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Fig.1 Sampling schematic diagram of the northwest desert region of China
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Table 1 Detailed information of sampling sites in the northwest desert region of China

o5 i 2/< B A= E i; 7] =N =823
il EEK 4 2353 IR EEIREKE T RAEE —
N/(°) E/(°) MAT/(°C) MAP/mm Al
Gl R B v 45.30109 87.15127 7.56 162 0.1022
G2 T R R T v 4524653 87.67413 6.86 164 0.1069
A T TR A T
G3 TR PR VD 45.13156 88.30210 6.11 185 0.1245
G4 R BEIE DB 44.94260 88.65117 6.68 167 0.1085
G5 JEA FLTD 3 40.38708 108.63548 7.06 236 0.1479
A N TR HE AT
G6 JE A HL b 40.04151 108.67425 6.60 267 0.1724
G7 JH A% FL YD 38.88572 102.72562 7.84 118 0.0704
G8 [ A% HL VD 37.96888 103.37158 8.25 159 0.0998
G9 o s FEL Y3 38.26532 104.05925 8.68 146 0.0882 TR R AT
G10 [ A% BL VDB 38.52553 104.97848 8.97 164 0.0956
Gll o At FEL Yy 38.78888 105.46609 8.74 168 0.0973
G12 ELRH 38.86390 107.91095 7.37 292 0.1908 T DA R LR i

), B S A B — A ] T B AL 8 36 b 35730 H 3
55 R T R0 X E 51 30 mx30 m ) KA
J7, FEWf AR A5 FE 7 Z AR 2 /0 50 m i [R]#E Dk 2>
FHESEM o TE B KFE T h LR B AR VD e e 2
Bz ARG XT M LRl 2 34 1 mx1 m (/NRETT , A6 4
AN /INFE T SR BEAS B S TR XT3 25 B2 T 0~2.
2~5.5~10,10~20 cm 4 >+ J2 R4 L IEFE S F A
AS/INEE T T R AE B AR SRS — R
W5 2R A B AR A RT S 06 2, ad 2 mm 7 25 BRAT ) AR
FRAE Y, BN B R A8 20, 1L AR
TRAF—20 °CUKF , 53 13 RES X5 PR AT

1.3 HEEIBL M RN E F S 4% B F 3R EX

-4 pH Fl L 328 (EC) SR F LA 58 3 pH T
FTHL SR A 5 (4 HE 5 KR A He B 4 ) R 1:2.5
F1:5); A (TN) & &2k H & S - i i 1
RIEW S, o % 22 5 3 BT {L (SEAT Auto Ana-
lyzer 3, f5 & ) Ul %2 5 + 3 2% (TP) & & 38 1 = &
1% — B 2 S AL 145 22 $E U5 |, R AR B P Le (B 7k
PEAT I SE 5 4 98 0 S5 Bl (AP) & 1 2R B i S I
PE-FHEE T L L AT I 5 1 IR S A (NO-N)
e A A (NH;-N) & i 1 H & 4641 (0.01 mol-L™")
i (LI SRR W] 1:4) , - % 22
LB A B A S H A s RS K R (SWC) SR AL
TR E

A AR (MAT) 2048 >k Fl MODIS £ 45 v i1
MODIIA 4 BR < il #% M %4 4 (https://doi. org/
10.5067/MODIS/MOD11A1.006) , 4E34f# 7K F# (MAP)
B4 >k B “University of Idaho” % i f*) Terra Climate
4 4 (https://doi: 10.1038/sdata.2017.191) . T 5
FREL(AD M BRI 5 AE 28 O 1 LB

14 SOCREAHESENE

SOC I & R AR e - T he vkl . HART5 %
HFRH0.2 g HHE KT AR S TR S A 0.5
mol - L™ iy Eh R A W 25 B JeHLB 5 T RS ot 1
FE LR R I A ZR IR K L PR ERR IR B, B Jm FH R A
3 M1 4% (Analytik Jena Multi N/C 3100 TOC analyz-
er, fEE) WA .

