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(28°1530'N , 116’58 0'E)
, 1795 2003 3 (0 20
mm, 1 318 mm, 17.6 cm) (CK)
, 5 , , 2mm 4
CK ( ) NK( N K ) NP(
NP ) PK( PK ) NPK( N P K 1.2
) 4 NP K Bray 1 (HO +
, : NHF ) Bl
250 kg hm™ 2 83 kg hm™? : 273 (Cric) (Niic)
kg hm™ 2, 124 kg hm" 2 [14]
, 1
1
Table1l Sme chemicd properties of the sdils o the long-term experiment
Totdl content Avallable nutrient Microbid biomass
Trectrrent ( E:)) Corg N P K N P K Cric Npic
(gkg™?) (mg kg™ )
CK 5.03 2.64 0.50 0.23 10.7 26.2 0.15 32.5 29.7 5.60
CK 5. 77a 5. 60a 0. 76a 0.28a 11. 3a 49.2a 0.17a 116b 55. la 21.2a
NK 5.55b 6.47a 0.95b 0. 24a 11. 1a 56. 2a 0. 26a 154c 143a 23.4a
NP 5.41b 8.23b 1. 09bc 0. 68bc 10. %a 69. 3bc 4.56b 66. Oa 254c 35.8bc
PK 5.51b 7.76b 1. 03bc 0.73c 11. 0a 64.1b 7.26C 126bc 175b 31.7b
NPK 5.38b 8.87b 1.10c 0.67bc 11. Ca 73.5¢c 3.80b 105b 263c 45. 3c
4 , CK ( ) (p<0.05) Corg Gric  Nic

Note: The vaues in the table are means of four replicates except trestment CK' |, which was ot duplicated. Different let-
tersin the same columm represent dgnificance o difference @ p <0.05. Corg, Gric and Npic rgpresent il organic carbon, microbid biomass C and N, reectively

1.3 DNA rDNA  PCR Mol LY, dNTP 200p nol L™t Mgd,1.5 mmol L1 1 %
FasDNA® SPIN Kit for Sil Fet  Tag DNA ( ME*), 50l
Prep™ FP120 DNA TagDNA 125U PR 25
PCR (neted PCR technique) B- ul DNA 141, PCR
16S rDNA ,PCR 504 | 1M1
2 PCR 0.2 1.5% PCR
2 PCR
Table 2 Qondtionsfor PCR anrplification used in this sudy
PCR PCR oondition
Target Primers . ) .
Number of Denaturation Anneding Honggetion Reference
cydes () (mn () (mn) () (mn)
PCR CTO18%AB ,CTO18XC,
35 % 1 57 1 2 2 [5]
Frg PCR round CTO653r
PCR P33 CC,
30 95 1 53 1 e 2 [15]

Second PCR round

P518r
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1.4 DGGE (NO; +NOs )-N] %100
DGGE [3] : col (NO; +NOGs )-
80/0(W/V) , 35 % 65 %, N- (NOz +NO; )'N]/

0.5xTAE, BiocRadD Gre  (Bio 17
Rad Laboratories, Hercules, CA, USA) 60 200V
5h 1 10 000 SYBR ®ld 30 mn

1 kg 24 h (mg)
1.5 DGGE DGGE [14]
DGGE DGGE 1.8
(Imaging and Andyss Sftware) DGGE SPSSI0. 0
SPSS10.0 [16] : p<0.05 ,p>0.1
DGGE
1.6 2
[11] [14]
209 , 65 % 2.1 16SrDNA  PCRDGGE
, , 16S IDNA PCR 1,
25 21d 2 4650p 237bp  16S
mol L~ ! KO : rDNA PCR ,
( SKALAR) NK NP NPK
(NHs) 2904 (N 250 mg kg™ %) : CK PK ,CK'
, 1(NO; +NO; )-N/ [NH{-N + ( 3
M CK’" CK NK NP PK NPK M CK’ CK NK NP PK NPK

kb bo

500

0.5
200

1 16SDNA  PCR
Fg 1 PCR anplification products o ammonium oxid sers 16S rDNA in il sanples
: M: DNA Marker (100 bp ladder) ;A B PCR Note: M: DNA merker (100 bp ladder) ; A and B

arefirg and second round PCR anvlification product

3 16SrDNA PCR DGGE 2 CK
Table 3 Frd round PCR yidd for 16S rDNA of amnonium oxidizers CK NK NP PK NPK 11 14 12 13 15 12
Treatment CK CK NK NP PK NPK DNA ( 2A | 4) , 1
PCR DGGE ( 2 A8, 7 DGGE
Yidd o PCR 4.6 27.5 104.7 75.3 16.8 107.6 ( 2A B1.B3.B4 B5. B6.B7 Bg)

products(int x mm)

