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Abstract. The objectives of this study were to determine the impact of soil water content on the growth, stomatal
conductance, and photosynthesis of Kimchi cabbage and to evaluate proper parameters for development of growth
models. There were five levels of irrigation amount treatments (0, 200, 300, 400, and 500 mL/d/plant) and those
were commenced at one day after transplanting (DAT). We measured soil water content, stomatal conductance, pho-
tosynthesis characteristics, and the A-Ci curve. The growth of Kimchi cabbage as affected by irrigation amount was
evaluated at 38 days after transplanting, however, the growth with 0 and 200 mL/d/plant irrigation amount treat-
ments measured at 29 DAT. The relationship between soil water content and stomatal conductance was highly cor-
related (*=0.999) and the function represented by y=6097.4x —4.2984. The stomatal conductance of Kimchi
cabbage leaves showed 300 mmol-m™-s™ when the soil water content was below 0.05 m*/m>. The stomatal conduc-
tance was rapidly decreased by scarcity of soil moisture. A-Ci curve indicated normal curve in fully irrigation treat-
ment (500 mL/d/plant), however, CO, couldn’t diffuse through the intercellular Kimchi cabbage leaves treated with 0
mL/d/plant. The dry weight of full irrigation treatment was greater approximately 6.8 times than that of deficit irriga-
tion (0 mL/d/plant). In addition, leaf area index showed a logarithmic function (y =16.573 +3.398 In x) with soil
water content and that of R-squared represents 0.913. Results indicated that the soil water content was highly cor-
related with stomatal conductance and leaf area index. Indeed, the scarcity soil moisture reduced photosynthesis and
retarded growth.

Additional key words : Brassica rapa ssp. pekinensis, growth model, irrigation, photosynthesis, soil moisture, sto-
matal conductance
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2012; Oh et al., 2014). 9354 HAM= 1L20=F <l

HjF=9] 20159% APIHA, ik 9 Tg—= 242 of
26,000ha, 2,060 =, 7,170kg/10a0]™, AYAR-L- 6,639
o] 0]ATHMAF, 2016). 12]aL wj5=o] &2} Akeka}
AZF vjEAe ZHzt 1185 1749 Yoz, wiFe F
A EoME F838 ZEO]THKOSA, 2015). A2 A4
9 HiFE= ASHLHT & T20ME S 2 =4
At} AgrkFo] ZHAFtH(Lee et al., 2011; Lee et al.,
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sleo] Eqke] Fliteo] S, o|2 <Q1gk uiF] A
ZAsle} Wallso] LS| whitel] T2 1A Aol
A o] A7lelE wiFTE Ak ey HT A
Aol 71$RSIE At PP VHEDE, T 2 HT &
el wet 7Rsalse] 7HE gl s v Qok
(Hwang et al., 2003). 7}5H3} AlUg] et xs=HsH
2yl =z, 1008 F Ao 7l dARG 6°C7f
Z7V3lar 7] F oiRBleAEEE 940mmol-mol o] =
Ao, 5= ARG 20% S7HE Aot o] %=
AA wiF= & A Fodo] Al wAste] 434
A ATE T 4 g%, B TlEEds saw
A GoR= RS SRISATHLee et al., 2016). HIF
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Fig. 1. Environmental conditions, daily mean air temperature and relative humidity (A) and vapor pressure deficit and daily integral light

(B) during experimental period.

o] W AAh2A EY Ui &
e TS At A= AeE dHA Ut
(Lee et al., 2016). SFA X XEd 20| 93t A+
FFt 2 T wiFTelA FRENL, B
S AR Qs wiFg x&e] APl Fs)
Yz 717kl A=tk Hajiboland and  Amirazad,
2010; Hashem et al, 1998). AJu} 77+ & 7H&o] 2%
A&EH HjFE Qo] HS FFHo] FHHe T IIE
T, 47 o) 7HFo] A&HEWA TS| g AT
Arkege] 34%e) B3 A=z AFHQ HiF Aiko]
E7FsItal HalElth(Lee et al., 2015).
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< A% FE WS 2] el

