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(1. fdb/KRIK KSR RIERE, FBM 450046 2. B R KR 5B TIE%E, HE 264039)

B B NEOKER SRR S H IR A0 2R RS R, ZAT B ERE (225 F1 300 kg/hm?).
AR GESEERN 15%F 00 FEEKE (0.6 1 0.9 FEY-EKILARED 3 FHEK 2 KPR, KA BT %7 6T
FABA RS TR R, RIBE IR T ZRR R, SRR, KEFRE M SRR RAREXMET,

R KRG 3 d MHIEEMRE. TIEWIRANEALIE R AL IR AN BN 16.73%. 38.78%. 26.04%F!
18.58%- 46.58%- 29.09% (P<0.05). R/KEMAAMEMm/KEMAERFMT, LIEATBEEIR. HERSER AN
SR ZH 2 BIBE N 26.40%. 28.22%F11 19.67% 18.46% (P<0.05); {R/KEH REEM /K ER REMESMT, TiEaE
PEAHLER . TSRS ERAMEN B B 20.38%. 19.25%F 17.49%. 17.93% (P<0.05). Shannon. Pieloue 153k
R, A AL T AR AN TR 2 AR SN, T KR A R R E AN B A Y I (P<0.05). HAEEIK
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BB OREALTERTDD AR =F BE R IR AR 22.66%; INEEVE/KE T, S ACER IR ALME e B J8 AN 2E TR B 8 A ot 3 e e vt
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RSN, HRITFARRAEK, Zhou Z' T KB,
PURRKEER RS I A H R &, JFHE
BBV Z R A K. 5 b, YTt A R B
FRE N E I S AR AR PR - S A M B TR 2 R R A
Ay 2R R 3t i e 3 AR D A E AR K S DT T, T KA
B S HE A5 A T AR B 3R A P B VR 6 A R S
RT3 AE 77 160 14 e . B AH S PRI AR A o ARG DAR &
FRON A %, ammEEN AR, WA FEBES
. WKENEEREDEFEH T LA SHERETE
GERIRN L3700 AR, 3 — 25 4 W AR B L 3 40
Bk, TR 5 a2 KR, BEANKE
o A EA N B IR B IR ROR B, SR
PR P SR AR A
1 #MRI5AE
1.1 R58 X

RIET 2019 £ 9 H 11 H—2019 & 12 A 26 HTEM
A28 A M T b /KR 7K R 22 R0 s 25 K 2 58 3 AR
fhiR 3T (34°47'5.91"N, 113°47'20.15"E) . %4
FUSTEIRLN 537.6 m?, JFIAIN 4 m, B5/EN 9.6 m; H{HH
TEm I AT 0 e A RHLAR T, DAy = e
M SIRE . BAE & BN RSB AR L E 1.
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Fig.1 Relative humidity (RH) and air temperature dynamics
during greenhouse growing cropping season

1.2 RIE#H

WA ORI L, 0~40 cm L3144 10 cm
T EERE, PR E N 1.38 g/em®s H 1 35 Hh
51, BbRL (>0.02 mm) . ¥k (0.002~0.02 mm) FIZHHL
(<0.002 mm) i & 735053 5 N 32.99%-34.03%F11 32.98%.
FKZEHE pH H N 6.51, HEHFFKR (RESKE) N
28.0%. BAFMERT, 0~20 cm LEEVURTREDH N
22.41 gkg, % WA RS E0 5N 1.02, 0.86
F129.54 g/kg. HEABMUR TN “HR 285 8 57 o ik
JEES A2 KE AR E R 2 (AN 7.1%, BERN
1.1%, WREEN 6.9%, P,0s N 15%, K0 N 30%, &
BMEICE Fe N 0.1%, Mn N 0.05%, Zn N 0.15%, Cu
N 0.05%, Mo N 0.05%, BN 0.1%, " EEEHIEEE R
ANFD

1.3 Rt

RIS e AL i, RElEE (KEM
WEO L BARE CRINEMINE) FMEKE (EAKREA
EKED 3 K 2 KT, L8 AMbHE, AL 4 IREH .
RIS T IR 1.

