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Abstract Based on-a three-\ear field experiment, the effécts of 1educed chemlcafl fem izer combined with straw application on paddy yield, soil fertility properties, and

community structure of diazotrophs in a double-rice cropping field three xedrs after straw application were examined. Three treatments were applied: conventional fertilizer
application( CF) , chemical fextilizer reduction combined with a low straw application rate ( CFLS, 3 t-hm =), and a high straw application rate (CFHS, 6 t-hm~2). The
results showed that CFLS and CFHS did not significantly reduce rice grain yield (P >0.05) ; significantly neutralized soil acidification; increased soil microbial hiomass carbon
and nitrogen, dissolved organic carbon, and organic carbon content (P <0.05); and significantly reduced soil redox potential, ammonium nitrogen, and nitrate nitrogen
contents (P <0.05). This was more conducive to improve soil nitrogen use efficiency. Compared with those under the CF treatment, the natural nitrogen fixation functional
communities of CFLS and CFHS increased the Shannon, PD, and Evenness indexes (P <0.05) due to the improvement of conditions such as the increase in soil carbon
storage and the decrease in acidification degree. The relative abundance of microbial communities with nitrogen fixation, carbon fixation, and plant growth promotion functions
such as Ferrigenium, Sulfurivermis, Methylomonas, Methylowulum, Ectothiorhodospira, and Nostoc increased significantly (P <0.05). In conclusion, the reduction in
chemical fertilizer combined with 3 t+hm > and 6 t+hm = straw application was an effective measure to improve the community structure of soil diazotrophs and the potential
of soil nitrogen fixation.

Key words: paddy field; straw; reduced chemical fertilizer; diazotrophs; community structure
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®1 TEEXBUMR
Table 1 ~ Basic properties of soil in the experimental field
5iH o(FHLR)  o(2%) w( &) w( &) H fi A w(BPRL) o (BrkL) o (FhkD)
) /gkg ! /g kg ™! /g kg ™! /gkg ! P /grem ™3 /% /% /%
BE 17.5 1.6 0.6 28.4 5.1 1.3 42.4 30.4 27.2

1.2 AWmixE

A% H 8] AR IS UG T 2012 4F SR FHBEHLIX 20 1%
i /NXIEF R 35 m* (5 m x7 m). KE 3 MEH,
FAALEE 3 ANEE. A E N . O WHEAL, CF;
@ Ak AE s 5 B 3 t-hm 2 (T ) #5 #F, CFLS;
@ LB LI 6 t-hm > (T 8) #5FF, CFHS. % M

Jiti A Ak 3 it A FH £ RIE (JR &, LA N it ), BAA
120 kg-hm ™2, BFE 150 kg-hm ~> FZHELA0: 4> BEAR:
A LE 5 : 32 2t FH ; BEAR (i BERRES , LA PO, 1) 1
BRAE (SARER, LA K0 1) 7 R A 2 i A ]
A9 h 40 kg-hm_2$ﬂ 100 kg-hm_2 , VIR A —
WHERLA . 38 HASFER A B — KR A K. it 2
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MIFRIr (R 2) . FEAT AL B AUIE 45 HEEAE : 7> BEE - 7

HEBE A5 3: 27, 8 440 AT LA BEAE IR X — U MRt A
o LT 2R e ¥ S HA T ] R e R T >4 3 7 AL
(CELEw

F2 UEHEREEFLELENEFEAEREFFSSE)

Table 2 Application amounts of mineral fertilizers, straw ( dry matter) and its nutrient input,

and the basic properties of straw for the straw plus reduced mineral fertilizer treatment

B0 5 N P0s 50
AT RE TR AR T Pz
RS CFLS 25 (0.84) 95 16 (0.52) 24 50 (1.65) 50
CFHS 50 (0.84) 70 31 (0.52) 9 99 (1.65) 1
WG CFLS 23 (0.77) 127 17 (0.55) 23 49 (1.63) 51
CFHS 46 (0.77) 104 33 (0.55) 7 98 (1.63)

DRSSV EE R &, S0 Hkg-hm =2 55 N EUERR IR 5

1.3 YA SRR Y R A

TER RS 45 3 (2014 4F ) A5 G RS Ui 3¢
B, B DX AR RSP ER S A1 m® KRG
FEA I E KRG = &, T HFFFESS 3 a(2014
) R 2y BRI R A 45 /N IX B . (il R +
B IR < ST ILAE A/ NX RAE S 50 ~20 em FHET
SRbEF A Bk A IR AT LR SR AR AR R

