55 45 55 20 1 S & 7 i Vol.45,No.22
20254 11 A ACTA ECOLOGICA SINICA Nov.,2025

DOI: 10.20103/j.stxb.202502280434

HETF IR SRR UL S, BT 37 50, E45, X8R SC, B 55, sl fs. 3 P g DR AR e, 4 3 A1 SR A MILB 4 AR 5 AR IV 1 R RP S A
2R ,2025,45(22) ¢
Zheng F X,Cai J X, Hao H J, Sailike Ahejiang, Wang R, Liu H W, Shi J Y, Zhang W.Study on the relationship between organic carbon composition of

soil aggregates and microbial communities in the Loess Plateau grassland area after returning farmland to grassland.Acta Ecologica Sinica,2025,45(22) :

Bt EREXEMENM T ERREEIRARSREY
RERXREMR

R BEARR RS TR A, T &R, NEL B EH K T
PUACAMBI B R SR JFESBE  #8E 712100

FEE AR AR EE M BT, AR [ P E MRV AR 22 57 X MR s i PR R A o LR B 8. 88T, H i
X F e R AR R A DL S A W B R R ITA TR A . FETF U0, ARBFIT L 4 Fe g IR B 10—50a HEHUA BT X4, BT
A R b % AR AL R PERRE MR S A RIS I OC R . AR R (1) BEIR BHAEBR 3G, -+ 3 R AR A Bk % i
82 ETHES FERBE 50a IR BIR K, AR ,0.20—2 mm RIS i, <0.053mm Lg% & f AL ; (2) kR BLE £k (CPMI)
B R HFAEBR A3 i & 1 TR AR Bk 50a KB K, AKigh , CPMI BRI RIS/ N R R, (3) TR Ak 72 v 4 4 (A1
BRSBTS AT AEZE R A LU TE TR 1] R TR T 15 o =, BB DA F 208 1) BB 1145 0 35 (4) Nk h
A A 2 B A LR & VR R A, >2 mm A 2 AT R o 48 D ke E 224 L 0.20—2 mm Ri 4% & 0.053—0.20mm Kig%
SR AN B SRR R AR, <0.053mm KL b ] LECE oy = 5 (5) SEmaA BLER & 5 1 S G W S OB AP AE 25 57, >2 mm Al
0.053—0.20mm 7 R JEEERT T ,0.20—2 mm K% F LR BT, <0.053mm ki g R AR RANE , SR AT R iR+ B KGR
B [ 557 DA R 2 4 BEAR R A M AR i

SRR BRI IR RAK A DL ; B PR AR A T IE R

Study on the relationship between organic carbon composition of soil aggregates
and microbial communities in the Loess Plateau grassland area after returning

farmland to grassland
ZHENG Fangxin, CAI Jiaxun, HAO Hongjian, SAILIKE Ahejiang, WANG Rong, LIU Hanwen, SHI Jiayi,

ZHANG Wei”®
College of Grassland Agriculture, Northwest Agriculture and Forestry University , Yangling 712100, China

Abstract: As the basic structural unit of soil, aggregates have different microbial community compositions in different
particle sizes, which will inevitably affect the organic carbon content in aggregates. However, further research is needed on
the relationship between organic carbon and microorganisms at the soil aggregate level. Based on this, this study took the
grassland in the loess hilly area that has been abandoned for 10—50 years as the research object, and explored the
relationship between changes in soil aggregate organic carbon content, carbon pool stability index, and microbial
community. The results showed that: (1) With the increase of years of returning farmland, the organic carbon content of

