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Sml Bacterlal Community Structure and Functlon Predlctlon of Millet/Peanut

Intercroppmg Farmland in the Lower-YeJlow River
LIU Zhu] 2_‘, NAN Zhendwu® , LIN Song-ming’>* , MENG Wei-wei”, YU Hai-qiu' , XIE Li-yong' * , ZHANG Zheng** , WAN Shu-ho’
(1. College of Agriculture, Shenyang Agricultural University, Shenyang 110866, China; 2. Shandong Academy of Agricultural Sciences, Jinan 250100, China; 3. College of
Life Sciences, Qilu Normal University, Jinan 250200, China)
Abstract: The objective of this study was to explore the microecological variability in farmland soil fertility in response to millet-peanut intercropping patterns by clarifying the
effects of millet-peanut 4:4 intercropping on soil bacterial community structure and its diversity, as well as to provide a reference basis for promoting ecological restoration and
arable land quality improvement in the lower Yellow River farmland. The [llumina MiSeq high-throughput sequencing technology and QIIME 2 platform were used to analyze the
differences in bacterial community composition and their influencing factors in five soils[ sole millet (SM) , sole peanut ( SP) , intercropping millet (IM) , intercropping peanut
(1P) , and millet-peanut intercropping ( MP) | and to predict their ecological functions. The results showed that the a-diversity of intercropping soil bacterial communities
differed from that of monocropping, though not significantly, whereas the B-diversity was significantly different (P <0.05). A total of 7081 ASVs were obtained from all soil
samples, classified into 34 phyla, 109 orders, 256 class, 396 families, 710 genera, and 1409 species, of which 727 ASVs were shared, accounting for 24. 5% t0 27.8% in
five soil species. The bacterial communities of millet-peanut intercropping and its monocropping soils were similar in phylum composition but varied in relative abundance. All
five soils were dominated by the Actinobacteria, Proteobacteria, Acidobacteria, and Chloroflexi, with a relative abundance of 79. 40%-81.33%. Soil organic carbon and
alkaline nitrogen were the most important factors causing differences in the structures of the five soil bacterial communities at the phylum and genus levels, respectively. The
PICRUS functional prediction revealed that the relative abundance of primary functional metabolism was the largest (78.9%-79.3%), and the relative abundance of
secondary functional exogenous biodegradation and metabolism fluctuated the most (CV =3.782% ). In terms of the BugBase phenotype, the relative abundance of oxidative
stress-tolerant hacteria increased in intercropping millet or peanut soils compared to that in the corresponding monocultures and significantly increased in intercropping millet
soils compared to that in sole millet (P <0.05). Oxidative stress-tolerant, Gram-positive, and aerobic phenotypes were highly significantly positively correlated with each other
(P<0.01), and all three showed highly significant negative correlations with potential pathogenicity and Gram-negative and anaerobic phenotypes (P <0.01). This showed
that millet-peanut intercropping resulted in differences in soil bacterial community diversity, abundance, and metabolic functions and the possibility of reducing the occurrence
of potential soil diseases. It can be used to regulate the soil microbiological environment to promote ecological restoration and sustainable development of farmland in the lower
Yellow River.
Key words: lower Yellow River; intercropping; soil bacterial; community structure; BugBase phenotype
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T3 H (CGPY202103)

YEE® A X (1994 ~) , & ,@iﬁﬂ:%ﬁi , EEWEFE I ) MVEWHIE S HHEA S , E-mail ; liuzhuzhuer@ 163. com
* JAEVEH , E-mail :x1y0910@ 163. com; kyczhang@ sina. com



4576 B

Moo 14 %

TR R A S R G R A G
FF ARG R IEA G RT3, W R
SiptesE tE R Re ekt B mEAE AT e
FAEY G R Y B R 70% ~ 90% , Hi A B
SR I RIE A . A LA . L3R AR ER AN
MAL 1R L BE Y E AR A, ATE £
MR T BEGIEE | PRkl ORI 4 S R 45 35
Z0F L AN P AN IS RN 7 A 5 ), T S ) L
TR RV SR RN 2s () AR 7 A, AR A B
UNHEAE | DE7K RN 0 A5 25 A0 AR = 198 40 1 i B AL
B REVE S AN BT S L 2 S -
FIRRLI R SRR 5, AT ARy S AR T SRR
PEM I R R R AR . RN 2 AR B B
FEARZ  [llumina MiSeq =38 & 5 4 AR H ¥ Ak
PO HMCA Z AT R YRk S 2 pE
PERIBTST.

