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Abstract; The objective of this study was to explore the long-term effects of organic and inorganic fertilizers on activity and
composition of the denitrifying communities in paddy soil. The soil samples were collected from the following treatments; CK
(no fertilizer) , NPK ( nitrogen, phosphorus and potassium fertilizers) and NPKOM ( NPK plus organic matter) , which
were established in 1990. The activity was measured in terms of potential denitrification rate and narG gene was used as the
functional marker of the denitrifying community. The results showed that the potential denitrification rate was higher in plot
treated with organic fertilizer than in those with mineral fertilizer and no fertilizer, and this finding was positively correlated
to soil organic matter content, MBC, and MBN. Totally 35 OTUs were obtained and identified as narG from the three
treatments. Recovered narG sequences were mainly grouped in two clusters and related to narG gene of the denitrifiers from
Proteobacteria and Actinobacteria. The LUBSHUFF statistical analyses demonstrated that narG gene library of NPKOM
treatment was significantly different from CK, while no significant difference was found between NPK and CK, NPK and
NPKOM treatments. It inferred that the combined application of chemical and organic fertilizers remarkably influenced the

community composition of narG-containing bacteria.
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AL LA TR 13 N,0 Poa g B AR R LA R R MR, WAL S B, AR IR R
2280 BB BB A U RE T S WAL B i35 1, T ELAR 24 22 0 B Rl RS AL e I ok 1 IEAE K,
FEE 73T HR B & RN, B IR AR LA M B S R AR SRR RN RE. A
T, FFIZH T 16S rDNA 437 S i AL 40 TR A V& A B BB , B S A A A0 R N 2 4028 2 b B Re e 258, T2 )
EAIERESHBZ PR AR o B, 75 05 B 4 75 5 12 5 Y ¢ e o B 25 DR o e o 40 o T
TUE5E . AEYI) narG JE R G 1) RE BRIE JR B 1 8 IO bt B2 1928 — 25 OB, BMiE{L NO, 3B JF AR NO,
B narG 3 H W BHF 2 25:% AT HF90 RS AL 40 A VE FHLEE . Enwall 255 8554 HLAN TG HLIE X 52 # 1 45
narG [FZNR S Z 3L, i A (NH, ) ,SO, Fi{5 Je i) 148 narG BEHBFE WA A E2ZR, A Ca(NO,),, MBS
AHEAE + 1) narG % S5 HI AL ; Dambreville 25 75 Akl 5K i 858 7 % B, 1t F Ak BERLANIR A SR J5
narG FERFETEH U A T U3 B T 7K RS 1, SR A [RI i AE 1 B2 % 7K A% 1= b R A 4 B R v S B R 4
PER R AR TLRGE .

A SO A B 2 At AR R, 5 7 A HE A e MR 0 38 i A 20 R A 0 5 4 5 )

1 #R5FH=E
1.1 HHERERE

b E R Bk TR A A A5 (110°727E, 28°52"N) /K R A i A i B2 58 AL B 4R T 1990 4F , i3 A5
FIMEIR R 89m, TN F Ve, BN AL A L, B ME R A MR, MEAE S B S hE AT 1 g A e
SivERJg WL C15.4 g-kg™', 4 N1.88 g-kg™', 4 P0.60 g-kg ™', 2 KI2.8 g-kg ™', Rk P16.2 g-kg ', A%
B 74.3 g-kg ™' ,pH 5.74, ABFFCREANHALRK B (CK) (ZUBESH (NPK) FIZEBESR A HLIE (NPKOM) 3 /~4b 3
B IR . BHRIEIE N IR R S B ERRES M E L8R, BB W R m A A, (LB HE N 182.3
kg-hm™,P 39.3 kg-hm > ,K 197.2 kg-hm > /NXEF 33 m* , FH 3 Ik, TIERESRT 2007 4E3 H (L34t
FAWB) R AL O ~ 15 em HIEFFIRS), —FB 53 4F (24 200g) FH AR R JG - 80°C IR 7E, ik4)
TR, 75— TRERME R T, BB SREAER IR 1,

1.2 A2 (DEA) Mg

S 18 Pell 251 1775k  FRE 25¢ MR VR O HREIL A 250 mL [~ OO, RS, K H A 25 mL K4
(1mmol L™ %M 1mmol L™" KNO;) , R B FIRSIATE 3 IR, HE, I 10% Ze 47 i) RS AR, 380 B ik
A 25CHIR PR EFE 6 h(225r min "), A/NEFUREE 1 IREAE, KA IEAR T ( Hewlett 5890 ; Packard series
D), A iEH: 2~ Poraplot Q (3m X2mm)

