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20%TEHE (MCy, ) A0 FRI HHERRAb MR S W RE IR S Fa A T e A A = A8 Ak, S5 R 3RHT . C o M MC g MCyo 0BT + 1 H
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Impacts of the Chinese milk vetch ( Astragalus sinicus L.) residue incorporation
on soil physicochemical, microbial properties and rice yields in yellow-mud paddy

field
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Abstract: To evaluate the effects of milk vetch (Astragalus sinicus 1..) residue combined with different rates of chemical
fertilizers on soil properties and rice yields in a yellow-mud paddy field, a 12-year field experiment in eastern Fujian
Province was conducted to investigate soil physicochemical properties, microbial community structure and function, and rice
yields in the C,(without fertilization) , C,,,( chemical fertilizers) , M ( Chinese milk vetch), MC,, ( Chinese milk vetch

combined with 100% chemical fertilizers ), and MC,, ( Chinese milk vetch combined with 80% chemical fertilizers )
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treatments. Results showed that soil organic carbon (SOC) concentration in the C,,, M, MC,, and MC,, treatments
increased by 6.97%, 15.05%, 10.38% , 11.15%, total nitrogen (TN) increased by 9.52% , 18.25%, 15.87% , 15.87%,
and nitrate nigrogen (NO;-N) increased by 6.51%, 69.52% , 66.87% , 78.19% compared with those in the C, treatment,
respectively (P<0.05). Furthermore, SOC, TN, and NO;-N concentrations were the main factors driving the variation in
soil bacterial, archaeal community structure and function under different fertilization regimes using redundancy analysis. In
addition, the relative abundance of the bacterial genus Bradyrhizobium in the C,,, M, MC,, and MCg, treatments increased
by 0.52%, 24.30%, 7.59% , 11.93% , and a significant increase in the relative abundance of Bradyrhizobium was found in
the M treatment ( P<0.05) ; the abundance of Mycobacterium increased by 5.51% , 21.58% , 10.00% , 14.74%, and a
significant increase in the relative abundance of Mycobacterium was found in the M treatment ( P<0.05) ; the abundance of
the archaeal genus Candidatus_Nitrosotalea increased by 22.93% , 17.21% , 65.39% , 89.89% compared with those in the
C, treatment, respectively, and a significant increase in the relative abundance of Candidatus_Nitrosotalea was found in the
MC,,, and MCy, treatments (P<0.05); in addition, the relative abundance of Streptomyces in the M, MC,, and MCy,
treatments increased by 6.76% , 16.89% , 12.16% , and a significant increase in the relative abundance of Streptomyces was
found in the MC,,, treatment ( P<0.05), whereas decreased by 2.50% in the C,, treatment comparing with the C,
treatment. Compared with the C, treatment, the M, MC,, and MC,, treatments increased the average rice yield by 9.68%,
19.16%, 18.72%, respectively. Soil microbial genus—functional contribution analysis revealed that the bacterial genera
Bradyrhizobium , Mycobactertum , Streptomyces, and the archaeal genus Candidatus_Niirosotalea were the key drivers of the
top two kinds of functions; amino acid and carbon metabolism under different fertilization regimes. In general, these
findings indicate that the Chinese milk vetch residue incorporation might ameliorate soil properties, regulate soil microbial
community structure, accelerate metabolism of amino acids and carbohydrates in a yellow-mud paddy field in a single rice

