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Effect of aerated irrigation on crop growth and
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Abstract; Water, fertilizer, gas, heat and light are the five key factors to ensure the growth and development
of crops. The traditional irrigation method not only consumes a lot of water, but also leads to insufficient soil aera-
tion, destruction of the aggregate structure, and the balance between the five elements is broken. Soil degradation,
such as soil compaction and salinization, causes soil fertility to decline, which adversely affects crop growth and de-
velopment. This paper reviews the research background of aerated irrigation, the evaluation index of soil fertility
quality under aerated irrigation conditions, the effect of aerated irrigation on soil and soil fertility quality, the effect
of aerated irrigation on crop growth, and summarizes the effects of aerated irrigation on soil microenvironment, en-
zyme environment, nutrition environment and crop root system, and the regulation mechanism of aerated irrigation

on soil microenvironment and crop root system. Numerous studies have shown that aerated irrigation can effectively
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improve the soil structure and hydraulic characteristics of the root zone, enhance the soil permeability of the crop

root zone, significantly increase the number of bacteria, fungi and actinomycetes in the root zone of the crop, and

increase the hydrogen peroxide in the soil. Enzyme and urease activities improve soil micro-environment in crop root

zone, and aerated irrigation can increase the content of available nitrogen and available phosphorus in soil, improve

soil fertility quality, promote nutrient absorption and crop growth and development of roots, and improve irrigation

water utilization efficiency, crop yield increased by more than 10%. Finally, it is concluded that there are still

problems in the research and development of gas filling equipment, the time and frequency of gas filling, and the

influence mechanism of aerated irrigation on soil, microorganisms, crop roots, ecological environment, etc. In the

exploration stage of quantitative research, it is necessary to further study the coupling mechanism of water-soil-gas-

crop in aerated irrigation, in order to provide theoretical basis for future research.

Keywords: aerated irrigation ; hypoxic stress; soil fertility in root zone; crop growth
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TR bR TR AR

Soil quality index Soil quality index system

b | bR LR R IR R |

Mg bR o . P
VIS St £ R KPR
Physical L X R . .
. Soil texture ,soil topsoil and root depth, soil bulk density,
index . e . .
soil permeability, soil water characteristic curve
THATHUT (A CL N) (pH i, L 55 ] RE
A 4RbR NOATRR PRSI K
Chemical Soil organic matter ( total C, total N) , pH, soil con-
index ductivity, soil releasable N, soil releasable P, soil
releasable K
Wb AWy AR N SRR 3K x|
e Bl B | e
Biological . K . . . - .
L Biomass, potential mineralized N, soil respiration, soil
indicators

moisture content, soil temperature, soil enzyme activity

KRR bk, E A K B E | LIEMEY
I Bl LA B A S 55 4 1 o fifk R AL R i B R 1Y)
K, [RIEE 38 AT LA 8 3k 4 o) 4 398 K 43 o B ) 1+ 3 5%
A3 AR Al - R AR 7k B A AR K &
B HYSRAEROR 4 A SR R R D - 3K
SrMZER Sia 8 LIEMAE WG B HIEA R IR A
WAL EMIR AN KB AEVI LR, LIEERE
YA B AT, H v g IR Ol B4 R e B AR
PR 2 BT A FH SRR DX AT BILJS A 4 i, 3E 1T 5 Tl
TEPIRRNAER , KEVFREZ, IR RELE &
s O, i, B I U SR B DT A A A g
TR o0, (A5 DA ) A B B 04 3R AR LA AR B o3
WYISEARL C N B LR 3 - e rh B e T 45
A B SR, D AR T A AR R s
15, BEmi e RAEY A Ko R R ok Y, L
TR Py W2 = HE I g I o g 4 7 U SR L A
TIEGE S 5 A VU o i JOE SR R A
TEFR i Ab rE B X AV T, ok 388 A8 g Jo o 1)
KRR FEHEZEMIEH ., — M 3R 20 MY 8GR
W% WA )ZIMR, WA Y B e ORI
BRI AOR I R, R R IR R, A
FITF e Y 0% sh 5 a2 Tk ik S B
FEW MY C 5 N & PR A
FRIEME  FEARPR GE AR PR LR TR LR IF Rl
IR (IR AR . Payero 451 B 5T W] 72
STHERE ISR AR X O, v BE e A%, 5% i A ) A R 0T
W VER = BN R R, AR B AR I, N
T HIERUEYNEIE R T 11.5% (P<0.05) , 1
SRR W) AR R R KT 25.5% F1 38.8% (P <
0.05) , BAHA I HE Wk 38 1o I 45 - K L& 451,
PRk T g b ERLAE YRR AR R R A R



