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copies g™ il 5.70x10° copies g™ o 1 55 Jit S AiF Ak B B 5 5 i Ak v A Bl R JBORN A 5 B RV O b T R I . K
BT AL T AT ACIKR LB BT SR AR Y RS AR ThBE . Ak, AR R LD RE RN FE S R fbiE S S
33 B A ALERORT TN 2 B SR IEAH G o 38 ok Ok A= e B8 T AR BT H R 340 52 i Ak 4 I I 920 4 1) 32 9 K AR 1)
i o ASHIFEY 25 S AT S 4R i I MR AR T AT e R R AR IR TR R A S %

REIR WO HERR; AP TR K ik

ST b AR U 52 AN K AR BTG G 1) T EOR IR, G T A K SCRON R S BT KRR R E
B SR AR Z B EE RN IR AT K SO, BB AR A S R U, R — 1R
Il T b 2 A% U A B2 W & R i Iz 1T A (low impact development, LID) P, A= ¥ B4 & LID A9 HiLAI(L
=, WA LAY -HUEWEICEE | ABOREK R AR AR, BB Bk, AR
RO R AR K, T H B R BT Qe iy Saet.

201442 LA, O 1 ik e bR U T Al S B Tt N R AR A TS g, TR R v AR I T
FR Mg Ty 2, 2 E A 30 A3 FF e Ot 56 i 28 3y dt i an . DA A= Wil B st S AR 3R 1 1
AR A A AT ] o B AD I SR B A Wi B AR A AL SRR AR P e, HEJE . AR ST g
P, B2 AR BRI FEIAR BT, A Wity B 0 S T M SR AR I AT e B R AN E 5 2 FE
SRR EFH LR F A A OG0 L fr A9 NO, Il NO, 7E -3 rh By ki ie 4%, AR M
BBk MR, HAMJEASSA, W PON R HIEYIE A , (ARG TE LR ar 8 550 A0
ks BEA: 2023-04-26; FEABEH: 2023-06-01
E2E&TH: ERARBEILSHBTH (41977155)

T—1EE: EEWH (1998—) , &, Wi-LHAISA, yanyuqingd13@163.com; BREIEIEE: 2 (1977—) , B, WL, 8l#
¥, lilq@cug.edu.cn


mailto:yanyuqing413@163.com
mailto:1977�lilq@cug.edu.cn
mailto:1977�lilq@cug.edu.cn
mailto:1977�lilq@cug.edu.cn
mailto:1977�lilq@cug.edu.cn
mailto:1977�lilq@cug.edu.cn

%8 FEWAE AR B RSO S IR LS R A . R A AR A S 2485

k. ZACFAEAL R NOy, 78 J5 Le ke M mkia fn b O RS R U E W IR AP IIE X, 2 Fh il
(IRt F R narGinapA . nirSinirk . norB Fl nosZ) ¥ NO & A AL b M 1EME AR, 2N Rl Kk
HK R 2B NOy Iy R B AR,

HET, BV Bt 2L T Y Fiors . A 38 B B2 B . AN DX N S 0 sk
P5, BEORT 3u i b e AR U AR B R BRASCR I, HR = X Al A i B e A R R 25 PR T R S R AiE
LU RE B BE M AFSY . CHEN 25U A1 MOGHADAM %51 R X s A~ © A= W iy B i v Ak Dy e B (A i if
FEFRM, AWy B R E R RO A D RE L Y 2 E A AE A AR )2 0~15 em B 0~20 cm, H 433
JBT ) YAE 7K B AR ESE [R] F0A BIL Btk 1 S 5 ) S A Ak TR RE S B . HUANG 458U 75 28 ) R 1 A= ) i B8 5 40
FEWFFY, & B0 R AR AR P AR 2 AT BA S 2 5 A Wi R R IR TR 2 (0~25 em) Al £k T 8 3 ] nirS 1
nosZ F P, WEMIAIX, Rl R A MR IR () B E 8 nirS 1 nosZ 5, e BH 0 42 = A R 46
My EBRAE . W, AW B A e T 2 A RO A ) LA Btk ok Tfer (TG G ) PR B K 43R
B 7K I3 45 BR R Ta) R B U A RT AR M AT, T BE R ) SR A TR R BE S 0, SIS i RS R B 1 &
BRVEM .