YRR e [l — A K, WAl ek 2 R AR 2047
B34 AR AL [ — FE e L p A o . 1 3
L Gedell i REE , TR) VR LA 3 7= 188, $E A
BEURA RO i*tnzwﬂtt%y#rﬁnﬁéiﬁﬂﬂ
fpﬁﬂza%mﬁn% ;_Tuaﬁz%zwﬁ*ﬂ F‘ ﬁﬁfé
*%@””WWWmTu&ﬁi%Mﬁ %g#
e B i 3 4 g ”Eiﬂ&,é%ﬁ
B’J/H%?I‘M’E% A T thl{ﬁiigﬂﬁ%#ﬂfﬁ% BT

tede ﬁmﬂ%%@ﬂ¢%m3w§*ui,

RAFNEE IR BLAME T X O A kT

UK. BFF 2201, RARE 5 16k 1R 7T L 24
ﬁniﬁ%éﬂi@ﬁg“““ PR G AR PR LA
Xt T B0 A AR B, B - AR B S
LRV R R ARG AR AR A T P X
SRR G AE Vi Al S L 22 R R W B B T i R DL 4R
8, RS TS5 AL [P A - S A B B v 25 1
ik, 48 7% SRR TR A v 2 o AN () e A X
JIES 3 78 ey 7 4 A BERRAT . PRI, AR S ek A3 T B
TR TS, B - S 2 AR I A R R AR T
AELE AR R TR g o 07 22 5 o) 1 4 46 A TR £
SR AT 7 A9 folo A= AR, LASUD O B80T 13
A T AR A IR Al T 2 K SRR S
F A

1 #MREF*

1.1 AN

A 7 T B U L AR A AR IR T (116. 78°
E, 35.98° N) , J& By Kt 2= KA X, iU =43
B OGRS IR R, A B HRET 02 607 h, 45
AR 12.9°C , EFEIMZ 200 d, IR K& 660 mm.

MR AR BEE 0 ~20 em T3 o[ HHLIE
(TOM)] A 11.6 g-kg' . o[ & (TN)] H 1.0
gkg™ | o[ RIAEE(AN) ] H75.9 mgkg™' | o[ A
e (AP) 1 28.0 mg-kg ™' Fll [ LA (AK) ] K
168.6 mg-kg™',pH 4 7.0.

2019 45 ~9 H LI 1 (SM) FIEA: (SP) Hu
YEFPAE J Xf B & B A T 464 4 4[R4E (MP, B
1) AR, IR 58 3.4 m. Hip | AIVEAS T RREE 2
cm, BAERF 4 em  ATHE AR ], BAAE A6 A P ke AL
¥ S IRIVEARTE], 7CHE 10 em , BORDS 5. 4 Fh il
B ] AR 249 0. 45 hm? 23 500020 3 4> A KR
BERE.20194E5 7 HIER,9 A 12 H RERAE
BT (SM) | BAEMA (SP) | HAES T (IM) | [
YEAEAE (1IP) R F AL A= [ AR (MP, [BIVE S F 464
SEALAL P 1) 305 B b AR AL A8 R R
VAR 20, A AEH 36 %ﬁu%ﬁ@ﬂ@*ﬁfﬁ%ﬁ
(15-15-15)750-kg-hm >, H:fth [ [ 4% ﬁ?&ﬁ@%

.
40cm 40em 40cem 30cm 80 em 15em

INL 1P A MP SRR T | A T T
A TR 398 A BURE (o2 1
1 AFRE4G4AEEHETE
Fig. 1 Field schematic diagrams of the

80em 30cm

millet/peanut 4: 4 intercropping

1.2 FEACREE

F20194-8 H25 H,5 Fi HIERANEE S”IE
KA 30 410 ~20 em LZHES AR A N 1A
A I 15 ANFEAR T UK ERAE I T 0] 5206 2
VA BREIRTRE , #5 FE R AT

A AR T - 80°C VKA , FH T4t 320 TR R
AN ; FIRFES AR T G 0.25 cm I 1 mm
T O 2 IR IR
1.3 WET %

g B il A VR BN E 2 (R R AL

By, 39 TN SR PG E Ak, HHE AN SR A B
Y 1Ok , 13 AP SR R S AR-FH B P O EE
P, 3 AK R BE R B - IR T RS KB BT
2, A ALK (TOC) >R H 4% 12 B A A-4h 4
%, pH R AR (K EH2.5:1).

