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and Environmental Science, Lanzhou University, Lanzhou 730000, China)

Abstract: [Objective] Anoxic microsites significantly inhibit the loss of soil organic carbon (SOC). Soil aggregates, as
potential sites for the development of anoxic microsites, are closely related to the accumulation of SOC, yet few studies have
investigated the impact of anoxic microsites on SOC within soil aggregates. [Method] This study collected soil samples from
four types of ecological restoration and employed soil incubation and gas chromatography to calculate the extent of anoxic
protection. The dry sieving method was used to obtain inner and outer soil samples from macroaggregates, and the abundance
of anoxic microsites and organic matter components was compared. [ Result] The results showed that natural shrubland and
grassland had higher extents of anoxic protection, at 33.5% and 36%, respectively, followed by planted forests at 15.9%, and
croplands had the lowest at -8.9%. The inner layers of macroaggregates had higher Fe?* content, a greater abundance of anoxic
microsites, and higher relative contents of aromatic hydrocarbons, lipids, and lignin. Soil respiration rate was significantly
negatively correlated with the extent of anoxic protection. [Conclusion] The results indicate that a stable soil physical
environment is crucial for the effectiveness of anoxic protection. Anoxic microsites selectively protect reduced organic matter
in the inner layers of macroaggregates and, to some extent, inhibit the loss of SOC, providing new insights into soil carbon
cycling and carbon sink functions.

Key words: Anoxic microsites; Anoxic protection; Aggregate; Soil respiration; Soil organic carbon

TR AR RGP R RRIA R, AL B2 RIS AR TRk A 5 e
fif 55 25 1] - SN, R AR KA 3R O, Sl O SRR, MRS R R,
R AP HR AT = FECR RG], A ARG R 2 U AP 10% 271, 7E 0.8 cm (4
SRR A R, SRR AR B e 2 W] 5 R AL BRI 85%, IR BFR B A SR,

Joy B LB A R SR I R AN S 2 R R R R ) U R B R
WA IR, SRR AR, HAE I i O 2 AR R . R A A FLRR 5 R AN R A1 5
PR BRI BT K AN 358 ) S BRI A2 AE TP R D, i S A K P IR
HOE RO 02— i AUR B AUy HOE R . SOC WA R NI e i ¥]
A il B R AR RO AR 2 5900, TR A A PR B 5T K R A AN A S 0 O
1AW ORI, e PRI E B DV L 32 4R, DRI AR R A S /D T- 1.7 AR LF
TAEHEEAL, IS EYIPETIR IS PRI o SR 5 4 38 g S A 56 A LR ) £ 37
PRGN “BRALRY

FIRP R — T2 A R IRE . SRR FUE R T BRI T SR AT L R
HEAEU, RPN EEE 2R EEEN, MAEY. MRS wY) . RESWY). A SR
LR AW RSV BUR G E AR /NIRRT B ORIBIEEARI15], Bt mT LHE T,
AIEARINZE G O A RCEYI A K BT, SUUHR RGN RN, SRR B S5 R PR 1) 1 5
P ENRIREERIAE, SR R R AL AT Dy BRI L7 32 ARB e, g At
PR B A R B AN R (et RSN R B bR AL R K A A SRR SR A T, R
HAEMTEOLT, SRABIZRERER T . BISLAHT FUB S FER AN Z 2 S o & B BRI T

H AT EOWT S R IR AR IR B 5 SOC IIAR KA DI RIS, (BAERETFH AR K E
B B EIZRARIN 20, SeFRIRIR A ANRE T Fe iR, Bk o A8 2 i i1 AN IR . ASAIT 5T
CLDURR A A2 RO TN 5, I R RS . BRI ANZ RIS U 71%, 70 Hri S ik
Syt LSRRI o0 S AR HUERIA A I 22 5%, SRAUEARYY SOC MREE, B M SE Rzt SO
C REME AR SR RARIAM AR, A S R A0 8 [ e e S he (o 524 .

http://pedologica.issas.ac.cn



+ Bk
Acta Pedologica Sinica

1 RPRHS 1%

1.1 X

WAL T H 7R A B r i sl HES X B /K (33°26'N, 104°48'E), HuALPHZRIL A VT, Z%Hh<
G RALTE Ay 250, 8T RHX ), 7 X TE 2008 -3 1| HRE 8 i . e s i
FH, YHBUGFA 1 m R TEEE G2 X, BT BN AN TAEB S, BEREEN T
ST 14 FEBE, —ERE LN T RE R ZERRY,

