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BEATPY, I e s (B AR FO0 AR B 39 3R 9 5 A
KA BT, R R R R, ot -+ gl
A MIRETE 2 e, (Rt KU ses e i,
JR, A7 R SRR X B AR ) S B ) xR
7 MRS L0, MR SR HEAR R NS T DA Rk
JINVRET TR A 20 R AR gt T i SRR e
e hn R A A AN B B e, 25 SRR NS
BRI I T R A R A, SPasgn T
2.1%, {HIN MR/ T L3R O Al B 2, P
BART 9.7% (P>0.05); Fivessl¥Iprsy TR, il
A TR S R B K SR E R IR B [k
AN AEE 2 PhE NS 2% B I i S R 2
4 L W R ORI B N 1A Ee A% G = R
Fh 3K 308 A I A 7K R 5 B B TR K LS AR AE R e
E i =P R I A O NIl - 2o s Eea 87
T ARHEW AL P IR R R, 25 R
BRI R TR VEE T R A L K2 R 3R 40 P R A kA
FBOR 2 A SRR, A X b g
B R B oK o R AR R T U B Du
et IS T8IGE o 0, RN R TR &
BREAKDFIAE CGRFHME S 9 E 19.3%F1
17.9%), T H Al s HIEAYIRES, 5 N A
%, HEEL N BRETWR: FEESY 5 R
T T 35 NLO HEE X /K BE AR A iR FE A i 2,
SERFHESZMT N,O HEBUE S B F3438
35.16%. H AT, AR E 5 IS 7T ms
T ARKRZEREAEGNS CCEENSD, BRI
JESHR AR ORI A, TS AR KRR /KA =
23 b BATR B AT IR RS, 4550 15 B B
filt THE K ISR BEAR 2 NZERK R LRIHTY AT
BRI SIS R AR B G,
THEBK IR BN TR GK G 2 8], T
ARSI B B 38 RV R LR IA K SR

A5 EE VR A AR AR R R R KR B2 T v, B e A
SRR T ARIX TR A A AR o CABUAR e 11 DG 1) ]
N R A A I ] b 35 - S0 I Vi A O 5 P O
55 AR A DL ARV AR R kA HH B AR R
DL A6 1 7 S K S /K M R O B TR R R
JREREE, EH TR IR NS
e AR I T, I SR AR A AR B IR o IR T
I E 7 R R SR AR I, BT A K S K
T HE T SR AE 1S AR PR R A R0 R R R

BE N ErE . R A W o S it — e
WIKIEMHE RS % .

1 MRE7EE

1.1 R

B FLIXCA TSR RO e, HAL TS WD HUIEHES,
HFRARFR AR LR 106°30'—108°30", b4h 37°38'—38°45',
WAERATE X, 2GR 2.7 mis; 2R
8.0 C: MXHEE 1Y 49.7%; “F-¥yyb 5} A] 16.8 d;
SE H FEASTE] 2 400~3 100 h, “F#°4 2 957 h; L4
YR KES 2R E AN 260.6. 2 497.9 mm; L
#170d, HwKHLEERE 1.55 m. 31X 100 cm
T IERAU R+, AR B8 1.62 glom®, £ L 1.

%1 X3 X 0~100 cm £ B +FE AR 28 5%,
Table 1  Soil mechanical composition of 0~100 cm

soil layer in the test area

PR = IR 43 A7
Bulk L Soil particle distribution/% ez i)
density/ Proportion Soil type
0.05~2 mm 0.002~0.05 mm <0.002 mm
(g em?®)
1.62 2.71 76.85 21.69 1.46 L

1.2 RIEM R R FE T £

THE RS EFHEEE N 0.4 mm Py IS A 2
VER, WK AUE RN 2.0 Lih, WSk EEES N 0.3 m,
AATERICHETE B L SR B AT KB ], R
(B HI4TEE N 60 cm, RHEE IR 20 cm.

PERCEAE . RIEEE N 4a R BE 2 5

FRRE 7 i RAEERE A 2 N T4k, AT
PR BN 15 om, 755406 B 75 IAIAE AT X BUscoe,
TR NI S840 18 75 1R B 77 I A A v R 1 P B8 4
ZHLX R 1 E T TRAE 4 AR IFIGRT, 8 3 %
E 15 TRAE 9 HIRICHI 17«
1.3 It

