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Abstract: The aim of this work was to study the phenology of several sweet orange
cultivars and their relationship with the accumulated degree-day (ADD), under the
conditions of the Depressao Central of Rio Grande do Sul, in Southern Brazil. For
this, 25 genotypes were evaluated for three consecutive growing seasons between
2015 and 2018. The experiment was carried out in a Citrus Collection located in
municipality of Eldorado do Sul, RS, Brazil. The ADD was calculated for each interval
between the phenological stages, as well as for the entire cycle. The first one, swell-
ing of the buds, was concentrated between mid-July and early August. Sprouting in
winter increased the risk of frost damage. Full bloom occurred between August 28
and September 22, when the orange trees ‘Cabula’, ‘Rubi’, ‘Lima Verde’ and ‘Folha
Murcha’ were the first to bloom and ‘Sanguinea’, ‘Salustiana’, ‘Midknight’ and ‘Jaffa’
the last. The last stage evaluated, the skin color change of the fruits, occurred be-
tween the beginning of April and the end of May, with 2,306.4 to 2,619.4 ADD,
since the beginning of sprouting. The orange trees showed different behavior when
compared between genotypes and between years. Two groups of cultivars were de-
fined: early and late.

Index terms: Phenology, BBCH Scale, Degree-day, Citrus sinensis (L.) Osbeck.

Ciclo fenologico e acumulo térmico
em genotipos de laranjeiras-doces no
Sul do Brasil

Resumo: O objetivo deste trabalho foi estudar a fenologia de diversas cultivares de
laranjeiras-doces e sua relagdo com os graus-dia acumulados (GDA), nas condi¢des
da Depressao Central do RS. Para isso, 25 gendtipos foram avaliados por trés sa-
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fras consecutivas, entre 2015 e 2018, conforme a escala fenoldgica BBCH. O experimento
foi conduzido em Colecdo de Citros localizada no municipio de Eldorado do Sul-RS, Brasil.
Calcularam-se, os GDAs para cada intervalo entre os estadios fenoldgicos, bem como para
todo o ciclo. O primeiro deles, inchamento das gemas, aconteceu concentrado entre me-
ados de julho e inicio de agosto. A brotagdo, ainda no inverno, aumentou riscos de danos
por geadas. O pleno florescimento ocorreu entre 28 de agosto e 22 de setembro, onde as
laranjeiras ‘Cabula’, ‘Rubi’, ‘Lima Verde’ e ‘Folha Murcha’ foram as primeiras; e ‘Sanguinea’,
‘Salustiana’, ‘Midknight’ e ‘Jaffa’, as ultimas. O ultimo estadio avaliado, mudanca da cor da
casca dos frutos, ocorreu entre o inicio de abril até fins de maio, com 2.306,4 a 2.619,4
GDAs, desde o inicio da brotacdo. As laranjeiras apresentaram comportamento distinto,
quando comparadas entre os gendtipos e entre os anos. Definiram-se dois grupos de culti-

vares: precoces e tardias.

Termos para indexagao: Fenologia, Escala BBCH, Graus-dia, Citrus sinensis (L.) Osbeck.

Introduction

The cultivars of sweet orange trees, Citrus
sinensis (L.) Osbeck, are the most explored
citrus group in the world. Brazil is the larg-
est producer of oranges in the world, with
about 16.2 million tons in 2021, represent-
ing 21,5% of world production (FAO, 2023).
Most of that will be made into juice (NEVES;
TROMBIN, 2017). The citrus industry is the
source of income for a large number of fam-
ilies and has great socio-economic impor-
tance in Rio Grande do Sul (RS) (SULZBACH
et al., 2016). The ‘Valencia’ orange is the pre-
dominant cultivar of this State. In a historical
context, citriculture has proved vulnerable
to a series of phytosanitary problems and,
even so, in this temporal view, little diversifi-
cation of cultivars was noticed in commercial
orchards (JOAO; CONTE, 2018).

