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ABSTRACT

This study evaluated the thermal demand of different grapevine varieties
(Cabernet Franc, Merlot, Semilléon, and Tannat) in Don Bosco, Tandil, Buenos Aires,
Argentina. Phenology was evaluated during four productive cycles, identifying periods
from budburst to flowering onset (BB-FO), flowering onset to veraison onset (FO-VO),
and veraison onset to maturity (VO-M). The National Meteorological Service of Argentina
provided daily maximum and minimum air temperatures. Six thermal sum methods were
used: methods 1.1, 1.2, and 1.3 depended on base temperature for vine development (10°C);
methods 2.1 and 2.2, considered base temperature and optimum temperature (25°C); and
method 3, considered base, optimum, and threshold temperature (35°C). These methods
were evaluated using the standard error of the thermal sum. Methods 2.2 and 3 best fit all
four varieties, allowing adequate estimates of cumulative daily heat summation.
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Thermal requirements of grape varieties

RESUMEN

El presente estudio tuvo como objetivo evaluar los requerimientos térmicos de diferentes
variedades de vid (Cabernet Franc, Merlot, Semill6n y Tannat) en vifiedos plantados en Don
Bosco, Tandil, Buenos Aires, Argentina. Se evalud cronolégicamente el desarrollo fenologico
durante cuatro ciclos productivos, identificando las fechas de ocurrencia de los eventos y
delimitando la duracidn de los subperiodos en dias: inicio de brotacion a inicio de floracién,
inicio de floracién a inicio de envero, y envero a madurez. Las temperaturas maximas y
minimas diarias del aire se obtuvieron de los registros del Servicio Meteoroldgico Nacional.
Se emplearon seis métodos de suma térmica: los métodos 1.1, 1.2 y 1.3, que se basan exclu-
sivamente en la temperatura base para el desarrollo de la vid (10°C); los métodos 2.1y 2.2,
que, ademas de la temperatura base, consideran también la temperatura 6ptima (25°C);
y el método 3, que incorpora los parametros anteriores junto con la temperatura umbral
(35°C). Estos métodos se evaluaron utilizando el error estandar de la suma térmica. Los
métodos 2.2 y 3 demostraron el mejor ajuste para las cuatro variedades. Concluimos que
los métodos 2.2 y 3 son mas precisos en la estimacion de la suma térmica diaria para todas
las variedades estudiadas.

Palabras clave
grados-dias e Vitis vinifera L. e fenologia ¢ clima templado - himedo

INTRODUCTION

Among climatic factors, temperature plays a fundamental role in crop development.
Temperature controls vegetative growth and development. Thermal weather models
predicting plant development confirm its crucial role in phenology (54).

Grapevine (Vitis vinifera L.) is one widely cultivated fruit crop (30). Optimal production
largely depends onlocal climatic conditions in each growing region (5).In modern viticulture,
identifying phenological phases for each cultivar is crucial for effective crop management
(21, 41). In recent decades, several investigations have focused on predicting grapevine
budburst, flowering, and ripening (2, 15). Phenological characterization and quantification
of thermal units for each phase allow harvest date estimations, suggesting site potential
for viticulture (36). Thermal quantification, known as thermal sum (39) and typically
expressed as degree-days (C° d) is widely used to account for temperature effects on plant
development (40, 43). Daily thermal sum (DTS) considers average ambient temperature
and basal temperature (BT) for each species. Grapevine has a DTS of 10°C. When the value
after subtracting BT from average temperature is positive, degree-days are accumulated
(16, 17, 25). This accumulated C°d can be calculated on a daily or monthly basis, for each
phenological stage (20). Villaseca et al. (1986) indicated 850 to 950 C°d for early maturing
table grape varieties and 1150 to 1350 C° d for late maturing cultivars in Chile. Chronological
times between phenological stages vary with variety, climate, and geographic location (48).
Thus, before introducing grape varieties in new regions, environmental effects on phenology
should be considered for better technological management (4).

Unfortunately, research on grape phenology in southeastern Buenos Aires, Argentina, is
limited, especially when compared to other regions of the country, such as Mendoza (14). In
this province, the hilly area of Tandil constitutes a promising region for viticulture. According
to Godoy and Gancedo (2022) hilly areas adequately satisfy the thermal needs of Merlot and
Cabernet Franc, being Tandil an emerging region. European grape varieties of different cycles
and origins are being evaluated in Tandil. According to the National Institute of Viticulture of
Argentina (2022), vineyards in Buenos Aires grew by 200% between 2011 and 2021.

