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Effects of aerated irrigation on soil habitat factors and yield
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Abstract: A water-gas separation method was used to study the effects of aerated irrigation on soil habitat fac-
tors of soil respiration, soil moisture, soil temperature, and soil oxygen content. This experiment included 4 treat-
ments of aerated (Y ), unaerated (N), full irrigation (100%ET,,W1) (ET, for crop water requirement) and defi-
cit irrigation (60%ET,,W2). The results showed that both aerated irrigation and irrigation amount had effects on
soil moisture content when potato was growing in a period of low water consumption. In the tuber swelling stage with
the largest water consumption, the effect of aerated irrigation on soil moisture content was small, and the main fac-
tor affecting soil moisture content was irrigation water. Under the same level of irrigation, the average soil tempera-
ture under treatment W1Y was higher 1.68°C than the treatment WIN, and treatment W2Y was higher 0.52°C than
that treatment W2N. Under the irrigation condition of W1, there were significant differences between W1Y and
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WIN in most growth stages ( P<0.05). It indicated that aerated irrigation had significant effect on soil temperature

under condition of sufficient irrigation amount. The changes of soil oxygen content in potato growth period showed

the characteristics of increasing first and then decreasing. The relation of soil oxygen content under the four treat-

ments was W1Y>W2Y>W2N>WIN. At the same irrigation level, the oxygen content of aerated irrigation was sig-

nificantly higher than the unaerated irrigation. Under the same aeration condition, the oxygen content of W1Y treat-

ment was significantly higher than W2Y treatment. Under the same aeration condition, the oxygen content of treat-

ment W1Y was significantly higher than treatment W2Y. It indicated that a good state of water and gas balance was

formed in the soil under the condition of high level and aeration irrigation, which was conducive to the growth of

crops. The results provides a theoretical basis for studying environmental effects of aerated irrigation in farmland.

Keywords : potato; aerated irrigation; soil moisture content; soil temperature; soil oxygen mole fraction
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Table 1 ~ Starting and ending time of winter potato
in different growth period
EHY 1A KA
Growing stage Star and end date( y—m-d) Days/d
e
Eﬂﬁ;ﬁ 2020-11-06 — 2021-01-04 60
Seedling stage
ﬁ%éﬂ:jﬁiﬁﬂ 2021-01-05 — 2021-02-10 37
Tuber initiation stage
L2
SREW A 2021-02-11 — 2021-03-17 35
Tuber growth stage
-
EMBR 2021-03-18 — 2021-04-16 31

Starch accumulation stage

®2 ZODRELFHEKEMEKE
Table 2  Trrigation and precipitation of winter potato

in different growth period

H #H HE/K &/ mm

g =X
J‘. Al Date Irrigation amount [‘%ﬂ(.ggi/r'nm
Growing stage ——— Precipitation
(m=d) Wl W2
12-03 35 21 0
Hi
. 12-14 27 16.2 7.9
Seedling stage
12-23 35 21 0
01-06 36 21.6 0
PZEIE
RER B 01-26 35 21 0
Tuber initiation stage
02-02 35 21 0
- 02-19 35 21 5.7
SEBA 02-25 29 17.4 0
Tuber growth stage
03-03 36 21.6 0
03-16 30 18 0
S
ERBURM 04-02 25 15 0
Starch accumulation stage
04-10 25 15 0
JE3T Total 383 229.8 13.6
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Fig.1  Soil respiration rate of winter potato

under different treatments
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Fig.2  Soil moisture in different depth of soil during
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Fig.4 Variation curves of soil temperature under different
treatments during growth period of winter potato
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Fig.5 Diurnal variation curves of soil temperature under different treatments during growth period of winter potato
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Fig.6  Variation of soil oxygen mole fraction under different
treatments during growth period of winter potato
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Fig.7 Diurnal variation of soil oxygen mole fraction under different treatments during growth period of winter potato

2.5 MREBRMEKAENZTEREFEMKSF

B0

FH 3 T, I T R K R R A 4R
()77 i K 3 652 i dg 2 (P<0.05) . 7E[A]—
HEWE KR, W1Y 5 WIN W2Y 5 W2N 43T iy
PR FIK R 22 3 8 3% (P<0.05) . 1 W1( &
A HEBESRAE T, Y AbBREL N AbBEAY P 6.5%,
IKFI R 6.6% ;78 W2 (/K ) HEBE 414 T, Y
RO EE N AR PR P 2.0%, TER— IS T,
W (7K ) R 4 7 e 5 s T W2 (IRK) FEE
12 4 01, INAA R K S0 AR 431 F R 3
AR BIREIR (P<0.01) 5 PSS BAF N 7 8 5
AN (P>0.05) fHXF7K 73 FI FHEE2 00 i3 (P<0.05) .