=13

Mz A Uy

=% Hl5(Sakada Seed Co., Japany= 20163 29
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SH3ALH 3 3 36Y0) 22L %] ZekiE FE
(1/5,000a Wagner pot, Kenis, Japan)oll 2|3 4/HA14
Z 2009 wiFE A AL, AETPEEAlel
E25(EWGC; Modified CEEWS model, Environmental
Growth Chambers, Chagrin Falls, OH, USA)2] 373z
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Fig. 2. Changes in soil water content as affected by irrigation
amount after transplanting.
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A2 & 27] A7) wiFe] A%, 338
3, A 3 A5 w2 d P Ve, AulsE,
719 Ak 9 AN YARFS Fig. 19 YERRI #
Fe ) Ay o= 2 0, 200, 300, 400 2
500mL/d/plant2 "L 2 (9~10A])ll B3I} B
g A2 JIA] = oF 3097 6d HEoE F 53] EY
T S S Qe e R AREE SEk
Edt RS frequency domain reflectometry EFIS]
AXA(10TM, Decagon devices, Inc., Pullman, WA,
USA)}  =A7](Procheck, Decagon devices, Inc.,
Pullman, WA, USAYS &83}o] Z17te] X EA 9
o] 3HS A3t 10em ZHol2 FAst Bpto=
ANE AASFRAIL(Fig. 2), MFS] AGE-5A e 7
T P AT E B 1ARE T leaf porometer(SC-
1, Decagon devices, Inc., Pullman, WA, USA)ZS ARE-

R

FEAA7TY] E4S dolR A} 500mL/d/plante} E
R AY XFTH0mL/d/plant)ellA] B4 3 25U9]
B33 =47]1(Li-6400, LI-COR Co., Inc., Lincoln, NE,
USAYE ARE3l olitslerh 3} 34 AHAdsiint
B &5 S47] A Ui 712 25°C, AHisE
70~80%, HF 500pmol'm™>s! L F7] 2 300mol-s’!
2 Ao, o ikl FEE 50~1,500pmol-mol!
o= skl 7hax AT olklste Az sl o]
A5 go= B 71T Aty RES A 144,
Sharkey et al., 2007)2 &8sl 7l=2843} &5, FA}
A &8, RN 2 5585 ALkt

A= min{AmA/'aAp}_Rd (1)
B e @
Ci“"KCX(l +E;)
_Ix(C—7)
SR ®
A,=3xTPU Q)

o754, A, A, A, : A (net CO, assimilation rate),
A. (Rubisco), A4; (RuBp regeneration), 4, (triose
phosphate utilization), ¥, : maximum rate of Rubisco
carboxylation (mmol'm?>s?), C; intercellular CO,

concentration  (pmol-mol™), Ry respiration  rate

(umol'm>-sT), 7* : CO, compensation point in the
absence of R, (umolmol"), XK. and K, : Michaelis-
of Rubisco for CO, and O,

(umol'mol™), O : oxygen partial pressure (umol-mol™),

Menten constants
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T 9 JlgREEe] Ve EgRre] 9%

J : electron transport rate (umol'mol™), TPU : triose

phosphate utilization rate (umol-m?s™)o|th,

aEjar wjF] AT gA & 38Yol] AR H
shtel AAled S, Ho 94H 9F, 9 2
EXJ(LI-MOO, LI-COR Co., Inc., Lincoln, NE, USA)%
2RI, TR JelT 09 200mLid/plants 9]
Z=2 G 3 200 A AL, dHA AHE 08T
of dud AFE ARFEIRT. AEERAL] tig A=
el mEt BAREAS SFlar, Hatte] fojAk A
A2 p<0.05914 Duncan 7378& S35ttt TSk EGF
T T AA Aot rele] dEFTHe] AHdA

g BHssch

2 X

i

At o

K
L]

