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　The effects of temperature on budbreak of cuttings obtained at different stages of dormancy 
from ‘Pione’ grapevines (Vitis labrusca×V. vinifera) grown in open field were investigated. 
Cuttings were collected at monthly intervals from July to March. Judging from the number of 
days to initial and 60% budbreak after treatment, indicating promotion and the uniformity of 
budbreak, respectively, 30 °C was the most effective in budbreak, followed by 25 and 20 °C in that 
order in all treatment times. However, the effect of temperature on budbreak was markedly 
affected by treatment time. The number of days to initial budbreak (NDIB) increased gradually 
from July to October, peaked in December and thereafter decreased gradually towards March. 
The periods from July to September, from October to December, and from January to March 
were assumed to correspond to paradormancy, endodormancy, and ecodormancy of ‘Pione’ 
grapevines, respectively. Final percentage of budbreak was less than 100% until endodormancy 
for all temperatures. It was below 60% at 20 °C treatments of July to September. On the other 
hand, a uniform budbreak was observed in the treatments after the middle of endodormancy for 
all temperatures, resulting in almost 100% of final percentage of budbreak. There was a signifi-
cant negative correlation between NDIB and cumulative chilling hour (CCH) of exposure to 
below 7.2 °C in the treatments after November, and also between NDIB and cumulative tempera-
ture (CT, °C･h), a summation of temperature and hours of exposure to above 0 °C from 
November 1 to each treatment time and hours of exposure to 20, 25, or 30°C from start of treat-
ment to budbreak in each plot. The results suggest that besides CCH, CT can also be used to 
estimate the completion of dormancy in ‘Pione’ grapevine bud.

Key words : breaking of grapevine bud, cumulative chilling hour (CCH), cumulative temperature 
(CT), different dormant stages, temperature

Introduction

　Many studies have been done on bud dormancy of 
temperate fruit trees, including grapevine, with focused 
on issues such as physiology of dormancy3,4,6), artificial 
termination of dormancy9,12,16,19,22,27,33) among other 
things. It is well known that the grapevine buds need to 
be exposed to low temperature such as below 7.2℃ 
during winter for some period of time to terminate their 
rest (endodormancy), so called chilling require-
ment6,13,32). However, chilling requirement varies mark-
edly among fruit tree species, growing areas, years 
among other factors34), and it has been reported to 
range from 200 to 3,500 hours for grapevine15). Chill-
unit, a model for estimating the completion of endodor-
mancy, was proposed for peach2), and its applicability 
was investigated for various fruit tree species18,24,30). An 
accurate estimation of the completion of bud dormancy 
is very important for fruit production, especially for 
grapevines, as grape growing in glass or plastic houses 

is widespread in Japan26). At present, however, it is 
still difficult to estimate the exact completion of bud 
dormancy in grapevines.
　In recent years, there has been a growing concern 
about the effects of global warming on fruit tree growth 
and development parameters such as dormancy and 
flowering behavior by Japanese researchers5,28,29). 
Sugiura and Yokozawa29) have reported that global 
warming will greatly affect the cultivation environment 
of apples and satsuma mandarin in Japan by the middle 
of the 21st century due to changes in average tempera-
ture. Honjo5) has pointed out that decision of forcing 
time for protected cultivation of Japanese pear in tem-
perate regions throughout winter is difficult, because of 
its imperfect completion of endodormancy. Under cir-
cumstances mentioned above, development of fruit tree 
cultivars with less chilling requirement has been a sub-
ject for breeding in many parts of the world7,14,25). 
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Therefore, a detailed study on the relationship between 
temperature and breaking bud dormancy in grapevine is 
necessary. However, there is little information about 
response of grapevine to temperature for budbreaking 
during dormancy induction, maintenance and release.
　The purpose of this study is to investigate the effects 
of temperature on the budbreak of ‘Pione’ grapevine 
cuttings obtained at monthly intervals throughout the 
dormant period, from July to March.