%8 OMEGA Soil DNA Kit 7 & ( USA) ¥ 8]
FAREUA-1E DNA, F 1% (3 B WG e ri Tk 2R 47 46



8 1 XURESE . BT R e A6 2 I T - S A0 P R 4 245 5 300 A Tl 4577
I FHAZ R 52 542 ( Nano Drop ND-2000 ) K $2 it 1.4 Fdsabrg
DNA (4 v B 1 26 B, Y6 £ 40 B V3-v4 X 1Y FT QIUME 2 (v2020.2) el '™ vefT s . HF

16S rRNAJFS#EAT PCR 974, 71451910 338F (5'-
ACTCCTACGGGAGGCAGCAG- 3') #1 806R ( 5'-
GGACTACHVGGGTWTCTAAT-3").

PCR ¥ 34 % F TransGen AP221-02: TransStart
FastPfu DNA Polymerase, 20 nL 2 W AR & . FastPfu
Buffer 4 pL fE¥ 5 ¥X,2.5 mmol-L™" dNTPs 2 plL,
5 wmol+L™" Forward Primer 0.8 pL, 5 pmol-L™'
Reverse Primer 0. 8 pL, FastPfu Polymerase 0.4 pl,
BSA 0.2 pL, Template DNA 10 ng, ddH,0 %b % 20
ml. PCR R W S50 R .95°C #54L 3 min, 27 VIR
(95°CH74E 30 s,55C B K 30 s, 72°CHFLE 45 5),
72°C #E ff 10 min, 10°C % % #l ( PCR {L: ABI
GeneAmp-9700 %) .

T 2% SR MESE I FL UK AR T PCR =4, < B
AxyPrep DNA Gel Extraction Kit( Axygen Bloscwpces
USA ) BE W1 P ik 4T 4 fk, 15
QuantiFluor™-ST ( Promega USA) ﬂilf '/ﬁ E ﬁ JE i
Illumma MiSeq jqzé*ﬁﬁ% Paired-end il F? lﬁ _tﬂﬁ%
i’:t%l:%‘ﬂﬁiﬁﬁﬁ N ﬁ*ﬁ'ﬁ'ﬁ? f"" "’

2000

Union City,

1 800
1 600 -
1 400

1 200

1 000

ASVEH

800
600
400 H

200 |r

1]

12000 16000
FEA 518

0 4000  BO0O0O 20000 24000

(c)

1 800 T
| 600 T

2000 ¢

ACESs%

= 71
200 | T

1 UU{) I 1 L I 1

Es

SM SP MP IM IP

P FNPEME  JE25k ASV (amplicon sequence variants) ,
BRI 0.7, b silva 138/16s i g | 3144
B/ IMEATE ST R Mothur ZPF#EAT + 1840
WHEVE o ZFREME 8T FIFHFE T bray-curtis B2 19
PCoA 73 Hria7s LS4 B HE V% 10 B ZRE1E, Ol i
Adonis 73 BT #4741 0] 22 S R 5, A H TR a0 b
(RDA) Sz e 18 fF 5 M4 I 5 Z [ 19 ¢ &5 A
PICRUSE2 %1 Ff 7% 247 D RE BT, F1] ] BugBase
PEATFRAITN. 3@ R i AEE, 6 SPSS 26. 0
TR 2 J7 22 53 #7 (one-way analysis ) 1 22 1 [ #8
(1SD).

2 HR5HH e

=

2.1 :tﬁ%élﬂlilﬁggﬁé Mg f"
515 A FEARHERU L REATE S T i {5:,%/\
FEAA 24, 769 % ﬁaﬁzﬁéﬁu H ASV fﬁ?’lﬁaﬂﬂ L
T2 () ) RT3 Tk
B ERE (T A A fi T Ry Tk 4
iﬁ%%lﬂﬁ?%ﬂ’]ﬁ;&ﬁ@ R sﬁzzmig%zm@%

71} (b)

ot T
T _
69 | % -

=
-
T 68 _ ——
£
B 67|
os | l
65 |
SM Sp MP M ip
0.25
020 | @
0.15 -
[ v
0.10 - : -
S o005t 2
& s |
= 0 Lo
= L] !
o -00s L z
-0.10 -
. L]
015 - g sm ! v
-020 L AP ;
MP ' 2 _ 3
o L B8 LR =048, P=0001
P | .
oxnlL ¥ |
030  -020 010 0 0.10 0.20
PC1(25.09%)

B2 THRAFEHESHM

Fig. 2 Diversity of soil bacterial community
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Fig. 3 Composition of soil bacterial community
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