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ABSTRACT - Over the years, strawberry growth has shown alterations in its phenology, involving mainly the 
beginning of flowering and fruiting. The aim of this study was to verify whether the growth years influence the 
duration of strawberry vegetative and reproductive stages in protected environment. The development of the 
Camarosa strawberry cultivar was observed between 2007 and 2014. The crops were settled in a greenhouse 
in the Horticulture Sector at the University of Passo Fundo, RS. Data like transplant date, in the beginning 
and end of the fruits harvest; temperature data (maximum, average and minimum) were recorded in the 
growth environment. These data were used for the thermal sum calculation (daily, accumulated). The data 
analyses were carried out in a descriptive manner, relating the temperature data with the phenological stage 
of each year. The accumulated thermal sum that is necessary to begin the harvest was variable throughout 
the years, where it was between 383 and 438 degrees days-1 for plants with interval between transplant and 
harvest of 73 days (2008 and 2009) at 816 degrees days-1, where the interval was 111 days (in 2014). In the 
first case, it accumulated 5.2 ºC/day, in 2008 and 6 ºC/day, in 2009.  In the second case, it was 7.3 ºC/day, 
in 2014. Seedlings which were transplanted in the first fortnight of May began fruiting in the beginning of 
August and September. Seedlings transplanted in July 2011 and 2012 began fruiting in similar periods, that 
is, in the first and second fortnight of September. It was found that, because of the temperatures recorded in 
different periods of growth and transplant time, there is alteration mainly in the strawberry vegetative stage.
Index terms: Fragaria x ananassa Duch, phenology, accumulated thermal.

DURAÇÃO DA FASE VEGETATIVA DO MORANGUEIRO 
É DETERMINADA PELO ANO DE CULTIVO

RESUMO- Ao longo dos anos, o cultivo do morangueiro tem apresentado alterações em sua fenologia, 
envolvendo, principalmente, o início de floração e frutificação. O objetivo do trabalho foi verificar se os 
anos de cultivo interferem na duração das fases vegetativa e reprodutiva do morangueiro, em ambiente 
protegido. Foi observado entre os anos de 2007 a 2014, o desenvolvimento da cultivar de morangueiro 
Camarosa. O ambiente no qual se estabeleceram os cultivos foi uma estufa agrícola no Setor de Horticultura 
da Universidade de Passo Fundo, RS. Registraram-se dados como data de transplante, início e final de colheita 
dos frutos; dados de temperaturas (máximas, médias e mínimas) registradas no ambiente de cultivo.  Esses 
dados foram utilizados para cálculo da soma térmica (diária, acumulada). A análise de dados foi realizada 
de forma descritiva, relacionando os dados de temperatura com os estádios fenológicos em cada ano. A 
soma térmica acumulada necessária para iniciar a colheita foi variável nos anos, ficando entre 383 e 438 
graus dias-1 para plantas com intervalo entre transplante e colheita de 73 dias (anos de 2008 e 2009) a 816 
graus dias-1, em intervalo de 111 dias (em 2014). No primeiro caso, acumulou-se 5,2 ºC/dia, em 2008 e 6 
ºC/dia, em 2009.  No segundo, foi de 7,3 ºC/dia, em 2014. Mudas transplantadas na primeira quinzena de 
maio iniciaram a frutificação no início de agosto e setembro. Mudas transplantadas em julho de 2011 e 2012 
iniciaram em período semelhante, primeira e segunda quinzena de setembro. Constatou-se que, em função das 
temperaturas registradas nos diferentes anos de cultivo e épocas de transplante, há alteração principalmente 
na fase vegetativa do morangueiro.
Termos para indexação: Fragaria x ananassa Duch., fenologia, soma térmica umulada.
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INTRODUCTION

Agriculture represents one of the main world 
economic sectors and it is directly related to weather 
conditions. Because of that, scientific researches are 
used as a basis for possible maintenance strategies 
of the food productive sector in the levels demanded 
by the consumer market.

An evaluation of possible environmental 
impacts on cultivation, caused by climate change, 
must take into consideration the interaction between 
biotic and abiotic factors (ZHANG et al., 2017). This 
is also true when it comes to strawberry growth. 

Over the years, the strawberry growth has 
shown changes in its phenology (COSTA et al., 
2016), involving, mainly the beginning of flowering 
and fruiting, thus these processes are directly related 
to the seedlings transplanting time.   

The seedlings used by producers in the 
Brazilian subtropic are developed mainly in the 
Argentinian and Chilean Patagonia, what makes 
feasibility planting at the suggested time difficult 
(beginning of fall), limiting the transplant to the 
delivery of seedlings. 