POC Al MAOC 7 1 & H 7 i B85 198 404 o H325 0
B E 10 g W SRR EBCA 100 mL ¥R}
LR I 60 mL 0.5% 7~ i i FR M T, B T HE IR
(90 r-min™ ) IR+ 18 h /e i, AR R BEAK .
TR 53 pm i, [ 5 FH 2R KRR, 2 KR
T T AT 5 (<53 um) AW Y85 A 5E
MU (MAOM) , B3 ZE G _E LB 43 (>53 um) Ry i
WS A HLE (POM) ¥ 0 b 41407 60 °CHEF H
Mt 48 h FAEE , FREE S5 R LT A , (i
T o BT S e L 15 1

+ 3 POC ATMAOC & & E AR F .
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POC = POC,, x M,/10 (1) FIMAOC & ft5 T o Al 4 S AL Bk 1T Person
MAOC = MAOC,, x M,/10 (2) AR, T SOC 2173 5558 ] 5~ B 4% N 12

o M M, 53 5 R EJZ (POM) FiL R )2 (MAOM)
T 5 (g) ; POC,, Fl MAOC ., 3 5 I 22 1 POC F1I
MAOC it Bifi ¥ R g kg '

St o

BAFE B EIE Y — AR A 12408
AT G SR BT o SRR 2 7 22 53 #1 (Two-
way ANOVA) R FEA [a] 8 i Y |+ R S H A
HAE ST SOC 21 43 7 Al -+ 398 AR M o A 52
FHIBA R E 7 229351 (ANOVA ) 1 5 18 45 Bz AR 7b
SOC 4l 4y & 1t il + S AL M o 7E AN R 2 Z [R1 Y
25l I TSI UEAT BESE B AR VD SOC 414 & i
Z ) 22 5 1 3 MK 5%, ff ] Origin 2021 (Origin
Lab, Hampton MA, USA){E K . A # 5% POC Al
MAOC 7 # 1Y 5 [ & , # ] R 4.2.3 (R Develop-
ment Core Team, 2023) #4119 “LinKET” & %f POC

1.5

[ 9 5C 2%, 3 ok FEATL AR AR A i <E 520 SOC 4102
i ESS IS

2 HERESHH

21 RIPMRERBEETLEHERMER
ESES

LT X RR VD  EEAE H 7 5 N R AR T
BT, 45 S 3 B e 45 B2 Y 7 55 (145 pH L EC A1 SWC
A = T RRYD , R 385540 TN TP & it 3 & 1
VD APV 5 Pess e 2 A2 7 IR B3 (P>0.05)
Wil - 2 TR B A BG n, BE 4 B2 AR YD TN UONOG-N
NH;-N . TP Fll AP &% 2 ¥ 30 bifi 25 £ J2 0% 5 1 4
T R B RGBT pH A SWC I 2 B 5 A
BRI B (EL R 45 b - S B A S Bt )2 A 1 ) 2
FEAR R (P>0.05,%2).
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Table 2 Soil physicochemical characteristics under bare sand and cyanobacterial

crust coverage in the northwest desert region

L L 3 £ AR AR S AL 8K
. 1)z [ICL 9 _ .
Ay ) . EC TN NO3;-N NH;-N TP AP RSWC
cm
P /(uS+cm™) /(mg-kg™") /(mg-kg)  /(mg-kg™) /(mg-kg™) /(mg-kg™") %
b 0~2 8.15+0.09° 105.91+14.38° 98.59+19.56" 12.21£6.93% 8.78+1.31°  259.89+53.25°  3.14+0.45"  0.12+0.04°
2~5 8.22+0.10° 120.67+34.85° 94.66+17.73° 9.82+4.51° 7.38+1.28"  243.56+46.20°  3.20£0.36"  0.20+0.07°
5~10  8.27+0.09" 90.91+8.53° 95.14+18.01"  11.28+7.06" 6.80+1.21*  237.19+46.82°  2.84+0.26" 0.31+0.09"
10~20  8.32+0.09° 113.14+28.72° 79.85+11.63° 11.3447.60° 7.53+1.11°  233.01+42.80°  2.72+0.25"  0.84+0.28"
s BSC 7.72+0.09¢ 194.91+37.15° 202.71+£30.34° 10.904+2.79*  11.43+1.50° 365.15+43.00° 3.37+0.40° 0.18+0.03*
0~2 8.14+0.08° 161.83+50.30° 147.62+£23.26° 12.11+4.41° 6.56+1.41°  282.09+39.65°  3.18+0.36°  0.19+0.02°
2~5 8.31+0.07® 165.78+65.19° 134.15+£23.42° 12.66+£5.73% 6.15+1.25°  269.44+41.53°  3.20+0.33°  0.34+0.11°
5~10  8.44+0.06" 148.29+54.10° 125.24+23.03% 7.8442.95% 5.87+1.05°  245.19435.44*  3.13+0.25"  0.28+0.04°
10~20  8.51+0.06" 136.24+36.39° 124.15+24.78° 6.874+2.35% 6.98+1.25"  263.09+45.28"  2.88+0.27°  0.35+0.08"

