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ABSTRACT

In Korea, irrigation technology using subsurface drip irrigation (SDI) is new in agriculture system. Many limi-
tations of SDI are not well known. SDI can damage crops from overwatering. To address this weakness, it is
important to improve and test the applicability of the SDI with air injection (oxygation). Therefore we investi-
gated soil oxygen (O,) and carbon dioxide (CO»), root characteristics and yield of maize using two conditions
of soil moisture regime: field capacity (FC) x 100% and 120%. Maize was planted, and then air was injected
by compressor and venturi. In the field, irrigation was controlled by a controller connected to soil moisture
sensors. Soil moisture sensors were measured at 20 cm below soil surface. Soil O, and CO, were measured at
10 and 30 cm below soil surface before and after oxygation. Root activity was measured from tip of roots.
Root volume and dry weight were measured. Post-harvest, number and weight of maize ears were surveyed as
well. As a result, soil oxygen values increased by 59% in the compressor treatment and by 34% in the venture
treatment. However, soil CO, values did not depend on the oxygation. In all soil moisture treatments, the
activity of oxygated roots was greater than that of the control, and root activity was increased by 152%. Root
volume and dry weight were also greater than those in the control. No significant effect of soil moisture was
found on the number and weight of ears of maize. The average ear weight of maize in the FC 100% soil
moisture treatment was 1,292 kg 102" in the oxygation and 1,278 kg 10a”" in the control. In addition, no effect
of oxygation was observed on number and weight of ears. The average ear weight of maize in the FC 120%
soil moisture treatment was 1,229 kg 10a™ in the oxygation and 960 kg 10a™ in the control. Maize yield was
28% greater in the oxygation treatment than that in the control. The yield of maize grown in the control field
showed a tendency to decrease as the soil moisture content increased. At FC 120% soil moisture, the ear
weight of control maize was reduced by 25% compared to FC 100% soil moisture. These results reflected that
the oxygation process had a great effect on the root growth even in humid conditions, which was expected to
have a positive effect on the maize plants planted above-ground.
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Root activity, dry weight and volume of corn as a result of soil moisture and oxygation; Soil moisture treatments (field capacity x
100%, field capacity x 120%), Oxygation treatments (compressor, venturi), Control (no air was injected).

Soil moisture regime Oxygation treatment  Root activity (ug g h™) Root dry weight (g) Root volume (cm’)
Compressor 50.1+1.69b" 49.5+19.25a 269 +83.8a
100% of field capacity Venturi 67.8+325a 44.6+10.17 a 224+349a
Control 322+2.08¢c 125+5.55b 59+43.8b
Compressor 50.8+1.07a 42.4+0.74 ab 225+5.0b
120% of field capacity Venturi 39.2+1.54b 73.7+£25.75a 326+ 56.6a
Control 35.8+£1.52¢ 14.6+9.81b 60+482¢

Ta,band ¢ represent significant difference level at 95%.
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Introduction

A% A28 (subsurface drip irrigation, SDI)= 7]5-53}o]| ti-g-5to] 2Hzof] A4 & Wt =N & o]
£ -8 (water use efficiency)= FIA7]1L B2 -84 0 2 AFESIEE Sl= a3/} It (Bhattarai et al., 2008).
2% AN 15 TN, A3 et vl sto] 2ol-8 Bao] B F2 A 0 & AP F L (Smith et al., 2005), ©]
+ A2 S S ST A 02 UERET (McHugh et al., 2008).

& HES HA o7 ZutEo] AdE|o] EFudo] E4] 2ot A, AT HAN = lste] &
=0 5 AEHAE 7% 4= QItt (Thongbai et al., 2001; Chun et al., 2022). 5 712 Haof A4 Fgo] F
Z517] 4171 o] QIEHAE ALARE QS e o] A51E ol Z1ow otelA ok, Bt uesteg

EF U 2 e F5olo] AEA o] o] ol FOIAA[RE, Mo = Q15 f2] o) thaggol of H A

(Araki, 2006), =% (Lone and Warsi, 2009; Palta et al., 2010; Ren et al., 2014; Sathi et al., 2022) F40l] Y&
L7102 eiA Sk 71 Aol AR T At 79 o1 4171 FIRL, S 4] 4.69% 2
ZH et ghed ot (Kaur et al., 2017).

