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Effects of cattle fertilizer on community structure of nirK- and nirS- type
denitrifying bacteria in soil
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2 Tianjin Normal University, college of Life Sciences, Tianjin 300387, China
3 Tianjin University, School of Chemical Engineering and Technology, Tianjin 300072, China

Abstract: Field experiments of winter wheat-summer maize rotation were conducted in Xushui, Hebei Province, North
China Plain irrigation area, to explore the effects of dairy effluent irrigation on diversity and community structure of nirK-
and nirS- type denitrifying bacteria through terminal restriction fragment length polymorphism (T-RFLP) analysis and gene
sequence analysis. Five treatments were designed, including no fertilizers treatment ( CK) , conventional fertilization ( CF)
and dairy effluent irrigations with 3 fertilizer levels (T4, TS and T11). The results showed that no significantly differences
were noted in diversity indexes of nirK- and nirS- denitrifying bacteria in all treatments. And T-RFLP analysis of nirK and
nirS genes addressed significant differences in community composition; both fertilizer type and amount affected the relative

abundance of nirK- T-RFs significantly, especially for dominant T-RFs, and therefore affected nirK- community
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composition ; organic and inorganic fertilizer treatments increased or decreased different nirS- T-RFs’ relative abundance,
resulting in significant differences in nirS- community composition. Phylogenetic analysis of nirK and nirS gene indicated
that the nirK- type denitrifiers were mainly composed of Pseudomonas, Alcaligeneand and Rhizobium , nirS- type denitrifiers
were mainly composed of Ralstonia and Rubrivivax. Most of these identified denitrifying bacteria were belong to families of

aerobic denitrifying bacteria. A possible reason was that samples for biological analysis were taken from topsoil.

Key Words: nirK; nirS; denitrifying bacteria; cattle fertilizer; terminal restriction fragment length polymorphism ( T-

RFLP) ; community structure
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AR JEHAERRZE b MoK RE TR 9 2 s R T 8., Wolsing 1 Prieme " 58 it 4391 7 (i 46, & Bt FH A5
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38°09—39°09, AR £ 115°19—115°46 , J& KBl 7 XU, 4R F- 23R 11.9°C AR Y[Rk &t 546.9 22K 4F H IE
BHEOF- 1 2744.9 /8B, 3R56F 2010 4F 10 H £ 2014 4 6 AFEmACARK BRI T, &/NE-H FRIER Y
Hb AR RRE I , 40 /NAE M4F 10 A _AIBRN AR 6 A ik, & /N REFTIE 5 B FORTE/ N ORE —
JRNBRD, S4E 9 HRISGIR , B B KT N TR  AE R bR R R 0 4, e s A e B2 3 AL o
ML 24.5 ¢/kg .pH {H 7.76 2T E 741 1.39 o/ke S F T 7341 13.09 me/kg B A8 AT #7041 2.24
mg/ kg UKW T it 4340 64.19 mg/kg .

S AR /NX A 9m, B8 6m, AL S4m®, DU JE 1m 41 3 FHEERAG B O, Fha i sU R & /N - T ok e
Vi, SEi 5 AP AR PR E 3 AR /INX, H/NK 22 ] REHL A A, CK AL B A A it AE Ak L, {3 775 7K
B ; CF AL H AU AL 3, ZERE RN 5 05 43 0t i A ( A/ N2 R it &2 5 I8 (N & it 15%,P,05 5
21%,K,0 ¥ 6% )375 kg/hm® ; Z&/NEPTTHIHB AL IR Z 600 kg/hm® ; T KIFE Rt E A HE (N &7 25%),
P,0, &1 10%,K,0 it 10%)600 kg/hm*) , HoAthA= & B35 /K HEWE ; T4 TS F1 T11 925N K b 34 o T4
ALBE I 309% A9 TR IRHEIE 1 U GERAHT) , TS AbHF 30% HITETRTERE 2 vk (BA] SR E ), T11 4B 50% 1Y
TRVEE PR (A SR T ) oA A= B 2 DAV /K E IR . 45 A 3 0 it A Dy 2Kt S B ] R0 7t JES Al 4 L
15 AEAK VR o W3k 2