soil aggregates showed an upward trend, reaching its maximum at 50 years of returning farmland. Among all particle sizes,
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the 0.20—2 mm particle size had the highest content, while the<0.053 mm particle size had the lowest content; (2) The
Carbon Pool Management Index ( CPMI) showed an upward trend with the increase of years of returning farmland, reaching
its maximum at 50 years of returning farmland. Among different particle sizes, CPMI showed a decreasing trend as the
particle size decreases. (3) There were differences in the composition of microbial communities in soil aggregates at
different particle sizes during the process of grassland conversion. Bacteria were mainly Proteobacteria and Actinobacteriota ,
while fungi were mainly Ascomycota and Mortierellomycota; (4) The effect of microbial community composition on organic
carbon content varied among different particle sizes. Bacteria played a major role in>2 mm particle size aggregates, while
bacteria and fungi worked together in 0.20—2 mm and 0.053—0.20 mm particle sizes. Fungi were dominant in<0.053 mm
particle size aggregates; (5) The key microbial groups that affected organic carbon content varied in particle size, with
Firmicutes in the>2 mm and 0.053—0.20 mm particle sizes, Chloroflexi in the 0.20—2 mm particle size, and unclassified_
k__ Bacteria in the <0.053 mm particle size. This study can provide a scientific basis for the assessment of carbon

sequestration effects and carbon pool management of converted grasslands in loess hilly areas.

Key Words: returning farmland to grassland; soil aggregates; organic carbon; carbon stock index; soil microorganism

A LR A A - A N Sy, TR LR R A R e AT LIRS B 5 ARG I Gy R
HEEEEAEA " L U1E N A HURR R % 09 £ ZOR B, 16 396 LRI i B e e P4k 15 1 &
HEHEEEEHT . HAT, —SWF 58 A G LA HUR S -+ HERE PRI 22 8] 0 S I T 48T,
(R ZHE T AT e R )20, SR, IR IRAE Jy - e ARG My o0 RS AR 2 b - ek 4
FEVE LS N b 2 BEPE R AR R, 3k 0 8R4 0 + AT HLRR 7 5 S 4l o = A i ' {H MR 56 T 0
BRI I+ G DU S E Y 2 R B2 R AT ST AR e =, — @ R BE I 20 1 %o - ARG 31 S 22
BT R IIAR

e PR IR PR R - HE AL B A R 95 4 i B A 22 LN Y R AR RN TR A SRy K A R AR
(>2 mm) PRI (2—0.25 mm) A1 B4 (0.25—0.053 mm) FIFBR I BIK (<0.053 mm) 2 TR
[FRE 9% - HE A AR FLIRE K RS AA e 25 57 e T A AL & i oAt . BT, E AR AR TR R+
B TRAR A ML & B A AR AE R, 3 Dy, R R AR R 3L B B K K A s b e 2 A
FIF 0 53 fi A WL, T Sl A SR AR DR LA LB /I, N - 6 o0t A ML , 5 B00 A SR AR I B 75
R T RERAE ) (BB WL A AR T AR g 1 3 A R A, K AT R R BAT S A 3Rk 25 i, B 1L
B 20 A HURR | AT AR A R AR LA B S i R e LR R g — i TR
7 - 8 P SR AR G W BREE A A7 AE 25 52, 59— T U2 R R S [ AR 2 - S8 1A SR ARt o M B T AL U 2 R R A7 7
ARTRIEY 200 i 3 S A A WL ) 2 ot R v e 4 3 S A R s 1 P, 0 T ) - A MR 04 o A 0
WFFE R, 29 70% (1 e G A 0 28 06 7 S A R AR I, B3k 90% 1) S B Ak 4 5 A SR AR 5620 A AN AR
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LA R S R i Y L R [RGB E e 2 B 22 S5 b SR S5 R AN [R5 141 B Ak oA L
e i SR, BRI, HRTSE T SR MR 5 AN AR AT SR A A LB A A T 56 2R B S A5 3 R e =, BHL
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A YIRS 5T Y (EX B oY 2 I E 44 1 R R TR ST FE R AT R AR E AR
XRZ o FET I, AT LS - o b 1A 82 DA [ AR AFAF R e LA v i T 5% Gl el 0 45 A 4 H A JR A
AHUER i S E AL oy 5 ] L S AT SR AR [ e R (i S R ) Z R SE &R R AGA IR B 4
o DR LR O e e - SRR R PR B S

