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Abstract: [ Objective ] Rhizosphere microorganisms play an essential role in the process of nutrients absorbing in crops. To

improve nitrogen utilization efficiency in wheat production, it is of great significance to study effects of nitrogen deficiency on
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structure of the microbial community in the rhizosphere of wheat. [ Method ] Soil samples were collected from a
nitrogen-depleted wheat field of Lou soil, which is typical of the Guanzhong Region, Shaanxi Province for a rhizobox experiment.
The experiment was designed to have two treatments, one applied with nitrogen fertilizer at a normal rate (150 mgkg ') and the
other with no nitrogen fertilizer to the wheat growing in the rhizoboxes. Soil microbial communities in the rhizosphere,
near-rhizosphere and non-rhizosphere were analyzed with the technique of 16S rRNA gene amplicon high-throughput sequencing
for comparison between the two treatments in soil microbial diversity and community structure in these sections of the rhizoboxes.
[ Result ] Results show that the content of soluble inorganic nitrogen in the soil played a leading role in triggering changes in
microbial community diversity and community structure. Compared with normal nitrogen supply, soil microbial community has
higher a diversity index under nitrogen deficiency. The abundance of microorganisms, such as Firmicutes, Gracilibacteria,
Candidatus Jorgensenbacteria and FElusimicrobia, was negatively related to soil nitrate content. Nitrososphaeria an
ammonia-oxidizing class of archaea, was a critical node of the microbial co-occurrence network affected by nitrogen deficiency.
Nitrogen deficiency induced a series of microbial metabolic processes, such as mRNA synthesis, glycolysis, peroxides, and
phosphoinositol metabolism. Nitrosospira and Nitrospirae contributed the most to accuracy of the random forest classifier, and
can be used as biomarker for prediction of nitrogen supply level in soil. [ Conclusion ] To sum up, the effects of nitrogen
deficiency on diversity, community structure, and metabolic function of the soil microbes in the rhizosphere were significant, and
more than the rhizosphere effect. It is helpful for the exploration of plant growth-promoting rhizobacteria and provides some

theoretical basis for reducing the nitrogen fertilizer application and improving the utilization efficiency of nitrogen fertilizer in

wheat production.

Key words: Nitrogen deficiency; Wheat; Rhizosphere soil; Microbial diversity; High-throughput sequencing
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Fig. 1 Schematic diagram of the rhizobox
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Table 1 Status and nutrient contents in shoots of wheat

Qb Treatment Biom/g SPAD SL/cm TN/ (gkg') TP/ (gkg')  TK/ (gkg')
Wi At 1.75+0.56B 41.6+2.8B 6.94+0.73C 27.3+6.7B 1.00+0.25A 12.4+1.3A

— {1 H R — R 1.44+0.41B 39.44+3.8B 5.98+0.89B 25.848.6B 1.29+0.53A 11.7£1.0A
P 0.78+0.26A 27.542.2A 3.82+0.63A 16.9+8.6A 2.54+0.53B 13.8+1.6B

TE: Biom FR TA: Y4, SPAD RRM R AAIN &, SLERMEI, TN FRALA . TP ERLwE, TK RN, G4
WE3AEE, BOEEARMAT 6 M/AENTYE, Bk TFYEbRHER . R —F AR KRE F R8N W A B R 2 5 2% (P
<0.01 ), T, Note: Biom stands for biomass ( dry weight ), SPAD value for relative chlorophyll content, SL for spike length, TN for total
nitrogen, TP for total phosphorus, and TK for total potassium. Each treatment had three replicates, and each replicate was the average of the
6 wheat plants in each rhizobox, and the data are of mean+standard deviation. Different capital letters in the same column indicate significant
differences between treatments at 0.01 level. The same below. (DNitrogen is normally supplied on both sides. @Nitrogen is deficient on one

side, and is normally supplied on another sides. (@Nitrogen is deficient on both sides.

