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Community characteristics of denitrifiers from rhizosphere and bulk soil of plants in the Siding mine area, China
YU Fangming"?, LIN Qiujuan®, WEI Jiayu®, LI Songying’, TANG Chijian*, TANG Shuting’, LI Yi"*"

(1. Key Laboratory of Ecology of Rare and Endangered Species and Environmental Protection (Guangxi Normal University ), Ministry of
Education, Guilin 541004, China; 2.College of Environment and Resources, Guangxi Normal University, Guilin 541004, China)

Abstract: The effects of plant species and soil properties on soil denitrification was explored in three areas of the Siding lead—zinc mining
region. The microbial diversity and community compositions of nirK-type and nirS—type denitrifiers in rhizosphere and bulk soils from
three dominant plant species ( Pteris vittata L., Phragmites australis, and Miscanthus floridulus) were analyzed. Rhodanobacter (nirS) and
Bradyrhizobium (nirK) dominated the soil denitrifier communities, with abundances ranging from 2.6% to 67.8% and from 4.1% to 38.1%,
respectively. The nirS and nirK gene abundances in the mine tailing area ranged from 1.45%10° to 7.78%10° gene copies - ¢ (calculated by
dry weight) and from 1.10x10° to 5.70x10° gene copies - g, respectively, which were significantly lower than the corresponding values in
the upstream and downstream areas (P<0.05). The Shannon and ACE index values from the rhizosphere samples of the three dominant
plant species were higher than the index values recorded from the bulk soil samples. Multiple linear regression analysis and the Mantel test

showed that soil moisture content, total carbon, total nitrogen and total phosphorus were key factors that strongly influenced the soil
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denitrifier community. The results indicate that plant species and soil properties impact the soil denitrification process in mine areas and

also affect the abundance, composition, and diversity of the denitrifier community.

Keywords : mine area; denitrifier; nirS gene abundance; nirK gene abundance; community structure
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R 30 10 1) TR A5 W PP A 7 0 AR A 5 ik i ok 10 3
5 W W, SR R IR0 Y6 ' BE 3T (A Analyst 800,
Perkin Elmer, 3¢ [€] ) X} 5 4 J& B @ 700 . FIFIX
- HEHT EERIAR 09 5 43 5N 4 031~4 650,12 346~
14 090 mg- kg™ #150.1~66.4 mg-kg™'; B X 4T
BEFER 2 550 9 1 .070~1 369 .5 048~6 640 mg -
kg™ F185.7~103.4 mg- kg5 T U X 4 54T L BEFIER 1Y
YN 5 999~6 79817 554~20 778 mg - kg Fll
144.7~169.7 mg-kg ™o+ 3EHAD IR0 5T 2 7% (1 5
AN A2 3BT 7 )P T AR AR 1.
1.2 HEDNARR SEENFFRBUERFEES T

K F Fast® DNA SPIN Kit (MP Biomedical, Solon,

OH, % [ )ik F & X 0.5 ¢ +3E AT DNA I, nirk
FE 5184 : 1aCuF (5" —=ATCATGGTS CTGCCGCG -
3" ) Al R3CuR (5’ = GCCTCGATCAGRTT GTGGTT -
3') . nirSIEHGI N : cd3aF (5" -GTS AACGTSAA-
GGARACSGG-3") 1 R3¢dR (5" = GA STTCGGRTGS-
GTCTTGA-3" )™, o  PCR ¥ M4 {& & (20 nL) Ky :
519145 0.5 wL, 10 wL SYBR Premix Ex Taq™, 5xFastP-
fu 2% M 4.0 pL, 13 DNA 0.4 wL, ¥ G ddH.0 &
20 pLo PCRIY 3G 254N : 95 CHIAEME: 60 5395 CAR
PE15 5,60 “CiR k 60 s, 7528 40 1K 5 F 5 50 CHEAi 10
min, THEREASE AL DNA $RBUR , 2% & R EEH A
B A FR 2 752 F Nlumina Miseq I -5 P51 7 i
BT, 9% & & PCR(Real-time PCR) 4% A 43
PP AR B A AN AE AR BR 4 o nirK R nirS JE B o S0
SN E RS nirK F nirS J PR A B 5 A0 R B
ST AP DI R 4B DLER - 71 .
1.3 HIENES S

