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Effects of revegetation on soil effluxes of CH, and N,O in non-growing season in

Hobq Desert, China

WANG Bo, DUAN Yuxi®, WANG Weifeng, LI Xiaojing, LIU Zongqi, LIU Yuan
Inner Mongolia Forestry Research Institute, Hohhot 010010, China

Abstract; Greenhouse gas emission from desert soil is an important part of terrestrial carbon and nitrogen cycle, while the
influence of artificial vegetation restoration on CH, and N, O fluxes in desert soil in non-growing seasons is still not clear. In
this paper, the static chamber and gas chromatography technique were used. We performed a spatial series analysis that
represented at emporalseries to study the desert soil CH, and N,O fluxes corresponding to the different stages of vegetation
restoration during non-growing season. We also explored the correlation of these fluxes with the environmental factors and
studied the effects of revegetation on desert soil CH,and N,O fluxes in the eastern Hobq Desert, China. The results showed
that the desert soil was a sink of CH, and a contributor to N,O emission during non-growing season. The change trend for
CH,and N, O fluxes at different restoration stages were the same: moss crust fixed sand (47.6 pg CH,m>h™", 13.5 pg N,0
m > h™") > lichen crust fixed sand (32.2 pg CH, m>h™", 9.1 pwg N,0 m™> h™'> algae crust fixed sand (23.7 pg CH, m~
h™, 8.7 ug N,Om>h™") >semi-fixed sand (22.4 wg CH,m>h™", 5.0 pg N,O m > h™") >mobile dune (18.7 wg CH, m™
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h™", 3.9 wg N,O m™> h™"). The greenhouse gas emissions of desert soil in different freezing periods were significantly
different. The CH, absorption contribution rate was the largest in thawing period, while the N,O emission contribution rate
was the largest in freezing period. During the non-growing season, there was an obvious hydrothermal synchronization in
desert soil. The soil hydrothermal factors had little effect on the N, O flux. Only the soil temperature in semi-fixed sandy land
had a significant positive correlation with the N,O flux. But in algae, lichen and moss crust fixed sands, soil temperature
and moisture content were all negatively correlated with the CH, flux. In the process of vegetation restoration, the
accumulation of biomass and the improvement of soil physical and chemical properties could significantly affect the changes
of CH, and N, O fluxes in desert soil. Therefore, the artificial vegetation restoration and desertification reversal could alter

the pattern of greenhouse gas emissions in desert ecosystem.

Key Words:; desert ecosystem; non-growing season; thawing period; revegetation; greenhouse gas

CH, AN, OS2 KA M EZ AR = M, BA TR UL MR S I ORAF LA MABE R e 1, LR R V8 543 531)
h CO, 1Y 28 751 265 51, Xl 20 19 STk RAE T I 2 R 4 i 58 2 R4 0 | Tl A LK Bt
B NG LA A2 Ak, KA CH, FIN, OVER FE ARG 533110 0.8%F11 0.3% , S 18 B A BR AR AL Wz (1) 3
BRFZ—0 ) R, SRl A 25 R G0 CH, FIN, OHEBOMLAE AL FF R 5T, I R A0 Tl 5 000 ek 2% < M 72
I 1) FE 2 A

H i, 2k m A T 3600 J7 km?, (5 HbER G HLETFR Y 174, WA 25 R G0 2 R R H Bk P J2 AR AR A
7N DI ER RN R 0 S i & MBS N Ab22 8 3 e iR AR B R SR = SR & IR 8 A T R ,n Castillo-Monroy
SIS R BRI AR A5 AR G A W4 R S 39 CO, BRI A F B R T ; Mosier 25 B 58 T BF/E At AR 45 7 Xk
FRIX -4 CH, FIAUA AL 38 B 595 00 ; Zhang 251 I\ Ry V0 AR 336 5 m] LAB AR 43 CO, 9 HEE 3 ; Zhao
SIS TR KR A S VB R B AT R P AR A AR BRI v L - ST IR RS AE
AT T 05T 5 TR vk #E2 ° R PSS TR 50 A0 T BRI AE I 15 S5 T ST L - R 2 SR A HEURRAE 5 Ik
AN Y ] g R R A W 4 R o N AR S B R, s R N T A R AR Bl
SOETE RSB R ML AL R T B, fEX — bR, A R G IR B K IR AR B BIE S
RS 11 ARk T AT AW 2 0] e 55 43 CHL, FITIN, O T A4 59 0 08 A5 1038, 0 B I 251 S O i 6 77 3
AW i ) B A RS X CH, N, O ) W AT S8 T sk 55 , (EL S Ml ML 1 A A

