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HE . AR KRG & AT LI AR R 69 % vl BAE R AUH , 38 3 3240 o b7 Fo 3P AS R IR B R T ik
Hbu%’xf“ﬁzo 100 #= 500 mg/kg B, A & & 74 % 225k £ 3% AEACAE R & amoA B RE AL 2 T BE 4 45 M1 04
W, HREN, BB wEALIL0.14.28d/5, 3R EAIE G LIEMIE G 3T £ F 1 B3 ;4
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HBEFARE L, G ENREFRE; MAIRdS, 3 AR E A IR0 LIE AL R G 2T £ 73
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FR S HRIGHAF G EIRHH ) A4 1.00.10.97 F2 0.84.7.79, 53 B 650.92F29.78 ) L B F £ 7+
w1 R 500 mg/kg B E w AL G AR S A IR R F g A AR H 5 A 4 0.59.5.77, B HEAK T AR
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Effects of metham sodium fumigation on soil nitrification and the community
structure of amoA nitrification bacteria
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Abstract: To explore the effect and mechanism of metham on soil nitrification, physicochemical analy-
sis and denaturing gradient gel electrophoresis were used to analyze the effects of 20, 100 and 500 mg/kg
of fumarate on soil nitrification and amod type denitrifying bacteria community structure. The results
showed that after 0, 14 and 28 days of fumigation treatment, the soil nitrification rates of 20, 100 and
500 mg/kg treatments were not significantly different from those of the control. After 56 days of treat-
ment, the soil nitrification rate of the 20, 100 and 500 mg/kg treatments were 81.15%, 76.66% and
94.08%, respectively. There was no significant difference between the two treatments and that of the con-
trol, but the significant difference appered latter. After 84 days of treatment, there was no significant dif-
ference in soil nitrification between 20, 100 and 500 mg/kg treatments and the control group. Compared
with the control group, there was no significant difference in evenness index of amoAd type nitrifying

bacteria community after 0, 14, 28, 56 and 84 days of fumigation with three concentrations of metham.
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After 14 days of fumigation treatment, the diversity index and richness index of amoA-type nitrifying

bacteria community in soil treated with 20, 100 mg/kg concentrations were 1.00, 10.97 and 0.84, 7.79, re-

spectively, which had no significant with those of control (0.92 and 9.78); the diversity index and richness

index of treatment with 500 mg/kg concentration were 0.59 and 5.77, were remarkable lower than those

of control. The effect of metham on soil nitrification intensity was delayed compared with that of amoA4

type nitrifying bacteria community structure, which indicated that the strength of nitrification in soil

does not depend entirely on the number of nitrifying bacteria in the soil.
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1o BB 28 DA 1 ) % AE AR B, AR e 5 [h) A
KM T AR B i I 5 e R
P il Al Az 7 v A A% Y A it R T e A
Wi, 2007)
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i A7 FE T 1 38 b 09 il £k i A2 9 (Schleprt et al.,
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JAl R B ZE AR U R s R R TR ROCR RE S
AR B2 75 S 00 R Y B 7500 H i A D
il . AT LA SE I B R AR, DL E R
2K - e AR IR SRR DNA PR , >R T PCR
F A0 AE P 4 B 5 e FL UK (denaturing gradient gel
electrophoresis, DGGE ) 77 1% % % -3 Hh (1) amoA 1Y
TEACTIE DY, o B B A i FE 786 L3 rh amod BT
AT PRV 540 R AR AR T 2 , 2R 58 L A H
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P I Ry s A LT 33.55 g/kg, Sk A AL 73.01 mg/kg, il
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657.66 mg/kg,pH 6.86.

257 ) S ALY - 42% B8 E B (metham-sodi-
um) K F, KiE e THBRA Al . Tag B .ANTPs
A TAEY TR (Rl B A IR A 5 BIEHE
RNase 2585 7 LG RN I e , b0l =49
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MO-Bio Laboratories 23 7 5 Ho & & #LA5 £ 0 = ™~
S3Hr4li, TC-96/G/H(b)B PCR FE[H 7 144X | Centri-
fuge 5415D &5 .0 #L , 18 [E] Eppendorf 2 7] ; D-Code
TM DGGE Hi k1% \DGGE & 80l 1% FH 5 I % &
4 , 2 [# Bio-Rad /A ) ; Futura ¥ 22 i 80 40 B4, 15 [
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Alliance A #] -
1.2 Ak
1.2.1 B ERXE