It was observed that, because of this 
irregularity, there are changes in the culture cycle. 
These changes can be related to the development 
of the seedling that needs some hours of cold to 
accumulate carbon in its crown and to change stage 
(TAZZO et al., 2015). 

We emphasize that leaf assimilates, which 
must be storaged in the crown, are determinants to the 
production of strawberry fruits, thus they are closely 
related to the temperatures recorded during the period 
of seedlings development, yet in the nursery. This 
cold accumulation results in an increase of the plant 
crown diameter (COCCO et al., 2012), which is the 
main characteristic used to determine the seedlings 
quality, that must show a diameter superior to 8 mm 
(TORRES-QUEZADA et al., 2015). This way, the 
temperature conditions in which the seedlings are 
developed need to satisfy the needs of each cultivar 
(HIDAKA et al., 2017) so that soon after transplant, 
all energies are translocated only for floral induction 
and, later, for fruiting (TORRES-QUEZADA et al., 
2015), because the quality of the strawberry seedlings 
at the time of planting is directly correlated with the 
precocity of production (COCCO et al., 2015).

 However, nursery gardeners do not provide 
information related to cold accumulation in seedlings 
from Chile and Argentina to producers. Such 
information would be extremely important to 
encourage the thermal need of the plant in each 
stage, thus the thermal sum accumulated (TSa) in the 

seedling formation, associated to climate conditions 
of the transplanting site will make scheduling 
production feasible, making possible to indicate 
appropriately the best planting period. This way, 
the TSa is a tool that makes the understanding of the 
culture cycle possible after the seedlings reception.

The literature related to phenology of crops 
emphasizes the impact caused by temperature 
changes that influences phenostages of plants (leaf 
development, flowering, fruiting, senescence and 
abscission) (GE et al., 2015; WANG et al., 2015). 
The duration of the growth period and the schedule 
of phenological stages are directly related to these 
changes (FU et al., 2013), that present substantial 
interannual variability, mainly in the beginning and 
end of the growth period, what corresponds to the 
period that involves greater activity in the cycling of 
carbon, water and nutrients (LOVAISA et al., 2015). 

Other factors like genotype (RAHMAN et 
al., 2016), initial weight of the plant (BARTCZAK 
et al., 2010), number of leaves (COSTA et al., 2014) 
and application of fertilizers (LOVAISA et al., 2015) 
can also influence the phenological development of 
the plant. 

In this context, the aim of this study was to 
verify whether strawberry growth years, in protected 
environment, influence the duration of vegetative and 
reproductive stages of the plant.

MATERIAL AND METHODS

Plants and growth site
The development of strawberry cultivar 

Camarosa (short days) from Chile, has been observed 
throughout seven years (from 2007 to 2014). During 
the years of observation, the plants were led to the 
same local and to the same growth system (soil), in 
rural greenhouse, with semicircular roof and area 
of 510 m², covered with low density polyethylene 
(LDP) of 150 µm thickness, with additive anti-
ultraviolet and anti-drip added. The plants were 
placed in covered beds with mulching plastic in 
a spacing of 0.30 m x 0.30 m, under a dripping 
irrigation system. Fertigation was used according to 
development stages of the crop (CALVETE et al., 
2007). This study was developed in the Sector of 
Horticulture of the Agronomy and Veterinary College 
(FAMV) at the University of Passo Fundo (UPF) 
(28°14’0.03”S; 52°22’51.94”O). 

Procedures
Development of the plants
In order to determine the growth cycle of 

cultivar Camarosa, data related to the transplanting 
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date, beginning and end of the fruits harvest (Figure 
1) were recorded each year.  

Thermal sum 
Maximum,  ave rage  and  min imum 

temperatures recorded by a termo-hygrograph during 
the growth years, installed at 1.5 m height inside the 
greenhouse were considered. These data were used 
for calculation of the thermal sum. The daily mean 
temperature (dmT) was calculated by the following 
equation: dmT= (t0+t2+...+t24)/12; which calculate 
the arithmetic mean of temperatures (ºC) recorded 
by the termo-hygrograph every one hour. The daily 
thermal sum (dTS) was calculated in accordance with 
what was proposed by Gilmore and Rogers (1958) 
and Arnold (1960), through equation dTS = (dmT-bT) 
[°C day-1] where, dmT = daily mean temperature and 
bT = base temperature.

The base temperature (bT) is defined as the 
minimum temperature, and when the temperature 
is lower than that, there is no emission of leaves. 
The bT considered for strawberry was 7.2 °C. The 
dTS was accumulated from the seedlings transplant, 
resulting in thermal sum accumulated (TSa), that is: 
TSa = Σ dTS. 

