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Characterization of Ammonia Oxidizing Archaea Community and Its Driving
Factors in the Rhizosphere of Continuous Cropping Soybean in Black Soil
CHEN Xuedi LI Wei-qun WANG Ying WANG Yudeng WANG Xiao—un

( Institute of Soil Fertilizer and Environment Resources Heilongjiang Academy of Agricultural Sciences/Key Laboratory of Soil Environment and Plant Nu—

trition of Heilongjiang Province/Fertilizer Engineering Technology Research Center of Heilongjiang Province Harbin 150086 China)

Abstract: Continuous cropping resulted in the changing of metabolism process in the rhizosphere of soybean while the com—
munity composition of nitrogen related functional genes were always used to evaluate the response of the nitrogen conversion ca—
pability of soil to continuous cropping system. Ammonia oxidizing was the first step in the course of nitrogen transformation and
also the limited speed step so that ammonia oxidizing bacteria( AOB) and ammonia oxidizing archaea were always considered
the driver of the nitrogen transformation process. In this study the methods of qPCR and Illumina Miseq sequencing were used
to analyze the ammonia oxidizing archaea( AOA) community composition and quantities in rhizosphere of soybean based on the
soybean continuous cropping located observation in black soil. The results showed that the abundance of Archaea amoA gene in
SC2 and SC17 were lower than that in other treatments. AOA in the rhizosphere of soybean belongs to two phylums Crenar—
chaeota and Thaumarchaeota and still have unclassified AOA accounted for 42% . The correlated analysis between AOA com-—
position and environment factors indicated that the AOA compositions of MS ( maize-soybean rotation) and SC2 were positive
related to the contents of total nitrogen and total carbon then that of treatments with more than continuous cropping years of 4
showed positive related to pH and C/N ratio.

Keywords: Black soil; Soybean continuous cropping; Rizosphere; Diversity of soil microorganism community; Ammonia oxi—

dizing archaea
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1345 Chen 16
7 amoA
; 17
1
1.1
( N45°49-
E126°507) . 500 ~800 mm 4 ~9
90% 7~9
o 5 "“6 o
1995
2 17 18 o
N 45 kg * hm™*. P,0; 90 kg * hm >, K,0 45
kg*hm
( N 46%) (P,0; 18%)
(K,0 60%) -
1.2
2011 9
2 (SC2) . 4 (SC4) . 7
(8C7) . 11 (SC11) . 17( SC17) -
( MS)
3 o 5
4°C
50 ¢ -80°C
DNA.
500 ¢ o
1.3
1.3.1 pH
(1:2.5 w/v) 30 min pH
(PBH0/C) o (TN) (TC)

( VarioEL ILL Elementar Analysen—

systeme Hanau Germany) ; ( NO; N)
( NH;N)
( SKALAR San + + Netherlands) .
u " °
Hart '
oo VitV
o(N) =P
‘w( N)—
mgekg '*h™!; p— NO; N
mgekg ™" p,— NO; N
mgekg ' 1— h; V,—
0.100 0 L; V,— L, m—
kgo
1.3.2 amoA
DNA Arch-amoAF/

Arch-amoAR( 1)  SYBR green I

amoA ( Lightcycler
48011 Roche) o N
Chen ' o
PCR
pGEM-T PurePlasmid Mini Kit ( CW-
BIO Beijing China) .
DNA. Nanodrop 2000 DNA
o DNA
10 (10° ~ 10°%) DNA
Real-time PCR o DNA
1.3.3
DNA
( ) : DNA
— PCR —
—Miseq 0 1.
1
Table 1| Ammonia oxidizing archaea primers

name and primer sequences

PCR

PCR product

Primer name Primer sequence( 5°37)

length/bp
Arch-amoAF STAATGGTCTGGCTTAGACG 635
Arch-amoAR GCGGCCATCCATCTGTATGT 635
Ge-Arch-amoAF STAATGGTCTGGCTTAGACG 635
1.4
mothur " 97%

