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Abstract

Global temperature is rising because of climate change. Change of temperature affects
plants’ growth and character. In Korea, Chinese cabbage and garlic are essential ingredients
for Korean food. In This study investigated effects of temperature on Chinese cabbage and
garlic. The objective of the first study was to determine optimal cropping season of
‘Chunkwang’ Chinese cabbage. Chinese cabbage was planted in a step-by-step temperature
differences facility (temperature gradient chamber) and set to A, B, C. Sixty-four days after
planting, harvest cabbage was harvested and growth was measured to investigate effects of
temperature with Growing Degree Day(GDD). The objective of the second study was to
investigate optimal temperature of garlic and develop a bulb weight model. Garlic planted in
chambers set to 11/7°C, 14/10°C, 17/12°C, 20/15°C, 23/18°C, 28/23°C(16/8h). We
investigated growth and built three growth estimate models. To verify models, examination
data was applied. Examination was cultivated in a temperature gradient chamber. A
temperature gradient chamber was designed as a step-by-step temperature differences facility.
We divided chamber area low to high temperatures and set to 1, 2, 3, 4, 5.

Results of the first study revealed each experiment part had different accumulation GDD.
Cabbage fresh weight was significant but leaf area, leaf number, leaf length, leaf width were
not significant. Fresh weight was heaviest in the first cropping periods B, C and second
cropping period A. The first cultivation period A had bolting cabbage and second cultivate
period C, third cultivation period A B C had rot. This issue was inferenced by temperature.

Analyzing fresh weight and GDD, fresh weight increased before GDD 587 C and decreased
after 729 C. Build moderate cultivation period equation with experiment date and GDD.

Equation calculate highest yield of 17,834.4 kg/10a and optimal GDD was 635°C. Set 90
percent of highest yield to moderate growing season and it was GDD 549-738°C. To verify
model, we investigate GDD of chief producing districts Haenam’s and Teabak’s cropping

iv



seasons. Haenam was 581.4-711.8°C, Taebak was 619.5-727.9°C. As a result, optimal

cultivation period GDD was 549-738°C and equations may be useful to set cultivation
periods.

Results of the second study revealed heaviest bulb weight was in the 20/15°C chamber.

Leaf number and area grew slowly in low temperature but were the same at other

temperatures except 28/23°C. Build three function with bulb weight and temperature.
Function calculate optimum temperature was 18-20C, minimum growth temperature was
7.1C and upper temperature threshold was 31.7 C. To estimate yield, fresh bulb growth rate

models were developed with divided fresh bulb weight by cultivated day and temperature. To
verify models, examination data was applied. Examination was cultivated in temperature
gradient chamber. A temperature gradient chamber is a step-by-step temperature differences
facility. We divided chamber area low to high temperature and set to 1, 2, 3, 4, 5. Lineal
model, quadric model, and logistic distribution model revealed 79.0-95.0 percent, 77.2-92.3
percent and 85.0-95.8 percent accuracy, respectively. As a result, the logistic distribution
model has the highest accuracy and viability for explaining moderate temperature, minimum

growth temperature and upper temperature thresholds.

Additional key words: temperature, Chinese cabbage, cultivated period, model, garlic,

Growing Degree Day, yield
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Chapter . S E=Y(GDD)o| W& 33 Ful52 AA An)
7] o=
Chapter [ .Estimation optimal cultivate period of ‘Chunkwang’ Chinese

cabbage based on Growing Degree Day

Abstract: To determine optimal spring cultivation period of ‘Chunkwang’ Chinese
cabbage, Chinese cabbage was planted three times in a temperature gradient chamber. A
temperature gradient chamber is a step-by-step temperature differences facility. We divided
chamber area low, medium, high temperature and set to A, B, C. Cabbage was planted on
March 6, March 20, April 3. Sixty-four days after planting, we harvested the cabbage and
measured growth. Each treatment had different accumulation of growing degree day(GDD).
Cabbage fresh weight was significantly different after each treatment but leaf number, leaf
area, leaf length, leaf width were not significantly different. Fresh weight was heaviest in the
first cultivation period B, C and second cultivation period A. The first cultivation period A
had bolting cabbage and second cultivation period C, third cultivation period A B C had soft
rot. This issue was influenced by temperature. Analyzing between fresh weight and GDD,

fresh weight increased before GDD 587 C and decreased after 729°C. Build moderate

cultivation period equation with experiment date and GDD. Equation calculation highest

yield was 17,834.4 kg/10a and optimal GDD was 635C. Set 90 percent of highest yield to
moderate growing season and it was GDD 549-738 C. To verify the model, we investigated

GDD of chief producing districts Haenam’s and Teabak’s cultivation periods. Haenam was

581-712°C, Taebak was 620-728 C. As a result, optimal cultivation period GDD is 549-738 C

and equation may be useful to set cultivation periods.

