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Effects of plastic film mulching on the rhizosphere soil bacterial community of Allium chinense

YANG Yishuai', LI Qinghao', ZHANG Zhengbing’, CHEN Yuehua’, YANG Ping’, YANG Xueyu*, TAN Lin"

(1. College of Plant Protection, Hunan Agricultural University, Changsha 410128, China; 2. Plant Protection and Quarantine Station of
Hunan Province, Changsha 410006, China; 3. Jinshi City Agricultural and Rural Bureau, Changde 415400, China; 4. College of
Horticulture, Hunan Agricultural University, Changsha 410128, China)

Abstract: In order to explore the influence of plastic mulch treatment on the yield, community diversity, structural composition, bacterial
species interactions, and microecological function of rhizosphere bacteria, an experiment was conducted at an Allium chinense field in
Jinshi City, Hunan Province. The rhizosphere soils of Allium chinense under different plastic mulch treatments (control group, normal
plastic mulch treatment, and blue plastic mulch treatment) were collected; 16S high—throughput sequencing and bioinformatics approach
were then used to extract bacteria from the corresponding soil samples. The results showed that plastic mulch film treatment promoted the
production of Allium chinense, with the corresponding rhizosphere exhibiting that bacterial structure had been reshaped and a lower
bacterial diversity than those of the control soil. The yield of the control group was 29 766.7 kg - hm™; the yield of the normal mulch
treatment was 31 466.7 kg - hm™, exhibiting an 5.7% yield increase; and the yield of the blue plastic mulch treatment was 39 966.7 kg -
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hm™, exhibiting a corresponding yield increase of 34.3%. The bacterial community composition of the Allium chinense rhizosphere soil

possessed differences at the phylum and genus levels. Network analysis showed that the control, normal plastic film mulch, and blue plastic
film mulch groups had 124, 77, and 80 modules, respectively. The results of this network analysis indicated that the network within plastic
film mulched soil contained fewer functionally interrelated microbial modules than the control soil, which may lead to a corresponding
decrease in the ecological functions of the bacterial community. Plastic film mulching reduced the number of overall keystone species. In
addition, blue plastic film mulching significantly increased the function of ureolysis; further, normal transparent plastic film mulching
significantly increased the function of aerobic ammonia oxidation and nitrification compared with those of the other groups (P<0.05). This
study demonstrated that blue plastic mulch film treatment is more beneficial to yield promotion and plastic mulch film treatment
significantly altered the core species, bacterial community structure, and bacterial interactions within the rhizosphere soil of Allium
chinense. Nonetheless, the potential risk of plastic mulch film treatment to the ecological environment of the bacteria within the soil should
not be ignored.

Keywords: plastic mulch film; Allium chinense; high—throughput sequencing; rhizosphere bacteria; molecular ecological network; function
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Table 1 Physicochemical properties of rhizosphere soil of Allium chinense with different plastic mulch treatments

fb AR oyl Gy AL P B A 4
pH Available phosphorous/  Rapidly available Slow-release Organic matter/ o= Alkaline hydrolysis
Treatment o . o . . B Total nitrogen/% . o
(mg-kg™) potassium/(mg-kg™)  potassium/(mg-kg™) (g-kg™) nitrogen/(mg-kg™)
CK 6.2+0.2a 8.31+6.47a 96.2+34.1b 278.3+80.9a 21.7+5.9a 0.20+0.03a 124.4+19.1a
NPM 6.3+0.1a 11.39+9.12a 119.3+36.2ab 220.6+67.4a 23.8+7.6a 0.17+0.04a 144.4+23.7a
BPM 6.4+0.2a 12.51+8.17a 134.1+28.7a 251.6£51.7a 22.8+5.8a 0.16+0.05a 141.0+26.6a

T ANEINE PR Ab H R 25 55 8 25 (P<0.05) .

Note: Different lowercase letters indicate significant differences among treatments (P<0.05).

WWW.QEs.0r9.CN




m@g 2522

VRS RSy FA2EF 1118

A, A8 OTU 1 25.4% , T W €6, 3t 5 2b 315315 56 b
JIEAb B AT 1) OTU SO I, 158 B IS i o /0> 1
KA PR IR R YR . R A 2 R
f& #& Shannon. Pielou evenness. Inverse Simpson I
Chaol 5 %5, 73 5 4b 1Y) &8 Sk AR PR AN TR HE 76 o Z4E 1
BEART X FE AL I (P<0.05) , T AN 7] b 58 b 31 2 1] 22
FEMEBCA W 22 5% LA B BT A 435 SRt D IR A 3 ik
T SRRV 2R (EAS [ B A P 2 i) 22 S

Z:E%o
2.3 AEBRAENELRRAE R ERMAS
sbA

R T 5 AN [ 7 B Ak P S R I - 9 441 1
P& A5 R B 52 38 30 5L T Jaccard BR Y 1Y) B2 1 2 4
FRUBE G AR i Sk AL A BT AE VR 2E A 700 A L R4 AN
R B8 3 BT B UF o ANIEL 3 i s, 353 b B Ach 3L |
b ARk 3 55 A 2 R Ak 240 TRV 22 8] 1Y Jaccard B 5
FEAE ]I 09 2 [B) 43 A o 76 JEE 5 A 7 AR o 4 T 7
Sk o3 A ST o B, U B B S AR PR T S AN R A TR
SR 0] B AL AT SR RN, ELRAS [) s 5 4
PR R AN G o BEAb, 3T Jaccard B 2555 B i A AH B
o 30 25 S AR B (2 2) , X B 7 Ak B 25 S A i
(P<0.01) , P 23 JB b B0 22 [6] o A7 78 18 % 22 5 (P<
0.01) , bt B AS 7] 78 J5E Ak B0t B ke AR s -1 398 400 1 B %
SEMAEAE 35 R

WK 4 FR  TERTA B AR bR T agere A, 345
3217, AR T (>1%) HRRFF 1T (Acidobac-
teria, 12.43%~46.65%) . 7% J& 1 '] (Proteobacteria,
13.21%~37.50%) . JH £ 1 '] (Actinobacteria, 5.94%~

40001 CK
— NPM

s} — BPM

£E 3000

3

= —-

g 2000

2

N
?