Several authors consider a BT of 10 °C to characterize varietal thermal
requirements (29, 32, 35, 39). However, this varies with phenology. The optimal growth
temperature ranges from 25 to 30°C (9). Above 30°C, growth decelerates, ceasing at
approximately 38°C (38). Research on optimal temperature for each developmental stage
indicates optimal average daily temperature for budburst above 10-12°C, between 18 and
22°C for flowering, between 22 and 26°C from flowering to veraison, and between 20 and
24°C from veraison to ripening (38).
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Methods to calculate DTS are related to cardinal temperatures for plant development
or based on air temperature (53). The former are grouped according to whether they only
rely on BT or include optimum or upper threshold temperatures for plant development. The
latter are grouped according to whether they rely on mean air temperature or also consider
minimum and maximum temperatures (40, 51).

Defining phenological stages allows for rationalizing and optimizing cultural practices in
vine cultivation (26). This study evaluated thermal requirements of Cabernet Franc, Merlot,
Semillén, and Tannat varieties, by different calculation methods in the hilly region of Tandil,
Buenos Aires province.

MATERIALS AND METHODS

The research was conducted at a commercial property called “Vifiedo
y Bodegas Cordon Blanco,” in Tandil, southeastern Buenos Aires province
(37°22’28” S, 59°06’23” W, altitude of 271 m) (figure 1). The 1.8-hectare vineyard was
planted in 2008 with 1.8 m between rows, 1.2 m between plants, and 4,700 plants per
hectare. It is subdivided into 40 x 25 m plots, with one vine variety per plot. We assessed
four plots with Cabernet Franc, Merlot, Semill6n, and Tannat. Soil is clayey and climate is
temperate-humid with mild summers. Average annual temperature is 14.2°C, and average
annual rainfall is 827 mm. Considering vine growing cycle from September to March, average
rainfall is 539.5 mm, and average maximum and minimum temperatures are 23.9°C and
9.8°C, respectively (data provided by the National Meteorological Service of Argentina, SMN).

The vineyard was agronomically managed by pruning and phytosanitary controls.
The four varieties were grafted onto a ‘101-14 Mgt’ rootstock, a V. riparia/V. rupestris
hybrid, easy to root and graft, and resistant to Daktulosphaira vitifoliae (phylloxera) (31).
Starting in 2013, monitoring began from budburst to berry softening during 2013 - 2014,
2016 - 2017, 2018 - 2019, and 2019 - 2020 seasons. Determinations started from the fifth
growth cycle, with a fully established crop, selecting five plants from different points within
each plot, considered replicates. Phenology related to thermal summation was evaluated
chronologically by identifying dates for each event, determining subperiods, in days.

Figure 1. Aerial view of the “Cordén Blanco” vineyard, located in Tandil, Buenos Aires
province, Argentina, in September 2021.

Figura 1. Vista aérea del vifiedo “Cordén Blanco”, ubicado en Tandil, Buenos Aires, en
septiembre del 2021.
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Tmax is maximum
temperature, Tm is
mean temperature,

and Tmin is minimum
temperature. Cardinal
temperatures are the
lower basal temperature
(10°C), the optimum
temperature (25°C),
and the upper threshold
temperature (35°C).

Tmax se refiere a la
temperatura maxima,
Tm a la temperatura
mediay Tmin a la
temperatura minima.
Las temperaturas
cardinales son:
Temperatura base
inferior (10°C), 6ptima
(25°C) y umbral
superior (35°C).

Thermal requirements of grape varieties

Main phenological stages (24) were identified via Biologische Bundesanstalt
Bundessortenamt Chemise (BBCH) scale, including sub-stages 05 (10-15% budburst) to 09
(end of budburst), 65 (flowering), 81 (veraison onset), and 85 (softening of berries, start
of grape maturation). Budburst was determined when 50% of buds had visibly burst, at
sub-stage 07 in the BBCH scale. Sub-stage 81 (veraison onset) was established by berry
color change. Following this phenological scale, varietal growth cycles were evaluated up to
sub-stage 85, until berry softening.

