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Summary: Grapevine bloom happens between end of May and the middle of June in Hungary. However, climate change in the past decades and
the occurring weather anomalies can modify this date to a diverse degree. Among the weather factors, the bloom starting dates of grapevine depend
mostly on temperature and relative humidity of air. There can be significant differences between North American and East Asian grapevine
varieties, and of course, the early and late ripening varieties. In this approach we investigated the starting dates of bloom between 2000 and 2004
for grapevine varieties grown in Helvécia, as well as the effectiveness of a temperature sum model. The model is based on the widely accepted
cumulated heat sum concept, and the optimization was made for the least standard deviation in days as well as on the least average absolute
deviation in days and on the least maximum deviation in days. The model is connected directly to a similar model for the budburst date of the same
plantings (Hlaszny & Laddnyi, 2009). We set the optimum lower base temperature to 10.45 °C and the upper base temperature to 26 °C. The
absolute values of the differences between the observations and the model estimations move between one and six days with an average of 1.81 days.

Key words: full bloom, starting dates of phenological stages, biologically effective day degrees, Vitis vinifera L.

Introduction

There are deviations between flowering dates of
grapevine species and varieties; the difference between the
examined varieties depends on maturity type, first of all. Of
course, the weather before bloom determines the flowering
dates strongly. The ideal temperature for grapevine bloom
moves between 20 °C and 26 °C. During bloom dry weather
with low air humidity is unfavourable as well as heavy
rainfall is disadvantageous. We set the beginning of bloom
when 4-5% of grapevine flowers opened. The full bloom is
defined by 60-70% of flowers opened (Bényei et al., 1999).
In this paper the starting dates of full bloom are investigated.

Materials and methods

The phenology data of Central Agricultural Office (CAO)
we used were recorded in Helvécia when full bloom periods
started. The data were collected by the employees of Fruit and
Grape Testing Station of CAO between 2000 and 2004. The
Testing Station is situated in Helvecia, in South Great
Hungarian Plain Region. In this region the soil is sandy with
very low humus content (Pernesz, 2004).The number of yearly
sunny hours is between 2000-2500 hours. The main risk
factors are frost and drought. We studied the flowering dates of
five white wine grape varieties (Chardonnay, Sziirkebarat
(Pinot gris), Pinot blanc, Riesling, Harslevelii), and their clone
varieties. Taxonomic and maturity types are listed in Table 1.

Table 1: The examined white wine varieties with their taxonomic and
maturity types

Variety/Clonevariety |  Variant groups Maturity types

Chardonnay
Chardonnay 75
Chardonnay 96

Early

Sziirkebarat
Sziirkebarat 34
Sziirkebarat 52
Pinot blanc 54
Pinot blanc 55
Pinot blanc D55
Riesling 239
Riesling 378
Riesling 391 Late
Riesling 49
Hérsleveld P41
Harsleveli K.9

Convar. occidentalis

Middle

Convar. pontica

A phenology model for
the estimation of flowering date

Plant growth and development is proportional to thermal
time, which can be defined as the accumulated sum of
temperature above a certain threshold. This constitutes the
concept of units of growing degree days (GDD), calculated
as the sum of the differences between the average daily
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temperature of a certain time pericd and a threshold
temperature (lower base temperature) for each period after a
given starting date (Moncur et al., 1989). The concept is
simple to use and accurate in predicting phenological stages
and has been used to forecast the two main stages of plant
development, namely budbreak and flowering with defining
the starting date of the next phenology phase when a critical
threshold is reached. In Hungary such kind of models are not
yet in practice.

For grapevines (Vitis vinifera L.), 10 °C is widely
accepted as (lower) base temperature (Jones, 2003, Jones et
al., 2005). However, we decided to calculate the base
temperatures of grapevine with optimization method for
budbreak and flowering starting dates separately. The
optimization was based on the least standard deviation in
days as well as on the least average absolute deviation in days
and on the least maximum deviation in days. The thermal
time was accumulated from the average daily temperature
above the lower base temperature and, in case of flowering
starting date estimation, with a ceiling of the upper base
temperature if the average exceeded it. Though the most
widely used starting date of thermal accumulation for
budbreak date models is the 1% of January (Riou, 1994, Bindi
et al., 1997 a.b,), after optimization we have chosen a later
starting date which has improved our budbreak date
estimation. The optimized starting date can be considered as
the end of endodormancy (the period when buds are dormant
due to physiological conditions) and the starting date of
ecodormancy (when buds remain dormant just because of
unfavourable environmental conditions, Lang, 1987,
Cesaraccio, 2004).

