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Abstract

Eight wine grape cultivars were cultivated on rooftops of buildings in Tokyo, and wines made from them were evalu-
ated to select the most suitable cultivar for green roofs. For white grapes, the yield was highest for ‘Chardonnay’ and second
highest for ‘Viognier’. In the case of red grapes, the yield was highest for ‘Bijou Noir’ and second highest for ‘Muscat
Bailey A’. Sugar content of white grapes was highest for ‘Viognier’ (19.4 °Bx) and second highest for ‘Chardonnay’
(18.0 °Bx). Sugar content of red grapes was highest for ‘Muscat Bailey A’ (18.3 °Bx) and second highest for ‘Bijou Noir’
(17.0 °Bx). Total acids of wines made from those grapes ranged from 7.24 g/L (for ‘Yama Sauvignon’) to 4.99 g/L (for
“Viognier’). Total phenol content was highest for ‘Bijou Noir’ at 2,919 mg/L. Sensory evaluation indicated that there was no
preference for a particular white wine, whereas ‘Muscat Bailey A’ was the preferred red wine. The results demonstrate that

‘Chardonnay’, ‘Viognier’, and ‘Muscat Bailey A’ may be suitable for cultivation on building rooftops in Tokyo.
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Fig.1 Rooftop cultivation of wine grapes in Setagaya, Tokyo.
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Table1 Pesticide and fungicide application

Pesticide and fungicide

Manufacturer Dilution

Date and application rate

rate 2015 2016 2017 2019

Lime sulfur mixture? Miyauchi Iou 20

Gozai 3/3 1/26 2/14 3/12
Benomyl wettable Sumitomo 200 (18L) @4L) 4L) 4L)
powder? Chemical
STROBY WG Nissan 2000 4/24

Chemical 4L)
DANITRON DF? Nihon 1000 5/13

Nohyaku (8L) 5/12
RIDOMIL GOLD MZ?  Syngenta 1000 5/27 (6L) 5/31

Japan (8L) (4L)
HORIZON DF? Nissan 2500

Chemical 6/22 6/8 6/11
ADION wettable Sumitomo 2000 (8L) (8L) (8L)
powder? Chemical
IC Bordeaux mixture Inoue 40
66D Calcium 9/11 7/6 6/22 7/10
KOTETSU FLY Nippon Soda 4000 (8L) (8L) (6L) (6 L)
IC Bordeaux mixture Inoue 40 Mid-
66D Calcium 1076 October

(81L)
(6L)

10 Mixed use depending on the year
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Fig. 2 Sensory evaluation form.
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Table 2 Total yield, Brix sugar, and harvest date of grapes cultivated on building rooftops in Tokyo.

Total yield  Average Total yield

Number Brix
before bunch after Harvest
Cultivar Year of sugar
destemming  weight sorting date
bunches? | , CBx)
(@ " (®  grape ()"
2015 -2 — — 1281 186  20Aug
2016 16.7 1585 94.9 1412 18.6 18 Aug
Chardonnay 2017 17.7 779 44.0 725 17.6 30 Aug
2019 21.0 1536 73.1 1361 17.2 20 Aug
Average 18.4 1300 70.7 1195 18.0 -
2015 - - - 593 18.6 20 Aug
2016 12.7 1712 134.8 1289 18.0 18 Aug
Sauvignon
2017 17.3 412 23.8 141 16.2 30 Aug
Blanc
2019 10.0 901 90.1 751 17.8 8 Aug
Average 133 1009 75.9 694 17.7 -
2015 - - - 793 17.0 3 Sep
2016 8.0 1210 151.3 980 20.0 18 Aug
Viognier 2017 15.0 2341 156.1 1519 21.4 13 Sep
2019 3.7 527 142.4 473 19.0 8 Aug
Average 8.9 1359 152.7 941 19.4 -
2015 - - - 552 14.0 3 Sep
2016 7.7 633 82.2 537 15.0 28 Sep
Koshu 2017 7.3 805 110.3 714 14.8 13 Sep
2019 2.0 88 44.0 79 16.0 11 Sep
Average 5.7 509 89.3 470 15.0 -
2015 - - - 2681 18.6 11 Sep
2016 9.0 1267 140.8 1185 19.2 28 Sep
Muscat
2017 10.0 1471 147.1 1240 19.5 13 Sep
Bailey A
2019 11.0 1028 93.5 1017 16.0 20 Aug
Average 10.0 1255 125.5 1531 18.3 -
2015 - - - 618 18.0 11 Sep
2016 123 964 78.4 750 19.2 28 Sep
Yama
2017 18.3 613 335 367 11.6 13 Sep
Sauvignon
2019 - - - - - -
Average 15.3 789 51.6 578 16.3 -
2015 - - - 169 14.2 28 Sep
2016 16.3 939 57.6 808 19.4 18 Aug
Merlot 2017 15.0 1187 79.1 944 18.6 13 Sep
2019 9.7 513 52.9 416 152 20 Aug
Average 13.7 880 64.2 584 16.9 -
2015 - - - 707 14.8 11 Sep
2016 133 1660 124.8 1518 18.8 18 Aug
Bijou Noir 2017 13.0 2314 178.0 1699 18.8 13 Sep
2019 17.3 2913 168.4 2667 15.6 20 Aug
Average 14.6 2078 142.3 1648 17.0 -