Vg eol M AR =0 =2 QIR ] 437 #|skE Bt | fiol] of2] WiHol 7w ojitt. o] Folli= TRl 57
Qi5]o] ghet, B715Uoleh A% BB ALHE Bo) /A 08 i sleiE o 3
& S5-3I} (Bhattarai et al., 2005). 3715 FYUok= W E A57|E ol 8ol 3718 Y

HF2E oot 571 W FHl= Wolieoll FUsh= 1% (oxygation) 5] 31TF (Huber, 2000; Goorahoo et al.,
2001; Bhattarai et al., 2005; Pendergast et al., 2013). 57152 51| EF Y AATTFES 2.4 -32.6% 761l
(Chenet al., 2010), E W AtA 7 H= 27 14 2015 ol o= 2= ] 252 7ok & Hlth (Wen-
Quan et al., 2011). o2t EF W] €7 72 220] o5& S7H7 1= A7 H ]It (Pendergast et al., 2013).

2] Aol A 25 N 7 a2 fefuEtelr oAl RaEle 7ot 22 e R MRS 4 so2 7
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Blzo] GAElo] AL Bat S A7 S SeluelollA] A% AT 714To B B iy AEAAS
FuI517] 412 210 2 AEICh (Han etal, 2014). ]9} & BAIZ 25k 9181 37150 W23 A% A4
AN A1) ) el 2 & 7Fe o} 52 At Zlo] Fashct,

3 A S 1] AN 7170 R A F AN Ae] Bk ] 37 ke Sk, 1
eEO 2 We] A8, U S50 S EHS PASHEA| ) SIsIA] St

Materials and Methods
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Fig. 1. Oxygation piping design. compressor and venturi are connected to a 50 mm pipe, oxygation is controlled by a
controller connected to a soil moisture sensor.

EY 2 ¥ 3717 M2l ESEE 3IFYY dEFs Brlelsih EGSRaEel QR i
FC x 100%, FC x 120% #|2]2 B w3t (Fig. 2). Aul B2 235l &2 2H (1600 Extractor, Soil Moisture
Equipment Corp., USA)E &85 0.3 7|ollA SHH 31 25.7%E 7|52 2 510 FC x 100%E [25% (v V)] 22
ZISFATL, FC x 120%+=[30% (v v = A7SHATE. B4 20 cm O5HF Bl = B0l P4 0 & R Hral 71

Skl B4 20 emE 710 2 RS 2HSHITE FC 100%E ESTR7F25%7F FI9hS uf S22 B451911,

T— = 1

-------- Subsurface drip lines 2.3L/hr ‘*— Soil moisture sensor
s 50mm Piping tube @ Electric valve
s 25mm Piping tube g;g Flow meter
e 29 EE e = =
Compressor | Venturi | Control Compressor Ventrui | Control
FC X 100% FC X 120%

Fig. 2. Piping and subsurface drip line design. Soil moisture treatment: Field capacity x 100%, Field capacity x 120%,
Oxygation treatment: Compressor, Venturi and Control (no air was injected).
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FC 120%+=30%7} == W 5127t Brotlrt. ES2 A28 At B2 215120 emo]] B2 AIA
(Terros 11, METER, USA)E mldsto] 5745 93\1:]—
BTN oA G 4 )
el FAlO] 3715 FUSIIE P57 s 282 0185 H*ﬂ =1 %‘%5* Sh=ZgHlo|m, &9 5.5 HP, £ o]
553*430 Lo /52 7 Hisrel= vilde] 5717 HA ST oAl d335] WojAl= FEie] o th Baylar
and Ozkan (2006)-2 #5222 Z7}120] Au] ™WQ glo] 44|19 £Erto 2 Z7|u H|2E 44 T 4= 9ok