Setting out from the average daily temperatures
accumulation can be made as a linear or other (e.g.
logarithmic) function (Oliveira 1998, Riou, 1994). The scale
of accumulation can be chosen as daily or hourly steps
(Cortazar-Atauri et al., 2005). In case hourly steps are
applied detailed (observed or estimated) data on sunrise and
sunset are needed. Then we can decide whether triangle,
exponential or sine type approximation of the daily heat
distribution is used. In several cases, however, highly
sophisticated models do not fill the expected accuracy
because of the great number of estimated parameters (Riow,
1994, Garcia de Cortazar-Atauri et al., 2009). Judging by the
quantity and quality of the available data we decided to use a
daily scaled linear model.

We tried to build a relatively simple model that can
estimate the starting date of bloom for 15 white Vitis vinifera
varieties from Helvécia, Hungary in the time period
2000-2004 as accurately as possible.

In our previous approach (Hlaszny & Laddnyi, 2009) the
average daily temperatures above the lower base temperature
were accumulated from a starting date up to the observed
budbreak, for all varieties (i = 1, 2, ... . 15) and years (j =
2000,2001,...,2004).

hudbreak . |

Z mdx[( { F. }U]

GDDY =

Regarded the varieties, the averages of the yearly
accumulated sums were calculated. We called this value as
the critical one due to the budbreak of the i variety.

GDD" . = Aver((,pu”’ )

Pt

The model indicates the budbreak date of the i™
when the critical sum is reached.

The error was defined as the sum of the squares of the
differences between the observed and estimated budbreak
date measured by days:

Erp = ZZ( B~

The error was minimized while the base temperature and
the starting date were varied (see Hlaszny & Ladanyi, 2009).

Next, the average daily temperatures above (another) lower
base temperature were accumulated from the model predicted
budbreak date up to the observed date of bloom, for all
varieties (i = 1, 2, ... , 15) and years (j = 2000,2001,...,2004).

" ma L S

Z max[(mm(
est. budbreak. i f
Again, the averages of the yearly accumulated sums were
calculated. We called this value as the critical one due to the
bloom date of i variety.

GDD/

variety

GDD" =
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For later comparisons it is reasonable to use the modified

error term
£= JLEH'
N .

where N denotes the product of the number of varieties and
years.

Result-s

We determined the optimal (lower) base temperature as
6 °C and the optimal starting date as the 41% Julian day of the
year for the budbreak (Hlaszny & Laddnyi, 2009). (It means
that the statistically calculated date of the end of the
endodormancy is the 10" of February.) Moreover, we set 11,45
°C and 26 °C as lower and upper optimal base temperatures for
flowering. The optima are corresponding to the ones in the
literature based on physiological reasons (Gladstones, 2000).
Table 2 represents the accumulated heat sums (°C) of the
different varieties in the time period 2000-2004.

In Figure I the optimized results are presented. One of the
two parameters (lower and upper basic temperatures) has been
fixed in order to make more accurate our model. The lower
basic temperature with alternative upper basic temperature
diagrams in the first column show that in case the lower base
temperature is set to 10,45 °C, the sum of squares of the
differences in days between the registered and predicted dates
of budburst were at a minimum. At the same time, the
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i The lower base temperature
:'m 2 HTOe S e Error sum parameter is more sensitive than the
01 - upper base temperature. In case of the
450 50 error sum, both of them are quite
p 530 sensitive. The average of the absolute
p 480 error of predictions is 1,81 days, the
o 420 maximal error is 6 days (Table 2).