1 RKIEXHER

WFSE DAL T [ B P4 4 SE 22 T 22 8 X A P e b, e DL o ) B o 1 e BRI AR X, S B R R
1000—1350 m, 2% DX A g L 78 4 mp il i Bt P~ T 52 230 U0, AR 333 B O 8.5—9.5°C , 4F H RIS Bh
2352—2573 h AFEJREKIR 21N 520—550 mm, FELF T 7—9 A, dlid SATIRPHEMAESBRE TR, %
SRIE B T AR A BR A b ) A XA R SR B B e SR A T AR AR . o, B S R ol AT
& (Artemisia sacrorum) -5 ( Bothriochloa ischaemum) A<T=¥ ( Stipa bungeana) .1 =5 ( Phragmites australis) .
B RS (Artemisia capillaries) FAFEF AR ( Melilotus albus Desr,) ik BT ( Lespedeza davurica) (F2 1)

2 WRAE

2.1 KB

FER BT R BT AP SR A (T EE T, 45 A R AR RRIE MR 2 MR B MRS 2 FERE, ARIF 98 T 2022 4F
TERR P44 HE 22 7 4 FE X L LV PSsE E T F 2022 478 B P 44 28 42 11 % 2 X HL VS 3t 3 BB B TR0
I, O T R BE 10a,20a ,30a ,40a F1 50a (B EETEAE B 98 X 42, [R) 26 BT i 45 P AR AL G A
H(FL)VE XS B, BT 8 5l 7E R B 17 240 VR A L, A A =k oKk 5 S8 S50 AR Pk B0 () R A2 B A 1
i, B S RIRMC, I I B 2 4 R AR B B IRARAT PR A b, BOKT BR AR 43S0l i 3 Bty A AR M, 2L
TF 18 Hekfh , 3 e sy S5 A4 AH AL, LA 080/ N B0 A i S B0 B3 il SR RS2 e . A4 b 9 43 391l 57 3
A~ 20 mx20 m WARAERE T, 21t 54 AMARifERE Ty T IR S dr SRAE SRR .
2.2 FEACREE

SREEFTE BR R 22 ) (B IE e AR R VEY)) 35 S” TR IR AE A 20 mx20 m ARifEREJr N BEAIL AR 15
941 mx1 m #8100 em® ATTIRAIE A E I HERR 10 em HHCRE 0—10 em RE LA, BB+
BEH G HURIIR RGIR A5 0t 2 mm B, 40 J5 0 58X 4 A P A . — 4 2= 3R A T B R, 5
— 2B TORIRAR (5 vKAS) P IRIRARAR , (LS 2 E D 40 Bl . 2R 20 mx20 m bRifERE T A o5 BRI 3 A
FE R AT, T IRSE & (K xTE x5 :24 emx 10 emx 15 em) 3 BT TR A 0—10 cm JUIR
A, 50 0 A JE — 0 F T A SRR B A A I, — 1 F T A SR AR 0 o M
2.3 R IEP R AT 4

ARG R P 12 4 = S8 AT SR AAR LA/ ot Bl A W I (e IR0 i e s R RE BRI S 8 mm O, 0 S
AT 4°C VKA PR, AR AT 2 mm 0, FHIR M TC IR TP 43, DR B >2 mm IR, 0 N WAK
Y 0.20 mm F10.053 mm §ifi , 2351155 0.20—2 mm 1 0.053—0.20 mm B4 545 <0.053 mm EJHH N CaCl,
PRUT, B0 (4°C,3900%g, 10 min) J53K15<0.053 mm ¥Rk 2 73, 25 RLGURE b 3 20 Wiy, — 13 & T - 80°C B AR vk
RV URAENE , LIS S0 WA OCHEAR A SE 00 I 3 | — (03 28 3 TR AL 3 LA R S M o 5 4347
2.4 PR IR WL B LA o B B

A7 FH FE A R A A/ A A 0 4 198 A 3R (A LB (SOC) &7 fifi P A FR A0 ( KMnO),, ) 48 Ak 6 1 45
Gy B BB (ROC) i
2.5 A RIRRUAE YT

