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ABSTRACT

The cultivation of beans (Phaseolus vulgaris L.) is of great importance to the national economy since they are grown 
in almost all regions of Brazil and the use of biostimulants based on phytohormones and plant vitamins can improve the 
yield of the crop. This work aimed to evaluate the effects of the application of the vitamin nicotinamide and phytohor-
mones as biostimulants on bean plants. The experimental design was carried out in randomized blocks in a 2 x 5 factorial 
scheme with 4 replicates. The treatments consisted of the application of five doses of nicotinamide (0, 200, 400, 600 
and 800 mg L-1) in the presence or absence of phytohormones containing auxin, gibberellin and cytokinin. The growth 
characteristics, production components and productivity of the bean grains were evaluated. The use of phytohormones 
and nicotinamide alone or together favored the growth, production components and grain productivity of the bean plant. 
The range of 366 to 469 mL L-1 nicotinamide achieved the highest values for the growth variables, production components 
and grain productivity of the bean plant, with 414 mL L-1 being the most suitable to achieve higher grain productivity.
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Beans are a prominent crop on the national scene, being 
among the most relevant in socioeconomic terms (Castro  
et al., 2019). Its production, in the 2022/2023 harvest, 
reached 2,699.5 thousand tons (Conab, 2024), giving Bra-
zil the title of the third largest producer of this legume in 
the world, behind India and Myanmar (FAO, 2022).

Beans are grown in almost all regions of the country, 
using more rudimentary techniques, under varied envi-
ronmental conditions, and at different times of the year. 
(Tavares et al., 2017), Therefore, the application of new 
technologies for the adaptation and good development 
of the common bean plant can become a differentiator in 
increasing grain productivity. As a result, the use of sub-
stances such as biostimulants has been highlighted in some 
research, due to the benefits provided to the plant and, con-

sequently, gains in grain productivity (Perin et al., 2016; 
Abreu et al., 2020; Frasca et al., 2020; Santos et al., 2020).

Biostimulants are defined as substances consisting of 
vitamins, phytohormones, amino acids, ascorbic acid, mi-
cronutrients and seaweed, which, when applied in-furrow, 
via foliar or seed treatment, act as plant regulators, so that 
on contact with the plant they promote the uptake and utili-
zation of nutrients, tolerance to biotic and abiotic stress and 
enable the plant to reach its maximum production potential 
(Nardi et al., 2016; Vasconcelos & Chaves, 2019; Silva  
et al., 2021).

Research shows that biostimulants containing phyto-
hormones such as indolebutyric acid (auxin), kinetin (cyto-
kinin) and gibberellic acid (gibberellin) can improve plant 
performance, as the composition and concentration of each 
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compound contribute to plant growth, cell division and the 
plant’s uptake of water and nutrients. The combined effect 
of these three hormones therefore gives it the function 
of mediating physiological processes (Bhupenchandra  
et al., 2022; Sosnowski et al., 2023).

Auxins are phytohormones that promote plant growth 
(Wang et al., 2015) by supporting the regulation of cell 
division and cell elongation, which leads to the formation 
of new structures in plants (Cassel et al., 2021). Gibber-
ellic acid, which belongs to the group of gibberellins, 
has a function related to the growth of plant stems and 
its exogenous application ensures the elongation of inter-
nodes and increases the insertion of the first pod (Pedó  
et al., 2018). Kinetin, the first molecule of the cytokinin 
group to be identified, acts in the regulation of cell growth, 
the formation of nodules in the roots of nitrogen-fixing 
plants, the development of apical meristems and the control 
of senescence (Mangena, 2022).

Another important compound that can promote plant 
growth is nicotinamide, a B-complex vitamin also known 
as niacin or vitamin B3. Its functions include promoting 
root development, alleviating biotic or abiotic stress, 
activating enzymes that break down carbon during photo-
synthesis, and functioning as a component of NAD+ and 
NADP+, electron transporters in metabolism. (Kirkland & 
Meyer-Ficca, 2018).