Byl wige] e AEEE At vi$- =
X0 (r=0.999), A1 B FHABARZ y=6097.4x -
429843 tHFig. 3.). B gl 0.05m’/m’ 7|t
oA 71FHAEE7} 300mmolm?s'E Ltom, EQke]
FEIFo]  0.15mYm’E FAEH J|3HEET)
880mmol'm>s' 02 ErFEo] ZARH X rHo) oF
3 =UTH EYEe] FESHA =W viFe] V3=
T 343 "olAH, oz Qg I % T 1=
of ofg AePdslEEEd Ryt HsaL Ae]
3 B3 AkE 3 2 BHiEE Z0)E%0H(Lee et
al., 2015, Son et al., 2015). L2]aL J3A =49 Ax}
FARH EYE H502 HiFe] 7138 2al o]
zle] AE W oii3lekart ghalElo] Bojrix] o
AL F01EATHFig. 4A). FE3] BE(500mL/d/
plant)® wj5=2] olxkaleka X3} =Ae Hu o= FIA
57} oF 23umolm?s'Q A FAlolglom | olitks)
e Zabgat WA 247 805.6% 60.7umol-mol 'S
Th(Fig. 4A). At A+ A (Lee et al, 2016)0lA4] w5
o] olibslgta BAPH B B A7EFS] 500mL/d/
plant X2 w5 olilslgrd HAFHE FARIAL
e} E9F 420] S5 2 A% (0/mL/d/plant)d ¥IFE
AUZ olitsletart Sabe]=] efol Aol AE W} ot
3}k F=7F °F 700pumolmol'e]l o, o B3
E£5% 9F 6.5umol'm?s! H|TEOE 500mL/d/plant *E]
T HiFRETE oF 3.5 wiokar, olikslebA xS B
e 2zt 537.29F 123.3umolmol 'Y}, FHEL 5
ZE#2AE ] HW oliIsieil BAF0] EolAlet)
(Janoudi et al., 1993) ¥ A7Aze}l JXAc}. FE
A 7ol AslelE wdss F8sle] FE3] drd
HiSe] P3P EEES AR, olw HiFe] Hu)
712848l HEX(V,,), AAGA E&), ARMAtEE

fr b g
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(TPU) 2 WEZE=gole] FTFERHS A2 75.0,
118.0, 83 ¥ 2.8umol'm?>s'Y O (Fig. 4B), & ZR
Ag)FoMe A W olisted: a5rt 552 Aghs
o}l 28l oliksleka 3l dE AE o }ISle
B2 A5etE] gkl tigt MgES AN & giioh
EFe] o] HE Qlo] FEXRELS SE2 Yol
A 71Es 2A =HH, AE =2 olilstekart AAHe
2 FHHA Fale C33E7) 7Tss A Kele AL
2 4#HA ATHON et al., 2014; Oh et al., 2015). &
HiS= Aol A Hell 299 B9 a& ¥AE 8%l
EVpa. J, TPU)S] 32 £ AZol|A 53] A9 )
o] At FARIAOH RA TS T =2 AR
ATk RAXS] AR Hd <34 £%=, Rubisco B4
%=, RuBp regeneration 4=, TPU £%=912] IA2og
ol e, ¥ A7 A3l R, 7ol o =3E A
& g 7)1E E¥(Lee et al, 2016)Hct AW & 3
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Fig. 3. Relation soil water content between stomatal conduc-
tances as affected by irrigation amount.
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3 F 271G 402, ATRAIN BEe 4,
=i

B 2L VAR 2 9P AR 4% 2
M= A TS TR U

(e}
2R
olElg BAfehe o] YAl A ol B3

bt S Bl lor, gA & x7]|ef A5 A

83k 4= 7] ol
A 3 27) @AlMe 2
HE =310 B4 F 27 AS 7R Bt A
of wet AFdle FYFF A7t JAaL(Table 1),
500mL/d/plant 2]l A AP AAE 2 HEFS
Z¥Zy 84.0% 11.5g/plantz AT T 7P FANG
aga 83| " AHEFH(500mL/d/plantel]  BlSke]
FRo]l AfE AT (0omL/d/plantyollA] 2F 6.84)
opF Ao AE Akgo] AsiaTh EY gl
AT g5 1090 /plant$d O}, 300~500mL/
diplant AFTelME F57F <F 200 ooz Xt
HAT, GHAL 53] B AHEFolA 1,223.8cm”/
plantZ2 25 F 7FF QAT AsRte] A T3 A
el fAReE ARleon, 53] Y e EY
T 3 ol wE HEk foAE Bt FEe
et SRS DHI AS 7 e, sl A
2(FNFRIN EY i A8 A% A4, 73499

iy
i)
A

(=3 = sl

F= =
HIYS Asfigitk B uskth(Smittle, 1994). Kim et
al.2015y w9 T dS5IAAS BASH] I8k
EY 78 3 o SRS IAE e,
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Table 1. Growth” of Kimchi cabbage as affected by irrigation amount at 38 days after transplanting.

