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Characteristics of Soil Organic Carbon and Bacterial Communities Functional
in Agricultural Lands of Facilities with Different Continuous Cropping Periods

KONG Chenchen' ZHANG Shiwen' WANG Weirui® YAN Fang® SONG Xiaoxin' GUO Dandan'
(1. School of Earth and Environment, Anhui University of Science and Technology, Huainan 232001, China
2. Beyjing Cultivated Land Construction and Protection Center, Beijing 100020, China)

Abstract ; To investigate the changes in soil organic carbon (SOC) , bacterial communities and metabolic
functions, as well as the dynamic response relationships with each other in facility agricultural land with
different cropping periods, organic carbon, bacterial community structure and metabolic functions in soil
were systematically characterized in unplanted (CK), Oto5a (0 ~5a),5ato10a (5~10a), 10ato
20a (10 ~20 a) and more than 20 a (20 a + ) of continuous cropping by using temporal-spatial
substitution method in a centralized area of facility agriculture in the southern suburb of Beijing as the
study area. The dynamic response of SOC and its active components to the bacterial dominant
communities and their interrelationships with bacterial metabolic functions were explored with redundancy
analysis (RDA) , typical correlation analysis (CCA) , prediction of PICRUSt2 function, and Mantel test.
Based on the results, continuous cropping caused the contents of microbial hiomass carbon ( MBC),
easily oxidizes organic carbon (EOC), SOC and soil organic carbon density (SOCD) all showed an
increasing and then decreasing trend with the increase of cropping period. Dissolved organic carbon

(DOC) content was the highest at 20 a +. Microbial entropy () was decreased with the increase of
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cropping period. Continuous cropping decreased the diversity of soil bacteria and increased the
differences among bacterial species. PICRUSI2 prediction showed that the functions of soil bacteria in
different continuous cropping period were dominated by metabolism, and the abundance of secondary
metabolism functions of bacteria was significantly higher in the soil from 5 ~20 a than that in the soil from
0~5a, 20 a +, and CK. Among the bacterial groups in the top 10 relative abundance, the
Acidobacteriota were negatively correlated with both SOC and its active components. The key bacterial
groups dominating and participating in SOC accumulation and cycling showed a shift from eutrophic to
oligotrophic and pathogenic taxa after 20 a + of continuous cropping. Mantel analysis showed that a total
of 53 classes of functions in the third tier were significantly correlated (p <0.05) with SOC and its
components. Among them, totally 23 classes were affiliated to metabolic functions in the first tier, and as
many as 51 classes were significantly correlated with EOC. The finding can provide scientific references
for optimizing carbon cycle-related bacterial functional groups and enhancing the carbon sink function of
small-scale facility agricultural soils.

Key words: continuous cropping period; agricultural land of facilities; soil organic carbon; bacterial

community characterization; metabolic function

0 3|

4 JT M - T BB A 2 M — R 0% 18 N ) 52 A
3 B0 R0 A e A e o M R 3 BR 1)
SR R A WL B BRI B L 7R TR
BANRIRBEIN T A E T, 2 %) HoT 3 5 1k
e —E BRI R AR Ml 2B 74 3 82 bR B xR R
R HECA AR, o o8 AR — DRI R R
HR BB HE I T £ R g 2 e L iR b
B¢ P (4 T 55 2 38 W7 I A 7 X4 Bk 46 2 AL 1) 4 15 430
W R AN A SRR P AE SCAT A R v B
fEF B R IR G KR o 42 v AR T M g
F9 [ T B 0, A R L BB A e i 8 K, X
FRE TR E A R A EE AL, HEMEY
VERAC A28 R GE 0 AL I8, B4+ + AR i
e, S5 5 PU I 7 3% 53 T A0 TR 34 4 i
T, Y BE R B R e S s A L A
g S T Ay v B e T R R, ORI 4 S
Iy BE 7S A0 T R A R e - 49 2 25 2 5 B Y B0 A
WA B FRLAE R IR M E I SRS R
A T - SR HEIR B0 A P 2 A TR A S R, LA
Y AR IR V) A, o W R At 25 S el T
11 X - S P 0 5 A e B R LR R, R 4R
T2 VE AR A WL IR 5 40 B R T 10 R W) R G £
A 1, b =5 5 4 T Hb - 8 6 078 PR BE 8 B b R R
SE I 0K RO R LA S S

