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Abstract; Chemical analysis and denaturing gradient gel electrophoresis ( DGGE) were employed to determine the influence
of long-term application of fertilizers on nitrification rates and nitrobacteria community in a calcareous purple paddy soil
under rice-wheat rotations. Results showed that both pH and nitrification rates of the same soil varied substantially after
long-term treatments with various fertilizers. Generally, soil amended with any fertilizers tended to reduce soil pH but
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increase nitrification rates compared to the control without fertilization ( CK). The pH values and the nitrification rates of
the soil appeared to be lower under rice rotation than those of the same soil under wheat rotation. Fertilizer amendment not
only increased the soil nitrification rates but also altered the nitrobacteria community structures. As compared to the mineral
fertilizer treatments, soil amendment with a combination of the mineral fertilizers with farmyard manure increased the rates
of soil nitrification and the diversity of the nitrobacteria community as revealed by Unweighted Pair Group Method Clustering
Analysis ( UPGMA) of the DGGE banding patterns and cluster analysis of the DGGE profiles. In the soil under rice
rotation, the nitrobacteria communities in soil amended with mineral nitrogen (N) or nitrogen-phosphor ( NP) fertilizers
was in the same cluster as that of the control (i.e. ,CK). Nitrobacteria communities exposed to the fertilizer treatments with
manure [ manure only (M), nitrogen plus manure (NM ), nitrogen and phosphor plus manure ( NPM), and nitrogen,
phosphor and potassium plus manure ( NPKM) ] fell into the second group while that exposed to the NPK, NPKMZn,
NPKMMn treatments was in the third group. In the soil under wheat rotation conditions, nitrobacteria communities in M,
NM, NPM, N, NP and NPKMMn fertilizer treatments were clustered into one group, those in NPK, NPKMZn and
NPKMMn to another group, and those in CK as a single cluster. The study demonstrated that PCR-DGGE technique was
suitable for characterizing the nitrobacteria community of the calcareous purple paddy soil under different fertilizer treatments

and crop rotations.
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A7, BT PET MRSt B B Sce 28, MR - 20°C VKAl R IR B840 . B B— A FE AR
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Table 1 Nutrient status of the calcareous soil from the long-term fertilizer experiment prior to study

2B NPK BN, P, K, Mn, B, Mo, Zn, Z£3(K
e . ﬁ(?]b[}ﬁ Total N.P.K(% ) AN, AP, AK, AMn, AB, AMo, AZn, SRK(mg/ke)
Silwpe T Ol TRE 2w 2 WA AER AAR BRW RHE ARW AHE  ARH
TN TP TK AN AP AK SRK AMn AB AMo AZn
EREAL

Calcareous Purple 8.6 15.9  0.109 0.135 2.689 66.3 3.9 130.6  699.4 6.9 0.18 0.06 0.74
paddy Soil

1.4 TEMEAAERE SR PCR-DGGE 2347
1.4.1 FEEEFEH

DGGE fr B4 #% %, Dcode™ Universal Mutation Detection System ( Bio-Rad Co. ), B| ¥ bRt 144k
40 16S rDNA V3 E238 X K5 4, i Nested-PCR #4627, 55— %8 PCR ¥ fr Fi 5| 974 Nispa0685t Fll
PRBA338f, 55 — % PCR ¥ 3 fT 51 4°% PRBA338f-GC 5 P518r, fFAG | ¥k LA TAEY THREARRSE
FRAFA o
1.4.2 B DNA $#2E

3 F Fast DNA SPIN Kit For Soil( Bio-Rad Co. ) B & F ¥, FREL0. 5g F - 20°CIRFH T3R5, #Hak
& 24 € P TR BEAT TR W B DNA 4R H
1.4.3 F44L40EE 16S DNA ) PCR 3"

F—W PCR T3 4% Nispa0685r 1 PRBA338f, X W& & N PCR Master Mix ( TIANGEN BIOTECH.
BEIJING ) 25pl, &Fp5|470. 5pl(25pmol/pl) ,0. 5l 10 fEFRRAG 15 5 DNA, i ddH,0 ZAEF 50ul, A
AR R, R A Touch-down PCR 4 48P, W AR :94°C FAS 4 S5min,94°C 1 min, 65 ~55C50s( &4
PEFREFEAL 0. 5°C) ,72°C1. 30min , 20 MEF , RBEHERMAZHBLT 78 S5CHBIRE T4REY
¥ 15 49835 ,72°C Tmin, Y T 4CEHERF .