o o In Table 2 we summarized the
9 95 10 105 1 115 12 20 el 24 26 28
G G —— observed heat sums (°C) that were
necessary for the full bloom of 15
. Average absolute error - Average absolute error whi.le grapevine varieties in the time
2 28 pe.n.od 2000-2004. The averages called
23 24 critical heat sums of the different
21 % varieties are represented in separate
- e . 4 line, underneath. In the last column we
;. 1 can see the yearly average heat sums of
- e the 15 varieties. We can see that the
s ss M w5 n N5 1 o » 2 » * early ripening type varieties Sziir-
Lower base temperature 'C Upper bass tempersiurs °C kebarat 52 and Chardonnay have the
lowest critical heat sums (235,96 °C
oy Maximal error G Maximal error and 243,48 °C, respectively). The cri-
2 B tical heat sums of the late ripening type
= i Riesling clones (Rr 378, Rr391, Rr
o s “_"\ 239) follow these values with 243,81
o i °C, 24591 °C and 247,73 °C. The
= - clone varieties Sziirkebarat 34, Char-
5 5 donnay 96, Pinot blanc 54 and 55, as
E] 95 10 105 1t 1M5 12 20 22 24 . 28

Lower base temperature “C Upper base temperature

‘c

Figure 1. Optimality characters of the two parameters, the lower base temperature and the upper base temperature;

for fixed upper base temperature (26 °C) and varied lower base temperature (left) and for fixed lowe

r base

temperature (10,45 °C), and varied upper base temperature (right). The error sum (first row) is defined as the sum

of squares of the estimation deviance (in days), the absolute error (second row) is defined as the average
absolute deviations. while the maximal error (third row) is the maximal deviation of the model estimations.

of the

Table 2, The accumulated observed heat sums (°C) of the different varieties between budbreak and bloom

in the time period 2000-2004 together with their averages (called critical heat sums)

Voleles| oh ch7s Ch9s Szb Sz 34 Sth§2 PbS4 PoSS Pp DS5 Rr 239 Rr37e R3St Rrds HLPAI

2000 | 23790 25855 25055 80 25055 258,05 ] : :

2001 23345 245156 238,60 24665 25785 24310 25275 24820 25025 243,10 24615 24370 24970 29985 2889 252,48
002 | 27980 283,95 25075 29045 27235 26620 28205 27685 26580 27225 26215 262,15 27225 283,85 2064

2003 21268 24733 24733 21805 23428 226231 24733 23428 23428 22623 | : - g

2004 | 25355 26630 26475 23300 22755 20635 24015 24660 23810 253,55

Rvera ge 4826046 2 24773 25002 23596 256,55 253,20 24820 247,62 243,81 24501 248,94

Table 3. The deviations of the estimations from the observed dates

well as Chardonnay 75 have their critical
heat sums between 250 and 260 C°. The
late ripening type clone varieties Hars-
level(i K.9 and P41 have the highest critical
heat sums (268,25 °C and 274,96 °C).

In 2004 all varieties needed the
highest heat sum for full bloom. The
accumulate values of this year rise
highly, compared to the other years.

Analyzing the deviations of the
estimations from the observed dates
(Table 3) we can see that the starting
date of full bloom of varieties Char-
donnay and Harslevelii K.9 clone were
the most difficult to forecast. The most

- e Varieties (Sziirkebarat 34, Sziirkebarat
Ch Ch75 Ch96 Sib Szb 34 Szb 52 Pb 54 Pb 55 Pb D55 Ar 239 Rr 378 Ar 381 Ar 49 HI_P&1 HILKS| of the < i { 4
Years ; e weoue 52, Riesling 239, Riesling 391,
T 7 % 5 % — & & — 1" Harsleveli P41), however, have their
2001 4 5 3 1 -2 -2 2 2 0 2 1] 1 0 1 1 1,73 "
we (5 2 1 & 2 4 3 4 4 3 2 a1 8 < 3| 260 absolute error as high as the average
2003 a 2 1 3 2 1 1 2 2 2 3 3 3 [ 5 2,60 - i i
—— 2 2 & 2 i t o v # o ¢ g il (1,8 days) which indicates the relative
arage . o -
(e | 280 200 140 240 180 180 160 160 100 180 100 180 NS0 180 280 high stability of the model. The least
ey error of the model was resulted for the

differences between absolute maximum values of differences
in days and their averages were at a minimum, too. This lower
base temperature is considered to be the optimum.

If we take the lower basic temperature as fixed at 10,45 °C,
and move the upper base temperature, we see that at 26 °C, all
the three errors mentioned above reached a minimum value,
consequently, determination of the upper base temperature is
optimal at this point.

clone varieties Pinot blanc D55 and Riesling 378 (1 day).