+ 3 2R G 2012 4R A A0 5t T M X B R
KM FEAT , AR A2 2 000 m?, K FH XA 28 15
PR R 2 mm G SR AT KR IR
PR 15%, BRI kg 1388 F 1.5 LA, X+
B0 B AT AR S 25 AL B B 20,100 1500 mg/kg
AN B 1Y R E A B 2R AN, LG B 2R R b L
XPHE, A4S Ab PR AR AR R 3R TR . T RN
I 25 30 5 S BV 3t 78 IR B Ry 25°C 250 R % 1A
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T IR, RERE 2 d R R K AR K
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122 B3EAECAE A el 2

T o R SRR A 1.2.1 v T Ak B 5
3, FH % 223 30 2 A A 2 4 58 b 1y e 45 A
(NO; —N) 55 il Fi% 25 1A 2 245 1) 8 (NO, +NO, -
N, A4l HAE A AL A R A 1 A (NO, -N)
A PR A5 R Ail R A 9 AL (NOy™ +NO, =N ) i 5™
RN E RIS, P8 A 38+ b gk
VI A5 B2 (PNZEREAE,2005) .

1.2.3  amod 2 B # PCR ¥ 3% R L B /57 69 % 2

1 5 5 DNA (42 USRI« 1458 5 DNA 92
B i 1198 DNA $2 GG S D BREEH . DNA $2 1
Y1 2% B R B 8 Jee L VAR I o B IS Ab B AE 5 34~
T IRIFIRA DNA$EBUR , T-20CI-A7 -

amod F=H 1) PCR ¥ ¥ . 3% ] amoA-F (5'-CT-
GGGAYTTCTGGMTKGACTG-3") fll amoA-R (5"-A-
GTARASYTTKCCRARRTACCACCA-3") 5| ¥ 9" 14
+- 3% amoA FH (MR 45,2009) , 514 i A= TAE9) T
PR R A RA FA . §7 35K % . PCR Mas-
ter Mix 12.5 pL. 10 pmol/uL b T #5144 1 uL.
DNA 1.5 uL, il ddH,0 ZZRFR 25 L., W FEF
94°C T s P 5 min; 94°C 7514 30 s,48.8°CiE K 30 s,
72°CIEAH 45 5,35 M EH 5 72 CFHAE A 8 min, T 4°C
TRAE. V73 B0y BER/IN 2R 576 bp.
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[ : BUPCR 7= 9 20 wL 347 28 A 5 st L Tk 53
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Ifi%k 2 AR R R IR 55 A PR A m AT F
B4 7 FE A5 7 51 DNAMAN 4.0 3504 25 4 38044 7
41, I BLAST #2575 GenBank H1{% Z A LF 41, #H
K751 FH DNAMAN 4.0 #5757 b5t , i f7 R ALk F
IINT S RE RAS amoA TR AL 41 T .
1.2.4  amod 72 B4 2m T B 3% 45 M o

KA ZFEEAR BT 1 - 3RS L A P
AT 00T . TR ZFEVERE B H 395 4R
B E VB B R EL R 227 Sl Ak 40 TR R 7 1 25 4
IRV B A 52 R (MR 2010) , Ak ZHEVETR
B H=-%(n/N)In(n/N), =X n, 3 75 728 V0 B BE i L
Tk R B — 2Rty (R W TRT AR, N SRy T A EEL K SRt I 1) T
R W T AR AN AR B 45 SR b 3845 5 F & FE 48 4 R=S-
1InN, X S Ay i — kG 19 871 85 Y 5] BE R 8L E=
HIH,, ,H, =InS(Z=MESE 2010) , 38 15 3 4465 e e
YDA RV A | S50 25 57 VR TR 1 B 528 k.
1.3 #ESHh