T A NG PR [R]— 20 TR ] 2 ) 25 5 835 (P<0.05) , P RIE+ARHEDR (n=12) . BSCFn LW +IEA5 R

MUH 2R 7 22 3 BT 45 R 3R W, 7 55 25 A%t SOC
POC.MAOC. TN #J ELf & 3 5100 , 1 % pH. EC.
NO;-N NH;-N TP .SWC F1 AP i - A i % (P>
0.05) . L2 B Al & 3 5 i SOC.MAOC, pH,
NH, =N Fl SWC, 1fij X FHoAth 48 b5 (9 5% i IF A 18 3%
A, 7 5 25 A0 5 + 2R B 1 A8 BAE AU SWC %
i) . 3% (P<0.05,%£3) .,

22 RIPIEEREET SOCHZ IS T HHE

BaLE Jz 22 SOC . POC . MAOC 5 43 K 6.94 |
3.83.2.97 g-kg ', MR )JZMKIKH 2.91.2.19.0.55
g kg™ B TR UREERG N, BELS 2 FI Y 9 SOC,
POC FIMAOC %t 53l F 22 10~20 cm 1) 19 3.38.
2.37.0.95 g-kg ' 12.28.1.83.0.32 g-kg " (K 2) ., H
oL H YD SOC . POC FI MAOC 5 Fifi I8 B 7258 Ak A ik
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R3 BELEMIEREISOCAL UK HEBIERZMANERATESH(FE)
Table 3 Two-way ANOVA of the effects of cover type and soil depth on soil organic

carbon fractions and soil physicochemical characteristics ( F-Values)

MRS WWEE

_ i Bk RiE BSE 2 MAE AR e R SkE
foh7 AR AL . o o
SoC pH EC TN  NO;-N  NH;-N TP AP SWC
POC MAOC
A 16417 7.94" 26.02"" 3.63 252 6.93° 0.12 1.88 0.48 0.27 1.00
T2 6.56™" 2.25 11.99™ 1513 0.31 2.28 0.12 3.46° 1.16 0.59 433"
T+ R 0.38 0.17 0.58 0.66 0.08  0.07 0.20 0.16 0.02 0.08 3.21°
e e e IR TE P<0.05.P<0.01.P<0.001 L1 /K P25 0%,
A s B c
81 _ s =T =
o e =k O A
% 6 c 3 1t
= O
§ 8 3- .% 2.. b sk
& 4 i =
= = 7 o
e 3 %]
#® 21 =14 &
+H g T
]
0- 0- &= 0-
BSC 02 25 5~10  10~20 BSC 02 25 5~10 10~20 BSC 0~2 25 5~10 10~20
T2 /em L EFE/em L EFE/em

T AN NE FREFR R [F]— 28R AN [R] 2 6] 26 57 35 (P<0.05) 5 *F/s HAT 1 3 22 5+ (P<0.05) ,
RN 225 (P<0.01) , -+ FoR Il 2 25 57 (P<0.001) 5 R iR 25 2 A brifii , n=12
K2 BRUDFIEESS L T ANIF £ 2 SOC . POC HIMAOC & i 43 A FRIE
Fig.2 Distribution characteristics of SOC, POC, and MAOC content in different soil