Fz1 Rt
Table 1 Experimental design
e HE i) HEKHL
Treatment Nitrogen » Air .V01d Irrigation
amount/(kg-hm™) fraction/% volume/mm
NICW1 225 0 0.6E
NIAW1 225 15 0.6E
NICW2 225 0 0.9E
NIAW2 225 15 0.9E
N2CW1 300 0 0.6E
N2AWI 300 15 0.6E
N2CW2 300 0 0.9E
N2AW2 300 15 0.9E

TE: NI N2 23 B9 RERI R BALEE, C. A 7P AN R IS AN AL 3, W,
W2 53509 0.6 £ 0.9 fEAEZE R MLAKL, X R TRK BRI S K AL, B
N @601 ZERMKTIZA KR, .

Note: N1, N2 are the low and normal nitrogen fertilization application rate; C, A
are the non-aerated and aerated drip irrigation treatment; W1, W2 are 0.6 and 0.9
times of crop-pan coefficient, respectively, corresponding to low and high soil
humidity treatments; E is water surface evaporation of pan ®601. The same
below.

1.4 RIEERE

I XL 32 NDIX, XK 2 m, 1 m, /b
X 2 m? NXPRZEMIHN, 25 15 cm, 2%
60 cm, FFZEEM 6 #k, FREA 33 cmo /NX PRI R
WK TN, T M5 N JOHN DEERE, H&EN
16 mm, BEFEA 0.6 mm, HIEN 15 cm, #HkFEREN
1.2 L/h, JkIEEEA 33 cm, € TAEE /14 0.10 MPa.
FEPREE Bk 10 cm, AT TEER FIAE .. S A R) 9
2019 4F 9 A 11 H, EHKAAM BT TR, ©
I peBR K, EMRE 12 d B, NBEIbkaE, 28
52827 B BEERFT . B I 107d, &8
AR A B (2019-09-11—2019-09-28)  FFAeAkF
#1 (2019-09-29—2019-10-30) . F5Lf KH (2019-10-31
—2019-11-30) + FZH (2019-12-01—2019-12-26) &

TR 56 F S B AR 2% R K A 2 IR AR 2 48 K
W, FEHDKEERIRS), @ NREERSMUK, 25T
MG 23, 32, 44, 53, 63. 72. 85 d HEATHIA, 7 Ik
MR LA 2:3:2:2:3:2:1, N1 A& 225 kg/hm?,
N2 AL FE % 300 kg/hm?®e ANANZEALFEF B 3Btk B
HATHEK . DA AR R S B LSS 2E (Mazzei air
injector 684, 3 [E Mazzei Corp A F]) FATINA, Wi+
FIFAGEAKE B AR B S as S % & Hl e
AR 15%MINAK (FEFRERS 20 min) '™, %/h X
T H R R G K, RIKE SN 0.10 MPa, K
R KT R 2 R K . R0 K R PR AR 4 B S
HRAZM 10 cmy ZhI) 20 em HEERAR 5K S50 (12 B 044
ik F1it, R E ARl R AR AT ST W, i
FERA P IRIEHIAE (—30£5) kPa, Z5&HEVE 20 cm 3%
R W g R et EEKERE (D HEP
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W=AEpKp (D
Ao WO KR, mm; 4 N/NXEEHIER, 2m’ Ep
N NEKEAIAN 0601 ZRILMZAR R E, mm; Kp N7
RILEE, W1 AFEEL 0.6, W2 ALFHHEL 0.9, VB A] A
HEKENZE 2.
#=2 (EMMEEHNEKE

Table 2 Irrigation volume during crop growing season

VR [R] BaRRE H#E /K& Trrigation volume/mm
Irrigation Days after

time transplanting/d Wil W2
2019-09-29 19 4.92 7.38
2019-10-06 26 5.04 7.56
2019-10-12 32 4.80 7.20
2019-10-21 41 7.08 10.62
2019-10-27 47 4.80 7.20
2019-11-01 52 4.92 7.38
2019-11-06 57 4.80 7.20
2019-11-12 63 5.04 7.56
2019-11-17 68 4.92 7.38
2019-11-22 73 4.86 7.29
2019-12-01 82 5.64 8.46
2019-12-12 92 5.76 8.64
2019-12-21 102 5.70 8.55
%1t Total — 68.28 102.42