ARG R H BT 15 A 138 58 T4l B 5 0 LU AN R B4 28 3l A= iy B it , 00 e 4 R o
AL A5 T REFE K (narG/napA . nirS/nirK . norB Fl nosZ) & , Wit mA Y T ERM S
T O B0 A 0 B i A T 35 55 ) R A 2L B 2 i I, D Sy 8 v 3 Tl b R A O T e BRI T
Bt S %,

I RS AR
1.1 EYHBREEESHEMRE

A5 T ) AR ) R TR S T I A IR T N AR R TR . W T A T R A e IR,
Ja& AT 2 WG e DX T IR L PR W] R R, AR ARR 16.7 €, AR REK
1200~1 900 mm, JEFEHI 272 d. # #2416 NV 4R 3 T IR T T 22—, 3K XA R
36.1 km*,

3 Aok AT AR A T R B TR B BT AR B AL R A, AR R A Wi B A g 5T M (U
FE) BT e (M) o B8 T AS AR a B (K1 ). X IS AEWHE SR 2E, 0lh
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Bl 1 A B R B SR R I e S

Fig. 1 Location of the bioretention cells sampling sites and wet and dry bioretention cells
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9 1 A= Wy i B8 it (dry bioretention cells, DBRs) £l 6 4~ i 28 A= ¥ ¥ir B4 % it (wet bioretention cells,
WBRs) (& 1) o XS0 Wi o it S 240 ad eACs T B B s S M l , DA AR A 3T i BT DX kb 2R
o

T R A v B A SR REE N T - S B i 2 B UL T 2, AR Wi B it 3R 2 Al E 2
TN TSR L (30~35 cm) , 1AWyt B Bt J2 Al 1338 N T R ARG € £ (30~35¢em) .
P25 AR i B Ut Y v )3k BE D2 (10~15 em) AHIA], JIEHR33 RBR A2 (30~60 cm) o Bk A7 J2 i &
FALHEKE (@=10~15 cm) o FHAEAE Y AR A 78 iF 45 28 B (Zoysia matrella) . -1 AW B8 B i AP AE 2
ML, TR 4~6, WEEM L RZBIMAER AL, 78R ] AR DE 2 BUK, W IR T
P R AR W B A R TR R >10, RN, BRI AAAERTK, )R
TERCAC T [A] PR EFEIR RS o BRI, AR 98 AT 4R 5 A W viie B - 8 25 T o b, 5 /K SCOBR 198 %67 Jz A ks
FERIEE . J3 Ak, FEAR VAT A B OGE I8 B, PEFE 6 AbFR T 4kl (controls, CTRs) o X #EoK
2RO B B sk oS B e L bR AR W A T RE, AIAEO XL WA Wy R it A Ak
SCAH AT Py 2ok R A 5 1) o) i

20224F 6 A, T 24 h Z X 9 AT A Wil B e . 6 XA Py B B AN 6 Kbl i B S Ak
MR A - L BRE S o X TR A W B R, AE R AK R a3 A 43 A 6 AR
Moo ZEBNEEER AR EEHAMAELIE 0~10cm, R EHE 2.5 cm L4 REFEZE 0~10 cm Y FE
6 1, WA REMIRATE R | A L ke & o RO ASAE Wi B it A 1 A LI e i o B

1 EXMTFREWHTEREHATHELHR SR

Table 1  Soil media texture and watershed area ratio in the wet and dry bioretention cells

WA o LR T FpREAE) %S
BRAEYHE 6 >10 KEFEHHRI19.551.6%, BORI13.083.9% WL ERTIAERIAEEAK, sk
TREYHE 9 4-6 HEARRI14.740.5%, WPR26.244.5%  IWMESZEE BERMITCI REOK, BRI AR
ERImETG 6 — R+ /4 + fald e Rt | A H RS

FKJZ (10~20 cm)

JEREZE (10~15cm)

30~60 colEBRA/BI A )2 (©0=2~6 cm )
&KL T A (200 grm?)

