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Abstract

Bred and grown around the world, tomato (Solanum spp.) has highly valuable fruits containings
various anti-oxidants such as lycopene, flavonoids, glutamine, and B-carotene. Several studies
have explored, way in which to enhance the growth, management and quality of tomato, we
focus on the management of growth for yield rather than quality. The expression of superior
agronomic traits depends on where cultivars are grown. We evaluated 10 cultivars grown in
three environment for their lycopene. HTL3137 (70.48 mg-kg"), which was grown in Yoeju
in spring/summer, contained the highest lycopene content, while HTL10256 (20.9 mg-kg™),
which was grown in Suwon in spring/summer, contain the least lycopene.Correlations between
color components and lycopene content varied according to growing location and season. In
spring/summer-grown tomatoes from Suwon, no significant correlation was observed between
any color component (redness [R], greenness [G], blueness [B], luminosity, L*, a*, b*, hue and
chroma) and lycopene content. A correlation was observed between B and lycopene content in
tomatoes grown in Yeoju during the same season. In tomatoes grown in Yeoju in fall/winter,
significant correlations were found between lycopene content and G, luminosity, L*, and hue.
Variance in interactions between genotype, environment, and genotype X environment (G x
E) using Minimum Norm Quadratic Unbiased Estimate (MINQUE) analysis indicated that
lycopene content depends on genotype (51.33%), environment (49.13%), and G x E (21.43%).

However, when the Additive Main Effects and Multiplicative Interaction (AMMI) was used, the
G x E value was highest.

Additional key words: Lycopersicon esculentum, lycopene, color value, G x E interaction,
MINQUE, AMMI
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Fig. 1. Graphs to show tomato fruit characteristics. (A) Fruit weight (g), (B) fruit length (kg), (C) fruit width (cm), (D) fruit shape
index (B/C), (E) total soluble solids (brix, TSS), and (F) lycopene content (mg-kg”, fresh weight). Abbreviations: suwon-ss:
Suwon, spring-summer cycle; yeoju-ss, Yeoju, spring-summer cycle; yeju-aw, Yeoju, autumn-winter cycle.
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Fig. 2. Phenotypic values of A, redness (R); B, greenness (G); C, blueness (B); D, luminosity; E, L; F, a”; G, b"; H, hue; and I:
chroma of genotypes evaluated in different cultivation areas and seasons. Abbreviations: suwon-ss: Suwon, spring-summer
cycle; yeoju-ss, Yeoju, spring-summer cycle; yeju-aw, Yeoju, autumn-winter cycle.
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Table 1. Spearman’s rank correlation (rho) between each phenotypic factor in tomato fruits

* * *

Lycopene R G B Luminosity L a b Hue Chroma
Lycopene 1.00 -0.05 -0.06 -0.04 -0.05 -0.06 0.02 -0.04** -0.03 0.06
R 1.00 0.49%* 0.62 0.90 0.76 0.16** 0.39%* 0.01 0.25%*
G 1.00 091 0.78 0.94 -0.78 -0.01 0.82 -0.68
B 1.00 0.89 0.93 -0.57 025 0.53 -0.58
Luminosity 1.00 0.94 -0.22% 0.09 0.30%* -0.17
L 1.00 -0.51 0.12 0.60 041
a 1.00 0.26* -0.93 0.94
b 1.00 0.11 0.53
Hue 1.00 0.77
Chroma 1.00

* Indicates significant difference at p <0.05, and ** at p <0.01.

Horticultural Science and Technology

367



Table 2. Estimated values and standard errors of variance components, and percentages of total phenotypic variance, for lycopene content and