The regional evaluation of cultivars is essen-
tial to identify the phenological behavior and
indicate the recommendation for cultiva-
tion (RAMOS, 2015; BERGAMASCHI, 2017).
Moreover, some pests and diseases cause
greater damage in certain stages of develop-
ment, especially when the tissues are young,
and preventive actions can be taken in these
phases (LEITE JR, 1990).

The phenology of plants varies according to
the various environmental phenomena to
which they are subjected (BERGAMASCHI,

2017). Citrus in subtropical conditions, has
air temperature as the main meteorological
element of influence (MANERA et al., 2012),
since the effects of the photoperiod seem
to be null (GRAVINA, 2014). Taking this into
account, even climate changes tend to alter
the phenological behavior of plant species
(RAMOS; JONES, 2019; WU et al., 2019;).

The aim of this work was to study the phe-
nological behavior of several sweet orange
genotypes and their relationship with ther-
mal accumulation, under the conditions of
the Depressao Central of Rio Grande do Sul,
Brazil.

Materials and Methods

The orchard used in this study was the
Citrus Collection, which is located at the
Experimental Agronomic Station of the
Federal University of Rio Grande do Sul
(EEA/UFRGS), located in the municipality of
Eldorado do Sul - RS, whose geographical co-
ordinates are: latitude 30°06’59” South and
longitude 51°40°02” West, with an average
altitude of 60 m above sea level.

The soil is classified as a Argissolo Vermelho
distrofico tipico according to the Brazilian soil
classification system (SANTOS et al., 2018),
i.e., a Rhodic Ultisol, with flat and wavy re-
liefs. The climate in the region is Cfa (humid
subtropical) according to the Képpen climate



classification. The annual mean temperature
is 18.8 °C, varying between 13.0 and 24.2 °C
between the coldest and the warmest month
of the year. The mean annual precipitation is
1,455 mm and the mean relative humidity of
the air is 79% (BERGAMASCHI et al., 2013).

In the 2015-16, 2016-17 and 2017-18 grow-
ing seasons, the phenological behavior of
25 orange genotypes (Citrus sinensis (L.)
Osbeck) was evaluated, including: ‘Bahia’,
‘Cabula’, ‘Campo Alto’, ‘Folha Murcha’,
‘Hactur’, ‘Hamlin’, ‘Liberato Salzano’,
‘Lima Verde’, ‘Natal’, ‘Newhall’, ‘Piralima’,
‘Rubi’, ‘SCS454 Catarina’, ‘Seleta Frank’,
‘Lima Sorocaba’, ‘Valencia’, ‘Valencia Late’,
‘Valencia V1’ and ‘Valencia V5, grafted on
the citrus tree ‘Fepagro C13’ [C. sinensis
X Poncirus trifoliata (L.) Raf.] and, ‘Jaffa’,
‘Lue Gim Gong’, ‘Midknight’, ‘Navelina’,
‘Salustiana’ and ‘Sanguinea’, on P. trifoliata.
Each genotype was represented by three

BBCH 51 - Inflorescence buds swelling:
buds closed, light green scales visible.

BBCH 53 - Bud burst: scales
separated, floral tips visible.

BBCH 55 - Flowes visible, still

closed (green burn), borne on

single or multiflowered leafy or
leafless inflorescences.

BBCH 56 - Flower petals elongating:
sepals covering half corolla (White bud).

BBCH 59 - Most flowers with
petals forming a hollow ball.

BBCH 65 - Full flowering (50% of
flowers open), first petals falling.

useful plants, that have been fully evalu-
ated, taking into account the criterion of
the stage found in at least 50% of the de-
veloping organs. The spacing of the plants
was 3.5 x 7.0 m, and the orchard was estab-
lished in 2008.

The evaluations were carried out week-
ly, between July and November, and ev-
ery two weeks, between December and
May, for each growing seasons. The phe-
nological scale Biologische Bundesanstalt,
Bundessortenamt und Chemische industrie
(BBCH) was used as the basis for citrus cul-
tivation, elaborated by Agusti et al. (1995).
The first phenological stage considered in
this study was stage 51 (bud swelling), ac-
cording to the BBCH scale. The monitoring
of the phenological stages occurred until the
time when the color of the bark began to
change (stage 81). All evaluated phenologi-
cal stages are described in Figure 1.

