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Abstract ; It was significant to study the variations of soil physicochemical properties, atmospheric/soil temperature and soil
carbon flux in sand-fixing revegetated areas of arid regions, and to elucidate the relationship between soil carbon flux and

influencing factors such as moisture, nutrients and temperature. This enabled a scientific assessment of the influence of
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sand-fixing revegetated restoration on desert ecosystems’ carbon budget changes. In the Babusha Forest Farm of Gulang
County, this study selected four revegetation types—Caragana korshinskii Kom., Ulmus pumila L., Elaeagnus angustifolia
L., and Hedysarum scoparium Fisch. et Mey. stands—with bare sandy land as the control. Using an LI-8100 soil carbon flux
system, we conducted in situ measurements of soil carbon flux, surface temperature, and shallow soil temperature at 5 cm
depth across these sand-fixing revegetation areas. Soil physicochemical properties, atmospheric/soil temperature, and soil
carbon flux characteristics were determined and analyzed. Regression analysis was employed to elucidate relationships
between soil carbon flux and influencing factors ( moisture, nutrients, temperature ). The results indicated that; (1) The
diurnal variation of soil carbon flux in each sand-fixing revegetated area displayed a unimodal curve, with the peak occurring
between 12:00 and 14.00. Seasonal variation showed that spring>autumn>summer>winter, and soil carbon flux in spring
differed significantly from that in summer, autumn and winter (P<0.05); (2) The daily average soil carbon flux in
different sand-fixing revegetated areas was higher than that in bare sandy land, but the differences among vegetation types
were not significant in summer (P>0.05). The annual soil CO, emissions ranged from 543.92 to 881.30 g/m’; (3) Soil
carbon flux was extremely significantly positively correlated with shallow soil temperature at 5 cm, surface temperature, and
atmospheric temperature. The temperature sensitivity index () of soil carbon flux ranged from 1.92 to 2.66, and it was
the most sensitive to variations in shallow soil temperature at 5 cm, with the diurnal variation of shallow soil temperature
lagging behind that of atmospheric and surface temperatures; (4) Soil organic matter and shallow soil temperature were the
primary factors influencing soil carbon flux, accounting for 65.4% of its variability, whereas the effect of soil moisture in the
top 0—10 cm on soil carbon flux was not significant. This study demonstrated that sand-fixing revegetation promoted soil
carbon cycling by improving soil organic matter and shallow soil temperature. The revegetation enhanced soil nutrients and
hydrothermal conditions, thereby providing a pathway to increase the carbon storage capacity and potential of desert soils.

These findings also provided a reference for research on soil carbon sequestration in desert ecosystems.

Key Words: desert-oasis ecotone; sand-fixing revegetated area; soil carbon flux; influencing factors
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Table 1 Basic information of the sample plot

Mo s s ey 5k stk
Forest types Height/m Crown width/m degree/% (b/bm?) Altitude/m Latitude and longitude
CK — — 0 — 1705 37°37'48.16"N  103°7'0.63"E
4.88+0.51 4.00+0.72 63.90+6.91 882+18.33 1702 37°37'48.51"N  103°6'57.07"E
Il 3.50+0.70 3.03+0.64 24.38+6.05 668+15.52 1707 37°37'48.10"N  103°6'59.98"E
1.80+0.32 2.03+0.51 16.27+4.10 382+22.07 1704 37°37'48.17"N  103°7'0.64"E
v 2.63+0.60 4.25+1.83 64.85+7.88 1233+24.64 1706 37°37'49.06"N  103°7'0.23"E

CK . #¥03 Bare sandy land;1; FIf85 Ulmus pumila L.; 1T . V03 Elaeagnus angustifolia L; Il : f£#% Hedysarum scoparium Fisch. et Mey. ; IV . 7 5%
Caragana korshinskii Kom. s 2 TP R T bR e 2
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SHZFESA T FEHSHM=AFEESBE (P<0.05), A A B8 Fr My % 2= 13 m & o) il
JEAZE 6.04.8.89 .10.50 ,6.55 .9.10 i Jd i 1542 8 A MRl ke Ak AR T8 CO, AR HE R T, 45 [ D
FEHEIX 1 CO,AEHERU AR IR R « T (881.30 g/m*) >V (831.66 g¢/m’) >AEHE (775.40 g/m*) >F1F 4k (744.04
g/m”) >ERVPHE (543.92 g¢/m?) .