Bt (FR) AiEL (BX) (30~35cm)
#EK LT AT (200 g'm?)
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Fig. 2 Engineered structure and soil media texture in the dry and wet bioretention cells
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BLR M R RER AR 3 A LR EREMIR AT A 1A LA, (0~10 cm) o RARII M)k 2 i — & Rl
SEBNFE o RN LSRR S AAE TR A B4, WillR A s B0 0 % . —F A Sl 7E S I
TV T W SO AT B R A D AR A s D) — A R O A DR A E =80 °C i IR T UK
. T UYL B s fE D e 3L IR 5E 1
1.2 TEERMNBEYREL. FHEEBNE

SR A 1) AR i A A9 R TR 5 R R R R A o 3k I S - R T 1 i Ak T # (potential nitration
rate, PN) "7, H S g Bréef i 3L kR & T S0 mL B0, A 20 mL 87 FR 8L 2 ih A (1 mmol-L™) ,
SmL FREP AR (AN 10 g L) (W 4 FR L (O — 2 Il 1) o E R R R R 24 h, RIS
SV i 2R A B AR A A - SRS AL S (mgkg R

K HZE N BRI & S Al AL T Y (denitrification enzyme assays,  DEA) ', #RHL S g #r faf i
U8 FEFURE S T 125 mL AR A IR E RS SRR, WS 15 mL K55 329 (100 mg-L-'NO, 1 500 mg-L™" %5 %)
WY, BE A, N, 2K A A 10 mL 2SR (CH,)., I NLO 1 5 R N, KR
¥ (25°C, 180r-min™") 120 min REESHFE, RASHMIEIE (GC, Aglient7890A, ECD)MIESFEN,O. HRHEN,0
A R DEA (mgkg hh) .

fEF pH 7T 4% BE/K £ 1 5:1 (V/V) BOUE 3K i 4 18 pH., 4 3% &% /K % (moisture content, MC) i
IFE 105 C AL TP T8 12 h P . HHEA HLEK (soil organic carbon, SOC) R FH ¥k it 112 - 8 4% 1% 44 14
Fif vk I R o R AL (TN) FH AP o B R 3 T A vk I e . 3 b 9 [NH,-N]. [NO, -N] #1 [NO, -
NI KH 1 mol' L™ KCLIZ &, #2505 B b 3 v AN B 50 06 06 BE i DU [NH,'-N], 840506 B
Pl E [NOy =N, J3 M43 60 BE ¥ 5 [NO, =N,
1.3 TEERMEYHEL RECGEEEES

K FH 1 3 DNA e 32 B0t 7 £ Fast DNA Spin Kit for Soil (MP bio, USA) M 34 5 o 45
DNA. fifi ] NanoDrop Y B {847 5 2 Al Ak DNA ¥ B i 52 . i 5 SYBR Green I 4ok, i 2 x
SYBR qPCR Mix i | 5 QuantStudio™ 3 SLR} 796 22 i PCRAX, W & fi L DI BEFE K (amod) Fl I fil§ £k
Ee RN (narG. napA. nirS. nirK. norB Fl nosZ) , qPCR 5|4 Fll [ W 25 28 W 3% 200 | i Ak &
Jye IEJEEH) (10 pmol- L) 4% 0.2 ul., DNA #i (#6810 %) 1 pL, 2 x SYBR qPCR Mix i 5 5 uL,
TCA% R B2l K AN RIS 10 pLo B SLI0 AR FOPATINE 3 0k, IF B2 PO IR, AR An o il £k