FEARRAIR A AT, B3 RS 1 @ f\_d

FFJTiL%%IiﬁH’J{ﬂ'IJ;E Hii%%friu%ﬂﬁﬂw

AT 4°C {AE?JP T— ﬂzﬁwﬂl tfé DOC
NH, |, NO; (MBCQ 1 MBN % Iﬂﬂ%fmi‘%ﬁu E%
W IR T S0C & kA pH ﬁﬂ’]('ﬂ'ﬂi ® B4

nn:ﬂ*ﬁﬁﬁ%?ﬁ%@ﬁf LONAR R i‘x/x?']/?zﬁk P

i, Lfi%%gﬁﬁ — 80°C VKAHIRAT FH?%?%%
1.4 KA 5 R ) B v I
PEREER S m® #E%ﬁn%f‘ﬁéﬁ WA SR 5 R
JAEAR LT 28 PE E I L K ﬁﬁﬁ%ﬁ%%it/\/ VXK
FEFPRL™ 4t (13. 5% 7J< ). HHE S em IRIE AL
W A2 A Eh 3 ( RM-30P, DKK-TOA, H 7<) il
FE. IS KSR A LA 105°C M FR Sk
A K, S0, ¥R 32, U8 VR P 3 252 i 50 I 5 AX
(Fiastar 5000, i 4t ) #ll & NH,” 1 NO; & &, i
TOC ¥ ( TOC-VWP, Shimadzu Corporation, H 4% ) ] x&
HHEFH DOC F . SOC SRR 7 1k (S
PR Mg, A pH 11 ( Metro-pH320, Mettler-Toledo
Instruments Ltd. ﬁuﬁi‘[ﬁ){muﬁfi% pH fEm] EH &5

1.5 ii;% DNA EI’J?EESL 5 PCR 934

K F FastDNA Spin Kit for Soil iz 7| & ( MP
Biomedicals, USA)#2H 1+ 3%E DNA | #1520 B 42 IR 3
WFEEAT. BEEUAY 35 DNA SR AR Mt
11 ( NanoDrop 1000, Wilmington, DE, USA) ill| &
DNA Jii i FlYR BE , DNA FE S A7E LT - 20°C R A7 15

A%

. 5% nifH 32 R B9 51 4 PolF ( TGCGAYCCSAA
RGCBGACTC )/PolR ( ATSGCCATCATYTCRCCGG
A) %t DNA ﬁ&"ﬁﬁﬁ%ﬁiﬁ TEB T PolEAPOIR, I
FE51 Yt  ES I T A0S Smids i 6 /\M%EQ barcode
FE LRI e HH X 5345 A EE 5. PCR 74
2% BrRERBEI ALREI. PCR Fﬂ%ﬂ’ﬂ;ﬁ%fﬂﬁ
afi {5 J/\ ( GeneJET Thermo Smentlflc)%ﬂ’lﬂfﬁﬁﬂ’
éiﬁﬂffz%lﬂﬂﬁﬂ% £ A8 366 11 ( NanoDrops 100
Wilmington?y’ DE ”USA} INE e . . ‘.
L6 EEANFERAEDERS Z

f R AR 0 DNA B 4 Roan e
f?l%ﬂiﬁﬂ?ét%f G B2 7 HEAT lamina-
HiSeq 5. 5 41 #5040 Ab 38 3 QIIME2 51452 PR
SR E R Tlumina- HiSeq BoE B A ( A
BT Q H >30) X i A 5 91 i A7 i UE B . SR
J5 2R ] Framebot 214K U 5 4% 18 1 91 B 36l 2R A
rﬁﬂﬂ@ﬁ*j&ﬂﬁ nifH 3 K| 7 41 F1 AT GE A7 7 19 4 1= PF