®1 BETREEEES

Table 1 Fertilizer amount in all treatment

X TEE Jiti A 7 43 ( Fertilizer amount )
RIS A iR WA I
Code O A e R 2y P,04/(kg/hm?)  K,0 /(kg/hm?
(2013-11-20) (2014-04-06) (2014-05-07) (2014-05-26) N/ (kg/hm) 205/ (kg/bm™) - K, 0/ (kg/hm”)
CK K 1E K TE K K — — —
CF HK 1EIK WK EIE) HK 300 120 75
T4 30% TR (v/v) 1EK K K 105 39 —
T5 30%IRW(v/v)  30%IRI(v/v) K K 210 78
T11 50% B (v/v)  50% B (v/v) EIK K 317 117 —
x2 EBRKBERERERES
Table 2 Thecomposition of cattle fertilizer biogas slurry
pH & COD/(mg/L) TN/ (mg/L) NH;-N/(mg/L)  NO3-N/(mg/L) TP/ (mg/L)
N 7.3—8.4 2185—3762 329.6—417.1 203.9—302.8 1.8—6.4 50.6—69.95
EHIE 7.9 2809 382.3 244.2 3.2 61.8

TSR AE N ORI S (6 A ) ) 1T RS R 5 AR 1A A/ D IX B AL HL 5 AS0R 5 0—S5em
HIRIZ L, BRIRAR J20 RIS HSEAR IR S, T-20°CUKFE P~ A7 .
1.2 T IERUEY) A DNA 425

T IERUEY) S DNA A2 B0 1 F0 20 SR 4 IR 4= 198 L D 2H DNA 42 HUK 1] & FastDNAR SPIN Kit For Soil
( MP Biomedicals, LLC) BUULEAHEAT . BH2HH DNA ] Nano Drop #% 28 F14Y ( ND- 1000 ) I 5 He B} i, T
-20 CIUKFETIRAE
1.3 nirK nirS B AHALA T T-RFLP 434t

FHAEE 3 YEAT PCR §7184 P14 724 F§ Mini BEST DNA Fragment Purification Kit VER 4.0( TaKaRa ) i3] &
AT, I Nano Drop #4248 1 (ND-1000) f  2i Ak =y ik B K it . P B nirK R4 1
TN YIS Haelll (TaKaRa) #EA7EFY) , nirS JE Y34 =Y N VIR Hha 1 (TaKaRa) #EATEY), KOV AR 2 Fil
S A IR I BT BEDI PR A T A TR (B0 ) IO A PR S R A0 3 20 #r
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Table 3 Primers and PCR conditions used for the PCR amplification

SRR 9 FPI(5-3") JrBels/bp RBEAAT
nirk nirk-1F11°1 GCCTCGATCAG) A/G) TT(A/G) TGG 515 94CHIAENE 5 ming 94°CAEME 30 s, 58°CIB K 30 s,
nirk-5R1"1 GG(A/C) ATGGT(G/T) CC(C/G) TGGCA 72°C JEAH 405,40 ANMIEH, 72 CHEM 5 min
nirS nirS-4F21 TTC(A/G) TCAAGAC(C/G) CA(C/T) CCGAA 336 94°C HiAEYE 5 min; 95°CZEME 40 s, 52°CIE K 40 s,
nirS-6R121 CGTTGAACTT( A/G) CCGGT 72°C , FEfi1 405,31 DFEER, 72 CHEM 10 min

1) B FWESI 4 bRER F A R; 2) T PCR T-RFLP S25 Y U5 1 WARFH 6-FAM 2GhRiC

1.4 nirK .nirS 3 R 5 6 K 0 53

PhA- 8L K 2H DNA S #Bidi, 4% B3R 3 384T PCR ¥4, 72 ] Mini BEST DNA Fragment Purification Kit
VER 4.0( TaKaRa) | & 144k, 405 B9 7= 91535105 pMD19"-T Vector XA AT 8 &

510 ul BREF=H2 AL S 100 ul KIFHTHE IM109 B2 2540 b IR 76 &4 X-Gal IPTG . Amp FY LB B
BRI FR AL I 37 Cad 3% % 5 AT 18 I B % , I BE s b, A3 FH 514 MI3F (5'-TGT AAA ACG
ACG GCC AGT-3’,TaKaRa) ,M13R(5'-CAG GAA ACA GCT ATG ACC-3',TaKaRa) #F{THi7% PCR Bl , R HUK
25100 Dy T8 KEE SR G 26 A4 T AW TR (B ) ey BR S Wl g A7 5 40 A
1.5 $dEabr