®2 HUIEEEEMREEINEERRE (PCR 515 R M & H

Table 2 Primer of nitrification and denitrification genes used for gPCR

(BRI FH FHMER (5°-3) B A
AL A amoA FOGGTTICTACTGGTGGT 95 °C,, 30s; 95°C, 15s, S0MMEH; 60 °C, 30s; 72 °C, 30s
CCCCTCKGSAAAGCCTTCTTC
papn . OTYATGGARGAAAAATICAA g5 oc 3 in: 95C, 205, 404EFF; 60 °C. 1 mins 72 °C, 305
GAR CCG AAC ATG CCR AC
narG TAYGTSGGGCAGGARAAACTG o4 °C, 3min; 95°C, 155, 45ME¥H; 60 °C, 1min; 72 °C, 30s
CGTAGAAGAAGCTGGTGCTGT
nirk ATYGGCGGVAYGGCGA 95C, 30s; 95°C, 10s, 401 E¥H; 65°C, 30s; 72°C, 30s
W /\. GCCTCGATCAGRTTRTGGTT
S AN
nirS AACGYSAAGGARACSGG 95°C, 30s; 95°C, 10s, 40MEH; 65°C, 30s; 72°C, 30s
GASTTCGGRTGSGTCTTSAYGAA
norB GACAAGNNNTACGGTGGT 95 °C, 30s; 95°C, 10s, 40 E¥H; 50 C, 30s; 72°C, 30s
GAANCCCCANACNCCNGC
nosZ CGYTGTTCMTCGACAGCCAG 95C, 30s; 95°C, 10s, 40MfEHR; 65°C, 30s; 72°C, 30s

CGSACCTTSTTGCCSTYGCG
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A L8 DUE ., ARWE5E h AR HE I 2 i B BE Rl 909%~110%, FHEMEKTF 0.99,
14 BRLEBS S

£ RifE &5 P “vegan ™ (https:/github.com/vegandevs/vegan) i 1 “RDA ” Ifj & # 17 70 & 0 ¥r
(Redundancy analysis, RDA) , #5%4: ¥y B 1398 38 41 al (& b &) AN He DA K 3R 858 7 (SOC .
TN. [NO,-N], [NO,-N]. MC, pH. [NH,-N]) %I fi§ 1k 3& A (amod) Fl ) itk FEH (narG. napA.
nirS. nirK. norB Fl nosZ) W)W . FE Origin H' % F Pearson AH 5& 70 AT X s A4 9 7% 10 5 BRAL AR 22 1]
B R AT T St M 50 o #F SPSS il 1 75 22 73 (ANOVA) Fil Tukey s honest &b 25 14 K 5 ,
i E TR AW B (DBRs) FNG R AW B (WBRs) 2Z 0] (9 BLAR 25 5, A0 8 ASTa) A= e B8 TR
(IS . 24 P<0.05 I, ST A R0 34 5 2%
2 HERESH
2.1 HEYHERETIREREL RENBERE

Kl 3 2R AE Wi B (WBRs) o T-2UA: Wiy B 12t (DBRs) A f 25 45 2 Hh (Controls) fil§ fL7 #« (PN)
LI (DEA) FlIFL# ., WBRs F1 PN 4 0.45~1.22mg kg '-h”', DBRs #1 PN 4 0.18~0.56 mg-kg "-h ",
CTRs 1PN 4 0.00~0.13 mg-kg "-h™'c WBRs /i PN I} # 5 T DBRs I CTRs (P<0.001) , {H DBRs 1 CTRs
) PN % f7 f 3 22 5% (P>0.05) . WBRs ' DEA 4 0.99~5.30 mg-kg '-h™', DBRs {' DEA # 0.02~0.53
mg-kg'-h™', CTRs H' DEA 4 0.00~0.56 mg-kg "-h™'c WBRs ) DEA It # & T DBRs £l CTRs (P<0.001) ,
ii DBRs Hl CTRs Y DEA A I # 2 5% (P>0.05) .

