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(Yt b g S I A T I SRR 1R BEER AR
1 #MRERE

1.1 R BE e

58 T 2018-2020 4 FELE 7 44 8 2 T R BH &
S IR DX R IR AL T R S b (4 [+
RE AR R % 2 A B M DA 56 3, 113.41°E,
35.00°N) JFfE. iZufi i Ab S EN T i, &b T iy
O] T S UNE S 0 =i RN o S A R W s B ] 2
JKE 645mm, T35 H BN % 12h, S54SR 14.4°C,
ToRE W 224d. KRNI 1, R EEHL 135,
0~30cm #f = 13 & A ML 14.39g/kg « Bk f#
82.6mg/kg. AR 14.7mg/kg. A 89.9mg/kg -
4255 0.88g/kg
1.2 Rt

B A& Okg/hm? (NO) Fl1E F jifi %
165kg/hm? (N1) 2 MEEUKF; sl Fh oy %0
RN SRR VERE 168 FIEAR /N 22 5 Bl S i 22 8
S0 NXBEHLHEES], NX TR 54m? (6mx9m)
1780 20cm, HE 3 K. BIEANRE (F N46%) ,
AR AR — 45 (% P2Os 12%) 687.5kg/hm?,
PR ERER (& KoO 57%) 144.74kg/hm?, ZE
FEHEAE B AE=5:5 F N, JBAETIRE WA,
T RN AR NEAE B AU AE AR — RN, AR S
R R — M . T 2018 4F 10 H 12 H
H12019 4F 10 H 14 H¥EF, #HFEN 150kg/hm?,
35T 2019 4 6 H 1 HF1 2020 45 6 A 3 Hillgk.
1.3 MEmMESRE®
1.3.1 ARZES 5T IRE . R 2R
TE IR AN B A KA S5 P AR, BSR4 Sem 1
RE&, RAMKE TTC &M E R &G fy0el,
132 AR ESE  T/AZAENEAN R
ANX N BEPLEEL 3 A, HHEMOERIZH, RHE
EEER R L RS R 0~5mm) , T 4°C
AT P ORAE IR P e %, i 2mm BRE, BR
FARAFAM, HRATL 0.25mm 5, EEREIRAFAE
~80°CUKFE, H TIN5 HIRan s BEVE - B~ 4 Wi
fi§ (B-glocusidase, BG) & MR L KEF (leucine
amiopeptidase, LAP) FIZEyE Ll (POX) JiEME.

K FHARALAR 5 6 43 B0 2 BG A LAP ¥
P, e 532 BG RV AE T RS, 5
FHAE 400nm A i KWRWE: LAP 43 fif Sl A BOnt
I IR, 5 & AE 405nm A HOKW g ;s AL

AR PG ARSI 52 POX 6%, Wl 5E JR BE 2 POX A i
IR A A G =, LR AW AE 460nm AbF i
KIS o 3 P S AR 1. ARHE I e S
i B A5 1L (Labsystems Multiskan, MS, Z5*%)
TERF A P T U OGAR, 388 I e WO AR T e
RSP LI E . TS RGN
nmol/(h-g), B4 /NI 4k 65 - 43 g AH I JECA) 7= A2
FEE P I B &
F1 TEBRHEKY

Table 1  Soil enzyme names and their substrates
1320 Soil enzyme J&Y) Substrate

BG AT I - B-D-FH i 787 7 B
LAP L-Z R R-4- T FE A%
POX HER =T

133 #AHHEZME  FH llumina MiSeq “F
5 (Illumina Inc., San Diego, CA, ) Friff
VERRRR, X s B e e U ik 47 U F 11920, PCR
#38 16S rRNA B 1) V3-V4 @B X, X T A
DNA Ff &, 7£ ABI GeneAmp 9700 PCR % 4t
(Applied Biosystems, Foster City, CA, JE[H)

1 i TransStart Fastpfu DNA R & X 3 MEE
HEAT IS PCR 73, 1 F AxyPrep PCR 4fiftix
7% (Axygen Biosciences, Union City, CA, 3%
E) #4744k, H# A Illumina MiSeq “F & #E47XY
AR 3 W Y
1.4 HiEALE

B ¢ f# H QIIME ( Quantitative Insights Into
Microbial Ecology) (v1.2.1) Sl 545 5 ) JR 4h %
WHEATHHE. 8, JFERIREER. PP oK
KT 200bp. Barcode 15|47 41 L4 iR E . ~F
B BT > Q=25 i E P51, K USEARCH
BAFALE 97% I BME T 270 7 K ERE BT (OTU) &
A Silva B 2, Lbxt OTU AR 7 81 04T 432K
F|H Mothur #4115 Shannon. Simpson % ¥4 +5
¥ J¢ Chao. ACE F& Efa%, H T WM AEa-2
FEPER,

