Plant production

Fenologia reproductiva de olivos en una regién clida y

himeda de Santa Catarina, Brasil

Fenologia reprodutiva de oliveiras em uma regiao quente e

umida de Santa Catarina, Brasil

Brugnara, Eduardo Cesar; Sabiao, Rafael Roveri

Brugnara, Eduardo Cesar
eduardobrugnara@epagri.sc.gov.br
Empresa de Pesquisa Agropecudria ¢ Extensio Rural de
Santa Catarina (Epagri), Brasil

Sabiao, Rafael Roveri
rafaelsabiao@epagri.sc.gov.br
Empresa de Pesquisa Agropecudria e Extensao Rural de
Santa Catarina (Epagri), Brasil

Agrociencia Urugua
Universidad de la Republica, Uruguay
ISSN-e: 2730-5066

Periodicity: Bianual

vol. 26, no. 2, €898, 2022

Received: 02 July 2021
Accepted: 30 August 2022
Published: 28 September 2022
URL:

DOI:

Corresponding author: eduardobrugnara@epagri.sc.gov.br

This work is licensed under

gmeli

Abstract: Olive cultivation has been spread across Brazil
subtropical regions, but yields have been variable through years
and locations. The objectives of this work were to characterize
the reproductive phenology and quantify some productive
indexes of three olive cultivars (Arbequina, Arbosana and
Koroneiki) in the warm, humid subtropical climate of western
Santa Catarina, Brazil. Shoots of the three cultivars were
marked and the quantitative indices of flowering and fruiting
were observed periodically. At the same time, the reproductive
phenology was evaluated following the BBCH scale, during
three seasons, in Chapecé. Reproductive budburst varied from 0
to 32%, which resulted in a relatively low number of flowers per
meter of shoot if compared to traditional growing regions, unlike
fruit set rates (3.69 to 11.39%), which were similar. Compared to
other regions, flowering time was early: inflorescences started to
grow from end of June to mid-July, depending on the year. Then
maturation was precocious as well, from the end of December
to mid-March, and it was later in Koroneiki. The low flowering
intensity with risk of frost damages discourages the production
initiative in the region.
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Resumen: El cultivo del olivo se ha extendido por las regiones
subtropicales de Brasil, pero los rendimientos han sido variables
entre afos y ubicaciones. Los objetivos de este trabajo fueron
caracterizar la fenologfa reproductiva y cuantificar algunos
indices productivos de tres cultivares de olivo (Arbequina,
Arbosana y Koroneiki) en el clima subtropical clido y himedo
del oeste de Santa Catarina, Brasil. Se marcaron ramas de
los tres cultivares y se observaron peridédicamente los indices
cuantitativos de floracién y fructificacién. Paralelamente, se
evalu6 la fenologfa reproductiva siguiendo la escala BBCH,
durante tres temporadas en Chapecd. La brotacidn de yemas
reproductivas vari6 de 0 a 32%, lo que resultd en un nimero
relativamente bajo de flores por metro de rama en comparacién
con las regiones tradicionales de cultivo, a diferencia de las tasas
de cuajado de frutos (3,69 a 11,39%), que fueron similares.

En comparacién con otras regiones, el momento de floracién
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fue temprano: las inflorescencias comenzaron a crecer desde
fines de junio hasta mediados de julio, segin el afio. Entonces,
la maduracién del fruto también fue precoz, desde fines de
diciembre hasta mediados de marzo, y més tarde en Koroneiki.
La baja intensidad de floracién con riesgo de dafios por heladas
desalienta la iniciativa productiva en la regién.

Palabras clave: Arbequina, Arbosana, floracién, cuajado,
Koroneiki.