1.6 Tr
14+ 6
a P<0.001 a P<0.001
~ 12} — =~ 5} -
= : = '
T-so 1.0F T‘:D 4t
208t - o
z j Z 3}
o0 ' on
g 061 : —l.)— g‘/ 2+
5 - : <
B 04r - a2l
L A b
0.2 b ol L b
0.0 | E. . . .
‘WBRs DBRs CTRs B WBRs DBRs CTRs
(a) itk # (PN) (b) Ak (DEA)
3 BREYHE (WBRs) . FREWHE (DBRs) MR EH Fith (CTRs) HIEE R P AELEE (PN)
MR LB (DEA)

Fig.3  Potential nitration rate (PN) and denitrification enzyme activity (DEA) in the wet/dry bioretention
cells and road medians

3R YW (WBRs) . T3 A i 4 1%t (DBRs) M 231 4% M (CTRs) -+ 58 5L o 2k
PR P AE . WBRs + HE BE T & K R (37.4%+3.4%) W F & T DBRs (17.18%+0.68%) F11 CTRs
(11.18%+3.08%) (P<0.001) ., WBRs 1 SOC 4 33.12~51.34 g'kg', & & T DBRs (15.16~21.95 g'kg ™)
(P<0.001) . XJ [NO;-N]. [NO,-N]. TNt W& MHRIF = . WBRs (15.34 g'kg '+£5.72 g'kg™") 5 DBRs
(10.57 g-kg '+4.02 g'kg™") AY [NO, -N] i 2 % T CTRs (1.23 gkg '+1.45 g'kg™") (P<0.001) . WBRs (0.06
g'kg'£0.02 g-kg™) AY [NO,-N] & & 7 T DBRs (0.004 g-kg'+0.03 g-kg™") #l CTRs (0.01 g-kg'+0.01
g-kg™") (P<0.01) . WBRs (2.30 g-kg'+0.36 g-kg™") i) TN ‘2 & = T DBRs (1.11 g-kg '+0.08 g-kg™") Fil CTRs
(1.04 g'kg '+0.81 g'kg ) (P<0.05) . {HJ&: [NH,-N] &4 W &2 S, A 080 pH &Rz ik, %
HBEER (P>0.05) .
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Fz3 BRNEMFE (WBRs) . TREYFE (DBRs) MRE T LM (CTRs) TIEERIBUM KRR

Table 3 Physical and chemical characteristics of the wet/dry bioretention cells and road medians

WEXY  p pH MC SOC/(g'kg") TN/Ag'kg') [NO,-Nl(g'kg") [NO;-NJ(gkg") [NH;-Nl(g'kg")
RV 6 7.48+0.10 37.4 %+3.4%"  38.46+3.68°  2.30+0.36° 0.06+0.01° 15.3442.34° 1.32+0.22
FRAEYHEE 9 7.59£0.07 162 %=1.1%>  17.18+0.68°  1.11+0.08" 0.04+0.01° 10.57+1.34° 0.94+0.07
BB 6 7.5940.11  15.7%+1.4%°  11.18+3.08"  1.04+0.81° 0.01+0.00° 1.23+0.59° 1.55+0.29

22 HAYFBREIIEERFEL RELERE x4 EREUHE. FREVSEREETEH1E
FEHFE EREL. RIELCEERGEST

& 4 g5 20 A s v (WBRs) . TR AW T.ablle 4 . Analysis of.Variance Results for nit.riﬁcati(?n and
e (DBRs) T 0 5 (CTRs) + B A, denitrification gene copies among the wet/dry bioretention cells
(amoA) . UL IIBEIEIN (narGinapA . nirK/nirS .
norB Ml nosZ) F B L 8 . #* 45 WBRs .

