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Introduction
Dahlia (Dahlia spp.), native to Mexico and belonging to the 

Asteraceae family, is widely appreciated as an ornamental plant due to 
its diversity of colors and shapes that resemble orchid, anemone, plate, 
cactus, pompom, among others. Although the native land of the Dahlia is 
Mexico, it is among the popular bulbous flowers found in most gardens 
around the world (Alkaç et al., 2022). Dahlia is an herbaceous, shrubby, 
perennial plant with a tuberous root system and an upright growth habit 
(National Dahlia Society, 2021). The versatility of Dahlia is evident 
in its adaptability to grow in the open field with temperatures up to 35 
oC (Fernandes et al., 2023a), eliminating the need for greenhouses and 
making its cultivation with relatively low production cost (Uhlmann, 
2022). Dahlia is one of the flowers species of the Flowers for All Project, 
a nationwide project that since 2018 brings cut flowers as a source of 
income for small landholder family farmers in Brazil (Uhlmann et al., 
2019; Streck and Uhlmann, 2021). Also, it is a common annual garden 
plant that provides a variety of colors and interest to the landscape, being 
an important part of modern floriculture and landscaping industries 
(Schneck et al., 2021).

Plant growth and development are related but different processes that 
can occur simultaneously or not. While growth is related to an increase 
is size (i.e., height, area, or volume) of the different plant organs or 
canopy, development is related to events that include cell differentiation, 
organs initiation (organogenesis), organs appearance (morphogenesis) 
and extends to plant senescence (Streck et al., 2012; Hilty et al., 2021; 

Proietti et al., 2022). The developmental cycle of a plant (from planting 
to senescence) can be divided into vegetative and reproductive phases. 
This division is often based on morphological indicators that are easily 
identified by the naked eye in the field so that the vegetative phase starts 
at plant emergence from the soil surface and ends when the reproductive 
organ in visible, whereas the reproductive phase starts when the 
reproductive organ is visible and ends when plant senesces (McMaster, 
2005; Streck et al., 2012). During the vegetative phase, the appearance of 
leaves takes place until the flag leaf appears and fully develops, so defining 
the final leaf number which represents the total number of primordia that 
differentiated into leaves on a stem. The appearance of new leaves also 
drives the dynamics of leaf area index that intercepts solar radiation for 
photosynthesis and is often represented by the phyllochron, defined as the 
time interval between the appearance of two successive leaves (Schuh et 
al., 2005; Streck et al., 2007).

Several studies have been conducted to understand the role of the 
vegetative and reproductive phases on the duration of the developmental 
cycle of different agricultural crops, including flowering plants. For 
instance, in rice (Streck et al., 2006), in wheat (Walter et al., 2009), in 
gladiolus (Streck et al., 2012), and in freesia (Freesia x hybrida) (Santilli 
et al., 2023) the duration of developmental cycle is driven by the duration 
of the vegetative phase, which in turn is defined by the final leaf number 
and/or by the rate that leaves appear (represented by the phyllochron). 
These basic studies are important from a practical viewpoint for a fine-
tuning of management practices, for breeders to select cultivars that are 
better suited for specific regions, for optimizing planting date, and for 

Abstract: The objective in this study was to determine the duration of the vegetative and the reproductive phases, as the relationship between total 
developmental cycle and developmental phases in on-farm cut dahlia cultivars. Ten on farm trials using two to eight cut dahlia cultivars during three 
years (2021 to 2023) at eight locations in the state of Rio Grande do Sul, Southern Brazil, were used. Tubers were planted in beds 1.0 m wide and 0.2 m 
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layer of petals fully open (harvest point) were collected by observing the tagged plants daily. It was observed that the vegetative phase varied from 14 
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Resumo: O objetivo deste estudo foi determinar a duração das fases vegetativa e reprodutiva, e a relação entre o ciclo de desenvolvimento total e as fases 
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da cultura foi considerada quando 50% das plantas haviam emergido. O broto principal de 10 plantas por cultivar foi marcado. O número de pares de 
folhas desdobradas nas plantas marcadas foi contado até o último par de folhas desdobradas no broto principal. A data em que 50% das plantas marcadas 
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planning harvesting schedules. Recently, the phyllochron and the final leaf 
number of cut dahlias were determined in Southern Brazil (Fernandes et 
al., 2023b) and, although several studies have been conducted on the post-
harvest durability of Dahlia flowers in different countries, with a primary 
focus on prolonging vase life (Alkaç et al., 2020; Azuma et al., 2020; 
Shimizu-Yoto et al., 2020), no detailed studies aiming to understand the 
relationships between vegetative and reproductive development in field 
grown dahlias were found. The objective of this study was to determine 
the duration of the vegetative and reproductive phases, as well as the 

