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Abstract:  To investigate the effects of fertilization and straw returning on rhizosphere soil nutrients, yield, and mi-
crobial community characteristics of winter rapeseed, this study set up four treatments, namely: no straw application and no
nitrogen fertilizer application (CK) , straw application treatment (T1) , nitrogen fertilizer application treatment (T2), and
combined application of straw and nitrogen fertilizer treatment (T3). Using Illumina high-throughput sequencing technolo-
gy, the bacterial 16S rRNA gene and fungal ITS region were sequenced. A systematic analysis was conducted on the a-di-
versity and community structure of bacterial and fungal communities in winter rapeseed rhizosphere soil, as well as their re-

lationships with environmental factors. Meanwhile, soil

178 B #5.2025-05-25 physicochemical properties and winter rapeseed yield were
BEE&UTH . BEL WA H (20221805) ; ¥4t 45 BH 4% & K+ 55 determined synchronously. The results showed that the
(2023BBA003) ; [# %€ &5 0F & 11 &I Ui H ( 2024YFDI1- rapeseed yield and soil fungal community abundance in the
900100) T3 treatment were significantly higher than those in the
EF B X ARME(1984-) , B IR i+, BIAF 5% B2, E 20 CK, T1, and T2 treatments ( P<0.05). The T3 treatment
FE LIRS B BOEAL - (E-mail ) 396520042@ qq.com led to the enrichment of fungal communities such as Phae-

BHRAEE 5] W, (E-mail) huchenghxz@ 163.com osphaeria and Cladosporium in the soil. Most fungi of these
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two genera are pathogenic microorganisms, which may cause rapeseed diseases. Network analysis of environmental factors

and microbial communities revealed that four environmental factors (soil alkali-hydrolyzable nitrogen content, total nitrogen

content, organic carbon content, and available phosphorus content) exhibited stronger associations with the relative abun-

dance of both bacterial and fungal communities. The soil alkali-hydrolyzable nitrogen content was significantly positively cor-

related with the relative abundances of bacteria of the genera Arthrobacter and Flavobacterium ( P<0.05). Bacteria of these

genera may be involved in the crop nitrogen transformation process. The findings of this study provide a theoretical basis for

the rational utilization of straw resources, improvement of soil quality, and increase of crop yield.
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Table 1 Fertilization design

o JKAEZ (kg/hm?) 32 (kg/hm?)
AE TSR FF e IKREREAT
CK 0 0 0 0
T1 0 6 000 0 7 500
T2 180 0 180 0
T3 180 6 000 180 7 500

CK  ANJiti FHFS FFFIZUIE 5 T1 2 it RS F 5 T2 2 i FH I8 5 T3 2 (A1 s i JH
FEFF R,

1.3.2 XEHAEY SRS RHTIY 338F
(5'-ACTCCTACGGGAGGCAGCAG-3") Il 806R (5'-
GGACTAC NNGGGTATCTAAT-3') ¥ 34 41 &
16S rDNA V3~ V4 AJZZIX SR 59 ITS1F (5'-CT-
TGGTCATTTAGAGG AAGTAA-3") Fl ITS2R(5'-GCT-
GCGTTCTICATCGA TGC-3") ¥ ELp# ITS X3k, fif
JH ABI Real-Time 7500 & 4ifit 5 SYBR Green 7
YepbiEA T PCR 4347, € it PCR 23 T8 i ABI
Real-Time 7500 System Pt & SYBR Green %544}
SER VL BEY 3G, I QIAprep Spin Miniprep Kit
(Qiagen 2> w77 i ) il £ BURL DNA AR FRfE S, DA
PR e REL(R? ) ANMIETF 0. 99 1y i s 45 1l
PR, T DNA REARIG 3 AEY#EHE , )T T
YEH g 38 3 AR R 25 B4 A BR 2 B 76 Tllumina
MiSeq PE250 -5 L 5E .,

F2 AELEMTEEUERREHETE

1.4 HiEaE

FERG AR LT | i DE 4w AR B, DF
PR RF ), R K FE< 160 bp B FE 31 Al A 1K
FET 9T %A RIEARE , FE T 16S rRNA FITS J37 5114
Ayl ERVESR S ATE (OTU) , AL UCLUST T H k17
RAHT, BRI OTU H =E i f i 9 )3 5 AR 3R
T Greengenes BUIE 2 (4N 16S rRNA) F1 SILVA
O (L ITS) ST R RE
1.5 Sitothr

FIHT Excel 2019 B3804, FIH 1BM SPSS Sta-
tistics 20 BRAFHEAT B R Jy 22 4081, R LSD 1546
55225 W EM (a= 0.05), FIH OriginPro 2024b %X
HAEE, #£ R 4.0.5 55 R vegan A58 BUITAR
IYME(RDA) . FIH LESe 51k 43#r 22 S # 2k
BE B E R MEHI R (LDA) >3.0 2 i 225 BAn e,
FTF Networkx (v1.11) F 5115 Spearman #H & &
B A A O R B 4% B 45 F: 171 >0.5, P<
0.05, it Gephi ZXIFHEAT LS AT AL S ¥ S 5L
3T,