and road medians

UIRE R I E  p WA i B T A i G R B

amoA 0.085 NA NA NA
DBRs 1 CTRs + & 7 fig fb . S fi§ 4k 2 fig

narG <0.01 a b b
B 5 22 43 8 o WBRs 1 88 38 5 v 2 il Ak 3

napA <0.01 a b b
HnarG. napA. nirS FE & T DBRs #1CTRs, N D001 . b b

N e =1

1 DBRs il CTRs % A . & 2 7 o narG FEHTE K 0.084 NA NA NA
WBRs iiﬁ;@tﬁ HSE 35 9% B R (6.54%107£1.05%

nosZ <0.01 a ab b

. M7 A 7

107) copies g ', DBRs 1S9 (G10x10% | o p s v <0001 b b

6.03x10°) copies-g ', CTRs H1F-15%5 i A (6.69%
10°£5.95%10°% copies'g 'c napA & [N 75 WBRs + 18 5L Jit i 57 15 % B 7 (3.12x10°+3.71x107) copies'g ',
DBRs % ¥y % B R (1.66x10%£2.33%x107 ) copiesg™', CTRs 1 3F ¥y % J& jj (7.35%107+3.17x107)

copies'g ' WBRs 1 3 JL i nosZ -4 % E K (1.26x10%3.12x107) copies'g ', 5 DBRs ( (7.99x10"+
2.58%107) copies'g ) T ERA B E X R, HEESHT CTRs ((1.29x107+3.50x10° copies'g ) , i

1.0x10% a 2.0x10°p a
— a ~
oo P<0.01 = 4x10° P<0.01 % P<0.001
7 8.0x107 & ® 1.6x10°
3 a b 3
o, < 8 b
2, 3x10 )
8 60x10° u g 5 12007
i = =
4007 B ot b # 8.0x10° b
% soul0
O 2.0x107 g 1x10° % 4.0x10%F
g b s E b
0.0 £ ol ' ' 00L ' '
WBRs DBRs CTRs WBRs DBRs CTRs WBRs DBRs CTRs
(a) narGHE[H=F i (b) napAFEF B (c) nirSEEH F
1.0x10%F 3.0x10% 7x10°1
4 oxi0} 2250 w0 o100
g .2 2 S
& & 2.0x10° g Sx10
S 6.0x107 e S 4xi10°f
0 = 1.5x108 a i 3x10sh
: - % o % 2x10°F
E 2.0x107F [\J) 5.0x107 b <§ 1x105}
g 2 0.0 = g ol ! ==
0.0L— ' ' ' ' ' ' ' '
WBRs DBRs CTRs WBRs DBRs CTRs WBRs DBRs CTRs
(d) nirk B R £ 7 (e) nosZILH F (f) amoAFEN F- [

& 4 SERXEYFE (WBRs) . TREYFEE (DBRs) XIEE T &M (CTRs) LIEEFRMEW. REHIIGEERFERE

Fig. 4 Nitrification and denitrification gene copies in the wet/dry bioretention cells and road medians
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DBRs 5 CTRs LB & 2 5. nirk 5 amod 3£ fF WBRs. DBRs il CTRs T3 5L i h #0 i A B 5 2% 7
(P>0.05) .
23 ®HL  RECEESNEERFEENEF

5 AW RO AL . RO AL T RE SR R E R S - R B A N (F ) AL, DAACER
BN RA L/ Hr . 5 5 WBRs. DBRs il CTRs 335 i o 35 K =F 7 55 + B3 R 2l (5 b i)
AU L DA S R 58 R 1 TU A% BE 4 B o AR i B 0 38 5 B A AR v 3 (PN) 55 s Ak D i B 1R amoA
(r=0.59, P<0.05) £ IEAHIC. A=Y i LR o S il Ak g 35 (DEA) 5 Ihfig 5 nirS (7=0.82, P<0.001) .
narG (r=0.77, P<0.001) fl nap4 (+=0.78, P<0.001) 2 & F LMK, 5 nirk (=0.65, P<0.05) fil nosZ
(r=0.59, P<0.05) HIEA%,