Operational taxonomic units( OTUs)
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1.4.1 ( Alpha-diversity)
( Community richness) ( Communi—
ty diversity) mothur

Chao-the Chao 1 estimator ( http: //www. mothur. org/
wiki/Chao) Shannon— the Shannon index ( http: //

www. mothur. org/wiki/Shannon) o

1.4.2

Canonical Correspondence Analysis( CCA) for Windows
V4.5% lumina Miseq ouT

2

2.1

2

Table 2 Chemical characteristics of black soil under different soybean cropping systems

o

0.156% ~0.85%

25 ~27.1 gokg ™!
pH5.22 ~5.98
0.145% ~0.18%

o 2 4
7
o N 2 4
2.61 mgekg™ 7
11 17 2.107 2.198  2.313 mgkg ™
( 2),
( 1o
0.24 ~0.58 wgeg '*h™' 4 7
4 7
51.79%  31.58% 211 17

17.5% 9. 3%

2. 7%

MS SC2 SC4 SC7 SC11 SC17
Moisture /% 12.90 14.10 15.00 12.20 14.70 14. 60
OM/gekg ™! 25.00 27.10 26.90 25.90 25.70 26.00
pH 5.22 5.92 5.98 5.78 5.74 5.74
TC/gokg ™! 16.00 16.37 16.53 16.30 15.59 16.91
TN/gekg ™' 1.06 0.99 1.00 0.95 0.94 1.00
C/N 15.05 16.56 16.48 17.25 16. 66 16.91
NO; N/gekg ™! 1.098 0.872 0.686 0.931 0.980 1.012
NH; N/gekg™" 2.698 2.627 2.505 2.107 2.198 2.313
amoA 5.68 x 10° copies*g ™'
o 4 amoA
amoA 17
4.12 x 10° copies* g™ 2
( 2.
P <0.05,
The same letter among treatments means no significant differ—
ence at P <0.05. The same below.
1 (PNR)
Fig. 1 Potential nitrification rate( PNR) of black soil
under different soybean cropping systems
2.2
2 amoA

amoA

Fig. 2 Abundance of archaea amoA gene under

different soybean cropping systems
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148 673 Shannon
97 % 89
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3
Table 3 Shannon index of ammonia oxidizing archaea( 97 %)
Ace Chao
Treatment Sequence length/bp ot Ace index Chao index Shannon index Simpson index
MS 23054 64 68 66 2.65 0.1077
25546 67 99 82 2.44 0.1230
17770 72 79 71 2.80 0.0930
SC2 14635 65 107 82 2.57 0.1126
27194 70 104 116 2.78 0.0884
26892 72 81 78 2.51 0.1270
SC4 23558 63 70 68 2.53 0.1138
27955 65 85 78 2.49 0.1180
23473 59 61 60 2.55 0.1123
SC7 24935 60 65 63 2.34 0.1344
34292 69 73 80 2.64 0. 1064
25698 74 81 79 2.73 0.0983
SC11 27366 63 73 69 2.47 0.1144
24543 59 67 65 2.40 0.1253
31233 65 78 76 2.48 0.1244
SC17 27584 58 72 62 2.24 0.1759
18451 51 54 52 2.47 0.1180
21844 57 67 66 2.45 0.1194
2.4 ota) 42%
178 603
400 bp 11 162
(7710 ~13317 ), ; 2
(
( Crenarchaeota) ( Thaumarchae—
3
Fig. 3 Ammonia oxiding archaea composition under

different continuous cropping years
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2.5 ; 2
4
mothur 97 % [Mlumina Miseq
ouT 58% ( Crenar-
2 chaeota) ( Thaumarchaeota) (
CCA 3)
( 4 . Ace.Chao  shannon
2
49.3% 30.2% .
( 2), [lumina
; Miseq
o 2 :
o Wang *
N 4 4
; 4
o 4 o
pH
2
o Wang
4
o amoA
2 17
amoA 7 o
4 ( Crenarchaeota)
( Thaumarchaeota) 42% o
Fig. 4 Correlation between AOA community structure
composition and environment factors
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