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Abstract: Exploring the change characteristics of soil aggregate, organic carbon, and bacterial communities in Robinia
pseudoacacia plantation could provide a theoretical basis for soil quality and function improvement. Robinia pseudoacacia

plantations with different ages (eight, eighteen, and thirty years old) and abandoned farmland ( CK) in gully region of the
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Loess Plateau were selected as the study sites. Soil aggregates with different particle sizes were obtained through the optimal
moisture sieving method and then detected aggregate associated organic carbon contents and bacterial communities. The
results showed that: (1) regardless of the Robinia pseudoacacia plantation age, the soil aggregates were primarily
macroaggregates ( >0.25 mm ). The proportions of macroaggregates were 92.74%—95.78% in the Robinia pseudoacacia
plantations with different ages. The stability of the soil aggregates increased with plantation ages and the maximum was
observed in the 30-year Robinia pseudoacacia plantations. Compared to CK, the mean weight diameter ( MWD ) and
geometric mean diameter (GMD) in the 30-year Robinia pseudoacacia plantations significantly increased by 48.19% and 91.
38% , respectively (P<0.05). (2) In the plantations of different ages, soil organic carbon contents were concentrated in
the <0.25 mm fractions. Both of the organic carbon content in soil and >2 mm fractions significantly increased with
plantation age. (3) The bacterial communities in different particle size aggregates were mainly composed of Proteobacteria,
Actinobacteria, and Acidobacteria. During Robinia pseudoacacia growth, the relative abundances of Actinobacteria firstly
elevated and afterwards reduced and the minimum was observed in the 18-year Robinia pseudoacacia plantations. The change
trends of Acidobacteria were contrary to Actinobacteria. There was no obvious change of Proteobacteria. Soil organic carbon,
pH, total nitrogen and phosphorus were the main factors affecting bacterial communities of aggregates. (4) In the >2 mm
and 2—0.25 mm fractions, the relative abundance of Rokubacteria had the greatest impact on aggregate stability, which
exerted both direct and indirect effects on aggregate stability by increasing organic carbon contents. In the <0.25 mm
fractions, the organic carbon contents had the greatest impact on aggregate stability. The higher the organic carbon content,
the stronger the stability of the aggregate. In conclusion, Robinia pseudoacacia plantation not only improves the stabilization
of soil aggregates, but also promotes the accumulation of organic carbon, which may be used as an effective measure to
restore ecology in this region. During the growing process, the plantation impacts soil aggregate stability by altering the

aggregate associated bacterial community and organic carbon contents.

Key Words: :Robinia pseudoacacia ; aggregate distribution; aggregate stability; bacteria community; aggregate-associated

organic carbon
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W E ™ AT R R R R W R R R U IR R R E D
LT -3 PR AR TE i SR e B BRI . RARR A MR N TR & MR G 4 S 80+ e
BRI AT LB 5 0 3 A REAE BB et e B B AR A AN RS 4138 2 W A1 B TR 254 5 T 2R
REEEA HYIRR" . BT WA Y AN A 22 A2 3 - PR SR AR A T BRI R A | 4 v T R (A
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MARPEATOTIE R AT SRR A BT AT DR & B S AT SRS E P Z R ARG &R, WESE4AE R B 7ef m AL
A SEPTRIATEENE AR BLR] ,  N TAR RTS8 RO AR S T RER THR BERH 2

1 #RERHE

11 5 AL

WFZE XA T B 76 45 7k 75 B A FE AR 3% (108°05'—108° 10" E, 34°47'—34°51'N) | HiAb1H Jb 5 i B 2%, W 4k
1123—1464 m, %X R 7 2 T 5 AR KRR PE T KU, AP 2R 10,8 °C AFEIFERT A 610.66 mm , 4
MIERHEM 7—9 A, EHEEAD A+ IR TR 5% X SRR T 90% 7 o MRKT A AR 4 LA
. ( Humulus scandens) 8 (Artemisia argyi) . —K45%56 (Aster ageratoides) . K% ( Carpesium abrotanoides )}
F o TEFFIEIX AR BT M A AR Y 8 4FAE (18 4R AR R 30 4R A IR TR BIFFE XS 4, LANIE 5 1 4
FEHAE AT R (CK) o MBI 3 4~ 20 m x 20 m ARED  MRAREEDT A IRIEE >20 m, 2631 12 M4, B
AR DL 1,