! Per one tree

2 Not measured
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Table 3 Time course of berry diameter, berry weight, Brix, and total acidity during ripening process in 2019.

Cultivar Analysis J23vl _301 A6 A19 A2 4 SS Sl 2
ul ul ug ug ug ep ep
Berry diameter (cm)  1.16 1.23 1.25 1.25 — — —
Berry weight (g) 1.14 1.41 1.57 1.47 — — —
Chardonnay Brix (°Bx) 10.1 13.8 16.2 18.0 — — —
pH 2.82 3.03 3.25 3.57 — — —
Total acid (g/L) 252 14.3 9.0 5.7 — — —
Berry diameter (cm)  1.31 1.32 1.27 — — — —
Berry weight (g) 1.67 185 171 — — — —
Sauvignon
Blanc Brix (°Bx) 11.5 14.8 17.2 — — — —
pH 2.82 3.08 3.30 — — — —
Total acid (g/L) 21.5 11.9 8.3 — — — —
Berry diameter (cm) 1.31 1.35 1.42 — — — —
Berry weight (g) 185 198 214 — — — —
Viognier Brix (°Bx) 12.6 15.0 17.6 — — — —
pH 2.85 3.06 3.33 — — — —
Total acid (g/L) 19.8 10.1 7.9 — — — —
Berry diameter (cm)  1.49 1.56 1.65 1.60 1.72 1.63  1.69
Berry weight (g) 2.57 2.76 3.26 3.09 3.65 354 417
Koshu Brix (°Bx) 3.9 4.8 8.6 12.6 14.4 145  16.0
pH 2.46 2.49 2.66 2.97 3.08 3.19  3.56
Total acid (g/L) 46.9 444 323 14.7 10.5 9.6  6.75
Berry diameter (cm) 1.66 1.62 1.62 1.82 — — —
Museat Berry weight (g) 2.75 277 317 414 — — —
Bailey A Brix (°Bx) 8.2 10.6 15.8 16.2 — — —
pH 2.55 2.69 3.08 3.58 — — —
Total acid (g/L) 39.9 27.2 16.1 7.7 — — —
Berry diameter (cm)  1.15 1.18 1.32 1.24 — — —
Berry weight (g) 1.13 1.15 1.40 1.29 — — —
Merlot Brix (°Bx) 8.6 12.2 14.3 15.2 — — —
pH 2.72 2.98 3.23 3.54 — — —
Total acid (g/L) 23.9 12.4 8.6 5.4 — — —
Berry diameter (cm)  1.24 1.32 1.33 1.35 — — —
Berry weight (g) 123 159 155 1.73 — — —
Bijou Noir Brix (°Bx) 8.7 12.8 14.2 15.6 — — —
pH 2.72 2.95 3.12 3.52 — — —
Total acid (g/L) 335 15.8 10.9 5.4 — — —
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Table 4 Enological characteristics of wines made from grapes cultivated on building rooftops in Tokyo.

