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ABSTRACT

In this study, we evaluated the water balance for Chinese cabbage cultivation in spring season with different
upland soils using weighable lysimeter, and investigated the evapotranspiration at different growth stage of
Chinese cabbage and total inflows and outflows as affected by soil texture . Outflows such as percolation and
evapotranspiration were different with soil type (i.e., soil texture), while no significant difference for total
inflows. It was also shown that the least amount of drainage in the loam with high bulk density and the largest
amount of drainage in silty clay loam. This is thought to be the result of the vertical movement of water
through macropore along with the cracking of the soil that was created by repeated shrinkage and expansion
of'the silt clay loam during the winter season. The evapotranspiration during the Chinese cabbage cultivation
period was the highest in loam, and this is probably due to the large leaf area of the Chinese cabbage grown in
loam and high biomass weight. Based on the data obtained using the weighable lysimeter, water movement
and water balance of the upland soil could be evaluated. Our study will contribute to the development of
national factors in Korea for the estimation of the water management for upland crops with production and
accumulation of several years data.
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The water balance for Chinese cabbage cultivation in spring season on different upland soils
using weighable lysimeters from April 9 to June 4in 2018.

Soil texture '

Water use -
SiCL L SL

Effective precipitation 175.5+3.1 175.442.5 175.7+0.9
Iput i eation 36.0+2.3 37.30.5 38.4+1.2
(mm)

Total 211.5 212.7 214.1

Drainage 78.5+18.4 51.842.5 78.4+0.3
Output Evapotranspiration 205.7+£22.0 237.445.5 218.9+£3.5
(mm) Runoff 0 0 0

Total 284.2 289.2 297.3
Changes in soil water storage -72.7 -76.5 -83.2

TSiCL, L, and SL indicated silty clay loam, loam, and sandy loam in soil texture, respectively.
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Introduction

715 Hst] whet 7 Wl B 4Tt STkl et 59 2ok =k 7le A B w8l ARt At
B717F 58 A] H3L Ut} (Chae and Kim, 2001; Vargas-Amelin and Pindado, 2014). 2}z AHufjell ] S7i=Fe] A4
H5A8rF PSSl S5 A dsior & A2 7, Alshliad, SR AFE 5o 244 HrtelH, o]
£ Sloire ST Ashillee Bt g oA AP sliof gt

S S fleliie 7IES i A=A T AmTF B ashH o &2 7R 0| B FkE e
T} (Allen et al., 1998). 7/ Hlo|E|e} oA tholRlt 7 |&5 i Al 4150 208 B71ol E-8=o1H
LU BEANG 27 58 0] 8510] AHE 7153 Hargreaves 5417 QARE, B4, o &1 50| AlF|gh 4 QL Tk
74 HloEE = 2 & 5k=FAO Penman-Monteith -5-2]0] thi A o2} & <= )t} (Hargreaves and Samani, 1985;
Allen et al., 1998; Hargreaves and Allen, 2003). FAO Penman-Monteith -5-2-2 T} 714} g8 E st o
2] 715z A8 4 AL AP ETe] et fpste] dAkEe] St Aol ol Z8shal Qlt
(Jensen et al., 1990; Allen et al., 1998). TEFJ|A| Z|ohlj4=aF AP QlaliA+= EY EA-S 1l8fok= Zlo] S5}
o} 20 POl T EFO] ALx, 84U, B, i 5o EYEA | wt B2 FakE W=t} (Durner,
1994; Hillel, 1998; Assouline, 2006; Jung et al., 2015). ¢8| A7-50] EGU ] 4~F S=2]o|50] tisto] 2|0~
ghort o5& Wetd B o83t Aulddol Ay @ollx S74H A0 AmEo] tiF-2el™ (Kim, 2003;
Shin et al., 2004; Park et al., 2010), W B2 EYFE Hlot-5.0 = Qlsto] B &9 o5 ol F&= T
ZIt} (Jung et al., 2015).

S A|shllrEE Aok TR R 0 = efolAu|H & Z-8oto] ASsh= o] itk HleE H A

u A

AEE] SOl I Hl8] e o et W AR Rt ot B A7AkEel 24 W7 SR APl

Aol -FEE5A A& Aol mbE AlxA] A avE st ed, S Bl A EE E-8sto] T AMA =
THa] Hho] ot oFR 4] 9l 25 E 40| g A (Lee et al., 2017), B27] ARFENA L9} ZAhlzo| 2 &
Frols 9 B miE B alwd st 24 5ol theh A (Seo etal., 2016; 2017) 5-& 5oto] 2ol A|n|E]
7tE5A B7HE 8t = lo] SREE AT £ S BlolAnEl vl w g JE = ARt B g
APz A] A gEol A ESEEE] 2ol s e Hek st s D 4= qlof el st wt Bl it
FFE H 4018 5= Uk (Seo et al., 2016; 2017). EAIS BG4l it o} A|shufaay, SIS 5 24
7} Aol Y A Hrk. SIS B S 22 SAte] SAlo] dofus I o® B B4 IS
HHA] =)0 (Allen et al., 1998), Han et al. (2008)2] A8 2fo|Aln|g] Aol AES o] =8 oFe 7L AlFEH T} 4=
HR-Go] 52 710 2 LeRtth Chae and Kim (2001)2 2to|Auje] 2712] E=E A A E7F ARFE} AlofE
Hep g AlskRre] Whs 23S HAlsiei