FH Omega 14851 DNA $2HUA G 2B I A R AR A ) 4 DNA, {1 Nano Drop 2000 435G EE T
(Thermo Fisher Scientific, USA) % DNA ¥R EEFIZEREE , If38 48 1% B AEAEE e R VKR DNA Fife, DAZlifbiy
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FER 4] DNA AR HEFT PCR 9738 . 41 16S rRNA 3K V3—V4 X R H 514 806R (5'-GGACTACHVGGG
TWTCTAAT- 3") F1 338F ( 5'-ACTCCTACGGGAGGCAGCAG- 3') ¥ 14, H & ITS X % 5| % ITSIF (5'-
CTTGGTCATTTAGAGGAAGTAA-3") Fil ITS2R (5'-GCTGCGTTCTTCATCGATGC-3") 3%, {#i F§ AxyPrep DNA
BEIR U & ( Axygen Biosciences, USA)Zfifk PCR ;=% , 4 2% B st FE UK AL IS , >R QuantiFluorTM-ST
(Promega, USA) E &, AT L3 EY R 2R A FRA Al Tllumina MiSeq PE300 il /3 15 (Illumina,
USA) bk 47 g s A
2.6 TR

SR - 358 A R AR 205 B (CA) BRI TS FEFR B (CAT) iR IZEFE K ( CPT) FIBs 445 BEAE £ ( CPMI) Sk R A £
SR B R R MR AR A TR A A R Y A S 8 - 0 R A B A A

CA=ROC/SOC-ROC (1)
CAI=CA,/CA,, (2)
CP1=S0C./SOC,, (3)
CPMI=CAIXCPIx100 4)

o ROC Sy I B A4 5 A A BB & 2 (g/kg) SOC Ky T HE I B ARG HLIR & i (g/kg) 5 CA, IANFIVR
AP A PR 1 B, CA , SR %o} REAL RS2 1 B 5 SOC. AN Rl 52 A BRA AT HLAR 5 12 (g/kg) , SOC ,, Ak ik
HAPUR S (g/ke) o
2.7 BdESHT

fii 1] Excel 2016 ,SPSS 26.00 \R-4.2.3 #EATEHRGE T 007, BT A 8 1953 41 ¥R F] Shapiro-Wilk K55 %545
S5 ARMER (M£SE ) FR AR 8 IR IE &S50 , i R iE— 25 05 22 A ik . LSD ¥ (fe/h i
FHEFW) GG R ER T 22501 (One-way ANOVA ) BEAT S Ak $HAG 30 [7] — 48 AR 7E A [ 168 B 4 R FNAS [ Rz 4%
] AR Ak 22 5 (P<0.05) 538 33 TURZMIT  Pearson A8 53 HT M i e /N A BBERY 437 4R 98 T IR R AL
B % AR 5 TSR W Z T AR EAE T, OR8] Origin 2024 \R-4.2.3 S #1455

3 EROW

3.1 R A A SRR AR T L B S5 B ik 12 R S B AR RAE

W 2, FEHHAERR 1 ,0.20—2 mm Aig SOC ROC #) = FHANR S, <0.053 mm 1% SOC ROC ¥J/NF
HoApbkigh . Ak, iIBHE 10a B HTF CA 7£ 0.053—0.2 mm Rtk 1B B 20—50a HEH 1 7E 0.20—2 mm K7k
R, F B HHE IR EL L CA $7E<0.053 mm R/ BB 10a FLHbr CAL7E 0.053—0.2 mm fig i K, B Hf
40a H7E>2 mm R, HARB B HHERITE 0.20—2 mm Rt K, KB HHERR B H CAI ¥7E<0.053 mm
LR/ ; CPLFEAS B FHEBR I 7E>2 mm KRR K 1B #F 10a 20a FiHhH CP1 7E<0.053 mm K4/, IR #F
30a.50a H17E 0.053—0.2 mm K% e/ IR #HF 40a H7E 0.20—2 mm Figtfe/) ;iR HF 10a HH CPMI 7E 0.053—
0.2 mm R H IR, IRHF 20a H7E 0.20—2 mm b i K, AR HHER Y 0 >2 mm R K, H AR HFHE
PR rh CPMI J7E<0.053 mm ki Zde/N

