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Evaluation of Factors Related to Productivity and Yield Estimation Based on
Growth Characteristics and Growing Degree Days in Highland Kimchi Cabbage

Ki-Deog Kim*, Jong-Taek Suh, Jong-Nam Lee, Dong-Lim Yoo, Min Kwon, and Soon-Choon Hong

Highland Agriculture Research Institute, National Institute of Crop Science, Pyeongchang 232-955, Korea

Abstract: This study was carried out to evaluate growth characteristics of Kimchi cabbage cultivated in various highland areas,
and to create a predicting model for the production of highland Kimchi cabbage based on the growth parameters and climatic
elements. Regression model for the estimation of head weight was designed with non-destructive measured growth variables
(NDGV) such as leaf length (LL), leaf width (LW), head height (HH), head width (HW), and growing degree days (GDD), which
was y = 6897.5 - 3.57 x GDD -136 x LW + 116 x PH + 155 x HH - 423 x HW + 0.28 x HH x HW x HW, (r’ = 0.989), and
was improved by using compensation terms such as the ratio (LW estimated with GDD/measured LW ), leaf growth rate by
soil moisture, and relative growth rate of leaf during drought period. In addition, we proposed Excel spreadsheet model for
simulation of yield prediction of highland Kimchi cabbage. This Excel spreadsheet was composed four different sheets; growth
data sheet measured at famer’s field, daily average temperature data sheet for calculating GDD, soil moisture content data sheet
for evaluating the soil water effect on leaf growth, and equation sheet for simulating the estimation of production. This Excel
spreadsheet model can be practically used for predicting the production of highland Kimchi cabbage, which was calculated by
(acreage of cultivation) x (number of plants) x (head weight estimated with growth variables and GDD) x (compensation terms
derived relationship of GDD and growth by soil moisture) x (marketable head rate).

Additional key words: Brassica campestris ssp. pekinesis, excel spreadsheet model, regression model, relative growth rate, soil moisture
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Fig. 1. Changes in rainfall and duration of continuous dry day during May to October at Daegwallyeong area from 2000 to
2013 (left) and coefficient of variation of average monthly air temperature in various highland Kimchi cabbage cultivation
areas from 2012 to 2014 (right). *The weather data from KMA stations.
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Table 1. Growth characteristic of Kimchi cabbage by cultivation time and year.

Year Time Plant height” Leaf length Leaf width Head height Head width
(cm) (cm) (cm) (cm) (cm)
2012 Spring 30.2 33.0 269 27.8 25.2
Autumn 33.2 33.5 249 30.2 16.5
2013 Spring 30.5 30.7 24.5 31.2 19.0
Autumn 33.8 299 229 29.1 16.3
2014 Spring 30.1 34.6 25.3 253 17.8
Autumn 32.0 33.7 243 235 21.3
Significance’
Year (A) ns o * ns *
Time (B) ok ns ok ns ox
A x B ns ns ns ns ox

“The data of data was investigated in Pyeongchang sub-highland area which Kimchi cabbage was two times cultivated for spring
and autumn.

Yns,*** : non-significant or significantly different at 0.05 and 0.01 of probability level, respectively.

Table 2. Correlation relationship between head weight and other growth variables. Amounts of growth variables were investigated
at harvest time in various highland Kimchi cabbage cultivation areas from 2012 to 2014.