< 1000 [
] i
0 . . . .
0 50 000 100 000 150 000 200 000

JFHIHL Sequences number

17.14%) . 545 B 1] (Chloroflexi, 3.47%~13.56%) . 14l
F#F 1 '] (Bacteroidetes, 0.56%~16.44%) . 2f P ]
(Gemmatimonadetes, 1.12%~8.95%) | J5& B 1 [ ] (Fir-
micutes, 0.91%~7.40%) . Candidatus Saccharibacteria
(0.32%~4.19%) e B '] (Verrucomicrobia, 0.24%~
2.76%)

[F] I, A58 25 R s, 2 A 3 v 25 LT
HAIXT 3= BE (NPM: 2.52% ; BPM : 3.27%) & 3% 1% T (P<
0.05) KB EAL 3 (4.81%) ; Bl JEEAL FRISERE AT ] 1
TORBEAL B, H 5 AL 5 (4.77% ) 5 R BB AL
HL(1.70%) 22 5 52 (P<0.05) 5 B A FPE S BT 1] 52
JEART R MFEAL 7, HLE (s AR 7 (0.87% ) 5 R
FEEAL 3 (1.83% ) 2 53 5. 3% (P<0.05) o I, 353 il i
QbR PR FFEA T (33.31%) % T (P<0.05)
o b R A0 3 (23.73% ) 5 536 Hh i Ak B Candidatus Sac-
charibacteria ) 3= % (0.82% ) i 25 1L T 5 €0 Hb i Ab #
(1.77%) 53 B8 (1.70%) o LA B85 5K, Bk AR bR
SN TR T ]S A [ 6 Rt 14 Wi A E— 5 22 57

AN [e) Ak P 228 3ok gl AP A A5 1) 600 1, Herp
2B AR R A Gp2(1.43%~22.61%) B Z WEBL
W J& (Sphingomonas, 1.23%~8.75%) . & & FT & J&
(Bryobacter, 1.47%~6.02%) . £ 4k ¥ 1 J& (Kiedono-
bacter, 0.70%~5.11%) . Gemmatirosa (0.94%~5.18%) .
o & W I8 (Massilia, 0.26%~13.41%) . F W FF 7
(Mucilaginibacter, 0.12%~10.17%) . Gpl (0.72%~
5.02%) . Candidatus Solibacter (0.32%~4.85%) . Sac-
charibacteria genera incertae sedis (0.32%~4.19%) . /K
P B (Dyella ,0.19%~4.87%) . Candidatus Korib-

1103
(11.4%)

2458
(25.4%)

CK AL IFEXT I 5 BPM « 5 (0 AL T 5 NPM : %308 b [ b 3L
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Figure 1 Rarefaction curves and Venn diagram of OTUs bacterial OTUs in rhizosphere soil of Allium chinense with

different plastic mulch treatments
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Figure 2 o diversity analysis for bacterial community in rhizosphere soil of Allium chinense with different plastic mulch treatments
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Figure 4 Percentage of community abundance for bacterial community composition in rhizosphere soil of Allium chinense

with different plastic mulch treatments
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Each node represents an OTU, and the size of nodes is proportional to the number of connections. Different modules are distinguished by different colors.

The gray nodes are in the modules containing no more than 5 nodes.
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Figure 5 Molecular Ecological Network for bacterial community in rhizosphere soil of Allium chinense

with different plastic mulch treatments
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Table 3 Characteristic parameters of the molecular ecological network and random network for bacterial community in rhizosphere soil of

Allium chinense with different plastic mulch treatments

T H Item i FME % Characteristic parameter CK NPM BPM
2R 2% ST B Total nodes 636 582 423
Empirical B Total links 874 1125 517
network
R 0.975 0.930 0.989
HEEREL No. of modules 124 77 80
M E Average degree(avgK) 2.748 3.866 2.444
S35 98 82 ZABX Average clustering coefficient (avgCC) 0.195 0.214 0.184
SEHERARE Average path distance(GD) 6.746 7.169 8.539
HHERE 25 Harmonic geodesic distance 5.032 5.229 6.229
Fifi BIL o) 45 SR AE R BT Average clustering coefficient (avgCC) 0.002:0.002 0.008+0.003 0.002:+0.002
Random SEHIBEAR K Average path distance(GD) 5.3270.076 4.259+0.047 5.925+0.122
network IS Harmonic geodesic distance 4.775+0.053 3.864+0.032 5.179+0.094
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Figure 6 Topological roles for OTUs of bacterial community in rhizosphere soil of Allium chinense with different

plastic mulch treatments
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Figure 7 Functional predictive analysis of bacterial community in rhizosphere soil of Allium chinense

with different plastic mulch treatments
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