Minimum (Tmin) and maximum (Tmax) air temperatures and daily rainfall were
obtained from the SMN. Daily mean air temperature (Tm) was calculated as the arithmetic
mean between daily Tmin and Tmax. As described, thermal requirements were calculated
as the sum of degree-days (°C d) for each phenological sub-period and from budburst to
ripening. DTS (C° d) was determined via six different methods: method 1.1 (12), method
1.2 (52), method 1.3 (45, 47), method 2.1 (34), method 2.3 (28), and method 3 (49, 55).
These were grouped according to whether they used only BT (methods 1.1, 1.2, and 1.3),
i.e. the temperature at which the vine metabolic process is minimum (10°C), the optimum
temperature (OT) (methods 2.1 and 2.2), or the three cardinal temperatures: BT, OT and
upper threshold (TT) (method 3). Table 1 shows all six methods.

Table 1. Daily thermal sum (DTS) methods used, equation, calculation concerning
temperature parameters, and references.

Tabla 1. Método de suma térmica diaria (STD) utilizado con la férmula final,
su base de calculo en relacion con las temperaturas empleadas y la bibliografia
asociada a cada método.

DTS method Calculation basis References

1.1
If Tm < 10 °C, then Tm = 10°C
(Tm - 10°C) x 1 day

1.2 Gilmore and

If Tmin < 10 °C, then Tmin = 10°C Rogers (1958)

(Tm - 10°C) x 1 day

Villa Nova et al.

1.3 , (1972)
When Tmin > 10°C
DTS = {[(Tmin - 10°C) + [(Tmax - Tmin) / 2]} x 1 day; Streck et al

When Tmin < 10°C (20073, 2007b)

DTS = {[(Tmin - 10°C?] / [2(Tmax - Tmin)]} x 1 day;
When Tmax < 10°C

Paula et al.
DTS = (0) x 1 day (2008)
2.1
If Tm < 10°C, then Tm = 10°C; If Tm > Moura et al.
25°C, then Tm= 25°C (2007)

(Tm - 10°C) x 1 day

22 If Tmin < 10°C, then Tmin = 10 °C; If

T 25°C, then T =25°C
(Tm - 10 °C) x 1 day max > en Tmax

3
When Tm < 25°C and Tmin < 10°C;
DTS = [(Tmax - 10°C)0,5] x 1 day;
When Tmax < 10°C;
Tomazetti et al.

DTS = (0) x 1 day; s

When Tm < 25°C and Tmin > 10°C;
DTS = (Tm - 10°C) x 1 day;
When Tm > 25°C and Tmax < 35°C;

DTS = {(25°C - 10°C) x [(35°C - Tm) / (35°C - 25°C)]}
x 1 day;

DTS = {(35°C - 25°C) x [(35°C - Tm) / (35°C - 25°C)]}
x 1 day

When Tm > 25°C and Tmax > 35°C,
being that if Tmax > 35°C, then Tmax
=35°C

Zeist et al. (2017)
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Rainfall (mm), mean
(Tm), absolute
maximum (Tmax),

and minimum (Tmin)
temperatures (°C)
recorded in each growth
cycle.

Precipitaciones (mm),
Temperaturas medias
(Tmed), méaximas
(Tmax) y minimas
(Tmin) absolutas (°C)
registradas en cada ciclo
de crecimiento.
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For BT, OT, and TT, 10, 25, and 35°C were adopted respectively (55) (table 1, page 44).
Cumulative thermal sum (CTS) for the whole cycle and each subperiod included individual
DTS, i.e. CTS=XDTS (12, 44). Years were considered replicates and varietal CTS was assessed
by calculating the standard error of the mean (SE). The SE of the CTS was obtained after
calculating the standard deviation of the mean CTS for each year. The thermal requirements
needed to complete the cycle and each phenological stage were subjected to ANOVA and
compared by Tukey’s test, with Infostat software (10) at p = 0.05.