F2 IRFELEAYIBER

Table 2 Physicochemical properties of the soil in the rhizobox

Qb H Treatment i # Position EC/ (dS'm™"') OM/ (gkg' )TN/ (gkg') NO;/ (mgkg' )NH,/ (mgkg')AP/ (mgkg ' )AK/A mgkg')

R 0.299+0.074C  11.0+1.2A  0.551£0.043A  36.0<10.6C 3.75+1.80B 61.3+£9.4A 178+5A

N150 N 0.206+£0.026AB 10.8+1.4A  0.599+0.058A 21.0+4.1B 2.45+£0.72AB  79.0+11.5B 22244C
Non 0.271£0.038BC 10.9£0.9A  0.564+0.061A 26.7+4.9B 2.18+0.56AB  61.9+4.1A 238+4D

R 0.208+0.036AB 10.9+1.0A  0.596+0.065A  1.93£1.65A 2.28+0.67AB  68.5+7.6AB 196+7B

NO N 0.164+0.011A  10.7£0.6A  0.585+0.073A  2.00+0.94A 0.92+0.66A 72.4£10.1AB  221+7C
Non 0.194+£0.016A  10.8£0.7A  0.609+0.067A  3.46=1.76A 0.97£0.76A 64.3+5.7A 234+6D

T N150 FRIEFHEEAL B, NO FoRBE AL, R FRMRER, N FRIEMER, Non F/RIEMPR. EC FRi T3, OM RRAE
PLET, NOy RRHAR, NHS RREER, AP RABAIE, AK FRBBHR, $if N T HARMER, n=9. T, Note: N150 stands
for normal nitrogen supply, NO for nitrogen deficiency. R stands for rhizosphere, N for near rhizosphere, Non for non-rhizosphere. EC stands
for Electrical conductivity, OM for Organic matter, NOs for nitrate, NH," for ammonium, AP for available phosphorus, and AK for available

potassium, and the data are of meantstandard deviation, #=9. The same below.
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2 400r
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FEIE D 5 B S A A A i S Y A G
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Yidh s S ES A S A S e B AR A
KRF, M5 HAt Il B A ARG I AN 3
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B X T A YR o Z2REER R
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(98]

[\]

(=

(=)
T

2800 ‘

24001

ACEL AL ACE indxes

NI150 NO
AbFR Treatments

e U Bl A R R-IRFI T ( Kruskal-Wallis ) K256, G LA Wilcoxon K546 . 3P 25 7E P<0.05 il P<0.01
IR0 * A 4R, n=9 (a)), n=27(b) ), Note: Kruskal-Wallis test was used for multi-group comparison, and wilcoxon test for paired

comparison. Significant differences at P<0.05 and P<0.01 levels are indicated by * and **, respectively, n=9 (a)), n=27 (b)) .

K2 AFEMRAEXE (a) FIARMEEKT (b)) BLIEMEYREE R T ZERE YRl (ACE) ZFEMHETREL
Fig. 2 ACE-based diversity index of the soil microbial community between different areas in the rhizobox (a)) and under different nitrogen
levels (b))
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Fig. 3 Correlation between diversity index of the observed species of soil microbial community and soil physicochemical factors
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ASRVHER AT - EGUE PR 7 254 R A B A B R 20 0 6.9%F11 5.94% (1Kl 4b) FIIEl 4¢) ).
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SRR R SR R EREUX O ARPRAEAER PR Z ) 22 5O A B (K 4b)). hER
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Z 1A 2% 5 22w B HES B2 6 ( MRPP )RS B0 K15, 35 022 SPETE P<<0.05 Al P<0.01 BIZK 43 3 JH*H1** k51 . Note : The significance
of different environmental factors in the distance-based redundancy analysis ( dbRDA ) analysis was obtained by F test, the significant
differences between soil microbial community in rhizosphere, near-rhizosphere, and non-rhizosphere were test by multi response permutation
procedure ( MRPP ) test. The significant differences obtained by Wilcoxon test at P<0.05 and P<0.01 levels are indicated by * and **,

respectively.

