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ABSTRACT

Regardless of the recent observed warmer winters in Korea, more freeze injuries and associated
economic losses are reported in fruit industry than ever before. Existing freeze-frost forecasting
systems employ only daily minimum temperature for judging the potential damage on dormant
flowering buds but cannot accommodate potential biological responses such as short-term acclimation
of plants to severe weather episodes as well as annual variation in climate. We introduce 'dormancy
depth’, in addition to daily minimum temperature, as a complementary criterion for judging the
potential damage of freezing temperatures on dormant flowering buds of grape vines. Dormancy
depth can be estimated by a phenology model driven by daily maximum and minimum temperature
and is expected to make a reasonable proxy for physiological tolerance of buds to low temperature.
Dormancy depth at a selected site was estimated for a climatological normal year by this model, and
we found a close similarity in time course change pattern between the estimated dormancy depth and
the known cold tolerance of fruit trees. Inter-annual and spatial variation in dormancy depth were
identified by this method, showing the feasibility of using dormancy depth as a proxy indicator for
tolerance to low temperature during the winter season. The model was applied to 10 vineyards which
were recently damaged by a cold spell, and a temperature-dormancy depth-freeze injury relationship
was formulated into an exponential - saturation model which can be used for judging freeze risk
under a given set of temperature and dormancy depth. Based on this model and the expected lowest
temperature with a 10-year recurrence interval, a freeze risk probability map was produced for
Hwaseong County, Korea. The results seemed to explain why the vineyards in the warmer part of
Hwaseong County have been hit by more freeze damage than those in the cooler part of the county. A
dormancy depth-minimum temperature dual engine freeze warning system was designed for
vineyards in major production counties in Korea by combining the site-specific dormancy depth and
minimum temperature forecasts with the freeze risk model. In this system, daily accumulation of
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thermal time since last fall leads to the dormancy state (depth) for today. The regional minimum
temperature forecast for tomorrow by the Korea Meteorological Administration is converted to the
site specific forecast at a 30m resolution. These data are input to the freeze risk model and the percent
damage probability is calculated for each grid cell and mapped for the entire county. Similar
approaches may be used to develop freeze warning systems for other deciduous fruit trees.
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Fig. 1. Map of the study area with the location of 10
vineyards.
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Table 1. Formulae to calculate chill days for the five cases that relate daily maximum (Tx) and minimum (7#) temperature to
the threshold temperature (7¢) and 0°C, where is the mean daily temperature (from Cesaraccio et al., 2004)

Number Temperature Chill Days Anti-Chill Days
1 0= Tce<Th <Tx C=0 C,=Tm-Tc
2 0<T<Te<Tx c,,:—[(Tm—Tn)—&;Tf-)} C- TXZT c
3 0<Th=Tx=<Tc C/—(Tm-Tn) C=0
Tx Tx
oencs —-<——) 5
4 Tn<0<Tx < Tt C~ T Th 2 C=0
<0< x Tx Tc) . _Tx-Tc
5 Tn<0<le<Tx Cf{ T Th Tn 5 C, =
C,: Chill-days
C,: Anti-chill days
Tx: Daily maximum temperature

Tn: Daily minimum temperature
7c: Threshold temperature
Tm: Daily mean temperature
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Table 2. Freeze injury and related variables at 10 vineyards in 2003 compared with those in 1981

Minimum Temperature Chill-days
Freezing Damage (%)
Vineyard ID 1981 2003 1981 2003
Jan 27 Jan 6 Jan 27 Jan 6 1981 2003
1 -17.6 -18.0 -145.6 -145.5 <10 30
2 -19.2 -18.2 -155.0 -146.2 0 50
3 -18.9 -18.3 -155.0 -145.9 0 50
4 -18.8 -17.9 -154.1 -146.2 0 50
5 -19.2 -18.4 -155.0 -145.7 0 70
6 -19.9 -18.9 -155.0 -146.0 0 75
7 -19.0 -18.4 -155.0 -146.0 0 80
8 -18.8 -18.1 -154.2 -1459 0 80
9 -19.2 -184 -155.0 -145.7 0 100
10 -18.8 -18.1 -154.9 -145.8 0 100
Mean -18.9 -18.3 -153.9 -145.9
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