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Abstract In order to explore the effects of different proportions of Chinese milk vetch instead of inorganic nitrogen
fertilizer on the community structure of ammonia-oxidizing bacteria (AOA) and ammonia-oxidizing archaea (AOB)
in reclaimed paddy soil in southern China and their driving factors. In this study, five treatments were set up:
No nitrogen (CK), 100% urea (CF), 20% Chinese milk vetch+80% urea (MVCF1), 40% Chinese milk vetch +60%
urea (MVCF2), 100% Chinese milk vetch (CMV). The soil physical and chemical properties and microbial
community structure were determined. The variation range of soil physical and chemical properties caused by
different periods (0. 7%-279.7%) was higher than that of different Chinese milk vetch returning treatments
(1.4%-105. 9% ). During the decomposition period of green manure, compared with CF, the ammonium nitrogen
of MVCF2 and CMV was significantly increased by 167.5% and 79. 3% (P<<0.05), respectively. During the same
period, the AOA and AOB community richness of MVCF2 treatment was the highest. Principal component analysis
showed that the community structure of AOA and AOB was significantly separated in different periods, while there
was little change between different Asinicus treatments in the same period. Redundancy analysis showed that
total nitrogen, total carbon and carbon-nitrogen ratio were the main environmental factors of AOA community
structure, while nitrate nitrogen was the main driving factor of AOB community. In addition, compared with CF,
Chinese milk vetch returning treatment reduced the complexity of ammonia-oxidizing community structure (the
number of network nodes and edges decreased by (57.0%-92.5%), and improved the stability of community
structure (the modularity coefficient increased by 2. 48 times). In summary, compared with fertilization, the effect
of period changes on soil nitrifying microbial community structure is more significant. MVCF2 treatment can
increase community richness, and Chinese milk vetch returning to the field helps to enhance the stability of
nitrifying microbial community structure. This study provides scientific basis for the management of green manure
in southern reclaimed rice fields, which is of great significance for food security and environmentally friendly
sustainable development of the rice industry.

Keywords ratoon rice; green manure; ammonia oxidizing bacteria; ammonia oxidizing archaea; co-occurrence
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Fig. 1 Effects of different Chinese milk vetch and nitrogen fertilizer on soil physical and chemical properties



%123

R RAE - I 5E = e A TT ML 2R X 7 A2 e T AT A Bk A 00 9 445 4 ) 52 i) 269

TN Al C/N 43 5l i 25 B AIK 48. 2% ~56. 1% 11 fin
56.1%~92. 2% (P<C0.05) , 1fij H s 3 4k P IR 75 3%
— I TC W 25 S s A AL P b HE A 2 AR I
pH & 2R AL S 1 7. 3% ~279. 7% HE B A .+
TR - K L SR I R BRI T 14. 3% ~
61. 0% ;B CKAh, H 4345 4b B A 48 A 25 00k BE 41K
T LA HI . AR % =900 H AN 8 ik
P 5 A8 AL MR BE R 1. 4% ~105. 9% , A [G] BURE i 31
T eI PE BT AR IR B 0. 7% ~279. 7% . Z5 I,
AN TF) 8 25 B A FH A 0 4 398 B Ak P o 4 5 i 4 /DN
T st 300 25 A X - 9 H A 1 TR A 5 i B O SR B
2.2 AEZLZHEMALE KT AOAFIAOB B %

o BRI R T

T AOA , A [a] B 39 DA B it AT A PR %+ Shannnon

SR LI
Green manure
decomposition stage

IKAE 5 BE
Rice tillering stage

Sns

T ns
SxT ns

3 L

Shannon?§
Shannon index

CE DO A LSO
oSS © 04:\4(3@\

Qb Treatment

(a) X AL B Shannond &£ 1 52 i
(a) Effect on Shannon index of AOA

SRS g
Green manure
decomposition stage

IKAE S BE
Rice tillering stage

3 S***
>< T ns
ﬁéz_SXTns
g g a
gg ab abc & a
ﬁ%l-% bed cd =

FESES & ES S
$ S

AbEE Treatment
() X AA AN TR Shannon &AL 52k
(c) Effect on Shannon index of AOB

Fe RO W  AER [R] s TR 9 1) Chao 8 50
B EF(P<0.05, F 2D F12(b)) . FEAEEN], AOA
FEVE 1Y Chao 48 % T4 AL F 38 0 A9 & 43 Lo
60.9%~159. 8% , Hih MV CF2 4k ¥ (1) Chao $8 %
i AN AR R B R AN [R] 56 = g ik AR 3] AOA ¥
B EEEMEEERAREZES .