RS5 LWMHEBEENE. REUDEEEFESTIRERAER RUE) MULREEURFEEFRIBEX M S

Table 5 Spearman's correlation coefficients between nitrification/denitrification gene copies and soil media texture /watershed

area ratio and environmental controls in the bioretention cells

TRESE R TP K H pH MC TN NO,-N NH,-N NO,-N  soc itk #&4% DEA PN
narG —0.23  0.74*%*  (.82%%** 0.29 0.41 0.66%*. 0.74%* 0.68* -0.19  0.77***  (0.59*
napA —0.23  0.81*** (.83%**  (0.59* 0.49 0.69** = 0.81*** (0.72*%*  —0.16 0.78*%** (.67**
nirK —0.47 0.48 0.56* 0.30 0.61* 0.34 0.42 0.23 -0.22 0.65* 0.25
nir§ —0.37  0.79%*%* 0.86*%**  0.52% 0.36 0.68*%  (0.88*** (.88*** —(031 0.82%** (. 79***
nosZ —-0.033 0.44 0.42 0.099 0.53* 0.11 0.34 0.31 —0.40 0.59* 0.22
amoA —0.10 0.33 0.63* 0.35 =0.21 0.58* 0.63* 0.45 —0.15 0.45 0.59*
DEA —0.48  0.87***% (.91%*** 0.52* 0.61* 0.67**  (0.89*%** (.81*** —0.51* - 0.70%*
PN —033  0.74%%% 0.85%F*  0.67%F 024 0.70%*  0.88%F*  0.64** 025 0.70%*% -

TE: **%P<0.001; **0.001<P<0.01; *0.01<P<0.05; HF{CEPearsontZLFREr.

A= Wy BR b SRR RAE A e (PN) 5 T
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Effects of soil media texture and watershed area ratio on microbial
nitrification and denitrification in established bioretention systems
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Abstract Bioretention systems (BRs) are systems of interaction of soil, plants, and microorganisms, designed
to intercept stormwater runoff and reduce loads of water and contaminants discharged to surface waters.
However, nitrogen removal efficiency /is highly variable, which may be related to the nitrogen complex
biogeochemical process that occur within bioretention systems. The nitrogen performance cannot be enhanced
by a lack of data directly quantifying the abundance or activity of denitrifying microorganisms in BRs and how
they are controlled by engineered designs. Six wet and nine dry bioretention cells (WBRs and DBRs) of
different engineered designs in Changde City, including soil media texture and watershed area ratio, were
sampled to measure potential nitration (PN) and denitrification enzyme activity (DEA). Nitrification gene
(amoA) and denitrification genes (narG, napA, nirS, nirK, norB and nosZ) were also quantified by the
quantitative polymerase chain reaction (QPCR). Results showed that BRs design factors, including soil media
texture and-watershed area ratio, had the greatest effects on variation in denitrifier abundance and activity.
Denitrifying populations-and denitrification potential increased with soil media clay content and watershed area
ratio. Denitrification potential was higher in the wet bioretention systems (2.47 mg-kg "-h™' ) compared to dry
bioretention systems (0.17 mg-kg '-h™" ). The WBRs also had significantly greater total denitrification genes
copiés than the dry WBRs, 1.80x10° vs 5.70x10% copies-g ' , respectively. Furthermore, denitrifying populations
and denitrification potential increased with soil organic carbon and nitrogen concentrations. These results
suggest that soil media texture and watershed area ratio improvement still have great potential when building
bioretention systems that can enhance denitrification and reduce nitrogen loading to receiving waters.

Keywords urban stormwater runoff; bioretention systems; engineered designs; denitrification potential;

denitrification functional genes
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