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Abstract

The cultivation of the Vicia faba, commonly referred to as broad bean, is still not widely spread in Brazil, mainly due to the 
lack of scientific information on the growth and development of the species. In this context, quantitative research on growth 
is necessary to better understand the various aspects related to development rates and carbohydrate accumulation in plant 
organs. Thus, the objective of this work was to analyze the growth of the Italian broad bean during the winter-spring period 
in Florianópolis, Santa Catarina. In the experiment, a randomized block design with plots subdivided over time was adopted, 
evaluating leaf area (LA), total dry mass (TDM), absolute growth rate (AGR), relative growth rate (RGR), and net assimilation 
rate (NAR) at 21, 35, 49, 63, 77, 91, 105, 119, 133, and 147 days after emergence (DAE). The distribution of assimilates in the 
different plant organs showed sigmoid patterns. A greater accumulation of LA and TDM was observed at 99 and 133 DAE, 
respectively. Regarding AGR, the maximum values were recorded at 119 and 133 DAE. The rates of AGR, NAR, and RGR varied 
throughout the cycle, without showing a defined quantitative performance pattern, possibly due to climatic fluctuations and 
the intrinsic growth rates of the species. 
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Abbreviations: LA: Leaf Area; TDM: Total Dry Mass; AGR: 
Absolute Growth Rate; RGR: Relative Growth Rate; DAE: Days 
After Emergence; NAR: Net Assimilation Rate.

Introduction

The cultivation of broad beans (Vicia faba), also 
known as fava beans or Italian broad beans in Brazil, is 
still in its nascent phase, largely confined to small rural 
estates without commercial objectives. However, on a 
global scale, the cultivation of the broad bean is significant, 
covering approximately 24 million hectares and yielding 

about 446 million tons of grains [1,2]. In the United States, 
Canada, and various European countries, this species has 
become increasingly popular due to its notable nutritional 
characteristics, which are superior to those of other legumes. 
These include a high content of proteins, carbohydrates, 
B-complex vitamins, and essential minerals such as iron, zinc, 
magnesium, potassium, and phosphorus [3]. Furthermore, 
the broad bean is recognized for its medicinal uses, notably 
producing significant amounts of L-Dopa in its parts, a key 
precursor to dopamine that is used in treating Parkinson’s 
disease and hormonal imbalances [3].
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The species shows good development in mild climates, 
being frost tolerant and exhibiting optimal growth under 
conditions of medium to high water availability [4]. 
Southern Brazil emerges as a conducive environment for its 
cultivation, although high temperatures and low humidity, 
especially during the flowering phase, can harm production, 
leading to floral abortion and reduction in pod production. 
The cultivation of the broad bean, whether in predominantly 
cereal areas or in consortium with vegetables, can improve 
the chemical and microbiological characteristics of the soil 
and favor the integrated management of pests and diseases 
[5]. Moreover, the preceding cultivation of the broad bean 
can enrich the soil with 30 to 120 kg of nitrogen per hectare, 
with the potential for free atmospheric nitrogen fixation of 
up to 300 kg ha-1 [4,6].

However, scientific literature is still scarce regarding the 
growth and development of the broad bean, highlighting the 
need for studies that elucidate aspects related to its growth. 
Quantitative growth research is fundamental for an in-depth 
understanding of the development rates and carbohydrate 
accumulation in the plant organs [7].

Principles and practices of plant growth analysis aim 
to describe and interpret the quantitative performance of 
species under natural or controlled conditions. This holistic 
and integrative approach facilitates the interpretation of the 
form and functionality of the plant, having been developed in 
the early 20th century by British researchers and established 
as the standard method for estimating the biological 
productivity of plant communities [8,9].
 

Monitoring plant growth dynamics through mathematical 
formulas allows for the quantification of plant production and 
the evaluation of the contribution of different organs to the 
final growth of the plants, without the need for laboratories 
or sophisticated equipment, using only the dry matter mass of 
the plant and the dimension of the photosynthetic apparatus 
[10,11]. Thus, quantitative growth analysis proves to be a 
precise and accessible tool for evaluating plant development 
and the influence of different physiological processes under 
various agrotechnological conditions [9].

Plant growth indices quantify the plants’ ability to 
synthesize and allocate carbohydrates in their organs, 
essential for the performance of net assimilation over 
time [12]. Therefore, studies on the quantitative growth 
of the broad bean under specific conditions can provide 
valuable insights into the species, contributing to effective 
management aimed at maximizing productivity according to 
its edaphoclimatic requirements.

