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Biological response of soil nirS— and nosZ— type denitrifying bacteria to dairy slurry irrigation in community
structure and diversity

GAO Wen—xuan'?, YAN Jian—hua', DU Hui-ying', ZHANG Ke-qiang"

(1.Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.School of Chemical Engi-
neering and Technology, Tianjin University, Tianjin 300072, China)

Abstract: In order to provide scientific basis for dairy biogas slurry fertilizer, pilot fields in Xushui (Hebei Province, China) were treated
by conventional chemical fertilizer and dairy biogas slurry with diverse concentration and frequency, for 2 years. Soil chemical properties in
different soil layers were measured and the bacteria community structures of nirS— and nosZ— denitrifying bacteria were analyzed through
Terminal Restriction Fragment Length Polymorphism (T-RFLP). The results indicated that the community structure of nirS— and nosZ— de-
nitrifying bacteria were sensitive to the frequency and concentration of the applied dairy biogas slurry, except that of nirS— denitrifying bac-
teria in the soil of 0~20 ¢cm. The community structures of both nirS— and nosZ— denitrifying bacteria showed significant differences in verti-
cal distribution. Based on the T-RFLP data, three diversity indexes, namely, the Shannon-Wiener H', the Simpson D,and the Pielou E
were calculated. The data indicated that different biogas slurry treatments impacted little on the diversity of nirS—denitrifiers, but had effect

on the diversity of nosZ— denitrifiers. With the same N— input amount (300 kg-hm™), high concentration of dairy slurry treatment (T5) re-
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sulted in significant higher diversity index for nosZ— denitrifiers than conventional fertilizer (CF) did. The experimental results also sug-

gested that most of the community diversity indexes of nirS— and nosZ— denitrifying bacteria were higher in the soil of 20~40 c¢m than those

in the soil of 0~20 c¢m. In this study, the community of nirS— denitrifying bacteria mainly consisted of organisms close to Azoarcus, Cupriavi-

dus, Rubrivivax, Pseudomonas and Rhodanobacter in Betaproteobacteria, while the community of nosZ— denitrifying bacteria mainly consist-

ed of organisms close to Rhizobium, Burkholderiales, Alcaligenes and Pseudomonas in Alphaproteobacteria, and a small part belonged to un-

classified organism.

Keywords : nirS; nosZ;denitrifying bacteria; community structure; dairy slurry irrigation
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g IO T T 2 UL R i Pk S, DU 4 WY OB RR TR
14K 1200~2768 m, 4~ H) <k 12.3 °C, 4 T 78 WP
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1.2 gt SHERREE
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FORAET K 1K, RN TR E2 22
KA 221 IR I W FH A 3 N K Oy 483 IR 4604k
PR A 28 PRFDEE S 2 ] o e K, 2RI A5 6 (A HH 3
WEZK AR ) (GB 5084—2005) , %5 3 Hy R AL B 5 14



T SCH 45 nir smosZ U R ETTREVA 50 K 2 RERE X - S A Ak -y i i 1091
1 R T EE AR
Table 1 Soil basic properties
Hb P Treatments 0~20 em 20~40 em
NO3;-N/mg-kg™ NH:-N/mg-kg™ KA (F55) NO3;-N/mg-kg™ NH;-N/mg-kg™ KA (L)
CK 3.76 0.73 0.15 2.79 0.88 0.18
CF 18.54 1.01 0.13 9.72 1.09 0.16
T1 16.46 341 0.16 1.84 3.4 0.16
T2 15.28 2.36 0.16 6.72 1.69 0.17
T3 50.62 4.23 0.14 6.06 2.75 0.17
T4 71.46 3.32 0.14 12.44 2.33 0.16
T5 20.14 1.81 0.15 13.75 2.43 0.16
T6 11.88 1.44 0.16 5.9 0.61 0.16

T CK S /KM ; CF 24 ) TIN5 T1~T4 FE MR L (WK - THI 22 1), FEIRVREC 1 ~4 W5 T5 IR (W /K TR =1 1) FEMEUR B 2 U T6 HE M

WPE VK =4 1) EBRE 2 k. 1A,

®2 BNAEEEE

Table 2 Fertilizer amount in treatments

St AL ) A 475 Hopth 5 4k B HERE it Fertilizer amount
Code Fertilizer time Fertilizer types Other period treatment N/kg-hm™  P,0s/kg-hm? K.O/kg-hm™
CK — — T K — — —
CF FEFN S I JERHE - JR K (46.4%) 3t i 415 TE 7K 300 120 75
(16%) EALHN (57%) ;3808 . R %
Tl A K =211 TE 7K HE 105 39 —
T2 A AR K HW=211 TE 7K 210 78 —
T3 HEACHA R A K =211 TE 7K 315 117 —
T4 FRACH BT AR SO K TH=2:1 T 7K 420 156 —
T5 A BT WK THE=1:1 T K 317 117 —
T6 A BT WK B =411 T 7K 126 46.8 —