AT T2 W1, K0 34 10 T G S T R AR
TR 9 5 W 2 10 4 1) B S LS TR S R 4 B X A 4
AU PR B AR T B S A AR — A 25 R, AT
AP 1T o A T AR A BRRR FET b A LR B F 5T 45
SR, A LR AL A o kB A AR R i 1 i
P s ZHOU 28 (g B 5 26 W1 A% I + 498 i A i

il

D HE 22 R S M) P RE 7 147 Bt 25 ol e 4 IR 194 1 o v
N O E N R P P P N IR (a7 N
- A B B BE ST R Ak B TR 2 R R A A R B
AR ERF ) #9384 T T 000244 TS A [ 328 A 4 FR A T
LA HLER (SOC) 55 4 B 11 v 72 AL IR A R BF S 1 R
WATE G — W 45 R, HRE 08 20 17 20 A 1 LA g
TREAE A i e A, B X B2t A JH 3t & 58 JT Jig SOC
55 240 B A Vi D) RE B A5 RN 5C AR A 255 PR ST AR U A
o ABIRTE 1 B T g A s A L B Hh M DR F 5
DX, SR I IE 2= B AR, R A A TR VR4 R - 30 A
BLBK 28 20 T8 22 4 S AN ] U2 20 4 T A 2 B 1Y 22
&, A Mt SOC 5 248 B I 34 T o e 328 A 4F PR AZ K 19 3
AW, S WA IR EC R, BAER
S M PR RO B S O /N ROBE Bt A
TS E S BIC R R THE S %

1 #MB5FE

1.1 HEXHHER

W5 XA T AT AT 2B, L 43 39°26" ~39°50"
AR 116°13" ~ 116°43" ) J& A0 (14 0% I 45 21 8 1 K
ki 1 2 LA, 3 2 Y 2 O 4 Kb AR £ K
Fef b BE BT LA vh AR R 1 SR T S A R
Wb+ s R, 5 TR, ISR IX R SR B it K
A rf DX, ARG PG IR 32, Aok A = R 7 2R P IR
ELED) s g o
1.2 RESHH
1.2.1 FEG R4

SPAh L AERAE T 2022 4F 7 H kAT, M4 SR AE HT
V5 SR, 7R B 5% X Bk £F b B A A G | - B T b 2k
RUAR ) HLH [A) 45 B0 A5 A B AR — B0 4 Fh oA ) 3% 1 4
FRO3HIH0~54(0~5a) 5 ~104(5~10a),
10 ~20 4F (10 ~20 a) 20 4FLL | (20 a + ) ) i VG



328 &l #Hl

3

s

i 2024 4

JRKHH o SRR i B () - 39620 0 2 Oy 3]+, o
FER g0 - RAE S b B AR R 2 A S
A HUAE (5 2% ) e it 14 it A =X, e B it P Ry A2
JIEE 420 ~450 kg/hm’ , Fijifi % 26 45 v/hm® . PE$% K5
SR AE R B B0 A1 b B - A R X B CK) |, SR FE I
10 d FCHEWE . >R SRR B AR 5 em H 4R
HR)Z(0~20 cm) 3L 544 5 SIRA —AFER,
B RE & 2 T (/N F L S R R 55 TR 4 ik
34y, — M HIERE S G T -80CH PR AT
2 A ) 2 RE 1 s — ) T 4°C vk AR ¥ AR 772 1 T
I SE A W A W i B (MBC) R AT %5 1 A BIL B
(DOC) &t 5 — 0 W & T B ot i XL TG PH DG B4
(4 5 1D P SR KT, 2o 07 i B AR AR A7, T 00 2 4 4
Hoe bR .
1.2.2 5 MLAR AL 55 B AL B

SOC 5 Ht R B E 4% R 40 Zh I #A4i: , MBC 5 R
FHS 7 75— K, SO, 32 #2320 22 , DOC % &k H K,
SO R 5E , &) FAL A HLIK (EOC) 7 1 R I %
AN G B 1 5 5 2 TSR IR Tk
1.2.3  HHCA O E S ETT

AT HLAR 2 (SOCD) AR K

0. 58pCD
100

Af SOCD—— - AT BB 3% 3, kg/m”
p— IR E  g/cm’
C— AR S (it tt) ,g/kg
D——1 )2 R em
I O AR
Cyipe
Q =