2 ZER55HT

2.1 AEAIEI L MERIR T IEELERE LM
XEENFN

Wk 2 s, T1AEE 364 HLEk 7 1 (SOC) 8.3
T CK A1 T2 4bFH(P<0.05) , T3 AbF IR &
(TN) SB35 T CK (P<0.05), T1 Ab¥H T2 4bFEFN T3
AL A ST AR A (AN) BT CK (P<0.05)
T1 KbFR A A 3 & B (AP) &7 T T2 ACFEAN T3
AEFE(P<0.05) , T1 AbE -+ AR & i (AK) B 5
T CK T2 AbFHFN T3 ZEFE(P<0.05) . T3 KIS
H W EET CK . T1 AbBH T2 4b3( P<0.05) .

Table 2 Soil physicochemical properties and winter rapeseed yield under different treatments

b oH A HURR SRR R 2R AR PER ¢ ke %{fﬂ%ﬁ:%
(g/'kg) (g/'kg) (mg/kg) (mg/kg) (mg/kg) (kg/hm?)
CK 6.08+0.13a 14.12+2.12b 1.64+0.07b 109.89+5.75b 26.77+5.76ab  140.56+22.92b  308.05+112.28¢
T1 6.07+0.08a 17.92+2.02a 1.78+0.15ab 136.08+12.51a  32.34%5.07a 223.02+39.50a  404.17+141.26¢
T2 6.02+0.10a 14.49+0.73b 1.73+0.04ab 132.32+4.93a 19.70+1.85b 78.18+16.08c 1 757.05+167.00b
T3 6.03£0.10a 17.21+1.19ab 1.89+0.14a 145.85+15.20a  20.99+1.49b 89.71£10.16c 2 217.17+76.70a

CK ANt FIRS FFAI UL s TL: B FHAS AT s T2 AL 3 T3 RIS IRS AT A RL o [7]— S0l 5 A [l NG R 7R 22 57 8.3 (P<0. 05)

2.2 AEAIEITZMFERRTIEMEWRHHIY
221 FREAAFES A FEARRLIEMAY S 4K

Aadasd F A Fea WIER 3 P, CK 1 AL HE T2
Ab BT T3 b BE A HEAN R 7% Chaol FE% A AIREL
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IR EZ S (P>0.05), CK.TL AT T2 4b¥E A1
T3 b P 4 I E B RETK Chaol 8 LR E R (P>

x3 FRELETEAHMAERHEESHY

0.05), T3 AbPR A+ IEH A BETE AR E EMT
CK (P<0.05)

Table 3 The diversity of bacterial and fungal communities in soils under different treatments

MTE R FLH
Qb PR
Chaol 8% FARIEE Chaol 8% FRAGEL
CK 4 012.45+374.69a 7.03+0.17a 534.65+142.63a 4.35+0.16a
Tl 4 007.25+349.81a 6.72+0.28a 659.45+67.72a 4.03+0.51ab
T2 4 104.28+165.96a 6.96+0.08a 592.20+138.49a 3.96+0.42ab
T3 3919.01+£288.57a 6.67+0.38a 579.44+75.30a 3.26+0.75b
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Fig.1 The abundance of bacterial and fungal communities in soils under different treatments
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Fig.2 The composition of bacterial communities in soils under different treatments
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708 1) ) Betamyces . $H 1 1 ] 1) & #} ( Lycoper-
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J& ( Cladosporium) AR5 PEFLE ( Pseudopithomyces)
AR B 22 A0/ BE IR ( Filobasidium ) BLRBEVE .
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Fig.3 The composition of fungal communities in soils under different treatments
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( Mortierellomycota) . 4% [ | '] ( Chytridiomycota ) | K %%

N )

1] ( Glomeromycota ) Fl1% 24 5 [ ] ( Rozellomycota ) E

ATV AR 32 B ARG

225 FEATHMAEDBHERN LS WK 6
PR, AN TN SOC 5263k K IR J& ( Nocardioides )
0T RETE AR 2B R A IE A OC (P<0. 05) , IR
FhAT I & ( Anaeromyxobacter ) 20 7 FoE 75 FH X 32 i &2
Wl F RS (P<0.01) , HE—4r T KB, AN 5
WFFEE (Arthrobacter) | KA B J& ( Marmorico-
la) S ( Flavobacterium ) AN E BT AR 2
BFEIEM K (P<0.05), AP 5 8§ 2 B 5 5 &
( Sphingomonas) | 18 A= 3 8 W J& ( Bradyrhizobium ) |
“E PN & ( Gemmatimonas) 53R & ( Mycobac-
terium ) 2 R HEV AT 2 22 3 IEAH G (P<0. 05) .
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