186 TR A X AR

o538 %

F T HHEE AN, RESED W T I A
T I N, O HEBOM A AL 5 B A 40 P 1Y) i
S5 R AN TRIVE K 2 8 00 Jn A< HE TR Ak B B A% 14 T
38 N, O HE, SN T 4.7% , H Rl HEK R
B, -3 N, O HEBCEAE R i, SR T 1.9%
A VRS T A X TR X R A AR X
S AT T BV S5 R (R 5 ) IF 9 465 S 6 B I A< Tk T
DIBE IS i T T RS A B e B T T =E E, HLAE 40~
50 em )AL BRBZETA T T RNGE AL IR BE A T T LR
I 16.7% M1 22.7% , &R ESED W T
FE it b -39 N, O HEB XS AR B SRR A I T B4 T 1z
SEIRRABE AT N, O HEBUE 5 06 JF- 34 3
i 35.16%,

g5 LT IR REE AN E AT AR N £ e 0,7k
& 4R K R BCR  H0E I i W iE e B
IRVERI X Ak 2 AR AR A 1, TR) B 30 R i % 1 A4 rp
[ (RIERBURL) (3K R RIESR) = AE L
5], ¥ o = 39 30 T AR ) 3 37 M R A R 4 AR PR AR
A 855, R 4 3 S Ak A JROR B B AR W s
PE RS (A Rk ) Bl = AR (CH, FI
N,O) HER ™ B F LR MR R, X - $9EAE g o 2 |
AT S IR IR A R L, I
TS -+ SR AR A8 B T, A IESOIR S
R g5k BaE M AR T 1 A S R A
SR OG, WO A X AR ) R A — R B
e ]

3 CHEME R VR4 5 R
Pl

3.1 MSEBRIEY £ KRN

KRR LI SEE Y E KRB 1 5 RINE
W, LR EEEDERES., KK, #F
UMY p B K B EXSEY A K R B W
M, WIS b, Rk, KRS A B HE I 5 =X
CINHESE) B T 8 I AF 28 18T, Bhattarai %7
TR 1 0T I T L T SR A
H, Abuarab M 257V RF ST R I, AT L R R VE,
IAERE T EOK 7 1 2 il 2 12.27% (2010) Fl
12.5% (2011) , 7K 3 ) AR FIEE Wk 7K 43 F) I 350%
ik, H5 X BAAE R ESE2ZS, mMRERT
IWUE 4351} 1.096 kg - m™(2010) F1 1.112 kg -
m*(2011) , T # T i #E IWUE 43518 0.911 kg -
m~(2010) 1 0.922 kg - m™>(2011), Ben—Noah I
DSV 2 AN AT TR VT A EE i AR A B
B CREAE, LY SRR RO I Ak ¢

