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Analysis of Irrigation Amounts and Soil Volumetric Water Contents by Irrigation Method in
Saemangeum Reclaimed Tideland
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ABSTRACT

This study was conducted to analyze changes of irrigation water and soil volumetric water content by irrigation method of field soil in Saemangeum
reclaimed tideland. The main test irrigation methods was surface drip irrigation, sprinkler irrigation, and sub drip irrigation. In addition, the correlation
between irrigation amounts and crop yield by irrigation method was investigated. For soil volumetric water contents increases by 25%, surface drip
irrigation took 1.5 hour, sprinkler irrigation took 2.0 hours, and sub drip irrigation took 3.0 hours. As a result of analyzing the irrigation amounts
according to the yield, the surface drip irrigation was 2.66 mm/day in the seedling stages, 3.31 mm/day in the vegetative growth stages, and 5.09
mm/day in the flowering stages. Sprinkler irrigation was 2.90 mm/day in the seedling stages, 3.87 mm/day in the vegetative growth stages, and 7.11
mm/day in the flowering stages. Sub drip irrigation was 2.42 mm/day in the seedling stages, 3.09 mm/day in the vegetative growth stages, and 4.87
mm/day in the flowering stages. It was analyzed that there was a statistically significant difference in irrigation amounts by fresh weight and irrigation
method (F=4.002, p=0.022), and irrigation amounts by dry weight and irrigation method (F=3.499 p=0.034). Surface drip irrigation was judged to be
more appropriate than sprinkler irrigation or sub drip irrigation for field crops in Saemangeum reclaimed land.
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AN T2 AABEL Tk (KRC, 2020). 7H 2]of| A 4]
WHE AT A A A ALt B Aits=9
BAE BA8199 3L (Palacios et al., 2009), 22 & E= =
IR QlRk 29 &R £ 4 Qlof asAol SHiETh
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a8o] ol AA|Ao| ok 315th (Luhach et al., 2004).
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Fig. 1 Installation of experimental field and irrigation methods
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S FEollen), ZE (K)
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PAS
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1.28%=  EA= Itk Fabeda
(NOs-N)&= 96.7 mg/kg, 4012 (CI) 50.50 mg/kg, =5
214 (NHy-N) 19.4 mgkgo 2 7}7F BA %)t} (Table 2).
s, AEEge] more] Eeld B4 % EAL Sand
71.7%, Silt 8.9%, Clay 19.4%2 AJFE (SL)2 Hﬁﬂm

hya

E2AZTL 1223 x 10* em/sec S

2
9 ol 7734 ¢ 10° emisec 7497 e} 719710] %

G147 WA Lhebdet (Table 3).

Table 1 Irrigation amounts by growth stage of the rural development administration

Surface drip irrigation

Sprinkler irrigation

Sub drip irrigation

ficati
Classification (mm/day)” (mm/day)” (mm/day)?
Seedling stages 2.57 3.27 2.56
Vegetative growth stages 3.63 4.62 3.62
Flowering stages 6.36 8.09 6.33
% 1) KSIS (Korea Soil Information System, 2022), 2) RDA (2019)
Table 2 Chemical characteristics of the experimental field soil
EC H (1:5) Ca? K* Mg?* NO3-N Cr NH,"-N oM
(dS/m) Pri At (cmol/kg) (cmol/kg) (cmol/kg) (mg/kg) (mg/kg) (mg/kg) (%)
1.14 7.25 2.3 0.82 2.29 96.7 50.5 194 1.28
AT =r A65A A%, 2023 ¢ 75



2, EUHMAE EQ BE4EEE W) 3] o 524 712 W wot g RG] WS 17
504 WAE B9 AWl AN e g v SEe ASR HEET AT gadie S o 276
EA9 B AYER] AN B P A W w T, BE A7) 347 mmiday, 7S] 335 mmiday= g

o Roz A QT (Table 4).

3.74 mn/day, 7}3}719] 5.82 mm/day 2 S W7, A A7) 7t
E3L 20219 6 9UEE] 20224 9 25U 9] A7)

A 5% WHF 71E mek Bl gkt Aghlol
HjE o He oS WA A0 BARYUT WA

EY A Helo] gt AAlE A= F B &2
] - N B o
sz Amame Bohe 29 Su7lo| 35l mmdey, Ag  EEFO WeolhR W Szelgltt wAeS B A
- PAPNC RS ° o AR BAFHY
AA7] 453 mmiday, H8P7] 720 mmvday® A AR, A Seore A TR AAR RUERARS EAeigln

(Fig. 2). WY ol B §AE3ol Bt 11.6%~19.3%

Table 3 Physical characteristics of the experimental field soil

Particle size distribution (%) Hydraulic conductivity( K,cm/sec)
it i ey My seasons (net sossond) e
1.223%x10™ 7.734%x10°°
.7 8.9 19.4 8.008 107 1.938x10°® SL
2.620x10°® 4818x10°°