relationship between total developmental cycle and developmental phases 
in on-farm cut dahlia cultivars.

Materials and methods
Ten on-farm trials using two to eight cut dahlia cultivars during three 

years (2021 to 2023) at eight locations in the state of Rio Grande do Sul, 
Southern Brazil, were used (Table 1). The varying number of cultivars 
used at each location was because of the availability of tubers provided 
by the farmers.

Table 1. On-farm trials with cut dahlias in Rio Grande do Sul State, Brazil, used in the study.

Location Cultivars Planting date 
(dd/mm/yyyy)

Santa Maria (1) 
Santa Maria (2)

Rebecca´s World, Siberia, Promise, Dark Spirit, Pompom, Vera, Frantonio  
Rebecca´s World, Siberia, Promise, Dark Spirit, Pompom

25/02/2021 
21/09/2021

Jaguari Rebecca´s World, Siberia, Promise, Dark Spirit, Pompom, Vera, Frantonio 27/02/2021

Pelotas Rebecca´s World, Siberia, Promise, Dark Spirit, Pompom, Vera, Frantonio 27/08/2021
Cachoeira do Sul Rebecca´s World, Siberia, Promise, Dark Spirit, Pompom 14/10/2021

Novo Cabrais Rebecca´s World, Siberia 18/11/2022
Lajeado Rebecca´s World, Siberia 21/11/2022

Júlio de Castilhos (1) 
Júlio de Castilhos (2)

Rebecca’s World, Siberia 
Vicent Van, Marina, Carla

18/11/2022 
01/05/2023

Alegrete Rebecca´s World, Siberia, Promise, Dark Spirit, Pompom, Vera 06/02/2023

The climate in all the locations is Cfa according to the Köppen system, 
which corresponds to a humid subtropical climate with hot summers 
and no dry season (Kuinchtner and Buriol, 2001; Kottek et al., 2006). 
Soil sampling for chemical tests were performed at the Santa Maria and 
Cachoeira do Sul farms and indicated soil organic matter content of 2.1% 
and 3.3%, soil pH of 4.55 and 6.13, phosphorus (P) content of 88.3 mg 
dm-³ and 56.1 mg dm-³, potassium (K) content of 206.5 mg dm-³ and 366.7 
mg dm-³, and calcium (Ca) + magnesium (Mg) content of 5.4 cmolc dm-³ 
and 11.1 cmolc dm-³, respectively. No soil tests were taken at the other 
locations, but the areas had been previously used for flower and vegetable 
cultivation by farmers and therefore represented local farmers conditions. 
Tubers from a private company were used by the farmers and planted in 
beds with a width of 1.0 m and a height of 0.2 m, at a 0.40 m x 0.40 m 

spacing and at a depth of 0.05 m in all farms. Fertilization included pre-
planting application of lime to achieve a pH of 6.0 and 50 g m-² of NPK 
(5-20-20) and top dressing with 12 g m-2 of urea and 18 g m-2 of potassium 
chlorite at 35 days after planting and 12 g m-2 of urea and 18 g m-2 of 
potassium chloride at 65 days after the onset of harvesting as indicated 
by Brondum and Heins (1993) and Kumar et al. (2019). All farmers used 
irrigation to prevent water stress in their dahlia crops at all locations. 

Daily minimum and maximum air temperatures were collected from 
automatic weather stations of the National Institute of Meteorology 
(INMET) as shown in the Table 2. The table shows the experimental 
locations alongside the geographic coordinates of the corresponding 
automatic weather stations, indicating the precise location of each station 
used to collect meteorological data for the experiments.

