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Effect of nitrogen application level on abundance and community structure of paddy soil bacteria under rice—

rice—Chinese milk vetch (Astragalus sinicus L.) cropping system

ZHOU Yan—fei, NIE Jiang-wen, WANG You—juan, LIU Zhang—yong, ZHU Bo"

(Yangtze University, Engineering Research Center of Ecology and Agricultural Use of Wetland, Ministry of Education/Hubei Collaborative
Innovation Center for Grain Industry, Jingzhou 434025, China)

Abstract: In order to study the effect of nitrogen rate on soil microbial ecology and provide a basis for the promotion of soil nutrient
management in paddy fields, we investigated the abundance and community structure of paddy soil bacteria in a rice-rice—vetch cropping
system. Soil samples were taken from an 8-year continuous field trial, with three treatments (no nitrogen application, 0 kg N « hm™, CNy;
middle nitrogen application level, 100 kg N «hm™, CNyo; high nitrogen application level, 200 kg N - hm™, CNay) under milk vetch returning
condition, and fallow was set as control (CK). Soil bacterial abundance and community structure were estimated by using fluorescence
quantitative PCR and Illumina MiSeq high—throughput sequencing platform, respectively. The results showed that the abundance of soil
bacteria ranged from 1.25x10° to 8.47x10° copies per gram dry soil in all soil samples. Sequencing results indicated that community diversity

indexes (Shannon and Simpson) and community richness indexes (Ace and Chao) had significant variation among different treatments at
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0.05 probability level. Proteobacteria, Chloroflexi and Nitrospirae were three mainly soil bacterial groups under Phylum classification level,
accounting for total proportion of OTU 42.22%~54.54%, 8.56%~20.73% and 10.98%~15.08%, respectively. The relative abundance of

Proteobacteria of soils from CN 4 was lower than those from the other three treatments, while Chloroflexi relative abundance was 2.26, 1.58

and 1.17 times higher than CNayo, CNy and CK, respectively. Correlation analysis showed that bacterial 16S rRNA gene copy numbers was

positively correlated with soil ammonium nitrogen. Factors analysis of soil bacterial community structure indicated that there was a close

correlation between soil bacteria and soil chemical indicators. A forementioned results demonstrated that soil microbial quantity and

community structure could be significantly altered by nitrogen application combined with vetch incorporation in double cropping soils.

Keywords: vetch; nitrogen fertilizer; double cropping rice; soil bacterial community structure; high—throughput sequencing; real-time PCR
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Table 1 Sequencing results and diversity indices of different soil samples

W7 45 3 Sequencing results

ZFEYEFE R Diversity estimates

Treﬁri%nts YA EL By T i Chao F5 %% AceF5HL Shannon #5§ %% Simpson $5 %%
Reads OTUs Coverage/% Chao index Ace index Shannon index Simpson index
CNag 23235 1696 98.68 1906 1883 6.46 0.004 3
CNig 20 599 1803 98.39 2040 2006 6.60 0.002 9
CNo 27093 1838 99.02 1003 1979 6.47 0.003 7
CK 18513 1732 98.26 1947 1930 6.55 0.003 1

TE a4 P SRS 2 97% (15 51 26— M RAE 2 R HUC

Note: a—Species level at 97% similarity threshold is defined as one operational taxonomic unit(OTU).
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Figure 1 Rarefaction curves of the OTUs number at 97%

similarity for different soil samples
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Figure 2 Abundance of bacterial 16S rDNA gene copies under

different fertilizer application rate treatments
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Table 2 Soil chemical properties of different N fertilizer application rate treatments (mean+SD, n=3)

b3 e AL SR SR WAL R
Treatments ph Total nitrogen/g-kg™ Total organic matter/g-kg”" ~ NHi-N/mg-kg" NO;-N/mg-kg™ C/N Available N/mg-kg™
CNago 7.31+0.04bc 3.58+0.08a 64.23+0.49h 41.28+0.15b 12.78+1.34a  10.42+0.17b 275.22+8.71a
CNigo 7.63+0.07a 3.65+0.12a 65.98+0.42a 13.66+0.88¢ 6.84+0.94¢ 10.48+0.32b  240.57+9.90b
CNo 7.35+0.03b 3.26+0.04b 62.60+0.48d 44.12+0.83a 10.55+0.66b  11.14+0.06a 232.98+6.86h
CK 7.63+0.04a 3.27+0.04b 63.29+0.10¢ 10.75+0.45d 10.49+0.24b  11.22+0.14a 230.53+6.11b

T« (RIS [) 7 B s A B ) 25 57 b 35 (P<0.05) o CNawo 3271 48 25 A HE S it FH 200 kg » hm ™ 4l 5 CN oo 78 28 22 J2 38 H 5 it 100 kg - hm ™41

A CNFOR 2 et MAE RN ; CKOAA AR . R

Note : Different letters in the same column mean significant difference among soil samples at 0.05 level. CNayo, CNio, CNo and CK represent high nitrogen

application level (200 kg N +hm™) , middle nitrogen application level (100 kg N+hm™) , no nitrogen application (0 kg N+hm™) under Chinese milk vetch re-

turning, and winter fallow paddy field respectively. The same below.
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Figure 3 The bacterial community structure at the Phylum(a) and Genus(b) classification level under different fertilizer application
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Figure 4 Venn drawing of 16S rRNA gene OTUs at the Phylum(a), Genus(b) and Species(c) classification level in different soil samples

F3 Y 16S rRNA EE# NS H1EHX 2R Spearman 8K 37

Table 3 Correlation analysis between bacterial 16S rRNA gene copy number and soil chemical properties by Spearman

pH MUTN B8 A% & Available N NO;-N NH;-N xfi TC ik H C/IN
-0.40 0.028 -0.33 -0.18 0.790% 0.028 -0.203

T4 3RR 0.01 ZKF- GO 1 ARG IR,

Note: ** mean correlation is significant at 0.01 level. The same below.