FE W PCR #—¥K PCR 724 1:10 B JG/EERSELT, JTFS ¥ PRBA338f-GC F1 P518r, K& N 10

x PCR 2% W ¥ Sul, MgCl, (25mmol/pl) 3pl, ANTP (2. S5Smmol/pl) 1pl, PRBA338F-GC (25pmol/pl) 0. 5pl,

P518R (25pmol/ul)0.5pl, Tag DNA BEAHE(5u/wl)0. Sul, #4% DNA 1pl, 11 ddH,0 &R 50ul, B
Fp AR 5E—%8 PCR iy AER b, 38 JORBE 7R 7R T 20 MEF 25 63 ~53°C L, J5 15 MEH K 53C, HES RS
%—% PCR fH[H,

Bt PCR =445 3ul,1. 0% B A8k ¢ Jist 8, 3k & ) ( Dcode TM, Bio-Rad) , Bio-Rad 23 B BEIE 1R 2R 45 ( Gel
Doc Documentation System) W%,

1.4.4  PCR FP=4ji07s i B BEAe i 2k (DGGE ) 4347
BUEE —R PCR =¥ 15l #£47 DGGE 4347, 2857 46 B2 TG O 20% ~ 50% , B8 VA M BoE i B S ok By 8%
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B AL B R , X F7E DGGE rLik & L PYRR 7T IR, B k{8 W4t ) — S0/ HEAT T AL B, R G

WE B,
1.5 Hdait#
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Fig. 1 Nitrification rate of the soil after rice and wheat

£2 MEFREWEEEELERELRN pHE
Table 2 Top soil pH in the different fertilizer treatments after rice and wheat
FEAEF =, Fertilizer treatments

I H Item

M NM NPM NPKM CK N NP NPK NPKMZn NPKMMn
ﬂ(ﬁl&ﬁfﬁig 7.59 8.13 8.09 7.98 8.20 8.22 8.02 8.02 8.02 8.00
Soil after rice
/hF MRS L 8.00 8.23 8.11 8.02 8.24 8.26 8.09 8.08 8.07 8.05

Soil after wheat

B 18R, 8 a0k R /NE K RKRE S TR RER R SR BRI h—
3, BARRE S SR i IR R E K T B B 0, ZE 35 5% 4 G, 03K BERZ A B 4L RE T LA
0% A4 BEFF T IEAERSES , EAINBAROEE—ENZ R, RUAE, KB ENEE L EE
B2 AR, MR 50% , /N E GRS EEER 2 ARG, MR TRE 0%, BRAFEE
YRR 5 R e 5 KRS RS

BB RP, ARG EX RO AERREHENER, REAAVERTHIESE YRR A KA
HRFTLLRA 4R = i SRR VR, R R 2 NPK 55 HUIERC A AT (B NPKM) B, 8 i iS4k AE &l
SR, RIS 2 G R R L e AR, 15 4 ARG, BAKE 8 L EMARTT AR 66% , i
BAERH LIEN T =ik 9% . NPM R, BAEIEF 4 G WATLIAT] 40% UL |, CK(TCHE ) AL BB AL AE A
B#H.
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ME 1 #1222 WLAAR i, 45 24a ROMIEE T, 10 FRiG AL AN B +3RAY pH FRSALAE X H 8L T AR R
H9AEAK , R B M AEAE P 18 pHL B Rl 3 hn 33 b B RALAE R, B R ZOIE , BB R B IR HLAE He i
FATCHAE BRA i FE BE %5 360 B i 28 + 3% pH FNRRALAR A , e rp AR SR N BC e JOALAE B 5 M B O 5 A TR B 7
Yo%t + 3% pH MEHALAE A BA m, AR%e oA ki 6 1+ 5 pH MALE A B R E LR THAK
T
2.2 K[t Al R %ok - SR A AL A R o R R B R
2.2.1 A[FEMGASHIEE T LR B A% DGGE B o