FE T 46 B AN IR IX AR A K 2+ HEUR G PR A DK B R M i A7 AR OB G , H3E B 45 R TR, R g
BRI+ OK PP A AL A S AR 4 sh A 1 e AR R A SR HE R A E A,
JEAE R R S A B AR 9T AR R TR A TR R ORIy AR E S 4 8 CH, FIN, O3
RS R ARG R I FE b AR AR AR R B, DRI, TR T SR X AR AR K ZE 4 CH, AN, O3 i K H
SR AL BRI FE A S AT DL B A SE b A S R SR EIE IR B R R |

ARBIFGE LA A S U AR A K R RR R TR Y 5 Rl D bR AR M A8 X 42, SR T A IS A - SRR i v, T
FEARA KB 44 CH, N, O & Y AR, T W & i R v IR DR X6 308 2 (4 5 1), 1) P S v+ 3%
Ak KR SRR P80 JE A, R E PO AT PR bl X 5 1 A 25 2R S ik AU B 1 B ) 4 1 R
WA

1 FREXHR

W XL TF NS B 16 X ERIR Z2 37T AR R TEESE N B9 70 R B 23R V0 ik (110°48729.28"E,40°03'—42.13"N) ,
AL FEAT VD BEAR AL S T sh b M 2 [ 5 V0 b RN [ 22 V0 M 2 VTR SRR % X R TR KB M F
AL R, TREX, BRIRZE K, KRE, SR 6.1—7.1°C , 4 K B 240—360 mm, F1 75 & &
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2560 mm ,4E3 H BREF%C 3138 h, LRI 130—140 d, 4E XK 3.3 m/s, 5 X R 1100—1300 m, 135 LIX
YR F A BRI ( Salix cheilophila) K7 5&( Caragana korshinskii) JME ( Artemisia ordosica) J& 3%
(Salsola collina) YPAT ( Psammochloa villosa) V0K (Agriophyllum squarrosum) 5% 1% (Artemisia mongolica) 55 ,

2 WARFZE

2.1 MR

MR HEAT B P I 8 S VD B A 3 e B BB AR R 43Sl LA 2880 . (1) Wi shvb b, Mok 2 BE AR/ N R R VD e
AR D AR AR RUAREY) MR TCEE KR T 5 (2) 1 B8 Vb, > Je B v AT s 7E VD b A8 S | RIS (B 4 RS | B
VRIZIRGSE , W W | # AT A R WY BRES K I3 A1 5 (3) B4 B BT g YD 3, 2012 AF 75 AR 702 [ 1 70 Hl 52 4
K& ARFFAH VORI B v A 55 B, DRIt J 2 BT M R iU B0 B 48 M (M4 R a e R 0.31 pe/g, ThAL
BREGHEN0.28 ug/g, M MRETHN 0.16 ng/g) ; (4) HIAE, K[ E V0 4L, 2002 4474 AT i s B
A0 Ry AFe 5 v [ VD bl I R R G R U R A S R B (MR R a it 0.95 pg/g, PAAE
BREEN 172 ng/g, FENE MREEN 0.31 ng/g) ; (5) HEELE K[ E VO, WL X AR B S 1) SR AL B
B R 56 B R, SR T A A R PR TE 2 3R EE K O R B O R I BB 45 B (M4 R a B>
1.93 pg/g, WBCHER TN 7.62 pe/g, KAE NREEN 0.58 pe/g) . SHHEARGEH IR 1,