BBCH 69 - End of flowering
(all petals fallen).

BBCH 72 - Green fruit
surrounded by sepal crown.

BBCH 73 - Some fruits slighty yellow:
beginning of physiological fruit drop.

BBCH 74 - Fruits about 40% of
final size (Dark green fruit: end
of physiological fruit drop).

BBCH 81 - Beginning of fruit
colouring (colour-break).

Figure 1. Phenology of orange trees, according to the BBCH scale for citrus (Agusti et al., 1995).

Images by author.



A Meteorological Station installed in the cen-
ter of the experimental orchard, collected
temperature and precipitation data during
the three seasons evaluated (Figure 2).
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Figure 2. Accumulated monthly precipitation
(mm) and monthly mean temperatures (T),
mean minimum temperature (T_.) and mean
maximum temperature (T__) (°C), for the peri-
od of three growing seasons (2015-16, 2016-17,
2017-18) in the EEA/UFRGS Citrus Collection,
Eldorado do Sul / RS, Brazil.

The daily data of mean temperature (T___ ),
minimum temperature (T _. ) and maximum
temperature (T__) were used to calculate
the degree-days (GD), through equations
proposed by Ometto (1981) and according
to three possible situations during the day, in
the conditions of Rio Grande do Sul:

A) Temperature between T, and T,

(Tmin - Tb) + (Tmax - Tmin)
2
B) T . belowtheT andT__ below theT,:

B

_ (Tmax B Tb)z

B 2 (Tmax - Tmin)

C)T__ abovetheT and T _ abovetheT,:

Tmax — Tmin) _
2

GD =

GD

6D = (Tin = T5) + (
_l (T ppax — Tp)®
2 (Tmax - Tmin)
in which lower basal temperature (T,) was

12.8 °C and upper basal temperature (T,)
was 36.0 °C (STENZEL et al., 2006).

During the growing seasons, the mean date
(MD) and standard deviation (SD) were cal-
culated for the occurrence of each pheno-
logical stage of each orange genotype eval-
uated (Table 1). In addition, the mean accu-
mulated degree-days (ADD) was calculated,
and so was its SD, for each interval between
the stages (Table 2). In each growing season,
the harvest was carried out when the fruit
was in horticultural maturation (KYRIACOU;
ROUPHAEL, 2018), through subjective cri-
teria, to serve the fresh consumption mar-
ket. The days interval between stage 81 and
harvest (MDI 81-H) were also calculated.
Analysis of variance (ANOVA) was also car-
ried out, followed by the Scott-Knott and
Dunnett mean tests for the mean day inter-
val (MDI) and ADD data between stages 51
-81,51-65and 65 - 81, from the BBCH scale
(Table 3) and MDI 81-H (Table 4).

Results and Discussion

The beginning of spring sprouting, charac-
terized in this work by the swelling of the
buds - stage BBCH 51, was concentrated in
the month of July (between MD = July 11
and MD = July 20) for most of the materials
studied (Table 1). For the cultivar ‘Jaffa’, the
last to start sprouting, this phase occurred
at the beginning of August (MD = August 5).
The orange ‘Rubi’ was the first to sprout.
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Table 3. Accumulated degree-days (ADD, °C) and mean day interval (MDI) between the phenologi-
cal stages 51 - 81, 51 - 65 and 65 - 81 of the BBCH scale?, in orange trees of the Citrus Collection of
the Experimental Agronomic Station - UFRGS, in the 2015-16, 2016-17 and 2017-18 growing sea-

sons. Eldorado do Sul, RS, Brazil?.

