S EH 7|4 R], Al22 A33E(2020) (pISSN 1229-5671, eISSN 2288-1859)
Korean Journal of Agricultural and Forest Meteorology, Vol. 22, No. 3, (2020), pp. 205~214
DOI: 10.5532/KJAFM.2020.22.3.205

(© Author(s) 2020. CC Attribution 3.0 License.

Sl ZJOIAID[EOIA ST2l0l T2 S,
Sado| MY U A4 2 UL A

1.

of

SHE' - s - 55’ - BMof - ASF”
T2 A sdAstd Q| Rt
(20204 89 3190 #< 20204 9 2790 4=74; 20201 99 289 Z=2h

Estimation of Optimal and Minimal Water Requirement for
Chinese Cabbage and Maize on Water Management using
Weighable Lysimeters

Jung-hun Ok', Kyung-hwa Han', Seoung-oh Hur', Seon-Ah Hwang', Dong-Jin Kim'
Division of Soil and Fertilizer, National Institute of Agricultural Sciences, Rural Development Administration,
Wanju, Jeonbuk 55365, Republic of Korea
(Received August 31, 2020; Revised September 27, 2020; Accepted September 28, 2020)

ABSTRACT

In this study, we performed to evaluate the water balance during the cultivation of Chinese
cabbage and maize according to the soil type and water management method using weighable
lysimeters, and to estimate the crop water stress coefficient and minimal water requirement
by considering crop productivity and water deficiency. In 2018, Chinese cabbage cultivation
period was not irrigated due to frequent rainfall two weeks after planting, so there was no
difference in irrigation amount between the non-irrigated and the irrigated and little difference
in crop yield. Excluding the Chinese cabbage cultivation in 2018, in the cultivation of
Chinese cabbage and maize, the crop yield of irrigated plots was higher than that of
non-irrigated plots. The evapotranspiration of irrigated plots was also generally higher than
non-irrigated plots. Crop yield and evapotranspiration are closely related, and transpiration is
active as biomass increases. The crop water stress coefficients in the middle and the late
stage were 0.8 and 0.8 for Chinese cabbage and 0.8 and 0.5 for maize, respectively. The
minimal water requirements for Chinese cabbage and maize were 82.0% and 68.8%,
respectively, compared to the optimal water requirements (239.4 mm for Chinese cabbage and
466.9 mm for maize). These results can be used as basic data for water management for
crop cultivation by securing the minimum amount of irrigation in case of water deficiency.

Key words: Water requirement, Water stress coefficient, Weighable lysimeter, Chinese cabbage,
Maize
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Table 1. Soil physical properties of profiles used in this study

Particle size distribution

Soil’ Soil depth Bulk density - Soil texture
Sand Silt Clay
cm Mg m? %
0-12 1.18 6.8 64.0 29.2 silty clay loam
. 20-36 1.26 5.8 57.5 36.7 silty clay loam
FC-SiCL
36-61 1.34 6.7 56.6 36.7 silty clay loam
61-98 1.32 17.6 55.8 26.6 silt loam
98-150 1.43 34.0 419 24.1 loam
0-13 1.29 51.0 41.0 8.0 loam
13-26 1.44 50.3 41.7 8.0 loam
26-61 1.45 453 42.7 12.0 loam
CL-L
61-105 1.43 40.9 47.1 12.0 loam
105-137 1.42 423 47.7 10.0 loam
137-150 1.29 60.7 323 7.0 sandy loam
0-13 1.27 54.0 37.0 9.0 sandy loam
13-26 1.36 61.8 30.2 8.0 sandy loam
26-41 1.38 47.2 40.8 12.0 loam
CL-SL
41-66 1.34 61.7 29.3 9.0 sandy loam
66-108 1.34 69.2 25.8 5.0 sandy loam
108-150 1.29 75.7 19.3 5.0 loamy sand

TFC-SiCL, fine clayey-silty clay loam; CL-L, coarse loamy-loam; CL-SL, coarse loamy-sandy loam.
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(1981-2010), 2017 and 2018. "The meteorological data of Jeonju in normal year (1981-2010) collected

from KMA (2020).
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Table 2. Plant growth and yield of Chinese cabbage in different upland soils by different water management