color values.
Parameter Lycopene R G B Luminosity L a b Hue Chroma
v 7.33+39.59* 9.84+8.27 4.81£17.32% 13.60£11.71 10.8+7.50 1.37+1.61 0.00+3.50 0.29+047 0.00 0.00
¢ 51.33% 12.54% 4.00% 20.50% 20.93% 11.43% 0% 9.09% 0% 0%
v 7.02+73.34 -0.00+2.21 9.29+17.50 1.34+4.51 0.06+1.56 0.39+0.95 2.24+4.10 0.0+£0.19 3444429 0.21+1.75
. 49.16% 0% 7.48% 2.02% 0.12% 3.25% 10.23% 0% 12.94% 1.18%
v 3.06£10.37%*  15.1+7.09%  74.52426.72*%  253+10.24* 10.09+4.80 4.68+1.81* 17.57+6.07** 147+0.60%  21.88+0.08** 13.7144.93**
o 21.43% 19.25% 52.00% 38.14% 19.56% 39.03% 80.26% 46.08% 82.29% 76.70%
v 4755006 35.76+36.38 14.9£15.46 10.29+10.82 18.25+18.66 3.39+3.46 0.16+0.22 0.44047** 0.03+5.7 0.71+0.82
B(E) 33.26% 45.59% 11.31% 15.51% 35.38% 2827% 0.73% 13.79% 0.11% 3.98%
v 1.62+0.30 17.74£3.30 16.76£3.11 15.8£2.93 12.39+2.30 2.16+0.40 1.92+0.35 0.99+0.18 1.24+743 3.23+0.60
¢ 11.34% 22.61% 8.59% 23.82% 24.02% 18.02% 8.77% 31.03% 4.66% 18.09%
Ve 14.28 7844 195.16 66.33 51.59 11.99 21.89 3.19 26.59 0.18

Abbreviations: V; genotypic main variance; Vy, environment main variance; Vi, genotype X environment variance; Vi, block in growing environment variance;

V,, residual variance;
'V}, phenotypic variance; R, redness; G, greenness; B, blueness.
* Indicates significant difference at p <0.05, and ** at p <0.01.
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Table 3. Paired correlations for phenotypic, genotypic, and environmental interactions (estimated value + standard error) for the functional

characteristics studied in tomato fruits.

Correlation Lycopene vs. R Lycopene vs. G Lycopene vs. B ?ﬁ;ﬁzi‘; Lycopene vs. L* Lycopene vs. a* Lycopene vs. b* Lycolgzge S Lyg})]pr)zrriavs.
IS 0.98+0.00** NS 0.93+0.00%*  0.97+0.00%*  0.93+0.00** NS 0.96+0.00%* NS NS
I 0.80+0.06 NS 0.96+0.04* NS 0.80+0.01** 1.00 0.95+0.00%* 1.00 1.00
Ip 1.00 NS 0.59+0.01** NS 0.83+0.04* 0.600.06 1.00 0.56+0.07 NS
Toee 0.99+0.00** NS 0.88+0.01** NS 0.88+0.01** 0.99+£0.03*  0.99+0.00%* 0.90:0.05* NS

Abbreviations: 1,, phenotypic correlation; 1, genotypic correlation; r,, environmental correlation; rg, ., genotype X environmental correlation.
NS indicates non-significant results; * significant at p < 0.05; ** significant at p <0.01.
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Table 4. Analysis of lycopene content, redness, greenness, blueness, luminosity, L*, a*, b*, hue and chroma of tomato fruits, according to the
Additive Main Effects and Multiplicative Interaction method.

Lycopene R G B Luminosity L* a¥ b* Hue Chroma

Parameter

df F-value df F-value df F-value df F-value df F-value df F-value df F-value df F-value df F value df F-value
ENV 2 433461 2 433461 2 2.70 2 0.10 2 021 2 0.71 2 33,73 2 0.03 2 04.35%4% 2 483
REP(ENV) 6 0.30 6 030%** 6 13.90%#* 6 9.28%#* 6 19,745 6 21.95% 6 1.89 6 4.88%+* 6 148 6 327
GEN 9 444.00%+ 9 444.00%* 9 20514 9 15.00%%* 9 13,13 9 15.93%* 9 25.04%%% 9 7.81%%% 9 4797 9 12.00%%*
ENV.GEN 18 55,04+ 18 55.04%** 18 17.38%%% 18 6A42%%% 18 4.00%#* 18 9.04%%% 18 28.67%%* 18 5.24x% 18 54.79%+ 18 13.80%%*
Residuals 54 54 54 54 54 54 54 54 54 54

Abbreviations: ENV, environment; EN, genotype; REP, replication; ENV:GEN, genotype x environment; Residuals, residual error; R, redness, G, greenness, B, blueness.
* indicates significant difference atp <0.05; ** atp <0.01; and *** atp <0.001.
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Fig. 3. Biplot identification of A, lycopene; B, redness; C, greenness; D, blueness; E, luminosity; F, L"; G, a"; H, b"; |, hue; J, chroma,
and their related environments. Abbreviations: suwon: Suwon, spring-summer cycle; yeoju-ss, Yeoju, spring-summer cycle;
yeju-aw, Yeoju, autumn-winter cycle.
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