R |+ HERRKRE R W, E RS K R
Rk i m T ek, kg km TRy +
e L. RELE B 4 T 25 ) 7 AR A W R AR Y
B ORI T e SR AR AR T 2 5 7=
N, O, [Al BRI T N, O 9 ok A £ 35, {1 15
N, O W IS sk /).

H AT, X F N,0 1 5 4 e B AN 1) 56 R
AT B AR A — SR W . Hu 57 BB, e JE
] N,0 5 IR B EA GG, 5+
B o 2 ORI AR G O G R R S IR
JEA G 100 3 R WA oA AR SE 34 N, O il i
Groffman %5 3 14 MRS N,O w5 IR
AR AR T CO, FIl CH, , T 15 -+ 398 35 B B A 6 e
AN ARG R, S AW Eh -+ RSN, 0
i 5 YR RN 2 AR 5. X UL B N, O il &

5 R R BT SCE H AR 2SR G A AN [R]
AR il B R IEE F AN R PR S e T A W 205 B - AR
4¢ N, O il i 32 BER2 0 (A 1.y s n] LA, oK ok
SRR ATE LT, JoI i X R K I sk, #Ral
REAN 22 W] B RIS T 8 X AR W 245 B - 1 N, O i Y
KA.

S 30k

[1] TIPCC. The Physical Science Basis. Contribution of
Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cam-
bridge : Cambridge University Press, 2007 ; 749-766

[2] Dalal RC, Allen DE. Turner review No. 18. Green-
house gas fluxes from natural ecosystems. Australian
Journal of Botany, 2008, 56 369-407

[3] Chapuis-Lardy L, Wrage N, Metay A, et al. Soils, a
sink for N,O? A review. Global Change Biology, 2006,
13. 1-17

[4] Grogan P, Jonasson S. Temperature and substrate con-
trols on intra: Annual variation in ecosystem respiration
in two subarctic vegetation types. Global Change Biolo-
gy, 2005, 11. 465-475

[5] Flanagan LB, Johnson BG. Interacting effects of temper-
ature, soil moisture and plant biomass production on
ecosystem respiration in a northern temperate grassland.
Agricultural and Forest Meteorology, 2005, 130, 237 -
253

[6] Jones S, Rees R, Skiba U, et al. Greenhouse gas emis-
sions from a managed grassland. Global and Planetary
Change, 2005, 47 . 201-211

[7] HuY, Chang X, Lin X, et al. Effects of warming and
grazing on N, O fluxes in an alpine meadow ecosystem on
the Tibetan Plateau. Soil Biology and Biochemistry,
2010, 42, 944-952

[8] Mastepanov M, Sigsgaard C, Dlugokencky EJ, et al.
Large tundra methane burst during onset of freezing. Na-
ture , 2008, 456; 628-630

[9] Li X-R (Z=EH%). Eco-hydrology of Biological Soil
Crusts in Desert Regions of China. Beijing: Higher Edu-
cation Press, 2012 (in Chinese)

[10] Li X-R (Z=H%€), Jia Y-K (B EZs), Long L-Q (JE
FIHE), et al. Advances in microbiotic soil crust re-
search and its ecological significance in arid and semiar-
id regions. Journal of Desert Research ( H[E VD)
2001, 21(1): 4-11 (in Chinese)

[11] Fang S-B (Jrittl), Feng L (3% %), Liu H-J (X
1E7%) , et al. Responses of biological soil crusts (BSC)
from arid-semiarid habitats and polar region to global cli-
mate change. Acta Ecologica Sinica (E 2 #t),
2008, 28(7) : 3312-3321 (iin Chinese)

[12] TLi X, He M, Duan Z, et al. Recovery of topsoil physi-
cochemical properties in revegetated sites in the sand-
burial ecosystems of the Tengger Desert, northern Chi-
na. Geomorphology, 2007, 88. 254-265