Data analysis
The analysis was carried out in a descriptive 

manner, relating the temperature data with the 
phenological stage every year of growth.

RESULTS AND DISCUSSION

Based on observations of the data related 
to temperature, growing stages and development 
of strawberry, we found out that the growth years 
influenced mainly in the vegetative stage of the 
plants. 

During the years studied, it was observed 
that the period between the transplanting date to the 
beginning of flowering (anthesis), approximately one 
month before harvest, the plants were submitted to 
the temperature which has been considered as great, 
that is, lower than 15ºC (Figure 2) to this process 
(HIDAKA et al., 2017). 

Short-day plants have floral evocation under 
temperatures of around 15 ºC, condition in which 
the gene constans that is responsible for activating 
flowering genes in long photoperiod, is inhibited, 
activating another gene, the Hd3, which is activated 
because of the low concentration of constans due to 
the photoperiod is not inductive. Hd3 corresponds 
to the florigene that is led via phloem to the apical 
meristems, determining the flowering central 

genes activation that will trigger differentiation of 
meristems (TAIZ and ZEIGER, 2013). 

In strawberry, the interaction between 
temperature and photoperiod can control flowering in 
short day cultivars (COCCO et al., 2016). However, 
great part of short-day cultivars, like Camarosa, 
shows optional answer to flowering, that is, when the 
floral induction occurs continuously and regardless 
its photoperiod, once the temperatures are inferior 
to 15 ºC (HEIDE et al., 2013; DURNER, 2015). In 
this study, the influence of the temperature in the 
inductive process upon the genotype was confirmed 
(lower 15ºC), predominating over the effect of the 
photoperiod.

The TSa necessary to begin the harvest 
was variable in the years (Figure 3). This attribute 
varied from 383 and 438 ºC days-1 (2008 and 2009, 
respectively) to 816 ºC days-1 (2014). In plants 
whose interval between transplant and harvest is 73 
days (2008 and 2009), the mean accumulation of 
degrees-days was 5.2 ºC day-1 (2008) and 6 ºC day-1 
(2009). But for plants whose interval is 111 days, the 
accumulation was 7.3 ºC day-1 (2014).

The TSa was linked to temperature conditions 
that occurred in the period. In 2008, for instance, the 
mean temperature during the cycle was 14 ºC and, 
in 2009 was 12 ºC, when less accumulation of cold 
hours is necessary to begin harvest in comparison 
with 2014, when the mean temperature recorded was 
15 ºC. Even when 2008 and 2009 showed 73 days 
between transplant and harvest, the thermal need to 
reach the beginning of fruiting was different. 

The temperatures recorded in the growth 
environment were directly related to the TSa by 
the plant, which is given as physiological time that 
is necessary to change the vegetative stage. The 
need for a greater TSa to reach the beginning of 
harvest represented an increase in the vegetative 
period, delaying the beginning of harvest. This fact 
determined the reduction of the fruiting period that 
can lead to a total lower yield of fruits (RAHMAN 
et al., 2016).  This TSa was associated to the 
accumulation of cold hours that the cultivar received 
during the seedling formation. This fact determines 
the differentiation of flower bud. Besides these 
factors, which refer to temperatures, other factors 
in the natural environment, like photoperiod and 
solar radiation variation, influence this process 
(SØNSTEBY et al., 2016).

The cold accumulation is an important part of 
strawberry growth and production. The demand for 
cold in cultivars developed in California is comprised 
of two important parts. One part is what the plant 
accumulates in the field before digging, and the 
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other one is the accumulation of cold after harvest, 
during storage (additional cold) in constant and close 
to freezing temperatures. The additional cold, under 
California conditions, is attributed to plants so that 
they easily withstand the stress caused by transplant 
(HIDAKA et al., 2017). 

For years, strawberry genotypes developed 
and improved in California are provided to Chile as 
stock plants. After the multiplication of these stock 
plants, the seedlings are directed to the majority of 
the Brazilian subtropics producers. These seedlings 
show two categories: frigo and fresh. Frigo seedlings 
are characterized for receiving cold in the field and 
additional cold after harvest and they are generally 
neutral cultivars.  The fresh ones accumulate cold in 
the greenhouse and, after being developed in the field 
are uprooted and then taken to producers, being then 
characterized as short-day cultivars. 

Cultivar Camarosa, under its origin condition 
(California), needs until seven days of additional 
cold units accumulated after the accumulation in the 
field. Overall, the demand for cold of the cultivars 
developed in California is from 150 to 400 hours 
cold lower 7.2ºC (STRAND, 2008). This information 
can be found in Lassen Canyon Nursery, located in 
California. 