B ab BE 4 B A2 K49 90 R Excel 2019,
SPSS 19.0 Fl Origin 2021 B A4 5E /. F) FH Uparse #X {F
Xof R 3 S P AR AR AT RS, BRIA L 97% 1) — Bk
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Table 1 Soil physicochemical properties from rhizosphere and bulk soil in three dominant plants in Siding mine area

e & 7J<$ YT E’EL f:fzj.}’}?k ' ﬁﬁf\ﬁ B ' RERIC::
Soil sample pH .S()ll Total car})on/ Total mtrf)gen/ Ammonia mfrogcn/ Nitrate nltrj)gen/ Total phus;ﬁhruus/ Available phuf.phrous/
moisture/% (mg-g™) (mg-g™) (mg-kg™) (mg-kg™) (mg-g™) (mg-kg™)
U-PA-R  6.74 17.6 11.6 3.8 6.0 27.6 9.5 6.7
U-PA-B  6.74 14.3 11.5 3.6 5.3 26.3 8.3 42
U-MF-R  6.73 23.6 12.9 5.4 79 18.4 9.3 4.4
U-MF-B  6.72 24.4 11.8 5.8 8.1 16.5 9.4 4.5
U-PV-R  6.61 535 8.3 53 12.5 15.5 9.5 4.1
U-PV-B  6.67 39.8 6.9 5.7 11.7 15.7 9.8 3.8
M-PA-R  6.67 12.0 35 39 1.5 35.7 35 1.8
M-PA-B  6.65 10.9 2.4 3.8 1.4 32.7 33 1.6
M-MF-R  6.64 12.0 3.6 4.1 2.8 353 42 1.7
M-MF-B  6.67 11.1 3.2 4.2 2.6 349 4.1 1.3
M-PV-R  6.65 19.2 4.5 3.9 2.9 35.8 4.3 1.6
M-PV-B  6.64 10.7 34 44 2.8 30.6 4.0 1.1
D-PA-R  6.64 10.5 9.2 2.7 49 51.1 4.8 22
D-PA-B  6.66 9.9 9.4 2.6 4.8 48.3 49 2.0
D-MF-R  6.61 23.4 6.4 2.9 8.6 60.8 4.5 2.7
D-MF-B  6.60 19.3 7.6 2.8 7.3 54.9 4.4 2.6
D-PV-R  6.65 34.1 7.8 35 2.8 44.8 2.9 2.3
D-PV-B  6.64 29.2 8.1 3.7 3.1 40.6 3.1 1.7

T R R P E (n=3)

Note: The data in the table represente the means(n=3).

1% WHART]
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1 Soil sample

[ #RFr 1 Rhizosphere soil [ FEARFR L Bulk soil

RTINS SRR ] DA [ AR B R AR AR R ] 22 572 S35 (P<0.05) o A7 DA BRI PELZIE T Student” s e~ K56 1A 7] DX 35 ] i il mirK 3 (5 K0R
a-ZREPEFR RN 22 0 * P<0.05, %% P<0.01,*%* P<0.001, F[H].,
Different lowercase letters indicate significant differences among rhizosphere and bulk soil in plants in the same region at 0.05 level. Box diagram in the right
side based on Student’s t—test is used to examine the significance of differences of gene abundance and a—diversity among the abundances of nirS—type and
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three dominant plants in Siding mine area
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Figure 2 Community composition of soil denitrifiers from rhizosphere and bulk soil in three dominant plants in Siding mine area
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Table 2 Multiple linear regression between the diversity indices and the environmental parameters

a—F8%L Alpha—index B-8%L Beta—index
151 H Ttem Shannon 5% Shannon index ACE f8%% ACE index NMDS1 484 NMDSI score
nirS nirK nirS nirk nirS nirk
¥ Lead 0.03 0.51 0.79 0.13 0.99 0.05
¥ Zinc 0.04 1.76 225 0.14 0.37 0.51
% Cadmium 0.67 0.11 1.79 0.02 0.14 1.45
' Potassium 0.49 2.38 0.01 4.91* 5.25% 17.34 %%
5 Calcium 1.10 238 0.03 4.47% 0.32 0.26
# Sodium 4.96% 0.01 0.41 0.14 0.90 1.51
£E Magnesium 3.91% 0.67 0.38 1.48 0.87 1.11
pH 248 0.31 0.37 0.01 12.63%* 8.40%
H1L 5% Electric conductivity 0.64 0.01 0.36 0.32 0.45 0.35
B 7K Soil moisture 17.23%% 2.81 4.72% 1.01 19.26%# 2229k
S Total phosphorus 9.16%% 1.95 1.37 0.01 5.24% 6.91%*
F5 %W Available phosphorus 12,84 3.12 2.36 0.36 10.77%* 14.68%*
VA Total nitrogen 8.02%* 6.25% 1.93 0.97 8.34%* 13.14%*
2SR Ammonia nitrogen 0.42 0.92 3.54 0.51 0.01 0.12
A% Nitrate nitrogen 4.51% 1.51 0.31 1.49 2.24 2.18
JB% Total carbon 0.64 19,1033 1.63 6.54* 6.29% 7.59%
WAL C/N 2.11 0.49 0.01 1.59 0.05 0.02

T % P<0.05, %% P<0.01, *** P<0.001, FI[d.
Note: * P<0.05,** P<0.01,*** P<0.001. The same below.
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Figure 3 Heatmap of the environmental parameters impact on relative abundance of denitrifiers
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Table 3 Mantel test between environmental parameters and

denitrifier community structures
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Figure 4 Cascading relationships between environmental parameters and gene abundance of denitrifier based on PLS-PM
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