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WE: [ BN ] SRR PR W REHE FRAEX R R A By, 88 R /RS B,y L3 AR A
¥+ AR ST RER AR IE [ res ] I A X @) R, ERFFE H A0 N 5 M.
A A AL (SNO), N 120 kg/hm® (SN120), N 180 kg/hm’ (SN180). N 240 kg/hm” (SN240) Al N 300 kg/hm’
(SN300), >R 16S rRNA F ITS il &7 )5, 43 iR B - 53 40 T RN B RE vk 4l i S LT Re e 4k, [l il
T AL R A e, [EER ] 1) 5SARMEALEE (SNO) M H, it Z AL B FRAR T AR Pr - HEA 308k & &
(24.63%~35.10%) AR & i (39.67%~59.77%), & T 2R (6.18%~14.60%) FIHHMF & & & (7.18%~
34.99%). SN180 AhHH4&F + 18 4 S MG A 0 & B MO B e/, SN300 AR FRERFHIR B fe K . Bl AT R3S,
ALk S EEMEBYE, pH 2 TREEE, M2 /Em />, SN180 =Eikm . 2) b i /&= ik
H, AIEAY Chaol FEEUEEIG KA ; 5 SNO AHLAALL, SN180 ZbHH4RE % T E B Shannon #5%X 7.20%. Jiti &AL
AT M N B A BER S5 . 5 SNO ZRBRAHLL, SN18O ALFRIRE T T . H T3 I MDA B T AN 2
FEAR T W8 T VIR AF DA T AR 25, D88 T 3 S P P 2F R P sl e 34, W 4R T 4R S it 1
(Rhodopseudomonas) ML M BEREIE (Filobasidium), 5 SNO AFRAILL, Jifi HALFRIGREAE T L2279 . B4R, 35
TG YIREfEALT B DI RE AR 2, R F%AIK undefined saprotroph F 5, 3) PRSI T 5 V4 GBI 45
Iy HE A RDA 23 s, HHEA LR (SOC). Mt A (AN). 4%& (TN) FIG R (AP) & 2R BA M
BB T, SOC Ml AP Srim ZME AR FEE N T, LOBAJE (Achroiostachys) 5 SOC & w2 Al
*, 5 AN BIEMK, Emericellopsis’5 AN fl TN & 2 BE AL, 5 pH REFIEH K, SOC 5HFHKIK
J& (Nocardioides) 0.3 1EM K, SREMMEE (Anaeromyxobacter) BE MK, [ ] Wk, BEEL RN
KEER A MBS AT, M3 N 180 kg/hm® 24 A A AIEH 2.
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Effects of different levels of nitrogen application on the characteristics
of rhizosphere microbial communities of winter rape
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Abstract: [ Objectives ] To investigate the response of inter-root microbial communities of winter oilseed rape
to different fertilizers, and to determine the appropriate amount of nitrogen fertilizer for oilseed rape, in order to
provide a theoretical basis for soil fertilization and regulation of soil ecological functions. [ Methods ] The field
experiment was carried out in the oilseed rape planting area (Wuxue), and five treatments were set up under straw-
returning conditions, namely, no nitrogen fertilizer (SNO), nitrogen fertilizer N 120 kg/hm’* (SN120), nitrogen
fertilizer N 180 kg/hm* (SN180), nitrogen fertilizer N 240 kg/hm* (SN240) and nitrogen fertilizer N 300 kg/hm’
(SN300). The community structure and functional changes of bacteria and fungi in rhizosphere soil were analyzed
using 16S rRNA and ITS high-throughput sequencing methods, while soil physicochemical properties and yield
were determined. [ Results ] 1) Compared with SNO, nitrogen fertilizer application reduced available phosphorus
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(24.63%—35.10%) and available potassium (39.67%—59.77%), and increased total nitrogen (6.18%—14.60%) and
alkali-hydrolyzed nitrogen (7.18%—34.99%) in rhizosphere soil. SN180 increased soil total nitrogen and alkali-
hydrolyzed nitrogen to the smallest extent, while SN300 increased the most. With the increase of nitrogen
fertilizer, organic carbon showed an increasing trend, pH showed a decreasing trend, and yield increased first and
then decreased, with SN180 having the highest yield. 2) With the increase of nitrogen application, Chaol index of
bacteria showed an increasing trend. Compared with SNO, SN180 increased the Shannon index of fungi by 7.20%.
Application of nitrogen fertilizer changed the community structure of bacteria and fungi. Compared with
SNO, SN180 increased the relative abundance of Ascomycetes, Basidiomycetes and Bacteroidetes, decreased
the relative abundance of Mortierellomycota and Acidobacteria, and slowed down the decreasing trend of
Sphingomonas and Bacillus. Rhodopseudomonas and Filobasidium were enriched. Compared with SNO, nitrogen
fertilizer application reduced the abundance of chemical heterotrophic, nitrogen fixation, aromatic compound
degradation and chitin decomposition functional bacterial groups, and also reduced the abundance of undefined
saprotroph. 3) The analysis of environmental factors and community association network and RDA analysis
showed that soil organic C (SOC), alkali-hydrolyzed N (AN), total N (TN) and available P (AP) were the main
environmental factors affecting the fungal community, and SOC and AP were the main environmental factors
affecting the bacterial community. Achroiostachys was negatively correlated with SOC and positively correlated
with AN. Emericellosis was significantly negatively correlated with AN and TN, and significantly positively
correlated with pH. SOC was significantly positively correlated with Nocardioides and negatively correlated with
Anaeromyxobacteria. [ Conclusions ] From the perspective of yield, community diversity and enrichment of
beneficial microorganisms, applying nitrogen fertilizer of N 180 kg/hm’ is a reasonable amount for winter
rapeseed.