R Nested-PCR 34 LAHH 16S rRNA B9 1% SRR B Tk A 45 R L& 22 [ 2b, MBI 2 WA
i, WAL R AY 168 rRNA BERAGE] T AR 38, ¥ 387 E K B R E 0 2 55 —K 330bp 24, 5 — K
220bp 7£4 . N DGGE HiARM PCR = WjE47 408 , it 38 ORI v LAE Bl B ol T4 (B 3) , AR+
SRR B EVE —E 25, A DGCE BIE#ATR TR B : ik £ 47E DGGE B g H i ik AR 4L B 3R %
MEBRYGFE—ERENES, B0 BR T MRS,

I e, A 7] - 380 R — ek R B 2807 (FT 3K BT ) , BB B 38 ) 7T BB A 7 3L R B9 A L 40 T 2K 7
R 0 LA 152 B R AR ], R A 3L 40 B 78 DNA K BB — @RS, ot 10 Bt R 5 . 8
AIRGAFHEANEZET LR N, AR RBKFREEERESZMIE/NERG, K NPK 5RFEEHER DNA
AR T A B ML, S A AE AR EEREER, MRAAGE (CK) B 138w
BEED, DEMEYFEEM. ERXFIER R AR B T RIR KRR EICHUE T UE B Bk +
PR BT, LA B SR AL R A SR AR B L BB IR YR, AT ZERE AL ZH B AP R4 B 38 o

HKIESRET S , K1E/E 13 DNA RSB L2 TREE, RENERER A Xigh T &K
B £ 1 i BEHA B “ Smear” K3, BA/KEE LETHMAAEMHFEERRTRMEE. REWEREHT
KRR AT TR T AR T AL R B R B, /22 OR AT i TR R IR TR A T R
AL ER . BAERMEAM LR AAER RN 5 EREAEH BA R ARERES A, TERIY
TEAF RSP E P R B BRI B, BRI DGGE B EARH R E Sk, TTHER
B T A S AL (KCL) 8 C1™ B X AL 40 s R s AR R AT

678910M

3456 78910M

400bp
300bp
200bp
100bp

B2 TEmLAE 165 (RNA BHE—K (a) AR (b) TIELER
Fig.2 The first(a) and second(b) PCR amplification of 16S rRNA gene of the soil nitrobacteria

M:100bp ladder marker, FE " EELTF 1 ~ 10(FKFE)E L) F1 17 ~ 10" (E/DZE S5 H3R) W70 10 MARKMARTTR, M1 B 10(= 1’3
10 ARY R R ZAB (M) 5 REAEINEAE (NM) 5 RS AR ANRBEAR (NPM) ;% 22 AR AN AW AL (NPKM) ; FEAR (CK) ; BAE(N) s BBEAE(NP) s &
BREPAE (NPK) 5 R AR N R B4 $7A8 ( NPKMZn) ;8 22 AL INABE # 4R AL (NPKMMn )

M.100bp ladder marker. The number (1 — 10 and 1'— 10")in the two figures refer to ten fertilizer treatments as; N, nitrogen; NP, nitrogen and
phosphate, NPK, nitrogen, phosphate and Potassium; CK, no fertilizer; M, farmyard manure; NM, nitrogen plus farmyard manure; NPM, nitrogen,
phosphate plus farmyard manure; NPKM, nitrogen, phosphate and potassium plus farmyard manure; NPKMZn, nitrogen, phosphate, potassium and

zinc plus farmyard manure; NPKMMn, nitrogen, phosphate, potassium and manganese plus farmyard manure

2.2.2 A[FIBEAL B - SRAH AL A A AR L A
TR BRI T LA 4, %R BUKAE T AERMEUK R B R 801 (UPGMA) 2% HA (18 4a) , K

hitp : //www. ecologica. cn



2128 £ K5 % K 28 %

a 7K#% Rice b /N3 Wheat

B3 MIEAFEEYE SR DGGE i

Fig.3 DGGE profile of nitrobacteria communities of the soil after rice and wheat

EBhEFRENEESE 2 PH—FE The meanings of the numbers are the same as that in Fig 2.