1.3 DNA $#2H

4% DNA $RECR ] SDS-GITC-PEG J7¥:!" | FE9EATIE S84, B HUE B 7 ¥ B Al LA R B R 0.5
g, 1 - A0 Y B 0 B R 7 B 1 1/20 , BE 4 5200 HAE
1.4 5|9i&itH PCR B

narG FEFEMEIF 51 9: A TRITTI WK 24 FE MW AFFMEK narc EHEEHF 515K B GenBank
(http ://www. ncbi. nlm. nih. gov) , f0 & K I HHE H F 5 5 A NP_252564, AAB50620, YP_001171435, YP_
263899 ,YP_435153,YP_960347 , AAT47523 , YP_310854 ,NP_707133 , YP_402918 ,NP_455739, ZP_01534411,
YP_001176789,YP_741846, YP_001257334, YP_223631,YP_983978, NP_902213, YP_439445 K NP_961554,
AAS04937 ,AAY17360,NP_630616 ,CAA20632 % iz ff] Clustal W 423047 J5 18 Alignment F- AR 48 {51 B & 3
2 /B (FYDWYA / CD 1 HYVGQEK) #%it51%) . narG 2 #5145’ -T(C/T) TA (C/T) GA (C/T) TGG
TA (C/T) GC(A,C/T) GA -3’ ; Fig5|4 5’ -TT(C/T) TC(C/T) TG(A,G,C/T) CC(A,G,C/T)AC(A /G)
TA(A /G) -3’ (Invitrogon AR AL » 3 H HIEFE B Wi B 1076bp,
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PCR ¥ [ WK Z (50 pL) :10 x i 5 pL,dNTP (10 m mol L™") 2 uL, Fi#%5[# (100 wL mol L")
1 uL, F#31# (100 wL mol L™") 1 pL, DNA 60 ~ 100 ng,Taq DNA E4 2U, %MK % 50 pL,

F&7% PCR ¥ 38R : 95 CAEME: 5 min;94 °C 30 S,42 C/ 41 C/40 C /39°C 30 S,72 °C 45 S,1 MEFH;
94 °C 30 S,38 °C 30 S,72 C 45 S,40 MEFF;72 CHEH 10 min, PCR ¥ 14 7 i {¥ : Eppendorf Mastercycler,,
1.5 SEpER T K553t

1. 0% B g pE o yk A PCR §38 7= 4 , #) iR 7 & ( Wizard SV gel and PCR clean-up system, Promega) [f]
W EH 5 R 7. pGEM-T( Promega ) #4330 &% [N ) PCR P=H1dE 17 5eke . Pk E3E, I M13F Al MI13R 514
XF FERE ) iEAT PCR 71, e & B An i BER SERE , KUK Mspl, Haelll 1 Taql B§U) 7047, bt H 2 758
FESEFT IR (Invitrogen A& ) o B T3 RFF7E NCBI H 347 [R] Y8 M e X (http ://blast. ncbi. nlm. nih. gov/Blast.
cgi) , SR G F| A Clustal x 1. 83 Fll Mega 4.0 H f4P4% 1% ( Neighbor-Joining ) #37. narG EF W RE LB M o

K 153 i 514238 GenBank 4R B2 , R FE & 55> EU873021-EU873032 #11 EU873044-EU873070,
1.6 LUBSHUFF /3#fr4b 3 [A] 22 1% 0L

FIH LUBSHUFF #f4: (http ://LUBSHUFF. mib. uga. edu/) EWEA R EAE AL BE T, S A My i v 24 R 15
FAEZESR o WER I A ELABEPTAh 340 e BB S PR ] B 22 57 , I8 T 95 % 1 BLA% BE DX (], SR P <0. 05, Ui
AR BETE H A E BE VR, P >0.05 BB R 8o BE TR,

1.7 Sitatr

K SPSS13. 0 4 %of - 338 A 14 J5 1 A 1 3 238 1 W0 5 {EL R AT . 357 3BT ( One-way ANOVA, LSD £

).
2 R
2.1 AP BUR R i %

3 Fp AR S E B IR 1. SR 1 AT LUR S, A UL B ) A PR & & , 1A Y 2 ik
A ERY BE T CK Hl NPK 403, H AR kiE#—2, B NPKOM >NPK > CK, [RI#, KA Rt AL
BEM TSR WA TR A5, AA VLS T80 RSk R 525 T CK F1 NPK 4b3# , NPK
SEFR ) 38 SO AL g R T CK B2 A R B B EKF(E 1),