RESULTS AND DISCUSSION

Duringthe fouryears, absolute minimum and maximum temperatures fluctuated between
-6.5°C and 39.3°C, respectively (table 2). Temperatures below BT (10°C) were recorded in
all production cycles (figure 2, page 46), primarily between budburst and flowering onset
(BB-FO). During November, coinciding with FO, average maximum temperature was 25°C
in all four periods, with an average minimum temperature of 10°C. These conditions fell
within the range between BT (10°C) and OT (25°C) (figure 2, page 46). In December, average
maximum temperature reached 29°C during FO-VO and 20°C when calculated as mean
temperature considering the four growth cycles. Finally, temperatures above TT (35°C) were
recorded in all four production cycles, particularly during 2013-2014, on December 23, 24,
28, and 29, and January 6, 15, 17, and 18. Noticeably, total rainfall recorded in 2013 was
762.6 mm, below the historical average of 30 years (889 mm), while in 2014 was 1402 mm,
significantly above historical average for Tandil. Table 2 shows 442 mm total rainfall in the
last cycle (2019-2020), and during winter before BB, minimum temperature of -7.8°C and
rainfall of 18 mm.

Table 2. Phenological evaluation of “Cabernet Franc”, “Merlot”, “Semillén” y “Tannat”
(Vitis vinifera L.) in Tandil, Buenos Aires province, from September to February.

Tabla 2. Periodos de evaluacion fenolégica de las 4 variedades de Vitis Vinifera L.
plantadas en Tandil, Buenos Aires.

Period (Sept - Feb.) Rainfall (mm) Absolute Tmax (°C) | Absolute Tmin (°C) Tm (°C)
2013/2014 770.1 39.3 -5.6 171
2016/2017 536.0 374 -4.2 17.4
2018/2019 697.1 34.2 -2.5 16.7
2019/2020 442 355 -6.5 16.9

The complete cycle from BB to M lasted, on average, 161 days for Cabernet Franc,
162 days for Merlot, 161 days for Tannat, and 154 days for Semillon. No differences were
observed between varieties (p > 0.05). Table 3 (page 47) details phenological dates for all
four seasons.
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Figure 2. A. Average air temperature (°C) and B. Accumulated rainfall (mm) from
September 1 to the end of March in four seasons, for Cabernet Franc, Merlot, Semillén, and
Tannat grapevines (Vitis vinifera L.) in Tandil, Buenos Aires province, Argentina.

Figura 2. A. Temperaturas medias del aire (°C) y B. Precipitaciones acumuladas (mm),
desde el 1 de septiembre hasta finales de marzo en cuatro temporadas, para las variedades
de vid Cabernet Franc, Merlot, Semillén y Tannat (Vitis vinifera L.) en Tandil, provincia de
Buenos Aires, Argentina.
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Budburst (BB),
flowering onset (FO),
veraison onset (VO), and
berry softening (M).

Los eventos fenolégicos
registrados fueron inicio
de la brotacién (IB),
inicio de la floracién
(IF), inicio del envero
(IE), y ablandamiento de
yemas (M).
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Table 3. Phenological dates for Semillon, Cabernet Franc, Merlot, and Tannat varieties,
recorded during four growing seasons: 2013 - 2014, 2016 - 2017, 2018 - 2019, and
2019 - 2020, in Tandil, Buenos Aires province.

Tabla 3. Fechas de los estadios fenoldgicos observados en las variedades: Semill6n,

Cabernet Franc, Merlot y Tannat, registrados durante 4 ciclos de cultivo: 2013 - 2014,
2016 -2017,2018-2019y 2019 - 2020, en Tandil, Buenos Aires.

Cv. Semillén BB FO \'0) M
2013/2014 Sept 16 Nov 24 Jan 27 Feb 24
2016/2017 Sept 15 Nov 24 Jan 25 Feb 20
2018/2019 Sept 24 Nov 26 Jan 28 Feb 28
2019/2020 Oct 7 Nov 18 Jan 27 Feb 24
Cv. Cabernet Franc BB FO Vo M
2013/2014 Sept 9 Nov 16 Jan 30 Feb 20
2016/2017 Sept 12 Nov 21 Jan 30 Feb 24
2018/2019 Sept 17 Nov 26 Jan 28 Feb 23
2019/2020 Sept 21 Nov 18 Jan 27 Feb 24
Cv. Merlot BB FO Vo M
2013/2014 Sept9 Nov 16 Jan 31 Mar 1
2016/2017 Sept 12 Nov 29 Jan 25 Feb 24
2018/2019 Sept 17 Nov 26 Jan 28 Feb 24
2019/2020 Sept 30 Nov 16 Jan 27 Feb 28
Cv. Tannat BB FO Vo M
2013/2014 Sept9 Nov 18 Jan 27 Feb 26
2016/2017 Sept 12 Nov 24 Jan 23 Feb 25
2018/2019 Sept 24 Nov 26 Feb 5 Feb 28
2019/2020 Sept 30 Nov 18 Jan 27 Feb 26