HEWENE A S 8 53 S 5 it

- BEAE SR AR A AR A /N2 ORI (2015 48
6 12 H), RERE N 0~20.,20~40 cm P4~ 1 )2 .
KR AL BURE R A S /N X A B R AE S AN+
R 5 RUREM T HERA LM  . HIERER
TR TR G N IR B R, TR EN
W FELBRIR R AR AR IR AT, -20 CR IR
FE T S RUE Y 5T o
1.3 A E
1.3.1 35 DNA (32 HL

+ 3 DNA (LR F FastDNA SPIN Kit For Soil
(MP Biomedicals, LLC) 357 & 75k . #REL500 mg 1)
At H N S PR A A R AR D IR AT, DA Fast-
Prep® Instrument Y47 40 il i b 31, S 6 m-s™!,
BFA] 40 s $2HUAY DNA 7E 0.7% RO B IR BB H UEF T
HL KA . DNA fRAFF-20 CH KA 285 H o
1.3.2 AL I 2540 o By

SR A TR B 7% 45 ) 3 B >R FH A s PR 6 1 Tl 010

BRI 281 0 (Terminal restriction fragment
length polymorphism, T—RFLP) , ] F 5 il§ fb B nirS
nosZ 3R RR 55| ) 61T PCR ™1 (32 4) . PCR=H)
JH Mini BEST DNA Fragment Purification Kit VER 4.0
(TaKaRa) 1250 & EAT 2l Ak [Tl , [T /Y B A0 5E [
22 BRIk P9 DI Hhal (TaKaRa) BEY) 531 WY IS BT
17k AR TAY) TR (B IR A BRAA vl i 47
BN AL UK . 3RA5 B T-RFLP 504 4% 22 i 17
AR B, BRES SR d/NT 50 bp KARXT E /N T 1% /Y
AU B
1.3.3 ARG AT i

& AT B PCR Y W 21 IR &, 2 DI
[F1A S 7% 4% 2 pMD19®—T Vector Jii 7 ( Takara, K% ) |
e AR FF A IM109 32 2540 il DHSa N, 37 “Cid
Bi g%, 4 W VBT 8 , PRI 100 4> B ve b 1 1% &2
Az A T AR (R ) B A BRZS w) B4 I 237 4
LSO o B DN Y ARSI A A Vector NTI11.5.1
Ay Mk £ B & B 1R 915 L 7E GeneBank
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Table 3 The composition and content of cattle fertilizer biogas slurry
P S C()D{l TN/il NH:—IEII/ N();—lj/ TP/iI Cu*/ 1 Na*/il Cal*/,. cr/i1 ﬁiﬁ';{l ,%Ejt%%#l/
mg-L mg-L mg-L mg-L mg-L mg-L mg-L mg-L mg-L mg- L ~+100 mL
JL 7.3~8.4 2185~ 329.6~ 203.9~ 1.8~6.4 50.6~ 0.029~ 85.71~ 97.65~ 181.44~ 800~980  3740~3920
3762 417.1 302.8 69.95 0.078 177.07 142.74 206.53
SERIE 7.9 2809 382.3 244.2 3.2 61.8 0.0535 131.39 120.2 193.99 890 3830
R4 PCR R BLHBIS| ¥ B = Bz %
Table 4 Primers and PCR conditions used for the PCR amplification
H 5L SIFH(5~3") Bt /bp S A
nirS  nirS4F: TTC(A/G)TCAAGAC(C/G)CA(C/T)CCGAA 336 94 CHIAEME: 3 min; 94 CAEH:60 5,56 CiIR K 455,

nirS6R : CGTTGAACTT(A/G)CCGGT

nosZ

nosZ 1840F: CGC(A/G)ACGGCAA(C/G)AAGGT(C/G)(A/C)(C/G)(C/G)GT
n0sZ2090R : CA(G/T) (A/G)TGCA(G/T)(C/G)GC(A/G)TGGCAGAA

72 CHEM 60 s, 36 MMIEHR ; e Ji 72 CLEA S min
94 CHIZETE 5 min; 94 CAEPE 305,56 CiE Ak 30s,
72 CHEM 30 s, 36 AMEHR ; it 72 CLEF 10 min

268

(D) BTS04 BIAR T F IR (2) 1T PCR T-RFLP 8250 (49 135 1 1#8 H 6-FAM 9464510 .