F1 FEHMERER
Table 1 Conditions of different sample types

g D . B Dewsiy/(H/ho®) S T LTI
B2 A . il Soil bulk ;
. Dominant : — BSCs . Soil
Sample type Coverage/ % =W/ HEA . density/ .
plants thickness/mm 3 porosity/ %
Herbage Shrub (g/em”)
AT (Ps hloa villos
Md BH (Prammochioa silsa) . 27 10 0 0 1.6240.11 39.10.3
3% (Agriophyllum squarrosum)
& (Artemisia ordosi
Ss % (Aremisia ordosica) 15.5 48 15 0.8 1.570.02 40.8:0.8

WE3E (Salsola collina)

VOH(Salix psammophila)

As W4 (Hedysarum mongolicum) | 38.6 53 135 1.2 1.55+0.08 41.1+0.7
WL ( Setaria viridis)
I RS Tk

Ls v ‘.(FH'”’ BRI 553 112 55 8.8 1.430.12 46.2+0.1
(Bassia dasyphylla)

Ms U b s SR 65.8 74 77 13.7 1.430.07 45.9+2.8

Md; JRBh7b b, Mobile dune;Sszﬂﬁmﬁf’)‘ﬂﬂﬁemiﬁxed sand;As;ﬁ?ﬁEZlE]ﬁEf’/"ﬂﬁ,Algal crust fixed sand;Ls;f[ﬁZQ%EZ m%‘z&l‘iﬂ,hchen crust fixed sand;Ms;—.z"fgg{iﬁ

J2 [ 2 7, Moss crust fixed sand

2.2 SMKEEE

i S WG AE -SOM (3 15 E A T 1458 CH RN, O R R AEFE FE il 2 . WA SIS AR LS S 320 mmx600 mm
P14 B3] 5 T2 TOUAFS R0 58 A 2 o, TOURGE “£ B A ok RUBsd , (A P ASUAARTR B 38050, R T St i AR A R AR AT R OE R
NP TR 411 AT J38 (VIR I ) N K AR BF, ASUARRE SR AR TE 2017 4F 11 A —2018 4F 4 F iR KR 3017,
HRARBFSE X RGP IR A R 2R K 2200 3 AN, 2017 4E 11 A 13 H—12 J 22 H Ry HIESEZRI B, 2017
4E 12 H 23 H—2018 4E3 A 2 H iy +3EvkEFEE 2018 4E3 H 3 H—4 A 23 H M IR EE, 16 5 254
H P, A A AR XS — Y 3 AP A S SR ST AT B R A . RIS VR AR R I B 10 d SR AE
— U, UKE R SRAE 1 IR ARAE R R SRAE 11 IR, BUCRAERT ] R 9.00—12.00, BEAF B E] 24 30 min, BP7E
FEAH 015,30 min £ BUSARRESD 3 K, BUCRESR 348, SR 100 mL & =3 & 03 S s IR R NS
I FEAE TR TS AS AT RS2 56 2, SR A G35 (L ( Agilent 4890D, USA) Uz #E S H CH, (N, OB

2 AR B S T 9 28 A A A T AR A AR B e i, IE A e R 3EHERL CH, FIN, O, < U
H e IR CH, FIN,O, il Al it E AR T .
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Lde 23
dt 273+ T
K F g AR (g m™ b)) sp WARMERAES N AR (kg/m?) sh HFERAIEHE R (m) ;dC/dt 5
AR B AR AL ARER S T R SRR TR (C)
2.3 R FIE

W IXRGBRHR /N H 3R C 5% (HOBO, USA ) o AUACRAE I [A] A5 W e 1l 398 s SRS, &+
TRV A K A S 22 ( TRIME PICO, Germany ) , #% 0—20,20—40 ,40—60 ,60—80 ,80—100 cm 434 5
MR, RO E S em) XA S (M 100 em) TR TR G R BN 52 ( Kestrel 4500, USA)