X H Microsoft Excel 2010 F1 SPSS 20.0 %5 %44
SERBLIT 43T« K OriginPro 8.1+ Microsoft Excel
2010 5 Microsoft PowerPoint 2010 5¢ i & 24

2 GFRE57H

2.1 AEIRMRNEZRMIRRFBFNESR
1RoR, 2FMIRARTE IR @S2, W
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B 168 RIS i 22 8 5 IR RIE I MG B R 2
St E BRI 3, 2RI AR R ) Bk . NO
FINT AR, ¥R 168 FIRR ARG 1 E T8
85 HARMMFE 8 SHHEL, NO4LFER, 2018-2019
CEJE IR T ] — VR 168 FIAR R 717 253

33.49%, 2019-2020 FBE-F3439 00 36.15%; NI 4t
R, 2018-2019 4F P33 11 53.59%, 2019-2020
TN 60.66% . AN, HEHERERE S T 2
AR R3E S, 5 NO ALFRAHEL, 2018-2019
EPE NI AAE YR 168 AR RIE /1 FH88 n 1

O NO B NI
200 a 2018-2019
180 - ¥rFH68 Xuke 168 b #85 Zhengpinmai 8
160 + a b
140 +
a
_ 120t b g
S 10f o8 a b2
S 80t b a @
=2 60 - a a
E 40 a a b a
s 20
\5 0 1 1 1 1 I_X—. I 1 1 1 1 |+-_1
>
'S 200 - a 2019-2020
; 180  ¥FFH168 Xuke 168 Hh 785 Zhengpinmai 8
S 160 - a b
= 140+ a
§§ 120 b b g
N L a b a
= 100 b a .
80 b a
60 a a
- a
x ull IR
0 1 1 1 1 I 1 1 1 1 I*-_A
IR T Zpdi TEHI A B AT ZaFIH TR I
Regreening  Jointing Booting Filling Mature Regreening  Jointing Booting Filling Mature

A H H Growth stage

ARVNG FRERORAEELEAE 0.05 KPR R, TH

The different lowercase letters indicate the significant difference at 0.05 level between treatments, the same below
1 TRIAMENERMIRFENNESR

Fig.1 Root vitalities difference of the wheat varieties with different nitrogen efficiency

26.06%, HihZz 8 S I T 9.91%.

22 AEIEMFBNERMHIRRLIEEEHESR
ZAREHH 2 At AL B R A TR R /N T R

MR B 3RS M A 3R 2 B, VPR 168 AR PR+ 35

G 3 T 22 8 5, Hoh No 4b# R, BG.
LAP 1 POX &P 33818 73 51 4 59.35%- 34.43%
F130.50%, HZRIEREKF; N1 AL TFHH
&3 54 9.31%. 18.88%1 9.05%.

®2 TREFER/NERFOREGEENESR

Table 2 Differences of soil enzyme activities in the rhizosphere of different genotypes of wheat nmol/(h-g)
4> Year 403 Treatment mn il Variety BG LAP POX
2018-2019 NO VrEL 168 534.24+11.32a 43.15+£2.13a 12.4140.54a

HE 85 345.46+13.89b 28.6243.02b 9.12+0.41b

NI YrEL 168 741.3614.87a 49.12+4.51a 12.88+0.81a

HE 85 674.13£21.02a 43.2443.08a 11.45+£0.49a

2019-2020 NO YrEL 168 548.00+11.84a 37.13+2.33a 12.49+0.50a
HE 85 333.56+14.81b 31.10+3.22b 9.96+0.37b

N1 VrEL 168 763.72£15.93a 51.52+4.11a 13.14+0.93a

HihZE 85 702.77+19.00a 41.42+3.20a 12.41+0.61a

RS 7R 005 KR EER, TR

The different lowercase letters indicate the significant difference at 0.05 level, the same below
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23 ARIAMEBNEZ @I IRIF IR AR o- 2+
3T
MASFIZAE BT IR 1 o- 2 FEVERFE (3R 3D

FRUE L, NOAEEER, RS RUNE AR TRRL 168 1)

F & E RN Z AR B T AN R
7 85, Hh Chao. ACE Al Shannon 1§ #i% %I
BEZEFKF. N1AET, R 168 FIAL R 8
SHFEE RN Z RS E R AR .

