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PCR-DGGE - nifH
8 CCA -
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Shannon-Weaver 3.18 1.51 NH;-N EC
pH CCA NHi-N
nifH PCR-DGGE
S154.3 A
[1-3]
1
1.1

2011 10 2015 6
(121°51'E 31°36'N)

- 2104 h
47% 229 d 153 C
[4-8] 1 022 mm
1990
- 200
[9-10] pH>7.5
- 95.5% pH>8.5 24.0%
>1 g/kg 77.5% 6 g/kg
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<10 g/kg 40.5%
2 g/kg 1) Mobio Powersoil Isolation Kit
- DNA nifH PCR
“ 14”7 Nested-PCR
2) PCR nifH
FGPH 19 PolR BioLinker2x Taq
Mix 20 pl Lul 10 DNA
0~20cm 0.48 g/kg 1 ul ddH,O 40 pl
0.61 g/kg 16.4 g/kg 36.3 mg/kg 94 C 2 min 25 94 C
22.3 mg/kg 198.2 mg/kg 4.42 30s 56.4C 30s 72 C 30s 72 C
g/kg pH 8.55 2.46 g’lkg EC 214.3 pS/em 5 min
1.2 3) PCR
- - PCR 94 C 2
66.7 m’ 10 5 min 20 94 C 30s 56.4C 30s
2.5 kg/667m’ 4 72 C 30s 72 C 5 min
2011 4 4 320 bp( 40 bp GC )
4 4)Reconditioning PCR Reconditio-
3000 kg/hm’ ning PCR
N 270 kg/hm*  P,05120 kg/hm®*  K,0 150 kg/hm? BioLinker2xTaq Mix 20 pl 2ul
4 50% ( )20% 4 ul ddH,0 40 pl
10% 20% 100% 94 C 2min 5 94
S0% 0% N 305 56.4C 305 72 C 30's
46%) (152151 15) (K,0 60%) 79 °C 5 min
5)DGGE BIO-RAD Dcode ™
1.3 (Bio-Rad Laboratories ) nifH
) o ! DGGE 8%
( ! 27) 53% ~ 75%(100% 7 mol/L
“ i 40%(v /v) 1XTAE buffer
0~ 10 om( a”) 1020 om( b7 20 ¢ 7oy 15h Biolinker
40 cm( “c”) 40~ 80 cm( “d”) . .
DNA Red 40 min Bio-Rad
“S” 10 ~ 15
10~15
1 3 24 15
Canoco for Windows 4.5
(CCA)
14 (
Shannon-Weaver Pielou Evenness
H,S04-H,0, R[ili]hness) lg(x+1)
2
EC 2.1
pH (1 1
2 ml -80 C - 0~10cm 10~
PCR-DGGE [12-13] 20 cm (TN) NH3-N (SOM)
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TN NH;-N SOM -
- (EC) 0~10cm
TN NH;-N SOM 10 ~20 cm pH
x1 FREBEAXN TR DIRBLMER
Table 1  Soil physical and chemical properties under different rotation patterns
TN(g/kg) NH;-N(mg/kg) NO;-N(mg/kg) Olsen-P(mg/kg) NH,OAc-K(mg/kg) SOM(g/kg) EC(uS/cm) pH
la 049+0.06bc 189+0.89a 7.55+0.63a 22.0+1.53¢ 70.0+10.0d 6.40+026a 174.0+7.94c 825+0.18cd
2a 0.62+007a 17.0£1.00b 3.78+0.38 b 350+2.79b 90.0+20.0d 4.70+0.26b 208.0+7.21b 8.20+0.05d
Ib  052+0.04b 189+098a 3.78+0.27b 346+1.23b 190.0£26.5a 6.90+0.36a 200.0+5.00b 8.40+ 0.07 abc
2b  0.48+0.04bc 15.1+0.67c 3.78+0.23b 15.5+3.04d 100.0+10.0cd 4.70+0.44b 181.0£6.56c 8.32 +0.09 bed
lc 043+£004c 151+0.74c 1.89+£0.24 ¢ 24.1+252¢ 140.0+34.6b 4.40+£0.26b 250.0+5.00a 8.35+0.05 bed
2¢  041+£0.05cd 13.5+035cd 3.78+0.12b 9.43+123¢ 100.0+20.0cd 4.60+0.17b 177.0+11.5¢ 8.43+0.09 ab
1d 034+0.03d 132+£092d 3.78+0.09b 40.7+2.70 a 130.0+17.3bc  4.10+£0.17b 250.0+13.2a 8.45+0.07 ab
2d  041+0.04cd 151+1.13¢c 3.78+£024Db 943+1.17¢ 220.0+20.0a 6.40+0.47a 176.0+8.54c 8.54+0.05a
P<0.05 la - 0~10cm 2a - 0~10cm 1b - 10~20cm
2b - 10~20cm Ic - 20~40cm 2c - 20~40cm 1d - 40~80cm 2d - 40 ~80cm
pH (Olsen-P) EC NO;-N
( 2 Olsen-P pH
TN NH;-N (NH,OAc-K)
*2 MERFZEBBRBEXDH
Table 2 Correlation coefficients between different environmental factors
TN NHz-N NO;-N Olsen-P NH;O0Ac-K SOM EC pH
TN 1.000
NH.-N 0.566 1.000
NO;-N 0.227 0.412 1.000
Olsen-P 0.487 0.481 —0.041 1.000
NH,0AC-K -0.233 ~0.089 -0.395 ~0.068 1.000
SOM —-0.099 0.207 0.262 -0.375 0.608 1.000
EC -0.071 -0.200 —-0.656 0.590 0.179 —-0.460 1.000
pH —0.501 —0.304 —0.169 —0.445 0.671 0.473 —0.051 1.000
2.2 PCR-DGGE
2.2.1 nifH DGGE Quan- 3 -
tity one 4.6.2 DGGE
- 10 ~20 cm -
PCR
DGGE -
40 ~ 80 cm - 40 ~ 80 cm
10 ~20 cm 23
2.2.2 nifH
DGGE
Richness Shannon-Weaver CANOCO
Pielou Evenness ( 4
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CCA 24.3% 41.6% 56.4% 3