ERIMAF AR LR SEREE AT T iR
C M/l %+, Pendergast L 2 BF 5845 H 78 Hi
T 7 T R TR K AR R TR 129 10 2 ASRT DL v
P 27% (2006) Fl 10% (2007 ) , Abuarab M E
GBI FEAS IS IR R 1 A 04 A K B, AT
PERAK 3 Az 7 R 5 AE W i 7 R B i, I R
SR R WIAR PRl SO X IR A AL
TRAFEM , f5 PR S B g 45 3 it AS TR) A 7 0
XPRR I o A=  mg J A ] Al SR 3E 4T <Rk B
e, ZES PN BT A5 B R A K B A
1 A] DLSE TS S AR A R A UK Brid e AR 8
TN AR e B 25 T HE R e A v, AN AT DA
AR AR 2, B IR AR X AR LR
1M H AT DA A AR 7K K BT, KR FEA K i 1
FITEE /K A5 B A A= 0 B b B 0 400, 3 T A AT K
IGTERRRE . ARG LUK NI IE XTG4, R BN
KK BRI & T 5K 09 EHFRE 6 5
AP RS TURY 53 BE A ARG A5CRRA, 5F RE U 42 5
T oI RE ST HERINAESE T 3 2 0 1 4
TOKREE R, IREIE S BT R IR
THRR S EEA I HE BRI N 1.449% LRI 3.02% |
FEEE N 19.49% , I H i BT AL T IS AR,
SREET BRI R AR K AR IE T B AR,
SMEWERE R BN A S i R S A
FE T AR AN T R X KGR AE K S
i JELFE B (4 ), BIF 9 3 BH /K 15 38 32 1) Jo 2 B n /<
JoHE R A T e SR S A i v R B TR K B
T JB S VA 1) T e 2 e 1 A A K R B S LY
IS EBE R R E N 10~20 mg - L', &FEx
SOV SR T T AR B 0 R AR 2 2 A
FNZEREIE N, 5 35 4 = A 250 0T A L AR SEAE R T
R AR AR50 B g B S I T 4R
AR = A K A R R0 (RT3 0 4
19.3%F117.9%) . &% W9 T RIF +HE 4
PR B SERE B T R A A 7 i R ALY
RN, 25 5L e B S0 b T TR T 5 AR K K A R
FEA MR HEE A B3, EARE LR AT
MR ML T 97 T O D A 5 7 3 7 M K g R
BRI TIOR8 Lk, i HE X VE P
AT — A2 S R, E R B A KMz
B AR ANE S A K o3 R 55 R R 5
3.2 INSEBEG TEYEHE

FraEE K B AR O3 [FAE T TR By A
FERI, P i KRR RGBSR R Hir, =
HETE—E P L Re B AR - &, | N A2



5513

RN IR AR DX A ) B SR A K 187

QXA HE B 25 F T VR g 7 MU AT T % 28 00F
I8 IARHERE S I A Wi v 2 R SR TR
M G A 20 el Sk S R B S R 1 T e
S IR B A OB W Dk RAE 1 4338 OIR B
A A o Jenkins K B %(551 FI Greenway H %(Sﬂ
WFEAR L TR SR B R BE S 32 5 1 i A W%
P, Nosalewicz A ZFU7 W55 R, HIEAE AR
MO, A IS MR R . 2200 Y R A U
AL AR R AL, BIEFE T I A X ORI 4 3
it 1% P 5 A R T R ), B 9 2 R 3R B A
X S W T 1 | B U W BRI
I A T S g o A X R AR X R
BE K5 1 (W SEMRAIE 5 A B0, A HE I RE 6% B 2 1
T O, i, e IR D RE, [ LI
USRI W (AT TR RO ) B L
I AR O, A% 78, AR #E T B A R B A4
Wi S S IS TN X 8 it 7 8 b A A i
PR TRECRE AR, 45 SR 3 BN AR i Ak B
I T A ERS A AN R SN T 2.19%  (H I
TEWRW /N T I S A AL A PR P RIRRAIR T 9.7%
(P>0.05) , FHlE /-5 Bk 5% 22 B IS0 W T A 5k
et BIEA YIRS PE i N R R IR 2 N
BETYR.

TN S 3 S T a1 | T AR AR
YRR A KR E SO 3 s 77 o0 R 1Y R SOR
IS EY s BRI BOG S 7 Wi is e
R | e 2R B 52 i 7 B A By H i, 24
CO, VR PEARXT T, T O, R BE AR BARET 45 25 BR ]
YEYIAR ZR VAR, DTS2 e AR 2R TE # A S RE A1
MW R & 105 o HG 7 2 AR BT, 3 — A
EA R L R IESE,, ERRA AN
0,25 7T & W =B M (ATP) ML [N, 2R
M7, WARAR X CO, M AR &7, L BELAG T AR FR YA AT
W, SR T A PN — Ay B I I 1E B HEA T AR
AR B FESE SRR X KA EIGE 0, #1740 HE
BT R A A SRR K G BURARA BT i
o SEARSCIBAT e S TR
DRt i =W R IR H (ATP) & & 25 DBt A
ATP FE P, fE#E C R4 i it R ) AR 1432 5%
FATIL . SRR BFITIA R, SR FORAR R T
T3 AR HR e BT &R By R A . 2ot
SRS T ORI 30 AR I R AL X
BOCEVER 2R & & L T B R K™
M) , 235 SR B ) e 31 AR DX b 3 i A=CmT S 3 R s i
MR S AL, WO SR, B+