In this context, the present work aims to analyze the 
growth of the broad bean (Vicia faba) cultivated during the 

winter-spring in Florianópolis-SC, seeking to contribute to 
the knowledge gap regarding its development under specific 
edaphoclimatic conditions.

Materials and Methods

The study was conducted at the Ressacada Experimental 
Farm, belonging to the Federal University of Santa Catarina 
(UFSC), located in Florianópolis, SC, Brazil, at coordinates 
27º41’06.28” S and 48º32’38.81” W. The soil in this area is 
classified as a Hydromorphic Quartzipsamment [13]. Based 
on Köppen’s climate classification, the region features a 
constantly humid subtropical climate, with an average 
annual temperature of 20ºC, absence of a dry season, and 
hot summers. Annual rainfall ranges from 1270 to 1600 mm, 
with an average relative humidity around 82% and total 
annual sunshine between 2021 and 2166 hours [14].
 

To prepare the field for experimentation, plowing was 
followed by the use of a rototiller to form beds of 1.20 m 
width and 0.30 m height. Soil amendments and fertilization 
were carried out as per the recommendations derived from 
soil analysis, tailored to broad bean cultivation needs [15]. 
Following liming and fertilization, the soil was reworked, 
and beds were mulched with a 3 cm layer of branch chips to 
conserve moisture and suppress weeds.

Seeds of the experimental genotype UFSC-VF-01, 
selected from UFSC’s vegetable germplasm bank for its 
unique characteristics, and were sown on May 26, 2022. 
The layout was designed with a spacing of 0.45 m between 
rows and 0.20 m between seeds within rows. A randomized 
block design with subdivided plots was utilized, comprising 
four replications fixed over time and treatments allocated 
at different time points. Each plot measured 5.0 m by 1.20 
m.

Irrigation was managed through a micro-drip system, 
calibrated to meet the water requirements of the crop. No 
chemical treatments were applied for pest and disease 
management due to the absence of significant economic 
threats. Weed control was achieved through manual removal.

Temperature data, including daily minimum (Tmin) and 
maximum (Tmax), were recorded by the meteorological 
station at UFSC’s agricultural climatology laboratory, located 
on the experimental farm. These data were used to calculate 
the daily average air temperature (Tavg).

Primary growth data collection commenced on June 22, 
2022 (21 days after emergence [DAE]), with subsequent 
samplings every fourteen days up to 147 DAE. Leaf area was 
determined using a transparent clipboard marked with 0.25 
cm² squares, selecting three leaves from each of four randomly 
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chosen plants per bed. The dry mass of roots, stems, leaves, 
and fruits was obtained after drying the material in an oven 
at 65ºC to a constant weight and weighed on a precision scale 
accurate to 0.001 g. Total dry mass (TDM) was calculated by 
summing the dry weights of the plant parts.

Growth rates including absolute growth rate (AGR), 
relative growth rate (RGR), and net assimilation rate (NAR) 
were calculated following methodologies outlined in prior 
research [12,16]. Data underwent normality and homogeneity 
of variance tests (Lilliefors and Bartlett, respectively) before 
being analyzed through ANOVA. Significant results led to 
polynomial regression analysis, performed using ASSISTAT 
version 7.7.

Results and Discussions

Throughout the experimental period, the minimum 
temperature was consistently observed to range from 
5.0°C (June 8, 2022) to 19.0°C (October 22, 2022), and the 
maximum from 17.0°C (June 1, 2022) to 32.0°C (September 
10, 2022) (Figure 1). Atypical temperatures for this period, 
such as lows below 10.0°C in September and highs exceeding 
28.0°C in July, were recorded, showing significant variations 
that notably impacted the broad bean’s development. These 
thermal amplitudes, with at least 10°C variations between the 
monthly minimum and maximum temperatures, underscore 
the climate›s influence on plant growth from emergence.
 

Figure 1: Minimum (Tmin), average (Tavg), and maximum (Tmax) temperatures observed during the cultivation of the broad 
bean in the winter-spring period in Florianópolis-SC, Brazil.

There were significant differences between collection 
dates for all studied parameters (p < 0.05). The leaf area 
(LA) of the broad bean exhibited a sigmoid behavior, with a 
significant increase between 77 and 105 DAE, reaching the 
maximum estimated LA value at 99 DAE, according to the 
quadratic adjustment of the regression. Subsequently, the 

trend was stabilization until 133 DAE, followed by a sharp 
decline due to senescence, which halted the emission of new 
leaves (Figure 2). This pattern was also observed in other 
species, such as cowpea (Vigna unguiculata) Bastos EA, 
et al. [17], Linhares CM de S, et al. [18] and common bean 
(Phaseolus vulgaris) [19].

