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Abstract

The objective of this study was to characterize the development of chia plants sown at different dates, and 
to determine the relation between the duration of the development cycle and the final number of leaves 
and the leaf appearance rate on the main stem. A field experiment was conducted in the agricultural year 
of 2016/2017 in five sowing dates (09/22/16, 10/28/16, 01/03/17, 02/08/17 and 03/24/17) in the edaphoclimatic 
conditions of the central region of the RS, Brazil. A randomized block design with four replicates was used. For 
each sowing date, the duration of the vegetative and reproductive phases in days and in °C day (Tb = 11 
°C), the final number of leaves and the phyllochron of the main stem were determined. The duration of the 
vegetative phase of chia plants in days and in ºC day varies between the sowing dates, with shorter duration in 
late sowings in response to the photoperiod reduction. The vegetative phase represents the largest part of the 
total development cycle in early sowing dates, being overcome by the reproductive phase in late sowing dates 
(02/08/17 and 03/24/17). The phyllochron for chia varies from 36.23 (very late sowing) to 59.88 ºC day (early 
sowing). Later sowing has a smaller final number of leaves accumulated in the main stem due to the shorter 
duration of the vegetative phase. 
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Introduction 
Salvia hispanica, Lamiaceae family, popularly 

known as chia, shows high potential for its nutritional 
characteristics, being rich in proteins, fibers, minerals 
and fatty acids (Jin et al., 2012). Its grains have become 
important for food, and its consumption is more and more 
frequent by people looking for a healthier diet (Ayerza & 
Coates, 2012). This scenario encouraged some farmers to 
invest in chia growth in Brazil. Production of the western 
region of the  Parana state and the northwest region of 
the Rio Grande do Sul state have been showing good 
harvest results from since 2013, despite the lack of basic 
information about the nutritional requirements of the 
plant, phenology and its edaphoclimatic characteristics 
(Migliavacca et al., 2014).

The development cycle of most agricultural crops 
is divided into two major phases: the vegetative phase 
and the reproductive phase (Streck et al., 2006; Zanon 

et al., 2015a). The duration of the vegetative phase is 
associated with the total number of leaves in the plant 
and with the leaf appearance rate in the main stem, 
therefore a short vegetative phase results in a lower leaf 
area index (Zanon et al., 2015b). Thus, the accumulated 
leaf number (ALN) and the final leaf number (FLN) are 
important parameters of the vegetative development 
(Fagundes et al., 2009).

The ALN on a stem or plant is associated with the 
leaf area expansion, and this is due to the interception 
of solar radiation, photosynthesis and accumulation 
of biomass by the crop (Streck et al., 2005). In order to 
estimate ALN, often is used as a parameter the concept 
of phyllochron, defined as the time interval between the 
appearance of two successive leaves on the main stem, 
expressed in °C day leaf-1, while the plastochron is the 
time interval between the appearance of two successive 
nodes in the plant (Streck et al., 2005 ).
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Environmental factors, such as photoperiod and 
air temperature vary according to the seasons and have 
effect on the phyllochron (Curti et al., 2016). It is known 
that the chia plants are considered short-day plants 
(JamboonsrI et al., 2012), that the critical photoperiod for 
the crop is 12 h (Baginsky et al., 2014), and 500GD to achieve 
flowering in a photoperiod less than 12 h (Baginsky et al., 
2016).  Thus, studies on the response of chia development 
at different sowing dates are fundamental to understand 
the influence of the photoperiod and air temperature 
on this crop.  These studies are of main importance to 
determine the best sowing time for the region, a basic 
knowledge to formulate agricultural crop zoning from 
the understanding of the crop development, since early 
sowing results in taller plants due to the longer duration of 
the vegetative phase, while late sowings, as they result 
in a shorter duration of the vegetative phase, generate 
plants with a smaller height (Goergen et al., 2019). Based 
on knowledge about the crop development, it will be 
possible to recommend the sowing time of chia for the 
region, contributing to diversification in rural properties, as 
the main source of income, or an option in crop rotation.

 It is assumed that late sowing results in lower 
growth and leaf emission, resulting in reduced vegetative 
phase of chia plants. Thust, the objective  of this study was 
to characterize the development of chia plants sown at 
different sowing dates, and to determine the relation of 
the duration of the development cycle with the final leaf 
number and the leaf appearance rate on main stem.

Material and Methods 
The field experiment was conducted in the 

agricultural year 2016/2017 in the experimental area of 
the Crop Science Department of the Federal University of 
Santa Maria, Santa Maria, RS, Brazil (29º 43’ S, 53º 43’W and 
altitude of 95 m). The climate of the region, according to 
the Köppen classification, is Cfa subtropical wet without 
dry season and with hot summers (Alvares et al., 2013). 