BT, P BRi A A B Hh U AR T W IR Y 5 4

J& A8 QIIME2 4 DADA2 Jfi {4 7= A 4 48 7 371 A8
& (‘amplicon sequence variant, ASV). 3 H{ DADA2
PR IR T F138 5 MEGAN R 7E NCBI %%
P52 (https ://www. ncbi. nlm. nih. gov/) #47F 51 kb
X, M AR PSR A U 70 25 I RAIEA
s RO A R L S SR 0 20 B 28 SR BT A A v
J IR B B 1K 1) B8 o, BB AR AR 6 691 257 81, AR
5T it FH R 56 7 9 5 © 4% NCBI B0 15 (45
PRINA648668 ).
L7 Geitsin

A B Ge o I S VR ISR T R A Ak
PRIE] Y 22 LA (GEiTH B 7K P <0. 05) SR HIXR
ik, [ FastTree #0130 B 1 AT AL R
JH# 4¢ (Shannon ) 8 7' . RSB kK F L HEME
(Phylogenetic diversity, PD) $§ %0 | BEv& 250
(Evenness ) ¥8 BOR R A H & H 19 a 200, K3
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B 43 %

T Bray-Curtis BE 2§ i 3 42 4% 43 #7 ( principal co-
ordinates analysis, PCoA ) AL 53 M7 (analysis of
similarities, ANOSIM ) X % &b B [¥] %0 5 HF % 45 1 22
AT 53 7. 38 H Pearson AHIC /MK 43 Mt [ A G E
Yoieve 5 R PR TR 0 G &R RBP4 +
FrifEiR.

2 HRESW

2.1 KFEE RS AR E
TEALRE W BCRE RS A 26 3 a, K 1 s,

CF., CFLS Fl CFHS Ah 38 [A] /K R Fp AL = i I A 0 3%
Z5(P>0.05). 5 CF Zb3RAH I, CFLS 1 CFHS 4b
FRAY 50 S E I T 19. 5% F116. 4% (1) DOC 5 &,
13.8% M1 14. 7% 1) SOC, 5.2% F1 11. 4% Yy pH {H,
15.9% M1 15. 2% 1Y MBC 7 &, 20. 0% F1 16. 8% 1Y
MBN & (P <0.05). CFHS 4bFH%S CFLS 4b3 g 3
HAINT 6.0% 14 pH AE. $X1f1, 5 CF 4L BEAH L, CFLS
H1 CFHS Ab 3 43551 5 /> T 41, 1% 1 33.7% 1Y)
NH, &8, 28.7% F122.2% i) NO; i, 20. 1%
H125. 4% 59 +3% Eh {E (P <0.05).
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Fig. 1 Rice grain yields and soil fertility properties for the three treatments

2.2 [EAERUEYIRER SRS R A5
T RS FF G 26 3 a &5 40P [H & F Shannon . PD
F1 Evenness $8 5005 3 FrR. 78 3 AL BEH CFHS
AL FEf) Shannon F1 PD $8%5% &, CFLS ZbPRYK 2 | 1fif
CF 4L 3 Shannon FI PD 45 % {ik. CFLS I CFHS
®3 SAEEALEEAEEE o SHEEEYRD
Table 3 The « diversity index of the three treatments

for diazotrophic community in the rice paddy soils

AbFR Shannon 5 %% PD 841 Evenness $5 %1

CF 8.43 0. 10b 38.0+3.8b 0. 88 £0. 00b
CFLS 8.73 £0.03a 71.9 £6.9a 0. 91 0. 00a
CFHS 8.85 £0.04a 83.6+1.5a 0.91 £0. 00a

1) RIS /NE FEFR R FAIZE P <0. 05 K P25 B3

ALFE ) [E A& # Shannon . PD Hl Evenness $5 5035 %%
CF b3 3N (P <0.05).

5 AL R - 98 ] 0T Vs 32 AR AR AT AT R B i
FHFEFFIR 5 3 a, A0 2H 0] + 32 5 R A BE VS 25 A7 A
k25 R HIEAE CF RNk A0 i it i i 7% FF 4b 2R
ZIAl(P <0.05,K2). 55— F At Bl 51. 0%,
B AR BRI R N 13, 5%, Tl A B R
64. 5% . %45 F 4 ANOSIM 434 BT 383 (R = 0. 8275
P<0.01).