Materials and Methods

Grapevines and treatment
　Four mature ‘Pione’ grapevines (Vitis labrusca×V. 
vinifera) grown at the Research Farm of the Faculty of 
Agriculture, Okayama University were used for the 
experiment. Nine canes were collected from each 
grapevine at monthly intervals from July 18, 2003 to 
March 20, 2004. Cuttings with a single bud (6cm in 
length) were prepared from the 4th to the 11th nodes 
on cane, and mounted on a plastic foam plate, floated in 
a water bath. They were put into growth chambers 
(EYELA, FLI-301N, Tokyo, Japan) maintained at 20, 
25, or 30℃ with 14-hour day length, and the number of 
cuttings broken was monitored at 2-day intervals for 60 
days after treatment. Buds were regarded as broken 
when the buds tips became green. Four sets of 8 cut-
tings were allocated to each treatment. Throughout the 
experiment water in the bath was renewed weekly to 
prevent decomposition.
Cumulative chilling hours (CCH)  and cumulative 
temperature (CT)
　Temperature was recorded at the field where ‘Pione’ 
grapevines were grown throughout the experiment. 
Cumulative chilling hours (CCH) of exposure to below 
7.2℃ were calculated for each treatment time. The 

CCHs in the July 18, August 20, September 22, 
October 21, November 20, December 24, January 22,  
February 24, and March 20 of cane collecting dates, 
were 0, 0, 0, 0, 14, 325, 839, 1376, and 1652, 
respectively. Cumulative temperatures (CT, ℃・h), a 
summation of temperature and hours of exposure to 
above 0℃, were also calculated in each month, but 
only CTs after November were used to determine the 
relationship between number of days to initial budbreak 
(NDIB) and CT, because CCH was first recorded in 
November. The CTs on November 20, December 24, 
January 22, February 24, and March 20 were 7294, 
14267, 15999, 21051, and 26334, respectively.
Statistical analysis
　An analysis of variance was conducted to test the 
differences among temperatures and treatment times. 
Mean separation was done with LSD and/or t-test. 
Relationships between NDIB in each plot and CCH or 
CT were evaluated based on data obtained in the treat-
ments after November. The CT was calculated by 
summation of temperature and hours of exposure to 
above 0℃ from November 1 to each treatment time and 
of hours of exposure to 20, 25, or 30℃ from start of 
treatment to budbreak in each plot.

Results and Discussion

　The effect of temperature on budbreak in grapevines 
is evaluated on the basis of : 1) the number of days to 
initial budbreak after the treatment, indicating promo-
tion of budbreak and 2) the rate of budbreak, that is, 
the uniformity of budbreak10). Based on changes in the 
percentage of budbreak in each treatment (Fig. 1), the 
number of days to initial and 60% budbreak was com-
pared among the treatments (Table 1). Judging from 
the number of days to initial and 60% budbreak in 
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Table 1 Effect of temperature on number of days to initial and 60% budbreak of cuttings from ʻPioneʼ grapevines at different stages 
of dormancy

Treatment
time

No. of days to initial budbreak No. of days to 60% budbreak

20℃  25℃  30℃  20℃  25℃  30℃

July 25.5ca) 10.7b  6.2a  －b) 21.3b 13.0a
August 25.0b　 11.2a 11.0a  －　 20.5ns 16.5ns
September 28.2b　 14.7a 13.2a  －　 26.7ns 19.2ns
October 41.7c　 23.7b 17.0a 51.5c 30.5b 23.0a
November 26.0c　 20.0a 17.7a 29.7c 22.2b 20.0a
December 25.0c　 19.7b 17.5a 28.7c 22.0b 19.7a
January 23.7b　 17.0a 15.5a 25.2b 19.2a 17.0a
February 19.7c　 16.7b 13.7a 22.0b 17.5a 17.5a
March 19.7b　 16.0a 13.7a 22.7b 20.5b 16.0a
a) Means within each row of initial and 60% budbreak followed by different letters are significantly different based on LSD or t-test (P
ｦ0.05). ns: not significant.
b) Percentage was less than 60% within examination.
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Fig. 1 Effect of temperature on budbreak of single bud cuttings of ʻPioneʼ grapevines at different stages of dormancy. Vertical bars 
indicate the SE (n＝4).