K4 T3ERUEY) OTUs £ EEMIERME R 71 dbRDA 387 (a)) PLKIER AR (b)) MEEAME T (¢))
OTU R EM 7 #r (PCA)
Fig. 4 dbRDA analysis between OTUs abundances and environmental factors (a)) and the PCA analyses based on OTU abundances under

normal nitrogen supply (b)) and nitrogen deficiency (¢ ))
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PEATAHCHE AT (18 5): JERERET] (Firmicutes ), T3 EC DIREERGHBE R ENIRAHELR,
L #F % 11 ( Bacteroidetes ) F1 fij fb 12 ¢ B ] WAL, SRR TFEF4EAT IR ( Fibrobacteres ) Y3
( Nitrospirae ) 7& T 3EMAYREE B & E ML, F NS ERE B ERNAMELR,

BEGMA 5.45%, 4.97%F1 1.39%. A 10 N THIGL ST A OTU —F B2 R A4 i 1 3R Wy 0
A FES S A S B A BERAHCH, X WML, Hrh, RIET § B EHN
R TSRS EE TR FEARK ( Deltaproteobacteria ) . y 72 JE g
FsZm o o, JELEE R TR LAt = B A X A 1 £F ( Gammaproteobacteria ). Jilt 2k 7 44 ( Actinobacteria ).
g2l 7 ( Gracilibacteria ) . Candidatus o ZFJEH 44 ( Alphaproteobacteria ), #T 4 ( Bacilli )
Jorgensenbacteria F2EEETA ] ( Elusimicrobia ) 57 F1 Nitrososphaeria ) GL4E Y F R (K 6a)). 1
AYMEES TEESASTRERENAMICKE MY T, EASHECN 1403 45, 5 98.04%,
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Note: The red or blue color in the heatmap indicates positive or
negative correlation, respectively. The sign of * and ** indicates

significant correlation at P<0.05 and P<<0.01, respectively.
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T
Fig. 5 Cluster heatmap of correlativity between abundances of
microorganisms at the phylum level and soil physicochemical factors
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fit index, CF1 ) 0.876, i i 22377 fR( Root mean
square error of approximation, RMSEA ) & 0.300,
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Gammaproteobacteria

@ Alphaproteobacteria
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@® Thermoleophilia Acidobacteria
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AD ND MD CC GD APL

N150 11.8+16.7b 11 0.516 0.516 0.021 3.66
NO 16.3+£22.8a 10 0.368 0.523 0.029 3.44
R 209+21.3a 8 0.408 0.469 0.055 3.01
N 10.9+10.6 10 0.451 0.391 0.035 3.50
Non 11.8+132b 10 0.426 0.440 0.036 3.38

TE: BRI/ OTU FEERIELL, ZLE M AL K505
FRIEARCFIGAR KR, AD R FHESEE . ND R W%
P B AR e KN I RE | MD SRR BEAL BRI | CC R RERH
GD KR M K% ; APL KRR AR KB R E # /NG 7Rk
FARANFLET AD A BEMZE SR (P<0.05), EEHCH M T
8 (OTUs) MY%E . Note: Size of the circle is proportional to

the abundance of OTU. The red or blue line indicates positive or
negative relationship, respectively. AD stands for average degree,

ND for network diameter, MD for modularity, CC for clustering
coefficient, GD for graph density, and APL for average path length.
Different lowercase letters indicate significant difference of AD ( P

<0.05), n=number of nodes ( OTUs ) in the network.

Bl LHRUEY OTU WIFLFILE (a)) MEAKF-HA7 K
ZHyJEME (b))
Fig. 6 Co-occurrence network of soil microbial OTU (a)) and the

attributes of the co-occurrence network at the genus level (b))
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Fig. 7 Structural equation model
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Fig. 8 Metabolic pathways of the microorganisms with significant differences under different nitrogen levels
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Fig. 9 Random forest analysis of microbial abundance
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