1.5 RIGEMHERMNESE
1.5.1 H3gsd A M

THCR S R BB 1 A2 B Rk B BA AT IR
T, 052 B IR R R 9:00 R 15:00, TS0, LK,
EREIE B AR ZEFTRE R S cm, VRS 20 cm AN S EHL
PN B AR, R AR R A A C i R 2
IEE W B IRA A, FED WE A AR AL
(oxidation-reduction potential, Eh) o K 6£Fflsa 1% 8
2R E T IRE AR AIRE (OXY4-mini, {E[E Presens
AFED L, WE AT R R T R, BREF R PR
ZEFFRE AN 5 em, RN 10 cm, P E IR AR 2 J5 (2
5 min) HAMRAEEAE, RETFaUIHE N —ERRk,
HAEMELS R KA LIEIFRNE R% (ADC LCi-SD,
YE[E Delta-T A w]) & HIEIP0, $207 1 d EHFERE
IR 2 R B 5 B I AR AR [A) B 35 1 B8RRI 2
JiE, MEFRERE (4 1~3 min) 5.
1.5.2 ARFREERAE

FESCUSOIR 5 B 25 B B #E4y, BA 50 em x 40 cm fi
T X S A7 4 AR U AR A, SRAE— o LA T e +
AL, AR RO R L, H R
MEER R A58, B HERER 2L L
WA, ARG HENTREELEFHHT 16S rRNA
e 18 2 DAL/
1.5.3  BIEALFMHFANE

FIH 2 mol/L KCL AR L4, MAEZ (NOy-N)
FIREAN S BEvEN 8, B E (NH,-ND R Sef
WE Lb eyl g s SR AR TR — & AN e 3T E
B (DOC) &, WisE ksl

1.5.4 3% DNA 2B Fai) 5

ffF OMEGA MS5635-02 {57l & 3 BUFE 5 2 (R 4
DNA, Jfiit 1.2%3 iR B F vk U DNA $2EUR &,
TE B O S C KM BEFE A 2 1 ng/ul. DAFRREIS 1
HEHZH DNA WA, A %6 (Barcode) 4F
S5 P05 EE 16S rRNA JE K 1) V3-V4 X 3T PCR 3.
HPSE 514 (338F: ACTCCTACGGGAGGCAGCA,
806R : GGACTACHVGGGTWTCTAAT ) N 4H I % [l
V3-v4 X514, PCR §H#RHAREA TN Plu MR E
DNA K&, THOREHEFEAY %4 —F. PCR ¥ 1k
% (25ul) : 5xreaction buffer 5 uL, 5xGC buffer 5 uL,
dNTP (2.5mM) 2 uL, Forwardprimer (10 M) 1 uL,
Reverseprimer (10 uM) 1 uL, DNA Template 2 uL, ddH,0
8.75 uL, Q5 DNA Polymerase 0.25 uL. PCR ¥ B4 56444
98 CHIUHEAEME 2 min, 25~30 MEHEIE (98 °C, 15s;
55°C, 30s; 72°C, 30s; 72°C, 5min) , ZJ5#4T PCR
FEYRRFERI AL, Atk J BT SCRE R @R AL .
1.5.5 R AFEIESHT

{8 FH Tlumina MiSeq Wl /571 & X7 DNA v BUf AT
X iy >, 388 3k o 7 ) iR 4 7 471 4% B index Al Barcode
BE, AT SCEMFEALN 7y, IH%FR barcode J7 41, it
QIIME2 ¥ A 2551, FIH dada2 3124 Fe 41
AT EE, EM, SIFMERREGERSE, REE~
A A L E W FHUNRFET S f# FH QUIME2 #4115
BRI G50 S 2 R . ] Greengenes 45 EPI%}
OTUs RE 7 AT YIRERE T, Gurt- B AR 4
1.6 Fitsoth

KH Excel 2016 HEATHARCERFIZ: K, Hd R H -1
P + bRt 2 R KR, @it SPSS 22.0 Giih 3k kAT
B IR ARAE M, F XS 6 3 ST 22 0 AT I 3 T A 6 A
AHAEH T 253 M, H origin 2018 224 5% 73 2K R
MIREVE S AR
2 BRESH
2.1 KEMBEREMTIEBEBS NN