Key words: nitrogen fertilizer; winter rape; microbial community structure; functional prediction
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BEACIH R AL e, /DGR BUR S 21 5tk
THSEEMRGE, BHHEE iAEiE, F)RRER
brtiE, fEIRARE. PRiCEEATREBEL, HA
A VKIS VK G M SE B0 2 — 043 FF i KT B 2 it
0.25 mm i, fRAF. M EHEEA . WA . AL
W, HACE . pH MR HLER; L EWE Tk S %
CHIEARALS BT ) U9, 53— A —-80°C VKAE
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Table 1 Rhizosphere soil physicochemical properties and yield of of winter rape under different nitrogen levels

e ALK K B A AR AR P

Treatment pH Organic C Total N C:N Alkali-hydrolyzed N Available P Available K Yield

reatmen

(g/kg) (gkg) (mg/kg) (mg/kg) (mg/kg) (kg/hm?)

SNO 6.07+0.08 a 17.92+2.02a 1.78+0.15b  10.05+0.35a 136.08+12.51 b 32.34+5.08 2 223.02439.50a  404.17+141.26¢

SN120  6.07£0.05a 17.09+1.91a 1.92+0.04b 8.89+0.87 b 151.11+£14.81 b 24.07+£3.97b 134.54+56.76 b 1731.33£105.88 b

SNI80  6.03+0.10a 17.21+1.19a 1.89+0.14ab  9.09+0.49 ab  145.85£15.20 b 20.99+£1.49b  89.71£10.17b 2217.17£76.07 a

SN240  5.95+0.11a 17.49+0.85a 1.92+0.13ab  9.16£0.72ab  160.76+27.66 ab  23.05+2.15b 103.78+18.75b 1679.17+121.20b

SN300  5.95+0.27a 18.82+0.70 a 2.04+0.02 a 9.22+0.36 ab  183.69+8.28 a 24.37+0.43b  97.86+21.10b 1608+80.13 b

TE: RPBER P EREZE . FPERE AR NG F RSN ARG RILA T T B R 2 8 22 5 B #FHE (P<0.05).

Note: Data in the table are shown as mean+ SD. Values followed by different lowercase letters in a column mean significant difference among the

physiochemical properties under different nitrogrn levels (£<0.05).

SNO AbFREE T 7.20% (35 2)-
2.3 ZHSRIRPREIRETE AR

S I T I 01 Y N R = W W N O =< <K
BB EE R TPRE] (Ascomycota), T I]
(Basidiomycota) I /155 |] (Mortierellomycota), =
H o BT RERI X F B 1Y 84%~92%, 15 SNO b FH
FHLE, SN180 ZRHER S 14 TAHXT ¥ 10.45%,
BEFRR T Wl B T F2 5 76.92%; SN300 b3
RN T BT AT B 30.0%, WS T
TR 210.0%.