Resumo: O cultivo da oliveira se espalhou pelas regices
subtropicais do Brasil, mas os rendimentos tém sido varidveis
a0 longo dos anos e locais. Os objetivos deste trabalho foram
caracterizar a fenologia reprodutiva e quantificar alguns indices
produtivos de trés cultivares de oliveira (Arbequina, Arbosana
e Koroneiki) no clima subtropical quente e timido do oeste
de Santa Catarina, Brasil. Ramos das trés cultivares foram
marcadas ¢ indices quantitativos de floragio e frutificagio
foram observados periodicamente. Paralelamente, foi avaliada
a fenologia reprodutiva segundo a escala BBCH, durante trés
safras, em Chapecd. A brotagio de gemas reprodutivas variou de
zero a 32%, o que resultou em um niimero relativamente baixo
de flores por metro de ramo se comparado s regioes tradicionais
de cultivo, ao contrario das taxas de frutificacio (3,69 to 11,39%)
que foram semelhantes. Em comparagio a outras regioes, a época
de floragio foi precoce: as inflorescéncias comegaram a crescer
do final de junho a meados de julho, dependendo do ano. A
maturagio também foi precoce, do final de dezembro a meados
de mar¢o, ¢ mais tardia em Koroneiki. A baixa intensidade de
floragdo com risco de danos por geadas desestimula a iniciativa
de produgio na regido.

Palavras-chave: Arbequina, Arbosana, floracio, frutificagio
efetiva, Koroneiki.

1. INTRODUCTION

The olive tree (Olea enropaea L.) has been grown in the Mediterranean region for centuries. Its cultivation
has been expanded to other regions of the world, mainly between latitude 30° and 45°; regions with hot
and dry summer and cold and wet winter. In lower latitudes the cold necessary for bud differentiation is
conferred by altitude, allowing its cultivation"). The species was introduced in Brazil by the Portuguese
around 1800, arousing great interest in Rio Grande do Sul and Minas Gerais states. Experimental works
and small plantations prior to 1979 are reported in Santa Catarina state. However, even demonstrating a
high productive potential, the old plantations, maintained without adequate management techniques or the
support of agricultural research in this field, were eliminated due to phytosanitary problems and gradually

abandoned®.
Olive trees grow at relatively low temperatures. In Maria da Fé, Minas Gerais, it was estimated that the

basal temperature is 10.5 to 11 oC®), Differences are observed between varieties in the heat requirement
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for growth(4), which affects their adaptation. The duration of the phenological stages depends on heat
accumulation, measured in degree-days. The amount of heat (temperatures above 10 °C) required since
flowering to reach maturity is variable between varieties. For a high production of olive oil, it is ideal to
accumulate 4,100 degree-days, despite in some regions maturation is reached with 1,300 degree-days®).
The process of flower induction in olive is not well known. The initial stimulus for bud floral differentiation
has been believed to occur even in the summer, during its formation in the shoot tips, a six-week long process.
Some factors can affect the induction: the presence of fruits with seeds in the shoot, bud and shoot position,

radiation, nutritional status and water balance®”®)_ However, recent evidences of induction-related gene
expression contest the summer induction theory, suggesting that it happens when trees are exposed to at least
75 days with temperatures reaching levels below 15 °C®).

The morphological changes in the buds until the winter rest are very subtle, practically imperceptible!”.
Winter temperature should ideally reach 2 to 18 °C to promote the floral differentiation of the induced

buds™V. Yet, the need for chilling hours for good floral differentiation varies across cultivars. Without a

minimum chilling flowering can even occur, but in low intensity(m. In northwestern Argentina, Catamarca,
La Rioja and Sumalao, at 28° latitude, similar to Santa Catarina, the occurrence of chilling is much lower
than that observed in the Mediterranean region, and considered insufficient for most of the varieties(",
The State of Santa Catarina (southern Brazil) is a favorable place for olive cultivation when considering the
maximum and minimum air temperature, but marginal in terms of rainfall, which is excessive'". Another

mapping of the state with macro regional average bioclimatic indexes points out that the western region is
unsuitable. More recently, the western Santa Catarina region was classified as risky due to insufhicient

chilling and frost frequency!!®).
From 2008 to 2014, Koroneiki olive cultivar produced more than a thousand liters of oil per hectare per
year in a trial in Santa Catarina (Cagador municipality, 1,033 m of elevation), but in Chapecé (638 m of

(17)

clevation) the flowering and yield have been fickle through years (%) "The causes of variation have not been

established, but based on the literature('®), we hypothesize insufficient chilling, and high air temperature and
humidity at flowering are the most likely.