‘Pione’ cuttings, 30℃ was the most effective, followed 
by 25 and 20℃ in that order regardless of treatment 
time. In the 30℃ treatment, budbreak was significantly 
accelerated after treatment and the percent budbreak 
thereafter also increased steadily, resulting in the least 
number of days to initial budbreak and in higher rate of 
final budbreak percentage. Similar results were 
obtained at 25℃, but the efficiency of budbreak was 
slightly lower than at 30℃. On the other hand, treat-
ment at 20℃ showed inferior budbreak, resulting in 
many days required for initial budbreak and an uneven 
budbreak thereafter. However, response of grapevine 
to temperature for budbreaking varied markely among 
the treatment times, that is, the different stages of 
dormancy (Table 1, Fig. 2). Irrespective of tempera-
ture treatment, the number of days to initial budbreak 
after treatment was little in July and increased with the 
treatment time, reaching a peak in October or 
November treatments depending on temperature, and 
thereafter gradually decreasing in February to March 
treatments (Fig. 2). Similar observations were made in 
the number of days to 60% budbreak, although an 
uneven rate of budbreak was observed at 20℃ from 
July to October, especially in earlier treatments such as 
July, August and September, resulting in less than 
60% of final budbreak (Table 1). But there was no 
significant difference in the number of days to 60% 
budbreak between 25 and 30℃ in August and Septem-
ber treatments. Also, treatments after December 
showed more uniform budbreak regardless of tempera-
ture, and the later treatment at 25 or 30℃ resulted in 
higher percentage of budbreak (Fig. 1). On the other 

hand, at 20℃, the earliest treatment had the lowest 
final percentage of budbreak. The reasons for the dif-
ferences in response of grapevine bud to temperature 
among the different stages of dormancy were not clearly 
understood. Late treatments such as January or later 
resulted in slight differences among temperatures in the 
initiation and the uniformity of budbreak. Slight differ-
ences were observed in the number of days to initial 
budbreak (NDIB) among treatment times. There was 
a large difference from September to November for 20
℃ and from October to December for 25 and 30℃. The 
reasons for early induction of dormancy at 20℃ than at 
25 and 30℃ were also unclear.
　Overall, higher temperatures significantly reduced 
the number of days to initial and 60% budbreak (Table 
2). Average number of days to initial or 60% budbreak 
at 30, 25, and 20℃ was 13.9, 16.7, and 26.0, or 
18.8, 22.0, and 30.0, respectively. Also, the average 
number of days to initial budbreak was least in July of 
14.0 and increased with treatment time, and peaking in 
October to December, corresponding to deep dormant 
stages. Thereafter, the number of days to initial bud-
break gradually decreased to February to March. 
Similar results were obtained in the number of days to 
60% budbreak, although final percentage of budbreak 
in July to September treatments was less than 60%. 
The maximum number of days to 60% budbreak was 
observed in September, but its number gradually 
decreased to February to March. These results suggest 
that each period of July to September, October to 
December, and January to March could correspond to 
paradormancy, endodormancy, and ecodormancy, 
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Table 2 Comparison of number of days to initial and 60% budbreak of ‘Pione’ cuttings among temperatures and treatment times

Variables No. of days to initial budbreak No. of days to 60% budbreak

Temperature
　20℃ 26.0ca) 30.0c
　25℃ 16.6b 22.0b
　30℃ 13.9a 18.8a
Treatment time
　July 14.0a  －b)

　August 15.7ab  －
　September 18.7cd  －
　October 27.5f 35.0c
　November 21.2e 24.0b
　December 20.7de 23.5b
　January 18.7cd 20.5a
　February 16.7bc 19.0a
　March 16.5bc 19.7a
a) Means within initial and 60% budbreak in each variable followed by different letters are significantly different based on LSD test (P
ｦ0.05).
b) Percentage was less than 60% .