HaTsto] 3715 A 2 2G5t e, Hx ﬂ*‘]—*]“g‘—r“} A4 Fololl= &7 HAE e AlaEE-E 47
St W 50 At B = T E 109 mg L, 457), W8] 427 11.2 mg L' o|QIch (Table 1). 371= )

of | 5427t FAE A

Table 1. Oxygen values of supplied water through subsurface drip lines. Oxygation treatment (compressor, venturi),
Control (no air was injected).

Oxygation treatment Temperature (°C) DO (%) DO (mg L
Compressor 19.4+0.64 ab" 122.5+2.29a 112+0.14a
Venturi 18.8+0.60 b 120.7+1.17 ab 11.2+020a
Control 19.5+£0.78 a 118.8+4.03b 10.9+0.25b

Taand b represent significant difference level at 95%.

242 Mol 25,69 1080 TS5, 252 Aol (Ilmichal)©]t) 155 12260 cm x 25 cm 7HEH 0.
2 TpESITh (Fig. 3). AlH1= 22 Hlm AR AW 7] (RDA, 2021)°] w2} N:P,05:K,0 = 7.25:3:6 kg 10a™'-&

Fig. 3. Experimental corn spacing design (one treatment). Blue dot: SDL, Row width 60 cm, Row length 25 cm, SDL
spacing 120 cm, SDL was installed 30 cm underground.



Characteristics of Maize Roots under Subsurface Drip Irrigation through Various Oxygen Treatment * 43

7]H] = AJHISFAAL, N=7.25 kg 102" & S50V 11A]7]0]l FH] 2 AHISSIT). 018 & S Al 2 Bef= 52

A M EY Ed BM 25 05 ol EFAEE AFIst] 2495kt B4 (sand, silt, clay), SFH
(pH, EC, 771, FaE, Fold). EFRAL 558 EYRIRH24 ¥ (NAAS, 2010)°] ok A6kl &
3t P& RARE At Bk A2 Aol ARt 2led-& BRIt (Table 2).

Table 2. Results of soil chemical and physical analysis (2020, 2021).

pHis ECl;s_T1 T-N_ﬁf1 O.M_.f Avail. PZ-(?;H Exch. cations’ (cmol.kg™) Texture (%)
(dSm™) (gkg’) (gkg’) (mgkg™) K Ca Mg Sand Silt Clay
2020 7.65 0.38 1.0 18.58 728.26 0.68 6.64 1.59 47.54  41.26 11.20
2021 7.65 0.39 0.5 18.83 223.10 0.56 6.75 1.78 44.13 51.47 4.40

TEC,.5: obtained by multiplying by 5, FT-N: soil total nitrogen, YO.M.: organic matter, TAvail. P,Os: available phosphorus,
“Exch. cations: exchangeable cations.

EY L AtA, O|MSiEIA B BN EF U 4bd, oAlsle A 9FgE S A5 o] Fof| 23} 575131
o ZF At 2|5 At g ko 2 5 om ol EF HH-S 2] 0 &2 7 4HA 24 LA (Oxygen Sensor
Foil SF-RPSu4, PreSens, Germany), ©]A3}Et4 =2 LY (CO, Sensor Foil SF-CDIR, PreSens, Germany)©| 5
21 o7 dhS ESF HHol| Aottt ESF ZI5F 10 cm, 30 cm @] AF4, o|ikeleta: Steks got S47] (4tA -
Detector Unit DUO1, ©]4F8}EEA~ - Detector Unit DUO3, PreSens, Germany )& A}-8-0t] &5t} &
£ VisiSens AnalytiCal 1 Software S 5ol A4 SRS S50t EQF U] 4H4, o|AHstErA: Sk 17|