The objectives of this work were to characterize the reproductive phenology and quantify some productive
indexes of 3 olive cultivars (Arbequina, Arbosana and Koroneiki) in western Santa Catarina warm, humid
subtropical climate.

2. MATERIALS AND METHODS

The study was performed in Chapecd, Santa Catarina, Brazil, at 650 m elevation and -27.1° of latitude. The
climate is subtropical with warm summers (Cfa, Képpen), and the soil is a dystrophic Red Latosol. In March,
2018, 5-year-old trees (3 ‘Arbequina’, 4 ‘Arbosana’ and 4 ‘Koroneiki’, from a collection planted in field in
November, 2013) were selected, all finishing an off year (avoiding low floral intensity due to inhibition by
previous season fruit), but having already flowered in previous seasons. They were spaced 6x5 m and managed
with regular pesticide sprayings and fertilization, including spraying of boron previously to flowering, and
pruned in an open vase shape. Tree sizes are presented in Table 1. Trees evaluated here were less than 40 m
far from each other, and in this range other varieties flowered only in 2020, but in low intensity. Another
olive varieties collection was sited 500 m away.

Evaluations were performed in the seasons 2018/19,2019/20 and 2020/21. Prior to buds leavingautumn/
winter rest (May to June), in each season, 120 shoots of each variety, divided equally among the plants, were
selected and marked. The shoots were terminal, formed in the same growing season, with an inclination of
less than 45° in relation to the horizontal, measured from 5 to 35 ¢m in length (Table 1), and located in
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the middle height of the crown. For each shoot, the length and the number of buds were registered (Table
1). The shoots were observed weekly since the last week of June to identify the beginning of inflorescence
development.

Meteorological observations from automatic weather station 1041 — Epagri (Chapecd, 27,09°S/ 52,64°W,

687 m of elevation)(19) are presented in Figures 1, 2 and 3 in Supplementary material.

2.1 Flower and fruit quantity

Each shoot was observed for the number of inflorescences, flowers or fruits from beginning of inflorescence
growth until harvest. Field data were used to calculate the following indexes: percentage of flowering shoots,
inflorescence number per meter of shoot, percentage of reproductive budburst, number of flowers per
inflorescence, and fruit set. Fruit set was calculated taking the fruit counts when the fruit drop curve stabilized
(December 5, 2018; November 11, 2019; November 13, 2020), and dividing by the maximum number of
flowers registered.

TABLE 1
Variation in tree canopy volume number of axillary buds and length of the
sampled shoots measured from May to June and mass of fruit picked in
‘Arbequina’ ‘Arbosana’ and ‘Koroneiki’ olive trees in 3 seasons Chapecé Brazil

Feature 201819 2019120 2020121
—————————————— ‘Arbequind’ - ----------
Yolume (m?) ge-11 26.2-21.2
M= of huds 12-50 10-46 11-47
Length icrmy 10-35 5.5-34 7.0-32
Fruit picked (kg <0.1 =01 12.2-155
——————————————— ‘AThosSAna - - -------- -
YWolume (m?) 10.2-150 14.7-40.9
N of buds 14-52 6-48 7-44
Length (cmy £.5-35 3.5-20 4.0-35
Fruit picked (kg <0.1 <01 1.5-12.2
——————————————— Foroneikd' - - --------
YWolume (m?3) 13.1-224 185-41.2
N2 of buds 12-40 8-46 10-24
Length (crm) 65-35 25-33 £E5-33

2.2 BBCH phenological stages

Assessment of phenology was made based on the BBCH phenological scale® on a weekly basis at flowering
and maturation phase and every two weeks at fruit growing, whenever possible. For each shoot, inflorescences
were observed individually, and the predominant, the most advanced, and the most delayed stages were
written down. The evaluation was completed in the harvest phase (stage 80 or more advanced).