Figure 2: Evolution of leaf area (LA) in cm² per plant for the broad bean during the winter-spring in Florianópolis-SC, Brazil, 
measured at 21, 35, 49, 63, 77, 91, 105, 119, 133, and 147 days after emergence (DAE).

https://medwinpublishers.com/OAJAR/
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Similar to LA, the TDM of the broad bean exhibited 
sigmoid behavior. The greatest TDM accumulation occurred 
between 119 (89.54 g per plant) and 133 (161.89 g per plant) 
DAE, followed by a decrease from 133 (161.89 g per plant) to 
147 (88.00 g per plant) DAE (Figure 3). This sigmoid pattern 
for TDM has been similarly observed in cowpea (Vigna 
unguiculata) Moraes J, et al. [20] and jack bean (Canavalia 
ensiformis) Bortoluzzi MP, et al. [21].

The production of dry mass in the broad bean was slow 
until 49 DAE, characterized by a high number of expanded 
leaves and short internodes (Figure 3). From that point, the 
plant began to branch profusely, and the stems started to 
contribute more significantly to dry mass production [22]. 
The maximum accumulation of TDM was reached at 133 
DAE (Figure 3), followed by a loss of dry mass due to the 
senescence of plant organs.

Figure 3: Total dry mass (TDM), in grams per plant, of the broad bean cultivated during the winter-spring period in 
Florianópolis-SC, Brazil, measured at various temporal points: at 21, 35, 49, 63, 77, 91, 105, 119, 133, and 147 days after 
emergence (DAE).

The allocation of assimilates among the different organs 
of the broad bean followed a clear trend throughout the cycle. 
With the onset of the reproductive phase, especially marked 
by the start of fruiting at 91 DAE, there was a more intense 
direction of photoassimilates to the fruits, which persisted 
until the end of the cycle. From germination until 49 DAE, the 
roots exhibited steady growth. However, after this period, a 
decrease in the dry mass of the roots was noted, coinciding 
with a significant increase in the dry mass of the stems, which 

continued until 91 DAE.

The fruiting phase began at 91 DAE, and the dry mass of the 
fruits significantly increased until 133 DAE, remaining stable 
until 147 DAE. Concurrently, a reduction in the dry mass of 
other plant parts was observed (Figure 4). From the beginning 
of the formation of the first fruits, there was a more pronounced 
direction of assimilates from leaves, stems, and roots to the 
fruits, as these organs began to act as preferential sinks [12,23].

 

Figure 4: Allocation of assimilates to the broad bean cultivated throughout the winter-spring in Florianópolis-SC, Brazil, at 21, 
35, 49, 63, 77, 91, 105, 119, 133, and 147 days after emergence (DAE). Values next to the bars represent the dry mass in g for 
the parts of the plant for each collection date.
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While leaves provide carbon from the photosynthetic 
process, roots supply water and minerals to the other organs. 
At the same time, as dry mass accumulates in the aerial part, 
new roots are also emitted that absorb essential elements 
promoting growth, flowering, and fruiting [24,25]. Thus, 
while the root system is an important source, it requires 
the direction of assimilates from the leaves to enable the 
emission and growth of roots.

Leaves acted as source-sink, being the primary 
producers of photoassimilates, and also accumulated the 
majority of TDM, which was then redistributed to organs 
unable to ‘self-sustain,’ such as fruits. Conversely, from 
the beginning until 91 DAE, stems acted as sinks, showing 
continuous accumulation of dry mass, followed by a slight 
drop (105, 119, and 133 DAE), then increasing again at the 
last data collection (Figure 4). The effects of the source-
sink relationship on photosynthesis are regulated by 
various mechanisms, which directly impact productivity 
and are influenced by the morphological and physiological 

characteristics of the source (photosynthesizing organs) and 
sink (photosynthesized organs, mainly carbohydrates) [26].