Table 2. Experimental locations and the geographic coordinates of their corresponding automatic weather stations. 

Location of the experiment Automatic weather stations geographic coordinates  
(indicating the precise location of each station)

Santa Maria Santa Maria (A803) -29.72, -53.72

Novo Cabrais Santa Maria (A803) -29.72, -53.72

Pelotas Pelotas (V0628) -31.80, -52.51

Jaguari São Vicente do Sul (A889) -29.70, -54.69

Júlio de Castilhos Cruz Alta (A853) -28.60, -53.67

Lajeado Teutonia (A882) -29.26, -51.48

Cachoeira do Sul Rio Pardo (A813) -29.87, -52.38

Alegrete Alegrete (V0600) -29.79, -55.77

The number of emerged plants (shoot was first visible at the soil 
surface) was counted daily until reaching the final plant stand. The date 
of crop emergence was considered when 50% of the plants had emerged. 
After complete emergence, the main shoot of 10 plants per cultivar was 
tagged in each farm. The number of unfolded leaf pairs (NLP - a leaf 
was considered unfolded when the edges of the leaflets were no longer 
touching) on each tagged plant was counted once a week in Cachoeira do 
Sul, Lajeado, Júlio de Castilhos, Novo Cabrais, and Alegrete, and twice 
a week in Santa Maria, Jaguari, and Pelotas until the last pair of unfolded 

leaves, which is the final leaf pair number on the main shoot (FLPN). 
Furthermore, the date that 50% of the tagged plants were at first visible 
floral bud on the main shoot and at the first flower with the first layer 
of petals fully open on the main shoot (harvest point) were collected by 
observing the 10 tagged plants daily. The vegetative phase was assumed 
be to from emergence to the first visible floral bud on the main shoot, and 
the reproductive phase was assumed from the first visible floral bud on 
the main shoot to the first flower with the first layer of petals fully open 
on the main shoot.
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Daily thermal time (TTd) from emergence to the first flower with the 
first layer of petals fully open was calculated according to Gilmore and 
Rogers (1958), and Arnold (1960):

Where Tmean is the mean air temperature calculated as the average 
of the daily minimum and maximum air temperatures, and Tb, Topt, and 
TB are the lower base, optimum, and upper base cardinal temperatures 
for the unfolding of the leaf pairs (5.5 °C, 24.6 °C, and 34.9 °C, 
respectively), for the vegetative phase (2.4 °C, 22.4 °C, and 31.1 °C, 
respectively), and for the reproductive phase (5.2 °C, 24.2 °C, and 
33.1 °C, respectively), as determined by Brondum and Heins (1993). 
The accumulated thermal time (TT, °C day) from emergence to the first 
visible floral bud (vegetative phase) and from the first visible floral bud 
to the first flower with the first layer of petals fully open (reproductive 
phase) was calculated as follows.

The phyllochron, with unit of °C day leaf pair-1, was calculated as 
the slope of the linear regression between NLP against TT (Schuh et al., 
2005; Streck et al., 2007; Koefender et al., 2008). The duration in thermal 
time of the developmental cycle was regressed against the duration 

in thermal time of the vegetative and the reproductive phases, and the 
duration in thermal time of the vegetative phase was regressed against the 
phyllochron and the FLPN (Streck et al., 2012).

Results and discussion
The 10 trials in eight locations used in this study (Table 1) exposed 

the eight cut dahlia cultivars to different environments. The minimum 
temperature varied from -0.4 to 15.4 oC whereas the maximum temperature 
varied from 31.6 to 40.8 oC. Dahlia cultivars had different durations of 
vegetative and reproductive phases so that some cultivars spent more time 
in the vegetative phase whereas others entered the reproductive phase 
earlier (Fig. 1). For each cultivar, sowing date and location also played an 
important role in affecting the duration of the vegetative and reproductive 
phases both in days and in oC day (Fig. 1). 