Table 4 Real irrigation amounts by growth stage in the experimental field

Surface drip irrigation Sprinkler irrigation Sub drip irrigation
(mm/day) (mm/day) (mm/day)
Classification — — —
Real irrigation amount Real irrigation amount Real irrigation amount
RDA RDA RDA
D60 | D80 | D100 | D120 S60 | S80 | S100 | S120 ue0 | U8D | U100 | U120
Seedling stages | 257 | 143 | 219 | 296 | 372 | 3.27 | 155 | 254 | 351 | 450 | 256 | 1.39 | 210 | 2.76 | 3.45
vegetative 56 | 460 | 267 | 374 | 481 | 462 | 177 | 315 | 453 | 590 | 362 | 154 | 251 | 347 | 443
growth stages
Flowering stages | 6.36 | 2.06 | 394 | 582 | 770 | 8.09 | 236 | 4.78 | 7.20 | 961 | 6.33 | 195 | 3.66 | 535 | 7.05

W’ ll[lrr' T AL | B

 Rainfall = = «Surface drip irrigation 50

Sprinkler irrigation ------Sub drip irrigation

Rainfall(mm)

Soil volumetric water contents(%)

Fig. 2 Daily changes of soil volumetric water contents by irrigation method
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QL TN 10417 A2t & 23k AT Bt 363%, 2% F @A) w2 fRolFoR Q) Ak FATAYA R
FEE Wi 384%, A5 WAWNE B3 Aot B Aol SRR AL AEEich
T} (Table 5). {720l whe} H2hE wg A 245 =9 T3k ToAe| uf2 BoF $xRelEk} ) B A}
SATEIEE B, 1S9 ool whek hEA veht ARE] gt e SR A AR HAlE A
ARE GREE 0 2 25%~30%7k4] 7t Zﬁéé}ﬂh Husha gl § EY SEeEdTY Aeairt P wE Ao e
CF (RDA, 2018). 7} WA= B0 §2R3ego] 25%7F %o, thao AxyIe] Wi, A5 MWl <02 &
A Adsshe bl AQEE A3t AR B fa A A x HH A9t} (Fig. 3). o3t 2Tz 2 uj, vt 71257
AZE LSAZE ALeae) ol 20417, A JEWle ol RO i BYeRo] REG A9 BofRe $H)
30AEe R BAERI ol AxgEe] WY A & WASR Ax HAWANTL 7P B3l AeR
of ofgt uAEA, Uit Go] dFoE RFpEAF A =AUtk

Table 5 Change of soil volumetric water contents by elapsed time after irrigation

Soil volumetric water contents (%)
Surface drip irrigation Sprinkler irrigation Sub drip irrigation
1st 2st 3st 4st | Mean 1st 2st 3st 4st | Mean 1st 2st 3st 4st | Mean
0 hr 143 | 147 | 163 | 16.0 | 153 | 10.7 | 122 | 114 | 121 116 186 | 199 | 191 195 | 193
1 hr 209 | 213 | 220 | 213 | 214 | 197 | 198 | 189 | 198 | 19.6 202 | 212 | 207 | 211 | 208
2 hr 275 | 294 | 242 | 275 | 271 237 | 314 | 178 | 271 25.0 238 | 19.0 | 240 | 199 | 217
3 hr 305 | 313 | 299 | 311 | 307 | 368 | 331 | 215 | 286 | 30.0 25.1 223 | 282 | 265 | 255
4 hr 314 | 316 | 363 | 325 | 330 | 410 | 332 | 229 | 288 | 315 246 | 237 | 29.7 | 331 | 278
5 hr 320 | 320 | 386 | 335 | 340 | 424 | 354 | 257 | 316 | 338 272 | 2641 33.0 | 36.6 | 30.7
6 hr 36.1 | 369 | 379 | 338 | 362 | 415 | 365 | 312 | 332 | 356 300 | 314 | 330 | 368 | 328
7 hr 364 | 378 | 372 | 341 | 363 | 413 | 386 | 322 | 342 | 365 310 | 334 | 333 | 371 | 337
8 hr 363 | 381 | 36.7 | 344 | 364 | 419 | 395 | 345 | 380 | 385 305 | 331 327 | 36.7 | 332
9 hr 363 | 382 | 364 | 346 | 364 | 414 | 385 | 365 | 377 | 385 308 | 330 | 325 | 36.7 | 333
10 hr 362 | 382 | 361 | 348 | 363 | 411 | 384 | 370 | 372 | 384 312 | 328 | 327 | 36.7 | 333
Mean 30.7 | 318 | 320 | 30.3 | 312 | 347 | 324 | 263 | 299 | 308 266 | 269 | 290 | 310 | 284