TR R B o 5 HLBE At i T v, R il v ot
AR - RET R R AR R  RHe AE
WFSE T IAREBE T T3 S 8000 1 0TI i 52 e, 45
BN T LI g2 M+ 0, 5
PR S 2 AR R T 33.16% 1 16.61% , iX
IR T 0,782 , REUSAE HF AR A7 Tl
RS W 1) T 2y, = HE AL A3 i, i
WAk, (A5 1 e v (18 2% 4 RE e 15 B 7 43 1 it
N, T A FVERI AR 2R A I A B AR AR 92 40 i
I35 MR KWK AT, (H R 43
CO, & FE AR i B Bl O, MR L, MAEIAR 22 I
W AR R A K R B A 2R, B R RO D,
RELASAR 22 %58 265 75 40 Jo A9 R s, R B AR 3, 3 A
SRR R A 7 A AR R WK T ELIA 25 TG S
W SRR AT 22 ARG 1T (AR R Th B2 2407, 2 5 R AE
YIFeT-

VR PR X HEAT I I A FE O, F fiff ke
+- 48 O, A JE M [a) 8, — B =38 AV 9 3 T G
) TP AL, TR R A A A e R S R 5 I 52 Rl e 3% 1
B AE X EY ™ a0 BK A R R A
AR, HET, IS N EY 3 e pLEE
WFFEIR Kb T 2 25 B B, 4 J5 vl ifF — 25 ok FH 3 R 4
AR 5T WA AR S5 T BETF R I A X 1 1 i
AYIERIAL  VED A K ALH A 5T, B B b
J2 W A AR ) R S AR R, F
BN I AR

4 IR HEBRAT S AT AR ) RS e

4.1 TFIEEA

I, X5 IR Y« 5 BRI 3B A TR R B
B, BARCHUS T — & B RHIF R AT A A D )
TR B — BT (1) A [6] B A= 2 A A<
ORI AR 5 (2) I I A A O SRR
FHZR (3) T A= X 45 5 AE ) S AR B 1 3 R
B AL 5 (4) IR R T B A
it T IEREE R A WU SE RS e L (5)
SHEWERT IR 5 AR R IR BRI 5 (6) A
TEXTAE 3 7 W 3 A 27 HLI S L3 (7) <
WA RS HAE RIS
42 MRREZE

BTN ACHE I T 1T B B 9T H R IA AL T SR By
B A A HE R R 0 H O R, T A R 1) #E
T P A 7K G U e R R A 4 R 4 AL A
Tr% ., AR BB 588 B £ X DL JLAS D7 T .
(1) KRH AR FM N REEYM I (2) 5



188 TR A X AR

o538 %

XA DI AN [ 4 I S RE R AT 55 (3) O T 42
I RERACR , LB X0 45 72 VR W T e I <o e
TR 2 AT ) SO A A A
G5 (4) TP TBE -5 11 0 it IS 45 A T A B0 i A 45
A, P AL Ty B SEASCHESE s (5) PRI
TEMRRHRE™ ) B, BT S AT S PERE AL R L S8 P o
FYINIRTHE 28 GE R E 5 (6) Sy o o 18k v it
AHE K g th |, T 2T ORI AR /N IR
TRE TR AR Y 5 e BF 5 LA B il R AR Y A0 K A
FEIW R AE; (7) WRAHT TS HEB AT T KR
M a1 A R K 23 5 70 B PRS00 5 (8) i
ACHETE XS 38 A W A % 0 e T A M BT B A
FIBLFIBFTE 5 (9) I THEME oK -+ - - 1EP R &
PLHIBTFE

& % X #k:

[1] Atkin O K, Edwards E J, Loveys B R. Response of root respiration to
changes in temperature and its relevance to global warming[ J]. The
New Phytologist, 2000, 147(1) . 141-154.