254 T-RFLP %08 , T H R R AL B nirk  nirS B9 SRS AL 40 B8 2 AR PEHE 5, 9F HH CANOCO for Windows
4.5 BT nirk \nirS FE K T-RFLP 4533547 PCA 4387, ] MEGA 5.0 B HEE nirk .nirS B2 RGEKF R,
AH G 1Y 7 22 50 Hr AR OGP 43 #r >R FH SPSS 17.0 #AFi#4 7

2 HREH

2.1 JEAERE I nirK YRR AL A T 5 0
211 AFEFEACANEE T 38 nirk U2 AL AR IS 45 A 25 AL

PEAFIAL PR+ S RE S Y nirK D) RE JE N 5 14 I R 100
HilPE N UIE Hae Il B U0 5 #64T T-RFLP 2387, 75 31 55
65.95.100.105 110,125 155 F1 190 bp 9 Fl' 3= - Bt
(B 1), SALFEIA PR BAr e 22 5%, CK CF,
T4 . T5 F1 T11 Ab 39 KAR G 43518 155,110,95
105 1 155bp, 156 B AS [) it A b 25 A ] it A 12 60 2 3
nirK JEH T-RFs 5587148 B 3481k,

HRAE nirk B T-RFs B0 647 E 00005381 (& 2)
KL 1 ERSr PCL AT LU RE 46.8% ) Fl AR &7 55
2 ERSr PC2 AT LA RE 30% B M A & ASTRIR B 1)
AR AL B (T4 TS T11) Z 8] nirk %35 546 4018 3 Tk T oF 15 Tn
BRRE EAG I 25 5 TS AbF A TE PCL Y IE S,
T4 T11 W0 A5 A5 PCL R Gl 58 BH A [8) ¥R 3 1)
I AE K BEE T 35 b nirK YRS AL A0 B E RN
M AR[A], [RIE, CF AR AR AE PC2 A IE 4l iy R A3 b 24
FE PC2 EAHZEANTK, ULt I JCAHILAE ff 38 v narK 780 S5 A A0 40 B VK B FP A i o, 171 24 37 A 7K 8 1% ) G B
R

m513bp
[ 445bp
B 220bp
[ 210bp
mm 190bp
= 185bp
mm 170bp
m 155bp
B 150bp
@ 140bp
B 130bp
@ 125bp
mm 110bp
mm 105bp
B 100bp
m 95bp

I 83bp

[ 70bp

I 65bp

[ 60bp

W 55bp

80

60

T-RFsH 43tk

Percentage of T-RFs relative abundance

40

20

E1 AELLIE nirk B REEAE T-RFs BT EET T
Fig.1 Percentage of relative abundance of bacteria nirKT-RFs in

different treatments ( mean+SE,n=3)
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2.1.2 K[AlACAL IR + 58 nirK B AE AL AR 2R AR A,

A nirk 25 P T-RFs KO8 2247 77 51 2 46405 50 #r
(R 4), R AL Z 6], Shannon-wiener 5 £ |
Simpson F§%41  Margalef 5§ £l Pielou #5 % E #8 %A .
EES,
2.1.3 K BT RHALAN R R SR T 0T

AWFFE IR AP nirk FE PRIR A FE A0 2 e b
SCPE IEPREE T 120 A v 1IN JF 64T NCBI 3 1
BLAST XS 43#r , Bl B o bt 5 o S B5die , 45
Y1y B Hr e 3545 17 14 DA AR #AE 25
HIT,

G
CF

-1.5 3.0

B2 AEHEEAE T nirk B RHEAAEEEN IR S
Fig.2 Principal component analysis of soil denitrifying bacteria

nirK under different fertilize treat

R4 TEMEARLIE L B RHLME nirk B E S MRS

Table 4 Thediversity index of soil denitrifying bacteria nirK under different fertilize treat

by Shannon-wiener T8%{ Simpson 5%k Margalef 45 %% Pielou 841 E
Treatment Shannon-wiener index Simpson index Margalef index Evenness index
CK 3.105+0.375a 7.051£2.108a 1.052£0.170a 1.238+0.069a
CF 2.465+0.776a 4.895+2.915a 0.82920.148a 1.064+0.261a