R1 TRERBEA TR

Table 1 Basic information of sampling sites in Robinia pseudoacacia plantation with different ages

e oK k=7 Ey o -1 A% T IS AT BE
s i i e G k; ekt i P2 A SR [{zil;3
Stand aze/ Altitude/ Slope/(°) Soil Litter biomass/  Stand density/ Mean Mean tree Canopy
and agera rudesm ope moisture/ % (g/m?) (#k/hm?) DBH/cm height/m density/ %
CK 1170 8 16.18 18.67 — — — —
8 1233 11 17.48 286.55 1550 6.7 7.82 0.65
18 1332 13 19.91 328.79 1142 11.04 8.68 0.72
30 1370 10 14.45 468.37 950 19.93 12.61 0.82

CK : RIFE S M4 B L ; DBH . 942 Diameter at breast height

1.2 HIERE R S A

T HERE ST 2019 4 8 HORSE, AR N, ST BRI ZRREALIE L 5 AFE 5, RBRIBIE WG R & Bk
£ 0—20 em T2 MYFUR EFE BEA 4 COURAT M SEI S, 1Y AR AP R R R BT, LB a PRl
TR B TR —HE 7 5 RS H R A I —A RS T 12 4~
1.3 3P RARGG 5

FR A Upton 25 (9 SCHK™) | 2R FH 38 12 07 7345 (optimal moisture sieving procedure ) % A BAKBEA T4, ¥
JFOR RS T A ORI TR R & 4 C I TR R R AR SK R 10% , B FRE 100 g Ab3FE S
B FAREE T REMH(H BT 2 mm 5 .0.25 mm 7 FHUE &) 05 E2 B4l & THLB LU
120 R/ minBYHEE Y% 2 min, B1IKIRTE>2 mm 2—0.25 mm F1<0.25 mm Kii2 H BAREE S, 28R )5
VRS X 1 R S T, R RS U . KSR AR A SRAREE S 40 A B 0, — 10 AR, T 22 Tl 2
PE, — 135 T-80 CUKFIEAE , T 240 R AV i 1l 7
1.4 PAREAILZ RN 2

BRI HURR  pH | 2 ZUR 4 A0 E 2 B B0 A 7 skt A, A7 HLRR I R SR FH 2 4 R 40 1
ik, pH ERH] pH i+ (B @ PHS-3C) M€, 2 ECR H,S0, 16 A 3L E B4 E . 28R H,S0,-
HCIO, T8 , SHBR bT be i
1.5 ARG I5 =i Y

i ] OMEGA Soil DNA Kit(D5625-01) (Omega Bio-Tek, Norcross, GA, USA) 428+ 3 DNA k&5, BT
5191k 338F (5’ -ACTCCTACGGGAGGCAGCA-3") F1806R (5'-GGACTACHVGGGTWTCTAAT-3") , 414 fz i 4
Z:5 pL ZE 0P 0.25 pL Fast pfu DNA Polymerase .2 wL ANTPs  1E JZ W54 2 w1 wL DNA £Ax 1 14.75 plL
ddH,0, 448 K0 2544 .98 C FHILRAEM: 5 min, 98 C FAEM: 30 5,53 C FiB K 30 s 7F 72 C &M 45 s, 7F
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72 °C N HRALEM S min, 325 NMER, I FAE IR R4S 7 Mlumina Hi Seq platform V-5 5¢ i (IR FRIE A4
PHEABRA A, L, hE) o FrRFIITE 97% AR I K E EXF OTU JE8#E 73R 25 5341, % F Greengenes %8
P& % ( Release 13.8, http://greengenes.secondgenome.com/ ) HXT , 4T H) Rl B
1.6 Hduanbr

3CH,>0.25 mm AARATIRIE SR (R, 05) CFE R EAR(MWD) JLF2 EAR (GMD) M LR (D)
AR R,

x> ).
R o = — 0 x 100% (1)
Wy
MWD = )’ x w, (2)
i=1
GMD = exp( z w,Inx;) (3)
i=1

lglw(d < x,)/w,]

o lg(x/a,) (4)