Sl /g5t

mal BA g Ssblol 94 Mel Al 2ae, We i, W) 48 F2 2 elh 2aY e 24

Sh7| Qlal M=z e Uo HoE ZH—’_HE}‘?&E}. &2 B A| (Thermo Sientific Multiskan Spectrum, Massa-

chusetts, USAYE AH8-51] 751910, w2087 432278 w479 (RDA, 2014)°] whet HAs i,
i Pr ==a 7 A H]?%Oﬂ S H2kE v Rl B FAIE SAHAL BOl WS VIESto]
S T2 ekl e A2 F2 S5 e8]l elE AF § Azt S,

244 0JA:
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EAIXM2|l FA+=SPSS program (IBM, v. 27, New York, USA)& AF86}10 95% o]0l 4| BA519 Lt =
T B, o)A, oAl F B T8 MAFE Al A AL HE E (RDA, 2021)= 7 |<E5to] HHEESH,
N B U g A AlEA] Be] A 3‘?1'EEET°”%EE} LE dlolE k2 Bt gk + 3E WA= Ve
om, FUF EFE T A7 tlollA 3715%) R FA A4Sk
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Results and Discussion

EQF L AA 2 OIMBIERA BB BA| O ALATIRES 37159 ol et Kol s ekttt (Table
71

& ]
Sttt o= 3715 AREe] Aot (523t %) EF AT EY 10 emZ7HA]

E9FZ10] 30 cmof|A 3715 Hof| BE B2 7.0 - 7.8% 2] AATFS H ATt Ar4glek gho] A2 Hg SA1H
H

Aok iR A 92Teh 271592 Helh A A grol 457] Hel e 2429 F7Mekla, e Ael
L 7.5%] AARREO R FA1FY Ak vlT SES SASK. 71 Ao

+ 88% S7F5F3irt. Hhof o
A A AT A 28-lo] 57 7] E2AHT 4HAREFO] 50% o =2 a2 BTt (Przywara and
Stepniewski, 1999, Bhattarai et al., 2008). & Aol A = 57| F¢ 2] A} 717 YollA thEE ot 4HAotgo]

AZE7], MFe] 212t 242%, 88% =2 2 Horh

Table 3. Oxygen values in the soil at different depths (10 cm, 30 cm underground), supplied through a subsurface drip
lines. Oxygation treatment (compressor, venturi), Control (no air was injected). Oxygen values were measured twice
before and after air injection.

Soil O, (% air saturation)

. 10 cm 30 cm
Oxyagation treatment - : B B
Before oxygation After oxygation Before oxygation After oxygation
Compressor 124+4.25ns 13.3+3.52a" 7.8+0.24 ns 26.8+526a
Venturi 12.6 + 0.60 ns 7.1£1.59b 7.0+ 1.34ns 13.4+£285b
Control 10.3 £5.90 ns 79+1.62b 7.1+0.24 ns 7.5+2.67¢

Ta,band ¢ represent significant difference level at 95%.

T
W
=
X
52
28
o
=
V

OJAIBIERA L 27T ATt (Table 4), BE HelTol A B7154) 1k F @ ol
0.05). Edwards et al. (2018)-2 2% A A7} 2|2 A2 37| A A=l T2 EoF Y] o]AtstetA SHS v wst 2
ol mhE oibslerA: ftee] Ao = glrtal B sielrt. 71E A7-solk EG Ul ohileigtdie EYSE
Oh= B of o ke b=}l Yigitt (Lessard et al., 1994; Kallenbach et al., 2010; Schaufler et al., 2010).

=

Table 4. Carbon dioxide values in the soil at different depths (10 cm, 30 cm underground), supplied through a subsur-
face drip lines. Oxygation treatment (compressor, venturi), Control (no air was injected). Measure the carbon dioxide
value twice, before and after air injection.