Methods 2.2 and 3 showed the most precise heat summation adjustments considering
the whole cycle in Tannat, Semill6on, and Cabernet Franc, given lower standard errors (SE)
obtained in the FO-VO subperiod (table 4, page 48). These methods did not statistically differ
from each other (p > 0.05) butdid differ from method 1.2 for all varieties (table 5, page 48-49).
Considering method 2.2, CTS for Tannat, Semillén, and Cabernet Franc were 1219, 1182,
and 1198°C d, respectively, with SE values of 13.5, 31.5, and 11.78°C d. In contrast, when
using method 3, CTS were 1152, 1124, and 1135 C° d, respectively, with SE values of 28.7,
44.8,and 28.1 C°d (table 5, page 48-49). For Merlot, method 3 provided the best adjustment
(lowest SE), with 1145 C° d CTS and an SE of 30.4 C° d. For Cabernet Franc and Tannat,
medium and medium-late maturing varieties respectively, method 3 also showed a statistical
difference of 1.3 (p < 0.05) compared to method 2.2 (table 5, page 48-49).

Thermal demands for each subperiod were also calculated after the six thermal summation
methods (figure 3, page 49 and figure 4, page 50). Noticeable trends were observed among
thermal sums for the four varieties, particularly in the first subperiod (BB-FO), where
methods 2.2 and 1.2 had higher CTS values than the other methods (figure 3, page 49). These
methods assume that when minimum temperatures are lower than or equal to BT, minimum
temperature equals BT and overestimates DTS and CTS, especially in cold months with
temperatures below BT. Method 2.1 resulted in the lowest SE in Tannat and Semill6n, with
CTS values of 251.2 + 16.6 C° d and 260.3 = 37.9 C° d, respectively.
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Table 4. Mean duration of each subperiod
(BB-FO, FO-VO, and VO-M, in days), + standard deviation.

Tabla 4. Duracion media de cada subperiodo en dias, con su desvio estandar, IB-IF (dias),
[F-1E (dias), IE-M (dias).