[2] VER, EFRV, SptitoR, 5 mYRE a0 E 518 R ITE
HERELT]. VUALH)AA, 2006, 26(4) : 847-853.

[3] Su N. Generalisation of various hydrological and environmental
transport models using the Fokker-Planck equation[ J]. Environmental
Modelling & Software, 2004, 19(4) . 345-356.

[4] Bhattarai S P, Midmore D J, Pendergast L. Yield, water-use efficien-
cies and root distribution of soybean, chickpea and pumpkin under dif-
ferent subsurface drip irrigation depths and oxygation treatments in ver-
tisols[ J]. Irrigation Science, 2008, 26(5) ; 439-450.

[5] Phene C J, Davis K R, Hutmacher R B, et al. Effect of high
frequency surface and subsurface drip irrigation on root distribution of
sweet corn[ J]. Irrigation Science, 1991, 12(3) ; 135-140.

[6] Phene C J, Hutmacher R B, Ayars J E, et al. Maximizing water use
efficiency with subsurface drip irrigation[ J]. Paper-American Society
of Agricultural Engineers (USA), 1992,7.21-24.

[7] Machado R M A, Do Rosdrio M, Oliveira G, et al. Tomato root distri-
bution, yield and fruit quality under subsurface drip irrigation[ C]//
Roots: The Dynamic Interface between Plants and the Earth. Amster-
dam. The Netherlands: Kluwer Academic Publishers, 2003 333-341.

[8] Dhungel J, Bhattarai S P, Midmore D J. Aerated water irrigation (oxy-
gation) benefits to pineapple yield, water use efficiency and crop
health[ ] ]. Advances in Horticultural Science, 2012, 26(1) ; 3-16.

[9] Su N, Midmore D J. Two-phase flow of water and air during aerated
subsurface drip irrigation [ J ]. Journal of Hydrology, 2005, 313(3):
158-165.

[10] Meek B D, Ehlig C F, Stolzy L. H, et al. Furrow and trickle irriga-
tion; effects on soil oxygen and ethylene and tomato Yield[J]. Soil
Science Society of America Journal, 1983, 47(4) . 631-635.

[11] AR, S e gl AR X L SN R A BARPEs2ma []. HE
TEHUM TR0, 2010, 28(6) : 543-547.

[12] Friedman S P, Naftaliev B. A survey of the aeration status of drip-ir-
rigated orchards [ J ]. Agricultural Water Management, 2012, 115;

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

132-147.
Niu W Q, Fan W T, Persaud N, et al. Effect of post-irrigation aera-
tion on growth and quality of greenhouse cucumber[ J]. Pedosphere,
2013, 23(6) : 790-798.
Bhattarai S P, Huber S, Midmore D J. Aerated subsurface irrigation
water gives growth and yield benefits to zucchini, vegetable soybean
and cotton in heavy clay soils[ J]. Annals of Applied Biology, 2004,
144(3) ; 285-298.
Chen X, Dhungel J, Bhattarai S P, et al. Impact of oxygation on soil
respiration, yield and water use efficiency of three crop species[J].
Journal of Plant Ecology, 2011, 4(4) . 236-248.
THGREL, HMAZN. IRt 2 AR IX L A K7™ e (15
MAL)]. HEREHEK AR, 2014, 33(3): 33-37.
Abuarab M, Mostafa E, Ibrahim M. Effect of air injection under sub-
surface drip irrigation on yield and water use efficiency of corn in a
sandy clay loam soil[ J]. Journal of Advanced Research, 2013, 4(6) :
493-499.
Huber S. New uses for drip irrigation—partial root zone drying and
forced aeration [ D ]. Muchen, Germany; Technische Universitat
Munchen, MSc, 2000.
Niu W Q, Guo Q, Zhou X B, et al. Effect of aeration and soil water
redistribution on the air permeability under subsurface drip irrigation
[J]. Soil Science Society of America Journal, 2012, 76(3) ; 815-820.
Goorahoo D, Carstensen G, Zoldoske D F, et al. Using air in sub-
surface drip irrigation(SDI) to increase yields in bell peppers[J]. In-
ternational Water and Irrigation, 2002, 22(2) ; 39-42.
Larson W E, Pierce F J. The dynamics of soil quality as a measure of
sustainable management [ J]. Defining Soil Quality for a Sustainable
Environment, 1994, 35. 37-51.
Doran J W. Defining soil quality for sustainable environment[ M ].
Wisconsin, US: Soil Science Society of America,1994.