2.3 Data analysis

Data on percentage of reproductive budburst, inflorescences per meter of shoot, fruit per inflorescence and
fruit set were averaged in each tree. In each season, all parameters were submitted to analysis of variance
(ANOVA, 2=0.05) having cultivars as factor, in a completely random design, where the experimental
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unit was each individual tree (3 repetitions of ‘Arbequina’, and 4 of ‘Arbosana’ and ‘Koroneiki’). When
significant, the ANOVA was complemented by a Tukey test.

3. RESuULTS
3.1 Flowering and fruiting indexes

The percentage of flowering shoots varied throughout years and cultivars (Table 2). In ‘Arbequina’ and
‘Arbosana’ it grew over the years, while in ‘Koroneiki’ it was more stable, but still reaching from 13.33 to
72.57%. In 2020/2021 94% of ‘Arbequina’ shoots flowered, while the lowest flowering shoots percentage
was observed in ‘Arbosana’ in 2018/2019. Flowering shoots percentage in ‘Arbosana’ was significantly lower
than in ‘Arbequina’ the last two seasons.

The percentage of reproductive budburst and inflorescence density, given as the number by meter of
shoot, followed the same trend seen in the percentage of flowering shoots. The lowest values were found in
‘Arbosana’ (2018/2019) and the highest in ‘Arbequina’ (2020/2021) (Table 2). In 2018/2019 ‘Arbosana’
emitted just one inflorescence in all 120 shoots evaluated, so those data will be ignored in the rest of section 3.

TABLE 2
Percentage of flowering shoots and reproductive budburst, number of

inflorescences per meter of shoot, number of flowers per inflorescence
(FPI), and fruit set in 3 olive cultivars and growth seasons (Chapec6, Brazil)

Flowering Reproductive  Inflorescences per
3eas0n shoots budburst meter FFI Fruit set

________ (96) —_—— e — — - =

- mmmmmmes 8 e 7
20182019
Arbequina 14.17 nsl 0.97 ns 1.56ns 1281b 4.40
Arbosana 0.82 0032 0.20 ndlll ndlll
Koroneiki 21.01 427 5.03 17884 ndl'y
20192020
Arpeduina 43.33 all 3.35ns 5.50ns 1467 115 B.28ns
Arbosana 917 Db 0.e3 1.22 13.11 775
Koroneiki 1532 ab 2.19 .60 17.44 ndlyv
2020012021
Arbequina 94 12 a 32.54a 53.484a 133615 3.69ns
Arbosana 43.17 b B.28b 10.25b 13.80 11.39

I Differences inside the harvest season are not significant (ANOVA, ¢=0.05).
II Means followed by the same letter inside each harvest season are not significantly different (Tukey, =0.05).
III Not determined — absence of fruit in the tagged twigs.
IV It was not feasible to determine a time to calculate it because fruit drop occurred continuously until ripening.

. Differences inside the harvest season are not significant (ANOVA, 2=0.05).

' Means followed by the same letter inside each harvest season are not significantly different (Tukey,
2=0.05).

M Not determined — absence of fruit in the tagged twigs.

V' Tt was not feasible to determine a time to calculate it because fruit drop occurred continuously until
ripening,
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3.2 Reproductive phenological stages

The phenological stages observed for each evaluation date and cultivar are presented in Figures 1 and 2.
The earliest flower opening (BBCH 60) occurred between July 30 and August 8, 2020, in ‘Arbequina’ and
‘Koroneiki’, and between August 14 and 20, 2020, in ‘Arbosana’, which was the latest in all evaluated years
(Figure 2). Opening flowers continued to be observed for a long period: in 2020, ‘Arbequina’ emitted new
inflorescences from June 24 to September 25, a 93-day period. The shortest period was with ‘Koroneiki’ in
2019: 53 days. Therefore, the open-flower period (stages 60 to 68) lasted 41 to 68 days (excepting ‘Arbosana’
in 2018).