FEHOAE YT 75 R0 LR IR A A T 2017 48 2R T, RS AUBEHLAT 5 3 B 10 mx 10 m AU AR,
BHEARRE N ML 5 3 1 mx1 m EARFBEEDET Gt P N EAR L K SEOPHETF 8, Rt
VEBRPRIERE 3 Mk, R A2 R BUE AR - b N A i, RIS RS B A b 3N SRV P R i
TN RIRE ST 5 2420 3 A T I, 25 )2 TR A BR[S9 3 B T R a0, R 4% IR A -V Bt R
ARSI I R A AR B e SRR AR e R A S, R AR IR H IR A FO R LR
2.4 FdEaba

RS E b B AR IR T Excel 2007 & SigmaPlot12.5 347, IR A1 SPSS 20.0 A #7404 5,
TR/ T W 22 1 (LSD) #E47 A [RIFE IR & o Bl = SR 2 22 R YER K (= 0.05) ;i Pearson 656 %
ARG 5 PR R R T AR G BT

F=p-h

3 ZBRE5S

3.1 HAEARKZETE - HOK A T 55 AR L RHE

WE 1R, 5 FhZERISE T+ K AR T2 R4 K AR IR — 350, B B BH 1 K R IR 1E . A
AZEURI, - HER RS AR, 7R TCR AR AN BOTE LT, S KR R RE R W/, e B BE 5 2k b + e IR
AT R -3.9—17.0°C , T3 E KN 1.8%—11.1%, VKEHYIP R AEBOR S FH 45, bR BT o, +5ER
JE RN K AL FREE MR RS, U B BE 5 2 kF 1 3838 AR (L Y BBl o - 1.3——10.5°C, B 3EF K &N
1.2%—4.8% ., A#EARRIA SRS 2 | + 38R B Wt BRSSO ZR )2 Ak o 1 840 78 K &K 47,
TR A K R W E RGO B B 5 2 b - SR B AR L 2.2—23.2°C, HIE AR 3.8%—11.8%,

25 ¢ 14 -
20 +

TR
Soil temperature/°C
W
LA ARER
Soil water rate/%

-10

_15 1 1 1 1 1 1 1 1 I 0 1 1 1 1 1 1 1 1 I
A T F wv o\ © —~ @ e < ¥ ¥ wv o nn © —~ ¢ e <
T 9 &+ g g 37 q < 7 q T 4 g g < 7 4
- = & & = & @0 o ¥ T < - = & & = & @ & ¥ T =
T T T T 9 9 9 9 9 <9 T 7T T T 9 S 9 9 92 <9
L S O S S TR - - TR N B =t st N 0 0 d o o oo
- R = R T R s T T R
S o o © o 2 o o o o o S o © 2 © o © o °© o o
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H# Date

B1 JEEKZF 0—100 em FHLIBREMSKEET WL
Fig.1 Changes in mean soil temperature and water rate between 0 to 100 cm depths during non-growing season

T. 38, Soil temperature; W ; 13 & 7K i, Soil water rate
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3.2 AR KN LM CH, N, O f I 23 28 (R AE

P 2 AT, 5 ARSI e e AR K LA CH, O 3 L J& CHL AT . A5 FEHL CH, 38 B ] A9 28
AR, Fsh Vb CH, W i RAB N ERAE 12 H 4 H (-42.0 pg m™> h™") | 2 [F 5 V0 s e KW g i 1 BLAE
4 H24 H(-46.4 pgm™h™") ,IMi7E 4 A 13 HEBU/D & CH HER(16.8 wg m™ h™') , #45  [F 2 Vi CH, i
KW HBLTE 12 H 15 H(-41.6 pg m > h™") , HAEF [R]ic i TCBH it 2y, A 295 B2 i1 32 V0 b CHL, 3l AR
b 5o 28 HERCB At BAE 2 H 25 H (6.1 g m> h™") | MR I f B vt )N | 4338 phVE 20 SR 1 5 2 i
SR , R HE R ORI, B R e U0 b AR ) e B IR CH,, , e R W R 4 A 13
H(-1122 ugm™>h™"),

