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Principal Component Analysis of the Classification of Yacon Cultivation Areas in

Korea

Su Jeong Kim'™, Hwang Bae Sohn'™, Su Young Hong', Jung Hwan Nam', Dong Chil Chang', Ki Deog Kim', Jong Taek
Suh', Bon Cheol Koo', and Yul Ho Kim"'

ABSTRACT To establish cultivation areas for the stable production of yacon, this study investigated the productivity and
functional component contents of yacon in eight regions of Korea from 2011 to 2013. The results of principal component analysis
using these data were as follows. A survey of 16 agricultural traits and meteorological data in the eight yacon cultivation areas showed
that five factors (average temperature, maximum temperature, minimum temperature, frost-free days, and fructooligosaccharide
content) were highly significant at the p <0.001 level. Among the 16 agricultural traits and meteorological data used in the main
component analysis of yacon cultivation areas, approximately eight contributed to the first principal component, and
approximately four contributed to each of the second and third principal components. In particular, factors related to productivity,
fructooligosaccharide content, and temperature change were considered important criteria for the classification of cultivation
areas. The cultivation areas were divided into three groups by principal component analysis. In Group I, containing the Jinbu and
Bonghwa areas in the mid-highland region at 500-560 m above sea level, the product yield was the highest at 2,622-3,196 kg/10a,
the fructooligosaccharide content was also the highest at 9.04-9.62%, and the mean temperature was 17.3-18.5°C. In Group I, the
areas Suncheon, Okcheon, Yeoju, and Gangneung, at 20-180 m above sea level, had the lowest yield, relatively lower
fructooligosaccharide content, and the highest temperature. The areas in Group III showed values intermediate between those of
Group I and Group II. For the different yacon cultivation areas, the product quantity and fructooligosaccharide content differed
according to the environmental temperature, and the temperature conditions and number of frost-free days are considered
important indicators for cultivation sites. Therefore, in terms of producing yacon with high quality, cultivation at 500-560 m is
considered to give a higher yield and functional fructooligosaccharide content.
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Fig. 1. Eight sites of yacon cultivation in Korea. Sites are
indicated by red dots. Abbreviations represent city or
county. DG, Daegwallyeong; JB, Jinbu; BH, Bonghwa;
CW, Cheolwon; SC, Sooncheon; OC, Okcheon; YJ,
Yeoju; and GN, Gangneung.
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Table 1. List of 16 agronomic characteristics, sugar content, and meteorological data and their range of values in eight yacon

cultivation regions in Korea.

Part Parameter Unit Mean+SD” Range F value®
No. of total yield ea/10a 22,159+4781 12,780 - 29,650 236"
Wt. of total yield kg/10a 2,276+ 788 1,648 - 4,065 432"
Agronomic No. of marketable yield ea/10a 9,274+2434 5,790 - 12,410 3.27
characteristics Wt. of marketable yield kg/10a 2,122+ 685 1,233 - 3,196 435"
No. of crown bud yield ea/10a 20,358+4189 12,970 - 25,170 1.27%
Wt. of crown bud yield kg/10a 223+ 59 120 - 312 1.47
Fructose % 0.15+0.03 0.11 - 0.20 2417
Sugar and Glucose % 0.23+0.08 0.11 - 0.37 3.18"
frutooligosacarides ~ Sucrose % 0.51x0.09 0.39 - 0.68 223"
content Reducing sugar % 0.20+0.11 0.07 - 0.37 3.57"
Frutooligosacarides % 8.22+0.93 7.03 - 9.62 9.40""
Average temperature T 19.4+£1.99 16.0 - 21.8 45.090""
Maximum temperature T 25.0+1.94 21.1 - 26.8 36.600""
Meteorological data® Minimum temperature C 14.6£2.37 11.0 - 17.7 62.320""
Frost-free days days 183+ 19 149 - 207 11.580"
Accumulated precipitation mm 1,107+189 850 - 1,453 135"

“Means represent the 2010-2013 climate average for the cultivation period (May to October), including temperature and
precipitation. All data values were obtained from the nearest Korea Meteorological Administration Database (website: http:/www.

kma.go.kr).

YAverage data for 4 years + standard deviation.

*Values for the variables in eight yacon cultivation regions:
r ' Significant at p < 0.001.

NSnon-significant, “Significant at p < 0.03,

“Significant at p < 0.01,
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Table 2. Eigenvalues and contributions of the first seven principal components using 16 agronomical traits in eight yacon

cultivation areas.

Principal component Eigenvalue Difference Contribution (%) Cumulative contribution (%)
PC 1 7.86365226 436176485 49.15 49.15
PC 2 3.50188741 1.04638838 21.89 71.03
PC 3 2.45549903 1.42782603 15.35 86.38
PC 4 1.02767300 0.36227401 6.42 92.80
PC 5 0.66539900 0.36567759 4.16 96.96
PC 6 0.29972141 0.11355354 1.87 98.84
PC 7 0.18616788 0.18616788 1.16 100.00

Table 3. Loadings of three principal components among the 16 parameters from eight sites of yacon cultivation regions in Korea.

Loading of principal component

Part Parameter
PC1 PC2 PC3
No. of total yield -0.29075* 0.06096 0.24358
Wt. of total yield -0.32792 0.06234 0.19771
Agronomic No. of marketable yield -0.32965 0.00558 0.19071
characteristics Wt. of marketable yield -0.33223 0.03765 0.15930
No. of crwon bud yield 0.21062 0.41069 -0.11782
Wt. of crown bud yield -0.06333 0.48970 -0.03017
Fructose -0.01121 -0.51211 0.02995
Suear and Glucose 0.05399 -0.44871 0.27482
e acarides | Sucrose -0.15230 0.07055 0.35977
& Reducing sugar -0.15299 -0.16081 0.30055
Frutooligosacarides -0.27693 0.18472 0.29595
Average temperature 0.31115 0.07703 0.29276
Maximum temperature 0.27004 0.16402 0.25516
Meteorological data Minimum temperature 0.30133 0.05713 0.31374
Frost-free days 0.23974 0.13341 0.41182
Accumulated precipitation 0.23010 0.00449 -0.14668
“Underlined loading was the trait that had higher correlation with principal component of colum.
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Fig. 2. Scatter plot of the results of principal component analysis
of eight yacon cultivation regions. DG, Daegwallyeong;
JB, Jinbu; BH, Bonghwa; CW, Cheolwon; SC, Soon-
cheon; OC, Okcheon, YJ, Yeoju; and GN, Gangneung.
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of eight yacon cultivation regions by cluster analysis
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