The stage 80 (deep green fruit getting light green or yellowish) was observed first in ‘Arbequina’.
‘Koroneiki’ had the last evaluated inflorescence to reach stage 80 in two seasons (Figure 1). The dates when
all ‘Arbequina’ and ‘Koroneiki’ fruits reached 80 or a more advanced maturation stage were February 5, in
2019, and in 2020, January 9, 16 and 23, for ‘Arbequina’, ‘Arbosana’ and ‘Koroneiki’, respectively. In the
2020/2021 season, Arbosana's fruits were all in stage 80 still in December 23, 2020, while ‘Arbequina’ and
‘Koroneiki’ needed more time (January 8 and 15, 2021, respectively).
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FIGURE 1
Occurrence of reproductive phenological stages of BBCH scale (left axis), and percentage of
flowers or fruits persistent in the shoots (right axis), evaluated along 3 reproductive seasons
in ‘Arbequina’ and ‘Koroneiki’, and 2 seasons in ‘Arbosana’ olive trees, in Chapec6, Brazil
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4. DISCUSSION

Flowering shoots varied in quantity throughout years and cultivars. As the percentage of flowering shoots
increased, the percentage of reproductive budburst and inflorescences by meter of shoot increased too, i. e.,
the floral intensity incremented. The result is a higher number of flowers emitted in a canopy volume unit,
leading to bigger fruit yield (Table 1). The variation among years in the same cultivar was higher than the
variation among cultivars in the same year, which suggests that climate conditions and tree age may be the
main factors influencing flowering intensity.

In Chapecé and other close, similar sites, the 3 cultivars were capable of ﬂowering(lg) and fructify(m in
the third season (less than 3 years it the field). Furthermore, in the Mediterranean temperate climate of
Cyprus, tree yield increases until the fourth year. From then on the yield decreases or is maintained®". Those
evidences suggest that the 5-year-old trees in Chapecé had already overcome juvenility in the start of the
study. So, the inter-year variation observed in flower density is probably due to climatic conditions. This
thesis is supported also by the higher counting of days with minimum temperature under 16 °C (75, 63 and
94in2018,2019,and 2020, respectively). In Greece, under Mediterranean temperate climate, a reduction in
the number of flowers per ‘Koroneiki’ tree happens when chilling is reduced from 1,835 to 1,214 hours under

16°C® It has been demonstrated that when ‘Arbequina’ and ‘Koroneiki’ are exposed to high temperatures

23)(24

(23.9 t0 26.6°C) during the chilling period the intensity of lowering is lower®> %), This may explain in part
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the low flowering intensity in Chapecd, since along May and June of 2018, 2019 and 2020 (chilling period),
temperatures reached more than 23.9 °C in 25, 26 and 19 days, respectively. Using a chilling units model

which discounts units as high temperatures occur, the chilling necessity of 234 units for ‘Arbequina’(zs)

was
not reached in any year. So, it can be hypothesized that insufficiency of chilling, even in the best year (2020),
caused poor reproductive budburst, which is supported by the asynchrony in flower and fruit phenological
stagcs(%) (Figure 1).

‘Arbosana’ flowered scarcely, irrespective of the year, which suggests it needs more chilling than
‘Arbequina’ and ‘Koroneiki’. However, there is a lack of precise information on chilling requirements of
olive cultivars in general. Irrespective of the cultivar, the number of inflorescences can be considered low to
intermediate if compared to other regions: in the arid Egypt the cultivars Tofahi and Aggizi average in 2 years
66 inflorescences per meter of shoot®”), which is more than all observations in Chapec, except ‘Arbequina’
in 2020/2021; in Greece, ‘Koroneiki’ emits 60 to 80 inflorescences per meter of shoot along 3 years(zg).