K SPSS 13.0 B XA B B i A T AR B, LA e
/N 2 (LSD ) VA A 725 57 b PR R 6

2 HER55H

2.1 BAEBEEZRNTEHEAERZE

Ja S ZE AN | A O ] R, X
HEmSARAE B2 A TR . AFRS O d, X HR Y 1 4
AL R 74.02% ,20 . 100 F1 500 mg/kg He B B (1 BT
g IR LRI N 74.85% . 77.87% F183.91%,
xR ER ARG E . S 14~28 d, NFEIAL B S
YRR 225 A B % . AbHLS 56 d, % R I 1 fiF
1% Ky 81.45%, 20, 100 1 500 mg/kg e 5 4b i) +
SR AL 2350 K 81.15% . 76.66% F1194.08% , Tiif W
HXBESARE,JFHE S5 HERDE(P<
0.05). Ab¥J5 84 d, % I - HERS 1Lk 81.98%,
20,100 F11 500 mg/kg H J3 Ak B i) + 35 A5 1k 2 53 5]
9 80.13% . 76.53% H1 74.34% , 5 %f M8 2% S K i 3%
(P>0.05) . Ui WA 3 2% 00 -+ S Ak AR Y
S TR A v R (500 mg/kg) 7E 35 3R 5 1 (56 d)
] SBERSAE D T 84 d AR AE 5 % IR G I 25
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Fig.1 Effects on soil nitrification with different concentration of metam-sodium fumigation
P Rl o - R v 2 o A TR A ] AN (] Ak B T A /NG 58 7R 28 LSD ¥A K 378 P<0.05 /K-F- 22 5+ 3% . Data are

mean+SD. Different letters among different treatments at the same time indicate significant difference at £<0.05 level by LSD test.

2.2 amoA BIFHAY B LA TH HO TS 1A B BERS FR K 0 T

KOG B AR W) amoA FE K PCR 973 7= ¥ i
PSP R BRI FL DK T3 AN R] , 20 mag/kg e B8 1l FT HT
L2 A RN OG) BE A g 0 H K S 3 100 mg/kg A
500 mg/kg W B Ja A ET B ZE LR IO 1 HL UK AR
2 NSOt 257 (5541 a) I P20 B 2236 W TR 1A Ha-
hella chejuensis. NRIVKIE A7 —L3:[F] ) DNA 4%
i, H A 1R (550 b) ZER R RE S i B e —
B, HAG SR R, T B AN TRV 32 g 7 v S 7 51 A

4 5 6 7 8 9

1 2 3

FRZ[A) DA ST R - 48 2 W) fA o 2 [ i A 3 ain Ak
YN, 22 I s R AR R A AL TR, {H DNA
SR SR SURAEIA] . 100 mg/kg F1500 mg/kg e
B R R AR IR R R A gk i B T
20 mg/kg ¥ B AL HE RS A I RLIK AR, &Rl
Z (55 o) LT B b R B IR 2 A AR . 7EXT
HEA- et B T A T EE 2 AR R IR AR
22 [R5 I 0 Bt e Uk s Ay it AR B B Pseu-
domonas stutzeri (2 1), FH +IE T amod I
AL B A P R DL AT RS SR A AT
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B2 BEEEZETRE oA BHL AR TS ERRBIKER
Fig. 2 The results of denaturing gradient gel electrophoresis of amoA type of nitrification bacteria in soil fumigated with metam

FlHa bcd 2 AR PR HE B IR i DK PRI o [y L DK o 1~5: 20 mg/kg Ja FT T B 75 0., 14,2856 .84 d J IRl 5 6~
10: 100 mg/kg & F BT FEZ£ 0. 14, 28, 56, 84 dJF (RS ; 11~15: 500 me/kg B F BIFEZ£ 0. 14, 28, 56, 84 d J5 (FE A ; CK1 .
CK2. CK3. CK4, CK5: JCHEZEFILLPL O, 14, 28, 56, 84 dJ5 KR . Electrophoresis patterns a, b, c, d are electrophoretic
bands recovered from denaturing gradient gel electrophoresis patterns. 1-5: samples at 0, 14, 28, 56, 84 d after fumigation with
20 mg/kg metham-sodium; 6-10: samples at 0, 14, 28, 56, 84 d after fumigation with 100 mg/kg metham-sodium; 11-15: sam-
ples at 0, 14, 28, 56, 84 d after fumigation with 500 mg/kg metham-sodium; CK1, CK2, CK3, CK4, CK5: samples at 0, 14,
28, 56, 84 d after treatment with no fumigant.
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F1 B BEEEZHRTIEF amod I PCR-Z MM B Bk F BRF 4R
Table 1 The results of amoA-PCR-DGGE sequence analysis (of the soil samples fumigated with metam-sodium)

bV i B 5 NCBIH & & FRAHSC T [FIEPE L% [FE (%)
Sequenced band Accession number The strain or clones which have the highest identity from NCBI ~ Homology rate
a CP000155.1 - ZGW ICTE Hahella chejuensis 97
b HQ267731.1 KBEFRE AL Uncultured ammonia-oxidizing bacterium 96
c FN394212.1 KR F A AL Uncultured ammonia-oxidizing bacterium 98
d CP002881.1 it AR B R Pseudomonas stutzeri 99