MR H R LS IE R ] (Proteobacteria) . Ji
28 ] (Actinobacteriota) . Z¢Z5 [ | ] (Chloroflexi) .
FRFTTA ] (Acidobacteriota) . JEEEE ] (Firmicutes) £l
fUFF IR ] (Bacteroidota), i e A B BF AH X =F B 1Y
82%~86%, HHBRFTI I I/E A SR b 13 h Ay £t
WD, LB TEEITH 16%~20%. 5 SNO A
Lo, MR BA R UL R AU, [H SN120 4b

PR RS T RRFT R TR AHXT FE B 53.85%, SN240
F1 SN300 40 I 73 51l $2 5 1 HARXS F B 23.08% F
23.08%, SN180 AbH I FEAK T HARXT F= 5 7.69%.
55 SNO ALFRAHHL, SN180 AbFH A0 v T e AH X = i
FEARHIE, B TR IR T TR AR B (8 1),

H & 2 Al A, AR5, 5 SNO ZbFE L
i, SN120. SN180. SN240 Fl SN300 AbFE /3 A%
TR IEE (Sphingomonas) FHXT & 75.01% .
45.91%. 67.48% Fl1 66.29%, 43 WAL T 2 HIAF
J& (Bacillus) FAXTEF 36.20% . 10.77%. 56.07%
F145.86%; SN180 AbHIHZZ 1 2 Bt 50 M 1 I Al
ZEAFT R B Y R R A i EUIE S T AT R
(Arthrobacter) FAXTFFE, Hirb SN180 F1 SN300 4b P
Ay IR ER T 122.35% H1 82.08%; SN180. SN240 #il
SN300 ZbHE43SIREAR T Candidatus_Solibacter #1%F 31
28.53%. 15.00% #1 12.81%. SN120, SN240 #il SN300
LB T 18 LRI AR (Bradyrhizobium) FHXT

%2 FEMEREAT FRFRAEMER Alpha SR

Table 2 Alpha diversity of rhizosphere bacteria and fungi under different nitrogen levels

ZH# Bacteria HE.# Fungi
i :
Treatment Chaol itk GESEES Chaol #%1 BRI
Chaol index Shannon index Chaol index Shannon index
SNO 4007.25+349.81 a 6.72+0.277 a 659.45+67.72 a 4.03+£0.51 a
SN120 3654.87+426.38 a 6.73+0.292 a 648.35+57.68 a 4.08+0.33 a
SN180 3919.01+288.57 a 6.67+0.377 a 625.02+57.41 a 4.32+0.28 a
SN240 3968.81+230.24 a 6.86+0.128 a 579.44+75.29 a 3.27+0.75 a
SN300 3983.59+94.55 a 6.78+0.141 a 530.63+£130.21 a 3.32+1.07 a

T R BE S EEbREZE . RISVEUES AR NG T REROR ARG ALK MRk Z 1822 5% 2.3 (P<0.05).

Note: DData in the table are shown as mean+ SD. Values followed by different lowercase letters in a column mean significant difference among the

root systems under different nitrogrn levels (P<0.05).
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Fig. 1 Characteristics of rhizosphere bacterial and fungal communities in rape under different nitrogen levels (phylum level)
e BRI R NG R YR RRFERE LS, RIEFEMYER AR,
Note: The species marked with different lowercase letters in the figure indicate significant difference, and the species without letters indicate no
significant difference.
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Fig. 2 Characteristics of rhizosphere fungal and bacterial communities in rape under different nitrogrn levels (genus level)
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Note: The species marked with different lowercase letters in the figure indicate significant difference, and the species without letters indicate no
significant difference.
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PR IR R (Talaromyces) FXT B B = (6.05%),
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24 ZHERFRAMEMRSEEHESR

HHIE 3 ATH1, ZHEE 7T, SN240 Ab 3w 4 i
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J& (Cladosporium). #5: H (Capnodiales) FIEL 1 £}
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saprotroph B FEAIXT 2 8 124.47%, HAthits S04k 20
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JUT Jii53f# (chitinolysis) F1YEAE 57 (phototrophy)
REZSHNTA, 0o i S A R 1Y) 61.80% (32.28% Al
29.52%). 3.80%. 7.60% (4.00% #11 3.60%). 4.07%.
2.07%. 1.80%. 1.74% #1 1.21%. 5 SNO 4L #4H
P, WA T aR . BA . T E G YR
MULT B i se e R 58 5 480 T N IRBURN
(human_pathogens_all I human_pathogens_pneumonia)
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SN180 AbPHHE & T AS M FEIR A A (nitrate respiration)
F I AEH (nitrogen respiration) . fiff fig i I AE H
(nitrate-reduction) FlJRZ 53 (ureolysis), FFA% T [#]
FAEM (nitrogen_fixation)s
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Fig. 3 Lefse multilevel discriminant analysis of species differences
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