Hopkins D W. Biological diversity and function in soils [ M ].
England; Cambridge University Press,2005.
W, Wbk, RO, . IR L IERUE IR [T ]
Pl B, 2004, 24(3) : 39-47.
TRHE, BR/NET, FOIFT. IR XN [RIPR A 3= )
HSIETICRITE[T]. AR, 199, 18(2) : 218-222.
Payero J O, Tarkalson D D, Irmak S, et al. Effect of irrigation a-
mounts applied with subsurface drip irrigation on corn evapotranspira-
tion, yield, water use efficiency, and dry matter production in a sem-
iarid climate [ J ]. Agricultural Water Management, 2008, 95(8):
895-908.
KM, SR, RAE A G R = A AR X R <
PELI]. Al TR, 2017, 33(21) : 163-172.
PRER, Z55s, 2RO, A5 AR T 13 N, 0 HEROW b/ Sl
AN B AR [T ]. AU, 2018, 49(4) : 303-311.
BEZ, M, EI S ORGSR X AR R LA
SRR B AT RETE S, [ 1], Ak TR 4R, 2017, 33(22):
119-126.
WRE, EG, XI5 AN SR & i % N,0 HE
HCRAE RS R 5E. [T, Al TR =4, 2019, 35(11):
95-104.
SRALI. +3EBTHb. IREER Eh XTRE I GeHER s (1], T3



5513

RN IR AR DX A ) B SR A K 189

[37]

[38]

[41]

[42]

[43]

[49]

2, 1998, 35(2): 145-154.

T, AN, VR, A SRR i R b L pH
5 Eh (Eh S RIS BIR [T ] R R, 2012, 49(5):
218-223.

A, AR, RI505, 5%, LT N T
JELT]. L-HEwHR, 2009, 40(5) ; 1209-1214.

NG, 52, . bt fbad BErh N, O BEumi R 3R
[J]. ARG, 2011, 20(2) ; 384-388.

P, Wi, A, 5. R CH, RN, O HEBOCR ML)
NIRRT [ T]. REAAZS2R, 1997, 8(3) : 270-274.
JRIEHa, sk, 220, . AR CH, A AR
A B R BT (1] A A FREE I, 2011, 19 (11)
2540-2545.

Bhattarai S P, Su N, Midmore D J. Oxygation unlocks yield potentials
of crops in oxygen-limited soil environments[ J]. Advances in Agrono-
my, 2005, 88: 313-377.

Ben-Noah I, Friedman S P. Aeration of clayey soils by injecting air
through subsurface drippers; Lysimetric and field experiments [ J ].
Agricultural Water Management, 2016, 176, 222-233.

Li Y, Niu W Q, Dyck M, et al. Yields and nutritional of greenhouse
tomato in response to different soil aeration volume at two depths of
subsurface drip irrigation[ J]. Scientific Reports, 2016, 6(1) : 1-10.
Pendergast L, Bhattarai S P, Midmore D J. Evaluation of aerated
subsurface drip irrigation on yield, dry weight partitioning and water
use efficiency of a broad-acre chickpea ( Cicer arietinum L..) in a ver-
tosol[ J ]. Agricultural Water Management, 2019, 217, 38-46.
Abuarab M E, El-Mogy M M, Hassan A M, et al. The effects of root
aeration and different soil conditioners on the nutritional values,
yield, and water productivity of potato in clay loam soil[ J]. Agrono-
my, 2019, 9(8) . 418-434.

ERFTE, XIS, EREAL, 45, L IEmEE TS I i SC RS
[J]. HESR SILRA, 2004, 10(3) :277-280.