1.2 HRRESHH

ECKH (FL). AT (PF). RARFEN (NS) FIRARE M (NG) 4 FhA: A8 A L34k
FRFERT G o N IO N TE BRI, ROOEAE . FEBESRIFE I T BRI R — 2 DL b R
/K IEHB PRI (PR YE H, REERIREEAL 2~3 IR, FEBRIGAIREE LK e 2 s RIRFENFI R 7R AR
BIKEWIEM BB AR, 5 B AR A

FAEBBE RN E 5 ML, EEMIE (1 m?) FZIEbaERm, WERZE 0~15 cm +
U B REA . LI AR . VRS IR . IR R B T, A K R X 0 B A B E
Y AL, WWEET 5 mL WUAEYIRFEE o, ME-80 °CIATRIR, 18AEMHAR I A w1 I R A
A .

JEAR A T R E, R SRR, LB, REIRG LIRS A T e e # 4k
S, AEE pH (R/KECN 1:2.5), FE (LKA 1:5). L8RI5 1 (Master Sizer 2000, M
alvern Instruments, J%[E). +HEHHLHK SOC (Elementar vario MACRO cube, fE[E). 44&5%(. M
A%, & TP. £% TN (Smart Chem 200, Sai Hira, ¥:E). FZIRA LR 2N KERIR
FEMIA 4 [ o T S 06 = AT L2043 4T (FTIR, Nicolet, Glendale, WI, £ ) 14 #E
Hl o
1.3 HIEEFLW

MEFANOE RCER 2 iRE B R IAE, JL 40 AR, AT R IR, fEAHIZRM PVC E (17.5
em K AR LI 15 cm K. 7 4 RETIEXH PVC & . 5% Lacroix ZEBHIT #& H 1) — Fhil &
BEARP R 75 18 AR SRR A B R R S BRI BT SR R 35 4
N5 BRI A OC o J8 I PR A A7 A A R 25 R AR LR P T ) - 3R R 55 FE (DL COn R UE AR,
THEAR AR X SOC TR S 3

B RO — IR LA B AE 2.2 L iFRE S, TR £ 17 d BVIEEH B, 40 mliE
550 7+ 100 120 15 RKLEFESD 24 h Harpm AN . AR50 18 R, M HIBAIEE 2 mm L2
R, A A B, g TR, BEREREORYT . AR REN 14 d ERANEL, 0 iTESS 18, 2
1. 23, 26, 28, 31 R KEFEME 24 h LIRPI SRR G A AU B A IR 2= <A (COsy C
Hiv N20)o CHav NoO AR TSI N IR, — Ty LI IREIAE N, SR8/, H—J7
T 2 3 ol A7 AE R GE B TR, RBAE LA IE T LR e AR AR CO,, BRIIX LA CO, fRE L
BRIl . AIETGEMSE R EE LR EEE, TG A AT IO, 1 COL BRI Za A e i BRI AT
SRR SEIII R YRR R HOK A SPIGATE L 8. LIRSS AR, K Ak S0y i A 4T
AT AL (4ERe 2 5SS 3T 8 9 AN H REFR 5250, DIRFTA ML R I O
1.4 TIEFAREAINERIEF Fe NE

Y HRAAFE B T EAWE P KT RATmE, il EAERKT 2 mm MHERRE. 25
Phikth 30 g EAEZ9 3 mm BRI RAE, KA Fan %22 % Ghadiri A1 Rosel3 Bt 1)+ 5 1 55

http://pedologica.issas.ac.cn



+ Bk
Acta Pedologica Sinica

THRER Y NANERN R . HIEERK NN BE S AE TS B T it b o >R Ferrozine ¥5II5E F

Q2+ A 261,

1.5 REMEYWEEEE

R EERE PCR LK 4ixt e &ik, fH OMEGA’s E.ZN.A.® Soil DNA il (Omega
Bio-Tek, Norcross, GA, EE) FHIE R AT 250~1 000 mg #£5h /7 RM EIEHFEEIE R . A 25K
B I merA 77 H 2 DNA A met86f—metd71r JFAZ/EY) 16S rRNA DhREIE K L A2 21 .
THVPREMWREE GEHGEED MR, AT DOIE IR REM S A ER, DNA giffase,
TE L3P A7 B T, AT ERoRat 2 — B (a] 3R AR W A E AR 77, 1T RNA 4544 5) 15 %
W, AR EE, o] TSR R R A M SERR A e 127280, S, 5T DNA F| RNA BJ#Es%
KFZ, ¥ met86f—metd71r JEA%AY) 16S rRNA FE[H#E T H—10 9 merA 7= Bt i DNA &K #%
TR, DARIRAN R SR A B PR AE 4 () R
1.6 HIELIE

&% Li S50V B — PRI 25 FE B AR T I S B R, DR A SE I Y BoE % .