F1 3 WHEARAE AU MR
Table 1 The physical and chemical properties of the soil samples from the three fertilization treatments

o HHLR NOr NS o BB C BN
Treatments Organic l_nlatter (mg-kg") (mg-kg") (H,0) MBC_1 MBN_1
(g-kg™) (mg-kg™) (mg-kg™)
CK 31.3 £1.96ca 0.16 £0.02b 3.35+0.91a 5.17 £0. 14a 893 +1.16¢ 75.1+1.72b
NPK 37.2+1.47b 1.27 £0.03a 3.20 +0.49a 5.10 0. 15a 1026 +2.25b 79.5 +1.12b
NPKOM 47.2 £0.97a 1.26 +0.06a 4.74 £0.33a 5.05 +0.38a 1233 +0.69a 116.1 £2.01a

a PHH £ brvEE (n=3) ; HEKFERFRER—THELZFABFE(P < 0.05) mean £SD (n=3); Values within the same column
followed by the same letter do not differ at P < 0.05

2.2 ZHHMARKE M

RT3 90N 3 A0 AR AL 22 A9 A% I -39 DNA £ 5 o RIDY 38 T narG 3£, A FL K I8 1 7T DA
500bp 71 900bp LA M (K4 HF (18 2) , B4R 900bp AFA T TR BE , R o Atk ) 25 AR A T3
PREACRISESR , et 378 BT A W/ N S R AT R o

A\ CK,NPK,NPKOM Ab i +-3rh - 5I818 T 11 4~,9 4~,15 A~ OTUs,, 7 3 FfaAE i B i L3 RE o,
ARACH Sy OTUs #ER2 ph B Fa e 7 A 1 , AL B 22 IR 52 XL 9 OTU AU 2 A, B R UL, 2 B e BA T 1Y
RFLP J5H 25 M4 A03E R ) narG SR A W A6, ek, CK I NPK AbBE sl — B A9 £
HFiRE(EUST3052) ,3X — PRI} Bl i CK il NPK i a4 33% M1 23% , Tii4E NPKOM b3 rh A solde

http ://www. ecologica. cn



5926 T N

H 29 %

FIHHEF . Shannon ZHEPEHE 4B R, NPKOM 4b 2
HE ZREVER R, CK AL 3R 2, NPK Ab 2 () 40 78 2 4
Ao 3 it AT AL B AU B 1 &) BERR B S R E
W& 22 5%, Bl NPKOM Fi CK ¥y 35) BEREA—%, T NPK
IR R BARKI (R 2) o

WA K OTU #4751 %€ , 5 GenBank ${#E &
H RS BEAT ELX , 2B e R R B e AR
5, PR3k 2 7 37 7 e 4402 DART A I8 o i 22
%, 7E GenBank HriH T &R 435 M € ¥ 5 AH M ME SR &
i) narG B H P51, i@ 1t Mega BAFHX S P 5IH B R 5t
REW(E3), narGC ERERG LB E EEESH 2
AR HIFR : Cluster] F1 Cluster2 , 33 22 5 51 #8 5 £ A1
RIS E BB BT KRG KR, N 2 DARE narG
FFFMHEE . Clusterl 8 27 4> OTU, R 75 HIAH{ATE
1E67% ~98% 2 |8], 5 )& T beta-Proteobacteria ] De-
chlorosomas agitate JEISTE—i , (HARRIMEBAR{E 60%
Fitio 3 Mt HE ) BE BT 3K 15 Y narG A SEBEZE Clus-
terl FR A =R, NPK.NPKOM 7E Clusterl = A 5
B EL 8 8 K, 43 3 A 89% F1 87% , CK B& 7, 5 73%
Cluster2 18 4 /> OTU, FF %) Z [6l W AH ATEAE 63% ~
73% 2Z.[8],, 5 )& T Actinobacteria 1] Rhodocouus equi S
TE—it ML R 58% o BT BT & 1 OTU /b ARk
FI5E AT & B R . AR BIPIAS OTU 4351 2K A
CK #1 NPKOM kb3 , H 7 EU873032 (CK) 5 B 41 )X 7l
P2 T 1) 38t 1% BE B 50 ; EUS73070 (NPKOM) 5 /& T
alpha- Proteobacteria 1) Hyphomonas neptunium ATCC 2
K, H 72% KRR
2.3 LUBSHUFF LA HRA]f) 22 53