x3 FARALETHEIRISEMKSFIRAZLR
Table 3 Yield and water use efficiency of winter

potato under different treatments

S K g Fekd KRR
AbF Yijl%i Irrigation Water WUE
Treatment Sk h o amount consumption / (kg + mm™' -
(ke m™") /mm /mm hm™2 )
W1Y 38926a 383.0 396.6 98.15¢
WIN 36532b 383.0 396.6 92.11d
w2Y 25049¢ 229.8 243.4 102.91a
W2N 24568d 229.8 243.4 100.94b

T [RIFUA R NG bk 7R Ak B ] 22 57 1 25 (P<0.05) .
Note; Different lowercase letters in the same column indicate signifi-

cant difference between treatments ( P<0.05).
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x4 FEMKSHARHNEZHRE

Table 4  Significance test of yield and water use efficiency

% FH KRR
Factor Yield WUE
HE /K8 Trrigation amount ] EE
IS, Aeration % % * %
HEKE = NS Irrigation amount * aeration NS * ok

TE: o+ » FORZEFWEE (P<0.01) NS RmERARE,
Note; * * denotes extremely significant difference ( P<0.01), NS

denotes insignificant difference.

3 W ®

B N PG KAy R R
TR | R IEGICE WA R AR A AT A0 A8 AR AR B R
HAHESZ W, 56l MR 4R R E o H R
BB T, 2 S e - SR 1 XoF 4 398 s S0 S R ] Y
CEGHRPR . A IR A ) - HE P R R OK R A
Yy, K s SRl A BIVE AR X 38, 554
R -l T TRV AR EE A RO R T R URUBE IR A 8K
g T A AR . AW R IS T
T S R 2, HLAE ISR, K &
X - EIE I B R R B A R R R
PR R SR 4 S 2R 5% b AR T A 1 1 IR T 25
B8 AR 20 AR R R R A B,
WP sl LR 2 s, B S WIN 4 R AH
WY A4 i ) 4 8 07 i ok 5 m] e 2 1 - 8
S BE IR o3 B e I 210

AR R, W —EF BN, WIN 23 ) 1 1
TR, W2Y Kb P 4 35 AR e AIG; HL s K
BET, WY ZhBR ) 385 ACRAL T X BEALEE k]
REJE T INASME T I e A T2, 1 + 58
Dt =S Wy E 4197 I P T w1 R o 1
SEEEEL T UL 0 K A AR, e A A
FEFRI TET A A B W0 35 7K R
IR GE AR Z A A [\, A0 58 R BB
SRR IS HE R X - S K 5 e i 3 X AT g
EHT SRR TRER TR ESWEY, 5F
FH L X - e ER R Y 2SR T, DRI I 7 K T A 2%
T A 1 3 ASOIR X A K R 5
iTE N

ATIEFE K IR, A B A AU SUBE IR 0 BOEE I A< R
ZMFF B T BRAL B AN A AR A B
5 + 8RB AR LA X 1 . Ben—Noah 25" (YA 5%
ATh A BA  3 aod b T VR A T 1 R A A S S 20
em Ab IR M AEERS KT 22%, Chen %57 ()

WM ZEASTR)R S HR B (10 em F1130 em) A1+
SRR (LT3 AR ) o S A AR AR AE AR X
TR E D F R T 8.6% ~32.6% , A5 45 R
A, SR BB, - R A
IEES i ] E W T e N N 5 v
BREERE K ITRTTE A AR SR BT b 5 1 DA v 2
ISR, IR 3 B — N s AR
TR 338 U SUBE IR 0 BT 1R N B . Ben—Noah
SRR KES A BT IR T T R AR
SR BT B, AR AR SE T 3K — a5 59—
T, IR 55 % BE A Eb, o] DL A 4 R IR /N
T, T T 55— O T2 4 1 4 S il Ak W 1) ey
W, AR ST e 3850 498 40 ROBE AR 40 BT B, (H
RN T RN ERER SRR E ST
Xof REAL B (50 I 7] 4 AR X 38 A< % 1 1 S B R
A3 E B R 78 8 KT PR LB T S A AR R
IRGTECT BN