Cv. Semillon BB-FO (days) FO-VO (days) VO-M (days)
2013/2014 684+ 1.1 64.5 + 2.4 26.0 + 1.4
2016/2017 68.8+2.7 65.0 £3.7 25.4 +3.4
2018/2019 61.2+2.4 62.6+1.8 29.0+£2.0
2019/2020 45.0+3.1 68.0 +4.3 26.0 £3.7
Cv. Cabernet Franc BB-FO (days) FO-VO (days) VO-M (days)
2013/2014 684 +1.2 74.6 3.0 21.2+£1.7
2016/2017 69.5 +1.1 69.7 £0.5 25.6 £0.9
2018/2019 704 +1.8 62.7+1.3 25.8+0.5
2019/2020 58.0 £4.3 68.2+3.5 28.3+0.5
Cv. Merlot BB-FO (days) FO-VO (days) VO-M (days)
2013/2014 68.6+1.1 76.0 0.7 27.8+0.8
The table the average
duration of each 2016/2017 76.4 +4.7 58.2 1.1 29.0 +1.4
along:ﬁ%‘;ﬁz‘igﬂi{z 2018/2019 71.8£35 61.2£3.7 262+13
deviation: BB-FO 2019/2020 50.0 5.7 70.7 +3.2 31.7£0.6
(days), F\(I)(;‘_/]\(/)[ Eg:i 3' Cv. Tannat BB-FO (days) FO-VO (days) VO-M (days)
La tabla expresala 2013/2014 70.0 £3.5 69.0 + 3.4 30.0
duracion media de cada 2016/2017 733+13 60.3 +0.5 31.8+18
subperiodo en dias, con
su desvio estandar, IB-IF 2018/2019 62.5+3.3 70.0 £ 0.5 24.0+2.0
(dias), IF-IE (dias), IE-M 2019/2020 47.2+36 69.7 1.7 32.5+2.1
(dias).
Table 5. Average cumulative thermal sum (CTS) calculated for each subperiod
(BB - FO, FO - VO, and VO - M) and the BB-M period for the four varieties by six methods of
calculation of daily thermal sum (DTS).
Tabla 5. Suma térmica acumulada (STA) media calculada para cada subperiodo
(IB - IF, IF - IE, IE - M) y para el periodo IB - M, para las 4 variedades, utilizando los
6 métodos de calculo de la suma térmica diaria (STD).
DTS method | Varieties f(ﬁ-vlgl?ie[(gfi) A‘g:?rgg (C;Sclf)Or fo[r“;eorix/gg (Cg:’sd) foArv\(;(r:ie(cchi)
1.2 Merlot 1383 a 362.1 720.1 301.6
1.3 Merlot 1299 ab 309.4 691.1 292.0
1.1 Merlot 1245 ab 259.9 688.9 296.9
2.1 Merlot 1235 ab 260.5 681.0 294.2
2.2 Merlot 1189 b 349.8 592.4 262.2
3 Merlot 1145 b 268.8 606.5 269.4
1.2 Semillon 1362 a 355.4 686.2 320.7
Different letters in 1.3 Semillon 1261 ab 292.6 658.1 310.7
Statiz‘t)ilé‘arf;‘;fi:riiﬁéi 11 Semillon 1226 ab 260.3 656.1 310.2
(p > 0.05). 2.1 Semillén 1215 ab 260.3 648.1 307.6
Valores en las columnas 2.2 Semillén 1182 b 3432 562.9 276.0
seguidos de la misma
letra, no difieren entre si 3 Semillon 1124 b 264.0 574.8 285.4
porla pr“ebigig‘_’éﬁ)’f 12 Cab. Franc 1381a 369.0 737.9 2743
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1.3 Cab. Franc 1275 ab 299.2 706.9 269.2
1.1 Cab. Franc 1234 bc 262.3 704.0 267.8
2.1 Cab. Franc 1218 bc 258.1 696.1 264.9
2.2 Cab. Franc 1198 bc 357.6 605.5 234.4
3 Cab. Franc 1135 ¢ 272.4 613.5 248.9
Different letters in 1.2 Tannat 1399 a 349.8 791.1 258.4
columns indicate
statistical differences 1.3 Tannat 1310 ab 302.2 759.9 248.4
(p>0.05). 1.1 Tannat 1259 bc 251.2 757.2 250.5
Valores en las columnas 21 Tannat 1150 be 251.2 650.1 2493
seguidos de la misma
letra, no difieren entre si 2.2 Tannat 1219 bc 339.0 654.0 225.7
por la prueba de Tukey
(p > 0,05). 3 Tannat 1152 ¢ 259.1 678.2 230.7
Cabernet franc Semillon
mBB-FO ®FO-VO mVO-M mBB-FO mFO-VO mV0-M
3 3
22 2.2
g 21 e 21
=} =}
= =
g 13 g 13
1.2 1.2
1.1 1.1
(I) 3(I)0 6[I)0 9(I)0 12I00 15Ioo 0 300 600 900 1200 1500
A CTS (C° d) B CTS (C° d)
Merlot Tannat
EBB-FO ®mFO-VO mV0-M EBB-FO mFO-VO mV0-M
3
3
22
2.2
S 21
§ 2.1 %
g 1.3 s 13
12 1.2
1.1 1.1
(I) 3(I)O 6(I)O 9(I)0 12I0() 15I0() 0 300 600 900 1200 1500
C CTS (C°d) D CTS (C°d)

Figure 3. Cumulative thermal sum (CTS, C° d) calculated for each subperiod: budburst to
flowering onset (BB-FO), flowering to veraison (FO - VO), and veraison to berry softening
(VO - M), by six methods (1.1, 1.2, 1.3, 2.1, 2.2, and 3) estimating STD in Cabernet Franc,
Semill6on, Merlot, and Tannat, in Tandil, Buenos Aires province.