T 50,005 4>0.25 mm LA AT SR AR 0T 5 22 il 5 00 o 25 R0 1A SRR BT B S 05 0, oA R AT SR AR Y P 1 AR

(mm) ,w, K i BL AR BT H 50 (%) ,n R R BB« R KR P34 w (B<x,) /N T i

AR T3

SR SPSS 23.0 BPFIETT I 2725 5T, I R BPFAS™ geplot2” LT HE TG ATBLAL , * vegan” G

1T AR BT B2 TT T 22 MT R /AT . (T Amos SR8 45 R0 A% AT SR 40 B RE VR A LA IR
PEZ [ ) 546 7 FR AR

2 HREHSH

2.1 IRV SRR SRR

I3 2 T, AN AR L T AR LRI R AK (>0.25 mm) S 32, &l 92.74%—95.78% , .3 T CK,
RIS N AR B RARA BRI A >2 mm HI R R s, HROE 2—0.25 mm BIREFI<0.25 mm HH
A, Bl RIS PRI, >2 mm RAR A EIR AR B R T0 0 A8 fh . 2—0.25 mm B4R 9 T SRR i 2 B SE 1 s
WD IR, 30 AF A AR B i de IR, #5218 AR A M 8 3E 08 D 43.51%, <0.25 mm K AR A SRR & 28
R, 7E 30 AR Ml b R AR /IMEL, N 4.22% , 835K T 8 AFZEMHLFN CK

F2 TRMERFIEA T RERARGAN

Table 2 Soil aggregate composition in Robinia pseudoacacia plantation with different ages

N FARH K Aggregate composition/% R

Stand age/a >2 mm 2—0.25 mm <0.25 mm e
CK 54.25+7.65b 33.91+3.14a 11.84+1.31a 88.16+1.31c
8 69.32+0.48a 23.42+0.66bc 7.26+0.20b 92.74+0.20b
18 64.31+3.40a 31.07+3.46ab 4.62+0.09¢ 95.38+0.08a
30 74.13+£1.83a 21.65+1.66¢ 4.22+0.17¢ 95.78+0.17a

[FIFVBUES AR [RNG TR 7R [RURLAR AT R AR RIS 2 A1 2253 35 (P<0.05) 5 R, 55 :>0.25 mm ALAR AR (A2 4

WE 1B, SO 3 R RE E S F MWD F1 GMD ¥ % & T CK, D {H 2 F KT CK, MWD F
GMD B8 I AR AL L 38 B0 A 30 4FAE>8 4F A > 18 4R A, MRS 43 T 4E%0 D {H Fifi MRS 338 in 1% 3457
15,30 4FAEHE CK Fl 8 AFAE I 25 FRAIK 17.12% 1 7.7%

2.2 HEEARIA PR S
AR A R AR AR 7 B YRR 18 AR 30 4R 4L 3% = T CK AN 8 4R, T3 ML & & REARIA 1)
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Fig.1 Soil aggregate stability in Robinia pseudoacacia plantation with different ages

ARV FREARRAN [RI AR (6] P SR MAOF 2 T E AR LATP 2 B AR KA TR R0 5+t .35 (P<0.05)

MR RGN, 7E>2 mm LA B R DL 30 4F A Ml B =, 3 18 CKORI 8 AFEAE 3N 66.15% Fil 134%
2—0.25 mm F1<0.25 mm H 2 R LR 5 i, AR 3 0 L2 30 5GBS BRAR A 3 351 18 A A #L
et ne i o AN DRI PR PR T 398 1A SR A AL 1% et 2 BECRE A () /)N T S B n, P 21 <0.25 mm AR
AR A A B & i e (R 3) .