In the following figures the observed (_o) and the
predicted (_p) full bloom dates are represented.

The observed (_o) and the predicted (_p) full bloom
starting dates of the varieties Chardonnay in the time period
2000-2004 are represented in Figure 2. It can be seen well
that for the year 2000 the model forecast was quite accurate,
its highest error was +2 days in this year (for the variety
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Chardonnay), that is to say the starting date of full bloom was
predicted with two days delay. The absolute error of the
model was | day for the clone varieties Chardonnay 75 and
96. (The starting dates were forecasted one day later for the
first variety and one day earlier for Chardonnay 96). The
highest differences between the observed and forecasted
values were resulted in 2001. The model was late for all the
three varieties, of even 5 days for the clone 75. The
prediction error was 5 days in 2002, too, but in this year in
the case of the variety Chardonnay. In 2003 the forecast was
good with the highest error of 3 days late for Chardonnay, 2
days late for the clone 75 and only 1 day late for the clone 96.
We got the best estimation in 2004, the error was 0 day for
Chardonnay and Chardonnay 75 while it was -1 day for the
clone 96.

day
i Chardonnay
75— - = -
170 + = —
165 + —
160 -+ Ch
155 1 e
150 Ch_p
145 Ch. 75 0
140 — & g :
%

135 1 ; wCh 75.p
130 - Ch_%_o
125 + |Ch 96 _p
120 + :
1o+ — .
s - 5 N = 5 i 3N

2000 2001 2002 2003 W04 yeur

Figure 2. The observed (_o) and the predicted (_p) full blooming starting
dates of the Chardonnay varieties in the time period 2000-2004

The forecast for the early ripening type varieties
Sziirkebarat was quite successful in 2000: the estimation of
full bloom starting dates of varieties Sziirkebarat and its
clone 52 were exact, while the model prediction was 1 day
earlier for the clone variety Sziirkebarat 34. In 2001 the
highest error was 2 days for clones 34 and 52 (the predicted
date was early). In 2002 the early estimation error of six days
(Sziirkebarat) was the highest one among all the estimation
errors. The model was early for the other two clones too, of 2
and 3 days. In 2003 the model predicted the start of full
bloom 3, 2, and 1 day(s) later than it was observed. In 2004
the model estimation was better for the early ripening type
Chardonnay, as it signed the full bloom start 2-3 days later
for Sziirkebarat varieties in this year.
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Figure 3. The observed (_o) and the predicted (_p) full blooming starting
dates of the Sziirkebarat (Pinot gris) varieties in the time period 2000-2004
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Figure 4 The observed (_o) and the predicted (_p) full blooming starting
dates of the Pinot blanc varieties in the time period 2000-2004

The forecast of full bloom starting date of the middle
ripening type Pinot blanc clones was more balanced compared
with the results of Sziirkebarat varieties. The year with the
lowest error was 2000 for this variety: the model was accurate
for the clones 54 and 55 in this year and it was early 1 day for
clone D55. The highest differences between the observed and
forecasted values were in 2002 with an estimation of 3 days
earlier for the clones Pinot blanc 54 and 55.
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Figure 5. The observed (_o) and the predicted (_p) full blooming starting
dates of the Riesling varieties in the time period 2000-2004
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In the case of the late ripening type Riesling clones we
got quite good estimation results in the first two years (2000
and 2001). The highest error was 2 days, and for two clones
(Rr 378 and 49) the model forecast was exact. In 2002 and
2003 the highest absolute error values were 2 and 3 days.
Similarly to Chardonnay, the best result was made in 2004
for these varieties: the model signed the full bloom start for
three clones exactly, while it was early of two days for
Riesling 391.
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Figure 6. The observed (_o) and the predicted (_p) full blooming starting
dates of the Harslevelii varieties in the time period 2000-2004
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The late ripening type varieties Harsleveli K.9 and P.41
belong to the variant group Pontica, while all the above
considered varieties belong to the western variant group. The
model forecasted the full bloom start | day earlier for the
clone Harsleveli P.41 in the years of 2000, 2001 and 2002.
For the clone K.9 the starting dates were signed 2 days earlier
in 2000, 1 day earlier in 2001 and 3 days earlier in 2002. In
2003 the model errors were the highest for both clones with
6 and 5 days late predictions. In 2004 the model signed
accurately the starting day of full bloom of the clone
Harslevelii P41, and it was 3 days late for the clone K.9.