2018 4F 4—10 H{ESR/R 2 Wit 5845 v fi e T e
T ERACE TE PR A K b R TR ARG o R
3ANMBFEAT 1 ASHE (CKD, BRI FE K 50.0 m,
B 8.0 m, BMRAILALELRI 5> 3 MALL /N XAE 3 I
2, BNRE/NX D 2m, I/ X ERE 1 m, AT
56 AL PR AT RERR B 7, B8N 2 m, REE XS AR 1900
Mo 44N IR b B 5 7K R 2 )RR K R (FC)D
[ 25%H FFURE K, #EK IR HIFE 75% FC, %1t
EfESE L. H27E. B3N IEEKS. 4. 5Kk,
BAKICE T EKSIEK 14 Wk, EBEHN 315
mm.  H SRR AR T R IR AR K
fif S8 P R AR AEVIR S Y 1.8 mg/L, MIATIRAS AN 8.2
mo/L, MUAHIF TR S A A S o A P A
L 3 KT, Al WA-L 4bFE (1.8 mg/L).
WA-2 4b3# (5.0 mg/L). WA-3 &3 (8.2 mg/L), 4F
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AN A FEVEE K B TR RO VEE K BB AR EK A 5~7 d,
PR ITAE . RFAS ORISR T HEE 1 REZK I it fR
2% 30 kg/hm?, FR 251 T 7 50 1 I O BEL 2 09 K
J BEE K LR T E R
1.4 WNFEIRS 5L

IR EG X /N B A A Rl S E A & A I
BEHSE BFEWE. KE. X, Sk KmsE
BERIATWM; ARSI AR S POE Rk A 2%
B bR R KRR R A FD 74,
TN K AILAE 7K H IR I A A8 0T B UK 5 R FH 56 [ 4 3%
YSIPro20 ¥ MEI GRELO FEmlE; Kt
B R P R SR AR, FE AN 1 mP A
. NE G R E E R B TR E, R
B EONIEAE, 105 C i AR 30 min 5 iR
WA 65 C, fHIRZM FH 48 h, A EHBCH AR T
. TRESEERFRTMH. 8. 2808,
FRACHA AR B H e e -3 a7 0 &, LSRR EE
RN ERCERE, EFEHA 20 cm>0 em, - 4F
REE 60 cm, IREISEIER LA LA L1550
SEJTIEMR

D) MR B2 g BT B AE S, N
A 2 mL g FE /R T B, SRS N 10 mL )5 )
BIRE N 1 mol/L A AN AR Tl A &R
B, ATEUEsf, 28R, % HW, & EEEA,
Gf ARG CE 24 h G FRRUHERR ((RFTEIRE)
T € N BB ER B AT o

2) A FREL1 g £RET 50 mL O,
HIN 20 mL #))5 A A 0.5 mol/L [k BR &80 »
JAN 25 °C, 220 r/min E2 R H 4R 30 min, HUHJE
FHUE4RIE #E 5] 50 mL /e, WREL 5 mL JEW T 25
mL &M, N 2.5 mL 865755 €2, &4 30 min
JE I 5E o

3) R FREL 0.5 g £AET 50 mL EOEH,
JIN 20 mL )5 B f R B 0.5 mol/L I EE R %
TN 25 °C, 220 r/min FFER IR 30 min, HUH G
FHUEARIE #E 2] 50 mL /e, SR 5 B3 JE 1
I3 HEH I E
1.5 BIBS

14 Fl Excel 2013. SPSS 19.0 A1 Origin Pro 8.5 %
PEXRTEAR AT . T .
2 BERESH
2.1 FEAIE LT E BIRFRTIESF SIS0

TN R A K Rl R V5 B 2% 1 T SR AR B R AR B 1=
e EE AR ES TA A E A (B 1; 5L
WHELEE BN, RrEPEAEEE DR, &
26

IRIR T W >30T > o B > JF e R0 E TS
(A P, AR R 138 T G R B A Tl oK SR K
VA AR AU AR B ()3 I T B A, B WA-3 b3 <WA-2
AEEE<WA-1 403, IRFH], MRS IR E A
e I B R R IR E BN TR JRF), 1BmkE
I 5 AR S8, WA-3. WA-2 AbFE AT WA-1 4b 7
(AR B 3B AR & 9l b CK & it 13.18%..30.31%
1 35.64%; 35715 53 51 /= HY 20.30%41.39% 411 48.66%;
3R A il e 29.87%. 51.20%41 56.42%; JFAEH]
43 )i H 28.39%. 56.20%F11 65.49%. it W BE % fiah
KAV AR U SR B 138, IR FE AR B 3%
PR R, T LRI Rk N, A R AR B
(1R o - 8 280 S B PR R g A8 > 9 A 30 > 4R 7
>R W,
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Fig.1 Available nitrogen in rhizosphere soil of alfalfa
under different treatments
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Fig.2 Available phosphorus in rhizosphere soil of alfalfa
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under different treatments
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AR WAL TS AR B 38 p g O = Bl
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MRS IEY, W BIRRITEN], Tl
HEENEES (B 3, U EREREREK
B AR AR A, AR B AR A 7R L e O
R, HACEERANE TN, SR K T
VEE SR AR SR AE B A AR B 3 S ) B AR T A
IARCHE AL EE, Ui B AR IR 3t e e s (e it
SEAE A AR ZO0S 3 v p g RO R e, AT ARG -
TR R, RAEE A A FEAE T, bR
FE R > >R F >, AR S
YL 7K R R e R A LIS 2 AR ST AR ) A K
R 2R X SR8 R R AT 4, T e 38 v sl R e
e EFFAEN], L3R B AR, e i
R oK N R e 8 e BE SR AL E A AR R
S rh AR RIS -