4 4 i

D) ERBFESEE T, SRR B0 S
SEPATIIE R, TGI8 KR KK, ik
PG - 30T W 5 25 ) S 35 AR R R, HE K
Xof - SJE IR ok S ) S W S R R R R A
TS A 398 2 7K 3R 1) 5 ) 35K B 3 R ) - €
KRN EEHN R EWEKE, FERKEBRAGET,
A P - $9830E BE 5 ) S  i E K B 38R
R N AR A TENTE

2) [Al— KK, in A A B ) 4 SBE R 4R
R S 25 T AN I AR T 5 e A TR TR 5 1 T T 3 1 25
oM RE R WY (KR 23T 348 S
IRGYERe i o ISR 7K 2 79 2 58 EAE G P i
AR NTENTPO P & DR S A TR TR PV
TN R B A R T e T AR MK A R

3) AR H A SRFIEAAE T, SR K0 8 kit
ATINARERE , WY (RAKIA) A H R S AR X +
PR RS BB 0 S IR EE ,0~20 em H )3
R TS KRR T 1.8% , 764 75 BB 015 i 48
T 1.68°C SR AP EBEIN T 1.74% , 7= i FK
RS SITE S N

& % X k.

[1] &5, 5K =/ S X BEE 5 ) LB [ ] sl R
SR AT 21,2022, 16( 1) :98-107.
JIN J, ZHANG T. Comparative analysis on regional competitiveness of
potato industry in Yunnan[J]. Journal of Yunnan Agricultural Univer-
sity (Social Science), 2022, 16(1) . 98-107.



56

19 22 22 A R TR R R T N X 25 Pl A S R S AR DX A5 TR ™ B ) R ) 115

(2]

(7]

(8]

[10]

[11]

[12]

FHARKBOY RER, 55 2 B 8 DR SR DA o3 A AR AR AR
L] PR A%, 2014,27(3) :1003- 1008,
SANG Y Q, YANG Q F, LIU Y H, et al. Cultivated regional distribu-
tion and year-round production of potato in Yunnan Province [ J ].
Southwest China Journal of Agricultural Sciences, 2014, 27 (3).
1003-1008.
HEE B e M bt R R A, 2000 110-130.
HUANG C Y.Soil science[ M]. Beijing:China Agriculture Press,2000;
110-130.
BHATTARAI S P, PENDERGAST L, MIDMORE D J. Root aeration
improves yield and water use efficiency of tomato in heavy clay and sa-
line soils[J]. Scientia Horticulturae, 2006, 108(3) ; 278-288.
SU N H. Generalisation of various hydrological and environmental
transport models using the Fokker-Planck equation[ J]. Environmental
Modelling & Software,, 2004, 19(4) ;. 345-356.
Rl BRI 2, A5 I SRE AT T AR X - R B A B Y
SN[ ] P AR AR R 22 (A A BEAE AR , 2016, 44(5)
157-162.
ZHU Y, CAI HJ, HOU H J, et al. Effects of aerated irrigation on
root-zone environment and yield of tomato[J]. Journal of Northwest
A&F University (Natural Science Edition) , 2016, 44(5) : 157-162.
TREACAR , SR, BRI, 25 I =N i 2 A A A 4 7 e B B
B T ] R AL 5T ,2014,32(3) 1 83-87.
WEN G J, CAI HJ, CHEN X M, et al. Impact of aerated subsurface
irrigation to growth yield and quality of greenhouse tomato[ J ]. Agricul-
tural Research in the Arid Areas, 2014, 32(3) . 83-87.
TR, HPIC, Bk, 5K E AR A T R T2 i Ak K A
BRI J ] X AR, 2020,38(5) :168-175.
LEI HJ, XIAOZ Y, XIAO R, et al. Effect of water-fertilizer-gas cou-
pled drip irrigation on greenhouse tomato growth and fruit quality[J].
Agricultural Research in the Arid Areas, 2020, 38(5): 168-175.
AEVKR, 25304 FHIEPY S5 it A ASREBEX BT X - e PR R
B SR T ). KL, 2020, (4) :27-32.
CULBJ, NIUWQ, DUY D, et al. Effects of nitrogen application and
aerated irrigation on soil environment and yield in cucumber root area
[J]. Water Saving Irrigation, 2020, (4) : 27-32.
PVEPF SRAEE, X S AN lE S5 U0 S % AR bR R DA
AN ) ] PEAEA k41, 2008, 17(4) :125-128.
SUN Z P, GUO Z M, LIU Y L. Measurement of rhiszospheric CO,
and O, concentrations of potato plant in the field and the responses to
different rhizospheric ventilation treatments[ J]. Acta Agriculturae Bo-
reali-Occidentalis Sinica, 2008, 17(4) . 125-128.
Wit R, 1 AR A5 YR LR et KoK AR TR
R[] P A KRR L, 2013, (8) :70-72.
CHEN T, YAO B S, XIAO W H, et al. Effects of aerated irrigation
on potato yield and water use efficiency[ J]. China Rural Water and
Hydropower, 2013,(8) : 70-72.
VAR S, XWAR 25, B 4% S o A L
#t,1995.
MEN F Y, LIU M Y.Potato cultivation physiology[ M ]. Beijing:China