®3 TRIEAMENERMRIR IR MAE o- 2 HE M HHE

Table 3 Characteristics of a-diversity of rhizosphere soil bacteria in wheat varieties with different nitrogen efficiency

Kb A £ 'E 1840 Enrichment index Z FEPEFR 2L Diversity index
Treatment  Variety Chao #8%{ Chao index ~ ACE #5%{ ACE index Shannon #§%% Shannon index ~ Simpson 54 Simpson index
NO YRl 168 4454.21+126.30a 4484.52+154.21a 6.89+0.02a 1.00+0.01a
A 85 4154.82+135.13b 4177.22+126.64b 6.10+0.02b 0.99+0.02a
N1 YRl 168 3885.83+102.43a 3738.39+137.63a 5.82+0.03a 0.98+0.03a
Az 85 4013.31+£123.20a 4177.19+135.41a 6.13+0.01a 0.99+0.02a

24 AEBFER/NEGRIXITIRFTIBEE R ELE

Al Al

X H AR BEVRAE 1K BT 28, 2 b
HILEAH 28 N, X FERT 1%HTTH 114

(B 2) , HARAwET BERwEi ] SUFFETT

BILW T AT HE TS, M FEERN
84.36%~88.20%. 5 NO Ab3AHEL, N1 43 FE&
BUNZE SRR VERL 168 FYBRAT R T TANPESI G 1] B A
FE AR T 38.68%F1 28.16%, UFFEI]. 4k
TS AT IR B DA = 2 3 0 360 T 17.68%

u HAth Others B JEfE ] Verrucomicrobia

B 7715 H ] Thaumarchaeota m ZZFE | ] Proteobacteria
B 2 L 7] Gemmatimonade
B £ 1 7] Chloroflexi
B WPS-1]7WPS-1 m AT 1 ] Bacteroidetes
WG ] Actinobacyeria B ERFT % [ ] Acidobacteria

NO N1

B /7% ] Planctomycetes
® SEEFE ] Firmicutes

100 -
90
80
701
60
50F
40
30+

T Relative abundance (%)

wR68  MMESS  WRles  MAESS
Xuke 168 Zhengpinmai 8 Xuke 168 Zhengpinmai 8
fu i Variety

2 FNERMENERMPAIRPRLIR

WMEREEI KT LAY EE
Fig.2 Relative abundance of rhizosphere soil bacterial
communities at the phylum level in wheat varieties

with different nitrogen efficiency

66.50%F1 59.68%; T AALKNZZ dm M AL L 22 8 5
(R AT B 1] o % B T 1] AN SR T G D T
62.36% « 40.79% A1 50.18% , %V5S @ &K T
32.84%. [F—bELT, 2 NEFMRHAITEEWRA ZE
5, NOAHEER, ¥YFFRF 168 MIERETHE I TR M2 8
ST 66.21%, A EITFEC T 11.74%, N1 4b
PR VERL 168 BER I B 1T LL A 5 22 8 S REMK T
37.23%, HEHETTIEI T 13.30%, HARZERA
.

BRI, 2 AMEEIEE S 857 A
J&, b GP6 JEALAHZEEKEE (Nitrososphaera)
FiRAE (B 3) o SRR AR 8 AL,
NO AL T, VFRF 168 i Fr 58 i) Vi B Bk 2 3%

O #1168 Xuke 168 B A %85 Zhengpinmai 8

60
50 NO

40 - a

30 - b
20

0 1 1
60
50 NI b
40 b
30 +
20 -

0 1 1

GP6 RESEER 8 Nitrososphaera
3 TERMERNEBIFHRR
IR AR REARNTFEE
Fig.3 The relative abundance of rhizosphere soil

predominant bacterial genera of wheat varieties
with different nitrogen efficiency

FH%F = Relative abundance (%)
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BINT 38.06%, GP6 J& & E KT 21.33%; 7F NI
AFETR, VPR 168 AR 38 7 A ik Bk 2 2 1
T 21.79%, GP6 JEFKT 9.49%.
3 1R
3.1 INEIRFRIENFHE

RAZEYNEZ ST, BT
TYIRIDIRE, SEMREYIXT R4 KA R0 i S 1)
Wi, TRIET SO Z MR T AR A L R 4 B X
MEFEI TR, NEJE TR REY, ARG
()R 7N — 58 2 FE S i 1 R 5% 8 R AR U 23 1 o
5502 R ERWE S SEDR Rl A JEKES
it S 1 B B DR 1 A MR 5 B8 D AH DG 124230, B et T
TEVIRR R AR PR R EALRE 755, RE
T AR R BRI A 7 B R 512027 BRI SR
FONA, B Sk R Y N A R B B 0 %
R RE ST AW FLE RAIESL TIX— 5L, AR
LA EAT T, BERUNEZ mFvrR 168 1)
W2 IE 1350 T RBURRUNE Ao = 8 5, A
WEER E R R,
3.2 IRERTIEESEMIFE