$edg 2 (http : //www.ncbi.com ) F#EF T Blast FEXT .
1.3.4 Hdnib 3

RETR S5 M 3 il i 115 3 IR Z R MR EU(Di-
versity index) : TR HEANFEEL (Shannon—Wiener index) |
o 1 2% A BB 48 B (Simpson index) | 3 &) PE 5 %%

(Pielou index) o

() nirS B S AH AL AN FL B8 . 0~20 em 2 nirS
JE V) A B 68.83.102, 112,160, 166, 169 bp Fi
206 bp (5 A BCA 43 T i1 75.60%~83.26% , A
FERIHR B ANFNEKAEFEXT 0~20 em 4251 nirS
YR AiE A R AR G = B 38 0 BB 25 25 57 BB 0~20 em 1+
JZ 7 nirS TSR Ak 20 TR it S R0 2 7K v B R v R

FARGENFEE=-Y (Pi+1nPi) (1) WHRCE AR AL PSS AU . 20~40 em £ )29 nirS
MR BIE SR =1-3 PP (2) F R R 1) SRS A A W0 7 A R 5 it B b B
W88 =H/H . Hpo= InS) (3) KA, % Hhal TV J5 Y158 6 1~ F 2 BL 68,

2P Pi R 78 A W 1 W TR 7 2R ST AT I 1Y)
TR LL 9] 5 S FR T-RFs (T-RFs 2R A Ui B 14 -
BO MK, T-RFLP Jy B3 A1 (452 ) 1) 2 2 VR
SPSS 17.0 (IBM SPSS) . [K 58 J7 22 73 M ks 96, I EA 7
Z @, Al CANOCO 4.5(Ter Braak & Smilauer,
2012) 2 F T-RFLP E3% H lig U A Be i) B et 47 9 +
J2 b SR AR AN T T 7 A5 R 1) FE 0 23 B (PCA) o &
4 % 8 9 M ok MEGA 5.0 (Molecular Evolutionary
Genetics Analysis) , #2 8 BLAST [A] P51 b X 0 25 5
NAZ R E5 A P o 28 TR P e B AR [ 4 2SR i ) 4G
FeAk nirS \nosZ ¥4, 4B 4% 1 (Neighbor—joining, NJ)
P nirS .nosZ SR ALAN R I RS B

98.112.160.166 bp 1169 bp, 54T A B EH 7 &
1 46.99%~60.85% , i W ixX 48 J B Fir fG 3R 19 nirS 7Y
AL AN B TE L3 L . ANRIEIET 6 4> F
JF BOM = B AR & A B B AR 4k {H CF L T1. T2, T4 il
TS AL HR B3 F BE 58 bp HARXT i m, B 185
bp 78 T3 Zb B A X =F B B3 5, A Bt 83 bp HLfAl7E
T4 Kb PR AE X = B 230, X gk i ey BT AR
SR Fp ;T A T2 2 #EF R B 317 bp AH X 3= B B 8.
B T2 T4 A1 T6 A FE R R B 126 bp AHXF =F 5 B 2%
R

LA )2 narS 7 S Bl A6 TR RE % 41 B, 0~20
em 2 R B 102 bp AR AR A AL B SE B
17.13% , B %5 T 20~40 em )2 (1.55% ) ;20~40 cm

gEEE
2 BRSAW 2 BT 0~20 em -2 A 89 76.91.,98
2.1 ANEBLEX L E nirs B R E B EHN 105,126,235 bp #i J B, H: P 98 bp il 126 bp 7E4-4b
=1 PR A B R, 3 11.31% .3.91% . ik

FI A A A TR nirS S PRURE 55 | 406 G )22
s A 40 B AE 75 25 F 2EA T T-RFLP 207, 45 SR an /&l 1
IR o 2 Hhal Y]S5, 0~20 cm 1 20~40 cm 1 )2 43 51
133 22 RN 27 Bp B B, W - R E B E

T-RFLP 25 52 W, nirS %1 S Al Ak 20 B RE 75 45 46 1 0~
20.20~40 cm )2 PAFLE—E 1 B 3 A1 22 5, H 0~
20 em )2 5 nirS BY SAH AL A1 B TE VK 45 ke X it HE A
J5 BRI P B E R BN BBUER T 20~40 em )2
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nirS ) A A 4 R 9 8y o it NS 2% 1 Sk 4 v