F2 REE SRR A REE

Table 2 Soil water and fertilizer characteristics of different sand-fixing revegetated areas

R MAHBZEHY Forest types

Soil quality CK 1 I m v

FH LT Organic matter/ (g/kg) 6.21+0.73a 13.53+0.83d 9.14+1.76b 7.38+0.80ab 11.09+1.03¢
4% Total nitrogen/ ( g/kg) 0.25+0.08a 1.64+0.31d 1.15+0.17¢ 0.72+0.21b 1.43+0.09¢d
=1 Total phosphorus/ ( g/kg) 0.34+0.02a 1.01+0.44b 0.67+0.05ab 0.45+0.10a 0.86+0.07b
% A Alkaline hydrolysis nitrogen/ ( mg/kg) 23.20+2.83a 74.03+£6.79¢ 69.47+5.01c 41.93+9.18b 71.43+2.05¢
H W Available phosphorus/ ( mg/kg) 7.37+1.07a 14.91+3.77b 11.21+1.45ab 8.18+1.92a 13.46+0.42b
AN Rapidly available potassium/ ( mg/kg) 66.50+0.71a 138.67£14.98d  116.33+£8.62bc ~ 101.00+5.00b 130.89+8.60cd
pH 9.16+0.07b 8.34+0.40a 8.52+0.18a 8.61+0.17a 8.44+0.05a
57K & Soil moisture content/% 3.77+0.46a 4.14+0.27ab 4.12+0.10ab 4.32+0.38b 4.22+0.16ab
2T Bulk density/ (g/cm®) 1.58+0.02d 1.43+0.01a 1.51+0.02¢ 1.56+0.01d 1.46+0.01b
LB Porosity/ % 40.25+0.59a 46.16+0.37d 42.88+0.52b 41.13+0.26a 44.82+0.26¢

() — AR [R5 Bl 5 A AN ) R R AN ] B VAR D22 S 25 (P<0.05) A A ) P 3R0R 28 S AN .35 (P>0.05)

*3 FARFEEEVEHEXBHTEGES

Table 3 The daily average soil carbon flux of sand-fixing revegetated areas in different quarters

By + #5558 B Soil carbon flux/(wmol m™2 s7')

Quarter CK I I m \%
#Z5 Spring 0.91+0.17Ab 1.1120.27Ab 1.38+0.19Aa 1.41£0.28Aa 1.07£0.11Ab
B2 Summer 0.25+0.07Ba 0.31+0.06Ba 0.32+0.06Ca 0.26+0.06BCa 0.28+0.05Ca
FKZE Autumn 0.3120.09Bc 0.92+0.30Aa 0.53+0.12Bb 0.42+0.10Bbe 0.63%0.17Bb
&2 Winter 0.10£0.05Ch 0.18+0.04Ba 0.16+0.05Dab 0.13+0.05Cab 0.160.03Ca

[F)BAN IR K 5 - 3 7 [ — B AR () 2 - e o 22 5 1 3 (P<0.05) 5 AT AR [R)/ING 4938 [ — 2 B S [l b - el o 2 3 1 3
(P<0.05)

25 F VDL B DX 9 1 H AR LU AR — (R 1) AR B R g AU £k, N 14 8,00 JF4R, 36K
AWK 12:00—14:00 5B RMH , Z 5 T 3Em0n s s, R 3 Al & BT IXE 7 R
AU 2 H 14+ S B AR AL 4390 0.91—1.41 ,0.25—0.32.,0.31—0.92 .0.10—0.18 wmol m™s™", A[LIFH
25 VDA B DX H 2 Bl B AR AR I RS TR, B A TR = TR b, 25 VAR B X R
7 - G 5 22 RN WA (P>0.05) B (Y AL ) KR (VR e AR A (I DR T AR)
e e S Y b 25 5 8 3 (P<0.05)

2.3 OR[ANE VDR X A S i i PR 2

2 VDR B DR BE H AR AR T30k 5 H SRR IR R A — 2 (BT 1) o S g il 2 Horh RUOREE
R H A FAEEA — B 7 14:00—15:00 35 B mH, RJZHIR (5 em) H 22 4L &R S, 78 17:00—
1800 Ze A7 ik B i (e, VAR 2 MR AR (5 K BH R S A R WA VI R, HE ML 2 9.00—18.00, 45
N B - ST R 24 L b AR R > IR > VR JZ R (5 em) , EZ=HIRKZE 9:.00—17:00 , 4 I B - 380 3
TR - MR E SIRZ IR (5 em) >KAREE , YW RREE MR L JRZHUR (5 cm) 52 ZF0 PR R 9520
FECR ) Z= R R NVE A —