2.3 E# G T1ED amod BTV B BEE ASE

He 5k 20 mg/kg F1500 mg/kg & 11 FT 2 2 b Hi
J5 0 d, 13 amod BIRSAL AN T RE V% 00 B Ak ZAEMESE
HR 0.81 F110.88, 535 = T4 R[4 0.73(P<0.05) . ¥k
J& k1 20 mg/kg 1100 mg/kg Jak A Fi BE 72 A0 B 14 d,
135 amoA FURH AL A GRREI5 1 A AR ZHEPEHE 401,00
F110.84, 5 %] B JC I 3% 22 7, 177 500 mg/kg V< &£ 4b B
()7 A 2 REPEFE $(0.59) i 38 (K T X IR (P<0.05) .
3 e J3E g 1 T FE ZE AL 28 d, A3 amod BUR AL A0

WA I 2R RE B S0 IR T W 22 5 0 MR

118 amoA TG A0 20 DARE 35 16 22 HE PR R K00 5 ol
0.80 F10.99, {2 3 & T XF 1 0.76 (P<0.05) . ¥R
“} 20 mg/kg Fl 100 mg/kg & R SE 7840 H 5 84 d,
+ 3 amod FYGH AL A0 B HETE 10 B AR ZREMEFE BN
0.84 F1 1.09, f2 2 5 T XTI (P<0.05) (£ 2) . 3FPik
JEE % T T B ZE AL PR [R] B IR] , - 3 amod T £k 41
TR R S R B S X IR o 25 5

R2 BEEERTEN amod U AR EHENESIEN

Table 2 The ecological index of nitrifying bacteria in the soil fumigated with metam-sodium

b HRRS ] W (mg/kg) TREHNSR Yo EEAREL T ERE
Time (d) Concentration Shannon diversity index Evenness index Richness index

0 20 0.81£0.11 a 0.95+£0.41 a 6.79+1.11 b

100 0.73+£0.21 b 0.86+0.21 a 6.79+1.12 b

500 0.88+0.15 a 0.87+0.01 a 9.79+£2.01 a

CK 0.73+0.28 b 0.93+0.21 a 6.77+1.15b

14 20 1.00£0.01 a 0.96+0.23 a 10.79+1.31 a

100 0.84+0.31 a 0.93+0.31 a 7.79+1.13 a

500 0.59+0.12 b 0.75£0.09 a 5.77+0.11 b

CK 0.92+0.38 a 0.92+0.11 a 9.78+2.11 a

28 20 0.89+£0.22 a 0.94+0.31 a 8.79+1.10 a

100 0.79+£0.17 a 0.94+0.33 a 6.77+0.10 b

500 0.95+0.41 a 0.99+0.41 a 8.75+1.13 a

CK 0.83+0.27 a 0.92+0.31 a 7.78+1.14 a

56 20 0.68+0.13 b 0.87+£0.32 a 5.78+0.99 b

100 0.80+0.16 a 0.89+£0.22 a 7.78+1.01 a

500 0.99+0.38 a 0.99+0.11 a 9.76+1.18 a

CK 0.76+0.19 b 0.89+0.11 a 6.77+£1.04 a

84 20 0.84+0.23 a 0.93£0.21 a 7.78+1.10 b

100 1.09£0.18 a 0.95+0.11 a 13.79+£2.11 a

500 0.57+0.16 b 0.94+0.01 a 3.74+0.17 ¢

CK 0.48+0.13 b 0.90+0.21 a 2.72+0.17 ¢

FHEAE NI ERRE2E . RPN R)ING PR IR £ LSD A B0 7E P<0.05 /K V-2 5% 8.3 . Data are mean+SD. Differ-

ent letters in the same column indicate significant difference at P<0.05 level by LSD test.
W R 500 mg/kg Jal 1 BT FEZE AR S 0 d, %
amoA BV AN RE P& 10 - 6 BR8N 9.79, i 5