LUBSHUFF 3451145 R W.7R , narG 5 SCPE AL
£ CK 5 NPKOM fb3 2 [ 77 7E B & Ve 2 5%, B
FAEYUE RS T BB XS & narG ZER A SR (L4 B
FEVR A B8 A2 35 P e, T LB AL B 22 8] (CK 5
NPK,NPK 5 NPKOM) narG Tif& X ERZREE L3
B IR, BB 5 X5 BEAH EL, B e 10 AE (NPK) AN 2%
narG BE¥&1E AR (R 3) o
3 g

A ) SRR A PR A R A W 1 R R 56 1 6 T )

600 —

500

400

300

200

100

SRHALH AR
Denitrification rate (ng N,O-N-g™! ds-h™")

S

CK NPK NPKM

BT 3 R A 20 SR ) S AL 3R (n = 3)
Fig. 1  Potential denitrification rates of the soils from the three
treatments (n=3)
FIAER 3 A RSN AEBE 3 AN M ; B A AR RN
FRREFEFABZE(P <0.05); ds; T+ Three colors of the
column represent values of three repeats of each treatment; The same

letters above the bars indicate treatments without significant differences

(P<0.05) ; ds: dry solid

K2 3 Rt AEALBE KA H L3 DNA R narG FER Y1451
Fig.2 Agarose gel for PCR products of narG gene fragments from the
soil DNAs

M:100bp DNA 4> F45ic; 1 - ToREAR X ML s 2 ~4: 4358 CK, NPK,
NPKOM #bBE ) narG P PCR 724 M represents DNA marker,
lane 1: negative control, without template DNA; lane 2, 3, 4: PCR
products of narG from CK, NPK, NPKOM treatments, respectively

PR, S A AR A S A PG I R PR F TS AT , IRt 2 S e 3 I A 40 o R 5 Mk B AR A o Tl
FE B I 7 P s efy e ™ B TR A ) R ZR I EZ — o AT R B S A AERIAR L , 3 FI A HLAE
REAB A E -39 S A AL R S8, T AR L B9 SO AR AL 20 B A T R ARV B i . AR 30 3 MAb 28 H 3 ) S i Ak

R AR Y NPKOM > NPK > CK, H:fP NPKOM 4b3E 275 F CK #il NPK 4bFE 5%

—ER G AR5 —
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100 - EU873046 (NPK/NPKOM)
61 ["L EU873067 (NPKOM)
EU873055 (NPKOM)
EU873064 (NPKOM)

EU873031 (CK)
71 EU873045 (NPK)

991 EU873054 (NPKOM)

EU873027 (CK)
EU873069 (NPKOM)
— EU$73053 (NPKOM)
| EU$73030 (CK)
100, EU873029 (CK)
— EUS73051 (NPK)
1| —— EU873058 (NPKOM)
76 L—— EU873057 (NPKOM) Cluster 1
— EU873057 (NPKOM)
EU$73022 (CK)
5 EU873049 (NPK)
o5~ EU873048 (NPK)
30 1 EU873025 (CK)
100 1 EU873023 (CK)

EU873050 (NPK)
{ E EU873047 (NPK)
99 EU873052 (NPK/CK)

EU873056 (NPKOK)

EU873061 (NPKOM)

EU873060 (NPKOM)

65 Dechloromonas agkate (AY 180108)

100 E
Dechlorosoma sp. KJ (EU571095)

EU873032 (CK)

100

Sagittula stellata E-37 (NZ-AAYA01000011)
88 Psychrobacter arcticus 273-4 (NC_007204)

— 1 Beggiatoa sp. PS (NZ_ABBZ01000269)

EU873062 (NPKOM) ™

EU873028 (CK)

EU873044 (NPK)
EU873021 (CK)

99

63 Rhodococcus equi (AY922322)

Anaeromyxobacter dehalogenans 2CP-C (CP 000251) > Cluster 2
——— Chromobacterium violaceum ATCC 12472 (NC_005085)

Maric aulis maris M CS10 (NC_008347)

Caulobacter sp. K31 (CP000927)

Burkholderia thailandensis E264 (NC_007650)

EU873070 (NPKOM)

Hyphomonas neptunium ATCC 15444 (NC_008358) S

74
0.2

B3 narG R RGELER (RS EEME)
Fig.3 Phylogenetic tree for narG
230 LT R 1000 E AL BT ISR B 2 1L, /N 50 I 5 45 SHTINECT A 2E B P FIE Genbank R % RS, 55 HH 0T
BREMECAPER4EE  Phylogenetic distances were determined by neighbor-joining analysis; Values indicate the percentage of 1000 replicate trees

supporting the branching order; values below 50 are omitted. Genbank accession number followed by treatment abbreviation in parentheses