R 4% [ V0 0 DX K I 2% 2 R 90308 i AR AR AR AIE Xk 4% S 0 IR 7 HEA T AR DG PR o Br (1R 2) , 25 SRR
[E VDA 1 DX S B S VR E MR (5 em) (HBARIEE ORAREE B & IEAH G R A RBGAF] 58.0% LA
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Fig.1 Diurnal dynamics of soil carbon flux and temperature in different quarters
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Oc | 0.78 038 079 074 025 -087 O

(e}

HIRREL

pH | -060 -021 -045 -043 -021 0.68 -0.63 -077 -0.35 -0.60 -0.62 -081 pH

-1.0

Fc Tc Ts Ta W Bd Oc TN TP AN AP AK pH

B2 tEREESEE.TEKSRELEROBEXRNER
Fig.2 The correlation coefficient matrix of soil carbon flux with temperature, soil moisture, and physicochemical properties
Fe: THERGHE ;W RHEE K Bd: 13T ; Oc: THEAHLTT; TN : %0 TP 2 AN Bl 220 AP . 200 ; AK . SR ; 20 @ AUSR IEAR G,
WAMRRMAME; « P<0.05, ** P<0.01, #*x P<0.001

®4 ITEBREEBSEENBEHE

Table 4 The fitting equation of soil carbon flux and temperature

REHy HiF IR Surface temperature A UE Atmospheric temperature HRJZHE Shallow ground temperature (5 ¢m)

Sample WETR R? Qu  METR R? Qu  METR R Qo

CK y,=0.0775¢%08%% =18 09265 223 y,=0.004e"001 n=18 09332 246  y,=0.1376e"0* n=18  0.8457 2.10
y,=0.1246e%0%2% n=6  0.1253 y,=0.2239e%0013% =6 0.0054 ¥,=0.5174e709%% n=6  0.126

I y,=0.2328¢078 n=18  0.5948 218  y,=0.2905¢"""%* n=18 05517 222 y,=0.238e"055% n=18  0.7948 2.45
y,=0.19570198 =6 0.2002 y,=0.2383e%09%% =6 0.0704 ¥,=0.5277¢7 0% =6 0.0729

I y,=0.1596e%08% n=18 07316  1.98  y,=0.1836e"%¥* n=18 0767 229  y,=0.1651"97* n=18  0.5634 2.55
yy= 0.2227e0013% n=6  0.1291 y,=0.2949¢%0%% =6 0.0091 ¥,=0.5856e792% n=6  0.1993

Il y,=0.1216%78 n=18  0.8361 220  y,=0.1362"%7* n=18  0.8901  2.66  y,=0.1826e"938* n=18  0.6641 2.31
y,= 0.1635e%015% =6 0.1453 y,=0.2558e%%92% n=6  0.0019 ¥,=0.6326e7092 n=6  (.2446

v y,=0.1642e%0% n=18  0.8322  2.00  y,=0.2096e"%1 n=18 07754  1.92  y,=0.2194e"976% p=18  0.822 2.09
y,=0.2411e%00% =6 0.0222 y,=0.3111e7090% =6 0.0073 y,=0.5812709% n=6  (.3538

ylﬁé\ﬂéﬁgéigﬁﬁﬁ% Soil carbon flux in spring, autumn and winler;yzzgéigw:@ﬁ Soil carbon flux in summer;x:?ﬂﬁ% Temperature;n;#ﬂ:ﬁ%
Sample size; R*; Y8 R L Coefficient of determinations Q) : i B BUBAEFEEL Temperature sensitivity index
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HHEAT 22 O [BUA 2T, 30 2k 750 25 8 A 0 1 52 ) - B0 1 0 PR R T (32 5) , -8R HLBRTR 2 il
(5 cm) AEAE I 25 ) - 9 mcil it | e ST Z s RIA RN R
Y=0.048X,+0.056X,-0.498 (4)
ALY o G X R Z IR (S em) X, L,
ATLAE Y, VAR X - LR AR 2 MR (5 em) JE 5600 300 A0 £ BN R, RENS AR B - e R
HAESE 65.4% , TIEAHUTANR)Z MR (5 em) HE[RI52 0 25 [ VDR 8 X 38 0 IFIGH R | T 262 398K 4 0t
R VAR X A SRR S Y R e N

x5 TEBREEIMERNTERESER

Table 5 Variable screening results of influencing factors in soil carbon flux

. GIEVEESY ' e T v A A 1] 051 22 450
) Partial regression Standardized partia ¢ {8 P1{H R~