depths under bare sand and cyanobacterial crust

Z (P>0.05) ; 1M ¥ 25 % ) SOC .POC Al MAOC % &
D) i % S S R A . A, B4 2 SOC ., POC Hi
MAOC # 1 7E 0~2 em 12 W& & THYD, Hegh
MAOC % £ 0~20 cm 4% + )2 ¥ W & & T #
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PRID RISES 12 POC Bt o L4 .3 1 T MA-
100 _
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70 a a 1 a
S ; i : |
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Eﬂ 501 a
<0 40
= ab b . )
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204-a-mpmMaoc? g . .
10 { =BG EPOC L SR .
—A— L EEMAOC
0 ; : . | |
BSC 0~2 2-5 5~10  10~20
L EFE/em

OC Frit kb, Horh a4 |2 POC % & i LB %5 + )2
TREERIBE N, B 54.94% FH751 & 67.63%, 11T MAOC 7
7 HEI F 42.70% % % 28.95%(FI 3A) . BEE L2
HH, B 5 45 B2 POC/MAOC HY {8 52 W52 7 18
Ty, B> POC/MAOC (918 i 35 5 T M2k
2 (E3B).

BSC_b B
O #wy
! a [ wesipe
o~2J-_‘—_|
ab
g ’
,m 251 : ‘li—'—m
< ab
i
o a
a
' ——a
1o~2oJ_
a
o 2 4 § 10 1

6
WOk HR/ B 45 B S EHRPOC/MAOC)

T AN FREFR R[] — S AN TR] 2 ) 22 5 2. 25 (P<0.05)
3 BRIV HIMESS H 7 3 F POC HIMAOC & it b S 1k
Fig.3 Proportions and stability of POC and MAOC under bare sand and cyanobacterial crust



180 hE

4

b P 545 %

23 REEFE1TIEPOCTHI MAOC EE/HEX
a0y

PRUD 5 4 B 55 T AR 42 2 POC F1 MAOC
RSN T Z R EEAEE S (B 4) . 7F
Wb, £ 335> (TN .NO;-N .NH;-N TP fil AP)
I SWC,POC I MAOC & ¥4 8 3 1EAH & , 1fi pH

MAT 1 MAP | 5 POC fil MAOC % & it 4 ¢ .
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TE A S PR I 7 Z MBI AT OGO 2, B OB AR R BOR D . B3R W] POC B MAOC 5 2% BR5 H 7 AU AR G A
(AR 3 P (SR (0 P<O.01, B 5,:0.01<P<0.05, JK 0 P>0.05) , HEZK F/R 38 S RIS , SEAR Iy IEATG
B4 $RUDHIBESS E POC FIMAOC 5 R85 P F A DEOC R
Fig.4 Correlation between environmental factors and POC and MAOC in bare sand and cyanobacterial crust
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*
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Fig.5 Random forest model predicts the key factors affecting POC and MAOC content
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3 HEAERERELFRESY LEHRSEN
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B - JZ R EE R BN, B FEE 45 B2 1 SOC .
POC f1 MAOC & ¥ 2t TR %, H [ £ )= socC
HaEEBIRES LS THY . X5 H5%
SR W LR, A LS K POC il MA-
OC & wEBE + E RN B . X B SR U Hh 2
FeWFgE kB0, o 35 F SOC & i MR vb Al 2.1 75,
WL R EETRX LR E MR b B
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R B, FL AR T B L o A A R A
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P ) F A 3 A AR 25 70 R 1 R B IR, Y
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oA AL B A B, 32 D 3 AR ) - A 2 AR
TEPE .

B 75 - 2R EE BN, B 45 K2 JZ 1 0~5 em )2
SOC K HA 73 7 5 1 3 TN 2 1 SR WIBess
JEEAEFRIY AR . LR EA FE B,
Al A AR A A PLY i 2 i e B 5
A DATE— @ FEBE s/ +HER R IR i ok, ik imi fff
MERZSoCcA | T F2Y, [, #£)2 soC
B Sk A AR KRS B A, B8R
B g R R R RO R T B .
AW SOC T 5 AL i £ 25 5 3 M4 7F
Mg AR E BTG R, S A KR
1) 44t 5% B ) B HL A figt ok R rh RS /N o AR
FEY BB A W B AR S W ik A R
A EEMAOC LR, X — FRH el FE 3 A /R
{45 B 485 Bz A [ 5 5 6 A7 SOC Ty T J L (2 25 1
e, N TR X P BB AR