B2 D BOARUR S 8 K AN () Adk 2 4 398 V5 At LR
(Dissolved Oxygen, DO) . ZAMIEJRHAL (Eh) F11:3%
I (Soil Respiration, Rs) [HBhZEARML, Filiiess Rk,
AR KT Ll A M T R, MOk EUiE A
VAT 04T - ASFIAEIE A3 DO H RBHEK G FF%, 25
B TS (B 2a) o Horhr, 40P N2AW?2 fizsr, N2CW 1
BAK. HEKIGE 1 KN, A N2AWL I N2AW2 135
DO # N2CWI1 Fl N2CW2 437381 16.73%A1 18.58%
(P<0.05) o HAa(AbFES T3P A 5 R IR, TEREK
JG 55 2 RN, A0 FE N2AW T AT N2AW2 B N2CW 1
FIN2CW2 25 1A 38.78% K11 46.58% (P<0.05) (& 2b)
HEKEAFIAEE 3% BEh YR R AL, 2 /@B RTt, &4k
HREIFHEEAHEAK, HEKIGE 3 KN N2AWL
N2AW2 #; N2CW1 Fl N2CW2 5211 26.04%F11 29.09%
(P<0.05) (B 2c) o« AkIeH, AFEKEX 1 DO,
Eh F1-35E0PI% 2510 5 25 50
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Fig.2 Soil aeration dynamics in different oxygen and nitrogen coupled irrigation treatments under pepper cultivation

2.2 KFIESRENRER LIR N FEFH R

HI3% 3 W, R e e e 2 4 N 3% DOC.
HAR. HEREGE, @AENRERZEL M 7 1
DOC MRS &, N1 AKFF, A AW 1 AW2 )
DOC & B CW1 F1 CW2 735311 26.40%F1 28.22%,
TSR E B 19.67%M 18.46%; N2 /KK, A
B AW A1 AW2 ] DOC & &5 CW1 Al CW2 735503 i1
20.38%71 19.25%, T IERHASE A EHEIN 17.49%A1 17.93%
(P<0.05) &

%3 ARKEBERELIEFTIRIR IR E S RA N
Table 3  Effect of oxygen and nitrogen coupled irrigation
treatments on soil chemical properties in rhizosphere

pisel VA PEA BB A2 B
Treatments DOC/(gkg")  NOy-N/(mgkg") NHs-N/(mgkg")
NICWI 0.12540.02¢ 48.344+3.72¢ 2.17+0.14bc
NIAW1 0.158+0.02b 57.85+2.95b 2.02+0.15¢d
NI1CW2 0.124+0.01¢ 50.63+3.41c 2.24+0.08b
NI1AW2 0.159+0.02b 59.98+3.29b 1.85+0.12d
N2CW1 0.157+0.02b 61.33+4.16b 2.73+0.11a
N2AW1 0.189+0.02a 72.06+3.43a 2.34+0.08b
N2CW2 0.161+0.02b 63.37+4.12b 2.64+0.10a
N2AW2 0.192+0.02a 74.73+3.97a 2.33+0.07b
MU 24.289™ 83.960" 95.572"
N1tr0gj%1 ﬁn;(?unt N
E ok sk *k
Air ng iragion A 24.045 47.099 47.950
He K E ns ns ns
Irrigation volume W 0.045 2337 1318
NxA 0.045™ 0.293™ 0.725™
NxW 0.045™ 0.002™ 0.001™
AXW 0.001™ 0.006™ 0.790™
NxAxW 0.012" 0.018™ 3.428™

SV AN NS REROR P<0.05 AKPAFLERETEZE T, =f15) 51
FIR P<0.05 Fll P<0.01 KCTAFEREVEZESR, ns FIR P<0.05 /KTP AEAE S
HMZER, TR

Note: The different letters indicates significant differences at the level of P<0.05,
* and ** respectively indicate that there is a significant difference at P<0.05 and
P<0.01 levels, ns indicates that there is no significant difference at P<0.05 level,
same as below.