Additional key words: 'Chunkwang’, spring cabbage, cultivation period, Growing degree day
-5-
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Table 1-1. Cabbage growth and character on cultivation period and temperature treatment.

Cultivation Treatment Fresh Leaf Leaf Leaf Leaf Bolting Soft rot
period weight(g) number(ea) length(cm) width(cm) area(cm?) rate(%) rate(%)
A 3506.7 bc? 96.8 bc 45.7 ab 30.2 ab 22203.3 ab 5.5 0
Mar-6 ~ May-8 B 44159 a 103.5 abc 42.5 ab 31.1 ab 24044.0 ab 0 0
C 42642 a 103.3 abc 41.1 b 268 b 24984.1 a 0 0
A 3937.5 ab 101.6 abc 41.3 ab 29.0 ab 24162.8 ab 0 0
Mar-20~May-22 B 3438.4 bc 101.8 abc 434 ab 29.8 ab 22882.3 ab 0 0
C 32912 ¢ 934 ¢ 434 ab 294 ab 20986.3 ab 0 11.0
A 31256 ¢ 105.4 abc 42.6 ab 30.3 ab 20367.8 b 0 5.5
Apr-3~Jun-5 B 30926 ¢ 109.8 ab 45.5 ab 30.7 ab 21784.6 ab 0 333
C 3371..7 ¢ 1120 a 46.2 a 324 a 23240.5 ab 0 44.4

Z Means followed by the same letter are not significantly different using Duncan’s multiple range test, P=0.05.

-12 -
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Chapter II. Growth and Fresh Bulb Weight Model in Harvest Time of

Southern Type Garlic Var. ‘Namdo’ based on Temperature

Abstract: To investigate optimal temperature of garlic and develop bulb weight model in

harvest time, garlic was planted in six chambers. Day and night temperature in chambers
were set to 11/7°C, 14/10°C, 17/12°C, 20/15°C, 23/18°C, 28/23°C(16/8h) and cultivation
period was October 10, 2014-May 12, 2015. Bulb fresh and dry weight was highest on 20/15°C
at harvest time. Leaf number and leaf area increased slowly on 11/7°C and 14/10°C. But at
harvest, leaf number and leaf area were not significant, except 28/23°C. Fresh bulb weight
models were developed with fresh bulb weight and average temperatures. In fresh bulb
weight model, 18-20°C was the certified optimal mean temperature. And minimum growth
temperature was estimated at 7.1°C, upper temperature threshold was estimated at 31.7°C. To
estimate yield, fresh bulb growth rate models were developed with divided fresh bulb weight
by cultivate day and temperature. To verify models, examination was data applied.
Examination was cultivated in a temperature gradient chamber. A temperature gradient
chamber is a step-by-step temperature differences facility. We divided chamber area low to
high temperatures and set to 1, 2, 3, 4, 5. Lineal model, quadric model, and logistic
distribution model revealed 79.0-95.0% percent, 77.2-92.3 percent and 85.0-95.8 percent
accuracy, respectively. As a result, the logistic distribution model had the highest accuracy
and viability for explaining moderate temperature, minimum growth temperature and upper

temperature thresholds.
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HFT FERAMNAM e FAATS FHEF, AAFE ZAMIGITE AT
20/15°C A 2] 7oA 130.4g0 2 71 =3kt 17/12°C, 20/15°C, 23/18°C7F BAI A 0. =2
2 AvE B3 olF VTR ATt =AY WE dele AR AAFol

Fadhe AEFS HTHTable 1.). o1& 3t A= vl A4 A7) 18~20°C

22k ol FAAA S BolA dgktom 2o mE FFFS KolA ¢t

Table 2-1. Garlic growth and character on six temperatures

Day/night ) Clove(ea) Bul'b fresh Bu'lb dry
temperature(C) weight(g) weight(g)
11/7°C 8.0 ab’ 22.7 ¢ 47 ¢
14/10TC 6.8 b 46.4 bce 10.2 be
17/12°C 10.0 a 111.8 a 26.1 a
20/15C 83 ab 1304 a 323 a
23/18°C 83 ab 1103 a 233 ab
28/23TC 95 a 81.4 ab 232 ab

Z Means followed by the same letter are not significantly different using Duncan’s

multiple range test, P=0.05.
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Fig. 2-4. Fresh bulb weight functions based on temperature. I is linear function

model. II is quadric model. III is logistic distribution function model (n=4)
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Fig. 2-6. Fresh bulb growth rate functions based on temperature. i is linear function
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