X AN [R)A BR T 4 )2 HR nirS B SRS AR R R VR 22
FEPEFE B M (£ 5) BB, i & 0~20 em + 28 &
20~40 em + 2, K Z AL HF nirS R 52 i 16 B 1)
Shannon—Wiener H' 35§ % . Simpson D F5 50 F1 Pielou E
TEECEA 25 2500, W] S8 254 F AN B Oy
K FERE ) X nirS B ZFEMERS A 3%

HAJE nirS BEPA T-RFs Bl 64 7 3 1053 3 A (&1 2)
R, AE0~20 em L2, 5 — F 4 (PCO R RE T
37.2% ()W) Tl 28 A8 Ak, 55 — 3 A (PC2) i B8 T
22.2% WPIF ARG . b, CF 5 CKE 2, T HiAh
2= 37 BB K A B A CK ORI A5t , 156 I A 7K 4k B 24
0~20 em - 22 1 nirS #F V% 4546 52 W L AL AL CF 3T
Ko 7£20~40 cm £ 25— F o (PC R T
31.0% B9 Fl 4 B A8 Ak, 55 = 3 A (PC2) ff R T
25.1% [ FPL s . T A Ab B S5 349 85 CK, i TS |
T6 5 CF % 3T , i Bt AL AL B 20~40 cm £+ )2
nirS FEVE G50 e Az el 8, oA TS (T6 Ab R nirS #EVE

SER 5 W AT CF A8 A1 .
22 AEERAEX L EnirS B REYE R
ot

e F T-RFLP & op b B B B K B 10 550 A0
B 501k 6B 0~20 em F1120~40 cm + JZ nirS 3
DRI ST T [ SO, 76 W )2 narS 3[R SR vh B e L2
100 /> o [ - 7, 3 2oF %5 i NCBI 9 33 £ 1 7 BLAST
A HT, S AR BHE 2R , 5 Genbank B0 2 P B 7 7E
(P I EA T [RIIE PR HeX , e &3k A5 T 42 A AR
PIHRAES S BIT (OTUs) , 1T RG L & 4307, 45 3 a0
P 3 I/ I P ARAG ) nirS 510 45 AR T Ak 1 A A0
YETE 84%~99% 2 |A] .

HR A P SIS 00 A, 8 narS IE N R G2
B R 4 A2 P, BOE R Y 46.3% S A E SR
[ AKBE, FEATSE 0~20 em T2 B HEERE 102 bp
(19) .166 bp(11) F120~40 cm + JZ (L F T #E 98 bp
(11) 112 bp(7) . 160 bp(14) , £ R G HEAL R | % L
A5 328 T T 40 ) 53 4 18 ® ( Cupriavidus ) . Thau-

0~20 em FE 5 20~40 cm FE ik
317 bp
S 1007 ® 297 bp
< | M 226 bp
LE CROIET
52 gk
s B 166 by
25 60f B 160 bp
Eo L I 126 bp
Z 3 W12 bp
= 3 L M 102 bp
=2 40 98 bp
LE | WS
03 I 68 bp
£I o0t 3 38 bh
= - 50 bp
E L Il Others
< 0 M Others
CK CF T1 T2 T3 T4 TS5 T6 CK CF TI T2 T3 T4 T5 T6
SRR P
Others F /RIS £ RE/N T 5% MBI A BL . Il
1 REAAIR ST nirS BUR WL BB T-RFLP B i
Figure 1 T-RFLP fingerprints of nirS gene from soils under different regimes
F5 REMEKFLETHELE uS BEESH SR
Table 5 The diversity index of soil nirS denitrifying bacteria under different fertilizer treatments
Lb 0~20 e¢m 20~40 cm
Treatments Shannon-Wiener H' Simpson D Pielou E Shannon-Wiener H' Simpson D Pielou E
CK 2.532+0.09a 0.896+0.01a 0.867+0.02bc 2.647+0.01a 0.914+0.06a 0.910+0.01a
CF 2.425+0.26a 0.889+0.02a 0.901+0.02a 2.665+0.01a 0.913+0.05a 0.906+0.02a
T1 2.393+0.10a 0.884+0.01a 0.840+0.03¢ 2.642+0.01a 0.914+0.15a 0.916+0.02a
T2 2.424+0.04a 0.886+0.01a 0.877+0.00ab 2.663+0.01a 0.915+0.09a 0.900+0.00a
T3 2.470+0.08a 0.894+0.01a 0.878+0.02ab 2.609+0.01a 0.910+0.07a 0.909+0.00a
T4 2.452+0.07a 0.895+0.01a 0.886+0.01ab 2.596+0.00a 0.914+0.07a 0.932+0.02a
TS 2.472+0.06a 0.897+0.01a 0.883+0.01ab 2.707+0.01a 0.918+0.06a 0.909+0.02a
T6 2.536+0.08a 0.900+0.01a 0.902+0.00a 2.565+0.00a 0.909+0.05a 0.920+0.01a

