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Effects of Continuous Cropping of Vegetables on Ammonia Oxidizers Community

Structure

MENG De-long' >, YANG Yang'*®, WU Yan-zheng" >, WU Min-na"*>*, QIN Hong-ling'*, ZHU Yi-jun'?,
WEI Wen-xue'

(1. Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of
Sciences, Changsha 410125, China; 2. Taoyuan Station of Agro-ecology Research, Chinese Academy of Sciences, Taoyuan 415700,
China; 3. Graduate University of Chinese Academy of Sciences, Beijing 100049, China; 4. Xinxiang Medical University, Xinxiang
450003, China)

Abstract: Investigations were conducted on the effects of intensive application of chemical fertilizers in crop production on soil nitrifier
communities and the relationship between nitrifier communities and soil nitrification ability. Two series of vegetable soils were selected
from Huangxing, Changsha, reflecting continuous vegetable cropping with about 20 years and new vegetable field with only about 2
years vegetable growing history. In each series five independent topsoils (0-20 cm) were sampled and each soil was a mixture of 10
cores randomly taken in the same field. Terminal restriction fragment length polymorphism ( T-RFLP) and quantity PCR ( Q-PCR)
were used to determine the composition and abundance of ammonia-oxidizing bacteria (AOB) and ammonia-oxidizing archaeca ( AOA)
communities. Results indicated that long-term and continuous vegetable cropping obviously changed the compositions of both AOB and
AOA amoA gene, soil pH and Olsen-P content were the dominant factors affecting the composition of AOB amoA. In the vegetable
soils, although the copy number of AOA amoA gene was about 5 times higher than AOB amoA gene, no significant correlation was
detected between AOA amoA gene abundance and soil nitrification rate. It was not sure whether long-term and continuous vegetable
cropping could shift the abundance of AOB and AOA, but it resulted in the enrichment of some dominant AOB species and increase of
soil nitrification potential (PNF).

Key words ; continuous cropping of vegetables; nitrification potential(PNF) ; AOA and AOB community structure; T-RFLP; Q-PCR;
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- S5 i Rk R A AR R A i Ak
AR R RESA N EEL R FEAE AR
TEAE AL 2 AP B, b 2 b i AR Al AL VE T Y
S — 20 RN, SR A ARV E P B B BRI A2 31 T
JIZ ST IR O I ORI AR
FH amoA & 9 fith 1) 28 N4 ( AMO) 1Y o 7 FE 4
{k NH, 2| NH,OH B R, 76+ 3, & amoA
SER AR P AL 45 AT T (AOA ) P4
LAIE (AOB) 7 | H A A Al it R B A B
Y UE Y SR /N (I 20~ K =R o L s OF (=
RG> TR ANTERE. W5 R A ZEAR pH  FU5 4%
H, AOA X & it B A R R A STk > SR
SEFINN, — A g R R Y o g
FAALFER & AOB 1A J& AOA.

AN]R8 B i v LA S B A e £
B A AR Chu D7 X amod 3
PCR-DGGE 43-#r & L, 7610 58 -+ it FH &IEf AOB
BEE ZREME LA AU 5 (EBRR 220 i 5%
FRH, K T AR AR T KRS L3 h AOB amoA
FEPR ) AR TR e 35 0 i T LRV AR, 3
THRBAFBERECR ; He 251 BF 55t & BLK AR TR
it AT i B2 R v I RS O bk 3 h AOA FiT AOB BY4H
BB R T B R AR S

B 2% AN [R]85 K AR 4, R 5

JE i MAE B R FNEF AR A BT E
SRR S L R AR A A BB R TR AR
A B 5 T R BT FERA. X B R R e i
WA I RERE I L B = T .

ABESE i 2R GER AL i B A BRI ARLATR
BRAN T A i i 1 S iy, AT 1 R 2 B 20 #
TR DI RERAE P AR AR VR AL AR e
S B & | LU o i e + R R I 4%
FEHERSARYE.

1 MRS

1.1 8RR

- ERE SR B A R YD T B S R S
Hb, Ja W) BHIAT v ER A K B R L AR SR A
FAHEAT R SRR D7 S0 R S A A R A 1) SE
b, A i MU R B ORE B SR 20 a DL B SR
(VL) FIFER 32 2 ~3 a MBI (VS) 18R
3 BRI R A 5 AR AR T IERE R
H ST e e S” BRUBFE L RFER)ZE 0 ~20 em 1)
HHE 10 48R 5 AR A Thib A e shiE R Ak,
— oy B R R, AR - 70C ,  H T T
HEWEG T 5 — it 2 mm G, R A7 T 4°C, H
T A BT 53 B A AL A . B SRR A R
1.