KR AT R AR SOC . ROC ,CP1,CPMI 4 Ffi R B AF B A 54 i i 2 IR K 35 B CPMI A9>2 mm i1 0.053—
0.2 mm PRI AEIR B 20a BUSH/MEA, SOC .ROC ,CPT 1Y/ HRigk K CPMI 1) 0.20—2 mm K72k F1<0.053
mm L IITEIRBE 50 a BHRA,IBHE 10 a BHR/N, CA 7E<0.053 mm K7 2% it 1R BRAE R A0 388 i 52 B0 T B A R
TEIRHF 10a B H RMH 0.22, B #F 50a BUfSH¢/IMA 0.11, BR<0.053 mm Kigh , Ho4x A B 1Ak: 2% it 38 #F4F R 1Y)
BRI T RS LA FEIR B 10a USSR KM, iR B 30a BUS&/IME ; CAT #£>2 mm A7 BER B4R
BEL PR3 o S22 AR RS (R 34 50.20—2 mm Wi R BEIR FHAEBR A 34 I S 3058 T B a3 e AR Ak 30a B
1345 /IMiE 0.7050.053—0.2 mm 7 ¢ Fifi iR BB 138 i 2 20T R 5, 7EIR B 30a B 5/IME 0.555<0.053 mm
R BER AR B 3G B T R IE LT BRI 7EIR B 50a B fe/ME 0.49
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Table 2 Evolution characteristics of soil aggregate carbon composition and carbon pool stability index in farmland grassland
BHHER ., soc ROC CAI cPl CPMI
Restoration *\L'L,i . Soil organic Readily oxidizable A .. Carbon activity Carbon pool Carbon pool
Particle size Carbon activity . . management
ages carbon/ ( g/kg) carbon/ ( g/kg) index index index
10a >2 mm 3.16+0.06Eb 0.57+0.02Db 0.22+0.01Ab 0.98+0.13Aa 1.49+0.05Ea 146.477+15.45Ca
0.20—2 mm 3.44+0.1Ea 0.66+0.03Ea 0.22+0.01Aab 0.95+0.03Aa 1.48+0.09Ea 139.86+8.67Da
0.053—0.20 mm 3.15+0.07Eb 0.66+0.02Ca 0.26+0.01Aa 1.11+0.10Aa 1.40+0.09Da 155.08+8.33Ca
<0.053 mm 2.84+0.06Ec 0.52+0.02Cb 0.22+0.01Ab 0.95+0.10Aa 1.35+£0.05Ea 127.58+10.08Ba
20a >2 mm 4.15+£0.09Dab 0.59+0.01Dc 0.17+0.00BCb 0.74+0.09Aa 1.96+0.05Da 145.36+15.67Cab
0.20—2 mm 4.51+0.11Da 0.84+0.02Da 0.23+0.01Aa 0.92+0.05Aa 1.94+0.11Da 177.41+5.82Ca
0.053—0.20 mm 4.35+0.27Dab 0.68+0.01Cb 0.19+0.02Bb 0.78+0.10Ba 1.93+0.17Ca 149.70+7.31Cab
<0.053 mm 3.96+0.1Db 0.56+0.01Cc 0.17+0.01Bb 0.71+0.07Ba 1.88+0.07Da 133.30+8.97Bb
30a >2 mm 6.36+0.06Ca 0.82+0.03Cb 0.15+0.01Cb 0.66+0.10Aa 3.01+0.07Ca 199.17+25.82BCa
0.20—2 mm 6.52+0.08Ca 0.97+0.03Ca 0.18+0.01Ca 0.70+0.03Ca 2.80+0.10Ca 195.97+6.14Cab
0.053—0.20 mm 6.29+0.1Ca 0.73+0.01Cc 0.13+0.00Cbc 0.55+0.05Ba 2.80+0.15Ba 153.75£6.74Cab
<0.053 mm 6.23+0.17Ca 0.66+0.02Bc 0.12+0.01Cc 0.51+0.04Ca 2.96+0.07Ca 150.50+9.41Bb
40a >2 mm 7.52+0.09Bab 1.11+0.05Bb 0.17+0.01BCa 0.78+0.11Aa 3.56+0.08Ba 275.79+35.11ABa
0.20—2 mm 7.78+0.14Ba 1.24+0.03Ba 0.19+0.01BCa 0.76+0.05BCa 3.34+0.18Ba 252.81+5.43Bab
0.053—0.20 mm 7.69+0.09Bab 0.97+0.03Bc 0.14+0.01Cb 0.61+0.06Bab 3.42+0.13Aa 206.29+13.30Bbe
<0.053 mm 7.28+0.2Bb 0.80+0.01Ad 0.12+0.00Ch 0.53+0.02BCh 3.46+0.12Ba 182.66+7.58Ac
50a >2 mm 8.73+0.21Aa 1.3+0.04Ab 0.17+0.00Bb 0.78+0.07Aab 4.13+0.16Aa 321.37+20.10Aa
0.20—2 mm 8.8+0.18Aa 1.54+0.07Aa 0.21+0.01ABa 0.85+0.05ABa 3.78+0.11Aab  319.26+11.70Aa
0.053—0.20 mm 8.3£0.26Aa 1.16+0.03Ac 0.16+0.01BCb 0.68+0.01Bb 3.69+0.05Ab 252.04+2.94Ab
<0.053 mm 8.25+0.16Aa 0.84+0.02Ad 0.11+0.01Cc 0.49+0.04Cc 3.93+0.14Aab  190.07+10.51Ac