WE 3 FR RN iR R 26 3 a BT AT
Ab B A T R B AR AN oI A (a-

Proteobacteria) . B-7% J I8 4 ( B-Proteobacteria ) | y-
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Fig. 2 Principal coordinates analysis( PCoA )

of diazotrophic communities in the paddy field
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0.05)¢ A5 CFLS 4 B M H, CFHS Ab B 9 a-
Proteobgcterla E%(}jﬁ"\T 7% (P <0.05). 5 CF 4t
HUA L, CFLS il CFHS A3 5355 . 23 1 32% Al
42% HJ B-Proteobacteria, 87% H1 108% HYJ 7y-
Proteobacteria , 465% 1 430% ] Cyanophyceae LA &
358% F1270% 1) Negativicutes (P <0.05). 5 CF 4t
FEAH LG, CFLS #1 CFHS 4bPEf% Methanomicrobia 435
BEHINT 420% 1 800% (P <0.05). 5 CFLS 4b
FUAH E , CFHS Ab B %) Methanomicrobia i 2 34 in T
73% (P <0.05).
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M FHASFF G 25 3 a, Bradyrhizobium & P4 Ab R + 35
TR R R, YO BRE AL TR (Sideroxydans) |
B A B OE R Ferrigenium |
i B AL T & (Sulfurivermis) . F K H
ML J&E ( Methylomonas ) . Methylovulum . 4N 212 7
J& ( Ectothiorhodospira ) 175 2k ¥ J& ( Nostoc ) , i #i
77.8% ~80.9% . 5 CF AL PEAH L, CFLS #1 CFHS 4b

L3531 4 080 T 55% 1 56% 1K) Azospirillum A
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Fig. 3 Relative abundance of the ten most abundant diazotrophic

class under the three treatment regimes
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Fig. 4 Relative abundance of the ten most abundant diazotrophic

genera under the three treatment regimes

2.3 HIEAE T E YRS R E YR B G R

WNIEL 5 JroR iz R R b AR Se v o A B, 8
Eh {H., NH, ¥ B Fl NO; ¥ B Y5 Azospirillum F
Citrifermentans % % 1E A & (P < 0.05), 5

Ferrigenium | Sulfurivermis | Methylovulum |

Ectothiorhodospira ., Nostoc, Shannon 8%, PD $8%K
F1 Evenness #8500 & AKX (P <0.05). Eh {5
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B 43 %

Methylomonas ‘.3 iA1 & (P <0.05). 13 DOC ¥
Y5 Ferrigenium Fl Sulfurivermis . 3% 1IEAH & (P <
0.05) , 5 Azospirillum B3 A (P <0.01). pH
HY5 Sideroxydans M F errigenium . EIEME, 5
Azospirillum F Citrifermentans . 3 71/ & (P <
0.05). 13 DOC ¥ JZ Fl pH {H 5 Methylomonas .
Methylovulum |  Ectothiorhodospira, Nostoc, Shannon
557 . PD 8 80 A1 Evenness 18800 F EAHE (P <
0.05). SOC & & Y5 Ferrigenium . Sulfurivermis .
Methylomonas |
Nostoc . PD 18 2 Fll Evenness 8 8B F IEMH &, 5
Azospirillum .3 A& (P <0.05). MBC &5
Methylovulum F1 Nostoc ‘i F 1EAHIE (P <0.05). MBN
SRS F errigenium , Shannon 5%, PD 850 M
Evenness $8 %82 3% IEAHC (P <0.05). MBC % & il
MBN %5 #5 Azospirillum J& .3 T (P <0.05).

Methylovulum . Ectothiorhodospira .

Eh | [ BES
DOC | ]
NH,*
NO;
SOC | =
pH | [
MBC |

MBN . - =

8 9 10 11 12 13

4. Fen'igg“‘(ﬁ“itm,ll 5., Citrifermentans, 6.."-‘ Sulfurivemi{',
7. Me{hjjfonwnas, 8.-“
10. No‘;zou, 11. Shannon #8%%, 12. PD #8%%, 13. Evenness $§%¢;
XFRP = 0.05, * Fm P<0.05, #% FR P<0.01, #x+ 3
78 P <0.001
Es5 BHELTEEABREMEREETEN
R /R B S 43 AT 4R P

Fig. 5 Matrix of Pearson’s correlation analysis of soil

Methylovulum, 9.  Ectothiorhodospira,

fertility property and diazotrophic community in the paddy field
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SR 2 BRSBTS
AR (29 50% ) AR A T HB A T 1k
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