Management practices such as soil pH correction 
and fertilization were performed according to soil analysis, 
and because there was no recommendation in the 
manual of fertilization and liming for Salvia hispanica, the 
fertilization was based on the recommendation for the 
mint species (Mentha arvensis L.) Lamiaceae family. For 
supplementary irrigation, the crop coefficient (Kc) of mint 
was used, whereas this information was not available for 
chia, and weed control was done with manual weeding 
(Migliavacca et al., 2014).

Seeds were obtained from the local market in 
Santa Maria, RS. Sowing  was done in lines, manually, with 
a sowing depth of 1 cm, just enough to leave the seed 

covered by soil (Migliavacca et al., 2014). Experiments 
were done in five sowing dates (09/22/16, 10/28/16, 
01/03/17, 02/08/17 and 03/24/17) which considered to 
be early (September, October), intermediate (January) 
and late (February and march) in relation to the more 
suitable season for the crop that is October/November 
(Migliavacca et al., 2014). 

The experimental design was a randomized 
complete block design with four replicates. Each plot 
was composed of five rows measuring 3 m, spaced 0.7 m 
between them, corresponding to an experimental unit of 
10.50 m2. The plants of the central lines were evaluated, 
excluding the border lines. After emergence, the plants 
were thinned to maintain a plant spacing of 5 to 6 cm in 
the sowing line, and to establish an average of 20 plants 
per meter (Migliavacca et al., 2014).

The emergence date was considered when 50% 
of the total seedlings in each row were with the cotyledons 
fully exposed above the soil surface. Ten plants per plot 
were evaluated, with 4 replications, totaling 40 plants in 
each sowing date, randomly marked by colored wires. 
After the appearance of the first pair of leaves, the 
number of leaves and phenology were evaluated every 
week. One leaf was considered developed when it was 
more than 1 cm in length. The final leaf number (FLN) 
was recorded when the plants of the plot  presented the 
inflorescence (ear) of the main stem with  1 cm in length. 
This moment was also considered the beginning of the 
reproductive phase of the chia plants.

The duration of the vegetative and reproductive 
phases of chia was determined in days and in ºC day. 
For the purposes of this study, the vegetative phase was 
considered from the emergence to the beginning of 
flowering, and the reproductive phase from the beginning 
of flowering to full maturity, when 80% of the plant leaves 
were dry or dead (Migliavacca et al., 2014).

The minimum and maximum daily air temperatures 
were collected at the automatic meteorological 
station that belongs to the 8th Meteorological District of 
Nacional Institute of Meteorology (DISME/INMET), located 
approximately 100 m from the experimental area. These 
variables were collected during the entire execution of 
the experiment considering the dates of September 2016 
to July 2017. The daily degree days (STd, °C day) was 
calculated by the method (Arnold, 1960):

STd = (Tmed - Tb) 1 day, if Tmed < Tb so Tmed = Tb        (1)

Being: STd = daily degree days; Tmed = mean 
daily air temperature, calculated by the arithmetic mean 
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between the minimum temperature and the maximum 
daily air temperature; Tb = lowest basal temperature for 
the crop, considered 11°C (Bochicchio et al., 2015). 

The STd was accumulated from the emergency, 
being summed and resulting in the accumulated degree 
days (STa, °C day):

STa = Σ STd                                        (2)

Being: STa = accumulated thermal sum; STd = 
daily degree days.

Another way to evaluate the development of 
a crop is through the appearance of leaves or nodes in 
the main stem. With this information the phyllochron can 
be estimated, which in chia is the period between the 
appearance of one pair of leaves and the next pair of 
leaves on the main stem. The phyllochron was estimated 
by the inverse of the linear regression coefficient between 
accumulated leaf number in the main stem (ALN) and 
STa from the emergency (Streck et al., 2005), considering 
each sowing date.

Data were submitted to analysis of variance using 
the F test, and when it was significant, the comparisons 
between the means of the treatments were performed 
by the Scott-Knott test at a level of 0.05 of probability. 
For the analysis, the statistical program SISVAR was used 
(Ferreira, 2011). 

 Results and Discussion 
During the field experiment, chia plants were 

exposed to different thermal and photoperiodic 
conditions (Figure 1). During the experiment, the lowest 
temperatures were in September, October and early 
November, reaching maximum values in the summer 
dates, and decreasing again in May, June and July, when 
the lowest air temperatures were recorded. The absolute 
minimum air temperature (Tmin) was -1.7°C (07/19/17) and 
the absolute maximum air temperature (Tmax) was 35.1°C 
(12/25/16). The photoperiod to which the chia plants 
were exposed ranged from 11.1 h (06/21/2017) to 14.96 
h (12/21/2016).