The highest accumulation of leaf dry mass occurred at 63 
DAE (Figure 4), which continued to have an increase in LA, then 
becoming a source for other plant organs (with the maximum 
point estimated at 99 DAE) (Figure 2). The distribution of dry 
matter among the different plant organs is the final result 
of a set of metabolic and transport processes, which are the 
flow of assimilates through the source-sink mechanism [27]. 
Alongside these processes, plants receive external stimuli, 
mainly coordinated by thermal energy, directly influencing 
the sum of degree days that govern growth, development, 
and phenological stage changes [28]. As phenological stages 
change, meristematic zones, previously functioning for 
biomass production, become responsible for the reproductive 
phase, i.e., fruit development utilizes reserves accumulated 
mainly in the leaves [29]. This process began in the broad bean 
plants from 91 DAE (Figure 4), with leaves then experiencing 
the greatest decrease in dry mass, followed by stems and roots.

Figure 5: Absolute Growth Rate (AGR) in g plant-1 day-1 (A), Relative Growth Rate (RGR) in g day-1 (B), and Net Assimilation 
Rate (NAR) in g cm2 day-1 (C) for the broad bean cultivated during the winter-spring in Florianópolis-SC, Brazil, at 21, 35, 49, 
63, 77, 91, 105, 119, 133, and 147 days after emergence (DAE).
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Regarding AGR, NAR, and RGR, variations occurred 
throughout the cycle without a pattern of quantitative 
performance, with adjustments to the cubic regression 
model (Figure 5). For AGR, the maximum rate was between 
119 (3.14 g/plant/day) and 133 DAE (5.16 g/plant/day) 
(Figure 5A), with a declining trend thereafter, including a 
negative value at 147 DAE (-1.23 g/plant/day), possibly 
due to the translocation of photoassimilates. For RGR, 
the maximum value occurred at 35 DAE (0.07 g/g/day), 
which remained until 49 DAE, presenting variations during 
growth and a negative value at the end of the cycle (-0.06 g/
plant/day) (Figure 5B). Finally, for NAR, broad bean plants 
showed an increasing trend in assimilation until reaching 
the maximum at 133 DAE (51.61 g/cm2/day) and the lowest 
value observed at 147 DAE (-14.67 g/plant/day) (Figure 5C).

Variations in AGR, NAR, and RGR throughout the cycle 
(Figure 5) are possibly due to climatic fluctuations (Figure 
1) and the inherent growth rates of the species itself. The 
behavior of NAR and RGR in this study resembles the findings 
of research conducted on cowpea by Linhares CM de S, et al. 
[18], showing a tendency to decline during the crop cycle. 
With the increase in dry mass accumulated by the plants, 
there is an increased need for photoassimilates to maintain 
the already formed structures Zeist AR, et al. [12]. Thus, the 
amount of photoassimilates available for growth tends to be 
smaller, and consequently, RGR decreases over time [30].

Constant growth in NAR was observed during the 
vegetative period of the crop. The evolution of this 
physiological parameter throughout the phenological stages 
suggests a progressive decrease, followed by a relative 
constancy of net assimilation in the reproductive phase and 
a decrease at the end of the cycle [31]. The observation of 
negative NAR values at the end of the reproductive period 
results from the reduction in biomass accumulation by the 
plant [31]. In general, the overall growth of the plant, in terms 
of volume, weight, linear dimensions, and structural units, is 
due to what is stored and produced in terms of structural 
material, presenting variations throughout the cycle due to 
the phenological characteristics of the species.

Conclusions

In this work, we analyzed the development of the broad 
bean (Vicia faba) under the edaphoclimatic conditions of 
Florianopolis, Santa Catarina, throughout the winter-spring 
period. The investigation fills a gap in the literature, given 
the limited knowledge on the cultivation of this legume in the 
mentioned region. A sigmoid growth pattern was observed, 
with moments of significant biomass accumulation beginning 
approximately 91 days after plant emergence. This study is 
distinguished by the observation of peaks in leaf area and 
total dry mass, recorded at 105 and 133 days, respectively.

The obtained results emphasize the adaptability of the 
broad bean to local conditions, pointing to the viability of 
its sustainable cultivation in Florianopolis and areas with 
similar climatic conditions. The variability in growth rates, 
influenced by climatic fluctuations and intrinsic species 
characteristics, reinforces the need for an understanding 
of resource allocation by the plant, particularly during 
the reproductive period, for the optimization of species 
management practices.

This study contributes to the knowledge of Vicia faba 
growth under specific conditions, providing valuable 
information for the improvement of agronomic practices and 
direction of future research. Moreover, it opens perspectives 
for future investigations on varietal selection, cultivation 
methods, and integration of the broad bean into crop 
rotation systems, aiming at sustainability and agricultural 
productivity. 

It is hoped that the findings of this study will motivate 
subsequent research that contributes to the development of 
Vicia faba cultivation.
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