Cultivars 5/1\?31 52"_[21
‘Rubi’ 2,380.2B 274 B
‘Cabula’ 2,420.5B 276 B
‘Piralima’ 2,406.0 B 2758
‘Lima Verde’ 2,408.6 B 2758
‘Hamlin’ 2,3471B 268 B
‘Valencia’ 2,558.5A 296 A
‘Valencia V1’ 2,600.5A 311A
‘SCS454 Catarina’ 2,466.0 B 281B
‘Newhall’ 2,382.6 B 270B
‘Folha Murcha’ 2,619.4A 315A
‘Bahia’ 2,460.3 B 280B
‘Seleta Franck’ 2,337.7B 266 B®
‘Campo Alto’ 24846 B 284 B
‘Natal 2,599.7 A 308 A
‘Navelina’ 2,306.4 B 262 Bt
‘Liberato Salzano’ 2,456.8 B 289B
‘Hactur’ 25334A 300A
‘Midknight 2,606.9 A 309A
‘Valencia V5' 2,594 9A 307A
‘Lima Sorocaba’ 2,4559B 278 B
‘Salustiana’ 2,3941B 274 B
‘Sanguinea’ 247468 284 B
‘Valencia Late’ 2,614.7A 310A
‘Lue Gim Gong’ 2,488.0B 283B
‘Jaffa’ 2511.5A 291B
p 0,0088 <0,0001
CV (%) 4,45 4,04

ADD MDI ADD MDI
51-65 51-65 65 - 81 65 - 81
218.5 49 2,161.7B 226 B
210.8 46 2,209.7B 230B
240.8 51 2,165.2B 224B
2131 47 2,195.5B 228 B
229.5 48 2,11768B 220B
227.0 48 2,331.5A 248 A
239.8 52 2,360.7 A 259 A
240.5 50 2,22558B 231B
2421 50 2,1405B 2218B
213.9 45 2,405.4 A 270A
217.3 46 2,2431B 235B
212.5 45 2,1252B 221B
222.6 47 2,262.0B 237B
239.7 49 2,360.0A 259 A
2425 50 2,063.9 B 212BY
2413 49 2,2155B 240B
217.2 49 2,316.2A 251A
256.8 53 2,350.0A 256 A
225.8 46 2,369.2A 261A
233.7 48 2,222.3B 230B
2211 52 2,173.0B 223B
2479 50 2,226.8B 234B
2415 49 2,373.2A 261A
231.8 47 2,256.2B 236 B
250.1 48 2,261.5B 243 A
0,9924 0,9998 0,0002 <0,0001
16,51 15,72 3,98 5,90

1 BBCH 51 — Swollen buds, scales are visible and slightly green; BBCH 65 — Full bloom (50% of the flowers are open);

BBCH 81 — Beginning of fruit color change.

2 Means followed by the same letters form groups by the Scott-Knott test (p<0.05); ) significant difference downwards,
in relation to the standard cultivar ‘Valencia’, by Dunnett’s test (p<0.05).

Floral induction in citrus plants occurs about
3 to 5 months before flowering itself. Low
temperatures and water stress are the main
promoters of floral induction (GRAVINA,
2014). Ramos-Hurtado et al. (2006) indicat-
ed that floral induction should occur in July
for the ‘Montenegrina’ mandarin tree grown
under the same edaphoclimatic conditions
as the ones in Rio Grande do Sul. Afterwards,
for this cultivar in similar edaphoclimatic
conditions, there was flowering inhibition
due to the gibberellic acid application in
June (GRIEBELER et al., 2021).

Micheloud et al. (2018), studying the phe-

nology of several citrus cultivars, in an area
where floral induction and the beginning of
sprouting are also determined by low tem-
peratures. The combination of both solar
radiation and the temperature of the month
of July affected the starting period of spring
sprouting. In this study, which was carried
out in temperate conditions, the first phe-
nological stage observed was the green bud
(BBCH 55), which occurred in mid-August.