250 _%IETreatments: OWA-3 mWA-2 BWA-1 B[CK

200

150

b3 A (g kg
Soil available potassium content

100

,
&

PATHA ! iRia:
£ F ] Period

B 3 REIAZELE BT LR B E
Fig.3 Available potassium in rhizosphere soil of alfalfa
under different treatments
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PR ANFEAEE IR E TR R A R AN
Bl H A MENE. WK 4 FTUEH, AREF9KS
WK 8 o B R B2 AR PR T B A AR K R R R
— U, R AR ENE AR S, MR IR
JAFE 2> BOURR R, T BON BT IE S K
HRITURAL S, b BCEAEE & e A e it e fE
T ATEEE , S0 B s 77 A K e 1m) A Tl
A, AMERILFI AR R H IR T B FEREMANK R
HOTKE RS SRR P OIS K, e Bl 189 K 1H WA-3
AEEE S WA-2 ZEPRRORR R ZE D, B BRI SRk
AR ARE R IR DA AR IR R E S e
W E R R, I O A U Bk B S T AR FH 54
B R AXE IR IC R IRG,  AT S RE AR ) A

60 Kb Treatments: —a&— WA-1 —O— WA-2 —O0— WA-3

50
40
30

/cm Plant height

20

73

10

10 20 30 40
X1 J5 i 5% Timing number after cutting

B4 REAZELE BEH®RZD

Fig.4 Plant height of alfalfa under different treatments
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JE AR B A, S 3 R A R B
MRARIE IEROK, REWS S K PR EE M (e BEAR Bor - A B3
)78 TR A AU AIRR R AR AR AT, e bR &
X E IR AR o

C—1 551757~ i Dry weight of the first crop

Er =1

mm 55275 77 5 Dry weight of the second crop

E==mm 55 375 77 & Dry weight of the third crop
7500 5 iR ield 7 20000

g 7000 r { 17500
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Fig.5
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Yield of alfalfa under subsurface drip irrigation

with micro-nano bubble water
3 i #

VEVIAR bR L P 2 1398 5 40 FOR kAT <4k
R ERAT, FEASER bR I A Y I e S
MR AR PR AR 2R () 1 SRR £ P T, 5y -+ 3y
1 P (10 0 B R A g AR B R e R Y,
S ORBUAS B S BRI AR AR IR A P s 0,
BT S E YR R XS K s RIEFR A SR TR R
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W, AMIR B AR B 5 R P [ AT 5
FH, EREMEREPEATS. AREEEDR,
876 AR RRE /KO AR H HE IR P AR o - 3 A ), A
FITAEVIARER LI DL B AR RIFIRAULE , (EidttE
RIEEAAEYD, CCEED “ KA R SR Rz
LARRIVIK . T AR B R R A BARER M) 15
AR bR, AR R BRSO EYII A . I8
st 220 e S W, B SRR TR R R R v R R B
2, HESCRAERSE 24 h DLE. AR, hgh
KA K M T 7 E A B S R A AR B 3R
ORI R SR K TR RE e
PR PR R R A A, HA R RT
WA R %, 3% 58 2 25 PR 015 Hoin < e
RE 0 O B — G AR BRI 2
BEA, 31X AT BE A HH T AR AR R i o R KT+
HEE AR A R R, X5 Oo LT AR N
BERE AR R R 5 20 Bl — 30

TR ALK - T K 5 A Tl oK AR 1
T K B ¥R R s BIVE VAR b 3%, s TR B
TR, WRERARAKNFTER, AR EEDE
Y B 58?2 Abuarab 25 BIZEFF B KM
T KRR, MET R E, IS N R
AR 12.27% (2010 4F) 1 125% (2011 4F);
Pendergast 25 E TR Y, A IR G EEE K K TR
AN 12%[1) 75 < AT LR & B I 7 & 27% (2006 4F)
1 10% (2007 4F); Abuarab 2P 5273, /<
SR VIR A K IR ES, Wi sk = R 55
PR AR R, L SR e, RO R
WEInFE AL R e WA, PR, 4EERC
Jo TG AT A s TR SCIE PO 1 o 75 i S e
AR, RGOSR AR 25, R
TR P TR AR 883k 5 A IR A 21 B 1R o AR
HRR SR K T T S TS A AR PR 1 1
TOIABEM TR IR, W8 7 LIEdEE N, (2 TR A
A SENPIRAE FH SR 2068 =W BRI, 358 T RE IR
FEEER, WG TS E R TR R, sk
TER DN = FE R3S i 5 7= & 1385, 1X5 Chen
B Lei PR TR R L
4 25