M ] b5 o Aol i R

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Agriculture Press,1995.
ALLEN R G, PEREIRA L S, RAES D, et al. Crop evapotranspiration.
Guidelines for computing crop water requirements [ M ]. Rome: Food
and Agriculture Organization of the United Nations,1998.
SRHa BN AFEE S5 AR R R SO 10
WP [ ) ] AR AU, 2016,47(12) :223-232.
ZHU Y, CAI HJ, SONG L B, et al. Effects of climatic factors and
soil parameters on soil respiration under oxygation conditions [ J ].
Transactions of the Chinese Society for Agricultural Machinery, 2016,
47(12) ; 223-232.
s, R ER S S I S X R 4 - AR S D s [T ).
ABIRSK TAR2EHR ,2016,27(4) ;225-228.
HOU H J, CHEN H, CAI H J. Effects of aerated irrigation on part of
soil habitat factors[ J ]. Journal of Water Resources and Water Engi-
neering, 2016, 27(4) . 225-228.
EEITr. THES 2 YA R AR X R A3 A B A3
REFLHIBIZEL D ]IPRIES NSl k=% 2018,
WANG X J. Physiological and molecular mechanisms of potato sprou-
ting root responses to soil moisture[ D]. Hohhot; Inner Mongolia Ag-
ricultural University, 2018.

et AEFE B HE oA SR A B LR SR R

%"ﬂ[ PRI : S AR S, 2013,

SHI X H. Effects of deficient irrigation on potato plant growth and
NUE under drip irrigation[ D]. Hohhot; Inner Mongolia Agricultural
University, 2013.
SRl BRI A | S5 S e R 2 TR AR X 3 <
[J] Al TR, 2017,33(21) :163-172.
ZHU Y, CAT HJ, SONG L B, et al. Aerated irrigation improved soil
aeration of tomato root zone in greenhouse [ J ]. Transactions of the
Chinese Society of Agricultural Engineering, 2017, 33(21) ; 163-172.
FEETCAINE, SRR, 2 il TR TSR IR R A T A 1
MRS PREAE ) ] A2, 2015,35(2) :489-496.
GONG X W, LI X Y, SHI H B, et al. The interplanting between to-
mato and maize of soil temperature dynamics under mulched drip irri-
gation[ J]. Acta Ecologica Sinica, 2015, 35(2) ; 489-496.
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.
BEN-NOAH I, FRIEDMAN S P. Oxygation of clayey soils by adding
hydrogen peroxide to the irrigation solution:
[J] Rhizosphere, 2016, 2. 51-61.

THIGEET BRI I RE IR i 35 7 AR DX - SR REE B 7 (1 5 )
[ 7] HEMEHEK 1R, 2014,33(3) :33-37.
YIN X X, CAI H J. Effects of aerated irrigation on soil environment

lysimetric experiments

and yield of tomato root zone in greenhouse[ J ]. Journal of Irrigation
and Drainage, 2014, 33(3) . 33-37.

CHEN X M, DHUNGEL J, BHATTARAIL S P, et al. Impact of oxyg-
ation on soil respiration, yield and water use efficiency of three crop

species[ J]. Journal of Plant Ecology, 2011, 4(4) . 236-248.