The vegetative phase varied from 14 to 58 days and the reproductive 
phase varied from 11 to 48 days. The development rate of dahlia is highly 
influenced by air temperature (Brondum and Heins, 1993). Therefore, the 
duration of developmental phases in thermal time (with units of oC day) 
is biologically a more meaningful measure of time compared to calendar 
days or days after sowing (Steinmetz et al., 2017; Parent et al., 2019). The 
vegetative phase varied from 208.8 to 938.3 oC day and the reproductive 
phase varied from 134.7 to 554.7 oC day according to cultivar, location, 
and planting date (Fig. 1). The duration of the vegetative and reproductive 
phases has practical applications for dahlia farmers, researchers, and 
consultants such as to select cultivars that are better suited for specific 
regions, to optimize planting dates, for planning harvesting schedules, and 
for the fine tuning of management practices aiming to improve farmers 
profits and sustainability (Streck and Ulhmanm, 2021).
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Fig. 1. Duration in °C day (A, C, E, G, I, K, M, O, Q, S, U) and in days (B, D, F, H, J, L, N, P, R, T, V) of the vegetative phase (from emergence 
to the first visible floral bud, solid bars) and the reproductive phase (from the first visible floral bud to the first flower with the first layer of petals fully 

open, open bars) on the main shoot of dahlia cultivars grown on farm in several locations in Rio Grande do Sul State, Southern Brazil.

Pooling all data together, the duration of the total developmental cycle 
(vegetative + reproductive phases) showed a high positive linear relationship 
with the duration of the vegetative phase (Fig. 2A) and a less but significant 
positive linear relationship with the duration of the reproductive phase (Fig. 
2B). The rate of increase in the duration of the total developmental cycle is 
about 112 oC day (100 oC day of the vegetative phase)-1 and 140 oC day (100 
oC day of the reproductive phase)-1. The duration of the vegetative phase 
showed a positive linear relationship with the phyllochron (Fig. 2C) and 
no relationship with the final number of leaf pairs (Fig. 2D). These results 

indicate that the timing for the onset of harvest in cut dahlia cultivars is 
primarily driven by the duration of the vegetative phase which in turn is 
driven by the phyllochron (or its inverse the leaf appearance rate), and have 
practical applications for famers, consultants, and breeders. For instance, if 
farmers need cultivars with earliness, they should grow dahlias that have 
high leaf appearance rate (low phyllochron) regardless of the final leaf 
pair number. For breeders, final leaf number is a trait that does not affect 
earliness whereas the phyllochron is indeed a trait that should be considered 
for flowering earliness breeding programs.
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Studies on basic processes that drive the development of flower crops 
are scarce. These results are similar to those found for gladiolus by Streck 
et al. (2012), who found a direct and positive relationship between the 
duration of the total cycle and the vegetative phase, which had a significant 
relationship with the phyllochron, the same found in this work. In other 
words, high dependence on leaf appearance rate, important information for 
the calibration and validation of mathematical models with dahlia. While 
final leaf number drives vegetative development in gladiolus, our results 
indicate that in dahlia the different final leaf pair number of cultivars (Fig. 
2D) is compensated by a different rate that leaves appear (Fig. 2C), i.e. 
cultivars that have a lower final leaf pair number have a lower phyllochron 
(higher leaf appearance rate) and vice versa. This cross compensation 
indicates a high adaptation in the dynamics of leaf development in dahlia 
compared to gladiolus and other agricultural crops like rice (Streck et 
al., 2006) and wheat (Streck et al., 2009). These results have practical 
applications for famers, consultants, and breeders, such as to select cultivars 
for specific regions, to optimize planting dates, for planning harvesting 
schedules, and for fine tuning of management practices.

Conclusions
The duration of the vegetative phase and the reproductive phase in cut 

dahlia vary with planting date and cultivar. The duration of the vegetative 
phase is driven by the phyllochron (or its inverse the leaf appearance rate). 
The duration of the total developmental phase from plant emergence to the 
first flower with the first layer of petals fully opened is dependent on the 
duration of both the vegetative phase (from emergence to visible bud) and 
the reproductive phase (from visible bud to the first flower with the first 
layer of petals fully opened).
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