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Abstract

This study was conducted to estimate the light pollution damage caused by night-break
lighting in ‘Kyoho’ grapes. Night irradiation was performed every night for four hours (10
p.m. to 2 a.m.) from the full bloom to the harvest stage using red, blue, and white lamps as
artificial light. Fruit yield, soluble solid content, anthocyanin content, and chlorophyll a content
were affected by night irradiation. The soluble solid content of the control was 17.5 °Brix,
approximately 1°Brix higher than the red (16.4°Brix), blue (16.2°Brix), and white light treated
grapes (16.3°Brix). The anthocyanin content of the skin was also higher in the control at 4.08
ng-cm” compared to the red (3.14 pg-cm™), blue (2.47 pg-cm™), and white (2.82 pg-cm?) light
treated samples. On the other hand, the chlorophyll a content of the control was the lowest
at 0.268 pug-cm™as compared with the red (0.339 pg-cm?), blue (0.345 pg-cm™), and white
(0.372 pg-cm™) light treated samples. Considering that higher soluble solid contents, higher
accumulation of anthocyanin, and lower chlorophyll a contents are factors involved in fruit
maturation, night irradiation may delay fruit maturation and red light treatment may result in
decreased yield. Our results confirmed that night-break lighting regardless of the wavelength
provoked light pollution in ‘Kyoho’ grapes. Therefore, fruit maturation may be poor in the
presence of artificial light, including streetlamps, in neighboring vineyards.
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Fig. 1. Spectral distribution of light transmitted through red and blue lamps.
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Table 1. Comparison of fruit yield and achievement rate according to night lighting in ‘Kyoho’ grapes

Final Yield Final Yield Rate”
Treatment e %)
Red lamp 122750 682b
Blue lamp 17100a 95.0a
3 band lamp 1526.1 ab 84.8 ab
Control 1565.7 ab 87.0ab

“Final Yield compared to target yield.
*Different lowercase letters within columns denote significant differences by Duncan’s multiple range test, atp = 0.05.

Table 2. Comparison of fruit quality at each harvest time according to night lighting in ‘Kyoho’ grapes

DAFB’
Treatments
80 90 100 all
Cluster weight (g)
Red lamp 351.5b" 34550 338.1b 345.1¢
Blue lamp 4345a 4464 a 4710a 450.6a
3 band lamp 390.6 ab 386.0 ab 4204a 399.0b
Control 364.0b 389.0 ab 4313a 394.7b
Berry weight (¢)
Red lamp 112a 10.7b 109a 109b
Blue lamp 112a 11.8a 11.8a 11.6a
3 band lamp 11.0a 11.1ab 112a 11.1ab
Control 103a 11.2ab 113a 109b
SSC” (°brix)
Red lamp 16.1b 164a 16.6a 164b
Blue lamp 164b 157a 16.6a 162b
3 band lamp 162b l6.6a 162a 163b
Control 182a 17.0a 172a 175a
Acidity (%)
Red lamp 0.56b 048b 048b 051b
Blue lamp 0.64a 0.60a 0.56a 0.60a
3 band lamp 0.57b 053b 051b 0.53b
Control 0.62 ab 0.50b 0.52b 0.54b
“Days after full bloom.
*Soluble solid contents.

*Mean separation within each column according to Duncan’s multiple range test, 5% level.
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o] 2710 2 F ufj ogk ZAL A 2|7} ] o] 2k S Asffohi= 22 Rt AvkE A7t et £5], F-4]2]719] chlorophyll
a] o] E 42710 12 WA e} 242179 chlorophyll 867171 212 AR A0 2 2 ARl o]
253 2] 2] 4= anthocyanin $HeFo] 74wl chlorophyll b '@ 2 chlorophyll $FFo] 714 =0} o7 F XA o] whE ZRA 5]
Vg A 2 Rt