1
Dsozﬁ X(DaOXQZ+KHXDWOXQ€V)

1.145x10™
D= 724
-2275

7 )
KA, Dso NELETIEFIERY BUREL (Effective diffusion coefficient of oxygen in the soil), N
RNEEALBRE, TRIF/RSCRE, P45 K& (Pa), D NELLTSHTHBHYT HARE, Dw
RELEK I B B BUREEY . 0 O 730 08 B8 LR 25 (] v 783 2 SORK B B« KH 9% ) e
ARG KIERRE R RE. p BRET 3.4 FE

MR PR AR SR S AU EAR, FERFEI Y CO, R TEOH 2245 55 0h S A7 I 18] 3 43 e A AL ) C

O, MBETBCE A Q, HALN pmol COz g '*he 3l BEHI AR B AR S B, 13 CO, BRISE HAE
AR (P>0.05) FI IR T EL BRI R . SRFEIS ) CO2 R E N FIRAT: [H] &S E] 1) CO2 B
LA EALI T

D,,=4.84x10xexp(

N;=0,;x24

_9t0
T
X, O N | UCRAEIRE R R ¢ R RFEIRI BRI 8] o SRR SRR 24K . SRR AN 22 18] f) - S IRl
FMEAINIBCEE R, BERE R LI R R, AR5 (Extent of anoxic protectio
n, EAP) #Z40F A5 .

t

Ry-R
EAP= ——

x100%
b

X, RONAFTEEREALRY T, BEIWILAMY B LIERFIRGRE, Ry NAFIEGRE RS, RIBRS B 145
I 3 5

i F SPSS 26.0 #EATHHE K IEASTES T, EHREERTTZ 5T (One-way ANOVA) Hlig /)N 2 %
ZE ik (LSD) X Fi i AT R E MRS . A Origin2022 HEAT R 2 BIAIAH S E /0 dr. fTH R
BEATTT 2250 fR 3 (VPAD,  DLIX 43 F AR e il S O B R JHAth 5 6 2 e K] 28 6T 1 438 WP R 3ok 6 1) 52 0

http://pedologica.issas.ac.cn



+ Bk
Acta Pedologica Sinica

2 4 B

2.1 FEIERBE LB HIRBUMR
RFE XA A AR BB T R - e Y B AL PR 0 S B B R B0 AR 1. FL A PF 38 1358
R0y, HEHKS S EEEST NS M NG H3E. & HEIEARRIBRL & 2 FIFE 4 FhAE B 288
TR, X SR PR E R A, AR T RKIEHE. BT L e . AL S
G2 FIR R
F 1 FRIESEE X T ENYIBEMEEMSR

Table 1 T he physical and chemical properties of soils of different ecological restoration types

-+ u ER TN/ &BTP/ SOC/ Mgk LR 5 Bulk
Soil P (mg-gh) (mg-gh) (mg-gh) SWC /% EC/mS'm')  density/(g-em™)
FL 8.18+0.05a 1.27£0.17a 1.38+0.19a 14.9+0.7a  20.644+3.24a 224.3+31.9a 1.57+0.14a

PF 8.42+0.05a 1.13+0.06a  1.18+0.17a  14.2+0.5a 10.48+2.08b  146.5+14.4b 1.37+£0.07b
NS 8.43+0.06a  0.76+£0.06b  0.55+£0.03b  11.9+1.3b  6.53+0.78c 138.9+4.8b 1.30+0.05b
NG 8.36+0.15a  0.77+0.16b  0.54+0.03b  11.5+2.0b  5.59+1.26c  229.2+195.0a 1.35+0.13b