T AR PR R A B 2 8] 22 57 4 P<0.05. T IR].
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era V4 J& F1 y—"2 T8 TR 40 14 18 32 U B i ( Pseudomonas)
BB, AR WRE R, 23.2% 1 ye b3 Aii
TESE WA, F 2 ALHE 0~20 em + )2 MO0 H B
160 bp (6) . 169 bp (6) F1 20~40 cm + )2 A9 5 H B BE
169 bp (6) , X %8 7 41 5 o — 745 TE 1 40 A9 W) 2K 0 )8
(Paracoccus ) ’y—”ﬁ T 13 2R 1% Rhodanobacter 3 2515
— i, AR RG R 11.2% W 5ol sr A e 55 1
A BE, LB R 20~40 em 2 B9 SR Ak B #
11.05%, £ 45 20~40 em + J22 19 £ % T ¥ 50 bp (8) |
166 bp(13), 1l 0~20 cm +JZ24Y 5 0.15% , 5 LA HEAH
I TAE Y N B—72 B TR 2 1 Brachymonas Alicycliph-
ilus BB o 18.9% K sCBEM 725 IV A28 HE, B2
% 0~20 cm 1 2 P PEE G HE 112 bp (5) F120~40 cm
T2 WL H R B 68 bp (9) , 5 2 HE AH I 19 f A=
WM BT 1 4 ) 11 0K 1 R (Azoarcus ) 5% 8 18 &
(Cupriavidus) Ralstonia 1§ J& Fl y-"2JE R N Serratia
T -
23 AEGHRLEXNFALEE nosZ BIRELEEZH
A

I FH S A A A T nosZ J PR S 5 | 0 % )2 i
i Ak 20 B B K 45 #1647 T-RFLP 20 M7, 25 R a0 18 4.
£ 0~20 em 1 2 11 nosZ 5 [K 4 Hhal i Y] 15 5] 16 /1>
T-RFs i Bto ARALIET 7Bt 59177 bp #1265 bp 1)
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Figure 2 The PCA analysis of nirS denitrifying bacteria under different fertilizer treatments in soils
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Figure 3 Neighbour—joining phylogenetic tree of nirS gene sequences
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Figure 4 T-RFLP fingerprints of nosZ genes from soils under different regimes
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Table 6 The diversity index of nosZ denitrifying bacteria in soils under different fertilizer treatments

Jase 0~20 cm 20~40 cm

Treatments  Shannon-Wiener H’ Simpson D Pielou E Shannon-Wiener H’ Simpson D Pielou E
CK 1.7480.19ab 0.762:0.04ab 0.785:0.06ab 2.1000.18h 0.825:0.04ab 0.849:0.05ab
CF 1.7280.13ab 0.7630.04ab 0.7780.08ab 2.105:0.13h 0.8460.02a 0.8870.05ab
T1 1.663:0.30ab 0.7430.06ab 0.766+0.03b 1.815:0.06¢ 0.797:0.04b 0.826+0.03b
T2 1.506:£0.29b 0.722:0.06ab 0.791:0.00ab 2.18320.18ab 0.856:0.01a 0.881:0.03ab
T3 1.682:0.18ab 0.7580.01ab 0.850:0.06a 2.206+0.09ab 0.856+0.01a 0.880+0.01ab
T4 1.742+0.09aly 0.7700.02ab 0.822:0.03ab 2.115:0.15h 0.839:0.04ab 0.855:0.06ab
T5 1.923£0.13a 0.802+0.03a 0.837:0.05ab 2.3870.09a 0.869:0.02a 0.8710.02ab
6 1.477£0.37h 0.683+0.12b 0.768+0.01ab 2.175:0.12ab 0.848+0.04a 0.890+0.03a
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Figure 5 The PCA analysis of nosZ denitrifying bacteria under different fertilizer treatments in soils
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OTU11 Z2-125 bp(4)
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Figure 6 Neighbour—joining phylogenetic tree of nosZ gene sequences
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