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ABSTRACT

An accurate prediction of dormancy release and bud burst in temperate zone fruit trees is
indispensable for farmers to plan heating time under partially controlled environments as well as to
reduce the risk of frost damage in open fields. A thermal time-based two-step phenological model that
originated in Italy was applied to two important grapevine cultivars in Korea for predicting bud-burst
dates. The model consists of two sequential periods: a rest period described by chilling requirement
and a forcing period described by heating requirement. It requires daily maximum and minimum
temperature as an input and calculates daily chill units (chill days in negative sign) until a pre-
determined chilling requirement for rest release is met. After the projected rest release date, it adds
daily heat units (anti-chill days in positive sign) to the chilling requirement. The date when the sum
reaches zero isregarded as the bud-burst in the model. Controlled environment experiments using
field sampled twigs of ‘Campbell Early’ and ‘Kyoho’ cultivars were carried out in the vineyard at the
National Horticultural Research Institute (NHRI) in Suwon during 2004-2005 to derive the model
parameters: threshold temperature for chilling and chilling requirement for breaking dormancy. The
model adjusted with the selected parameters was applied to the 1994-2004 daily temperature data
obtained from the automated weather station in the NHRI vineyard to estimate bud burst dates of
two cultivars and the results were compared with the observed data. The model showed a consistently
good performance in predicting the bud burst of ‘Campbell Early’ and ‘Kyoho’ cultivars with 2.6 and
2.5 days of root mean squared error, respectively.
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Fig. 1. Concept of the two step phenological model for
predicting bud burst date in temperate zone deciduous trees
(modified from Cesaraccio ef al., 2004). Floral buds must
be exposed sequentially to long enough periods of chilling
temperature (R.) and heating temperature (R,) for bud
burst, and the model suggests equal amount but opposite
direction in R, and Ry,.
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Table 1. Formulae to calculate chill days for the five cases that relate daily maximum (7.) and minimum (7;,) temperature to
the threshold temperature (7.) and 0°C, where Tm is the mean daily temperature (from Cesaraccio ez al., 2004)

Number Temperature Chill Days Anti-Chill Days

1 0= Tc = Tn = T\' Cd=0 Ca:Tm_TL
T-T T-T
. 0ST,<T.<T, Cd= (1,1 Ca=—5=

3 0T, =1, =T, Cd=—T,-Ty) Ca=90

T, (T )
< =_ X =

4 T,<0<T, =T, Cd= (T T) 5 Ca=0
B T, (TX) (T Tc) -1,

5 T,<0<T.<T, Cd——[('ﬂ—_-T—,)j—T] Ca= 5

C,: Chill-days, C,: Anti-chill days, 7,:Daily maximum temperature, 7,:Daily minimum temperature, 7,: Threshold

temperature, T, : Daily mean temperature
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Fig. 2. Change in the number of days required for bud
break of two grapevine cultivars after moving from the
optimal condition for chilling (5°C) to that for growth
(25°C). The vertical bar indicates one positive and one
negative standard deviation from the center symbol which
is the arithmetic mean of the 15 buds each.
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Fig. 3. Change in the number of days required for bud
break of two grapevine cultivars afier moving from the
open field condition to the optimal condition for growth
(25°C). The vertical bar indicates one positive and one
negative standard deviation from the center symbol which
is the arithmetic mean of the 15 buds each.
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Fig. 4. Calculated Chill-days accumulation with change of
Te (Threshold Temperature) in Chill-days Model.
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Table 2. Performance of 4 different parameter pairs (threshold temperature, Tc and chilling requirement, Rc) in predicting
bud burst date of Campbell Early and Kyoho grapevine cultivars by the phenology model

Cultivar T. 6

7 8 9

Re -101

Campbell Early RMSE 22.25

-127 -155 -183
11.10 2.57 8.60

Rc -105

Kyoho RMSE 21.08

-132 -159 -187
10.01 2.48 9.04

5/4

4124

4114

PREDICTED (Date)
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4/4 4/14 4/24 5/4
OBSERVED (Date)

Fig. 5. Comparison the observed bud burst dates with the
model calculations in Campbell Early and Kyoho at a
research vineyard in Suwon during 1994-2004.
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