JREAR ) SRIGN, AR, 5F. AR AR F AR B SO i 5 2 i A
KRt sEma )], PR, 2012, 45(7) ¢ 1330-1337.
BRI, RS, AL FAKHE R ST K A E ZE R R E 2Pl
BERAERDTEEIIIE[T] A0l TAE2R,2013,29(15) :98-107.
IR, AR AR FR A I I 2 S 57 TR G
A[D]. dtat: FELLABE,2013.

TRHH, 200, BOBTHIAE. IR B A I, R
A RAGREIR )] TRIXAOAITE, 2014, 32(3) : 83-87.

FREL I REEA I IR TR AT D). 4 . VL
PP, 2011

JEIZMS, 2GS, XTI, A ORI AR K S B S A
KA BAYENAL) ). BEBHEK A3, 2016, 35(8) - 98-100.
BT, ARFAR, INER, A5 I IR S A A A K AN R
SREWMAIZm 1], LlPEAHR, 2018, 49(1) ; 228-234.

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[o1]

[62]

[63]

[64]

[65]

[66]

Du Y D, Niu W Q, Gu X B, et al. Crop yield and water use efficien-
cy under aerated irrigation; A meta-analysis[ J]. Agricultural Water
Management, 2018, 210(26) ; 158-164.

TORTE, TR, W, SOIE K IR R X 4 T i
SEHOMRITRIEL ). MEREHEK 4R, 2019, 38(3) : 8-14.
Jezierska-Tys S, Frac M. Impact of dairy sewage sludge on enzymatic
activity and inorganic nitrogen concentrations in the soils[ J]. Int.
Agrophys, 2009, 23(1): 31-37.

Fraser D G, Doran ] W, Sahs W W et al. Soil microbial populations
and activities under conventional and organic management [ J ].
Journal of Environmental Quality, 1988, 17(4) : 585-590.

Singh D K, Kumar S. Nitrate reductase, arginine deaminase, urease
and dehydrogenase activities in natural soil (ridges with forest) and
in cotton soil after acetamiprid treatments [ J ]. Chemosphere, 2008,
71(3) ; 412-418.

Jenkins K B, Michelsen D L, Novak J T. Application of oxygen mi-
crobubbles for in situ biodegradation of p-xylene-contaminated

groundwater in a soil column[]J]. Biotechnology Progress, 1993, 9
(4) : 394-400.

Greenway H, Armstrong W, Colmer T D. Conditions leading to high
CO,(>5 kPa) in waterlogged-flooded soils and possible effects on root
growth and metabolism[ J]. Annals of Botany, 2006, 98(1); 9-32.
Nosalewicz A, Nosalewicz M, Others. Effect of soil compaction on de-
hydrogenase activity in bulk soil and rhizosphere[ J ]. Int. Agrophys,
2011, 25: 47-51.
2T, 304, TR AR IR R R M S
AR IR ). AU, 2015, 46(8) : 121-129.
THIGEEE. I SHE R I 2 AR X LSRR A B R (RS A T Y
[D]. % PIILAABIERA: 2014,

Du Y, Niu W Q, Zhang Q, et al. Effects of nitrogen on soil microbial
abundance, enzyme activity, and nitrogen use efficiency in greenhouse
celery under aerated irrigation[ J ]. Soil Sci Soc Am J, 2018, 82(3):
606-613.

Bertrand A, Castonguay Y, Nadeau P, et al. Oxygen deficiency
affects carbohydrate reserves in overwintering forage crops[ J]. Journal
of Experimental Botany, 2003, 54(388) . 1721-1730.
PR, S AR TR B A R SR [ D). KD,
K2,2012.

LFEA, EIRbR, AL LI A R R B H A
HHURILI]. HEARARR:, 2001, 34(2) ; 173-178.

S, 4304 ARPRE AN R AR K SRR T S psEm [ )],

TE AR, 2010, 18(6) ; 1194-1198.

AT, 4304, B AR IS RS AR T

AR R [J]. Al THRZAR, 2016, 32(18) : 125-132.

At B, RIS S5, G T U RIS £
SRR L) . A AU, 2016, 47(12) ; 223-232.

WAl