cropping system.
Key Words: yellow-mud paddy field; milk vetch; physicochemical property; microbial community structure and function
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Fratt A LAt A A A B R it Dk T A R R v AR RS R R A R B T T S 7 R A R R
FERE KR I RS ORI EA R AR B AR Bk R = L 5 & kIR, 7E 15—30 v/hm’
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22 YO AU i) - SR Ak IR 1 L3 A 70 s P B35 17 52 i - S8 0l A W eV O 5 A AT RS
T e T R B PR B A WRAE R, FIA 58 5 e R TR B A e R
B, HLSE A Py 2 e | S0 L e T, T B KRG % Al ) P R S R RE VA Y e
VA S5AL) o 3RS P 0 T R L TR A 8 o, AR TR SO s o e K S oA 4 A o e L B £
AWy A B S B s Bk R LSRR BRI BE AL phnA phnN  phnV F:JE T, 10 phnl phnl. glpB
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K46 T 2009 4F | [Al4FE R AR AR B6 T LI EREAE J1 o0 . pH (8 4.78 , B HLR & 24.4 o/kg, %R 1.23 g/kg, W
0.60 g/kg, 481 13.3 g/kg, Bf A 171.6 mg/kg, AR 13.5 mg/kg, BHALHN 83.4 mg/kg,
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BoHs 2 (NR) B8 PEVEAT AT ( BLAST X280 & 2 (H e-value N 1e-5) B SRAS YRR T bt
N7 1R 35 PR 3 B SR B3 W 1) =F B, e 8 AT ARAS S W AE SR 43 2528 KO B R R fE e .
BLASTP BI04y 2 PR 4 77 51 5t #R R 5 JE PR 4/ 4 5 (KEGG) 1 2k PR 304 7 ( GENES ) #E 47 L X
( BLAST FbXF 2 801% & W B {H e-value i le-5) , | KOBAS 2.0 ( KEGG Orthology Based Annotation System,
http : //kobas.cbi.pku.edu.cn/home.do) HATHIRETERE, I A 8 B 0T I 19 s AT 2 88 SR 530 60 1 B BE 2 31
MDY Rt S AR Y I 2R A R A R LAY 22 B X T-Sanger 415 = F G i — 2 HF R A
WIE B0 W .
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F AR T (PCoA) TUARSIHT (RDA) FIAH MR K] (Heatmap ) 43 72K FH R BF (3.3.1 MUAS ) S8 1 A
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2 ZER5HWH

2.1 SRR BRI A R i AR

ERYOE G R E S KE TR E R EM (R ) . 5 CpLBAHEL M MC g, MCyg, AP+ S AL
JE 3G 9.33% % 16.89% 15.34% , 3= IR A48 2 9340 [ AT LLAE — a8 B2 B8 1 a4 A1 B i A TS 38 i 1) 1 338
a4, FHLG CoAbBE, C o0 M AL3E 1458 pH ETC B E 1255 {0 MC o, MCy, 13 pH BIREAR 4.96% , ik i 2%
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18.25% .15.87% ,15.87% , i EIG /N 69.52% .66.87% . 78.19% , Ui FH

R RYGEAFE IR ST T AE H I 1K

-, R, RS A R TE T A A B T B 2557 . C o0 M IMC, ) MCy AN FRAY 9 AR 35 F5 43 7= 1
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Table 1 Soil physichemical properties under different fertilization regimes
T . . ,
LI oK - A HAA AH %
s i BB WKE L RRE AR . BER BER
. Total Water . organic C/ Total N/ . Nitrate N/ Ammonium N/ Available P/

Treatments density/ . Soil pH C/N ratio

(g/em’) porosity/%  content/% (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Cy 1.03£0.07a 65.62+8.61ab 27.53+0.74a 5.24£0.07a 14.35+0.20b 1.26+0.01b 11.39£0.19a 8.30+1.67b  4.95£1.99a 12.50+2.01a
Cig0 1.04£0.02a 57.77+0.85b 27.40+£0.92a 5.11£0.09ab 15.35+0.54ab 1.38+0.07ab 11.16+0.18ab 8.84+1.92b  6.54+0.76a 17.54+2.84a
M 0.96£0.00a 63.16+5.42ab 30.83+2.11a 5.18+0.07ab 16.51£0.72a 1.49+0.08a 11.11£0.10ab14.07£2.96a  5.46+0.61a 12.71£6.23a
MCg0 1.00£0.06a 67.53+4.34a 25.53+1.15a 4.98+0.16b 15.84+1.02a 1.46+0.14a 10.87+0.38h 13.85+£0.94a 5.79+0.74a 15.85+3.19a
MCy, 1.00£0.13a  66.63+6.70ab 26.72+1.58a 4.98+0.16b 15.95£1.22a 1.4620.10a 10.90+0.21b 14.79+3.13a  5.54+0.87a 19.83+5.35a