A 2 Aolids BAJo] thE REYOIA s A7 17t 5 S84 2ol ulHoA AE3t glolHE 24

5

sto] EAJE S, Aokl 5 25418 vl st o wHj
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Materials and methods

ST 2OINOIE e Y AEEY E4 35U (Aehas ah)oll AR1H 534 golAmE
(UGT, Germany)="5-9]35°49'29", 57 127°02'46", 5} 33 mo]l 925t EHA 1 m?, Zo] 1.5 mo] 5|3
gfo|AlrlEfolr}. & A+ ER2 Sejuet i EAIQ] RIAFEAIYE (silt clay loam, SiCL; 578%5), Y& (loam, L;
F8), ATE (sandy loam, SL; A45-5) & AAESF AFE 2 FA]3t Bl EQFo|th. Gee and Bauder (1986)2] H
SAR O wet YA LSS APY T v]=-s-5 o] EAJAZYA (soil texture triangle)ol] Tt EA-S A5t E
&l E2]A B4 Table 10 eI 2folAnlE 9] /432 Fig. 13} 2t} 7+ glolAln]E o= 591 (10, 30,
55, 85, 125 cm) 2 EEAA (UMP-1, UGT, Germany) 5°] 22| =]0] gl om, A Z2FHsIE =48 4+~ Q=
2 Al dhufete] Ax]Elo] 9lo] 4ol BA] Y SRS Yot 54T 4= ATt (Seo et al., 2016; Lee et
al., 2017). 4% Hloleli= 1AITES] Bt tlolel = 2=, E]1871-2F (tipping counter) 2 Aot 57

SKL, 714 BT us RAS Zste] Talgict

AEX EY sistd 2M U SHiF ™A A E2 golAmE FEA 15 cmo|H ] EYS 5ot
o] A= ufetelo] EoF 9 AlEA| BATH (NAAS, 2011)0]] F=5to] BA5H 47| 28RS Tyurin|, -G8 Q4
0 MNH4OAc (pH 7.0)0.2 FZoto] e derEet=nt 23334 (ICP-OES,

GBC, Integra XL Dual, Australia)= 215}t

Table 1. Soil physical properties of lysimeters used in this study.

Soil texture " Soil depth Bulk density Particle size distribution (%)

(Soil series) (cm) (Mg m*) Sand Silt Clay
0-12 1.18 6.8 64.0 292

. 20-36 1.26 5.8 575 36.7
(Sorsl;“g;ng) 36-61 1.34 6.7 56.6 36.7
61-98 132 17.6 55.8 26.6

98-150 1.43 34.0 41.9 24.1

0-13 1.29 51.0 41.0 8.0

13-26 1.44 50.3 41.7 8.0

L 26-61 1.45 453 427 12.0
(Sangju) 61-105 1.43 40.9 47.1 12.0
105-137 1.42 423 47.7 10.0

137-150 1.29 60.7 323 7.0

0-13 127 54.0 37.0 9.0

13-26 1.36 61.8 30.2 8.0

SL 26-41 1.38 472 40.8 12.0
(Sangju) 41-66 1.34 61.7 293 9.0
66-108 1.34 69.2 25.8 5.0

108-150 1.29 75.7 19.3 5.0

TSiCL, L, and SL indicated silty clay loam, loam, and sandy loam in soil texture, respectively.
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Data Logger

Pressure
Trans-
ducer

Reservoir

Fig. 1. Weighable lysimeter structure and vertical view. It has three 10 g-resolution load cells for measuring weight of
lysimeter (a), tipping counter counting the number of times for every 100 ml of drained water, for measuring a
drainage amount (b), and sensors for five layers (10, 30, 55, 85, and 125 cm depths) for measuring soil water content (c)
(Seo et al., 2016).