Elapsed
time

50%

y=-0. 3587x1+5 9677x+13 524
40%

5T
55X2+5 7199X+16 007

R*=0.9758

30%

20%

10%

Soil volumetric water contents(%)

= Surface drip irrigation  » Sprinkler irrigation = Sub drip irrigation

0%

0 2 4 6 8 10
Elapsed time after irrigation(hr)

Fig. 3 Regression analysis of soil volumetric water contents after irrigation
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MEHS 7T 2 Q0| BUf WAY BHSAYT EY SHARHY Wi 2Y o7
3. tE 24 a, Wl 2 AR 3 AAE AS BT 20
IraF=ko T AAai= 8
20219 FARE 30 YAFE AR FHEAL B WhFael A& A2k $527] W 266 mmday,

1,042.4 kg/10ag) 00, Axel=e] I 10157 kg/10a, A|Z
AN 977.1 kg/10a= WEpSEOw, 20229 F9f A5
AE HAAWN 1,3672 kg/l0a, AZHEH T 1,213.3
kg/10a, A% AZATAY 1,153.8 kg/10a2 X F HHT 2] A
Also] 7Hg =A debsth Avka ZH A oA F Al A
ZAu} AYA|Z0] 320~1,746 kg/10a, AEZ-L 117~566 kg/10a

FEI vlaste] AU tha w2 FES 7153

(KRG, 2011), 2021 d%=of) H|3] 20221 2] 2Ha AYA|150] =2
Aow zAEQ) 20219 AEZS E HAWA 3057
ke/10a, A3 2] W) 289.5 ke/10a, 2|3 AT 2514
ke/10as LFEREO ™, 20221 2|3 AATAY 375.2 ke/l0a, A
2 I 3217 kg/l0a, A= AHTY 316.8 kg/l0a2
4% 31T} (Table 6).

Table 6 Crop yield by year of the experimental field

A7) 3.31 mnvday, 7i3}7] W) 5.09 mm/day (Fig 4), 23T
2 W= SE7] 9 290 mm/day, B AlA7] 3.87
mm/day, 7§&}7] 7.11 mm/day (Fig. 5)7} A3t A o2 et
ok A5 JAIANY A SH7] 2.42 mm/day, Y] A7
3.09 mm/day, 7}3}7] 4.87 mm/dayd w] A A o7 EA L
ATt (Fig. 6). THAA|oA 75422 H2el Alddat
ARk 7] H AT IS 1.3~52 mm/day7} &
g Aoz EA4ET (KRC, 2021). E3h A3 48747}
A gy WK 22 kS WhsSolE 2 AAF
o] &2 A& AngEy] Wi A Al vieh 9 gHof ot
Ak &4, Aufeke) it 2 =53t o FFoE Whas

L
.

ol o e
ul 2 pE

2]

prSe)

Duncan AFEAZ2

Aol w2 AAIF

2021 2022
Irrigation method Fresh weight Dry weight Fresh weight Dry weight
(kg/10a) (kg/10a) (kg/10a) (kg/10a)
Drip irrigation 1,042.4 305.7 1,367.2 375.2
Sprinkle irrigation 1,015.7 289.5 1,213.3 321.7
Sub drip irrigation 9771 251.4 1,153.8 316.8
2,500 . 2.500 —~ 2,500
= y=-211.92x> + 1128.6x | g y =-139.92x% +927.02x g y =-61.019x? + 621.58x
< 2,000 o o% OO | % 2,000 o0 OOO o sﬂz,OOO o O %:) o
= T 0 < [ Yo =) ST 70
= = fe) = g fe}
2 1.000 -Q)%DO@ ig o g 1,000 __@OQ%‘@ 5 o S 1000 :__%Q%Q@ s o
500 | = 500 | = 500 |
= iséi g 3313 o 5.09}
F4 | - | = i
< 0 ! = 0 : = 0 :
= o 1 2 3 4 5 & o 1 2 3 4 5 6 7 0123456789101112
Irrigation amounts(mm/day) Irrigation amounts(mm/day) Irrigation amounts(mm/day)
Seedling stages Vegetative growth stages Flowering stages
Fig. 4 Analysis of crop weight by surface drip irrigation amounts
2,500 —~ 2,500 —~ 2,500
= y =-164.97x2 +955.12x ] y=-93.518x% +724.51x E y=-29.129x2 +414.15x
>
= 2,000 E 2,000 S 2000
By |
£ 1500 e @9“@&.0 E 1500 0P 0 .0 % 1500 | P O o0
= o P, e } o P
& 1.000 o KO0 RS :;f 1,000 SO0 0 069055%& :j 1.000 | RKPOO_ o7y -OCQ
= 5 ' & 1 1 1
= 500 | = 500 | < 500 | |
§ 2,90 S 387, ® | 711
= 0 : = 0 | = 0 | !
o 1 2 3 4 5 6 0 1 2 3 4 5 6 7 0123456789101112

Irrigation amounts(mm/day)

Seedling stages

Irrigation amounts(mm/day)

Vegetative growth stages

Irrigation amounts(mm/day)

Flowering stages

Fig. 5 Analysis of crop weight by sprinkler irrigation amounts
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2,500

N
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S

1,500

1.000

Fresh weight(kg/10a)
é

o

y =-225.86x% + 1093.2x

@ @g
2 %%O%?