Conclusions

1. Further spatial and temporal validity study is necessary.
Other varieties are also planned to be involved.

2. The model can be driven with RegCM data as well, and
thus it can be used for climate change impact studies.
This kind of application is also on our list of plans.

Acknowledgement

Our work was supported by the projects No. OM-
00265/2008 and OTKA K 63065/2006.

References

Bényei, F., Lorincz, A., Sz. & Nagy, L. (1999): Szolotermesztes,
Mezogazda Kiado, Budapest, p. 433,

Bindi, M., Miglietta, F., Gozzini, B., Orlandini, S. & Seghi, L.
(1997a): A simple model for simulation of growth and development
in grapevine (Vitis vinifera L.). 1. Model description. Vitis, 36 (2):
67-71.

Bindi, M., Miglietta, F., Gozzini, B., Orlandini, S., Seghi, L.
(1997b): A simple model for simulation of growth and development
in grapevine (Vitis vinifera L.). 1I. Model validation. Vitis, 36 (2):
73-76.

Cesaraccio, C., Spano, D., Snyder, R. L. & Duce, P. (2004)
Chilling and forcing model to predict bud-burst of crop and forest
species. Agric For Meteorol, 126: 1-13.

Cortazar-Atauri, G. L., Brisson, N., Seguin, B., Gaudillere, J. P.
& Baculat, B. (2005): Simulation of budbreak date for vine. The
BRIN model. Some applications in climate change study. In:
Proceedings of XIV International GESCO Viticulture Congress,
Geisenheim, Germany, 23-27 August, 2005, pp. 485-490.

Cortazar-Atauri, G. L., Brisson, N. & Gaudillere, J. P. (2009:
Performance of several models for predicting budburst date of
grapevine (Vitis vinifera L.) Int ] Biometeorol DOI
10.1007/s00484-009-0217-4).

Gladstones, J. (2000): Past and future climatic indices for
viticulture. Proc. 5th Intl. Symp. Cool Climate Vitic. Oenol.,
Melbourne, Australia. 10 pp.

Hlaszny, E. & Ladanyi, M. (2009): A budbreak date model for
some white wine grape varieties. http://odin.agr.unideb.hu/su2009/
SU2009-Proceedings.pdf In: Summer University on Information
technology and Rural developement, Debrecen, 2009. p. 108-120.

Jones, G. V. (2003): Winegrape phenology. In: Schwartz MD (ed)
Phenology: an integrative environmental science. Kluwer,
Milwaukee, pp. 523-540.

Jones, G. V., Duchene, E., Tomasi, D., Yuste, J., Braslavksa, O.,
Schultz, H., Martinez, C., Boso, S., Langellier, F., Perruchot, C.
& Guimberteau, G. (2005): Changes in European winegrape
phenology and relationships with climate. In: Proceedings of XIV
International GESCO Viticulture Congress, Geisenheim, Germany,
23-27 August, 2005, pp. 55-62.

Lang, G. A., Early, J. D., Martin, G. C. & Darnell, R. L. (1987):
Endo-, para-, and ecodormancy: physiological terminology and
classification for dormancy research. HortScience, 22 (3): 371-377.

Moncur, M. W., Rattigan, K., Mackenzie, D. H. & McIntyre, G.
N. (1989): Base temperatures for budbreak and leaf appearance of
grapevines. Am J Enol Vitic, 40 (1): 21-26.

Oliveira, M. (1998): Calculation of budbreak and flowering base
temperatures for Vitis vinifera cv. Touriga Francesa in the Douro
Region of Portugal. Am J Enol Vitic, 49 (1): 74-78.

Pernesz, Gy. (2004): New resistant table grape cultivars bred in
Hungary Proceedings of the First International Symposium on
Grapewine Growing, Commerce and Research, Acta Horticulturae,
652 p. 321.

Riou, C. (1994): The effect of climate on grape ripening:
application to the zoning of sugar content in the European
community. CECACEE- CECA, Luxembourg.



http://www.tcpdf.org