Md ® CHy

Plae A N0 /l/‘}\ 1
0 0

2hl)

CH,jE % CH, flux/(pg m™ h™)
NOy# & NO; flux/(ug m
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Fig.2 Spatial-temporal variation of desert soil fluxes of CH,,N,O
Fe b N, Ol £ BEIS [A] A I B I 21, TE (B AZ A T A, EVAORE, 5 RS BT i e R AR
K ZEXEN, O HERCR F IR, N, ORI . It sh b MG N, O i de RCHE S| HH BRAE 4 A A1 (21.4 pgm™ h™') ,2

J 25 HRHCE R (=13.9 wg m ™ h™') o 2EE VR VKR K BR BRI R WIEN, 0,1 H 23 H i i
RK(=12.2 pg m™ h™")  HARE ] A HERL, B A HEBORR (19.1 g m™ h™") o B84 B2 [5G V0 R340
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[ A HERN, 0,4 AWIHERR K (20.2 wg m™ h™") AXFE 12 AH1 5 3 H W0 BRI, A< 45 Bz 18 %2 v b
A3 AR S5 R AT 0] | Rl S A R ) /0 B AN, O, LA ISl 25 SR HE I, e K HERC B BAE 4 A 3 H (32,5 pg
m> h™') , EHRES K [ VD N, O3 2 AR fb R AR [R] M A 25 K AL, S R 3 H 21 H (-16.5 pg m™
h')  eokHE RN 4 H 13 H(67.6 pgm™h™'),

3.3 AEAEKZEFRE A CH, N, O & 25 70 i

W 2 frR, 5 FhRRIEE e JE A K 2 CH, N, O-F- 343 i 22 53 1 3 (P<0.05) . M sh VD b 5] & ¥
S5 R B e VD, 3 CH, P W ISGE S s 8 | 5 # oA 1 2.5 A%, R HEXTN, O HEHE HE [ H
JEFHNRTE R 3.6 18, ARAERK BT 458 CH, RIS FIN, 0 S BUHEAL & 531 7 -0.074—-0.182 ¢/m*Fl
0.007—0.065 g/m’, 25 HE b H] 44 25 5 1 3 (P<0.05) o ARFEFREE IR LA A AR AR K ZR 00 R B VR I vkt 0T R
R, TR0 Y Sie B 1438 CH, (N, O3 i 25 S5 IRl FE I8 3 (P<0.05)

ST 45 o 30 5 Y 9 R = A AR S X A R 2 R BRI B, W sk HE A SR R, g 2
FEoR AT SR 7 e AE R R A 43 A K, 4 CHL T 7, TSIV b AR 45 e R 2% 17 [ 52 V0 b 24 7 il
VARSI AT T R 23R i G T (8] 0 b R 9 235 Bz 0 5 0 1 DO 7 KB W i s R R e R, XN, OfiT o, i sh A2
[ 2 V0 Ml T 285 R B HE R DT kR IR A, T 45 B | M A 245 B2 0 2 i 245 B [ 2 U0 Wi 359 Ry ok st SO HE B sk R e
SUIFFE XN 7, e - A Al CH, W STk R R, ZE 25 VRN, O HE i s ik e e K
3.4 HHUKIE TN CH, N, O & 151

2 3 Fon, B4R KB sh v b5 2 [ 5 Vb b 4 CH, 38 55 00 & /K8 R A B3 (P>0.05)
ELRE 2 V0 i [ 72 | 3K SR T IF LA AN R AR R S0 CH i HE SR 45 i [ 2 Vi CH, B SR )2 B3 & K
(60—100 cm) 2 1 F A (P<0.05) , b ACEE 2 [ 78 Vb i CH, 38 1 5 45 T 2R MR )2 T3 5K & (40—
100 em) ¥ 52 B E AR (P<0.05) | EEELE Bz [§F v CH, B 75 0—100 em + 35 7K K 4% + 2 R 1 5
e B3 AR (P<0.01) o IR FXFFEA K 2N, O3 B A2 A/ | 2 [ 2 V0 N, O 1 15 - 36,
FETE 35 IEAH DA (P<0.05) , HoAth AR BN, O it 55 - HEK N F o R IR R (P>0.05)