10 Fp +IEAE 3L 4 8 = KEEE, NPK, NPKMZn 5 NPKMMn 5 —Fjig #$; M, NM, NPM, NPKM 5 — AN TG
CK,N,NP S5 =it . 7EME/NERIIIRE T (B 4b) (UPGMA) BRSik 10 H8dgiir o 3 N,
M,NM,NPM,N,NP #1 NPKMMn 5 —g#E ; NPK,NPKMZn 5 NPKM A —Fhii#%; CK(JGHE ) i~ N 58 =k
o B RKETLUE N, ERREBF T , ARMGEAAERE T AR KRR, AT 8L
BRAL MR B 22 57 , AT A= 2 [ B BB A 77 X0 b AL A B A S5 M R I A — B, BBV S, SN
YL SR (F52%) BoiE NPK JCHUAE 7] RSO 3R B R AL 40 B8 BV 45 A0 , T AS i S B BB AL A 3 - SR R AL 4
ARSI A R, Petra Marschner S5/ A PRI & EM C/N B BE RN T RARHESH
RS, AR EERE T ARKERE L, KEIARGEIA S 2 R, B8R FHT +E
AU & B BB B O, AT R AL B R S IR T 2257 . IR ALBRIR) - S AL 40
TR SR AU B R L R R T ARG T 13RO AE S RS e, IR S LR T+
SR 5P A A0 B LR R

#9 #5
0.70 #10 #4
—
077 4g 033 0.61 —
— 054 #7 0.56 I: #8
0.69 #6 #10
, 083 45 #6
o 0.73 i #3
: # 0.63 #1
wn 0.66 #7
0.77 0.70
#1 #
a KFG Rice b /h3 Wheat

B4 RREHERIE S D EML A 165 rDNA DGGE 18 E 3L i R il
Fig.4 Cluster analysis of 16S tDNA DGGE profiles for nitrobacteria communities in the soil after rice and wheat

B hEFNEEESE 2 FHHFR  The meanings of the numbers are the same as that in Fig. 2

3 itig
3.1 RIFEI, K AR R b6 AR B B i X 4 KRS K MRS AR RN E S pH (E AR LIE AR —E /)
B, SEEAHEAE (CK) B9 35 b, i AR W7 LARRAR 1 3% pH {8, £ R Al , 10 FhitifE 5 R b, K ) NPK
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JE SRR ERCHER 3EH) pH ERHLERB IR IR . 2K E IO AR EE KL, Bl TA
R BB 7 R TE A R TR RS AE SRR, H R B SR TR P ERS ALV, K TS -/ R 1)1 3 X 7 R
PSR T B ERRMED K, KRS R BN, MR )E 138K pH MIRERS AN TR, PRk
B9, + 458 pH EHI LR — A B EAE . FRREVEARERPW T, L3 pH SWLIEA
EHAF LR &, SRS AT, TR pH SHALERZRLBERE R siEWME T AW E , 28K
pH SHHLIE R BHARE
3.2 PCR-DGGE HtAR RTINS MEYRI A RO, BT U TR AE YR Z N A AR R R
MAEZHE, RIVEHEGRE S TEMEYESHAEURN D EZRNER, R LRE A KA K
TRE RO XA R SR SR, 24a KA FIMGE AR R 1 X 32 = R RO
WAEH R AR S A R A BRI . 7ERAE/ N WORIE R KL B MITCHUAE LA MRE (CK) BB B 5 4R
i T IRAY ALV R R AL A B ORI A . (BRI AER I ZE A R VR FHE T , RIS A R R b4
AR SRE A, TERKFRE/K RS , 18] NPKM AR BRL A R A R B Oy £ B s R R AR/ E JG , NPKM 40
B+ BRI AR R TBCA M, NPM,NM 1 NP 4B R . X RER B TKIESREURAREY <
T A R B AR B RO R RS, IS REN TP RN BA E M EEHEm. SRARL
B DGGE 85t Rt W B 92257 , (B8 :3 DCGE FE S B RA TR LUZ IR, i T At 13 S 7
W I B , BOR R B AR R IR B R XI R 2 , B TKGE AR BRI DL Mt L , B AAb B+
SRIRI A iR S5 R BRI AR D

TR YRR RO S R A AR 2188, TR ALV R AL A TR R SR AR L
R, PR X 13 A SR ROR , WYX AL PP R A 58 R AR BRI B AT RS R R ¥ D HEAT BRI, Ay
RSRS8O R A LRI, B AP MR AR R 2 KR
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