XF T AOB, A [\ W] 3 B % 19 Chao $5 % Al
Shannnon $§ #3477 75 B 35 25 57 (P<<0. 05) , 43 BEII B
7% 1) Chao 75 %% 1 Shannon 35 5% #F = T 4% 10 IS i 49
(Bl 2Cof2(d)), Hor R [F AL BEXT 73 BE /] AOB #f
P51 Chao T8 80A .2 20 (P<<0. 05) ,MVCF2 4b 3
[ Chao F8 $i [A] BE b 2 fe i 19 o 25 b B 30 728 Ak X
AOABEIE N E & B AOBBEE I ZREE I £ 5 AT
T 1 2 52 (P<<0. 05) , Heh AOB #f V& 2 #F P %t B

SRIE I A3
Green manure
decomposition stage

KRBT BE
Rice tillering stage
100

S***
80} T ns a
a

B ox SxT ns I
®|E 60
g'; ab
= 2 40
k] B b b | =

20¢ =

0 L L L " L
RSO QRSO
FESES O 04%604\“

Kb Treatment

(b) X A4 TR Chao FRELV A
(b) Effect on Chao index of AOA

SR AL I fE
Green manure
decomposition stage

K& BE
Rice tillering stage

50

S sokk

40| T 4
QT ok b
30 b %
T @
*

= -
20

-
10 %
==

O L 1 L 1 L L L L L L
N N
Ck' 646‘ 4§%§ & 646 463’(&
S T
AbFE Treatment
(d) AU Chao FEEUIZ A
(d) Effect on Chao index of AOB

Chao 1§
Chao index

S, T AT AL 3R s S KT, i B 5 i IR AL FR Y 38 BAE T . 3R 28 SR B 3 (P<<0. 001) ;ns Rm 22 F A 3 (P=>0.05) . B R T

B, 202 AU AR AN WU A - 5 {H

S, Period; T, Fertilization treatment; SX T, Interaction between period and fertilization treatment. *** indicates extremely significant difference

(P<C0.001) ; ns indicates no significant difference (P=>0. 05). The black line represents the average value, and the red line represents the average

value of the whole period.

2 AELEEMAMBEMES L5 AOA T AOB &% Alpha S HMEM I
Fig. 2 Effects of different Chinese milk vetch and nitrogen fertilizer on the Alpha diversity of AOA and AOB communities in soil
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Fig. 4 Principal component analysis (PCA) of AOA and AOB under different combined application of Chinese milk vetch and

nitrogen fertilizer
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Table 1 Redundancy analysis parameters of AOA and AOB community structure
A B S S AL TR
Ammonia-oxidizing archaea ~ Ammonite-oxidizing bacteria

AR A 1

Physical and chemical factor

I P I P
2R/ TC 0.252 0.003 0.007 0.964
4k TN 0. 360 0.003 0.011 0. 819
AL C/N 0. 255 0.038 0.002 0.961
AL A HLER DOC 0.012 0. 807 0.109 0.154
AR NH, -N 0.014 0.746 0.177 0.153
HAZ NO,-N 0.011 0.812 0. 387 0.046
T+ Soil temperature 0.154 0.106 0.141 0.121
pH 0.025 0.723 0.210 0.074
+ 8 & /K i Soil moisture 0.124 0.132 0.014 0.905
T U R A
Note: *: Coefficient of determination.
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(a;)-(ay) ,ammonia-oxidizing archaea collinearity network under different treatments; (b;)-(b;), ammonia-oxidizing bacteria collinearity network

under different treatments.
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Fig. 8 Effects of different Chinese milk vetch and nitrogen fertilization on the collinearity network structure of AOA and AOB
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Table 2 Topological characteristic parameters of co-occurrence network under different Chinese milk vetch and nitrogen fertilizer
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7 45 Node 49 86 37 48 94 67 102 39 47 43
i1 Edge 160 1046 118 180 1348 579 2194 165 224 190
AT Y SRR
FHEER 6.531 24.326  6.378  7.498  28.681 17.284  43.02 8.462  9.532  8.837
Average degree
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