T4 2.637+0.481a 4.779£1.525a 0.866+0.204a 1.115£0.132a

TS 2.556+0.200a 4.7770.469a 0.77920.055a 1.146+0.025a
T11 2.7399£0.219a 5.269+0.832a 1.044£0.141a 1.091£0.095a

PSR GE R B (] 3)  AKHE 7 e S AR i) 4340 R B0 0 B AR ABLEE s kAR 43y
3, o 1 B4 55.65.130,155,170 ,190bp , 5B HL M T & ( Pseudomonas ) F 7= BT 1 J& ( Alcaligenes )
A B 53 261 5 56 1% v B dE 95,105,170 . 190bp , 5 MU TR & ( Rhizobium ) A7 #5155 14 73 S {8 56 I 7% v Bt

100 [ Uncultured bacterium clone AY249336 \
44 Uncultured bacterium clone EF645009

100

nirKOTU1 50bp

nirKOTU12 65bp(3)
EEm'rKOTUM 130bp(2)

79

100

54
70 nirKOTU10 190bp

Alcaligenes

nirKOTU13 170bp
Mesorhizobium

99
75

100 E nirKOTU4 155bp(8)
nirKOTU8 155bp(2)

48

Agrobacterium

Ochrobactrum
Ochrobactrum

nirKOTU3 55bp(5)
0.02 100 nirkOTU7 190bp(3)

nirKOTUS 155bp(5)
L_#KOTUS 170

Nitrosomonas sp. AF339049

Pseudomonas mendocina nirK gene AY078255 p,
nirKOTU6 190bp(3)

nirKOTU11 105bp(14)
nirKOTU2 95bp(10)

Pseudomonas aeruginosa nirK gene AY345247

Rhizobium hedysari nirK gene U65658
Rhizobium melitoti Rm 1021 nirK gene AJ224909
Rhizobiales bacterium nirK gene EF363543.1

> 111

3 ETF mirk BREUARREEER (BEE)
Fig.3 Neighbour-joining phylogenetic tree of nirK gene sequences
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A4 55,155 F1 190bp , 5 MR 7 & ( Rhizobium ) FUBFLNEL & ( Pseudomonas ) BIFB 7 AL IAR L, BT
FHAL D RE 3L P TEAS R BAE ) 2 [ AP AR K A% 8, T DUSCRBAL TR nirK DIREFE R I R G0 Kk B 24 L R 1 16S rRNA
OYRNE R e B AR 22 AEAEARIR] A B BE AR AR SR Ak TR AIAS ) e B B AR A [ SR P vt R 17 0
2.2 AR nirS BSR4 20 TR A HE
221 AEFEACALIET 3 nirS %R LA B RE TS 45 F 25 1k

PRI AL B A ERE 5 1Y nirS DHREFER Y3 5 R IV N VTG Hha 1 BEYT, 2453 70,100,110,120
160,172,327 #1336 bp 8 Ft v Be (181 4) , Hr 172bp 2y CK T4 'T5 F1 T11 ZLF Y e KOLH TR, 120bp iy CF 4b
P KT

70,100,120 F1 172bp F Bt A 43 b 5 & 32 il AE 5% 1)
3 DI PUFP T-RFs FIr{C3 A0 S A Ak B RE 1T RE X it
NS5 URR , b 172bp FE 4R LK HEWE AL 2 (T4
TS A1 T11) H =4 CF A CK B 3%, 1M 120bp P
WA B X R T-RFs #8I& nirS BEVE T 325
WA, E W REAE e F R R, A B K HE A R T
172bp B KT AF] T 120bp B REA K 105 B i A
(CF) AT MIFEMA , 70bp A1 100bp F Bt =F B AR HiEE
EA AL, H A 4% AL B2 [R) 9 R R B0 B a0
HE, CK CF T4 T5 Tl1