Co: XFHR(ANHEAT) control (without fertilization ) ; Cgq: S fLAE chemical fertilizers alone; M :

LR YHEH milk vetch alone; MC g : 458 22 94 F+ 2 B ALAT milk vetch

and 100% chemical fertilizers ; MC.gy : 5 25 9234 FH +J 2 20% FLAE milk vetch and 80% chemical fertilizers ; /N [A)/NE R R N [ Ab FRLIE] 22 53 9.3 ( P<0.05) 5 £ PR N

FHH bR (n=3)
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Fig.1 Rice grain yield under different fertilization regimes
PR R NG T RER R R B35 2259 (P<0.05) 5 Co : XHIR (CRHENL )
control ( without fertilization ) ; C o9 : HLJifE fL I chemical fertilizers
HH -+ 4 i
AEAE milk vetch and 100% chemical fertilizers; MCy,: %875 9238 Hl +

alone; M; 2 U3A H milk vetch alone; MC,qy: %8 22 9E3E

U & 20% AL HE milk vetch and 80% chemical fertilizers

AL 59.27% AT LLYERT PIAS 32 o3 BT R, Hoh
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Fig.2 Soil bacterial, archaeal, and eukaryotic community structure under different fertilization regimes

PC1 1] DL R4 1 2 AR TR 1Y) 36.63% , PC2 i BN b A1 AR TL Y 22.64% , C o Fll C o0 A0 B A 358 7y B8 21 58 3T
Hi—F BT PCL AT 31, T HAD 5 A 58 2 08/ M MC o il MC o AR BABRXTSEIE PCL A ZE301, B Co T C o0 AL 3
HREAE M MC, o Fl MCyo P25 SRR, I TR A8 8 51 62.40% AT AR > 32 o0 T A g
Hrp PC1 PC2 0 iR T AL AE S0 36.74% 11 25.66% , CyFil C o0 Ab P 4 38 A% A W 2 R T4 — &
ALY PC2 BRI, T M MC, o0 Fll MCg AbBEARXS 55T PC2 Y L 1A, FRWIRTHAS C M C o A0 FE ELR A WU E W Rl 20
R, JG 3 A B AR A W 2 AR IR R . LA AR W2 S AR Y 47.89% TT LA HT I AS 3253
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iR, Horft PC1 PC2 AT LAy 5l A 1 438 A% AR W 2 R A Y 37.98% F1 9.91% , 25 E R, 8 = g3k It Ak
PHAE T 19 B KRS - U E MR 4544
222 EIH IEMA YRR R