Irrigation Shoot Maximum leaf No. of Leaf Root lant
amount (g/plant) (mm/plant) leaves (l“;%/f algii) area (&/plant)
(mL/d/plant) FW DW Width  Length  (/plant) P index FW DW
0 15.2d" 1.7¢ 11.9¢ 8.3c 10.0c 369.3¢c 3.3c 2.2¢ 0.5¢
200 33.0c 43¢ 14.5b 10.9b 15.3b 812.7b 7.2b 2.7¢c 0.6¢
300 60.4bc 7.8b 15.0b 11.3ab 19.8ab 846.8b 7.5b 4.5b 1.0b
400 77.7ab 9.6ab 17.7a 13.0a 20.8a 952.5ab 8.4ab 5.5ab 1.3ab
500 84.0a 11.5a 17.6a 12.5ab 23.8a 1223.8a 10.8a 6.0a 1.4a
“ Growth of Kimchi cabbage leaves with 0 and 200mL/d/plant treatments were measured at 29 DAT.
¥ Mean separation within columns by Duncan’s multiple range teat at p<0.05.
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Fig. 5. Correlation of soil water content and leaf area index (A) and root dry weight (B).
B fadl Fo] 25%2 FAEW EYSE et al, 1988). Aol wiFe] R FEe oF 95%E,
o] AYH REYFE FF 10HTh A IS AW A PRE okl Fuel wWedE & 93

2~3uf whEcka ¥ a3kt Wb Lee et al. (2015)2]
Ry w2, viS= A8 Ao Akl diblsie
THE Al Aako] 34%4TolB g HiF RoA E e
7F AR Joide FlEUE FQ3%F aflojgial 7}
ST HWA A4S EYe] 4 ) 4 3
A% Ay, 2854 (y=16.573 +3.398 In )=
A AF(=0913y7F =A dHe] HATHFig. SA).
Tag)ar B AEEy BRG] Addls
e Aol de(y=0433 +6.267x)°1 oM, A Al
F(?=0.796)= ThAh SUTHFig. 5B). 400mL/d/plant}t
500mL/d/plant 27| e HEFo] 22 13 2
Lag/plant= fFAFSIRAIL, ©]2 st ES] 4 o
I e AEFo] A4 FFReA AARAGTE HolA]
t Z29E A9tk $4e918 A5 e AHE &
del Wl 2Ee] ASe mXe g3o] tEAl vERE
& UrhPark, 1988). 34 Q91 F E9k] B Feko
HiF} ZEolA] B3] wizdet zloz dwiA Jqrh(Kuo

I px
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H|ZITHHARI, 2000). 1ZBAEF Aul7)17 Z el A
o] Ed 3 Rfle dAHE 10-27%R oM, EXF
T 25%0I4 9 SRS 10%e]etd RS 2~3H]
wEr, Eito] HE53 A9 LT vig- A4
H A= By (Kim et al, 2015), oj= B A
A7} FrAls AT

B A729E T, A4 & 2] A1 EY
T AR ] A B a8 Asleiien,
EY 78 I uige Ao A 2d sl
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= 9 $Fo= Z82} 0, 200, 300, 400 2 500mL/d/
plantZ viY 13] Gt ESF 4 FF Aol2
31t ESTRET 7T AEEE A2 & 1099 E 6Y
HAoR F 53] Z7sIoH(H, 07 200mL/d/plant
AT F 33 34), BT S GolRazt
A 3 250l T3] BEE A EFH(500mL/d/plant)2;
AR AHZ|FH0mL/d/plant)oll A o]ikslera 8} A8
2Pgetaar, g4l F 38doll S ARIAThE, B
2 227 07 200mL/d/plants IZE O] B4 T 29
o A% ZARY. EE w3 VedEse 94
3 BAZE 0™ (7=0.999), FA1e] Aol AuuARE
y=6097.4x — 429843t} F3] #AGH wiFe] ofits}
B ¥l ARl ¥ S HYou, EY
o] S AgE wiFe AWE olkksietart Ak
o Eo7kA] ko, B £5% oF 6.5umol'm™s’!
gte g F43] asiant. s " AT
(500mL/d/plant)ol] B3} B =8 ZAFTH(0mL/d/plant
AgelXe oF 6.80 o AEAAFe] Fasiglth 1
il Eqke] St Skl wet 9uiF At 2ags
H(y=16573+3398 Inx) 02 Z7}619a, 2H A
r=09132 & 4% AV At A=, A4
z719] EY 78 o] Z2¥EA uiFe] Aol A4
=, B3 Sxo) 7FRAEETE WolAle ZoE vt
Aok =3, B 3 uiF A 9he BdS
71FHEEet dud A4 WeE &8sk ot
e BElS e 4 9ls Aoz giEth

F7h FAO): B, B, VNBAEE, 4 B, £

T
AE AL
2 ARES $E08H RIERIARE:

PJ012102)2] Aol 23] o]Fofxl AY.
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