N2 /KPR, 43 CWI. AWL. CW2 f1 AW2 [+
1 DOC 5 &5 N1 AR AL EE 7 A3 0 25.60% 19.62%
29.84%K1 20.75% (P<0.05) , TIEMAZEEER N1 M
AL FE S B BE N 26.87% 24.56% 25.16%F1 24.59%
(P<0.05) . N1 /KFTF, A3 AW2 5 CW2 s ERS
K 17.41%; N2 KPR, AP AW1 1 AW2 8

AR CWI1 Al CW2 BRI 14.28%F1 11.74%(P<0.05) .
N2 KPR, 4F CWI. AWI. CW2 Fl AW2 ISR
R N1 AN AR/ AN 25.80% 15.84% 17.85%
Al 25.95% (P<0.05) « ZZEAEH MR, HHZ T
ZE A SN S LIRS A R R . 2
AL HAE F X B AR bR 25 T 2 R

2.3 KEMEEEMRIRTIEMAR S 4RI

TR VS o-Z A EFRFR 3G Chaol. Pieloue.

Shannon H! Simpson 5¥8%(, ALK Shannon Fl
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Note: The different letters indicate significant differences at the level of P<0.05.
B3 FEAESBARTLIE @A § AR
Fig.3 Rhizosphere soil bacteria diversity index of pepper under
different treatments
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H P 3 B, R[EEE K S A &R %) Shannon F5%L
TEFEm (P>0.05) . 44 Shannon. Pieloue
TRBEE ST AMALH (P<0.05) ; AH N1AW2 Al
NICW2 [¥] Pieloue fE 2 & T NIAWI Al NICWI
(P<0.05) ; b3 N2CW1 1 N2AW1 [ Pieloue T %% 3%
BT NICWI 1 NIAW1 (P<0.05) . #iHES SRR
JE 3 5 T R 7% 1 3B AT B 2 A5 P R 39 50 1P 1) R L A
#, AFEEEKEA RS ME ST EE LW, HA

AR, REARKEMEZRK RO RE T3
P51
2.4 KEBEEEMMAREENZMN

Bl 4 25t 1 AR Ab BRI bR - 38 40 TR A 7 T TR M
ACFHIRI AR SRR (B 4) o [T EARTERERT 5
BB NBIEE ] (Proteobacteria) (36.01%)  Ji
2L W 11 (Actinobacteria ) (19.67% )  ZF B H ]
(Gemmatimonadetes) (13.36%) « ZXZ 1] (Chloroflexi)
(9.15%) FRFTHEI] (Acidobacteria) (9.02%) , Rif
itk 87.21%. da FWH, AFE N2AWI. N2AW2

4.92% (P<0.05) ; ALBE NIAW2. N2AW2 £ NICW2.
N2CW2 [ T2 R [ TAH % F FE 38 16.84% 1 13.37%
(P<0.05) ; 5 NICW2 1 N2CW2 #HLt, 4P N1AW2
FON2AW2 [PIREFT B T TAEXS EEESE N 21.65%F0 29.47%
(P<0.05) ; NIAW2. N2AWI1 A3 (K ERAT B 1A =F
PR NTAWL. N2AW 1 3801 24.21%F1 28.13% (P<0.05) 5
5 NICWI #EL, A3 N1CW2 BRI B [ A X =5 B PR A
13.68% (P<0.05) ; AbFE N2AW2 [ | A XS =F i
NIAW?2 81 15.32% (P<0.05) -

WK E (B 4b) FHXTFERT 5 BI4HE B & 2R
y-BIEAFE (Gammaproteobacteria) (16.10%) « a- 1
# B ( Alphaproteobacteria ) ( 13.29% ) . T4k &
(Actinobacteria) (9.98%) . 3 FA I ( Gemmatimonadetes)
(7.47%) F 6-ZZFFF B (Deltaproteobacteria) (6.58%) o
AEE N2AW2 [ p-28 T AT B ARG 3= B2 8 N2CW2 FRIK
15.75% (P<0.05) ; 5 N2CW1. N2CW2 M tt, N2AW1
FIN2AW2 ACFRIP) o- B TEAT B AT 538 TEAT BRI AT = 5 231l 4
Tn24.17%K1123.73% (P<0.05) ; 5 NIAWI fHEL, N2AW1