Figure 1. Minimum and maximum daily air temperature  (°C) and photoperiod (h) 
between September 2016 and July 2017.

Figure 2 shows the duration in days (Figure 
2A) and in ºC days (Figure 2B) of the vegetative and 
reproductive phases of chia plants sown in the five dates. 
There is a significant difference in the development cycle 
of the plants between the five sowing dates and that 
variation was mainly due to the difference in the duration 
of the vegetative phase of the plants. While plants sown 
on September had 178 days of vegetative phase (Figure 
2A), plants of the sowing date march presented only 35 
days. This difference was also observed when the duration 
of the phases were calculated in °C day by determining 
the accumulated degree days (Figure 2B), in which the 
sowing of 09/22/16 accumulated 2023 °C day during the 
vegetative phase and the sowing of March accumulated 

only 299 °C day. With the delay in the sowing dates, there 
was a reduction in the development cycle due to the 
shorter vegetative phase of the plants. This reduction 
can be explained by the effect of the photoperiod to 
the development of chia, which is considered a short-
day plant, i.e. when exposed to more hours of dark, chia 
development is faster (Jamboonsri et al., 2012; Baginsky 
et al., 2014). The results reached for chia in the central 
region of RS, Brazil resemble those found by Brandán et 
al. (2020) in the province of Salta in Argentina, by Win 
et al. (2018) in an experiment at 30° N in the Sichuan 
Basin, China, and by Trentin et al. (2013) and Zanon et al. 
(2015a) for soybeans, which is also a short-day species. 
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Figure 2 . Duration of the vegetative and reproductive 
phases of chia in days (A) and in ºC day (B), percentage 
duration of the vegetative and reproductive phases in 
relation to the total cycle of chia in different sowing dates: 
09/22/2016, 10/28/2016, 01/03/2017, 02/08/2017 and 
03/24/17, in the agricultural year 2016/2017. 

The percentage duration of vegetative and 
reproductive phases in relation to the total development 
cycle of chia in the five sowing dates is presented in 
Figure 2C. In the early sowing, the longest phase is the 
vegetative, accounting for approximately 75% of the total 
crop cycle in the sowing of 09/22/16, 67% in the sowing of 
10/28/16, and 52% sowing of 01/03/17. Although for the 
later sowing this process is reversed so the reproductive 
phase is the longest, with approximately 62 and 58% of 
the total cycle in the sowing of 02/08/17 and 03/24/17, 
respectively.

Antecipation of flowering at the later sowing 
dates, and consequently the shorter duration of the 
vegetative phase, is due to the short photoperiod (12-13 
h) to which the plants were exposed at the beginning of 
the development cycle, as it was also observed for chia in 

China (Win et al., 2018), in soybean (Zanon et al., 2015a) 
and in rice (Streck et al. 2006).

The phyllochron of chia was calculated by the 
relation between the number of leaves in the main 
stem and the accumulated degree days in the different 
sowing dates (Figure 3). A high R2 (> 0.99) is observed at all 
sowing dates, which is a guarantee that the phyllochron 
estimation by this method is adequate. There was a 
difference in the phyllochron of the first four dates (Figure 
3: A, B, C, D) compared to the sowing of 03/24/17, which 
presented the lowest phyllochron, resulting in a lower 
accumulation of degree days to appear a new leaf 
(Figure 3E). The larger phyllochron for the other dates 
indicates a slower development, as it needs a greater 
accumulation of degree days to emit a leaf. This is due 
to chia response to air temperature and photoperiod 
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where apparently the air temperature regulates the leaf 
appearance rate on the main stem and the photoperiod 
determines the time the plant will remain emitting leaves, 
thus defining how many leaves a plant will have until it 
starts the reproductive phase, which corresponds to 
accumulated leaf number in the main stem (ALN, Figure 
4A). On the other hand, the sowing of 03/24/17 presented 
a statistically lower phyllochron, which may indicate 

that in very late sowings, due to the highly inductive 
photoperiod, plus a lower vegetative phase and lower 
ALN, it will also have a reduction in the leaf appearance 
rate (phyllochron). Phyllochron differences between 
sowing dates were also reported in other crops, such as 
wheat (Toyota & Morokuma, 2020), quinoa (Curti et al., 
2016), cassava (Fagundes et al., 2009), and oat (Chaves 
et al., 2017).