T X HRAY 6.77 (P<0.05) 5 1M H e 2 Fffe 8 b #5566}
RETRI Y0 i & 22 5% W FE 20,100 A1 500 mg/kg J& F
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B ZEAL RS 14 d, 35 amod BIRSIL AN B RETS A
B R B0 10,79 ,7.79 F115.77, Hirp 500 mg/kg
b3 K TR B 9.78 (P<0.05) 5 1 He'e 2 Ak
JEE b 3 55000 BB [A] 87 01 W 35 2 S o VRS 20 mg/kg I
500 mg/kg B R SEZRAN S 28 d, F 5 EEHE AN 8.79
F18.75, 5 IENY 7.78 JC B 35 22 5 W 100 mg/kg
T 7RI B R IR TR (P<0.05) o VR
20 mg/kg B A R ZEAL P 56 d, 3% amod FUAH AL
A0 TR ) AR RO 578, B E AR TN IR
6.77 (P<0.05) . #¢J¥ 20 mg/kg A1 100 mg/kg J&k A i
HIRAL TR 84 d, 13 amod RARHAL AN REIS 5
8 B0 A 7.78 F 13,79, W B T X IR 2.72 (P<
0.05) . VISR BE B 1 i FE 28 0] + 5 amoA AUH
i s ol s RS A NP R 2 IES
BRI (14 d) 52 m A & 100 mg/kg
F1500 mg/kg b FRXT 1= 1€ amoA TG 1k 240 T v L
AMHEIVER B3] 28 dJ5 7] HARIKE .
3 g

TS AAE R 3 /e b i) — D E 2
A VR DR NH, 846 NO, ., TR 78 4b 7
XS AAE A 25 B2 A P A T, il 398 rpon] 5
(1 NH, -N PECRFFH R 7K, PR T 1P 6] 4 45
(2L, 2L TEYIN H R R R TR (B4 4

BB ZE NS A% 3 O VE T, 75 25 28 R %)
TEARAE FHRE R o ARIFSE RIS AU LS R, =ik &
500 mg/kg WA B ZE 1 56 d S g AL
YER . BIA455(2010) WFFE B TR e 2R AR B 75 541
AT 2R S ORT 11 E RSAE F E E Z 2) e
SANE, 1155 A AE B ek, s A AE FH Az 90
IR ; FET-H45 (2014 ) IR IS 45 R W] IR
W75 11100 d 5 IR FEAR T - Emfham . DL L
5% 3% W 3 2% 50 3B 2 1 ] LIl FEas Ak AR A L 0
AN B ZE DG A SR AR A i B AR —
AR TR i ZE XS T amod B AL
N PRV 22 FEE R EORD = & FE AR B s, 45 R
W SR ZEAb PR S 14 d, W FE 500 mg/kg AbBRS F AR £ kE
PEFE B F 6 B e 55 25 (T 0 IR, B A R 2R
ZRNC S 14 d, amoA FVREAL 41 T A4 wt T DA 32 2140
il , B AR 2R AL 56 d h T i - SRS AL L (RS
FHRTHIH 42 d, 13X 5 HOFH55 (2014) IWF R 4518
AR 225, Ja 8 e BRI B Xt - 3Eam AL A F A 3 o)
F B R A e A E A amod ALY & W S AL

T, TR g SR A amod RIRSAL AN O 2 REME . U
11 N 2 2 7 e X (AR [ R N T

ZEA(2017) KB A AT 2B 25 -3 S ] e |
B0 A A R B i - Rk, S N B
AN SRR A %) 5 R 2 8 i, #1141 ) ) S i 1k
o FE Al B M amod F H R A AR AL, H R
amoA W) T FEFI%A 155 B & /K- ; Feld et al.(2015)
AF A 2 B 700 - A A A T B 52 ), = P AR e o)
TRl SR A A ) B 490 160 200 B R T TR amo A A
IOE SV TR NI b U =2 A W e 90
amoA FYE AL A TR AV T B SRS 5 61 g 5
(2019) WF5E T jal 7 B 2 2 % 4 3 S il A A T &
nirS B SCAH AL LA YRI5 G5 e, ke LR B
XF 338 SR AR S e 5 SO AR A I e e . ZR BT
W A 2T S A AE Y R e R o8 4
P T 43 amod BURSAL AN AE R, B T LG
2 5E
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