Variable - Standard error . .

coefficient regression coefficient
HHE Intercept -0.498 0.222 -2.240 0.039 0.654
A BB Organic matter/X, 0.056 0.013 0.652 4.470 0.000
RZ IR

0.048 0.021 0.324 2.221 0.040

Shallow ground temperature (5 cm)/X,

3 it

3.1 R[EE VAR X 4 AR R

R RS AR E] 23 ) R AU TR ZAE T, R B2 0 H AR L ZE AR L AR PR AR
PRAFAE" T B ACHMEAE ) ok BT 437 38 7S ol 2 AR X 114) - P I R 3 36 1 SO0 45 SR G B | - S0 i ok >R H AR fk A
H AR A 85 S PR AR 2R RAE . AHIFSY A BR, 45 [ VD R DX 4 398 3 8 H AR Ak (8:00—18:00) #R A I K H
WA TR il £, WA H BIAE 12:00— 1400, B (A H BRAE 8:00 BF 1800, 13X 5 T H7 A %51 6 T4 20 IR Mk
I A AR b (AT S (I R A () AR — B, BRSO MR 9 & B, 2B K ZE T I A B i A
ARG 8 | N ) 2545 ] - S0 RE e ELA B35 24 5 (P<0.05) o ATFFE 306558 2 2 1 AR LR F 0l 5 2
SERTE> >4 78 FBE R AR R HOK IS0, A 07 sh i 20, R AR Z b ek A K
11, G0 I LA PR B HER CO, s RS T 1 R R MDA VE R Z BT 32K 0 A 2 i iia , £
Bt R Rl B T IR BE I AR SR A2 B B I S S0R ) Sl AR 3 AR 1) A L) RE N 2B K R BT
PEREH [ FRP R R | A S ) R 3 By S A T D AR R AR R G 1 s i 2 - S
ERRAI IS &7 et /N SR R TR 7R 9808 1 4 2 b TTARIRIY , HoA: K g ig sl 1k A K, 52
Wi T ARG B, 2 T HE COLHER, AN ) 28 U X - SR A B e R[] ) AR v, S ) [ 7
FEAE X A 3 30 B A7 E 22 5%, (HL5 3 TR VD M, B0 P 22 57 109 SRR ] B 2 A [] [T U0 A e %o - S8 AR A b 2
BRSNS A AR R A VR DL T 3 W e M 5 A AN TR) AR A 08 T R M) - 38 P 3k o 1207
AW R T2 A BRI 5 T 3 heaim e i H AR Ak, X 1) 28 Ak B A [ A5 XL, 422 1 1 5K - H o g {7 B4 1
HE COAEHER A T 543.92—881.30 g/m?, M4 Parkin 25" BRI 45 5B 1 (6] 3000 5 1 90 g SP- 4 AR A 1
HE CO, il 5 1) 20%—30% , AT 4 VRSB X 438 CO, A HEk it T REBE =4l
3.2 AS[RIE VAR B X A 3 R R R

t et M SR Sk SRR I s R AR R IE S A Y I R
A BT A NG Sh iR > XS IR 28 v | 3R B AR Ak mT DA R - SRR B R A H AR (R RN ZE Y
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FEMIRS QBRI BE BT 10°C NP N (9 5550, 3o 1 Ml e 0 I AR AL BUR R BE . 0,
(SRR AL TR KI5 2 R 3R L5 B 52 APAE—E ARE L L AR, 4%
I YL X A - St o IR 1) Qo (ER/NE 52 ARARVE I T 1.92—2.66 M HL T AN TR AL 25 R e Y- 1)
QofH (1.80—3.05) ™0 5 4 I 588 e v A= 25 ZR 58 14 1 SE T IR 0 i B 1 AUt e o 13X — 258

SR DX - 5 /K A R OG B A R R A K T R0 SRR W T 1 25 52 W) b M e i Y D TR R AR
FHT 2 M) - MR 5 (L T B IR B R Y SRV X 39 K S MR S e HLA A S R
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