Figure 3. Relation between the accumulated leaf number in the main stem (ALN) and the 
accumulated degree days from emergence (STa,°C day) used to estimate the phyllochron 
(°C day leaf-1) in chia in the sowing dates 09/22/2016 (A), 10/28/2016 (B), 01/03/2017 (C), 
02/08/2017 (D) and 03/24/17 (E), in the agricultural year 2016/2017. 
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Figure 4. Mean photoperiod during leaf emission and final number of leaves (A.) on the main 
chia stem at sowing dates: 09/22/16 (1), 10/28/16 (2), 01/03/17 (3), 02/08/17 (4) e 03/24/17 (5). 
Relation between final number of leaves on the main stem and duration of the vegetative 
phase (B.), relation between phyllochron and duration of the vegetative phase (C.), relation 
between duration of the vegetative phase and the total cycle (D.), relation between the 
duration of the reproductive phase and the total cycle (E.) of chia in the agricultural year 
2016/2017.

The duration of the vegetative phase is 
associated with the change in the final leaf number 
and to the appearance rate of new leaves on the main 
stem,  so a shorter vegetative phase allows the plant to 
produce a lower leaf area index (Zanon et al., 2015b). 
Therefore, the evolution of the accumulated leaf number 
in the main stem (ALN) and the final leaf number (FLN) are 
important parameters of the vegetative development 
(Fagundes et al., 2009). The FLN in chia represents a very 
important moment, that is when the plants are induced 
to the flowering and to start the reproductive phase.

FLN varied between sowing dates (Figure 4A). 
The date 09/22/2016 and 10/28/2016 presented a FLN 
of 34 and 30, respectively. In later sowings, the plants 
emitted less leaves (18 leaves at 01/03/2017, 10 leaves at 

02/08/2017 and 6 leaves at 03/24/2017). The difference 
in FLN between sowings confirms the information of 
Jamboonsri et al. (2012) and Baginsky et al. (2014), who 
state that chia plants have the development regulated 
by the photoperiod. Therefore, earlier sowings provided 
higher FLN as a function of plant exposures to larger (non-
inductive) photoperiods, resulting in a longer vegetative 
phase. The chia response to photoperiod is clear when 
analyzing that FLN decrease between sowing dates 
accompanies the reduction of day duration expressed 
by the line in the graph (Figure 4A).

Similar results are also found for other crops. For 
example, Streck et al. (2006) observed that there was 
a difference in the FLN for rice cultivars as a function 
of sowing dates, being the highest FLN obtained in the 
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earlier sowings due to the elongation of the cycle, with a 
typical short-day plant response. Fagundes et al. (2009) 
reported that FLN on the main stem in cassava varied 
with sowing dates and indicated that air temperature 
and photoperiod affect leaf appearance rate and FLN, 
corroborating the data obtained in the present study.

The decrease of the vegetative phase at the later 
sowing dates occurred due to the decrease in the final 
leaf number on the main stem, with a R2 of 0.99 (Figure 
4B), and very little by changes in the leaf appearance 
rate, according to the phyllochron which presented low 
relation with the vegetative phase (Figure 4C), except 
for the sowing of March. These results indicate that the 
difference in the total development cycle of chia plants is 
a function of the duration of the leaf appearance phase, 
which in turn is governed by the photoperiod, that is, the 
earlier the sowing date, the longer the vegetative phase 
and FLN, and the later, the lower the vegetative phase 
and the FLN . 

The duration of the total chia cycle showed 
a positive linear relationship with the duration of the 
vegetative phase with a coefficient of determination 
(r²) of 0.99 (Figure 4D). However, the duration of the 
total cycle in relation to the reproductive phase was not 
related (Figure 4E). This result is corroborated by Streck et 
al. (2006) in rice.

Complementary data presented by Goergen 
et al. (2019) point out that sowing on January 3 for the 
region resulted in higher grain yield, which showed an 
intermediate value of 18.64 leaves accumulated on the 
main stem and an average photoperiod of 13.5 hours 
(Figure 4A). This date is the most suitable for presenting 
a better balance between growth and yield, as plants 
do not remain in the field for a long time, avoiding 
susceptibility to diseases and weather conditions, as well 
as they do not remain insufficient time, which would result 
in a reduced leaf area index and lower grain yield. It is 
relevant to highlight that in addition to yield, it is important 
to evaluate the nutritional quality of the grains. In a study 
carried out in Argentina, Brandán et al. (2022) observed 
that the delay in sowing causes a decrease in oil 
concentration and an increase in protein concentration.

Conclusions 
The duration of the vegetative phase of the chia 

plants in days and in °C days varies with the sowing date, 
with shorter duration in late sowings in response to the 
photoperiod reduction. 

The vegetative phase represents the greatest 
part of the total development cycle in early sowing 
dates, being overcome by the reproductive phase in the 

late sowing dates (08/02/17 and 24/03/17).
The phyllochron for chia varies from 36.23 (very 

late sowing) to 59.88 ºC day (early sowing).
Later sowing has a smaller final number of leaves 

accumulated in the main stem due to the shorter duration 
of the vegetative phase.
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