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Effects of plant species on soil denitrification in the lakeshore zone of Yezhi Lake

LEI Qianqian, ZHANG Ling, HU Ronggui, WANG Yan, ZHAO Jinsong, LIN Shan, JIANG Yanbin "
College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China

Abstract: The lakeshore zone is a transitional zone between aquatic ecosystem and terrestrial ecosystem, which can reduce
the impact of nonpoint source pollution. Plants are key parameters to prevent and control nitrogen migration into the
lakeshore zone. Denitrification is a key process in the nitrogen cycle for the effective removal of nitrogen in the lakeshore
zone, which can be affected by plant species, soil physicochemical properties, and microorganisms. In order to explore the
effects of plant species on soil denitrification and the mechanism, the soil denitrification potential and denitrifying functional
gene abundance of rhizosphere and non-rhizosphere of nine common plant species in the lakeshore zone of Yezhi Lake, and
their relations with soil physicochemical properties were elucidated. The results showed that: (1) different plant species
planting in the lakeshore zone changed the soil physicochemical properties. The contents of ammonium ( NN), nitrate
(AN), total carbon(TC) , total nitrogen (TN) , and soluble organic carbon (DOC) in the rhizosphere soils of all sampled
species were significantly higher than those in the non-rhizosphere. The TC, DOC, TN, and NN in the rhizosphere soils of
Salix babylonica, Jasminum nudiflorum, and Alternanthera philoxeroides were significantly higher than those of other plant
species, while the pH of both rhizosphere and non-rhizosphere soils of Osmanthus fragrans were significantly lower. (2) The

abundances of soil denitrifying functional genes, including narG, napA, nirS, nirK, and nosZ in the rhizosphere soils were
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significantly higher than those in the non-rhizosphere. The gene abundances in the rhizosphere soils of S. babylonica,
J. nudiflorum, and A. philoxeroides were significantly higher than those of other plant species. pH, TN, NN, and DOC had
significant impacts on the abundance of soil denitrification functional genes. (3) The soil denitrification potentials of the
rhizosphere soils (0.44—1.99 mg N kg™'h™") were much higher than those of non-rhizosphere soils (0.14—0.48 mg N kg™
h™"), with the rhizosphere soil denitrification potential of S. babylonica, O. fragrans, and J. nudiflorum significantly higher
among the nine plant species, and the soil denitrification potential of J. nudiflorum was the highest in the non-rhizosphere
soils. pH, DOC, TN, napA, nirS, and norB significantly affected the soil denitrification potential of the Yezhi lakeshore
zone. The study indicates that denitrifying microorganisms grow vigorously in the plants’ rhizosphere microenvironment, and
plant species enhance the soil denitrification intensity of the lakeshore zone significantly and differently. Various species of
evergreen and deciduous trees, shrubs and herbs were suggested in the planting arrangement of lakeshore zone, so as to
increase the nitrogen retention capacity of lakeshore zone and reduce the nonpoint source pollution caused by excessive

nitrogen entering the aquatic ecosystem.
Key Words: plant; denitrification potential ; lakeshore zone; denitrifying functional genes; soil physicochemical properties
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PEA LK (DOC) B 5 N 5 — &R0 AR & A SRR, A7 Al B 5 38 b iR A R 4 AR R A B A5 2 | s
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Table 1 Primer list

N EL/2]) JeA || R EL/ 2 FeAl
Gene Sequence (5'-3") Types Gene Sequence (5'-3") Types
narG TAYGTSGGGCAGGARAAACTG EMGIY) || nirk ATCATGGTSCTGCCGCG NAGEIEY

CGTAGAAGAAGCTGGTGCTGTT ALY GCCTCGATCAGRTTGTGGTT AR EIE]
napA TGGACVATGGGYTTYAAYC ERGIY || norB TACTAYGARCCCTGGACTTACRA EmG1Y)

ACYTCRCGHGCVGTRCCRCA KI5 ATGCGYGGSAWRTAGAAGWAMAMSA AR EIE]
nirS GTSAACGTSAAGGARACSGG EMGIY) || nosZ GGGCTBGGGCCRTTGCA NAGEIEY

GASTTCGGRTGSGTCTTGA S5 14 GAAGCGRTCCTTSGARAACTTG AR EIE
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SPSS 25.0 il AT,

3 HBREHSH

3.1 AFERYRER SRR e r B 5

X HEF I I R T O AR A AR PR £ 1) R R B T AT, A SR AN SR 2 T X SRR B 1 1) SWC K
17.44%—24.55% , FL R R FIAIARS (19 B8 2 o 13 L IR BB 5 pHL (BB RIFE 6.04—7.95 Z [a] , ForEER 1 pH
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3.09—8.99 mg/ kg, Hh B BB i 2 = T HABAL D A 25 (P<0.05) , HIEMIF I 3 55 AN 58 0.83—
2.13 me/kg, Sk 2E BARH] B TN & iR 0.09%—0.18% , {5 9K & W Z & (W e o, SR RB WY 2 15, TC &g hy
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mg/kg) JRFBHL(1.29 mg/kg) 1Y DOC &R ;S0C Y E N 3.63—9.29 o/ kg, HH R S WA 9.29 ¢/kg, 1
RN (3.63 g/kg) M (4.30 g/kg) LLM A1 (4.49 o/kg) FIFE B (4.8 o/kg) IEMPR 1Y SOC 7 & i 4%
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Fig.1 Abundance of denitrifying functional genes in rhizosphere soils of different plant species
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T SEIRE] 5.52x 107 #% DL B/ /g F11.69% 107 4 DL/ o, T napA Al norB K F FEAL K 4.34%x10° 4 D1 ¥/ g Al
1LATXI0° P D/ o, B R T H 5 RERPR L0 narG FEFFEERE /508 1.16x10° 4 11 5/¢ 9.5x 107
DR o, 8 35 5 T HABAE YIS (P<0.05) 5 B 23 T HRPR + 1Y napAd FEF FERE (1.14x10°8 L8/ g) Fl nirk
FE B2 (3.63x 10" #8 DUE/ o) ¥ R dery , H b 2 5 T HABAE Y AP 25 (P<0.05) snirS F2E R 3= B2 T A 0] 1) 2
B T HAM Rl (6.74x 10°45 LKL/ ¢, P<0.05) 5 norB R 2 22 FOR A, Hoh 3 28 10 e (1.97x10° #5 DL 4/
g) s B AIE R R WIRARPR 11 nosZ ZEIF= 1 5.13x10° 48 D14/ g DA |, W 3 m THAMAE I A2 (P<
0.05) .