N2CW1. N2CW2 AT [T I X EFE BN 5.70% A1 Kb o AR FEAF BARRT EFERIN 17.32% (P<0.05)
1oy — - 10
=8 - PP = St
B — Others Others
| ) - = RASE
0.8 ‘ Planctomvcetes 08l Anaerolineae
= A T ‘ = A
3 Patescibacteria § Bacteroidia
g TR & B
=1 Fimicvtes £ Acidimicrobiia
206 - I Zos} = TR
) Rokubacteria o IermoILoplﬂlla
£ tiFd £
= Bacteroidetes = .Subgmup 6
Q [}
204t = PRAT & AJEAT B
2 04 Acidobacteria 04 De/laprolwbacterla
B I[:L‘ﬁ i +H.
' Ch/oraﬂcx: = (zunmanmonadnte.x
= = G S
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Fig.4 Rhizosphere soil bacteria community structure under pepper cultivation in different oxygen and nitrogen coupled irrigation
treatments
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Table 4 Effect of oxygen and nitrogen coupled irrigation
treatments on the relative abundance of N-metabolizing bacteria

T AR 1 TR 2R E
by CIEALATED (R BB ED CE %D
Treatments Nitrospira Pedomicrobium Bacillus

(nitrifying bacteria)/% (denitrifying bacteria)/% (azotobacter)/%

NICWI  0.0057+0.0002d  0.001 55+0.000 14ab  0.016 2+0.001 3¢
NIAWI  0.006 1£0.000 8cd  0.001 22+0.000 14c  0.017 0£0.001 4bc
NICW2  0.0059+0.000 9cd  0.001 39+£0.000 17abc  0.016 5+0.002 2¢
NIAW2  0.007 2+0.000 7abc  0.001 18+0.000 16¢  0.020 6+0.002 6ab
N2CW1  0.006 3£0.000 2bcd ~ 0.001 38+0.000 11abc 0.019 5+0.002 2abc
N2AW1  0.007 5£0.000 8ab  0.001 13+0.000 22¢  0.022 8+0.002 la
N2CW2  0.006 6+£0.000 7bed  0.001 57+0.000 132 0.018 4:£0.001 2bc
N2AW2  0.0082£0.000 5a  0.001 28+0.000 12bc ~ 0.022 1+0.002 4a
Nitrogen .
amount 11.917 0.003" 15.632"
AR N
Air void . . .
fraction 18.280 18.997 13.572
WAE A
Trrigation
volume 5.345" 0.290" 0.483™
HEKE W
NxA 1.373™ 0.001" 0.455"
NxW 0.081" 4749 3.298"
AXW 1.373™ 0.088" 1.327™
NxAXW 0.081" 0.350" 0.815"™

x5 LTIEWFW. Eh. BEHEFMEEEFFENEXS
Table 5 Correlation analysis among soil respiration (Rs),
oxidation-reduction potential (Eh), fertility index and bacterial
community

e Rs

Factor
Eh  0.8317 0.898™ 0.684"™ -0.487" 0.468" -0.443"0.582" -0.613™0.543"

ShannonNO;-NNH;N A G Ni Pe Ba

Rs 1 08127 059" -0416" 0361 -0.215 0.547" 0578 0.473"
Shannon 1 08287 0336 04217 -042370.699"-0.582" 0.638"
NO;-N 1 0144 0.161 -0387 0.729™ -0.453" 0.695™
NH4"-N 1 0497 0084 0.097 0390 0.081

A 1 -0307 0320 -0.192 0231

G 1 0352 0.166 -0338

Ni 1 0322 07127

Pe 1 0314

W A, REHEIT: G, pBTEATHE; Ni, HIREREE: Pe, LR
Ba, #FUATEE. FEmEER 24,

Note: A, Actinobacteria; G, Gammaproteobacteria; Ni, Nitrospira; Pe,
Pedomicrobium; Ba, Bacillus. Number of sample is 24.
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Effects of oxygen and nitrogen coupled irrigation on soil fertility and
bacterial community under greenhouse pepper cropping system