R4 TEABEBFENFEE(IKE) 5 LEUFERE Spearman 18K 45317

Table 4 Correlation analysis between soil dominant bacterial community (Phylum level ) and soil chemical properties by Spearman

HE# B Dominant bacterial community pH BETN B Available N NH;-N NO;-N WAL C/N - 4k TC
Proteobacteria =0.78%%* 0.49 0.36 0.39 0.827%* -0.25 -0.13
Chloroflexi -0.49 0.26 -0.17 0.93%#%* 0.01 0.44 0.27
Nitrospirae —0.84%#%* 0.41 -0.76%%* 0.61%* 0.75%%* 0.56 -0.14
Acidobacteria -0.49 0.20 -0.18 =0.79%%* 0.001 0.35 0.17
Bacteroidetes =0.76%* 0.27 0.38 0.16 0.93%* -0.34 -0.15
Actinobacteria -0.22 0.27 0.21 -0.34 0.76 -0.21 -0.15
Chlorobi —0.82%#% 0.35 0.34 0.88%#%* 0.57 -0.18 -0.35
Gemmatimonadetes —-0.68%* -0.29 0.07 0.55 0.71%% 0.13 0.46
Latescibacteria —=0.75%%* 0.98 -0.37 —0.85%%* 0.58* 0.16 0.43
Parcubacteria =0.72% 0.16 0.34 0.73%* 0.58 0.11 -0.39
Cyanobacteria 0.98%* -0.49 =0.76%* -0.54 -0.75 0.65 —-0.46
Firmicutes -0.66* 0.23 0.35 0.33 0.93 -0.29 -0.29

TE #3578 0.05 7K1 RN _F i 541G

Note: ¥ mean correlation is significant at 0.05 level.

[']) . Latescibacteria . Firmicutes (J&EE [ [])7E 0.01 7K
V5 358 pH A i 3 R G ¢ & ; Nitrospirae (i 16
B2WE R ] ) Al Cyanobacteria (¥ % 1] ) 7E 0.01 /KF |5
- S R AT AE 35 AR O AR ;5 Chloroflexi (4825 &
["]) .Chlorobi(Z£ &[] ) .Parcubacteria £ 0.01 /KF- | 5
+ 3 NHI-N A B 1E M LK &, Acidobacteria (R T
I"]) Fl Latescibacteria 7F 0.01 7KV 55 43 NH;-N A
2 1A ¢ & & | Nitrospirae (il {L B2 E % ] ) 7E 0.05
KA b5 A IE A 9K 9K & 5 Proteobacteria (728 JE
). Nitrospirae (ML M2 HE R 1)) - Bacteroidetes (3L FF
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AN [r] it 0 T A TR AR A R ), R B
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PR = R I R R, Tao SEPVBIESY & B FH 48 = T 4
REAT DA i 25 2 v 4 A A R L i . Wang
I I & B it JEATLIE & 3 0T 1R 4y
JG(OTU) B = B2 B AR I 52 1) 1= 18 448 1 v 1 26008 1 =F
JIE RN A S AN R RIS 454 . Zhong ZEPBIFSY 2 WK 0Tt
RALRE A 1 33 H Ak 1 Jo i A T e & - 3 i
HEV& S5 F TS 3 T A TS PR el 2

F BRI SY & ILAE ¢cDNA F1 DNA K- |, R
AN [ei] ot S g 2 XO0T 4 38 440 2 = 82 1) 52 i A — By
TV it S 1) BE At A 7RG A FH A - g A TR
PO . 2R AR 22 R SN T B, R T RN 2%
JE A FH AT dp 2 4 v b A ) e A N U P A LA
KM R YR s R RO S R B, A
W CNago CNigo . CNo F1 CK 4b 3 fiY) Chao 5 505 51 Ky
1906.,2040,2003 1 1947, CNo £l CN, 55 T4 1A CK,
IR = U0 H R A S A B W A B CN o ik
PR F CN,, 2B 25538 H 5 B 100 kg« hm™ &8
LU A FH AN it 2801 B8 1) 6 40 B 470 b 550384 111 5 CNGoo
b FE R E AN T CK, R 55 2= 3834 [ Bicjiti 200 kg -
hm ™ &L 5 4 AR L AR REHR & L S Al R 2 5 H
SETFANRESE 3 b b SR SRR AT AR R R A
JIES it A\ A58 40 55 LR B A G % 2 T A o i R
Jon T FCf A - 5 20 R Rh s D o A TR A BRI
Shannon 35§ 2% & F CNo A CNago, J& K 1] HE 2 2 [ - 452
ZAEAREN THHE R AACRE | 3454 R A,
T ZFEPEAEIXFE ) S50 T AR B iR A i .
32 KMERELAHEREREXFEHLTELAR
BE AR

38 2 X 58 2 g il H s L 2 AS [R) AR B A 124>
PESABTorbr R I, B TE 1) SRS T T A fL s e
(2B Y O w3 R R e B 5 | P SN O N O = 4 1 )
42.22%~54.54%. 8.56%~20.73% F 10.98%~15.08% .
PEHERE N RIE R ], X —45 R 5 N AT 1 540
2R AR Z 055 — 2, AR TR BT H A
LR /N NS AL T S W R =<3 S Sl
— 514 —

TE K AR S A T AN ) it AR A 2 A 3 40 5 v, AR TE
U] RS TR TR AT TR 1) 2 A 3 kR X = 8 A R 1 3
ANHTT. BEGEEYE RMEREAES ARG -
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