StE 71238k s] A, Al17d A43.(2015) (pISSN 1229-5671, eISSN 2288-1859)
Korean Journal of Agricultural and Forest Meteorology, Vol. 17, No. 4, (2015), pp. 333~339

DOI: 10.5532/KJAFM.2015.17.4.333
© Author(s) 2015. CC Attribution 3.0 License.

- o -
=ZA[ZE 7[8te] HiF MFTHA| -
HElg* - 2T
g 2% - AT
(20153 102 279 S 20159 119 49 5=4; 20159 119 269 572h
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ABSTRACT

A thermal time—based phenology model of Kimchi cabbage was developed by using the field observed
growth and temperature data for the purpose of accurately predicting heading and harvest dates
among diverse cropping systems. In this model the lifecycle of Kimchi cabbage was separated into the
growth stage and the heading stage, while the growth amount of each stage was calculated by optimal
mathematical functions describing the response curves for different temperature regimes. The
parameter for individual functions were derived from the 2012-2014 crop status report collected from
seven farms with different cropping systems located in major Kimchi cabbage production area of
South Korea (i.e., alpine Gangwon Province for the summer cultivation and coastal plains in Jeonnam
Province for the autumn cultivation). For the model validation, we used an independent data set
consisting of local temperature data restored by a geospatial correction scheme and observed harvest
dates from 17 farms. The results showed that the root mean square error averaged across the location
and time period (2012-2014) was 5.3 days for the harvest date. This model is expected to enhance the
utilization of the Korea Meteorological Administration's daily temperature data in issuing
agrometeorological forecasts for developmental stages of Kimchi cabbage grown widely in South

Korea.
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Table 1. Cardinal temperatures for each stage in Kimchi cabbage cultivation (in °C; Adapted from Hwang et al., 2003; Lee

etal.,2013; Son et al., 2015; 7<= €], 2013; ©174 3 , 2013)

Minimum Survival Critical Low Optimal Critical High ~ Maximum Survival
Growth Stage 0 2-5 20-22 25 30
Heading Stage 0 5 15-18 23 30
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Fig. 1. A linear fitting widely used in existing heat unit -
based models for estimating developmental stages of
Kimchi cabbage. S1 and S2 indicate the low and high
critical temperatures where crop growth rate starts changing
abruptly, forming the reflection points.
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Fig. 2. Locations of the experimental Kimchi cabbage farms
in the alpine Gangwon Province (top) and the coastal plains
of Jeonnam Province (bottom).
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Table 2. Optimal nonlinear functions and their parameters fitted to the thermal time (heat unit) response curves for

simulating growth and heading stages

Equation Heat Unit K A B

K/(1+A*exp(B*X)) 0.1 1.0 100.0 -0.688

A*(1-EXP(B*X)) 0.3 - 1.276 -0.077

S1 A*(1-EXP(B*X)) 0.5 - 1.022 -0.192
A*(1-EXP(B*X)) 0.7 - 1.001 -0.343

A*(1-EXP(B*X)) 0.9 - 1.000 -0.658

Growth Stage

K-K/(1+EXP(-A*(X-B))) 0.1 1.0 3.900 24.438

K-K/(1+EXP(-A*(X-B))) 0.3 1.0 3.424 24.753

S2 K-K/(1+EXP(-A*(X-B))) 0.5 1.0 5.344 25.000
K-(A*(1-EXP(B*X))) 0.7 1.890 -0.171 0.083

K-(A*(1-EXP(B*X))) 0.9 1.044 -0.000007 0.396

K/(1+A*exp(B*X)) 0.1 1.0 100.0 -0.535

K/(1+A*exp(B*X)) 0.3 1.0 100.0 -0.752

S1 A*(1-EXP(B*X)) 0.5 - 1.309 -0.096
A*(1-EXP(B*X)) 0.7 - 1.035 -0.226

. A*(1-EXP(B*X)) 0.9 - 1.001 -0.459

Heading Stage

K-K/(1+EXP(-A*(X-B))) 0.1 1.0 2.299 22.044

K-K/(1+EXP(-A*(X-B))) 0.3 1.0 1.981 22.572

S2 K-K/(1+EXP(-A*(X-B))) 0.5 1.0 3.337 23.000
K-(A*(1-EXP(B*X))) 0.7 1.448 -0.127 0.084

K-(A*(1-EXP(B*X))) 0.9 1.029 -0.000142 0.296
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Fig. 3. A non-linear fitting of the heat unit - based response
for estimating developmental stages of Kimchi cabbage.
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Fig. 4. Comparison of the observed and the estimated
harvest dates at validation sites in major Kimchi cabbage
production region from 2012 to 2014.
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