Exogenous foliar application of this vitamin can lead 
to an increase in productive and biometric traits, as seen in 
beans, leading to an increase in all productive components 
of the crop (Abreu et al., 2020). Specifically for soybean 

crop, the application of nicotinamide has a marked effect 
on productivity, increasing it more significantly in places 
where there are effects of periods of water stress, due to 
poor rainfall distribution (Lima et al., 2024).

This research considered the hypothesis that the isolated 
or combined use of nicotinamide and phytohormones can 
promote improvements in bean cultivation and increase 
grain productivity. The aim of the work was therefore to 
evaluate the effects of using the vitamin nicotinamide and 
phytohormones as biostimulants on common bean.

MATERIAL AND METHODS
The work was carried out in the experimental area of 

the Federal University of Mato Grosso do Sul, Chapadão 
do Sul/MS Campus, with a latitude of 18°48’459’’ South, 
a longitude of 52°36’003’’ West and an altitude of 820 m, 
in a typic Dystrophic Red Latosol of clayey texture (Santos 
et al., 2018). According to Köppen, the climate is humid 
tropical (Aw), with a rainy season in summer and a dry 
season in winter and an average annual rainfall of 1,850 
mm. The average annual temperature varies between 13 
°C and 28 °C. The precipitation and air temperature data 
during the experiment are shown in figure 1.

During the crop cycle, 297.8 mm of precipitation fell, a 
value below that required for good development and reach-
ing the maximum production potential of common bean, 
which according to Marco et al. (2012) should be between 
300 and 600 mm. In addition, in 88% of the growing peri-
od, daily rainfall did not reach the required average value, 
which is 3 to 4 mm per day (Figure 1).

Source: INMET

Figure 1: Maximum temperature, minimum temperature and rainfall in the experimental area on the campus of the Federal University 
of Mato Grosso do Sul-MS, in the period from 02/03/2020 to 05/04/2020.
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The experimental design was in randomized blocks, in a 
2 x 5 factorial scheme, with four replicates, with five doses 
of nicotinamide in foliar application (0, 200, 400, 600 and 
800 mg L-1), with the presence or absence of the phytohor-
mone Stimulate® (cytokinin 0.09 g L-1 + gibberellic acid 
0.05 g L-1 + 4-indol-3-ylbutyric acid 0.05 g L-1) at a dose of 
1000 mL ha-1. Once the plants had reached the V4 stage, the 
treatments were applied using an 8-liter constant-pressure 
backpack sprayer at a flow rate of 270 L ha-1.

The plots consisted of five lines, each 5.0 m long and 
spaced 0.45 m apart. For the usable area, the three central 
lines were taken into account, excluding 0.5 m from each 
end, giving a total of 3.6 m2. The cultivar used was BRS 
Estilo, which is characterized by upright growth, inde-
terminate growth type II, high production potential and 
production stability.

Before the experiment was carried out, soil samples 
were taken from the experimental area in the 0 – 0.20 m 
layer and a chemical analysis was carried out according to 
the method proposed by Van Raij et al. (2001). This analy-
sis yielded the following values: pH (CaCl2) = 5.3; P (Mel.), 
K, S, B, Cu, Fe, Mn and Zn = 10.8; 62; 4.2; 0.16; 1.4, 50, 
15.2 and 5.7 mg dm-3, respectively; Ca, Mg, H+Al and  
CTC = 2.20, 0.50, 5.4 and 8.3 cmolc dm-3, respectively; V% 
= 34.6 and MO = 29 g dm-3. The values for soil texture were: 
Clay = 52.5%, silt = 5% and sand = 42.5%. To correct the 
acidity of the soil, 3.3 t ha-1 of dolomitic limestone (PRNT 
= 90%) was applied to increase the base saturation to 70%.