WY nirS £ T-RFs £ 47 F 000001 (& 5)
B 1 ERSr PCL AT LU RE 81.7% WY W FR AR 2, 27
2 ALY PC2 AT LSRR 10.1% 8 FhAS & 4= AR K 3E
WEALFE (T4, T5 T11) 5TCHUEALFRL (CF) /) nirS B2
AR TR 2R 28 PCL AAAE W o 25 5, TCHLIE b B 40
(CF) EZHTE PCL Y IER , 2 3 ME 7K A BE 20 4238 )
IYARTE PC1 B8N, 60 nirS 0 52 Al 1k 40 1 3 B A
(PC1) ZZ it AE 25 00 B (., 25 7 A 7K A B A I AR T a
AR 7 H T U b B 1R A M CFo
S KM L 7 MG A A S VR T S 700 S
TLANBVCE RIS (PC2) FF 7 He i), H o 5t I ik 4 3 = ‘ o
(CF T11) BRI 1 58, 6101 nirS 760 52 4 41 40 76 1 5 o rerELTY
F(PC2) FEAZNE 5w, = i E B AL LB AR, 5 REMARAE 138 nirs B RBE W MEBE MRS
HH T4 2 FERAMUAERRE 10.1% 4 FhAs & JLfiL =  Fig. 5 Principal component analysis of of soil denitrifying
/;ﬁ 1 I E‘I ﬁ} ( 81.7% ) , FJ?LJ ﬁ@ HE %5@ nirS Eg fiﬁﬁ ’fJC éﬂf]_'[i]‘ bacteria nirS under different fertilize treat
SR TTIRGRES
222 AJEIEAEALEE R + 3 nirS W ALY B AR L

FIH nirS FEPR T-RFs AHXF 3 B 80 E A7 P 5 Z R0 0 0 (R 5) , KRBT K4 (CK) 1) Shannon -
wiener $5 50 (A 35 Al Simpson $EE0( B35 ) &= THEACAL B4, G A AL B0 2 (M) - K JE i 5 22 5% U
FH G A AL B 0T BB nirS 750 S AP0 AN A AE T 22 REPEA TR AIG T 45 T N 4 =2 ] 22 R O 35 25 031
223 nirS BUSALAN R R G LB T

AHFFEBEPUIT A AL B nirS PR A FE SR E v RSO L BkE T 110 AN e b 7347007 204, B B BH
PETE R R A B0 R34S T 27 AR PR IRE N 28000,

m335bp
m 327bp
m 310bp
= 300bp
mm 280bp
m 225bp
mm 203bp
m 190bp
m 185bp
m 180bp
m 172bp
m 160bp
m 150bp
m 130bp
m 120bp
m 110bp
m 105bp
m 100bp
m 80bp

m 70bp

m 55bp

T-RFsH 43k

Percentage of T-RFs relative abundance

B4 AELLHE nirS BRFHLHE T-RFs B FEHLE
Fig.4 Percentage of relative abundance of bacteria nirS T-RFs in

different treatments ( mean+SE,n=3)
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Table 5 Thediversity index of soil denitrifying bacteria nirS under different fertilize treat

b7 Shannon-wiener $§%{ Simpson 5% Margalef 15 %1 Pielou 5% E
Treatment Shannon-wiener index Simpson index Margalef index Evenness index
CK 3.52+0.07a 9.85+0.56a 1.35+0.06a 1.31£0.01a
CF 3.16+0.13b 7.25+0.56b 1.17£0.14a 1.26+0.04ab
T4 3.21x0.09ab 7.67+1.25b 1.3220.02a 1.23+0.03b
TS .3.34x0.16ab 7.8220.87b 1.3320.12a 1.25+0.03ab
T11 3.22+0.16ab 7.33%1.16b 1.2620.12a 1.26+0.03ab

SEHRAS BN K ZEL narS 750 FI AT BAE A TCAE P AR AU A AIR , (HURT NCBI 2508 e ok A HHER e
nirS JEHVA B E AR AME (73%—99% ) . FIHSREZEME RS R B (B 6) K4 T 517 AR L 1) 434 Fil
HRA> CHIE P AR LR Kt fb 4R 5 3, Se by o E AR A 7Ess 1 i, Ko 2f 1 FE S5 RIEkE &
( Paracoccus ) 48 8w WIAUE | 404% T-RFs 70 120 160,172,180 .190 203 244p 313 F1335 bp F B ;45 M 5%
5 B-AIE TR 20 ( B-Proteobacteria) BIA 5 & H ( Burkholderiales ) W) Ralstonia F1 Rubrivivax gelatinosus 43 % = i
FALEE  A04E T-RFs 70 (100 (160 #1172 bp B¢, 25 11 IV | VEBA MBI R,
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Fig.6 Neighbour-joining phylogenetic tree of nirS gene sequences
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