respectively3). The results also agree with those of 
Horiuchi et al.6) that bud dormancy of ‘Delaware’ grape-
vines was deep at the beginning of autumn, but its 
intensity gradually decreased from late autumn to early 
winter. Faust et al.3) divided dormancy of perennial 

fruit trees into three phases, such as induction, mainte-
nance and release based on physiological aspects. 
Available evidence on the factors and mechanisms 
involved in these phases has been reviewed by many 
researchers1,4,21). Reviews of Dennis1) and Powell21) have 
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focused on the physiological involvement of plant hor-
mones.
　In the treatments after the last stage of endodor-
mancy, from December to March, only slight differ-
ences in budbreak were observed among temperatures. 
Almost all the buds broke, even at 20℃, although ini-
tiation of budbreak was significantly later than at 25 
and 30℃. However, aspects of budbreak were mark-
edly different among temperatures in the treatments 
before endodormancy, from July to October. 
Treatments at 30 and 25℃ in July to October resulted 
in significantly fewer days required to initial budbreak 
compared to other treatment times. The uniformity was 
remarkably inferior and 100% budbreak was not 
obtained within the 60 days of examination. When 
grapevines are grown in tropical and subtropical areas, 
such as Thailand, they continue to grow throughout the 
year, having evergreen trees. Intensive grape produc-
tion such as double cropping, that is, production of two 
crops per year has been widely conducted in those 
regions35). Our results indicate that high temperatures 
such as 30℃ are not sufficient for breaking of grapevine 
buds, but can support shoot growth. Therefore, artifi-
cial methods such as application of dormancy breaking 
chemicals are necessary to obtain uniform budbreak for 
grape growing in tropical regions8,35). These findings are 
useful to study the physiology of dormancy in grape-
vine, although the causes of large variation in response 
of buds to temperature during the period of parador-
mancy remain to be elucidated. On the other hand, 20
℃ showed significantly inferior budbreak compared to 
25 and 30℃, especially for the uniformity of budbreak, 
resulting in less than 60% of final budbreak in treat-
ments from July to September. The results may sug-
gest that temperature conditions such as 20℃ or lower 
are strongly related to induction of dormancy. Tohbe et 

al.31) has reported previously that bud dormancy of 
Delaware grapevines is induced by 20/15℃ (day/
night), and glutathione, compound with SH group, is 
strongly related to its control. It is well known that not 
only low temperature but also shorter day conditions 
induce dormancy of temperate-zone woody plants, 
including grapevines6,15,34).
　Breaking of bud dormancy by low temperature such 
as below 7.2℃ was recognized centuries ago, with a 
‘chilling requirement’ being a widely accepted concept in 
the dormancy physiology of temperate-zone woody 
plants. The chilling requirement of the grapevine bud 
has been thought to be less than other deciduous fruit 
tree species15,34), although the duration of the deepest 
stage of dormancy is prolonged by warm temperatures 
in winter23). However, the precise chilling hours 
required for budbreak in grapevines, especially for tet-
raploid cultivars  such as ‘Pione’, have not been estab-
lished yet. We previously reported that response of 
grapevine to temperature for budbreaking varied largely 
among tetraploid cultivars20). Nishimoto et al.17) also 
reported that the chilling requirement of ‘Kyoho’ grape-
vine, the most popular tetraploid cultivar in Japan, is 
about 360 to 390 hours. In this experiment, correla-
tions between the number of days to initial budbreak 
(NDIB) and cumulative chilling hours (CCH) and 
cumulative temperature (CT) were compared. The 
CCH was calculated using temperature data obtained 
after November, corresponding to the middle stage of 
endodormacy, because it was the first month of expo-
sure to below 7.2℃ after start of the experiment. The 
CT was calculated as summation of temperature and 
hours of exposure to above 0℃ from November 1 to 
each treatment time and hours of exposure to 20, 25, 
or 30℃ from start of treatment to budbreak in each 
plot. There was a significant negative correlation 
between NDIB and both CCH and CT (Table 3). This 
fact may suggest that estimating the completion of 
dormancy in grapevine bud based on CT is possible in 
addition to the traditional method using CCH, although 
the results did not agree with those of our previous 
report11) that were obtained in ‘Kyoho’ and ‘Pione’ 
grapevines grown in 7 vineyards with different tem-
perature conditions. The CT is an important factor for 
selection of suitable growing area of fruit trees and 
production of fruit with excellent quality among other 
things15,32,34). Generally, the CT is calculated by sum-
ming up hours of temperature exposure to above 10℃, 
because almost all fruit tree species begin their growth 
at 10℃ or higher. In this study, however, we focused 
on release from dormancy in autumn and winter sea-
sons, therefore CT was calculated by summation of 
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Table 3 Correlation coefficient between cumulative chilling hour 
(CCH) or cumulative temperature (CT) and number of 
days to initial budbreak of ʻPioneʼ cuttings obtained from 
November to March