LIRS B AN P A R 2820,
EAGE LRV RES G E RN EES S
F, e RIEIAT — V)AL S S R AR, 3
Pt i P ) v R AT DAAR 3R 338 v 4 AR ) E S AR
FE, fE—E R bk TR SR s H 5
ARE BRI EE, &R IR S ) B BB,
AT KRR, HENR S 7 LR, 5
NO kbEAHEL, N1 A4LFE R BG. LAP Al POX i 14 °F
BIHEIN 63.63% 32.35%A1 13.41%, XF[HEZH T
AEYEL R X i N R R e it g &
PAEK, FEOEAEMEEERE S B E e, B
W, B 5 3R 2 (A7 AR AT o IR
Fo BEFBUERY], [F—E KT R AR RS R
X R s - SRV A P e R AT — R S . Al
REW, 2 MEELE T, 5EMLASFESE S
SHE, AR 168 1) BG. LAP 1 POX
TEPERIHE N NO AbEE T Y I FE 53 0N 59.35%
34.43%7F1 30.50%, AFZE R EEKT; N1 AT
HEANMEEE 2> 5N 9.31%. 18.88%A11 9.05%. =)
IR PEAR SR R ) TR e A (AR FE B

MTTEEE T AR R g AR K B435), X gk — bR s
TR RN AR E M A K T B R
&R,
3.3 REFTIEME B R A S EFE
HIEFEY R AR E AT RGP HOE RIT
HER 2 —, HMEFEE, =252, £LEH
WUTAT A 53 A 1 J65 FELRR TV F o 47 e B 2 A €0 B2
W) 2 BE I OB VR T R P e i = R AR R vl
(1) B E AR HRCT, H 5 EY 0P A — i A O
PECS ), FEARBEFH, BT midsElT R,
AN ) 5N A B ) = TS B AT VR SR A AR, H R
FRIAFEREE E, NOAET, REARKEN
2 PR BRCE P E & e B 2 PR PR R R AAE
EREER, NI A TERFARE, HRARF
TE TN [F) G385 e /N 22 it b ) AR R 35 1 AR s - 338
I PR 2 22 S B 1 AN VR S5 F AR 4 A o NO
WEER, VPR 168 AR BRI ERAT B 1A =F B 0 55
BT 8 S, NI AH T RIIM KR, XA hER
AR TR TREFRMNE, EKEREE, &
BEAEFR 0 S BRI, 10 NO AbHE R4 = 28U
FHVERL 168 HIMR R 5 AR bR 35 (AR BAE A R TR
BrRod A=A e, AT B R 1 AR Bm 3 A 4 1)
PEo [FIN, NOALFE T YRR} 168 ARFBR 1457 i B [
(AR = B B AR T AR 22 8 5, XTI R SIEFEN
A2 I R R B A OG0, RN AN R AR AN [
BRR /N AR IS L3 AR R E AR, S T
TR ENT, AFERREHESCE T g, A
SO T AR AR T

4 ZEip

ARV R N ZE it Pl KRR 2808 A AE — R 22
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Differences of Enzyme Activities and Bacterial Communities
in Rhizosphere Soil of Wheat Varieties with
Different Nitrogen Efficiency
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Guo Tengfei’, Guo Doudou', Zhang Shuiging’, Pei Minnan'’
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Abstract In order to explore the difference of wheat varieties with different nitrogen efficiency in microbial
characteristics, a field experiment was set in 2018-2020 to study the differences in root activity, rhizosphere soil
enzyme activities and microbial community diversity between 0 (NO) and 165kg/ha (N1) treatments of high
nitrogen efficiency variety “Xuke 168 and low nitrogen efficiency variety “Zhengpinmai 8”. The results showed
that the root vitalities first increased and then decreased with the advancement of growth process, and the root
vigor at the booting stage was strongest. At the booting stage, compared with Zhengpinmai 8, the root activity,
B-glucosidase, leucine amiopeptidase and polyphenol oxidase activities of Xuke 168 increased at NO and N1
treatments. Under NO treatment, the enrichment index and diversity index of bacteria of Xuke 168 were higher
than those of Zhengpinmai 8, and the difference was not significant under N1 treatment. In the same treatment,
the abundance of the dominant phyla of the two varieties was also different to a certain extent. Under the NO
treatment, the Acidobacteria and Thaumarchaeota of Xuke 168 were higher than those of Zhengpinmai §;
compared with Zhengpinmai 8, Acidobacteria of Xuke 168 decreased by 37.23% while the phylum
Thaumarchaeota increased by 13.30%; the genus GP6 and Nitrososphaera were the dominant genera, and the
Nitrososphaera Xuke 168 was significantly higher than that of Zhengpinmai 8 at two nitrogen levels. In
conclusion, the nitrogen-efficient wheat variety Xuke 168 had higher root activity and rhizosphere soil enzyme
activity at NO and N1 treatments, and higher richness index and diversity index at NO treatment. All of these may
cause changes in the rhizosphere microenvironment, which may be changed due to different cultivation
techniques (nitrogen application). Therefore, this study can provide reference for local selection of suitable wheat

varieties and appropriate fertilization.
Key words Wheat; Nitrogen efficiency; Rhizosphere; Enzyme activity; Bacterial diversity; Microbial community
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