YD 5 45 Hz H MAOC (5 SOC &5 5 Ay He 3] 5
IR R B S i R R, BARTT T ARE
TG, B> MAOC 5 1 (i SOC 1 L3 F 16.85% F&
2 12.69%, 1M 5 45 K i — Lo T i 42.70% B 2
28.95%. 3k SO I {E fnb 2K T SE HT 5 R GE Y
LA, B SOC 1) 60% LA I8 fifi /775 MAOC JFEH

PUALTE B X MAOC #E AR & S A%, — 5 1T, Fie i X
Kt K A /0 (45 4 1 SWC b F A2 KK, ik i st
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Vertical distribution characteristics and influencing factors of
soil organic carbon under cyanobacterial crusts in
the Northwest desert region of China

Du Fan'?, Yang Jungang’, Guo Xing’, Lu Yongxing®, Tao Ye’, Yin Benfeng’,
Rong Xiaoying’, Li Yonggang”’, Zhang Yuanming®, Zhou Xiaobing’
(1.College of Life Sciences, Shihezi University, Shihezi 832003, Xinjiang, China; 2. Xinjiang Key Laboratory of Biodi-
versity Conservation and Application in Arid Lands / Xinjiang Field Scientific Observation Research Station of Tianshan
Wild Fruit Forest Ecosystem, Yili Botanical Garden, Xinjiang Institute of Ecology and Geography, Chinese Academy of
Sciences, Urumqi 830011, China; 3.School of Resources and Environment, Henan Institute of Science and Technology,

Xinxiang 453003, Henan, China)

Abstract: The Northwest desert region of China, as a typical ecologically fragile area, where cyanobacterial
crust plays cyanobacterial crust playing a crucial carbon-sequestration role, significantly maintaining regional
carbon balance and ecological function. Nevertheless, the vertical distribution characteristics of soil organic car-
bon (SOC) under cyanobacterial crust, especially its fractions (particulate organic carbon (POC) and mineral-
associated organic carbon (MAOC) ) and their key influencing factors in this region, are not yet clearly under-
stood. This study measured the SOC, POC, and MAOC content in the 0-2, 2-5, 5-10, and 10-20 cm soil
depths under cyanobacterial crust in the Northwest desert region, used bare sand as a control, and combined with
relevant influencing factors, to clarify the vertical distribution characteristics of SOC components and their influ-
encing factors. The results showed that the SOC, POC, and MAOC content of cyanobacterial crust in each soil
depth were higher than those of bare sand, with the most significant differences in the 0-2 cm soil depth. In cya-
nobacterial crusts, the content of POC and MAOC decreases with soil depth. POC content decreased from 3.83
g-kg™! at the crust layer to 2.37 g-kg™' in the 10-20 cm soil depth, and the MAOC content decreased from 2.97
g-kg ' to 0.95 g-kg™". In both cyanobacterial crust and bare sand, the proportion of POC content was higher than
that of MAOC. The proportion of POC content in bare sand was higher than that in cyanobacterial crust, while
the SOC stability of cyanobacterial crust was higher than that of bare sand. Correlation analysis showed that the
POC and MAOC content of cyanobacterial crust and bare sand were affected by a combination of climatic factors
and soil physicochemical characteristics. In the case of soil organic carbon fractions, they had a significantly pos-
itive correlation with total nitrogen, ammonium nitrogen, and available phosphorus, but a significantly negative
correlation with pH and mean annual temperature. In addition, mean annual temperature and precipitation were
important factors for predicting POC and MAOC content, with mean annual temperature alone contributing
45.50% to predicting POC content in cyanobacterial crusts. This study reveals the carbon-sequestration role of cy-
anobacterial crust in the Northwest desert region of China, providing a scientific basis for carbon-stock assess-
ment and carbon-sink management in arid region.

Key words: cyanobacterial crust; particulate organic carbon; mineral-associated organic carbon; soil physico-

chemical characteristics; desert ecosystem