®1 RESAGKESY

Table 1  Information of sample sites

=2 GPS EfiL MEAEY) Tl FEL AT R A4S B 1

Vi N28°09'06. 6" S B SRR g 5 ST 20 a, S 35 T A A R ACEL, J5 it A AR AR, 35 —A H JCiE e,
E113°04'24. 7" mIE A 24
N28°09'08. 8" b RS FPRL DT S IT 20 a, EEHE A, BEAC, R R D8535, 5 —4 A e, A 2458

V12 1y An LEi
E113°04'24.7 o1
N28°09'04. 5" e e NP [ ”

V13 E113°04725. 8" o F ERSEAMR T S Bt 20 a, VTR I R AL A A0R T —A H JCHEAR , A 2545 B

e Neseood 1 o . " X o e e e
£113°0423. 3" o 5 B SR SR A 20 a, T AR R LA A0R 3 —A H JCHEAR , Ak 2545 B

vis 280904 0" e SR A LR A .
E113°04'19. 8" 5 30 a B CFPAE T S, AT AR S T AL E AR s 3 —A H JCHERE , A 2545 B

Vs gff3°(7)52§1*4 ¥ BRI 1 a, FUBAE; JF— A F) MR, 4 2545

Ve N28°07'31.9" e v ey R BIET R AK i
E113°05/03. 9" R 2 ZRKHE, — 2. 8 A AR Ie e BRIE JRE, BIEE T, i — A IR R 2545
N28°07'34. 3" —— e e R "

VS3 E113°05'02. 6" I3RS A KRG H ORI B 3, B A AR AL, 3 —AN H JCHEAL , £ 25 88

v 0TS T B CRBIEE2 o BRI 4 -5 d TEABET. IR LA e FERERHIE JH 3
E113°04'50. 3" I B2 a, WEBRHH 4 ~5 d ZEAHT. IBR E AT Wk SEHERRIE 438
N28°07'45.7" " - . e PR

VS5 3 ZHTAME KA , 2008 AEFFLRFP . R E AR, BEIE. 8 H TN AlHGIE

E113°04'53. 9"

1) SRAEERTE] 4 2009 4F- 10 H 30 H; 2) VL1 ~ VLS {0 4E 20 a DL EFMESE 2 H 5 A7 AR X, VST ~ VS5 fRRAIMEBESE 2 ~3 a BT R

5 AN FEIX
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1.2 HERAREE M

S E AT R A TR FR A AU FE AL
T A A R B A A A AU A R
pH  &Hfk 420 MU AL,

1.3 fiffb#(PNF)

- R R AR WSS S, 7 BT A AR H
Mg . R AP R RGFRIE AR S50 S5 R VR 18
o, BARIR .

URT ff S AR AT, IFad 2 mm B, RIS
550 g Bt T HAEEE AL+ 4% 100 mg-kg ' HET
R AR 1% BIBTER B, TEAMIR AT
XUFE KA FE 7K 43 2 60 % 1 A5 /K & FREL 200 ¢
TR A 250 mL )T HiR, RS AR 3O,
AL B E AR 1, B T 25°C B & F 55
I, I W ) B A 35 5 b AR R A 2 K 43 43 )
FHFO0. 2.4, 6 dETEMNEFHPEL 10 ¢
+ 38 FH2 mol-L~" KC1 32 4, ¥ 35 20 B 4 5 A1 fi

L% (PNF) 155

PNF = (}53% 6 d J5 NO; -N &4 - 15 52 i

NO; -N & i) /1 R [H]
1.4 +3ERUZEY A DNA 4B PCR § 1

+- 3 5 DNA $2 R ] SDS-GITC-PEG8000 J7
HN0.5 g WUk R R DNA S5 30
pL KK DNA; FH 1% 10 B JIg B 68 i i Tk A4S
T2 EL DNA B Be K/, 3 H NanoDrop #% 2 85
X (ND-1000) il 5 DNA Aok B Bz JFi

AOB FI AOA amoA FEH M HIZR R 2 Fins5 4
HEFT PCR 474,

50 pL PCR ¥ ¥4 1A R 4145 .2 x Power Tag PCR
MasterMix (A Z850, P E) 25 pL; FFIFSI4 (10
pmol+L™") 4+ 3 wl; DNA it 80 ng; #5cJ5 il K B
WFEIK 2 50 pl.

AOB amoA ¥ PCR R &40 : 95°C , il
AEPE S ming 40 PEIR N 94°C 45 5,60°C 1 min,
72°C 1 min; FJGTE 72°C FZE{H 10 min.

AOA amoA R Y3 514 Hy. 94°C WAtk S
min; 3 MEFREHE 94°C 45 s,60°C 45 5,72°C 45 s;
35 MEFRALFE 94°C 50 s,57°C 50 s,72°C 50 s; H)
72°C HEfH 10 min.

T2 amoA BEEY 5[

Table 2 Primers used for amoA gene

ElL7E2 i SIFFA (5'-3") [CER7] Fr B BE/bp SCifik
amoA-1F GGGG TTT CTA CTG GTG GT AOB 491 [21]
amoA-2R CCCC TCK GSA AAGCCTTCTTC

arch-amoA-23F>) ATG GTC TGG CTW AGACG AOA 594 [22]

arch-amoA-616R

GCC ATC CAT CTG TAT GTCCA

1) L5 BFREN F A R; 2)S=Cor G; W=A or T; 3) T PCR T-RFLP S8 (¥ _L3iF 5 | ¥)#R T 6-FAM ZEGARIC.