Under the conditions of the Depressao
Central, there are on average 5 to 10 days
of frost in the year, some of that occurring
late in the spring (SARTORI, 2003). There



were moderate occurrences of the phe-
nomenon, after the beginning of sprout-
ing, on September 12 and 13, 2015, (min-
imum temperatures of 2.7 and 2.4 °C, re-

spectively), which did not compromise the
sprouts because they were more devel-
oped and because anthesis had already
occurred.

Table 4. Mean dates interval between 81 stage and harvest (MDI 81-H), Mean date of fruit har-
vest (H) at horticultural maturation of orange trees from the Citrus Collection of the Experimental
Agronomic Station - UFRGS, in the 2016, 2017 and 2018 growing seasons, and recommended har-

vest period. Eldorado do Sul, RS, Brazil*
MDI

Cultivars 81-H H
‘Rubi’ 41 B0 05/222 + 08
‘Cabula’ 37 B0 05/20 + 08
‘Piralima’ 36 BY 05/21 £10
‘Lima Verde’ 75B 06/28 £ 53
‘Hamlin’ 42 B0 05/21 £10
‘Valencia’ 134 A 09/18 + 19
‘Valencia V1’ 120 A 09/18 + 19
‘SCS454 Catarina’ 28 BV 05/21 £10
‘Newhall’ 40 B® 05/22 + 08
‘Folha Murcha’ 120A 09/21 £ 20
‘Bahia’ 62 BV 06/23 £ 35
‘Seleta Franck’ 44 B0 05/22 + 08
‘Campo Alto’ 50 B¢ 06/16 £ 26
‘Natal’ 136 A 10/04 £ 13
‘Navelina’ 45 B0 05/21 +10
‘Liberato Salzano’ 45B0) 06/06 £ 14
‘Hactur’ 127 A 09/18 +19
‘Midknight 120A 09/19 + 28
‘Valencia V5’ 120A 09/18 £+ 19
‘Lima Sorocaba’ 39 BX 05/31£18
‘Salustiana’ 38 B0 05/27 + 11
‘Sanguinea’ 42 BV 06/10 + 30
‘Valencia Late’ 112A 09/09 £ 30
‘Lue Gim Gong’ 133A 08/30 +43
‘Jaffa’ 0B® 05/22 + 11
p <0,0001
CV (%) 40,38

Harvest period

May to October®; June to September®

March to June®
June to September®
April to October®; May to July®®
September to January®; August to December®

April to July®; April to June®
April to May©); April to June®(®)
September to February®; October to February®®)
May to July®; May©; June to August®
May to August®

October to December(®
April to May©); April to June®(®)

August to September(©); July to Octobert®)

April to July®
May to June©); May to July®
April to July®
September®; August to November®
August to November
May to July®); July to September®)

Means followed by the same letters form groups by the Scott-Knott test (p<0.05); ' significant difference downwards,
in relation to the standard cultivar ‘Valencia’, by Dunnett’s test (p<0.05).

2 Month/Day.

W Sartori et al. (2002); ® Koller and Soprano (2013); ©© Micheloud et al. (2018); ®® Schwarz et al. (2018); ® Oliveira et al.

(2008a); ) Oliveira et al. (2008b); -, no information.

Frost happened again from 17 to 21 July
2017 (consecutive minimum temperatures
of 1.51, -1.52, -2.93, -1.21 and 1.41 °C) and,
because it was more intense and having oc-
curred at an early stage of development of
the sprouts, it caused damage that compro-
mised the integrity of the sprouted struc-
tures and induced a subsequent formation of
a new sprout, in early August. This fact was

also observed by Rivadeneira et al. (2006)
and corroborates with Gravina (2014) states:
the younger the sprouted plant tissue, the
greater its susceptibility to damage caused
by the cold.

The damage caused in orange trees by the
frost that occurred in July may not direct-
ly affect fruit production, as verified in the



Santa Fé region, Argentina, where the event
reduced the number of flowers in the next
sprouting (immediately after the frost), how-
ever there were no changes in yield when
compared to years without frost damage,
since there was compensation due to the
higher fruit fixation rate of these few flowers
(MICHELOUD et al., 2016).