Alcohol Reducing Specific Total Total
Type Cultivar Year (v/v %) sugar I;avit acid pH phenol
/L) 8™ (g/1) (mg/L)
2015 15.4 6.37 0.991 4.54 3.79 284
2016 - 5.61 0.987 5.85 3.68 263
Chardonnay 2017 14.4 0.94 0.988 4.80 4.00 550
2019 14.4 1.19 0.988 5.93 3.58 257
Average  14.7 3.53 0.989 5.28 3.76 339
2015 13.1 45.41 1.008 4.79 3.50 283
2016 14.6 17.24 0.986 4.73 3.73 251
Sauvignon
2017 12.6 1.36 - 4.85 3.84 560
Blanc
2019 12.6 1.61 0.988 4.80 3.71 255
Average 132 16.41 0.994 4.79 3.70 337
White
2015 14.9 1.80 0.989 4.03 4.14 336
2016 14.2 491 0.992 4.97 4.05 370
Viognier 2017 12.6 1.14 0.990 4.37 4.13 617
2019 12.4 0.96 0.992 6.60 3.53 205
Average 135 2.20 0.991 4.99 3.96 382
2015 - 2.63 0.985 4.56 3.44 260
2016 12.4 3.68 0.986 4.62 3.65 371
Koshu
2017 13.0 0.94 0.988 5.70 3.40 621
2019 15.4 1.19 0.988 5.93 3.37 262
Average  13.6 2.11 0.987 5.20 3.47 379
2015 - 2.48 0.993 7.56 3.86 1996
2016 12.8 13.63 0.995 6.00 4.04 2794
Muscat
2017 13.0 9.18 0.992 6.25 4.02 2983
Bailey A
2019 13.0 2.41 0.994 7.50 3.73 1026
Average 129 6.93 0.994 6.83 3.91 2200
2015 14.9 5.07 0.993 7.75 3.60 2815
2016 13.0 17.24 0.996 6.60 3.81 3875
Yama
2017 13.2 2.22 0.994 7.37 3.27 1608
Sauvignon
2019 - - - - - -
Red Average 137 8.18 0.994 7.24 3.56 2766
e
2015 13.8 3.02 0.991 4.88 3.73 1609
2016 13.8 14.26 0.994 6.19 4.08 3893
Merlot
2017 11.2 2.78 0.996 5.25 3.97 4190
2019 13.6 2.46 0.990 4.13 3.71 1658
Average  13.1 5.63 0.993 5.11 3.87 2837
2015 14.2 2.46 0.992 4.50 4.31 1827
2016 12.8 15.03 0.994 6.11 4.13 4048
Bijou Noir 2017 11.0 2.50 0.994 5.48 4.24 3986
2019 10.0 2.03 0.992 6.00 3.90 1814
Average  12.0 5.51 0.993 5.52 4.15 2919
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Alcohol Reducing Specific Total Total
Type Cultivar Year (v/v %) sugar Iiavit acid pH phenol
(/L) Y (g/1) (mg/L)
2016 14.0 8.94 0.993 6.90 3.84 2257
Chardonnay 2019 11.0 2.35 0.988 6.23 3.95 768
Average 125 5.65 0.991 6.56 3.90 1513
Orange
Sauvignon
2016 13.8 11.06 0.992 5.45 3.92 1899
Blanc
Viognier 2017 11.4 2.20 0.996 5.20 4.14 2385
2016 15.3 5.15 0.988 4.01 4.13 621
Muscat 2017 13.6 1.56 0.994 5.00 4.04 670
Bailey A 2019 13.2 1.36 0.992 6.75 3.79 354
Average  14.0 2.69 0.991 5.46 3.99 548
Rosé Merlot 2017 14.6 6.77 0.998 5.38 3.90 623
2016 - 6.45 0.988 3.86 5.15 901
Bijou Noir 2017 14.8 1.30 0.992 3.88 4.33 808
2019 13.2 1.63 0.988 4.13 3.87 297
Average 14.0 3.13 0.989 3.96 4.45 669
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Table S Sensory evaluation of wines made from grapes cultivated

on building rooftops in Tokyo by the ranking method (Panelist:
university student).

Number
. Rank
Type Year Cultivar of Rank sum
) average
panelists
Chardonnay 47 2.24
Sauvignon Blanc 54 2.57
2015 21
Viognier 60 2.86
Koshu 49 2.33
Chardonnay 58 242
Sauvignon Blanc 74%D 3.08
2016 24
Viognier 52 2.17
White
Koshu 57 2.38
Chardonnay 42 2.00
2017 Viognier 21 43 2.00
Koshu 41 1.95
Chardonnay 29 1.61
2019  Sauvignon Blanc 18 47%* 2.61
Viognier 32 1.78
Muscat Bailey A 33* 1.57
2015 Yama Sauvignon 21 37 1.76
Bijou Noir 56* 2.67
Muscat Bailey A 44%* 1.83
Yama Sauvignon 70 2.92
2016 24
Merlot 62 2.58
Bijou Noir 66 2.75
Red
Muscat Bailey A 38 1.80
Yama Sauvignon 56 2.66
2017 21
Merlot 58 2.71
Bijou Noir 59 2.80
Muscat Bailey A 30 1.67
2019 Merlot 18 41 2.28
Bijou Noir 37 2.06
Chardonnay 38 1.58
Orange 2016 24
Sauvignon Blanc 34 1.42
Muscat Bailey A 29% 1.21
2016 24
Bijou Noir 43* 1.79
Muscat Bailey A 32% 1.52
Rosé 2017 Merlot 21 42 2.00
Bijou Noir 52% 2.47
Muscat Bailey A 27 1.5
2019 18
Bijou Noir 27 1.5

D Significant difference. (**: p <0.01, *: p < 0.05)
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Table 6 Sensory evaluation of wines made from grapes cultivated
on building rooftops in Tokyo by the ranking method (Panelist:
licensed sommelier, wine adviser, and wine expert).