( 3 ,NP  NPK 3 N
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(NP NPK NK) DGGE 20.44% 18.19%,
73% 80%;CK ,DGGE 80. 02 % ( 2B) ,CK
61% DGGE , 1 , , 1
41.38 % ,CK PK
CK’ CK NK NP PK NPK
1.0 / \
° O
0.5 . .
2 A
05t N
' v afs O NPK
&-10r o ! it Py
Y O S APK
24 ; “ O NP
- E 1 0]52'025 -."NK
5 ~0.5003 ‘( %
PC2 s 40 PC3 & CK'
A B
2 16SIDNA  DGGE (A) (8)
Fg 2 DGGEpatern (A) and its PCA andyss (B) o ammmonium oxidsers 16SrDNA in il sanples
: PCA: Note: PCA: Rincipd Gonponert Andyss
4 DGGE D GGE
Table 4  Identification of DGGE bands and deduced amnonium oxidizers that DGGE band represented based on DNA sequencing
DGGE
CK CK NK NP PK NPK The amnonium oxidizers that DGGE band represented
Order Srain or clone Identity
Al Vv N Nitrescspira 9. 91 %
A2 Vv N Vv Nitrcsomonas . 98 %
A3 Vv v N Vv Vv Nitroscspira 9. done GCPF38 95 %
A4 Vv Vv v v v v B-proteobacterium clone KMC 99 %
A5 Vv v v N Vv Vv Nitroscspira 0. clone BMCPG 100 %
A6 Vv Nitrosospira 9. 96 %
A7 Vv v v N Vv Vv Nitrescspira 9. 88 %
B1 v v N Vv Nitrosospira 9. 100 %
B2 Vv v v N Vv Vv Nitroscspira 0. clone ORC7b 100 %
B3 v Nitrosomonas . 99 %
B4 Vv Vv v Vv v Nitrostspira 9. 100 %
B5 v Vv Nitrosomonas .
B6 v v Nitrosospira 9. clone BMSPA7 100 %
B7 v v v v v Nitroscspira 9. 100 %
B8 Vv Vv Vv v v v Nitrosospira 9. 100 %
B9 v Nitroscspira 9. 100 %
B10 Vv v Vv v N v Nitrosospira 9. clone BMSPA7 99 %
B11 v v v v v v Nitroscspira 9. clone F9 100 %
B12 N N N N Nitroscspira 9. 100 %
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0 50 100
L 1 I 1 1 1 1 1 A 1 |
CK'
061
PK
0.66 CK
0.69 NK
0.73 NPK
0.80
NP
3 16S rDNA DGGE

Fg 3 dudering andyssd the DGGE paterns o ammonium
oxidizers 16S rDNA in the il sarples

2 , 2
DNA GerBank BLAST (
4) DGGE 16
(' Nitrosospira 9. ) ,3 ( Nitro-
somonas P. ) ,
, 7
( 2, 4
2.2
3 ,
, (NK NP NPK)
(CK PK) (CK)
( 9 :
(Corg) (TN) (HN) Gric Niic
( 6,
5

Table 5 Nitrification rate, nitrification potertid and urease activity of
the sl in the long-term experiment

Nitrific
Nitrate . . -
ation potertia Urease activity
Treatment rate( %)
(mgkg''d™)  (Nnmgkg ‘24nh?)
CK 0.1 0. 007 36.0
CK 2.7a 0.122 a 72.7 a
NK 9.0ab 0.770 b 118 b
NP 12b 0.693 b 112 b
PK 4.1a 0.124 a 84.9a
NPK 16 b 1.175 b 134 c
3 (cK )
(p<0.05) Note: The vauesin the table were means of

three replicates except CK' . Different letters in the same column represent
dgnificance of difference & p<0.05