Figura 3. Suma térmica acumulada (STA, °C d) calculada para cada subperiodo: inicio de la brotacién - inicio de

la floracidn (IB - IF), inicio de la floracidn - inicio del envero (IF - IE), inicio del envero - ablandamiento de bayas

(IE - M), utilizando seis métodos (1.1, 1.2, 1.3, 2.1, 2.2, y 3), estimando la STA en las variedades Cabernet Franc,
Semillon, Merlot y Tannat, en Tandil, provincia de Buenos Aires.
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Figure 4. Standard error (SE) of cumulative thermal sum (CTS, C° d) for each subperiod: budburst to

flowering (BB - FO), flowering to veraison (FO - VO) and veraison to berry softening (VO - M). Six methods
(1.1,1.2,1.3, 2.1, 2.2, and 3) estimated daily thermal sum (DTS) in Cabernet Franc, Semillén, Merlot, and Tannat

in Tandil, Buenos Aires province.

Figura 4. Error estandar (ES) de la suma térmica acumulada (STA, °C d) para cada subperiodo: inicio de la
brotacidn - inicio de la floracién (IB - IF), inicio de la floracidn - inicio del envero (IF - IE), inicio del envero -
ablandamiento de bayas (IE - M). Seis métodos (1.1, 1.2, 1.3, 2.1, 2.2 y 3) estimaron la suma térmica diaria (STD)

en las variedades Cabernet Franc, Semillon, Merlot y Tannat en Tandil, provincia de Buenos Aires.

In Semillén, no difference was found among methods (p > 0.05), whereas in Tannat,
however, method 2.1 differed from methods 1.2 and 2.2 (p < 0.05). In Cabernet Franc,
methods 1.3 and 2.2 yielded similar SE values (6.2°C d), with CTS 300 C° d and 357 C° d,
respectively, while in Merlot method 1.3 yielded alower SE (figure 4), and no differences with
methods 2.2 and 3 (p > 0.05). Overall, methods 2.2 and 1.2 had significantly (p > 0.05) higher
CTS values for this subperiod (BB - FO), while method 2.1 yielded the lowest CTS for Tannat
and Semillon. Additionally, Tannat had a significantly different CTS calculated using method
2.1 from the estimated using methods 1.2 and 2.2 (p < 0.05). Although these variations
between methods showed no differences for most varieties, they suggest that calculation
method influences CTS estimation. Considering Cabernet Franc and Merlot, BB occurred on
September 15 and 17, respectively, averaging four observation cycles (table 3, page 47). In
other regions of South America, such as southern Brazil, BB for Merlot and Cabernet Franc
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occurs around September 13 (26). Additionally, during 2018-19 and 2019-20, a two-week
delayed BB was observed compared to previous years (table 3, page 47). This delay could be
attributed to the lower temperatures recorded toward the end of winter, along with lower
precipitation (figure 2, page 46), considering varietal BB phenological pattern is primarily
influenced by air temperature (26).

The longest subperiod (63 - 91 days) with the highest thermal sum requirement was
FO-VO, in all four varieties. Minimum SE for this subperiod was recorded for methods 2.2
and 3. Considering Merlot, Cabernet Franc, and Tannat, no statistical differences were
observed with the other methods (figure 4, page 50). However, for Semillén, methods 2.2
and 3 showed differences in SE (figure 4, page 50) and CTS (table 4, page 48) compared to
methods 1.1, 1.2 and 1.3 (p < 0.05). Merlot had CTS * SE of 592.2 + 14.5 C° d with method
2.2 and 606.5 *+ 16.4 C° d with method 3. Semillon, showed 562.9 + 4.7 C° d with method 2.2
and 574.8 + 3.7 C° d with method 3. Cabernet Franc had CTS 605.5 + 12.6 C° d with method
2.2 and 613.5 * 14.6 C° d with method 3. Finally, CTS in Tannat was 662.5 + 19.0 C° d with
method 3. Considering Tannat, all six methods showed high SE (figure 4, page 50).

The VO-M subperiod showed no statistical differences among methods (p > 0.05) or the
four varieties. However, method 3 yielded the best fit in three varieties (figure 4, page 50).
In detail, CTS * SE for Merlot, Cabernet Franc, and Semillén were 269.4 + 7.9 C° d, 248.9 +
4.2 C°d, and 285.4 + 10.0 C° d respectively. Instead, in the VO-M subperiod, Tannat showed
higher SE than the other varieties while, with method 2.2, it obtained the minimum SE
(figure 4, page 50) with CTS of 225.7 + 24.6 C° d. This late variety had a delayed VO in the
last two cycles (table 3, page 47). Between February 20 and March 1, 50% of the plants of
all varieties (table 3, page 47) were at sub-stage 89. Harvesting occurred later, particularly
in the intermediate to late varieties. As latitude increases, more days are needed to reach a
particular phenological stage (3).

