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We conducted heat insulation of ‘Delaware’ grapevines in a greenhouse from late December and started heating after
budbreak (long-term heat insulation method) to compare the outcomes with an early heating method where heating was started
from mid-January, in terms of greenhouse conditions, vine growth, fruit quality, and total fuel consumption. Cumulative hours
of chilling exposure to temperatures below 7.2°C  before starting heating for the long-term heat insulation method was 264 hours
in Experiment 1 (2016) and 270 hours in Experiment 2 (2017), which was 32.5% fewer hours than that for the early heating
method (400 hours) in Shimane Prefecture.The number of days required for 75% budbreak for Experiment 1 (2016) was 8 days
(3 days shorter than the early heating method), and that for Experiment 2 (2017) was 11 days. No significant difference in leaf
color index was found from April 1 in 2016. Initially, mean berry diameter was larger for the early heating method than the long-
term heat insulation method, but the diameters gradually became almost equal prior to fruit maturation. Sugar content was lower
and acidity was higher for the long-term heat insulation method than the early heating method, although the differences were
slight. Total A-type heavy oil consumption per 10 a was 5,658 L for the long-term heat insulation method, which was 47% less
than that for the early heating method (10,688 L). When cyanamide was sprayed twice and cumulative hours of chilling exposure
to temperatures below 7.2°C exceeded 260 hours, budbreak uniformity for the long-term heat insulation method was observed
3 days earlier than that for the early heating method, although no significant difference in vine growth was observed between
the two methods. In conclusion, long-term heat insulation starting from late December is a more energy-efficient warming
method than the early heating method because it significantly reduces fuel consumption, while minimizing differences in
berry sugar content and acidity between the two methods.
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Table | Comparison of air temperature, low-temperature requirement, and cumulative temperature between long-term heat insulation and early heating.

Air temperature ( C)

Year Treatment

Cumulative chilling
hours below 7.2°C*

Cumulative temperature (C)'
12728~ 12/28~

Full bloom date

12/28~1/13" U14~1/17  1/18~2/11 2/12~4/28 (h) Initial budbreak date™ Budbreak date” ~Maturity date
heat insulation heat insulation heat insulation  heating
_ Max 29.0 29.6 32.1 31.0 264 328.7 420.6 1280.7
Longlem o W 38 355 83 ’ ' G '
heat insulation 4, 89 83 9’5 182
2016 : . - .
rain shelter heat insulation  heating heating
ax 213 29.5 32.7 308 594 286.1 482.0 1407.1
Early heating Mm -0.6 2.1 11.3 7.6 :
Ave 7.3 7.4 16.3 18.0

“ At the start of heat insulation.

¥ Duily average temperature =days.
*Month/Day.

" Day when the first bud broke.

" Day when budbreak rate reached 75%.
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Fig. 1 Changes in air temperature by sunshine hours for the long-term heat insulation method and

the early heating method.

*Long-term heat insulation: heat insulation condition Early heating: rain shelter condition.

Table 2 Comparison of soil temperature between long-term heat insulation and early heating.

Soil temperature ("C)’

Year Treatment
12/28~1/13" 1/14~1/17 1/18~2/11 2/12~4/28
heat insulation heat insulation heat insulation  heating
g Max 15.3 134 15.4 20.2
Leng t‘;"m.‘ feat. win 9.4 9.4 7.4 12,7
msuation.  Ave 11.7 10.6 11.4 172
2016
rain shelter  heat insulation heating heating
Max 133 12.2 18.1 21.5
Early heating Min 84 8.0 8.4 14.6
Ave 10.4 9.5 13.6 175
“Depth 15 cm.
¥ Month/Day.
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Fig. 2 Effect of long-term heat insulation on budbreak rate
in ‘Delaware’ grapevines under heating condition.
"% P <001, ns: not significant by #-test (n=4).
*¥72 of 96 buds broke in a shoot.
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Fig. 4 Effect of long-term heat insulation on A-type heavy
oil cumulative consumption in ‘Delaware’ grapevines under
heating condition.

16 4 Fruit diameter oy « NS TS

Fruit diameter (mm)

.
S 4
0 —+—Long-term
%1 heat insulation
4 4 ~o—Early heating
5
0
g £ B E = B = = B =]
< < < <€ < 3z =2 2 2 =
- = : & ﬁ > ‘.: ﬁ ‘?‘-II -

Fig. 3 Comparison of leaf color and fruit diameter between long-term heat insulation and early heating.

“#%: P<0.01, P<0.05, ns: not significant bv f-test (n=4),

Vertical bars represent standard error.
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Table 3 Effect of long-term heat insulation on fruit quality of ‘Delaware’ grapevines under

heating condition.

Cluster Berry Soluble solids L
. . . Tartaric acid
Treatment weight weight  Skin color” content
e 8 (%) (¢/100 mL)
Long - term heat insulation ~ 220.0+5.6” 2.1+0.04  6.4+0.1 21.8+0.1 0.83+0.03
Early heating 224.7+4.1 2.1+0.04 6.3+0.1 22.840.2 0.69+0.02
Significance™ ns ns ns ok ok

“Color chart for black grape.
YMean=SE.
*#xx: P <0.01, ns: not significant by ¢-test (n=4).

Table 4 Air temperature, low-temperature requirement, and cumulative temperature for long-term heat insulation.

Air temperature ('C)

Cumulative clilling

Cumulative temperature (‘C)"

Year  Treatment hours below 7.2°C* 12/27~ 12/27~
12/27~2/1" 2/2~2/15 (h) Initial budbreak date” Budbreak date”
heat insulation  heating
Max 352 359 270 310 316
2017 Loﬁi:j::ol:m Min 09 5.2
Ave 93 16.0
7 At the start of heat insulation.
¥ Daily average temperature>days.
*Month/Day.
* Day when the first bud broke. Table 5 Soil temperature for long-term heat insulation.
o . iy a3
Day when budbreak rate reached 75%. Year Treatment Sail temperatu@ ('C)
12/27~2/1%  2/2~2/15
heat insulation  heating

A0 —+—Long-term heat Long-term heat Bax L 173

on <1 e -]

80 bkas- e 2017 ﬁf‘;ulaﬁm Min 10.1 10.6
g 70 Ave 12.3 14.4
3 60 T
. 50 z
i budl z Devth 15 cm.
£ 40 L - ¥ Month/Day.

3 30 mitial budbreak
" 20 l
10 11 days
0 +—2= . = %
5 < 5 5 < - -
2 = £ = = Table 1, 4 £V, EHREXOREHHO T AN
I . = h- i

Fig.5 Cll.an,ge in budbreak rate fotlong term heat
lation of "Del ' grapevines.
113 of 150 buds broke in a shoot.
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