HHIF (SEEE)=2018'A 49 9Uof| et Au|E] 17| 474 A 415151 0™, 69 4ol 4513t et
A5 4] A pH 142 flste] A S]ALE (300 kg 1027 )—% Flstelom, vl= AlH|= 2= E&%ﬂ‘%} 7]

AS, 2017)°] e} BAE0 2 nAbEAFE o= Q484 QIH]- 514 a]=22-103-31 g m?, FE= Q4
JQ1u)-eldel=22-14-27 g m?, AFFESIE 9484 °1H1 HoPd2]=27-14-29 g m>F A2t A85H3IT. o]+
59 9%of| LA =0 & nAFAAISE = @ 4 A5lZHE]=19-21 gm?, FEOE Q4-F3kAE=19-18 g m?, ARFE
o= 84- A5k E]=23-19 g m™ 5 217 FHIoISATE Tl 7948t B ] =23t (33 kPayS 7o =
o RS AAIsHh

o@ BN rlr

i xHEi71ZE S 714 dioje 24 ZtlolEE SfolAlnlE Il Ax)H 7%
7SR Aol Baet ARPE 712, 55, GARE 52 HIelHE s AT ¢

A ST oA ulE A Rislghe e Bl B 2SR

=A% A% Y HolE X2l F34 ol Alulele] Ax|slo] gl 2EAS FHgte] TAWEL] o3 B
o fEwe Atshe o 2441 ofle] Eq. 12 Attt

ET,y,= P+I-D—R (Eq. 1)
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7)ol A EToy= S24F (mm day ™), P= 7393 (mm day™), 1= 7% (mm day ™), D= A543 (mm day™),

R A ER-ZE% (mm day')o|th. A 72 02 4Gt Shateye =45 04 FF (accumulated evapotranspiration,
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Results and Discussion

St KHERZ|ZH SOt T14RR "It VIR ol AvE Il AAE 7V
§to] 24 o™, 3 (1981-2010) AHE 2} HI WS (Fig. 2). w8l AHl 71754t
A5 2 29 0] v 2018'd 25 9} B2 FASHA ERt o, Ze-3e] 7ol Byl 44, sUell=
30% =7 UERAIL, 68ofk=20% 22 73
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Fig. 2. Comparison of precipitation, solar radiation, and average temperature between normal (1981-2010) during
Chinese cabbage cultivation from April 9 to June 4 in 2018.



560 ° Korean Journal of Soil Science and Fertilizer Vol. 51, No. 4, 2018

wHE S 24, T, G (SPAD), BAS 5-& 5718 0 & ZARSIITT (Table 3). wilF S5 %
EoM BAIE, FHA 5 A 0 & 7P S22 A8 Ko, ANE > 1A E o s S22 ASHE Y
ER I, 55| FHANAN FEZFAIFESL RIAFEAFE T 0F 40%, 37% =] et St Bl A e B4
g Ao} e 2o 2 Azkerk
Table 2. Soil chemical properties used in this study before transplanting.
+ Ex.Cation
Soil pH EC OM T-N Av.P,Os
+ K Ca Mg Na
texture
1:5, H,O dSm’ gkg! mgkg! - [1E00) P - ——
SiCL 5.5 0.37 29.7 1.2 118.6 0.14 2.83 2.55 0.06
L 5.9 0.22 19.7 1.1 726.4 0.40 4.68 1.92 0.08
SL 6.3 0.25 17.1 1.0 932.7 0.32 4.81 2.26 0.06

TSiCL, L, and SL indicated silty clay loam, loam, and sandy loam in soil texture, respectively.
TEC, electrical conductivity; OM, organic matter; T-N, total-nitrogen.

Table 3. Growth response for Chinese cabbage cultivation in spring season with different upland soils using
weighable lysimeters from April 9 to June 4 in 2018.

Soil Date Plant height QPlant Leaf Plant area Plant weight
rexture’ diameter color
cm cm SPAD value cm’ g
May 2 16.7 33.5 - - 454
SiCL May 9 22.9 422 44.5 2982.1 216.4
May 24 30.5 51.9 473 6174.2 611.8
May 2 18.9 36.6 - - 455
L May 9 25.0 43.8 44.6 3248.8 271.4
May 24 30.0 53.8 47.1 8642.2 920.6
May 2 18.5 34.2 - - 46.9
SL May 9 23.6 40.8 46.8 3213.6 259.4
May 24 26.5 51.0 48.1 63144 673.6

TSiCL, L, and SL indicated silty clay loam, loam, and sandy loam in soil texture, respectively.