MR - S A D RERE DR B L SR UL 2 narG 1 nirK DR 2 B S B0 850 40 30 2.58x107#2 D1 %k /g FiI
2.59x10° ¥ I K/ g, 17 napA F norB IR FFEAUH 3.31x 1045 D1 #/g 1 7.06x 1045 D8/ /o . A Y narG 3£
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Fig.2 Abundance of denitrifying functional genes in non-rhizosphere soils of different plant species
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Fig.3 Redundancy analysis (RDA) of soil Redundancy functional gene abundances and physicochemical properties
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Fig.4 Denitrification potential in rhizosphere and non-rhizosphere soils of different plant species
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Table 3 Correlations of soil denitrification potential with soil physicochemical properties and denitrifying functional genes

SR AU SR v
N Soil denitrification pontential . Soil denitrification pontential
M - Rae 2 E 0 -
i . AR PR “ L. . JEMR PR o
Soil property LB N B Soil property HBR N JENEN
Rhizosphere . on Total Rhizosphere . on Total
rthizosphere rhizosphere
SwWcC 0.423* 0.045 0.171 SOC 0.037 0.229 0.529 "
pH -0.038 0.009 -0.05 narG 0.07 0.04 0.33"
NN 0.131 0.169 0.478*" || napA 0.23 042" 0.58 "
AN -0.265 0.083 0.266 nirS 0.43" 0.15 0.65"*
TN 0.467 " 0.326 0.634*" || mrK 0.10 0.31 0.55""
TC 0.364 0.294 0.658 " || norB -0.28 -0.12 0.36 "
DOC 0.275 0.361 0.662*" || nosZ 0.35 0.20 0.69 "

# FRBIAE P<0.05 K FAHCHE B2 5+ + IR P<0.01 /KF B ARG 35

Sy itk — 25 BB AS [FAE P T 25 52 i) - 398 S il ARV A ML, Xt RS fb v 4 5 - S A 1k o R R il Ak D fig
SR B AT 48 W1 40, e E A BRI F 22 Ta0 AR AR OG 2R M A TR G o N TRIRE A2 1 48 s
A 345 - 18 P S R A AL D RESE PR = B2 132 45 0] 9 Jr i R B B0 N 3% 4 TR, RBRILE 27 VIF<10
IR F I, A EF pH . nirS .SOC . norB F1 TN B4 115 2250 A9 83 ME /N F 0.05, Z o0 E RE R =0.72
(P<0.01), FIRKET e =1 - R =0.529 FEH I, VLA T+ EH b5 4 5 i A0 i 3B M ) 19 725 40 1] RS
FHABHRARFE &, B AR Z D WE 53 25 R T8 AR A (1 S) |, aT DAEDWL A 31 17 A8 0 AR 3 (J
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Fig.5 Path analysis on the denitrification pontential in plant rhizosphereand non-rhizosphere soils

FLRFTR LR R LR IR SE 7

F4 AEEYRELIMFERFELINRFELERSLERFHZESERLKE

Table 4 Stepwise regression test of denitrification potential and soil factors in rhizosphere or non-rhizosphere soils of different plant species

" Rt MfEL R e Fr+ SELRE .
2% fﬁ N bRt R B B ﬂF’fE PRtk R4 L
Rhizosphere Standard o Non-rhizosphere Standard o
Parameter . . Significance K . Significance
soil coefficient soil coefficient
[ Factors pH -0.545 0.005 DOC -0.545 0.024
nirS 0.698 0.000 norB -0.819 0
SOC -0.641 0.000 napA 0.739 0.001
norB -0.377 0.016
TN 0.738 0.000
e 2
Hinz.fiéﬁl(lf A 0.72 0.60
Coefficient of determination
-
EA%H:(P) <0.01 <0.01
Significance
EVEpF Y=5.926-0.55pH+0.70nirS - 0.64SOC-0.38 norB+ Y =0.253+0.402DOC-0.819n0rB + 0.739napA
Regression equation 0.74TN
4 itig

4.1 AS[EIREY T A SRR A R e ) 25 57

TP BT 25 32 BIRE AT YY) 5 0 W, ABFE S SRR I R A R [RAE AR B 5 AR PR 1
) SRR o 2 S A | VA SR I AR B A 1) £5 i U4 43 i 40 TC . DOC ,SOC TN AN NN 4535 I 2 5
JEMRBR -, HEPIARER R AZ IR R W2 e A B s IR R IAR R 27 A KA A ) IX AR R A
WGBSy 2R SRR R S B AL, S I AR Y an R A RIRER S AR IR AS TR | 7
FAb G FEEREN AR R L5 Wi E IR 5 LR 2R I S A DR (2SR
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