R VGEARE HE RIS T | B AL A Y R TE B AR A (P>0.05) (% 2) , fitilab 3+
SEAN B AT FEBE N 97.48%—97.64% , i E N 1.90%—2.10% , T EAZ WAL HR 0.22%—0.27% , 7 W 1E 2 e 1
I = A B R R R e X R A A TS A A B AN TR A BE E A
Bradyrhizobium (4.61%—5.73% ) .Mycobacterium(1.90%—2.31%) . Streptomyces (1.45%—1.73% ) , %5 ( # X} =F &
>1%) (KBl 3) . AL Co, M MC g Fl MCy, 20 B+ BE A TR J& Bradyrhizobium = J 53 51|38 1 24.30% .7.59% .
11.93% , Horpr M AL BRBS I IK 35 7K 7 (P<0.05) ; Mycobacterium =38 il 21.58% ,10.00% ., 14.74% , Horf M 4k
PHIK I & /K (P<0.05) ; Streptomyces ¥4I 6.76% .16.89% 12.16% , H:Ht MC,,, Ab BRIE i 37K - ( P<0.05) , it
B SE AN B 7E & A K = 980 | v A xh & 4, Al Ab # 4 5 h HAL A8 F 2 AL HE Methanosaeta
(12.70%—14.90%) . Candidatus_Nitrosotalea (6.01%—11.42% ) . Methanosarcina ( 5.42%—5.84%) , %, & C,4
FMC 05 , M F MC g 203 435671 TR &8 Methanosaeta F-JE T Co 43 ) B 10 11.84% (12.28% (P<0.05) , M,
MC o F MC o 23R+ TR )& Candidatus_Nitrosotalea F-FE 1t Co 53 313411 17.21% ,65.39% ,89.89% , H:Hr MC,,
i MC o Kb BER35 2K - ( P<0.05) 5 Methanosarcina ¥4Il 5.19% .2.32% .2.18% , {H kb B 6] JC 1. 35 2% & (P>
0.05) . a4 P+ 18 B A% A W) 8@ = B AL HE Pantholops (8.43%—11.16%) . Exaiptasia ( 1.56%—3.20%) .
Trichinella(0.36%—1.19%) ,%%, M MC, o, 1 MC ZbBE 3 B EW))R Trichinella = E Co 53 51132 75529.90% |
75.09% 1 230.98% , H:H MCo AbFEIA i 2 7K (P<0.05)

®2 AREBFELAETREBTEGEMESENEEHNER

Table 2 Relative abundances of soil microbial community at domain level under different fertilization regimes

ST i i SR RAKREREY
Treatments Bacteria/ % Archaea/ % Eucarya/ % Unknown microbial groups/%
Co 97.54+0.05a 2.04+0.05a 0.23+0.01a 0.14+0.01a

Cioo 97.48+0.10a 2.10+0.11a 0.22+0.00a 0.14+0.00a

M 97.64+0.24a 1.90+0.19a 0.27+0.09a 0.13+0.01ab

MC 4 97.61+0.08a 1.97£0.07a 0.23+0.01a 0.13+0.00b

MCyg, 97.56+0.14a 2.01+0.14a 0.23+0.00a 0.13+0.00b

2.3 HACHEUKRG EMA YRS D RE AR Ak

CyCoo M MC o Fl MCo AbFR - SEAN B 3L 1) KEGG (R B 55 3 R BIes B o 372, W LA
FITHRERH M 269, UK FAZ AW 34T 95 H o 336 (& 4) , FIA4NTE 75 97 [ 38 A A2 0 KEGG 103538 %
B3 R RIIREEE L SR, e Ah, A [ 55 A A BT - 3 41 B AN R 2D AE T AR R R Y KEGG
Orthology (KO ) ZH 341 .35 A5, 32 52 38R I 2 40 B, T ELAZ AR 4 KO 4l R 32 8 35 52 i), 14 B 1 38
YH BN TR KO XA [ 35 A Ak $H ARS8 5 T B A% AE BB PEAIR . Co T C g A B 34T TR KO 4 5 il
PC1 B4, T M MC, o 1 MC o AbBEAHXTFENT PC1 1427, 28 Wi 1~ A0 B+ 18 20 B8 78 T RE 1 & R4 KO
AL B, 55 3 NS AL SRR KO 425 Fae k., B~ E 4 PCL PC2 1] L4y 5
ff B AN B KO AR LAY 21.37% F1 18.32% , Cy Fil C o0 A BE 43515 B KO ZH B EE I AL bR 9 45 R £, i
M MC. o Fll MC g b EARNTIIE B 45 £ DX, 156 B 1 5 1> A 24 381 R D i B &R IR1 R A KO 2l e AR ABL, T
J& 3 A T D AR AR RIS . BT 4T PCL L PC2 AT LA il R 43T TR KO 4 AR ki
25.44%1 10.02% , £¢ I, 5= s RE AL BE ] LR Y 4 5840 0 Al B VR D RE B AR WY KO 4,