Area No. of outer No. of inner Plfemt Leaf L.eaf H(.ead erad
leaves leaves height length width height width
Daegwallyeong (rainshelter)”  -0.667** -0.181ns 0.497* 0.127ns 0.246ns 0.703** 0.674**
Daegwallyeong (open field)” 0.438* 0.799** 0.496** -0.384* -0.181ns 0.368* 0.175ns
Anbandeog1” -0.016ns 0.171ns 0.322** 0.394** 0.309** 0.335** 0.619**
Anbandeog?2” -0.483ns 0.925** 0.634* 0.333ns 0.496ns 0.589ns 0.893***
Taebaek” 0.287ns 0.314ns 0.630* 0.413ns 0.360ns 0.905** 0.732*
Maebong 1* -0.539ns 0.655* -0.125ns 0.129ns 0.603ns 0.540ns 0.704*
Maebong 2 -0.198ns 0.009ns 0.514ns 0.145ns 0.761** 0.789** 0.635*

ns,*** : non-significant or significantly different at 0.05 and 0.01 of probability level.
“growth regulator used(50 ppm of diniconazole), ygrowth regulator not used.
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Table 3. Range of disease occurrence, insect injury, and physiological disorder, and harvesting rate of highland Kimchi cabbage
investigated during summer season from 2012 to 2014.

Area Disease occurrence (%) Insect injury (%) Physiological disorder (%) Harrvest rate (%)
Daegwallyeong Black spot 0-1
Soft rot 0-5 - Calsium deficit 0~90 0-95
Club root 0-1
Pyeongchang Soft rot 0-5 ) ) 0-95
Club root 0-1
Anbandeog Soft rot 10-20
Pythium rot 0-10 - Calsium deficit 0~90 0-90
Club root 0-5
Taeback Soft rot 5-20
Pythium rot 0-25 - 0-90

Club root 5-100
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Fig. 2. Relative growth rate (RGR) of various growth variables of Kimchi cabbage cultivated in Daegwallyeong during summer
season, 2012. RGR = [(log (A) - log (B)]/growing period (days), A and B were after and before growth measurements, respectively.
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Fig. 4. The relationship between measured and estimated head weight according to the model from multiple regression analysis
with all measured variables (left) and non-destructive measured variables (right) of Kimchi cabbage cultivated in Daegwallyeong

during summer season, 2012.

Table 4. Correlation relationship between head weight and other growth variables of highland Kimchi cabbage cultivated in

Daegwallyeong during summer season, 2012.

No. of outer No. of inner Leaf Leaf Plant Head Head Leaf
leaves leaves length width height height width area
0.438* 0.7996** -0.3846* -0.181ns 0.496** 0.368* 0.175ns 0.8651**
ns,*** : non-significance or significantly different at 0.05 and 0.01 of probability level, respectively.
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Table 5. The practical model for predicting head weight from linear regression analysis with all growth variables and non-destructive
measured growth variables at harvest time in highland Kimchi cabbage cultivated in Daegwallyeong during summer season,

2012.
Variables used in . Parameter Standard
. . Variable ) t value
regression analysis estimate error
Intercept 967.4 444.2 2.18**
LA* 0.14 0.01 -4.48**
All -measured growth HW 6.3 29 3,68
variables
NOL -46.8 10.4 2.86*
LL -37.2 10.1 13.41**
Intercept -2,747.6 1,598 -1.77
LL -19.8 25.5 -0.78
Non-destructive measured PH 86.7 44.3 1.96
growth variables HH 61.5 35.3 1.74
HW 8.2 5.8 1.42
PW 11.7 9.7 1.21

*¥* . significantly different at 0.05 and 0.01 of probability level, respectively.
“Abbreviations; LA: leaf area, HW: head width, NOL: number of outer leaves, LL: leaf length, LW: leaf width, HH: head height,

HW: head width, PW: plant width.

Table 6. Correlation relationship between head weight and GDD or other growth variables of highland Kimchi cabbage investigated

at farmers’ field from 2012 to 2014.

GDD No. of outer No. of inner Leaf Leaf Plant Head Head
leaves leaves width length height height width
-0.445ns -0.686* 0.761** 0.013ns 0.202ns 0.311ns 0.387ns -0.002ns
® ofjet 24 Sof o7t wee} moprk RE0| Hubt a0
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Fig. 6. Model testing showing the relationship between estimated
and measured head weight of highland Kimchi cabbage
investigated at farmers’ fields from 2012 to 2014.
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