The cultivars, in general, had a similar number of flowers per inflorescence, compatible with the
observations in another humid, subtropical region — Barra do Ribeiro, Rio Grande do Sul®. In
Spain, inflorescences of olive varieties including ‘Arbequina’ and ‘Koroneiki’ were evaluated in different
environments with Mediterranean climate, showinga great variability in flower number. The environmental
influence is bigger than the genetic effect®. ‘Koroneiki’ has inflorescences with more flowers than
‘Arbequina’ in some locations of Spain. However, ‘Arbequina’ showed more than 75% of perfect flowers

(31

irrespective of the environment ) agreeing with the superiority of ‘Arbequina’ over ‘Koroneiki’ in Barra

do Ribeiro®.

All the varieties started the sprout from June to beginning of August, depending on the season. In Uruguay,
a region with humid, temperate climate, across 10 years of observation in ‘Arbequina’, the earliest sprout
happened in mid—August(3 2, The implication of early sprouting is the risk of low, positive temperature and
frost damage to inflorescences, since in Chapecé and adjacent areas frosts are expected until September(33).
In addition, in Uruguay, ‘Arbequina’ flowers in a window of 52 days, shorter than in Chapecd.

The flowering time of ‘Arbequina’ and ‘Koroneiki’ was also earlier than the observed in the subtropical

climate of Bag¢, Brazil, (31°19’53" 5,212 m elc:vation)(3 4, probably because in Chapec temperatures tended

(3%, Asan example,

to be higher during the winter, which started up inflorescence growth more precociously
July average temperature in the 3 years varied from 15 to 17 °C in Chapecd, and from 10 to 12 °C in Bagé,
despite different years.

While in Chapecé full flowering occurred around the 50 day of the second semester, in colder places of

Europe it takes 130%¥ t0 1509 days in the equivalent semester (the first).
Flowering duration varied from 50 to 68 days (excepting ‘Arbosana’ in 2018), agrecing with observations

in a subtropical climate (Canary Islands), but longer than in a typical Mediterranean climate (Andalucta)®®,
and cooler places, such as Salto and Las Brujas (Uruguay), where ‘Arbequina’ flowering time lasts 6-18 and
7-28 days, respectively(32). In Canary Islands, the trees show high amplitude of phenological stages at the
same date?®), similar to the observed in Chapecé (Figure 4 in Supplementary material).

Figure 2 illustrates how flowering time varied between years and cultivars. During the 3 years, the 3
cultivars flowering time overlapped in their majority, but the time when flower opening concentrated was
not the same, except for ‘Arbequina’ and ‘Koroneiki’ in 2020.

Differences in full flowering date are common even in colder climates, as in Ubeda, Andalucia, where
full flowering date varies even 26 days in ‘Arbequina’ between years(26). In southern Spain, ‘Arbequina’,
‘Arbosana’ and ‘Koroneiki’ under several Mediterranean environments show small differences in full
flowering date. Even though it is later in ‘Arbosana’ than in ‘Arbequina’, partial coincidence of full flowering
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(30), So, maybe those longand different flowering

period and overall flowering period is observed among them
periods in Chapecé could be due to the warmer climate.
The poor synchrony among varieties can result in low pollen amounts suspended in the air the time most

flowers are open, making cross-pollination less likely. This can be crucial for ‘Arbequina’, which is considered

36)(37

not sclf—compatible( ). In Rio Grande do Sul, bagged ‘Arbequina’ shoots set fruits, but less than no bagged

ones?”

, which means it benefits from cross pollination.
In the years when fruit set was higher, tree yield was lower, and the opposite relation was observed with

flowering intensity and yield (Table 1). In years with intense olive flowering, only 1 to 4% of the flowers
become fruit, due to the high competition for assimilates”). This index can reach 10%®. In the arid Chaco,
Cérdoba, Argentina, 3.6% of fruit set results in more than 80 kg tree” of fruit (70-year-old ‘Arbequina’
trees, 10x10 m spacing)(3 8). In Barra do Ribeiro, fruit set is not determinant for fruitingm). Further, during
the pollination period in Chapecd, days with average air relative humidity above 80% or lower than 60%
were slightly predominant (Table 3 and Figure 5 in Supplementary material), which probably did not harm
pollination in a way to avoid a good fruit set. Therefore, based on the present observations, it is not possible
to state that the fruit set limits the yield in Chapecd.