CoCigo M MC o Fl MCyo 203 + AN TR KEGG fRHE P 5 3 )2 RE BT e 2 5 A (5.42%—
5.47% ) M LR A I (4.32%—4.35%) , +- 311 o = BT Re A 5 Ak X3 ( 7.05%—7.28% ) P& LR & 1%,
(6.06%—6.31% ) (E15) ;M MC o FIMCy, b 3 4 I8 717 TR 0 B R 5 1 19 32 BE LB Co 43 536 2,59 % 1.27% |
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Fig.3 Relative abundances of dominant bacterial, archaeal, and eukaryotic genera (>1.0%) under different fertilization regimes

3.36% ., #5ALE IR AEY) KEGG FCHHHE B2 3 )2 90E BRI AE £ 28 2 5L MR A K (4.05%—4.58% ) Fik
TR (3.66%—4.09% ) FEABEN (2.19%—2.83%) R ILEEICIH (1.80%—2.47%) ot W FCH (1.73%—
2.39%) HURARM R (G 5% (1.66%—2.21%) NIRRT (1.77%—2.00%) . M MC, o, 1 MCqy, 20 B +- 1
ELA%AE PR ARV, 1 T2 2 1 Co 23 4 5 1.28% ,20.43% ,15.74% , B R ILEEAR 3 43 3] 42 =7 3.03% .24.75% .
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Fig.4 Variations in soil bacterial, archaeal, and eukaryotic functional composition under different fertilization regimes
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Fig.5 Relative abundances of Kyoto Encyclopedia of Genes and Genomes ( KEGG) level 3 function of soil bacterial, archaeal, and

eukaryotic communities under different fertilization regimes

http ; //www.ecologica.cn



4792 JAE = 43 %

HIB MK IR & Methanosaeta . Candidatus _ Nitrosotalea . Methanocella . Methanosarcina . Candidatus _ Methanoperedens .

Methanoregula , 55 . FAZA Y YIRE S FREHT 5 BZIERR G 0 kA L A W B IR Re AT e A R iy = 2 0
YR Pantholops . Exaiptasia ,Ricinus \Acanthamoeba , Cyanidioschyzon Klebsormidium , =3

WA EIERR IR ABC#:ia#H WS F 58

1.0
0.8
W Hpl
W AR R Gemmatimonas
06 BETEHIB Streptomyces
B 28 Candidatus_Solibacter
W AT E 8 Mycobacterium
W AT E B Geobacter
04 W REKGAN B Anaeromyxobacter
B 2L 30 W& Rhodoplanes
B 8RR B Bradyrhizobium

X BTk BE Relative contribution

. HEENE SEENE S
S & e & J B s & O B s & J = e E O = ER
& O E &) &) E &) SIS &) SIS &) SIS
= = s = s = s =
Kb Treatments

6 TEFELET HIEREMENNERHKES T

Fig.6 Soil microbial genus-functional contribution analysis under different fertilization regimes
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0.461,P=0.036) A5 2 (17 =0.432, P =0.040) & 5 5 1M ¢ H ) aE RDAT A] DL B o 18 2 e A8 L 1)
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Fig.7 Redundancy analysis (RDA) of soil microbial community composition and Kyoto Encyclopedia of Genes and Genomes ( KEGG)

level 3 and edaphic factors under different fertilization regimes
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Fig.8 Correlation heatmap between relative abundances of dominant bacterial genus, relative abundances of Kyoto Encyclopedia of Genes
and Genomes (KEGG) level 3 and soil properties under different fertilization regimes
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PR AT STl 48 2 0 ] AR o 9 s ST B U A R A AN B A R Y
Z P EE g m] U A SO Y CO, F N, 235G ik K AL G ) AR ) o] R T B2 ARG 4, i e R AR AR Y 1Y
BB G Y2230 5 AT DAt — 200815 2 5 A e A Qi | U mR 5 ) A R e A R S5tk RUOE P AR DG Y oy T
HETE 2