Temperature CCHa) CTb)

20℃ －0.9753＊＊c) －0.9258＊

25℃ －0.9586＊＊ －0.9057＊

30℃ －0.9814＊＊ －0.9049＊

a) Cumulative chilling hours of exposure to below 7.2℃ from 
November 1 to start of each treatment.
b) Summation of temperature and hours of exposure to above 0℃ 
from November 1 to each treatment time and hours of exposure 
to 20, 25, or 30℃ from start of treatment to budbreak in each 
plot.
c) ＊＊ and ＊ indicate significance at Pｦ0.01 and 0.05.



hours of exposure to above 0℃ after November, 
because exposure to below 7.2℃ was observed in the 
November treatment and thereafter. The relationship 
between the completion of dormancy in grapevine bud 
and CT has not been sufficiently established before, 
although Takagi and Tamura30) suggested possibility for 
prediction of the sprouting date in a forcing culture of 
‘Muscat of Alex andria’ grapevines by CT. Our finding, 
that estimation of the completion of dormancy based on 
CT is possible, is a significant step for studying the 
physiology of dormancy. However, further investiga-
tion is needed to confirm its usefulness for other grape 
cultivars.
　Based on the above observations, we conclude that 
the response of ‘Pione’ grapevine to temperature for 
budbreaking varies largely among the treatment times 
throughout the dormant period from July to March. 
This shows a significant effect of temperature in the 
early treatments before endodormancy, based on the 
number of days to initial and 60% budbreak after treat-
ment. Treatment at 20℃ had inferior budbreak com-
pared to 25 and 30℃ during the period of parador-
mancy such as July to September. A significant 
negative correlation between the number of days to 
initial budbreak and both cumulative chilling hours 
(CCH) and cumulative temperature (CT) may suggest 
that estimating the completion of dormancy in grapevine 
bud based on CT is possible in addition to the traditional 
method using CCH. Further investigation is necessary 
to confirm its usefulness for other grape cultivars.
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休眠程度の異なるブドウ‘ピオーネ’の発芽に及ぼす温度の影響

ポジャナピモン　チャイワット・福田　文夫・久保田尚浩
（応用植物科学コース）

　露地栽培されているブドウ‘ピオーネ’について，休眠の深さが異なる７月から翌年３月まで約１か月間隔で枝を
採取し，１芽を有す挿し穂を調整した後，20，25および30℃に制御したインキュベーター（いずれも14時間日長）に
入れ，経時的に発芽を調査した．発芽の早さを示す発芽所要日数と発芽の揃いを示す60ｵ発芽所要日数から発芽に及
ぼす温度の影響を評価した．実験期間中の温度を測定し，休眠完了と温度との関係を考察した．いずれの処理時期に
おいても30℃の発芽が最も優れ，次いで25℃，20℃の順であった．しかし，発芽に及ぼす温度の影響は処理時期に
よって大きく異なった．すなわち，発芽所要日数は７月から10月までは徐々に増加し，11月に最大に達した後，３月
に向けて少しずつ減少した．このことから，‘ピオーネ’では７月から９月が条件的休眠期，10月から12月が自発休
眠期，１月から３月が他発休眠期と推察された．自発休眠期までの最終発芽率はいずれの温度も100ｵ未満であり，
また７月～９月の20℃処理では60ｵ未満の発芽率であった．一方，自発休眠期の中期以降の処理ではいずれの温度と
も均一な発芽を示し，最終発芽率はほぼ100ｵであった．11月以降の処理において，発芽所要日数と7.2℃以下の温度
に遭遇した時間数（CCH）との間に有意な負の相関があった．また，11月１日から各処理時期までの０℃以上の温度
に遭遇した時間数と20，25または30℃で処理を始めた日から各処理区の発芽までの時間数との積算（CT, ℃・h）と
の間にも有意な負の相関が認められた．以上のことから，‘ピオーネ’の芽の休眠完了の予測には低温遭遇量だけで
なく，０℃以上の積算温度による方法も有効と考えられた．