TABLE 3
Number of days with maximum air temperature higher than 25 °C with

average air relative humidity higher than 80% or lower than 60% and with
pluvial precipitation in Chapecé along the olive pollination period in 3 years

Alr relative hurnidity Fluwial precipitation
Year  Pollination duration >a0% < 60%
——————————————————————————— daysl--------"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"—-——
2018 &4 33 = =1
2019 65 15 21 12

Olives can be picked when fruits turn deep green to yellowish green, which is equivalent to the BBCH

stage 8029 In Chapeco, the latest cultivar to reach harvest time was ‘Koroneiki’, contrasting ‘Arbequina’,

(39)

in accordance with results in Croatia®””, a colder site. In Minas Gerais, in a higher altitude (1,276 m)

compared to Chapecé, ‘Arbequina’ harvesting time starts on January 20 to 25?), later than in Chapecé. The
precocity in fruit maturation can be explained by the early flowering, low fruit load (which accelerates the

maturation(41)), and quicker accumulation of degree—days(42) compared to colder regions.

(33)

Early harvest helps to avoid higher air humidity times in the end of summer and autumn'>”’, which can

(43), Nevertheless, a long flowering period leads to

variability in fruit ripening stage in a same tree. Growers will have to wait to harvest an entire tree when
almost all fruits reach a minimum maturity, when others could have reached advanced stages, which is a risk

case losses by anthracnose caused by Colletotrichum sp.

of high acidity and low polyphenol content in the oil, especially in trees with low fruit load™. In addition,
higher temperatures and solar radiation during oil synthesis and accumulation could cause an undesirable

balance in oleic versus linoleic acids, and lower oil accumulation*9*>),

5. CONCLUSIONS

When the olive cultivars Arbequina, Arbosana and Koroneiki are grown in the conditions of Chapecd, Santa
Catarina, Brazil, inflorescence budburst occurs early, from end of June to end of July, flowering from early
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August to early November, and maturation starts from end of December until early February. In comparison
to traditional olive growing regions, flowering intensity is low in some years as a direct effect of climatic
conditions; nevertheless, fruit set is similar.

Although the evaluated cultivars produce fruits under Chapecé conditions, the lack or low intensity of
flowering associated to sprouting in a time with risk of frosts will probably make growers to experience
unstable olive harvests, sometimes null, which discourages their initiative in this region.
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FIGURE 1
Pluvial precipitation and mean air relative humidity from August 1 to November
15 in 3 crop seasons, Chapecd, Brazil. Data from the automatic weather

station 1041 — Epagri (Chapecé, 27,09°S/52,64°W, 687 m of elevation)!®
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Daily occurrence of degree-days from May to July in 3 years, Chapecd, Brazil. Data calculated using
weather observation from the automatic weather station 1041 — Epagri (Chapecé, 27,09°S/52,64°W,
687 m of elevation)?), using a model from Ometto?, minimum basal temperature = 9.1% and
maximum basal temperature = 40. Arrows indicate when the first inflorescence was observed in stage 53
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FIGURE 3
In the upper chart, chilling units accumulated from May to July in 3 years, Chapecd, Brazil. Arrows
indicate when the first inflorescence was observed in stage 53. In the bottom, accumulated number of
days with minimum temperature under 16 °C. Data calculated using weather observation from the
automatic weather station 1041 — Epagri (Chapecd, 27,09°S/52,64°W, 687 m of elevation)(lé) . Chilling

units calculated using the Model 1 of De Melo-Abreu®® and modifying the starting date for May 1

FIGURE 4
Asynchrony in flower/fruit development. Chapecé, Brazil, September 2020
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FIGURE 5

Daily average air temperature (black line) and air temperature range (gray area)
observed in Chapecd, in 3 growth seasons. Data from the automatic weather

station 1041 — Epagri (Chapecé, 27,09°S/52,64°W, 687 m of elevation)!®
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