The frost is the most pivotal meteorological
element in subtropical and temperate citrus
production (RIVADENEIRA, 2012). Despite
this, the study region was deemed suitable
for all cultivars, with restrictions only to
rootstocks that are less resistant to cold, be-
cause of the citrus agroclimatic zoning in Rio
Grande do Sul. This is due to the lower prob-
ability of frost occurring when compared to
other locations with thermal insufficiency
(<1,800 ADD) and high risk of frost (>50%) in
the year (WREGE et al., 2004).

Full bloom (BBCH 65) occurred between
August 28 and September 22, depending on
each cultivar. For the ‘Cabula’, ‘Rubi’, ‘Lima
Verde’ and ‘Folha Murcha’ orange trees this
phenological stage was reached in the month
of August and they were the first to bloom.
The ‘Sanguinea’, ‘Salustiana’, ‘Midknight’
and ‘Jaffa’ orange trees fully blossomed after
mid-September.

In a five-year study by Micheloud et al. (2018)
in temperate conditions, in the central re-
gion of Santa Fé, Argentina, the opening of
50% of the flowers occurred seven days later
for the cultivars ‘Newhall’, ‘Navelina’ and 22,
25, 15 and 20 days later for ‘Bahia’, “Valencia
Late’, ‘Midknight’, and ‘Salustiana’, respec-
tively, when compared to the same cultivars
in this work.

Among the phenological stages studied, at
the beginning of the reproductive cycle of
orange trees, the ADD values between one
stage and another are lower (Table 2). This
is due to the milder temperatures of late
winter and early spring when they occur
and also because of the greater detail in the

development of the structures, subdividing
the beginning of the cycle into more phases.
The longest sub period occurred between
the fruit stages in which the fruits had 40%
of their final size (BBCH 74) until their color
change (BBCH 81).

There was a statistical difference for the MDI
and ADD intervals of the phenological stages
BBCH 51 - BBCH 81 and BBCH 65 - BBCH 81.
In both cases, the cultivars were divided in
two groups. From the perspective of the en-
tire evaluation period (BBCH 51 - BBCH81),
in the group of cultivars with the earliest re-
productive cycle, the MDI ranged from 262
to 291 and 2,306.4 to 2488.0 ADD, whereas
in the latter group the MDI ranged from 296
to 315, accumulating from 2,511.5t0 2,619.4
degree-day (Table 3).

Between the BBCH 51 and BBCH 65 stages,
there were no statistical differences both
for the MDI, which varied between 45 and
53 days, depending on the cultivars, and for
the thermal accumulation which varied be-
tween 210.8 and 256.8 ADD. These values
were higher than those found by Sharma
et al. (2017) in the semi-arid conditions of
the Indian state of Haryana, for the ‘Jaffa’
(104.9 ADD) and ‘Pineapple’ (145.5 ADD) or-
ange trees, and those found by Nascimento
et al. (2018), also in semi-arid conditions
of the Submédio S3o Francisco (Petrolina,
PE, Brazil), for the ‘Pera-D12’ (11.65 days /
181.32 ADD, when grafted on the Rangpur
lime and 12.42 days / 188.82 ADD on the
Volkamer lemon) and ‘Rubi’ orange trees
(11.99 days / 187.85 ADD, when grafted on
the Rangpur lime and 11.23 days / 168.93
ADD on the Volkamer lemon), consider-
ing the same subperiods of the phenologi-
cal stages. Despite being one of the last to
sprout and bloom, the ‘Jaffa’ orange tree
was one of the first to present the beginning
of the physiological fruit drop, BBCH stage
73, together with the ‘Rubi’, ‘Lima Verde’
and ‘Bahia’ orange trees.



The last stage evaluated in this work, BBCH
81 - beginning of the skin color change, was
reached first by the ‘Navelina’, ‘Seleta Franck’
and ‘Hamlin’ orange trees, in the first ten days
of April. The first two cultivars were more
precocious in relation to ‘Valencia’, the most
cultivated orange tree in the State, in terms
of the average interval between days BBCH
51, bud swelling, and BBCH 81. ‘Navelina’ was
even more precocious than the reference cul-
tivar, when considering the interval between
stage BBCH 65 to BBCH 81, with an MDI of
212 and 2,063.9 ADD, in that period.