F3 AEHRBREAIHRTEARGENHRIE (vke)

Table 3 Soil aggregate—associated organic carbon contents in Robinia pseudoacacia plantation with different ages

NS Kit% Size At
Stand age/a >2 mm 2—0.25 mm <0.25 mm Total soil
CK 6.00+1.13Cb 6.90+0.24Dab 7.94+0.51Ca 6.60+0.31C
8 8.45+0.16Bc 9.75+0.16Ch 11.98+0.25Ba 9.02+0.07B
18 12.66+0.50Ac 19.12+0.25Ab 21.02+0.33Aa 15.05+0.30A
30 14.04+0.43Ab 17.98+0.95Ba 20.80+0.50Aa 15.16£0.12A

[RISNEAEL A RIS 7327 AR AR AT R A R Al 2 18] 22 57 .35, R AT AN [R) /NG 7 A 0 [a) bk il A [ 422 P 2R 1A 22 1) 22 S 18835 (P <.
05)

2.3 TIEPIRIEAEREE

i 2 pros, 3 A SRR AN R V% 2 S TE E 1] ( Proteobacteria) JZE B ] ( Actinobacteria) | FRFT B[]
(Acidobacteria ) 4B, MRESXT £ A2 AIRAK TR AR TE B T T JC W S 52 ), IR AT 81 11 i o R 1 354 o i 22 300 e 14
InJE AR 3, DL 18 AR A b R 5y o R TR T T A AR Ak R 5 5 R AT TR T T A I, 8 AF- A2 R 30 4F- A= MMl ~F- 34 AH
Xt BE E AL 18 AR A M =7 Y 27.429% 1 10.72% .,

PCoA (&l 3) FIE e 2 J0 1 40 M4 e 3R W, ASTRI MRS 1 M P SR A Al T BV 25 M AP e B 25 57 (R =
0.4099,P<0.001) , [F]—ARIE A [R]RLAR SR A4 4 PR ARV 25 A AR BL( R® = 00422, P=0.867 ) . T 38A Bl .pH . 4>
RN AT 5 ) 25 R A AL SR AR A R B o 1) 22 R 1 (B 4)

2.4 BIEARAR AR A LK A0 TRV R T AT SRR RS M Z TRl G &R

WA S5 Fiwn, 75>2 mm iR F BT B EE T ( Rokubacteria ) FERE B4 & HIE R Bk &M, ik
TG I A LR S = A R v L R IR e e, 7R 2—0.25 mm R AR IR CRHE T TR )
( Verrucomicrobia ) X} BAKFa e A B IERLN . TE<0.25 mm FiF8 I RAK A | I RAKE HLoK S 52X 1 A
RARFE AR B K
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Fig.3 Principal Coordinates analysis ( PCoA ) of bacterial

community in different aggregate sizes in Robinia pseudoacacia
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9.88%) , o I EMNIE T E IR MMAEYIARE EAREFOR MRS A K, HAE KO 18 7 IRt > 7
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e SR DX AR S MR A 4 A9 K 2 B e 4 12520 Xt AT SR A WL AL 43 (R B 5 AT 15 Tl — 2
WHFE. SR, ABFFE P i T <0.25 mm KA PRI ot 5 P SRR LU () 51, S O RS 4 A7 BB A 1) BTk 56
B,

AT BB AR R AT BN IR R T TFIIRFF R, 25 RiAe R A h A8 T 1
Y0 = BE (A SZ AR 5200 33 P RE 5 78 T T 1) PR A3 5 B M A O AR T 1 T o 2 AR A 26, BE A 3%
AT S 280 WA A G RE Y, AP e AL RE Y, DR L RE A3 R 2 e SR B AR (O A T 2R A Y R TRI Ak
W RIRE N AR R 2R AT SR AT AR BT TR 2 BE R BB R TR T . i BT S T e v 1] S L TR Y
S TR, 0 LA DU T T SR B, 38 B 7SR AP SR I BREE th AR AR, HIBR L Tk
LHER IR S AN HLBR A B R ANGE SR T TR AT R AR T R T T AR XS R Besh A
IFFEAH S A 73 Bir 45 2R 2 W] AT ZR A B0 1 11 A X = B R BILARR &5 A7 A8 2 35 Y TR SE SE &R (r= - 0.564, P<
0.001) ,(LIEH] T LiRSE R, AKA% R AR PR AT 1] 80 AL 4 S5 O TR T I A B . Kanokratana 45 Y BIF 5T
FIFRAT B 1) & T G 2T e KR 2T e R S D BEE R LT A R SRR Y, Zhang ST L B
B IR TARI G, 8 7540 P2 1 A AT 2 38 R T 3 SR AR 2207 el e 5 | S R AT BT 1 A =
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