methods
Year Soil’ WMM? Plant height Plant diameter Yield
(cm) (cm) (dry, g plant)
. NIR 26.3+1.5 46.4+3.5 53.446.2
FC-SiCL
IR 27.8+1.7 54.3+4.0 89.0+1.7
NIR 29.3+1.0 56.8+3.3 109.5+9.4
2017 CL-L
IR 27.5+1.0 54.543.0 134.6+12.4
NIR 20.8+1.0 35.8+1.0 40.5£7.9
CL-SL
IR 27.5+1.3 56.3£3.3 108.8+7.0
NIR 29.6+1.7 53.743.2 102.5+£20.0
FC-SiCL
IR 28.1£1.0 47.8£2.5 99.5+10.1
NIR 28.4+0.5 48.0+£3.2 87.8+11.6
2018 CL-L
IR 29.5+1.6 47.0+1.4 89.1£9.2
NIR 26.5+1.1 44.8+2.6 87.2+16.2
CL-SL
IR 26.5+0.7 42.8+4.2 74.1£6.3

TFC-SiCL, fine clayey-silty clay loam; CL-L, coarse loamy-loam; CL-SL, coarse loamy-sandy loam.
*WMM, water management method; NIR, non-irrigated after rooting stage; IR, irrigated by furrow irrigation.
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Table 3. Plant growth and yield of maize in different upland soils by different water management methods

Year Soil WMM Stem height Ear height Grain yield
(cm) (cm) (dry, g plant™)
NIR 180.5+6.7 93.3+6.0 15.8+5.4
FC-SiCL
IR 176.8+8.5 90.3+2.2 34.0£12.0
NIR 189.8+8.6 104.5+5.7 30.3+4.8
2017 CL-L
IR 178.0+7.4 88.8+4.0 34.2+10.4
NIR 173.0+10.6 80.8+9.1 10.0+7.0
CL-SL
IR 183.8+7.2 93.5+4.5 42.8+8.8
NIR 136.0+9.8 72.3+3.9 14.9+2.6
FC-SiCL
IR 143.0+18.2 75.0+16.0 15.6£7.9
NIR 180.8+8.0 130.5+2.6 69.8+£17.6
2018 CL-L
IR 199.8+14.3 120.3+21.4 96.0+9.9
NIR 178.0+£31.5 90.5+10.1 64.2£31.9
CL-SL
IR 188.8+11.6 93.0+6.1 102.5+21.3

fFC-SiCL, fine clayey-silty clay loam; CL-L, coarse loamy-loam; CL-SL, coarse loamy-sandy loam.
*WMM, water management method; NIR, non-irrigated after rooting stage; IR, irrigated by furrow irrigation.
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Table 4. Water balance for Chinese cabbage cultivation in different upland soils by different water management

methods
NIR' IR
Year Water use pp— -
FC-SiCLY CL-L  CL-SL FC-SiCL CL-L  CL-SL
Effective precipitation 123.0 1233 123.1 1233 123.7 121.3
Input 4 i oation 13.3 12.7 12.8 117.2 117.2 117.4
(mm)
Total 136.3 136.0 135.9 240.5 240.9 238.7
2017 Drainage 14.2 0.0 0.0 242 0.0 0.0
?r‘g;‘;t Evapotranspiration 19722 194.6 1799 2263 2698 2404
Total 211.4 194.6 179.9 250.5 269.8 240.4
Changes in soil water (mm) -75.1 -58.6 -44.0 -10.0 -28.9 -1.7
Effective precipitation 177.9 175.0 174.8 175.5 175.4 175.7
Input 1 isation 36.7 36.7 374 36.0 37.3 384
(mm)
Total 214.6 211.7 212.2 2115 2127 214.1
2018 Drainage 57.3 54.7 6.0 78.5 51.8 78.4
(()]‘:g)‘t Evapotranspiration 2398 2494 2922 2057 2374 2189
Total 297.1 304.1 298.2 284.2 289.2 297.3
Changes in soil water (mm) -82.5 -92.4 -86.0 -72.7 -76.5 -83.2

" NIR, non-irrigated after rooting stage; IR, irrigated by furrow irrigation.
qL‘AFC-SiCL, fine clayey-silty clay loam; CL-L, coarse loamy-loam; CL-SL, coarse loamy-sandy loam.
! The water balance data of IR plot in 2018 used in Ok er al. (2018).