0.983 0.946 0.971 72.7%

la 2a 1b 2b 1lc 2¢ 1d 2d 0~10cm 10~20cm 20~40cm 40~80 cm

M

[l

|
\

||

[

- la 2a 1b 2b 1c 2 1d 2d

1 FREAEER T M T IE nifd EE A DGGE 2 EliE

Fig. 1 DGGE profiles of soil nifH genes under different rotation patterns

x3 ARABMEARNTLIE nifd EE RS HIEIEE
Table 3 Diversity indexes of soil microbial nifH genes under
different rotation patterns

H N J [15-16] -
la 273+£0.10b  26.15+094a 0.84+0.07 cd 2 . ! NO.-N
2a 3.00+0.14ab 2942+1.04a  0.90%0.08 be PH TN NHi-N NH,0ACK SOM
b 287+009ab  32.04£077a  0.83+0.07b 2 EC Olsen-P
2b 3.18+0.11a  36.67+093a  0.89+0.08a 3 TN NH;-N NH,OAC-K SOM
le 3.07+£0.13a  3033£057a  0.90%0.04 be NO;-N pH 4
2 215+£0.13¢  2325+1.05b  0.69+0.07d EC  Olsen-P SOM NO.-N EC
1d 151£006d 12.16+084b  0.61£0.09e
2d 291+0.11ab  27.07+0.60a  0.88+0.08 cd Olsen-P
SOM NH;-N

Olsen-P>TN>pH>NH,OAC-K>EC> NO;-N

R 4 CCAHFEFEERFESHESNERABXSH

Table 4 Eigenvalues of CCA ordination diagram and correlations between special axes and environmental axes

1 2 3 4
0.343 0.243 0.209 0.118
0.983 0.946 0.971 0.889
(%) 243 41.6 56.4 64.8
(%) 313 53.6 72.7 83.5
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Fig.2 Two dimensional ordination diagram of CCA of nitrogen 20 cm pH
microbial diversity and environmental variables
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Canonical Correspondence Analysis of Relationship Between
Characteristics of Nitrogen-fixing Microbes Community and
Environmental Factors in Mudflat Soil

CAI Shumei??, XU Sixin"??, ZHANG Hanlin'>*, ZHANG Deshan"??,
LV Weiguang'*?, GU Fujia*, ZHU Haitao'**"

(1 Institute of Eco-Environment and Plant Protection, Shanghai Academy of Agricultural Science, Shanghai 201403, China;
2 Shanghai Key Laboratory of Protected Horticultural Technology, Shanghai 201403, China; 3 Shanghai Scientific Observation
and Experimental Station for Agricultural Environment and Land Conservation, Shanghai 201403, China; 4 Shennong
(Shanghai) Ecological Agriculture Development Co. Ltd., Shanghai 202150, China)

Abstract: In order to study the characteristics of soil nitrogen-fixing microbial communities, an experiment of rice-
astragalus smicus rotation was conducted for 4 consecutive years in mudflat soil, nifH gene abundance and community diversity
in different depth of profile (0-10, 10-20, 20—40 and 40-80 cm) were investigated by PCR-DGGE, and canonical correspondence
analysis (CCA) was used to study the correlation between nitrogen-fixing microbes and environmental factors. The results
showed that rice-astragalus smicus rotation increased the richness and diversity indexes of nitrogen-fixing microbes in mudflat
soil. The abundance and diversity indexes of nitrogen-fixing microbes were the highest in 10-20 cm soil under rice-astragalus
smicus rotation and was the lowest in 40—80 cm soil under rice-fallow rotation, with Shannon-Weaver diversity indexes of 3.18
and 1.51, respectively. High correlations were observed between soil total nitrogen and ammonium nitrogen, EC and available P,
pH and available K. CCA ordination analysis indicated that soil organic matter, ammonium nitrogen and available phosphorus
were the main factors affecting nitrogen-fixing microbial communities in mudflat soil.

Key words: Mudflat soil, nifH Gene, PCR-DGGE, Canonical correspondence analysis
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