¢}
O OO

242

0

1 2 3 4 5
Irrigation amounts(mm/day)

Seedling stages

2.500 2,500

= ‘ y =-141.64x + 874.64x = y =-58.538x> +569.91x
S 2000 | S 2000 |
£ 1500 | @ % %,‘)1‘500 ‘ @ D o
Z Q% 523@ £ | o E R,
£ 1.000 | 0.0 %_ 21000 | 0.5 o N
| ° : 3 | i o
E 500 | ® © 40 5 500 ‘ 9 o®©
2 ‘ 3.0 s 487,
o i = 0 i
- 0 L [
= 1 2 3 4 5 ¢ 01234567 89101112
Irrigation amounts(mm/day) Irrigation amounts(mm/day)
Vegetative growth stages Flowering stages

Fig. 6 Analysis of crop weight by sub drip irrigation amounts

Table 7 Significance analysis by irrigation method

Dependent variable Irrigation method M + SD F p Duncan
Sur” 1,367.2 + 68.0
Fresh weight Spr? 1,2133 £ 421 4.002 0.022 Sub < Spr, Sur
Sub? 1,155.1 + 51.0
Sur” 3753 + 263
Dry weight Spr? 3165 = 193 3.499 0.034 Sub < Spr, Sur
Sub® 3009 + 16.0
1) Sur : Surface drip irrigation, 2) Spr : Sprinkler irrigation, 3) Sub : Sub drip irrigation

(F=4.002, p=0.022), AEZ
2 (p<0.05)2}o] 2 Kol

% (F=3.499, p=0.034)°] Tise] 90 o <l A YHTHRT A} A7ko] 7N Ao B
Row Yehgt) w35 A% A4 ]9l

W 2zY3e) W Foa STol A BAMO] £E 2. TREAE AAEY S8, 49 AR, AR 5
AOR S A B B0l R AR AV A 4 Ak A AR 242 266 moday

A E| 1t} (Table 7).

331 mm/day, 5.09 mm/day, ~ZTE
mm/day, 3.87 mm/day, 7.11 mm/day, &

ﬁﬂi
uZi
E
:\.‘:

i

N

N

N

)

2.42 mm/day, 3.09 mm/day, 4.87 mm/day 2] 7_7]1%k 0] 7§|

A Aoz EAH I

3. DuncanA} 3474 AT ARFT PARA (F=4.002,

X L 71A HPX]—‘:‘ I 7(4;(4 v
. ;f? j libi?;;?ﬂ TE.:H; Xli}oi X ;ﬂ ;g p=0.022), 1EF T} WAL (F=3.499, p=0.034)2 -0]u] 3t
o3 W, A5 g1 TS b s 0.05) zFo]7} glom, IfHFAl 2 22 A2 A=
JeAN BgAEe Asidon, AsAae g g F T e e
WA EoF @A sHElES B sl E3] "'}7H PANE] j‘;‘/:]_U-;ﬁ A Hk]o =8 W7t A5 A-WRECH
Su (¢} Z
2z AT degol tiste] SPSSE 2-8sto] A4 deigel =2 _A#E s .
4. AR PRA A R Ao A] B G4
& em—s oAk ofol tfat A7 ATE qofebd crgx Py T R T T e e
Aol T 5 mop g 48 58l 5 43ge] B8H SHi: Ange
v 101]}‘1 7H0“| 1_7H ‘l‘E O 1T 1w o §]— — _ = -
47H AT AN A& HEPAE SEoke Aol &

J—n"é# A HHWA (15 b7k 2o GAE] et &

ot 01>

7} 7w e, e s Angae W Q0 N
), A% AR GO ) 0= ekt o Ax g B AR D WhRAEL S §4e
Wl Walo] anegel W, A5 GAluc el 1 OO TEE SUGNL AIANS vl A% dH
w3l 44 Fasle] B gAsRel APy waA g N BANAE A PRI A B
3193, Az W= A A vl 2 G|l 9 3, el A9H = S e® EAsoF & A ow wd
S WAL A AR B B whe Spels T
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