Table 5. Water balance for maize cultivation in different upland soils by different water management methods

Year Water use pp— NIR' - R
FC-SiCL CL-L CL-SL FC-SiCL CL-L CL-SL
Effective precipitation 351.6 369.7 383.0 3344 365.1 384.7
g‘lpmu; Irrigation 62.7 613 60.2 79.8 79.8 79.5
Total 414.3 431.0 4432 414.2 4449 464.3
2017 Drainage 113.9 28.0 52.4 188.9 41.4 17.9
(?I‘I‘lti‘;t Evapotranspiration 320 3009 2798 3038 3623 40138
Total 435.9 328.9 332.2 492.7 403.7 419.7
Changes in soil water (mm) -21.6 102.1 111.0 -78.5 41.2 44.6
Effective precipitation 217.2 214.9 217.2 196.7 211.2 220.1
apr;l; Irrigation 33.6 33.6 33.6 167.4 198.5 164.4
Total 250.8 248.5 250.8 364.1 409.6 384.5
2018 Drainage 171.8 147.7 6.7 171.2 125.3 154.5
C()rl::il;t Evapotranspiration 217.9 346.6 406.0 291.8 487.7 511.9
Total 389.7 4943 412.7 463.0 613.0 666.4
Changes in soil water (mm) -138.9 -245.8 -161.9 -98.9 -203.4 -281.9

T NIR, non-irrigated after rooting stage; IR, irrigated by furrow irrigation.
*FC-SiCL, fine clayey-silty clay loam; CL-L, coarse loamy-loam; CL-SL, coarse loamy-sandy loam.



212 Korean Journal of Agricultural and Forest Meteorology, Vol. 22, No. 3

)

= &7 B EY U 5 9 o] e
Pyste] that o] Woliy] oz Ay
tHKeith and Germann, 1982; Ok et al., 2018;
Ok ef al, 2019), W2} 854 Wi AAleo] A
02 2o AEWITY FRAFe] A vepnt
A} ZuAleke] BAL Qle Aom Mo,
Anapalli et al.(2016)2] Aol A] A L44=9] v}o]
oujsel grido] £o4R Sl Sk

o

m]l

+

N
)

34, B, 2440] =5
A A% HA 2 TR
W, 24 AulAl ST AFEARe} 2%
2 WA APPRATL, W, 25 Aule] Fa)
T} AL o] 20~30% A A7)
= Tefste] pEAEYS A% 9 Hh B WA

ASIGick. viet Sl A AHEA RS

ME!

2, FEAEL

o

F

0

[

A% £ P avk> Table 6 3} Table 7 o, 228 44
2EH A Aol HA B Hagke Table 8 of Lely
ek wiFo] ASEANE e 714 113 &
2 7P w9 A% & dewe W9 2102 mm,
2017 ¥ 239.4 mm, 2018 192.9 mm 24 Hd
(1981-2010) =] 2017 W& 13.9% 7541,
2018 AL 8.2% 74813t Table 6). Ok er al.(2019)
o 7RSHE B e 135.5~147.2 2 AAEGL
o, FHlErt ThellEE & Bage] w2 e &
g 4= Sl Sl ASTAE FeAles 7
sprlet AA7el 120 o2 7P #3002 = E8
S 7l 403.4 mm, 2017 @ 378.8 mm, 2018
466.9 mm 24 tin] 2017 W& 6.1% 724515
3L 2018 |2 15.7% S7Fokit(Table 7). w2} =
| FRAEYA Al HlF $7] 0.8, %71 08,

S %7] 08, F7] 0.5 o|%eh vl S5

Table 6. Crop coefficient and water requirement for Chinese cabbage cultivation according to growth stage

Growth stage Initial stage Middle stage End stage Total

Crop coefficient 0.69 1.11 1.13
Water Normal year 239 118.3 68.0 210.2
requirement 2017 232 125.9 90.3 239.4
(mm) 2018 34.8 108.9 493 192.9

Table 7. Crop coefficient and water requirement for maize cultivation according to growth stage

Growth stage s1' S2 S3 S4 S5 Total

Crop coefficient 0.68 1.09 1.20 1.20 0.75
Water Normal year 62.0 127.0 83.6 612 69.7 403.4
requirement 2017 36.7 83.9 115.7 68.9 73.5 378.8
(mm) 2018 28.0 98.5 146.4 942 99.8 466.9

'S1, seedling stage; S2, elongation stage; S3, blooming stage; S4, bearing stage; S5, ripening stage.

Table 8. Water stress coefficient and minimal water requirement for Chinese cabbage and maize

Water stress coefficient

Minimal water

Upland crops Growth stage requirement
Middle stage’ End stage (mm)
Chinese cabbage in 2017 0.8 0.8 196.2
Maize in 2018 0.8 0.5 321.0

" Middle stage, the late May to early June for Chinese cabbage and the middle May to early July for Maize;
End stage, the middle June to late June for Chinese cabbage and the middle July to middle August for

Maize.
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