LR \ \ \ ATOC/ oroc
, , FibL Clay/%  BYHL Silt/% W RE Sand/% 1 1
Soil Soil porosity/% (mgg?) (mgg)
FL 48.53+4.65a 8.39+0.54a 53.20+2.27a 38.41+2.64b 13.48+0.18a 7.84+1.64a
PF 47.98+1.98a 8.13+0.54a 39.42+4.02b 52.45+4.40a 11.02+0.73b 9.09+0.98a
NS 52.38+1.77a 8.46+0.78a 41.55+5.65b 49.99+5.70a 10.41+1.18b 8.82+0.49a
NG 51.61+4.99a 7.88+0.92b 41.70+4.75b 50.42+5.29a 9.85+1.8b 8.11+£0.73a
CO2 BT 2
+3 ’ SRR IR IFe*/ EFe”"/
] CO3 release rate/ Dsol(x107) R/D X .
Soil EAP/% (umol-L™) (umol-L™)
(umol-g-h'")
FL 2.14+0.18a -9.42+12.08¢ 3.50+5.73¢ 84.9+29.9d 1.40+0.12b 1.18+0.19a
PF 1.23+0.15b 16.77+8.25b 30.8+9.49b 910.6+357.3¢c 2.17+0.33a 1.27+0.03a
NS 0.94+0.16¢ 34.64+16.18a 45.6+4.67a 2202.4+467.8b 1.38+0.09b 1.00+0.02b
NG 1.05+0.26bc 36.92+9.61a 51.0+7.31a 3970.2£1037.9a 1.42+0.03b 1.01+0.06b

iE: 1)FL: R&H; PF: NTTHG NS: RN NG: RIAAFH . Dso, HAETIEHIT HRLG R/D: 16STRNA (met86f—met471r)
FFE/DNA(merA)FF; Fe™: FERENE Fe S ®; EFe™: BIRMAINZ F™ &8/ OTOC: THEF&UE7#a AR ATOC: +
U AT BB, TR 2)Fe P PR bRt . (751 ORI NG 5 BRI R AL %53 3% (P<0.05). Note: 1) FL:
Farmland; PF: Planted forest; NS: Natural shrub; NG: Natural grassland; Dso: the diffusion coefficient of oxygen in the soil; R/D: 16S
rRNA(met86f - met4711) abundance /DNA(mcrA) abundance; [Fe*": the content of Fe™" in the inner layer of aggregates; EFe”": the content of
Fe’" in the outer layer of aggregates; OTOC: Total organic carbon in soil after acrobic culture; ATOC: Total organic carbon of soil after
anaerobic culture. 2) Means+ standard errors. Different lowercase letters in the same column indicate significant differences between treatments
(P<0.05).
2.2 NELIF CO. A SOC ZAL1E

i 1a frox, BRACH FL AL, =MAEBE R 38 CO R UE R AL U By 10 (P

<0.01) . HIEAERFGRALRI G, 1) COL BEUHE Z W] B4R i o SRR R EE B = 102 NG, N 36%,
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Fig. 1 CO; flux (a) and the extent ofanoxic protection (b) during the initial and acration phases of various types of soil
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Xt FTIR &5 R AT T AR 7 CLIPAS 380 RE TR 73 ACB 1321, 3 500~3 200 e XAk

KALE: 1 680~1 580 cm! [KIHARFIFHEL, 1 465~1 360 om™ KIRARFMEW ERIART ZECY, K

RENBEMSNZANURA S (B 4, B SD, ARSI, WARESBEERM, E=MNEA

FERMAER, YR NZEITRE. BRI SR AT Bl s AR, AR BOKAL AP0 A

LCHURTA1 R . o i TR 22 5 5 A LU 22 S 0L, (EUR 38, 3K DRI g B — e i 1 240 0 0 T AR
B o AT RE RN (18] S2),

KA Carbohydrate M 35% Aromatics [l 76/ % AIA % % Lipids and Lignin

shE 44.6% - 43.3%

External layer

W= 40.0% - 47.1%
Internal layer

4MZ External layer HJZ Internal layer

) I
50.6% M 5750, 47_64‘3&2%

12.2% 14.3%

=5,

43.4%

43.5% 43.4%

| |
| NS l NG I
HEZMBEIH Types of ecological restoration

13.3%

. EAKIREDN A SR, TAROEAS A BB R LI 5F. Note: The bar chart aboveshows theoverall relative

content, while the concentriccircles below represent the relative content ofeach ecological restoration type.
SPAPNEIL 2 =S N =IO E R IN iR v b ey
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Fig. 5 The gene abundance of anacrobic microorganisms (a) and theactivity of anaerobic microorganisms (b) in different types of ecological
restoration
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Fig. 6 Principal component analysis plot ofsoil properties(a) and the linearregression plots of the correlation between Fe** content (internal
andexternal layers of aggregates) and the effective diffusion coefficient ofoxygen in the soil (b, c)
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