[13] Li X, Jia R, Chen Y, et al. Association of ant nests



68 ANDES B S 25 %
with successional stages of biological soil crusts in the desert. Plant and Soil, 2012, 367; 1-15
Tengger Desert, northern China. Applied Soil Ecology, [25] Fang HJ, Yu GR, et al. Effects of multiple environmen-
2010, 47. 59-66 tal factors on CO, emission and CH, uptake from old-
[14] LiuY, Li X, Jia R, et al. Effects of biological soil growth forest soils. Biogeosciences, 2010, 7. 395-407
crusts on soil nematode communities following dune sta- [26] Kato T, Tang YH, Gu S, et al. Temperature and bio-
bilization in the Tengger Desert, northern China. Ap- mass influences on interannual changes in CO, exchange
plied Soil Ecology, 2011, 49, 118-124 in an alpine meadow on the Qinghai-Tibetan Plateau.
[15] Zhang ZS. Dong XJ, Liu YB, et al. Soil oxidases re- Global Change Biology, 2006, 12, 1285-1298
covered faster than hydrolases in a 50-year chronose- [27] Strieg R, McConnaughey T, Thorstenson D, et al. Con-
quence of desert revegetation. Plant and Soil, 2012, sumption of atmospheric methane by desert soils. Na-
358. 275-287 ture, 1992, 357 . 145-147
[16] LiuL, Song Y, Gao Y, et al. Effects of microbiotic [28] Striegl RG. Diffusional limits to the consumption of at-
crusts on evaporation from the revegetated area in a Chi- mospheric methane by soils. Chemosphere, 1993, 26
nese desert. Soil Research, 2007, 45 422-427 715-720
[17] Jia R-L (B{%5%), Li X-R (ZE#i5€), Tan H-J (K& [29] Wang Y, Xue M, Zheng X, et al. Effects of environ-
18), et al. Mechanism of photosynthetic recovery of mental factors on N,O emission from and CH, uptake by
biological soil crusts after the removal of sand burial dis- the typical grasslands in the Inner Mongolia. Chemo-
turbace. Journal of Desert Research ( " [E Vb ), sphere, 2005, 58. 205-215
2010, 30(6) : 1299-1304 (in Chinese) [30] Wang SP, Yang XX, Lin, XW, et al. Methane emis-
[18] Nakano T, Nemoto M, Shinoda M. Environmental con- sion by plant communities in an alpine meadow on the
trols on photosynthetic production and ecosystem respira- Qinghai-Tibetan Plateau: A new experimental study of
tion in semi-arid grasslands of Mongolia. Agriculiural alpine meadows and oat pasture. Ecology Letters, 2009,
and Forest Meteorology, 2008, 148 1456-1466 5. 535-538
[19] Castillo-Monroy AP, Maestre FT, Rey A, et al. Biologi- [31] Zhuang Q, Melillo JM, McGuire AD, et al. Net emis-
cal soil crust microsites are the main contributor to soil sions of CH,and CO, in Alaska: Implications for the re-
respiration in a semiarid ecosystem. Ecosystems, 2011, gion’ s greenhouse gas budget. Ecological Applications,
14. 835-847 2007, 17. 203-212
[20] Li X, Zhou H, Wang X, et al. The effects of sand sta- [32] Billings S, Schaeffer S, Evans R. Trace N gas losses
bilization and revegetation on cryptogam species diversity and N mineralization in Mojave desert soils exposed to
and soil fertility in the Tengger Desert, northern China. elevated CO,. Soil Biology and Biochemistry, 2002,
Plant and Soil, 2003 , 251; 237-245 34 1777-1784 ‘
[21] LiX, He M, Zerbe S, et al. Micro-geomorphology de- [33] XuR, Wang Y, Zheng X, et dl: A comparison between
. . S . measured and modeled N, O emissions from Inner Mon-
termines community structure of biological soil crusts at . o .
golian semi-arid grassland. Plant and Soil, 2003, 255 .
small scales. Earth Surface Processes and Landforms, 513-508
2910’ 35: 932-940 ) ) o ) [34] Groffman PM, Hardy JP, Driscoll CT, et al. Snow
[22] LiXR, Wang XP, Li T, et al. Microbiotic soil crust depth, soil freezing, and fluxes of carbon dioxide, ni-
pth, g5 ,
and its effect on vegetation and habitat on artificially sta- trous oxide and methane in a northern hardwood forest.
bilized desert dunes in Tengger Desert, North China. Global Change Biology, 2006, 12 1748-1760
Biology and Fertility of Soils, 2002, 35. 147-154
[23] Thomas AD, Hoon SR. Carbon dioxide fluxes from bio-
logically-crusted Kalahari Sands after simulated wetting. 1EE®BT WIENI, B 1980 4 Tt BhFRAF ST . &
Journal of Arid Environments, 2010, 74. 131-139 MHET R XAEREMSE. E-mail: huyig@ lzb. ac. cn
[24] Zhang ZS, Li XR, Nowak, Robert S, et al. Effect of EERE FRE

sand-stabilizing shrubs on soil respiration in a temperate