SOCD =

x 100 %

soc
X Cype——HEMAY LY &S & (KR

), e/ke
Cooe—— HHEA MR S 5 (T IL) ,g/kg
TR Y DNA R HC 3 0 F S R

R

+1E M DNA fifi | MagPure Stool DNA LQ Kit
IR & 0E A7 5L N 41 DNA $E B2 56, 58 iR BUR , H
Qubit £ DNA ¥ B, H 1% 35t g W 5E e ri ik Az
fhPE L 24 DNA S8 B, 442 16S V3 — V4 JlIjJF X
5, B9 F 5% 5'~ CCTACGGGNGGCWGCAG — 37
M1 5'— GACTACHVGGGTATCTAATCC — 3", JE ¥ i
A F 5% Barcode J7 81, X rRNA K& [F 1] A% [X 5% Ff
FH R Bt T PCR 74 . PCR ¥ 314 58 e, FH w2k
Xt 7= B A7 4t Ak, FH Qubit & 7 4wk B, F
1. 5% By I i B e v UK K I PCR =9, PCR 9 3%
L= A7 9 o & 5 IR A, SR H Hllumina 23 ]

il

1.2.4

Y TruSeq Nano DNA LT Library Prep Kit ] £ J¥> 3¢
J, SCHER N 5 4% )5, ] Tlumina Miseq 4§ 4 5~ )
J7 o1 XA 1 SR 52 IS Y, I S Sl PE250,
il 3 Barcode X R FE SC P #E 47 3R N, M
Trimmomatic v0. 39 B #5471 57 & 5 38, B % 1
K/ 50 bp, B 1 AP 2 B & E R T 20, )5 i g
Cutadapt v3. 5 F O SEAT 51 W 87 U1, 14 B AR5 51 9
() Clean J¥ %, i | DADA2 43 #7 J5 4% 3| OTU
( Operational taxonomic units ) J5, {8 i QIIME2
(V.2022.3) %4 i3 € K £ B ASVs ( Amplicon
sequencing variants) , 3% Silva Z{ 4% %2 ( Releasel38)
{2 B R L1 1) QUIME2 4493 Naive Bayes %)
it 4 25 2%, XF 4 A~ ASVs 4 45 F ¢ % 3 47 W) Fh
PEEY AL
L2.5 BBkt s s o

K H] IBM SPSS 27 #4744 42 i1, SOC dH 4+ 5
M o ZHEVESE RN B R 5 22 23 Bt (ANOVA) LU
K Z2 H BB (Duncan K355 ) 5 20 1 R v 45 14 19 IF
& 2 4k KR 7> Hr (NMDS) | 40 & 1038 20 fig 19
Complete 34 . SOC 5 4 T B v 25 1 S AR )
REMY CCA Mantel test 43047 7F R 4. 2.2 H528, RDA
3 Hr H1 Canoco 5 3R 4 58 Bl ; ff A Origin 2022
R4.2.2 2K,

2 HBREHWH

2.1 AREEERTEGVBREAS T

T 9% X AS ] 3 1 4R BRAR Bt SOC 75 & (i H)
FRAE AN & 1 (A [) K5 B e o A ) i 4 41 B
AR AT B 4L 43 22 8] A7 7E B 5 Pk 22 5 (p <0.05)
Rl /NG B R i) — A B 21 3 S [) 3 A 45 B i)
FTERFEM 25 (p <0.05)) i, AN AL
e dl 4 & & A8 Ak #a B AF 7E — 2 22 5%, MBC . EOC |
SOC it ¥ it b A 4F B 528U 20 48 )5 o b %, Moo
MBC .SOC & & 78 5 ~ 10 a i3k 5] 55 55 (8, 40 51 K

AR SR SRR R

0. BCEYE R B - R R

1.01 120

Aa By

wost ¥ | Bpa Baab Ba W {16%
. -1e] . -
oo |2 B |
< 04 1l Ba i Ba {025 | &
B 0.6} 4 oAb | b AD W12
Pt 33,52 & (r_ﬂ
& Ab I & | ¢