SOC : A LA soil organic carbon; ROC ; 5 A HLEK readily oxidizable carbon; CA: ##% %1% FE carbon activity ; CAT . Bk J7E 1 BEF8 54 carbon activity
index; CPI. B ZEFE %L carbon pool index ; CPMI ;i A FRFE 4L carbon pool management index ; & H K5 T8 e 7R AN [R1AE Ak4F BR8] 5] — 40 9% 1) 8. 2 1
ZE5 (P<0.05) /NG FRFIR [l — B BFAEBR PO R B2 R F) 23 122 5 (P<0.05)

WNIEL 1A [FEHEAR R -3 1 SR AR 2 AR AE
BEZES ., IR 10a H,>2 mm RN i, HIk
J2& 0.053—0.20 mm Az, MM 7ER BF 20—50a 1, %
0.053—0.20 mm Fi g% &7 b K, HOROE >2 mm ki g,
BHF 10—50a H1,<0.053 mm Kigk 5 D
3.2 OR[RIE B PR b - 8 SRR A MR

TNTET 2, A0 T RIS R - B B i LA [T 2R 7

] ( Proteobacteria ) . G ( Chloroflext) | [P AN
I'1( Acidobacteriota ) AUFF 1 '] ( Gemmatimonadota ) F1 %
28R 11 (Actinobacteriota) o HHp | BRIEBF 30a HEHLAN  H
AR IR AR BR AT AR ] 4 LU ASTE R T T R3] H 10 20 30 40 50
YRR R TR RIS BT 145, SR 30a #00 PR Restortion gesl
Hr,>2 mm RiZ 0.053—0.2 mm K2 Fl1<0.053 mm FiZk
TN AR T TR R #0T,0.20—2 mm ki g rp LAZ
ﬂ:/; I\_J jﬂ ’f jtﬁ“ I\_J different years of returning farmland

pUNES IR £ I AU DO S S =l S o W SR S O 7 CiA NN
( Chytridiomycota ) . 8 F W '] ( Basidiomycota ) . K 43 28 H W (unclassified _ k _ _ Fungi ) 1 #% f 2 ']
( Mortierellomycota) . Pt iB#F 10a . 20a W AR % B 4 DAFRERE 1T AT, 1B BE 30a B ) >2 mm Fi
PR LT R AT, HoR = DR B LI EE T AT 1B B 40a FH |, <0.053 mm Aig

$ige/mm [ <0.053 [ 0.053—0.20 [N 0.20—2 [ >2
100 xor

0,
w L 29%

41%

s1% | | 4%

SRR 5 b
Proportion of aggregate particle size/%

E1 FAEEMHERIBEARGEHRSLIL

Fig.1 Proportion of soil aggregates of different particle sizes in

I'] ( Ascomycota ) .
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