P WU SR R AR T A 20 3 e R RV S A B R BTT B R I T AT AR A LR, §
B C/N L n . BeAh, 4k 2500 R AHAL A B 2L RE SR B , A HLISE BB AE by S A Fh 40 81 1 4t A K A AR
IR HE R R A RE B R VR, JR4% 3 RO AL B A IR AR I T BB AN , (5 SR TL A B B AR PR AR B
S, AF S HIAR 5 T S WAL 5 Fliebbach 251 RS t.36 B 1] + 38 bt i ML kbt T E M B A 5 S
BN, T R T SRR TG N . 55— T, A AL RESEE AR W W PR IRAE AL IR T IR IE AR,
TR T IR IR T R, [BI Be b3 i T 5 A W I AL

narG B K ZHAEFEHURUCH NPKOM > CK > NPK, 5 [ i b 3 3 i B 5 58 42—, LIBSHUFF Xf
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narG SERESCHE AN AL B R R AE AL B narG B -

AR ER S R RN —3, Hih2=& 2w Table 2 diversity indices of narG gene

FUR AR 6 () SR AT BB AN REVE S S B 1 cauments narG

R RPN 2 i TR w A R cK NPK  NPROM
EMREETARRABSSHMENERRET, " oo P
M narG P8 ZREVE RS 4R A A4 o AR F40 Shannon Indices 2320 26
B AEALAE I 28— 2, BV B il R AR 1A J AR 0 7 R :::2:2: ﬁiffﬁ[dices 0.98  0.95 0.98
o F5h, Cheneby %) % B4k H + 1+ 4 35% M

NO,; IRJE 40 A RE#E D 38 ok, RE A &k 1) %3 narG EEEETRFHEBLEEANER M

NCBI iR E P I F 5 %1514, {B459R AT fE4:  Table3 The value of AC and significant differences (P) of paired
;ﬁ iﬁ{ﬁf%%o SR ,Rich %[22] Xt 77% ;H( F E b+ % 5} comparison among different fertilization treatments of narG libraries

e L L s —

SRR RS 16 R AT SR R . wa "

AL TE S B narG 3£ W £ E 5 Protebacteria NPK  LUBSHUFF(AC) 0.471
1 Actinobacteria BHAE— , X —4E R 5 Enwall ™) 2 BEWES 0. 653

% 20 N 5 Significant differences (P) '
Ekgﬁﬁﬁﬂa%ﬁ;ﬁﬁ*ﬁi& EPZ%}IEE/J narf %[ﬂﬁ%;@ NPKOM  LUBSHUFF(AC) 2.634 1.446
L, T Cheneby 4" 78 F K i i + 38 b & B narG .
i% &ﬁﬁ 0.049 * 0.308

B BEFEE N Firmicutes , Theactinomycetes I Proteobacte- Significant differences (P)

ria, [RICAE SRR GG RN E R TR M T P HRP <005 AFRMEHLESR represent the significant
E}%Zbﬁ%fﬁ%ﬁ*ﬁ;@ﬁ!ﬂi%ﬁﬁﬁm ﬁﬁ)}"ﬁ[ , ;H\:EIJ differences at the statistical level of P <0.05

48 pH {125 St SR P AN BB V6 LA O BN B0 260 , A BRSE B% b3 Enwall 45y Btk -+ S B
(pH <6.2) , T Cheneby ZEBF5T B35k 1 HEFRRAE (pH =7.9) , e pH B 7T A2 350 Ml P40 P4 2o v 461 25
B EEEEZ—.

AR Y narG 555 EA narG RSB A TR , L5 00 SR L A0 B 0 VR MR 2 ( <80% ) i
BFLAC 0 5 0 PR K R P 2 TR , T R M BRI 4 S, B 2% 1 BRS04
W) SRR EI KRR narG ERAE R AES —HE T, PP O R B, B SR TR 5 A ARG 4 A TR 1
— S S T RERE B AL, B AT R AR (LR BB , UL T A A L S SRR TR AR S HOIE IR, 28 351 1
SRR R o AL LA AR DI K FT RS I [ 91 MR D A O — AR, it — U T BT
1 Y)3%F T4 narG FEFE R ZREMEREER

ARG B T K IR A B R0 - I L AN S 0 P SRS LD RE BV S5 M B SRR . AT ML
T -+ SR R AL B AN R 25 T R AL AR B A 80, TS 45 3R T VR AZ MR R K S £
SR AR P B R R B PR RO BB 1 HOIKARE . TR T ML fid REHLBE 575 5 R 9 S
SRR B R B S TR B H ARk A 45
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