Lei Hongjun®, Xiao Zheyuan®, Zhang Zhenhua?, Jin Cuicui’, Pan Hongwei', Sun Keping®, Xi Haipeng*
(1. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450046, China;
2. School of Resources and Environmental Engineering, Ludong University, Yantai 264039, China)

Abstract: Relationship between soil aeration, soil fertility and bacterial community structure was less known so far,
particularly under the oxygen and nitrogen coupled irrigation. In this study, a three-factor randomized block experiment was
designed with two levels of nitrogen application rate as 225 and 300 kg/hm?, two aeration levels of air void fraction as 15%
and 0, and two levels of irrigation amount of 0.6 and 0.9 times of crop/pan coefficient on the experimental farm of North China
University of Water Resources and Electric Power (34°47'5.91"N, 113°4720.15"E), Henan province, China. Taking the
greenhouse pepper as test crop, a high-throughput 16S genome sequencing technique was used to investigate the effects of
oxyfertigation on soil aeration, soil chemical index, and soil bacterial community in the rhizosphere. The results showed that
the oxyfertigation improved significantly the soil aeration, fertility, rhizosphere soil bacterial diversity, and community
structure. Compared with non-aeration treatment, the soil dissolve oxygen, soil respiration, and soil redox potential in the
treatments of 300 kg/hm?, 15% air void fraction, 0.6 and 0.9 times of crop/pan coefficient increased by 16.73%, 38.78%,
26.04% and 18.58%, 46.58%, 29.09%, respectively on the 3™ day after irrigation at fruit expanding period (P<0.05). Compared
with the non-aeration treatments, the average soil dissolve organic carbon, nitrate content increased by 26.40%, 28.22% under
the treatments of 225 kg/hm’ nitrogen rate, 15% air void fraction, 0.6 times of crop/pan coefficient, while increased by 19.67%,
18.46% under 225 kg/hm® nitrogen rate, 15% air void fraction, 0.9 times of crop/pan coefficient (P<0.05), respectively.
Compared with the non-aeration treatments (P<0.05), the average soil dissolved organic carbon, nitrate increased by 20.38%,
19.25% in the treatments of 300 kg/hm” nitrogen rate, 15% air void fraction, 0.6 times of crop/pan coefficient, and increased
by 17.49%, 17.93% in 300 kg/hm2 2 nitrogen rate, 15% air void fraction, 0.9 times of crop/pan coefficient, respectively. In
nitrogen metabolism, the rhizosphere aeration and high nitrogen application can promote the content of Nitrospira associated
with nitrification, and Bacillus associated with nitrogen fixation, while inhibit Pedomicrobium associated with denitrifying
bacteria under soil aeration. The Shannon and Pielou.e index significantly increased in the aerated treatment, compared with
the non-aeration treatment (P<0.05). Furthermore, the Pielou.e index significantly increased in the treatment of high irrigation
and normal nitrogen rate (P<0.05), compared with low irrigation and low nitrogen treatments. In the phylum and class level,
the copies of Proteobacteria, Actinobacteria, Acidobacteria, Alphaproteobacteria, and Deltaproteobacteria increased (P<0.05),
whereas, the abundance of Gammaproteobacteria decreased, in the aerated treatments, compared with the non-aeration
treatments (P<0.05). The copies of Proteobacteria decreased significantly (P<0.05), whereas, the abundance of Acidobacteria
increased (P<0.05), in the high irrigation treatments, compared with the low irrigation treatment. The abundance of
Proteobacteria and Alphaproteobacteria increased under a high nitrogen rate, compared with low nitrogen rate (P<0.05).
Correlation analysis showed that the improvement of soil aeration significantly increased the diversity and uniformity of soil
bacteria community in the rhizosphere, and the relative abundance of Acidobacteria at the level of phylum, thus to enhance the
soil fertility for soil health, while suppress diseases in the soil rhizosphere environment. Therefore, results of this research
would provide a theoretical basis for efficient utilization of water and fertilizer in the greenhouse pepper cropping system.
Keywords: irrigation; water; soil; oxygen and nitrogen coupled irrigation; soil fertility; greenhouse pepper