6
Table 6 Pearon corrdaion codficient between nitrification rate ,
nitrification potertia and other il properties

Corg ™ HN Cric Nric Urease
i 0.566 " 0.564" 0.558 " 0.652 " 0.598" 0.773 "
Nitrate rate
Nitrific- . . . . . "
) . 0.501" 0.591° 0.506 " 0.616 " 0.543" 0.806
ation potertia
: *0.05 , **0.01 Note: * Sgnificant a
the 0.05 levd. ** Sgnificant a the 0. 01 level
(RP=0.792 0.597, p<
0.001) , (HN)
(R = 0.692, p<0.001)
pH
3
(CK)
, 2.64gkg *,
[17]
16S rDNA DGGE
(61%, 3),
B-
1 , 6
1 ( 4,
DGGE , DNA
«( )
[3]
DGGE 11 15 16S
DNA 11 15
PCR-DGGE , PCR DNA ,
DNA ,
[18,19]
, (Nitrosomonas
europaea) , ,

('Nitrosococcus) 16S rDNA
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, ( 4
( 4,
[20, 21] ’ pH
, PpH ,
[9]
pH [6]
pH [11]
2003 3 ,
il pH
H il pH
(D , pH
pH
(R°=0.792 0.597,p<0.001) ,
(R =
0.692, p<0.001) ,
[21] ,
[21] '
Cheo .5
Pakele! !
[6] i (
)
(R°=0.95, p <0. 05) ,
(NK NP NPK)
(CK PK) CK ,
16SIONA  PCR ,
16SDNA  PCR
( 2
DNA
,PCR DNA
( ) ,PCR , DGGE
, 16S
rDNA  PCR
PCR ,
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EFFECTS OF RICE CUL TIVATION AND LONG TERM APFL ICATION OF INORGANIC
FERTIL IZERS ON AMMONIUM OXIDIZERS DIVERSITY AND NITRIFICATION
OF RED SOILS

Zrong Wenhui'?  Cai Zuoong'™  Yin Lichu®  Zhang He*
(1 State Key Laboratory d Sail and Sustainable Agriculture, Ingitute d Sail Sdence, Chinese Academy d Sdiences, Nanjing 210008, China)
(2 Cdlege d Chemistry and Environmental Science, Nanjing Normal University, Nanjing 210097, China)
(3 Cdlege d Resources and Environmental Science, Hunan Agricultural University, Changsha 410128, China)
(4 Cdlege d Life Sdence, Nanjing Normal University, Narjing 210097, China)

Abgtract Hfects o rice-planting and long-term application of irorganic fertilizers onf3 - proteobacteria ammoni um oxi dizers
diverdgty and nitrification were invedigated in a il derived from quaternary red clay in the Ecologcad Experimenta Setion of
Red Sil , Chinese Acadeny of Stiences. The orignd il is characterized by low pH and ddficiency of available nutrients, par-
ticuarly phogphorus and nitrogen. After 13 yearsd rice culitivation , the il showed increase in number of DGGE bands of amr
nonium oxidizer 16S rDNA and a DGGE pattern different from that of the orignd il with a smilarity being only 61 %, which
illugrated variation in the community sructure of the amnonium oxidizers in the il . Besdes, the research findings of the ex-
periment on dfect of long-term application o inorganic fertilizers on diversty of amnonium oxidizers in the il with the PCR-
DGGE method d 9 showed that the treatments (NP, NPK & NK) in the experiment were quite Smilar to each other in 16S rDNA
DGCE pattern, with a dmilarity being up to 73 %. Both nitrification rate and nitrification potentid were higher in the nitrogen
fertilizer treatments than the other treatments. Sepwise regresson andys's showed that nitrification rate and nitrification potertid
were evidently increased with the increase in urease activity. It may be presumed thet gpplication of urea increased il hy-
drolysable nitrogen content , and hence urease activity and gronth of nitrifying bacteriain the il , whichfindly ledto increase in
nitrification rate and nitrification potertid .

Key words Rice-planting red il ; Ammoniumoxidizers; PCR-DGGE; Diversty ; Nitrification rate ; Nitrification potentia



