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The correlation between fruit mineral nutrient content and apple fruit cv. Red
Delicious peel pigmentation
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ABSTRACT

Incomplete apple fruit skin pigmentation could be one of the main causes of decreasing marketability in red cultivars.
In this study, the correlation between total anthocyanin and fruit skin color parameters with mineral nutrient content
and ratios in 20 commercial apple orchards growing cv. red delicious was investigated. At each orchard, fruits were
harvested at commercial maturity stage and categorized into three groups with 20 fruits, according to dark red,
medium and light red color. Fruit peel colors parameters such as hue (°h), lightness (L*), chroma (C), green-red (a*),
blue-yellow (b*) and total anthocyanin, and nitrogen, phosphorous, potassium, calcium and magnesium contents and
mineral nutrient ratios were measured. Results showed that there were a negative correlation between anthocyanin
with L*, h°, b* and C* and a positive correlation with a*. Furthermore, a negative significant correlation was found
between fruit nitrogen content with anthocyanin and a* and a positive significant correlation with L* and h°. A
negative correlation was observed between fruit calcium content with L* and magnesium content with anthocyanin.
Furthermore, a positive significant correlation was found between N+K/Ca with L*, h° and b*, but a negative
correlation between Mg/Ca with total anthocyanin and a* and a positive significant correlation with L*, h® and b*
value. There was a negative significant correlation between N/Ca with anthocyanin and a* and a positive correlation
was observed with L*, h® and b* value. Overall, results showed besides climate condition, optimum tree fertilization
especially nitrogen and calcium can be important on apple fruit cv. Red Delicious pigmentation.
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Table 1. The results of F test for comparing evaluated characteristics in three groups orchards with dark red (Groupl),
medium (Group 2) and light red (Group3)

Mean MS cv

Groupl Group2 Group3 Groupl&?2 Group2&3 Group3&1 Groupl Group2 Group3 F

L* 32.1 46.29 49.94 17.82 3.63 14.19 443 3.99 5.28 83.717
C 34.4 35.75 36.82 2.41 1.06 1.34 2 2.97 2.76 428"

h° 4157 66.46 78.65 37.97 12.18 24.89 4.29 7.02 12.98 90.64™

a* 24.94 13.49 6.03 18.9 7.45 11.45 2.05 3.81 434 144.68™

b* 23.37 32.29 36.78 13.41 4.49 8.9 4.63 3.49 2.46 74,94
Anthocyanin  36.37 17.58 9.1 27.17 8.47 18.69 13.85 5.76 3.78 48.41"
N 3739 453.1 9345 60.6 0.56 61.17 74.63 92 101.7 3.04™
p 138.4 132 151.3 22.69 19.1 359 2252 2652 3881 3.28"
K 656.9 691.6 644.7 12.21 46.93 34.72 158.4 140 150.6 0.52™
Ca 109.7 108.3 90.43 18.64 17.83 0.81 3049 1951  15.36 4,30
Mg 50.88 55.13 54.04 3.15 1.08 4.24 1152  14.44 7.07 0.74™
N+K:Ca 10 10.84 12.8 2.18 1.34 0.84 2.74 3.08 2.82 2.90™
K+Mg:Ca 6.83 7.22 7.93 1.09 0.7 0.39 1.96 2.46 2.22 1.24™
K:Ca 0.48 0.52 0.61 0.97 0.61 0.35 1.86 2.38 2.18 1.04"
Mg:Ca 0.48 0.52 0.61 0.12 0.09 0.03 0.12 0.15 0.11 489"
N:Ca 3.65 413 4.86 1.21 0.72 0.48 1.14 1.16 1.12 5.68"

30,8 «(C) 5y osls () 5o L) 55 ) slo i b s Bgie S iliwsil e G (Seon Y 50

(b) ks..)—‘—b)} 9 (a)
Table 2. The correlation between total anthocyanin with L, Hue and Chroma, red-green (a) and yellow —blue (b) in

apple fruit
L o h a b Anthocyanin
L 1
C 0.524™ 1
h 0.871™ 0.466™ 1
a -0.846 -0.388 -0.928 1
b 0.827™ 0.672" 0.794™ -0.848 1

Anthocyanin -0.71 -0.317 -0.766 0.789" -0.725 1
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Table 3. The correlation between total anthocyanin with mineral nutrient element concentration and ratio in apple
fruits cultivars red delicious at three colour groups, drak red, medium and light red

== £ ¥ : ¥ : _
S =2} =2} =2} P o2 S} % < 8 <
g2 zg +~g ~¥g dg 358 ¥ £ ¢ 2 32
£2 S S < = s 2 3§ ¥ = =
ég > > > > > X
E E E E E
Anthocyanin 1
N -0.327 1
P -0.123 0.247 1
K -0.084 0.206 -0.083 1
Ca 0.105 0.099 -0.061 0.111 1
Ma -0.276 0.3477 -0.27 0.312" 0.25 1
N+K:Ca -0.176 0.299" 0.077 0.5177 -0.718 0.026 1
K+Mg:Ca -0.098 0.038 -0.047 0.647" -0.649 0.038 0.9417 1
K:Ca -0.082 0.031 -0.041 0.661" -0.632 0.003 0.9357 0.999” 1
Mg:Ca -0.302 0.143 -0.015 0.152 -0.638 0.560” 0.639” 0.605~ 0.563" 1
N:Ca -0.283 0.672” 0.257" 0.094 -0.633 0.058 0.7857 05327 0.516™ 05637 1
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Table 4. The correlation between colour parameters, lightness (L), chroma (C), hue (h), red-green (a), yellow-blue (b)
with mineral nutrient elements content and ratio in apple fruit cultivar Red Delicious with three colour groups, dark
red, medium and light red

L C h a b N P K Ca Mg N+K:Ca K+Mg:Ca K:Ca Mg:Ca N:Ca
L 1
C 0.52" 1
h 0.877 0.466™ 1
a -0.84 -0389 -093 1
b 0.83™ 0.6727 079" -0.848 1
N 0.298" -0.043 -04" -0.349 0221 1
p 0.222 -0.031 0271 024 0121 0247 1
K 0.026 -0.038 0.013 -0.006 0.051 0.206 -0.083 1
Ca  -0.278 -0.135 -0.251 0.247 -0.21 0.099 -0.061 011 1
Mg 0.143 0.141 0.167 -0.137 021 04~ 027 031" 025 1
N+K:Ca 0.292° 0.88 0.312" -0.292 0.262° 0.3° 0.077 052" 0.72 0.03 1
K+Mg:Ca 0.204 0.11 0.188 -0.177 0.206 0.038 -0.048 0.65~ -0.65 0.04 0.9 1
K:Ca 019 0.098 0.173 -0.162 0.191 0.031 -0.041 0.66™ -0.63 0.00 0.94™ 099~ 1
Mg:Ca 0.327° 0.248 0.34™ -0.322 0.36” 0.143 -0.15 0.15 -0.64 056~ 064~ 061" 056" 1
N:Ca 0.37" 0.041 045" -0.424 0.3™ 067" 0257 009 -0.63 006 0.76" 05" 0527 063" 1
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