BHEEAS S5 ORE 2A M0 4 24

FAE| TRt A A2 2AE Bl w5 9ls i anthocyanin 9Tt chlorophyll a Ahe 7150 & 742
2 Z4=CHTable 4), o= o A} A 2)= IR o] 2P 2] Aol 71 F G mIRITHE Ze omleitt. Zzke] ok At
AHelgret FAelAE vlaleh At 2 Aejuitt ohE 72 71EE0] mEE I AMRd el Il v F B gl
5 A S 5.2 7170 2 AR A S S ) T R A 19 3 5
Mof| oI GRS 0| A 4|2} anthocyanin 2 chlorophyll a e 7|50 2 A5 2 2] dalv) Frx2] dHA o] fLio] 7155}
At op[ere =2 wiAlg 22 l= chlorophyll a] Z4~E A5 chlorophyll a7 150 = WAl 22 it 722 7
o] o] 75eH A 02 ZApIgIE

1 Q170 O ZAR= A Afei0] L TlolA] mol) 21 el 349 kS Alee el whe T

X THE G AT A A, S 1 A S0) FH2 GFEL o IsHiek £ Aol Holal oz 2t
= QIR HSkE WEol o] TollA BH, IA| ) d T 234 dgoiet 224 = 74 gela viro] 2 4= 3%
o}, 94 5 W anthocyanin %12] )¢, 41 2 chlorophyll 714:9] ofAlo} o] ok A7} mblo] el 2] whs 8l 5o o
Table 3. Comparison of fruit pigments at each harvest time according to night lighting in ‘Kyoho' Grapes
DAFB*
Treatments
80 90 100 all
Anthocyanin (ug-cm”)
Red lamp 3250 323a 2.96 ab 3.14b
Blue lamp 221b 3.0la 2.18b 247b
3 band lamp 2461 377a 242 ab 2.82b
Control 510a 392a 352a 408a
Chlorophyll a (pgcm‘z)
Red lamp 0.380a 0.357 ab 0.281 be 0339a
Blue lamp 0.287 bc 0409 a 0.339ab 0345a
3 band lamp 0.360 ab 0.387 ab 0.369a 0372a
Control 0215¢ 0.331b 0257 ¢ 0.268b
Chlorophyll b (ug-em™)
Red lamp 0311b 0.419bc 0424 a 0391b
Blue lamp 0464 a 0574 a 0440 a 0493 a
3 band lamp 0287b 0.547 ab 0449a 0441 ab
Control 0.391 ab 0372¢ 0.381a 0.380b
Total Chlorophyll (ug- cm’)
Red lamp 0.622b 0.776 b 0.705 be 0.701 b
Blue lamp 0.752a 0983 a 0.779 ab 0.838a
3 band lamp 0.613b 0933 a 0.818a 0.788 ab
Control 0.681 ab 0.702b 0.638¢ 0.674b
“Days after full bloom.

*Mean separation within each column according to Duncan’s multiple range test, 5% level.
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Table 4. Models for discriminant of night lighting treated grape. Models were derived by stepwise multivariable discriminant analysis. Letters in
parentheses indicates orders of variables that were inputted in each function.

Model Variables Wilks’lambda Standardized Coefficient Functions
Control : All lamp” 1 Anthocyanin (z) 0.873(.000) 1.000 59.9827-1.899
2 Anthocyanin (z,) 0.805(.000) 0.695 41.691z,-7.604z,+1.266
Chlorophyll a (z,) -0.636
Contorl : red lamp 1 SSC(2) 0.797(.001) 1.000 0.949z-15.938
2 SSC (z,) 0.690(.000) 0.663 0.011z,+0.782z,-17.001
Cluster weight (z,) 0.825
Contorl : Blue lamp 1 SSC/Acidity (z) 0.642(.000) 1.000 0.303z-8.761
2 SSC/Acidity (z,) 0.482(.000) 0.739 0.2247,+44.9522,-7.920
Anthocyanin (z,) 0.639
3 SSC/Acidity (z,) 0.405(.000) 0.729 0.2212,+39.0302,-6.6372,-5.524
Anthocyanin (z,) 0.602
Chlorophyll a (z;) -0.527
Control : White lamp 1 Chlorophyll a (z) 0.692(.000) 1.000 13.347z-4.500

“All values of red, blue, and white lamp treatments were entered into the discriminant analysis.
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