According to the models to estimate the cold 
units accumulated (BYRNE and BACON, 1992) 
under the Chilean Patagonia conditions, where the 
stock plants are multiplied, the temperature may not 
be enough to this accumulation of cold units, that is 
when we consider the seedlings to be fresh, which in 
the South Hemisphere do not receive additional cold. 
We emphasize that, in California, the winter period 
is longer and intense, turning the accumulation of 
cold units feasible. For strawberry, the cold hours 
accumulated must be from 28 to 45º Fahrenheit 
(BOLDA, 2008) which correspond from -2.2 to 
7.2º C.  It is emphasized that larger productions are 
obtained from seedlings that show higher crown 
diameter and higher carbohydrate content in reserve 
organs (COCCO et al., 2016).

It was observed that when the strawberry 
transplanted in May (from 2007 to 2010 respectively), 
in protected environment, in the Brazilian subtropic, 
the vegetative period is superior (from 5 to 7 months) 
when it was compared to other transplanting periods 
(Figure 1). Therefore, when the transplant of the 
seedlings is carried out in the first fortnight of July 
(2011 and 2012, respectively), there is a reduction in 
the vegetative stage of the plant, varying from 3 to 4 
months. When the vegetative period is longer, there 
is a delay in the beginning of the reproductive cycle, 
which may be reduced. This is directly related to the 

seedlings quality, thus their crowns, whose diameter 
is more developed; determine greater accumulation 
of substances, causing precocity (non- published 
data). 

Floral induction under the Brazilian 
subtropical conditions may be delayed by two main 
factors: 1) time reduced of the plants exposure to 
conditions which are necessary to the formation of 
seedlings with quality; 2) raised temperatures during 
the seedlings formation that are still in the nursery 
and, in the ambient, soon after transplant. These 
factors compromise the storage capacity of photo-
assimilates in the plants crown, which is determined 
by cold hours accumulated in the nursery. 

When these seedlings arrive at their 
destination, soon after transplant, they may not show, 
satisfactorily, energetic substances in the crown that 
will determine the plant energy, configurating a 
period of continuity to this process. This will induce 
to the translocation of photoassimilates of this body 
to floral induction, causing damage to the processes 
associated with the carbon balance of the plant 
(SØNSTEBY et al., 2016). 

Therefore, seedlings that arrive later in 
the Brazilian subtropic, like the ones that were 
transplanted in July, are more likely to bloom soon 
after transplant. This is due to the largest time of 
exposure to cold during the seedlings formation in 
the nursery. The greatest the accumulation of cold 
(ºhr) during the seedling formation, the lowest the 
time which is necessary to begin flowering (HIDAKA 
et al., 2017). 

It was also observed that, in 2007 and 2011, 
even when there were different vegetative periods 
(5 and 3 months, respectively), the seedlings that 
were transplanted in May showed the same fruiting 
time as those transplanted in July. Therefore, the late 
transplant is recommended, thus the seedlings will 
be less exposed to the negative influence of biotic 
and abiotic factors, since there is no reduction in 
their fruiting period. This way, it will be possible to 
reduce costs to the producer and contribute with the 
agroecosystem sustainability, minimizing the use of 
non-renewable resources. 

We must take into consideration that, because 
of the delay in the seedlings delivery by the nursery 
or in the seedlings transplant, a productive gap is 
created, which may be filled with the implementation 
of short cycle horticultural crops, for subsequent 
implantation of strawberry in ambient, providing 
optimization in the space and greater profitability 
to the producer.
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FIGURE 2- Mean temperatures (ºC) and thermal sum accumulated during seven years of study between 
transplant and beginning of harvest periods.

 May Jun Jul Aug Sep Oct Nov Dec Jan
Fortnights 1 ª 2 ª 1 ª 2 ª 1 ª 2 ª 1 ª 2 ª 1 ª 2 ª 1 ª 2 ª 1 ª 2 ª 1 ª 2 ª 1 ª 2 ª
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FIGURE 1- Crop cycles of cultivar Camarosa in protected environment.
Black: Transplant; dark gray: beginning of harvest; light gray : end of harvest.
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CONCLUSION

Depending on the temperatures recorded in 
different years of growth, there is alteration mainly in 
the vegetative stage of strawberry plants in protected 
environment. It is recommended that the transplant 
of strawberry seedlings of cultivar Camarosa in the 
Brazilian subtropic is carried out in the first fortnight 
of June and in the first fortnight of July, and the filling 
of the productive gap in the crop environment by 
short cycle horticultures.
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