4 Zit

BRYE AR W T B KR LA ALK, 2R LS A S W, AR A R R R
( Bradyrhizobium) |, 53 K¢ ¥T T J& ( Mycobacterium ) | %% %5 i J& ( Streptomyces ) F1 V. fi§ 44 4T % J& ( Candidatus _
Nitrosotalea) 76 T 3ErPVEg 8 o 3% 4805 B2 B 20 TR Aoty B e - 39 0 1 o B e /K AL & W AR A 2 3L R 5 1Y)
FEMAEY , MH, ERTEAH (M) Rt H+2m I (MC, ) PLR 5= 500 H +E 20% 4018 (MCy, )
AEBREEANHEIE (Co) FEAF P 34T 2 3G I, fR AT AT 58 s e i I Ak 38 e KR R B T AR A A
REVRLSAE , PT LU L KA & W AN HE IR 55 5 7R W I A A QI , 2 58 22 SRR AT ik T I B 90 T P 20 g il I
PEIRTER A IR S HILG] , RR IR TG — LB G s 2 2 B 1 2 2 P 4 2 T e 2 4l 25, AN AT Y
JE T RG24 N B8 LSS 7 1 30 A W Vs 25 A AT Re 284k, i A= 2 oLl S it
ZAEH

5% 3L HR ( References)

[ 1] EB, REW, FE, &0, S, o ER. 8RR 5 = St IE XTI A =l B IR s . A 3 S
AERlEAR, 2021, 27(10) ; 1735-1745.

[2] #REE, Bk, hEEZ R @M. WEREHAR MG, 2000: 1-17, 218-238, 245-252.

[ 3] XU/INKY, XIERE, BUOHT, WE2%5%. TRIE0ME 2% (8 T 48 25 0% B0 e o R B A SRR 1 ROK R 7= et R . VI A B 2%, 2021, 49(16) -
67-73.

[ 4] Kamran M, Huang L, Nie J, Geng M J, Lu Y H, Liao Y L, Zhou F L, Xu Y H. Effect of reduced mineral fertilization (NPK) combined with

green manure on aggregate stability and soil organic carbon fractions in a fluvo-aquic paddy soil. Soil and Tillage Research, 2021, 211 105005.

http ; //www.ecologica.cn



4796 JAE = 43 %

(5]

[6]

(7]

(8]

(9]

[10]
[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]
[28]

[29]

[30]

tHk

BEPE, B, BE, KR, 5%, § IR,
2020, 39(6) : 1259-1270.

WITERE, SR e, 2304, e, SRR, o, SPH, RE, KM, BPOE. 82 TOR R B AR BT K Sl K R AR AR -
Her AL Fopr. o EDKARERE, 2021, 35(3) : 291-302.

Zhou X, Lu Y H, Liao Y L, Zhu Q D, Cheng H D, Nie X, Cao W D, Nie J. Substitution of chemical fertilizer by Chinese milk vetch improves the

eV, BEEAR. D A B TE it 5 2 B ) R I S AR R AR PREE R A

sustainability of yield and accumulation of soil organic carbon in a double-rice cropping system. Journal of Integrative Agriculture, 2019, 18(10) :
2381-2392.

Gao S J, Gao J S, Cao W D, Zou C Q, Huang J, Bai J S, Dou I G. Effects of long-term green manure application on the content and structure of
dissolved organic matter in red paddy soil. Journal of Integrative Agriculture, 2018, 17(8) ; 1852-1860.

Yang L, Bai J S, Zeng N H, Zhou X, Liao Y L, Lu Y H, Rees R M, Nie J, Cao W D. Diazotroph abundance and community structure are
reshaped by straw return and mineral fertilizer in rice-rice-green manure rotation. Applied Soil Ecology, 2019, 136: 11-20.