Methods 1.1, 1.2, and 1.3 generated higher SE values for the four varieties. This lower
methodological efficiency in representing thermal accumulation has been previously
reported in southern Brazil (49). These three methods, based only on BT, showed higher
variability (high SE) in CTS estimation than methods considering OT (methods 2.1 and 2.2)
and TT (method 3). In other crops like wheat, Rosa et al. (2009) found that methods
incorporating daily minimum and maximum air temperature to cardinal temperatures,
improved phenological simulation. Our results indicate greater accuracy in calculating the
thermal sum via methods including OT and TT in addition to BT. Therefore, we discourage
methods based solely on the BT, especially considering that, during summer, higher
temperatures can affect plant metabolism (45, 49).

These results suggest that, concerning grapevine development and climate change
scenarios, simulations should use methods 2.1, 2.2, and 3. This is particularly relevant
for Buenos Aires and its frequent extreme climatic events (6). Future scenarios predict
increasing average air temperature in several regions of the planet (19), with negative
consequences for viticulture (52). This acceleration of climate change invalidates old
phenological calculations based on number of days (8, 22). Recent studies have shown
significant correlations between temperature increase and earlier beginning of several
stages in grapevine (1), with shortened phenological stages (3, 20, 41). Some prominent
phenological changes suggest a significantly reduced anthesis-ripening duration (26).
Besides reduced vine growth and yields, other possible undesirable implications for the
wine industry include changes in wine quality (11, 37, 50, 52). In this context, considering
that grapevine phenology is a crucial indicator of environmental impacts (7), accurate
estimations of thermal requirements based on cardinal temperatures can be beneficial,
regardless of the time required to satisfy them (33).

Considering methods 2.2 and 3, both demonstrating the lowest SE in the CTS, the
varieties evaluated exhibited no statistical differences in thermal requirements during
FO-VO and VO-M. Both methods estimated SE from 0.77 to 1.66 days for FO-VO and from
0.47 to 1.47 days for VO-M for Cabernet Franc, Merlot, and Semilldn, indicating relatively
low dispersion compared to the other four methods, where SE was twice higher. For Tannat,
SE was two days, using these methods and approximately four days with the remaining
four methods, in both subperiods. In BB-FO, the lowest SE was 1.18 days by method 2.2 for
Cabernet Franc, while SE for the other varieties, was higher.

Revista de la Facultad de Ciencias Agrarias - UNCuyo | Tomo 57-1 - Afio 2025 51



Thermal requirements of grape varieties

Our results provide information on thermal requirements of four grapevine varieties
at different phenological stages in the region of Tandil, center Buenos Aires, Argentina.
The use of degree-days improved phenological prediction, compared to other approaches
considering days between phenological events (23). Considering the onset of autumn in our
region, high humidity levels and low evapotranspiration may negatively affect fruit quality.
Therefore, harvest should occur before the end of March. Future research should determine
thermal requirements for maturity and harvest, contributing to climate risk mitigation and
definition of optimal harvest time.

CONCLUSION

According to method 3, Merlot, Cabernet Franc, Semillén, and Tannat grown in Tandil
require 1145, 1135, 1125, and 1153 C° d, respectively, to reach BBCH sub-stage 85.

The period between budburst and flowering onset showed the highest variability in
thermal sum when comparing six methods for thermal requirement determination.

We conclude that methods 2.2 and 3 most accurately estimate cumulative daily heat
summation in these varieties, in Tandil, using optimum temperature and upper threshold
temperature for Vitis vinifera L.

Method 2.2 was accurate in this specific region, given the low frequency of temperatures
above 35°C during the periods evaluated. Considering changes in climatic events in the center
of Buenos Aires, we recommend models capable of recording daily variations in maximum
and minimum temperatures. Further research will determine thermal requirements of
different grapevine varieties in this region, especially between veraison and harvest.
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