Soil pCO; (%)
) 10 cm 30 cm
Oxyagation treatment - - - -
Before oxygation (%)  After oxygation (%) Before oxygation (%)  After oxygation (%)
Compressor 6.6+ 0.01 ns 6.6+ 0.01 ns 6.6 +0.05 ns 6.6 +0.03 ns
Venturi 6.6+ 0.41 ns 6.6+ 0.02 ns 6.6 +0.02 ns 6.6 +0.02 ns

Control 6.6 +0.01 ns 6.6+ 0.01 ns 6.6 £0.05ns 6.6 +£0.02 ns
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2 7o) BoFert Ha] PEE 2 Ajo]7h UK QIRLo B (Table 1), ool we} Eok f ojitshek glak Aol
7} UeRiR] oo Ao e wekEr,

B3| MS H3 2N S48 ZHHH T o] BeE AFote] Hie] &S 543 A= Table 51+ £t
T 100%, 120% HFolA 7159 A 2let EgollA] fie] Zg=lo] 37159 A7lohA] g2 x4t et o &
ZHS BT (p < 0.05). Y5712 HlFels ESE 100% D o #e] 283 2+ 212501 £ 1.69 ugg ' h', 67.8 +
325ugg! h'o]1, 1‘4&%1»—32 20+2.08 pg g h'o|Qlth B 120% Y wle EOFE 100%2} HlZR1t 22 E
e g2 st Bk ESTE 120%2F ELE 100%2] #e] 2822 vlwsials uf, =7 =
|52 ESE 100%7} o 2 222 32 BT (p < 0.05). ESF W Atasart
717+ A517} SHtY. Bhattarai et al. (2008)-2 A5 2] A| A A AAE FEIFESF
W & Bels Ui, o] TJa|al FgEo] o 2 A o 2 Uit} o|eh -2 Ail= o] E35} (Pendergast et al., 2013),
ofart (Fox and Lipps, 1964), EUFE (Zhu et al., 2022) 5 THFFRE 2HEOA 354 0 2 Vet & A7 45} T3t
S BE)= 215 AR B8 Al AtaE 2ol Fachd e Z8Es ol 29E Btk
B ZEE) o] B HE St F s AR Y 3715 At Bert g 2 e S0 R gES B
t}h(Table 5) (p < 0.05). 712 & EFPE 100%2} 120%0]14] =7, #5a] Ag]of t2 BA414 2jo|= UrE}Uer
Aolt. d=71eh wlFre] Aele tixTet vlalste] AE Fo] At o= of 2 gho] Uedth ao] St A5
= M5 2% 74-% EQF i e g2 57| Baro] wet EeIct (Klepper, 1991). Bhattarai et al. (2008)<>
T RN A A"l 717 S Aedsto] WHole| 3 at oute] el Hhg-g RS = 2= B BT
A2H ES Ul B o7t 57159 A7t gle B Ul & El@OIEE’r = %’:%Igi k. 25 AT A~
gl ol 4] S22 THE AR H$
Bhattarai et al. (2008)2 571592 o] A2jshd He] Zol= Z%O]Oﬂ U}E‘r 7‘4}017} b}E’rUrX] LAY %‘iﬁ}?ﬂ o=
ATE KTk Bhattarai et al. (2004)-> 25 HZA 27 Al 2Hlo] %’71?‘?}% Sto] 3= Auliste] B s
AetiTt. 71 At gto] AR 79 3715l TE el e 52 S7I6HA] el 1eu A—gi
M= 5717 Ae|= Aulieh T el AE S 3715 TUH] & E"J W e R AEskA o 23

ot

=

>

o
h}o

—_

ru
PNr

r}‘_.

b

Table 5. Root activity, dry weight and volume of corn as a result of soil moisture and oxygation. Soil moisture treatments
(field capacity x 100%, field capacity x 120%), Oxygation treatments (compressor, venturi), Control (no air was injected).