1.5 RumPR MR R B2 8 (T-RFLP)

AR S FIR RS R334, DR
Jei , B R A B e v koA 2 Il i Ak 350 5 ( RAR,
) #E T Ak m. 7 IS, X AOA Fil AOB
amoA FERY 14 =W N VI Tag 1 (TaKaRa, HAS)
A TREDI RN L RO (AR R AR ) 4545 P VT
BB AT, BEY) =Wk 2 Sangni 23 ) (LI, P E)
HEAT T-RFLP 43 #7.

1.6 SEWPZOGE R PCR (Q-PCR)

PR IR A DT Ik S BRI [ 24 1 T B
SeRYEE T RE SO SR 5 1R B B M T B T, A rhm i
10 pL W T 1 mL 2 N HHE RN LB ik,
37CHEIRKTFE 10 b, $2 U 41 FokL, I 2 ik B, 4
SRS DU 10 546 32 7 R AR b A o 1l 2 1 A5 Al
I3 R EE AOB 1 AOA amoA FE R By Tk bR v it 2k
B I 28 198 FEAE 10 ~ 10° 22 0], 7 B8 Lk 2 AH 22

10 F5 1 6 A0 B B 14 &k % o b o il 26 ) %
e

P5 DU DNA ¥R B2 458

PEDL L (L) =6.02 x 107 x JF B BF (ng -
wL™") x107°/(DNA KJE x 660).

PRI A A,

PrIEeE =107
Frif il 2 b,

AOA 1 AOB amoA FEH Q-PCR A 3 A~
1T KRR ALHE 2.5 ng BIZEALIS 1) DNA A5, IR
5194 150 nmol L' ,5 pL 2 x SYBR® Premix Ex
Taqg TM (TaKaRa H7AS) )i FIAGZEKANE 10 pl.
AOA Tl AOB amoA K& [H 73 51| 2k HI WG 20 2 il = 20 1
4T Q-PCR ¥ 3. HAKRLIF.

Wi :95°C 30 s; 40 NMEHALEE 95C 5 s M
60°C 30 s; FJafin B2l 72

-1, X slope & Q-PCR
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= 95%C 30 s; 40 NMERALEE 95C 5 s,
55°C 30 s,72°C 30 s; i fi0 b e ik 2o 72 (O i
MR 72 .95°C 15 5,60%C 15 5,95°C 15 s).

1.7 BIEgitabr

N FHGET A SPSS 17. 0 XPBAE AT ¢ K556, 41
KA. 3 HH CANOCO #KfFXF AOB il AOA amoA
L T-RFLP 452537547 PCA \RDA 734745

2 HRE5H

2.1 FESCRAEA L HERAE T

BRI AR IR AN ], P S A A PLKk &
A AR Euda BN AR (£ 3). 5E 065
SERPAREAR L, B0 i A i S felf 1 438 vh 2 B RO 0l
R BIEIN T2, L6 L. 2245 ; i A HLEK .4 A

®3 HEEREAER
Table 3 Soil physico-chemical properties

Sl THEA AR AR Ex A g ALK e oH
/mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /gkg™! /g-kg ! /gkg™!

VLI  108.81 +£0.70 4.72+0.74 190.58 +£1.06 2532.85+23.86 160.09 +£1.11 17.62+2.79 5.86 +0.75 1.47 5.92
V12 73.91 £3.26 4.62+0.08 167.86 +4.26 2581.42 £48.86 107.64 +0.66 16.75+0.01 7.96 +0.08 1.76 6.77
VI3  102.23 +1.43 13.36 +0.02 162.75+0.41 2316.34 £31.68 156.74 £0.68 18.68 +0.04 6.20 +0. 19 2.77 5. 66
Vi4 96.71 £1.68 2.72 £0.47 149.67 £3.93 2352.43 £32.03 215.50+0.48 16.71 £0.31 7.35+0.70 1. 69 6.98
VL5  114.09 £0.37 1.65 +£0.28 225.78 £5.01 2738.54 +74.16 211.09 £5.85 17.37 +0.69 9.26 +0.37 2.01 6.99
VS1 61.08 £0.65 3.33+0.36 46.71 +£2.20 1057.77 +25.12 114.74 +3.62 16.77 +0.12 12.83 +0.75 2.24 5.56
VSs2 99.50+£0.37 8.11x1.21  69.99 +£0.28 1153.54 +15.50 293.00 +2.48 16.86 +0.32 10.09 +0. 04 2.20 6.35
VS3 35.84+£0.22 1.93+0.27 16.19+0.13  721.38 £12.26  47.07 +4.11 18.84 +£0.29 10.86 +0.52 2.22 5.39
VsS4  108.79 £0.68 16.32 +0.98  73.30+£2.54 1340.63 £1.74  234.88 £20.48 35.74 £0.75 9.78 +0.26 2.04 4.54
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