Falkowski P G, Fenchel T, Delong E F. The microbial engines that drive Earth’s biogeochemical cycles. Science, 2008, 320(5879) : 1034-1039.
ZERoR, sk, ERRLL, WL, MEJE, WK, 5= 00 RS YA ML R (RS PR . b E RS AR, 2018, (4):
14-20.

Zhang X X, Zhang R J, Gao J S, Wang X C, Fan F L, Ma X T, Yin H Q, Zhang C W, Feng K, Deng Y. Thirty-one years of rice-rice-green
manure rolations shape the rhizosphere microbial community and enrich beneficial bacteria. Soil Biology and Biochemistry, 2017, 104; 208-217.
Zhang X X, Gao J S, Cao Y H, Ma X T, He J Z. Long-term rice and green manure rotation alters the endophytic bacterial communities of the rice
root. Microbial Ecology, 2013, 66(4) : 917-926.

TIKEE, JERZ, BV, RER, TRELAR. 28250040 a8 H LA Yo 2o B 2. i RS IER, 2013, (4) @ 39-42.
JEIRE, mAA, RUHE, ERA, AALE, ST, i, B, Y5 B AR B A 2 RS G IE XS K AR AR bR G M G PR D e
LR sz . AEYE IR S LR, 2020, 26(9) : 1578-1590.

Gao S J, Zhang R G, Cao WD, Fan Y Y, Gao J S, Huang J, Bai J S, Zeng N H, Chang D N, Katsu-Yoshi S, Thorup-Kristensen K. Long-term
rice-rice-green manure rotation changing the microbial communities in typical red paddy soil in South China. Journal of Integrative Agriculture,
2015, 14(2): 2512-2520.

Zhou G P, Gao S J, Xu C X, Dou F G, Shimizu K Y, Cao W D. Rational utilization of leguminous green manure to mitigate methane emissions by
influencing methanogenic and methanotrophic communities. Geoderma, 2020, 361 114071.

JIFE, EK, BSENL, MR, kR, BRIEZE, BRGFER. SEILECHE I I AN X S A TR . O RS2, 2018, 37(9)
1933-1941.

Gao S J, Chang D N, Zou C Q, Cao W D, Gao J S, Huang J, Bai J S, Zeng N H, Rees R M, Thorup-Kristensen K. Archaea are the predominant
and responsive ammonia oxidizing prokaryotes in a red paddy soil receiving green manures. European Journal of Soil Biology, 2018, 88; 27-35.
THRk, SRR, WK, 2RI, %, REE, AW, S, FEM. 2458505 25X PR 8 R H 40 07 RS R E
EZIR. S0P 44R, 2017, 26(2) ; 180-189.

Fang Y, Wang F, Jia X B, Chen J C. Distinct responses of ammonia-oxidizing bacteria and archaea to green manure combined with reduced
chemical fertilizer in a paddy soil. Journal of Soils and Sediments, 2019, 19(4) . 1613-1623.

Gao S J, Zhou G P, Rees R M, Cao W D. Green manuring inhibits nitrification in a typical paddy soil by changing the contributions of ammonia-
oxidizing archaea and bacteria. Applied Soil Ecology, 2020, 156; 103698.

XURREE, BXUEDE, ZRARR, S IR, ERIE, FRR. 4825 Bl H R RIX FH A (v X6 B K R IR 7 AR AR 1) S o o ] - S IR, 2012,
(3): 90-93.

Zhou G P, Gao S J, Chang D N, Rees R M, Cao W D. Using milk vetch (Astragalus sinicus L.) to promote rice straw decomposition by regulating
enzyme activity and bacterial community. Bioresource Technology, 2021, 319: 124215.

EK, BEE, AR, AT R WA B RHIE S NIRRT EAES RO IR, 2018, 26(12) : 1855-1865.

FK, B, L, MDA, AR, XIEG. AN AR R R Uy e HAEZ A HLER A K AR SR A SR S IR AR
2015, 21(6) : 1447-1454.