The beginning of phase Ill of fruit develop-
ment, skin color change (BBCH stage 81), un-
der the conditions of the Depressao Central,
occurred after what was observed in a study
carried out in Argentine temperate climate en-
vironment (MICHELOUD et al., 2018), compar-
ing the ‘Newhall’, ‘Navelina’, ‘Bahia’, ‘Valencia
Late’, ‘Midknight’, and ‘Salustiana’, orange
trees, common to both studies. This fact may
be linked to the greater thermal amplitudes
observed in environments of greater continen-
tality (HASLER et al., 2015). This shows that the
same genotypes alter their development cycle
because of the environmental characteristics
to which they are submitted.

The later cultivars, regarding skin color
change, were the ‘Valencia’ (all their der-
ivations), ‘Natal’, ‘Midknight’ and ‘Folha
Murcha’ orange trees, with the change oc-
curring in the second half of May. ‘Jaffa’
was also classified as a long-cycle cultivar,
through ADD analysis, however as for MDI, it
is among the short-cycle cultivars. This hap-
pened because it started its spring sprouting
late, in August, decreasing the cycle time.
The cultivar ‘Hactur’ can also be considered
a late orange tree because it started chang-
ing the color of skin on May 13, the average
date in the three years evaluated.

Stenzel et al. (2006) confirm that the ‘Folha
Murcha’ orange tree shows late matura-
tion, and in the conditions of Parana, Brazil,

the period between anthesis (BBCH 65)
and fruit maturation (BBCH 83) varied from
4,462 to 5,090 ADD, depending on the root-
stocks tested, in the Northwest and North of
that State. In turn, Rivadeneira (2012) with
‘Newhall’, ‘Valencia Late’ and ‘Salustiana’
orange trees grafted on Poncirus trifoliata
in the province of Entre Rios, Argentina, ob-
tained between 2,153.3 and 2,526.4 ADD,
from anthesis (BBCH 65) to fruit maturation
(BBCH 83), considering the lower basal tem-
perature of 12.5 °C. In the present study, the
same cultivars presented between 2,140.5
to 2,373.2 ADD from the anthesis (BBCH
65) until the change in the skin color of the
fruits (BBCH 81), under the conditions of the
Depressao Central of Rio Grande do Sul.

The differences between the cultivars under
study for the interval of days between stage 81
and harvest (MDI 81-H) are presented in Table
4. Corroborating with the results described
above, there are formation of two groups,
the earlier group (0 day < MDI 81-H < 75
days), consisting of ‘Rubi’, ‘Cabula’, ‘Piralima’,
‘Lima Verde’, ‘Hamlin’, ‘SCS454 Catarina’,
‘Newhall’, ‘Bahia’, ‘Seleta Franck ‘ ‘Campo
Alto’, ‘Navelina’, ‘Liberato Salzano’, ‘Lima
Sorocaba’, ‘Salustiana’, ‘Sanguinea’ and ‘Jaffa’;
and the late group (112 days < MDI 81-H <
136 days), formed by ‘Valencia’, ‘Valencia V1,
‘Folha Murcha’, ‘Natal, ‘Hactur’, ‘Midknight’,
‘Valencia V5’, ‘Valencia Late’ and ‘Lue Gim
Gong’. Furthermore, within the earlier mat-
uration group, when compared to ‘Valencia’
(considered the standard cultivar in southern
Brazil), ‘Lima Verde’ was the only cultivar that
did not differ from ‘Valencia’. The cultivars
had the same grouping when comparing MDI
81-H (Table 4) with the variables ADD and MDI
at different intervals of phenological stages
(Table 3), except for ‘Lue Gim Gong’ and ‘Jaffa’.