Number
. Rank
Type Year Cultivar of Rank sum
. average
panelists
Chardonnay 23% 2.88
Sauvignon Blanc 20 2.50
2015 8
Viognier 18 2.25
Koshu 19 2.38
Chardonnay 29 242
Sauvignon Blanc 31 2.58
2016 12
Viognier 26 2.17
White
Koshu 34 2.83
Chardonnay 23 230
2017 Viognier 10 22 2.20
Koshu 16* 1.60
Chardonnay 15 2.50
2019  Sauvignon Blanc 6 9 1.50
Viognier 12 2.00
Muscat Bailey A 13 1.63
2015  Yama Sauvignon 8 15 1.88
Bijou Noir 20 2.50
Muscat Bailey A 27 2.25
Yama Sauvignon 27 2.25
2016 12
Merlot 32 2.67
Bijou Noir 34 2.83
Red
Muscat Bailey A 23 2.30
Yama Sauvignon 20 2.00
2017 10
Merlot 28 2.80
Bijou Noir 29 2.90
Muscat Bailey A 13 2.17
2019 Merlot 6 12 2.00
Bijou Noir 11 1.83
Chardonnay 20 1.67
Orange 2016 12
Sauvignon Blanc 16 1.33
Muscat Bailey A 15 1.25
2016 12
Bijou Noir 21 1.75
Muscat Bailey A 16 1.6
Rosé 2017 Merlot 10 17 1.7
Bijou Noir 27 2.7
Muscat Bailey A 8 1.33
2019 6
Bijou Noir 10 1.67

Y Significant difference. (**: p <0.01, *: p < 0.05)
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Table 7 Sensory evaluation of wines made from grapes cultivated on building rooftops in
Tokyo by the distinguishing test and the preference test (Panelist: university student).

BZESE - P

Distinguishing test Preference test!
. Number of Number of ) )
Type Year Cultivar Commercial Cultivated
correct incorrect ) )
wine wine
answers answers
2015 Chardonnay 15%%2) 6 8 7
2016 Chardonnay 13* 11 7 6
White
2017 Chardonnay 18** 3 5 13%*
2019 Chardonnay 9 9 7%%3) 2
2015  Muscat Bailey A 13%* 8 5 7
Red 2016  Muscat Bailey A 14%* 10 7 7
e
2017  Muscat Bailey A 16%** 5 9 7
2019  Muscat Bailey A 7 11 0 TH*
Orange 2016 Chardonnay 17%* 7 15%* 1
Rose 2016  Muscat Bailey A 20%* 4 11 8

D Panelist who gave a correct answer in the distinguishing test was counted.
2 Significant difference. (**: p <0.01, *: p < 0.05)

3 Significant difference was indicated in one side. (**: p < 0.01, *: p < 0.05)

Table 8 Sensory evaluation of wines made from grapes cultivated on building rooftops
in Tokyo by the distinguishing test and the preference test (Panelist: licensed sommelier,
wine adviser, and wine expert).

Distinguishing test Preference test!)
. Number of Number of ) )
Type Year Cultivar ) Commercial Cultivated
correct incorrect ) .
wine wine
answers answers
2015 Chardonnay 15%%2) 6 8 7
2016 Chardonnay 13* 11 7 6
White
2017 Chardonnay 18%* 3 5 13%*
2019 Chardonnay 9 9 7%%3) 2
2015  Muscat Bailey A 13%* 8 5 7
Red 2016  Muscat Bailey A 14* 10 7 7
e
2017  Muscat Bailey A 16%* 5 9 7
2019  Muscat Bailey A 7 11 0 TH*
Orange 2016 Chardonnay 17%* 7 15%* 1
Rose 2016  Muscat Bailey A 20%* 4 11 8

! Panelist who gave a correct answer in the distinguishing test was counted.
2 Significant difference. (**: p < 0.01, *: p < 0.05)

3 Significant difference was indicated in one side. (**: p < 0.01, *: p < 0.05)
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