AR RS . ¥ U6 32 1 NG e SR LR A0 07 e 5 5 43 el Bk, 2000, (2) - 5-6.

B, BT, JEaG RO ARH R, 2000 128-129.

Li D H, Liu C M, Luo R B, Sadakane K, Lam T W. MEGAHIT; an ultra-fast single-node solution for large and complex metagenomics assembly
via succinet de Bruijn graph. Bioinformatics, 2015, 31(10) ; 1674-1676.

Noguchi H, Park J, Takagi T. MetaGene: prokaryotic gene finding from environmental genome shotgun sequences. Nucleic Acids Research, 2006,

34(19) : 5623-5630.

http ; //www.ecologica.cn



1134 FEAR A SR O B¢ H S AN ol A e B oK e 7 i ) 5 4797

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

FuLM, NuBF, ZhuZ W, Wu ST, Li WZ. CD-HIT: accelerated for clustering the next-generation sequencing data. Bioinformatics, 2012, 28
(23): 3150-3152.
Li R Q, Li Y R, Kristiansen K, Wang J. SOAP . short oligonucleotide alignment program. Bioinformatics, 2008, 24(5) . 713-714.
Altschul S F, Madden T L, Schiffer A A, Zhang ] H, Zhang Z, Miller W, Lipman D J. Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs. Nucleic Acids Research, 1997, 25(17) : 3389-3402.
Xie C, Mao X Z, Huang J J, Ding Y, Wu J M, Dong S, Kong L, Gao G, Li C'Y, Wei L P. KOBAS 2.0: a web server for annotation and
identification of enriched pathways and diseases. Nucleic Acids Research, 2011, 39(S2) : W316-W322.
FAHE, WK, LA, WU, B, AT, skOCHy. KREIXGEERESL AV KRS ™ 1 Bl B LS DL RS2 R A28 2440, 2011,
31(16) : 4542-4548.

BUEE, AT, BREFE, TC, MM, MR, AR B R S IO R M R MR Y = R R S R . B8 3R SRR IR, 2014,
20(5): 1151-1160.
st SR, BEA, B, BAUR. BEATIE I LA HLBTECR SO AT . LR, 2021, 58(6) : 1381-1392.
I, R, AR, A S S SR A SR R AR S L. A E TR SRR, 2020, 26(12) : 2115-2126.
A, WK, R, UK, B, SCAMR KIFE-FE-SR LA VKR i T EDKAERL 2010, 24(6) : 672-676.
Tk, Wk, AA, X6, FED, e, RE, WK K oI - A WX SRR A IR A I R P E LR, 2020,
53(1): 105-116.
Carr S A, Schubotz F', Dunbar R B, Mills C T, Dias R, Summons R E, Mandernack K W. Acetoclastic Methanosaeta are dominant methanogens in
organic-rich antarctic marine sediments. The ISME Journal, 2018, 12(2) : 330-342.
Lehtovirta-Morley L E, Stoecker K, Vilcinskas A, Prosser J I, Nicol G W. Cultivation of an obligate acidophilic ammonia oxidizer from a nitrifying
acid soil. Proceedings of the National Academy of Sciences of the United States of America, 2011, 108(38) . 15892-15897.
Tige, WM, FK, BRTFER, ARUR, AOHTIR. I AL X A TR A T R VR A A B . AR SR S LR, 2015, 21(6)
1607-1614.
R, H/ANVE, VKR, %306, TR, ZERGE, Botan. PR A 2R e GG AL RO LS R s . A AR ER
2R, 2014, 23(5) ; 736-742.
Antoun H, Beauchamp C J, Goussard N, Chabot R, Lalande R. Potential of Rhizobium and Bradyrhizobium species as plant growth promoting
rhizobacteria on non-legumes: effect on radishes ( Raphanus sativus L.). Plant and Soil, 1998, 204(1): 57-67.

http ; //www.ecologica.cn



