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Effect of Vineyard Altitude on Phenological Events and Berry Components of
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The aim of this study was to investigate the relationships between vineyard altitude and climate classification, pheno-
logical events, and berry components. Vineyards located at an altitude of 250 m to 750 m where ‘Chardonnay’ and ‘Merlot’
grapevines are cultivated in Yamanashi Prefecture were classified into regions III to V on the basis of the Winkler Index. As
the altitude increased, budburst, flowering, veraison or coloration, and harvest were delayed, whereas malic acid and antho-
cyanin contents increased. The difference in air temperature owing to vineyard altitude greatly affected both phenological

events and berry components.
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Table 1 Geographical information of vineyards tested in this study

Vineyard L?é?:;)m Latitude  Longitude Algz;de
A Yamanashi 35.755 138.687 750
B Hokuto 35.736 138.701 745
C Hokuto 35.786 138.455 690-700
D Koshu 35.650 138.746 590
E Kai 35.713 138.510 550-600
F Koshu 35.663 138.739 480-530
G Nirasaki 35.738 138.459 500
H Koshu 35.650 138.713 400-410
I Fuefuki 35.653 138.712 360
J Koshu 35.655 138.716 330
K Kofu 35.604 138.579 250

Table 2 Rootstock, age (years), and pruning system of vines tested
in this study

Variety Vineyards Altitude Rootstock Age Pruning
(m) (years)  System

A 750 3309 7 Guyot

5BB 13 Guyot

101-14 13 Guyot

B 745 101-14 12 Guyot
C 690 101-14 14 Guyot
Chardonnay g 550  Unknown 23 Guyot
F 530 5BB 22 Guyot
G 500 5BB 18 Cordon
H 410 SO4 26 Lyre
K 250 101-14 9 Cordon
B 745 101-14 12 Guyot
C 700 3309 16 Guyot
E 600 101-14 8 Guyot
D 590 101-14 15 Guyot
G 500 5BB 18 Cordon
Merlot
F 480 5BB 22 Guyot
H 400 S04 21 Guyot
I 360 101-14 14 Pergola
J 330 101-14 16 Cordon
K 250 101-14 9 Cordon
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Table 3 Climate classification of vineyards based on effective integrated temperature (°C) and the Winkler Index (2016-2018)

. Location Altitude Effective integrated temperature cCy” Winkler Index”
Vineyard .

(City) (m) 2016 2017 2018 Mean 2016 2017 2018 Mean

A Yamanashi 750 1793 1622 1761 1725 11 11 11 I

B Hokuto 745 1759 1729 1870 1786 11 1 1 11
C Hokuto 690-700 N.O.¢ N.O. 1977 N.O. N.O. N.O. v N.O.

D Koshu 590 2104 1941 2064 2036 v v v v

E Kai 550-600 2041 2056 2209 2102 v v v v

F Koshu 480-530 2159 2067 2165 2130 v v v v

G Nirasaki 500 2035 2054 2197 2095 v v v v

H Koshu 400-410 2292 2171 2368 2277 v v v \%

I Fuefuki 360 2408 2186 2333 2309 v v A% v

J Koshu 330 2378 2212 2363 2318 v \% A\ \%

K Kofu 250 2719 2590 2747 2685 too hot \% too hot v

a) Effective integrated temperature (°C) was calculated on the basis of growing degree-days (GDD).
b) Too cool, < 850 °C; Region I, 850 °C-1389 °C; Region II, 1389 °C-1667 °C; Region III, 1667 °C-1944 °C; Region IV, 1944 °C-2222 °C;

Region V, 2222 °C-2700 °C; Too hot, > 2700 °C (Jones et al. 2010)

Oct.31

Winkler Index (WI)= Z max [(

Apr.1

T,

mw(;'Tmin ) _ 10’0]

c) Data not observed.
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Figure 1 Budburst (A), flowering (B), veraison (C), and harvest date (D) of CHD in 2016 (O), 2017 (
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shown for 2016 (solid line), 2017 (short dashed line), and 2018 (dashed line).
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Figure 2 Budburst (A), flowering (B), coloration (C), and harvest date (D) of MER in 2016 (O), 2017 ( X ), and 2018 (A\). Regression lines are
shown for 2016 (solid line), 2017 (short dashed line), and 2018 (dashed line).
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Figure 3 Number of days from flowering to veraison for CHD (A) and flowering to coloration for MER (B) in 2016 (O), 2017 ( % ), and 2018
(A ). Regression lines are shown for 2016 (solid line), 2017 (short dashed line), and 2018 (dashed line).