= 04l & Pl = B
£ T 502 Be 011 | f:
o N Bb = =
& = e ;
Z 021 ;H ) 14 T

£
ol o o o

0~5a 5~10a 10~20a 20a+ CK
bt

PU1 A [a) 2 AR 4R BR A 39 HLGk 20 0 51
Fig. 1 Characteristics of SOC component with

different continuous cropping period



%2 1)

fLIRIR 45 A Ta) % A AR FRDNE AR T 3t 1 3 HLAK 55 40 1 3 7 2 RE e ik 329

0.42 .14.42 g/kg; EOC W 7E 10 ~ 20 a i 4 5 0 A1,
9 0.22 ¢/kg; DOC %15 T MBC Hil EOC, H. %5 fl
FELAF R A T 8 oA 2 30 % T B AR 34, IR 76 20 a + B
ik #] 0.74 g/kg; CK K Mg + R EOC 4, HE +
A MR 2 43 B KT & A AE R 14, 1 EOC
fE CK 13 rh 5 54 0. 16 g/kg, ik T 0 ~20 a KHl
T E T 20 2+, A —iEAEAERR T, MBC . DOC |
EOC &g 22 R A 3% ,S0C &g 5 ik 3 fhdl s
FETE R ETE2ZE 5 (p <0.05) o A [A] JE VR 4F FRX + 4
A ML Sy A T E R, Hoh 0 ~ 20 a KMl
+HEh MBC \DOC % &= 8 3% &5 T CK K Fj A Hh e,
5 ~10 a KHl L5 SOC & i W) & 25 = T H B i AE
AEFR T4 (p <0.05)
2.2 AEEEERIEFNHREZEESNEDEET

W HFAE

5 MLk % B SR AE A 18 T R e

5+

s
T

o
I
-

Ioo o

- ® I
m Wy
b +

| | 1
0~5a 5~10a 10~20a 20a+ CK
pised

TG LI E (kg m ™)
w

[S]

oA BB G 0 EE B AR AR Y T b A R
ICRE 78 43 e A HE b s A BLR | L 8 R R AE
b b R A T A AR Y SOCD R
AR A R e F G, K fE S ~10 a
WK, Q MIFE O ~5 a /AR BRI B, IF Bl b A
AR BR 3 I FEAR, CK -3 b SOCD & it & Q 3
AR (B2, B« IR AN 7] 3% AR 4R BR 4G bR 22 18] 47
et F M 22 5 (p <0.05) , Bl A KRR 25 F8 AR 7E A [F)
AEERE) S A AE B AR BRI g& R B R
DU 53457 550, A6 A v 2 R B 00 T 2 8 AR AR ER
e 288 Sk B 1) B KRN B /NI ) o R, 3 AR AR
{8y | I 1 1 =t 5 S O S IV e o ] A 1
Kruskal — Wallis £ % & 7% , A [6] Fl A 4F B X SOCD
AR W R R Q AR AN A AR AR IR T A AR
WEERE, HP0~5a +1EQ BEHT CK -
% (p=0.026),

*

7.5-Oi '
g
*‘%
] o
4 501 o o
£ ol
B ®
H o

250 : ® °

1

1 | | |
0~5a 5~10a 10~20a 20a+  CK
abH

K2 N[ EFAERR SOCD K Q 2 5K 3o 4 2k &l

Fig.2  Box plot of variance test of SOCD and Q with different continuous cropping periods

2.3 AEEEFERIBHRHEEMESHFETNK
X AN [) 32 A A PR R A v 4 0 R AT o 2R
PEFEE ST BT (1) . Feature 5 BB % 3% 1 47 B 44
PR AR ,5 ~10 a 10 ~20 a .20 a + 140G
Feature F8 %045 0 ~ 5 a 430 9 /> 15.98% .29.30% .
24.18% , H ¥k T CK 13 ; ACE , Chaol | faith _pd

FEBAEA R E AR T 28 L a5 Feature 45 %
F AR AH 6] ; Shannon | Simpson 4§ (| & CK + 4 &
75,0 ~ 20 a [N [ 34 A 4R FR1E fnm B I, 78 20 a + 1)
WA Il 7t AR EL,CK 2 0 ~5 a 3P4l & 5
JE K R R, UL AR FR AR T P AR R 2
R

x1 TRAEEERIELAE « ZHEEBEHIN

Tab.1 Alpha diversity index of soil bacteria with different continuous cropping periods
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Fig. 6 Mantel test of SOC and bacterial metabolic functions
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