1) WKL R RERE B R m R e
MRS L3RR AR, PR R PG
HIARHERE, THOEMGEE R T RFE, RESEE
RIUIR T W > > 0 B > TR, a0
TS R BT S BRI A BB AR SIEK
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VRS R B R, R SRR
RS EAR

2) ARSI R R B IR A E R T
BRE R, Bl AR SRR S R AR IR B S
LWETE TR B 2 IR IR . Sk
SERUN 22.5 mm SR S K R AR ER N 5.0
mo/L B, SKIEE T TR~ &K m1A 17 758.95
kg/hm?.
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Effects of Subsurface Drip Irrigation with Micro-nano Bubble Water on
Rhizosphere Soil Nutrients and Yield of Alfalfa

CAO Xuesong*, ZHENG Hexiang®", WANG Jun®, LI Heping®, FENG Yayang?, YUE Xianghong®
(1. Institute of Water Resources for Pastoral Area of China Institute of Water Resources and Hydropower Research,
Huhhot 010020, China; 2. Inner Mongolia Agricultural University, Huhhot 010018, China;
3. Dalate Qi Soil and Water Conservation Work Station, Ordos 014300, China)

Abstract: [Background] The normal survival of animals cannot be separated from oxygen, and the normal growth
and development of plants cannot be separated from oxygen. With oxygen, the plant's root system can maintain
normal breathing and exert its function of absorbing nutrients and water. The respiration of crop roots not only
supplies energy for plant life activities, but also the intermediate metabolites of respiration provide the necessary raw
materials for plant material synthesis. However, flood disasters, high groundwater levels, excessive one-time
irrigation, compacted soil, and soilless cultivation can easily make the soil rhizosphere soil or nutrient solution
poorly ventilated, and the crop roots and microbial respiration are weakened, leading to crops Hypoxic stress with
abnormal respiration and growth. Aerated irrigation skillfully solves the short board shortfall of oxygen in the crop
root zone caused by insufficient soil permeability in the crop root zone, making agricultural production more
efficient. [ Objective] This study is to explore the effects of different dissolved oxygen levels on the rhizosphere soil
nutrients and yield of alfalfa under the condition of subsurface drip irrigation with micro-nano bubble water and to
analyze the quality of dissolved oxygen in micro-nano bubble water suitable for subsurface drip irrigation of alfalfa
based on high yield. [ Method ] The field test method was used, with the irrigation quota of 75% FC (where FC is the
field water capacity in the soil),and three micro-nano bubbles water dissolved oxygen mass concentration
levels(low (1.8 mg/L), medium (5.0 mg/L) and high (8.2 mg/L)) were set. The effects of mass concentration of
dissolved oxygen in different micro-nano bubbles on the rhizosphere soil nutrients and yield of alfalfa under
subsurface drip irrigation were analyzed. [Result] Compared with the non-aerated treatment, subsurface drip
irrigation with micro-nano bubble water can increase the available nitrogen in the rhizosphere of alfalfa by
13.18%~65.49%, increase the available phosphorus by 7.02%~31.14%, and reduce the available potassium by
3.34%~15.77%. With the growth period, the content of available nitrogen in the soil showed a downward trend, and
the content of available phosphorus and available potassium increased first and then decreased. With the increase of
the dissolved oxygen mass concentration in micro-nano bubble water, the content of available nitrogen, available
phosphorus and available potassium in the soil decreased. Excessive dissolved oxygen mass concentration in
micro-nano bubble water does not utilize the absorption of nutrients by alfalfa root system, thereby inhibiting the
plant growth and reducing the yield. When the irrigation quota was 22.5 mm and the dissolved oxygen content of
micro-nano bubbles was 5.0 mg/L, the maximum yield of alfalfa hay was 17 758.95 kg/hm® [ Conclusion]
Subsurface drip irrigation with micro-nano bubble water can enhance the permeability of moist bodies in rhizosphere
soil, promote the respiration of alfalfa roots and absorption of nutrients, and increase hay production. It is
recommended that the concentration of dissolved oxygen in micro-nano bubble water of alfalfa under subsurface
drip irrigation is 5.0 mg/L.

Key words: aerated irrigation; micro-nano bubble water; subsurface drip irrigation; alfalfa; rhizosphere soil nutrients;
yield
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