L Cw5. F7-, Falcaoetal (2()10) = ‘Cabernet Table 4 Mean air temperature (°C) of berry formation period from
Sauvignon’ DEREE SN2 B O AR O S B K flowering to veraison or coloration in CHD and MER
SBEUT RO, BIELCRERPEET L A erod
ATWAHILEREL TV, M 3016 2017 2018 Mean
A 750 215 226 225 222
3. BBoOES L ETB X O R OFIER IR B 745 21.8 223 227 223
B 45 C 690 N.O” NO. 223 223
\ E 550 217 227 228 224
CHD # & U'MER 0 2016 4¢ 7 & 2018 4 0 Bl /£ > cHD 30 10 231 s are
YL =V HbVIIAELE TCOEFTHMIZBIT G 500 218 225 226 223
LR A Table 4 |23 L7, BB OFELR H 410 226 232 230 229
R#1k, CHD THA12C, MERTHRALICTh K 250 233 235 238 235
D, EHEMEOTHRRICAS AEER 5Lk oo nme BT e
otz TOZ L Figue 3ITRE N E I, B E 600 224 232 231 229
EE e OWRER A L RO SN o 2 BERO—D D 590 224 239 241 235
L# 2% 515, CHD# L I'MER @ 20164E %> 5 2018 vir O 500 226 225 229 227
DT x L= d B\ I F T Fooom mo B e s
i B H 400 227 235 238 233
I B B P4 % Table 51278 L7z, 3 ORE I 360 NO. 243 242 243
EASE K 2 A2 o T, B O FI9 SR AV < J 330 228 239 240 236
0, D EEPRVEY &b E W EE ORI K 250 234 239 241 238

S50CTH 5 82C OEENZD S, HEAE W a) Mean temperatures (°C) from flowering to veraison for CHD and
. - SEFRN - o— from flowering to coloration for MER were measured.

T, WEABEET CRAPED 2 LaRahi. b) Data not obsefved.

EEA100mE < % 512201 T, At 0.6CHR T

5 EENTEBY (SO, Standard Atmosphere, ISO 2533;
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Table 5 Mean air temperature (°C) of ripening period from veraison
or coloration to harvest in CHD and MER

Mean air temperature (°C) of
ripening period
2016 2017 2018 Mean

Altitude

Variety Vineyard

A 750 21.1 198 212 207
B 745 225 215 218 220
C 690 N.O.” N.O. 240 240
CHD E 550 244 231 253 243
F 530 246 234 256 245
G 500 236 232 251 240
H 410 250 249 266 255
K 250 262 280 287 276
B 745 207 19.8 217 207
C 700 N.O. NO. 220 220
E 600 235 219 236 230
D 590 243 206 215 221
MER G 500 233 230 244 236
F 480 244 234 246 241
H 400 247 242 253 247
I 360 N.O. 247 260 254
J 330 258 255 266 260
K 250 26.1 274 285 273

a) Mean temperatures (°C) from veraison to harvest for CHD and
from coloration to harvest for MER were measured.
b) Data not observed.
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Figure 4 Correlation between vineyard altitude and sugar content (%) of grape berries for CHD (A) and MER (B) in 2016 (O), 2017 ( X ), and
2018 (A ). Regression lines are shown for 2016 (solid line), 2017 (short dashed line), and 2018 (dashed line).
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Figure 5 Correlation between vineyard altitude and pH of grape berries for CHD (A) and MER (B) in 2016 (QO), 2017 ( X ), and 2018 (2).
Regression lines are shown for 2016 (solid line), 2017 (short dashed line), and 2018 (dashed line).
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Figure 6 Correlation between vineyard altitude and malic acid (g/L) content of grape berries for CHD (A) and MER (B) in 2016 (O), 2017 ( x ),
and 2018 (A ). Regression lines are shown for 2016 (solid line), 2017 (short dashed line), and 2018 (dashed line).
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Figure 7 Correlation between vineyard altitude and total
anthocyanin (mg/L) content of grape berries for MER in 2016
(O), 2017 ( %), and 2018 (A). Regression lines are shown for
2016 (solid line), 2017 (short dashed line), and 2018 (dashed line).
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