The harvest period for the region recom-
mended by the literature is compiled in for
those cultivars for which information is avail-
able (Table 4). The harvest date has a great-
er or lesser standard deviation depending



on the cultivar over the growing seasons.
All cultivars were harvested within the pe-
riod indicated for the region (SARTORI et
al., 2002; OLIVEIRA et al., 2008a, 2008b;
KOLLER; SOPRANO, 2013; MICHELOUD et al.,
2018; SCHWARZ et al., 2018).

The late group of cultivars in relation to MDI
81-H (112 days < MDI 81-H < 136 days) (ta-
ble 4) showed a large uncoupling between
external (peel) and internal (pulp) fruits mat-
uration. Also, it had an earlier external fruit
maturation than the internal maturation
necessary for harvesting. This behavior is
observed in several citrus species (JULHIA et
al., 2019; SINGH et al., 2023). Varieties with
this behavior should not be harvested based
on external color even in subtropical condi-
tions (SINGH et al., 2023).

The weather conditions observed were dif-
ferent for the three growing seasons evalu-
ated. The accumulated annual precipitation
reached the volumes of 2,089, 1,758 and
1,250 mm in the 2015-16, 2016-17 and 2017-
18 growing seasons, respectively. The annual
temperature means were very similar, being
18.7, 18.8 and 18.9 2C, respectively. However,
the monthly means of minimum tempera-
tures in the coldest months (May, June, and
July) were 10.2, 7.0 and 9.7 2C, in the three
growing seasons, respectively (Figure 2).

Variations in the behavior of the weather be-
tween years are common in the conditions
of southern Brazil, which requires greater
attention in the management of agricul-
tural crops in this region (SARTORI, 2003).
Environmental conditions also influenced
the occurrence of phenological phases in
the ‘Tahiti’ acid lime, in the west of Parana
(VILLA et al., 2017).

Low temperatures, in subtropical and tem-
perate zones, promote citrus flowering
(GRAVINA, 2014). Such condition, followed
by a period of maximum daytime tempera-
tures above 26.6 °C and maximum nighttime
above 21.1 °C for more than seven consecu-

tive days (ALBRIGO et al., 2002), trigger the
visible process of citrus development: the
sprouting.

All cultivars developed completely, from the
beginning of sprouting to maturation, since
the environmental conditions of the study
site are in accordance with the accumulation
of degree-days required by the orange trees
evaluated (WREGE et al.,, 2004). Through
the standard deviation values of the results,
in Tables 1 and 2, differences between the
dates and the accumulation of degree-days
for the same phenological stages between
the years evaluated can be seen. This in-
terannual variation was verified in several
studies of this nature (RIVADENEIRA, 2012;
SHARMA et al., 2017; MICHELOUD et al.,
2018).

Conclusions

The orange trees cultivated in the Depressao
Central of Rio Grande do Sul - Brazil started
to sprout between the mean dates of July
11 to August 5, depending on cultivar. The
full bloom of orange trees in this region oc-
curred between the mean dates of August
28 and September 22.

The orange genotypes studied in this work
were subdivided into two groups, according
to the accumulation of degree days and the
average interval of days between the pheno-
logical stages BBCH 65 to BBCH 81 and BBCH
51 to BBCH 81. The group of precocious cul-
tivars consists of: ‘Bahia’, ‘Cabula’, ‘Campo
Alto’, ‘Hamlin’, ‘Liberato Salzano’, ‘Lima
Verde’, ‘Newhall’, ‘Piralima’, ‘Rubi’, ‘SCS454
Catarina’, ‘Seleta Frank’, ‘Lima Sorocaba’,
‘Lue Gim Gong’, ‘Navelina’, ‘Salustiana’ and
‘Sanguinea’; and the group of late cultivars
by: ‘Folha Murcha’, ‘Hactur’, ‘Midknight’,
‘Natal’, ‘Valencia’, ‘Valencia Late’, ‘Valencia
V1’ and ‘Valencia V5. The orange tree ‘Jaffa’
was classified as precocious as for ADD and
as late for MDI.
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