Soil moisture regime Oxygation treatment Root activity (ug g h™")  Root dry weight (g)  Root volume (cm®)

Compressor 50.1+1.69b" 495+19.25a 269+ 83.8a
100% of field capacity Venturi 67.8+325a 44.6+10.17 a 224+349a
Control 322+2.08¢ 125+£5.55Db 59+43.8b

Compressor 50.8+1.07 a 42.4+0.74 ab 225+5.0b
120% of field capacity Venturi 392+ 1.54b 73.7+£25.75a 326+ 56.6 a
Control 358+ 1.52¢ 14.6+9.81b 60+482c¢

Ta,band ¢ represent significant difference level at 95%.
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O|&t, O|AME  U=7], W] Z18f il thzollA] Aalieh S50] o)A, o4} 5 A= Table 637}
Ak olAFrol M= 014 Sl At l7F UERA] 94kl oA ol Bt ool et 5715 Ag]7et o
77100 o7} Leheh EHE 100% RTINS oA 8 B/ 15U T B 1,292 ke 10a”,
T 1,278 ke 104" 2, 3715200 whE ol LiehbA eisieh. 120% HRlolA S oA 5257154 A
27 Bt 1,229 kg 10a”, thE7-960 kg 10a 2, 37159 A 2]7RollA] T thH] 28% o] &3keh. iz oA
At L SR gl SR o] Aastkes B Btk BT 120%0014 o 245
o2} F& B 100% HH] 25% HAFCE = Ren et al. (2014)0] H 1t 2450 725 22|15 51 0]
32% Aatths 2o ARSI Ren et al. (2014)2 75 74420 Y910 & Hisz Al & E0] S716H] 8 75
§F oA} 71451 ThRolelaL B aalgict, Wl 3715l el Fe] g o] £ Eokol 2715}
AL 2o & Holx] o= AHE HArh o2t B A5 HAN Al 5715 Eo] Afsha st 20014
TF AT Afehe aE HRItks Ae 4 5 At 3715 Al 2 o S Aol tig At o5l 717t
Z1&5 24t Midmore et al. (2012)> A% 2] A|2HloA AbA-E Saote] Aulet milofjZo] 4-7fo] S5t 2o
2 gt o|eb -2 Avk= 4= (Goorahoo et al., 2004), =2} (Bhattarai et al., 2004), =<7~ (Zhou et al., 2019) &
cleyet 2ol TE A 02 el B @7} Ee A5 AT B3 Al A4S o] Feh 94 ol
2o Spohs 2E K.

Jr

Table 6. Number of ear, ear weight of corn as a result of soil moisture and oxygation. Soil moisture treatment (field
capacity x 100%, field capacity x 120%), Oxygation treatment (compressor, venturi), Control (no air was injected). The
index was set to 100% for the control.

Soil moisture Oxygation Number of ear Ear weight Index
regime treatment (number 10a™) (kg 10a™) Number of ear (%)  Ear weight (%)
Compressor 5,775+ 0.0 ns 1,255+ 127.8 ns 93 104
0,
100% offield Venturi 5958+317.5ns 1,330+ 98.4ns 9 106
capacity
Control 6,233 £317.5ns 1,278 +£ 105.1 ns 100 100
Compressor 5,591 +317.5 b’ 1,207+ 133.1a 89 125
0,
120 A).Of field Venturi 6,600 +476.3 a 1,252+ 141.3 a 105 130
capacity
Control 6,233 +317.5 ab 960+ 136.5b 100 100

Taand b represent significant difference level at 95%.

Conclusions
ZEo Ao W HEO AHog HJZCJ FAE AS 25 HHWNE o1 835te] IS AAGITHA, ESRS 44
5 ggo] = 4 1E’r 4~° olqt ZFE-0] 418 F 4okl S 3715 Aol - o] a9l
H 2] Z27F a-g29l
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