EdYH S5X| it FF4] colAmlEoA mHlE AEl7ITt Ftoll EEY EA
(Table 4). B3 -t SRS Vw2, Aot Wie 59 S dsel=
o}, TR-E7F FolA Aohliaadat SitEolA EAE v FS Bt Alopillr=he nAPAAGE, I E,
AIFEOA 71 78.5, 51.8, 78.4 mm= FENA 7P A2 {2 B0 Q5|2 nAPAFE A B 2o
TS Bk HEEg] w2 AR =EQF A AGe ARFES} AQFE T ZstE45Fo] W2 7 (Chae
and Kim, 2001)ZH= T4 A Zitolo}. o]= 54715 AUaA nAHEAIE A 45 2 o] vk o 2 Q]
Sto] Efjoll wgo] 'kl o] = <la tha=ro] Hoklof| whet Z|shafia-ao] Hobdl 2 0 = whErt (Keith and
Germann, 1982). T3 Z|Fet FE O] Zlod S AU L7} tofE EAJ 9] 82Uk W} fzo} FEOA 7P 22 2|5t
TgS LR 2 0= AJZFET) (Table 1). SE4AFFS] Qo= mAMEAYE, FE, ARFECIA 22057, 237.4,
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(o]
&

218.9 mm= UFER OFE > AIQFE > BAPHAIFE =0 2 =7 Uejyit], HEGR0] =2 Eqo] drjde=
H-5-2]0] =0} (Han et al., 2008; Seo et al., 2017) HESHO| 52 nAPAAIFE oA FH o] U 71 7l o 2 3t
Thejn], OFEof|A] 7} e ZHEAERS. H Ol 4.0 Eh 20| A8 2 Ao A Awz] T RSl 71 st Aol

7113+ 71 © 2 AZFHT} (Table 3). S~ AolA F-a5S 19t ES-E 3l (changes in soil water storage )=
Eokd 2 ul A (-72.7), OFE (-76.5), ARKE (-83.2)2 LR O] (Table 4), ATl 4] 504 2lo] Aeker}
S8 & 4= itk Sang et al. (2017)2] Aol A ARFE Q] 8 AEA 2|57t A FESfo]| Bl & Ao = By
= Qlck

e

=

o

z

it AT

SuiE WREDIE SN BIL £4o] O elolAnlelold Bl ARTAEE FHS IS v

SIIT} (Fig. 3.). AUE, FE, AIFE|A ALTAME Btr2Sdiiake 827 (49 9Y8-4Y 2590 47.3,
59.1,51.8 mm, -857] (4¥€ 264-59 25291 116.0, 134.2, 125.2 mm, S50 = 42.4, 44.1, 41.9 mm = L}e}

Table 4. The water balance for Chinese cabbage cultivation in spring season on different upland soils using weighable
lysimeters from April 9 to June 4 in 2018.

Soil texture '

Water use
SiCL L SL
Effective precipitation 175.5+3.1 175.4+2.5 175.7+0.9
Input— ) eation 36.0+2.3 37.30.5 38.4+1.2
(mm)
Total 211.5 212.7 214.1
Drainage 78.5+18.4 51.842.5 78.4+0.3
Output  Evapotranspiration 205.7+£22.0 237.445.5 218.9+£3.5
(mm) Runoff 0 0 0
Total 284.2 289.2 297.3
Changes in soil water storage -72.7 -76.5 -83.2

TSiCL, L, and SL indicated silty clay loam, loam, and sandy loam in soil texture, respectively.
Data are means+standard deviation.
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Fig. 3. Accumulated evapotranspiration at three growth stages (Ini: the initial stage, Mid: the mid-season stage, Late: la

te-season stage) depending on different upland soils during Chinese cabbage cultivation using weighable lysimeters
from April 9 to June 4in 2018.
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ot Ae2719 570N GEZH P 2 SRS UE St o= ol a9 e wHlle] SRt s

Aele} we Aol 7115t A0 2 PoEc A5 7]0] A 3 ilake] ol Aol sle1gl 4 glgitt

Conclusion

2 Aol ] elolAn|el2 g sle] Bl 717t F EAle] 2 WESe] B4A1E vl waty A
SHAME S HkE Hrlelth EAE SRt S EE vlwe A3, SRdsole TR AlolE &
Qlgh 4 glovt, Aot SAtel A B4 U2 A3S BArk HEFS Aot} Zubiiae] e
= AR S 5 Qi AshlaRke] 4, o EA Hlwstoe] Zlold ATt w2 RN 7 A2 /E
TS Holi=Hh AFEof| A W2 2ohufl4=ikS KAt o] 587 E AUHA] AFEANA Fatt w7fo] g0
=2 QlIste] Ehjoll 7 WA oA thg =02 =59 7o) g o] Wolxl A0 2 AZHET: Huljs S TAE 5
shig Bl moA s SFEolH 71 e gES HYLop] ol el Hulke] grid WG 5 Fueh A% A
o] ol 7]QIg 20 & AZHEILE, 4] elo|Alu]elS Bg5le] 5T HlofelS vheko & shof Eaje] 4ol
5 Y EAE 252 GUHE JoH BT 4= 90 oFF thdtte] tloly 42 Foto] WatE 3-8 At
& IRt AR Aol 71078 5 91L& Ao = Azt
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