3.5 FHHKE X CH, N, O (150

N T AR AR T e T e Pk A el A rp A A i AN AR 2R DT Sl v b 381 25 A 45 A 1 U0 b AR T34
P 0.8 g/m’ 1 % 255.8 g¢/m” M1 FAEYRH 2.1 o/m’ 8 5 568.2 ¢/m”  JHIEWAEYRH 0 B % 69.9 g/m”,
SAPIRH 2.9 g¢/m* B 893.7 o/m”  FE H MR M FIAE AT, s - e R B B et TSN U0 b 3] 5 A
45 Wy [ 52 VD ,0—100 em REE HHEEI A PR SR H 0.22 o/kg HE 1.10 g/kg, 2R T H 0.02 g/kg H F
0.07 g/kg, TIEATH 1.62 g/em’ R 1.43 g/em®, FIELLERE 1 39. 1934 % 45.9%

) A ) RN L SR RO T AR SR RN o 5 1) ot A BB % Sk 3 52 e S 1 48 CHL, FINL, Ol fe i A8 fk, sk 4
Jin e 3 CH, WS R EE ML & | AALBUSE 2 B fAC, SRS R Em B E X, S HEAE
SRS, S F PR A Y R R B O OC, SAR MR AR Y A W AR OGS BN, O i
HEEAVRM SR SRR D FIEMX, 5 A ER B EAMK, 51215 (0—40 cm) FLBE 2 B IE
G, S b MR R K e R B A, SURTE Y R Y B R A
4 itig
4.1 AEAEKZNEE 5 CH, l R A b

CH, 172 A IO — A 2 2o iy A Akt A B et R 248 K 2 3 CH, “ W0 B9 PE R A B, AR
FgT e, A K BT RARRIN CH, MW (-39.0 pg m™ ') X SEE RIS Xt 5 HLvb i
PIRFREAE R —3, ORI T I E TAr A e A AT, B3 i B b AR i T S Ak CH IP R L
MEME—RIBRIEFIRER . I A AE S e S TR . — AR K T W8 CH, (>40 mL/m’) FREEH @ A%
CH, SRR 7 3 58 “ 2 KT KA CH R BE AR rp SR R CH R R R A FE 3L s — e
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F4 HEHEHMESEPTELE CH, N,OBE5 T B-EHEFHELRY

Table 4 Correlation coefficients between desert soil fluxes of CH,,N,O and soil-vegetation factors in the process of vegetation reconstruction

Ak AT FJZ Soil layer/cm I 5

Gas Soil factors 0—20 20—40 40—60 60—80 80—100 0—100 Plant factors

CH, A LR -0.975*" -0.753 -0.832 -0.786 -0.824 -0.941* Mo LAY R -0.949 *
B -0.985*" -0.903 * -0.930" -0.999**  -0.994**  -0.987** R4 H -0.993 **
Fois 0.916* 0.907 0.901* 0.802 0.900* 0.930*  HEYAEYE 0933
LB -0.909 * -0.923* -0.851 -0.812 -0.846 -0.912*  MAEYE -0.964 "

N,0 ALK 0.923* 0.797 0.951" 0.838 0.959** 0.932* M LAYE 0.948 "
Ko 0.905* 0.897* 0.997 ** 0.929* 0.907 0.934*  HEYE 0.951"
Fox:is -0.904 * -0.871 -0.906 * -0.595 -0.774 -0.884*  JHIEW LY 0.967**
FLBRAE 0.924* 0.904* 0.800 0.653 0.647 0.835  MAEYE 0.955*

* P<0.05; " P<0.01
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