Sowing took place on 3 february 2020 with a 4-row 
tractor seed drill, which applied 12 seeds per meter and 
230 kg ha-1 MAP fertilizer (10% N and 46% P2O5). For 
seed treatment, the fungicide carboxanilide + dimeth-
yldithiocarbamate was used at a dose of 93.75 + 93.75 
g a.i. ha-1 100 kg-1 seed and the insecticide thiophanate  
methyl + fluazinam at a dose of 63.0 + 15.75 g a.i. ha-1 100 
kg-1 seed. When the plants had reached the V4 growth stage, 
a top dressing was applied consisting of the application of 
80 kg ha-1 N and 60 kg ha-1 K2O, using the fertilizers urea 
and potassium chloride as a source.

Crop protection management consisted of weed and pest 
control applications. The first herbicide application was at 
10 days after emergency (DAE) (with fluasifop-P-butyl 
(125 g a.i. ha-1), followed by the application of the insec-
ticides thiamethoxan (17.6 g a.i. ha-1) + lambda-cialothrin 
(13.2 g a.i. ha-1) and chlorfenapyr (240 g a.i. ha-1) at 13 

DAE. Then the herbicide bentazon (720 g a.i. ha-1) was 
applied at 14 DAE and finally, at 18 DAE, the herbicide 
haloxifope-P-methyl (60 g a.i. ha-1).

At 45 DAE, 5 plants were sampled from the crop area 
of each plot to determine plant height, stem dry mass and 
leaf dry mass. To determine the height, the plants were 
measured from the neck to the tip. To determine the dry 
mass of the stem and leaves, these parts of the collected 
plants were packed separately in paper bags and placed in 
the oven at 65 °C until they reached a constant mass.

When the plants had reached full flowering, the chlo-
rophyll reactivity index was assessed using the Falker 
instrument ClorofiLOG. Five plants were assessed per plot, 
measuring the first leaf from top to bottom that was fully 
developed and exposed to the sun.

The harvest took place at 91 DAE and the variables 
evaluated were: height of the first pod attachment, mea-
sured from the base (neck) to the attachment of the first 
pod; number of pods per plant, counting all pods on the 
5 plants; number of grains per pod, counting the grains of 
10 pods; grain mass per plant, determined by weighing the 
grains of all pods, with humidity set at 13%; productivity, 
determined by weighing and sieving the grains of all plants 
in the three crop lines of the plot; mass of 100 grains, 
determined by weighing 100 grains from each plot, with 
humidity adjusted to 13%.

Before proceeding with the analysis of variance, the 
homogeneity of variance and normality of errors were 
verified. The data were subjected to analysis of variance 
with the means of the factors compared by the Skott-Knott 
test at a probability of 0.05 using the Sisvar software  
(Ferreira, 2019).

RESULTS AND DISCUSSION
The variables plant height, stem dry mass, number of 

pods per plant, grain mass per plant and grain yield showed 
a significant interaction between the factors of nicotin-
amide doses, in the presence or absence of phytohormones. 
Leaf dry mass, height of first pod set and number of grains 
per pod were separately affected by the two factors. The 
variable mass of one hundred grains was only affected by 
the nicotinamide doses, while total chlorophyll showed no 
significant response to any of the factors tested (Table 1).

Plant height was increased by the application of 
phytohormones up to a maximum dose of 469.0 mg L-1 
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nicotinamide (Figure 2A). In the variable stem dry mass, 
there was an increase in the doses of nicotinamide in the 
presence of phytohormones up to a dose of 453.0 mg L-1 
of the vitamin (Figure 2B). Both the stronger growth of 
the plant and the accumulation of stem phytomass may be 
due to the presence of the phytohormones gibberellic acid, 
indole-butyric acid and kinetin, which act on the stem and 
meristematic development of the plant to provide stronger 
growth and development (Park et al., 2017).

Leaf dry mass showed a positive response to the pres-
ence of the phytohormone, with an increase of 12.4% com-
pared to treatments without application (Figure 3A). The 
variable height of the first pod set was negatively affected 
by phytohormone spraying, remaining 4.2% below the val-
ues observed when no phytohormones were applied (Figure 
3B), however, the average values of this variable are still 
within the appropriate range for mechanical harvesting, 
which according to Bisognin et al. (2019) is 15 cm. The 
number of grains per pod was also favored by the presence 
of phytohormones, resulting in an increase of 6.4% com-
pared to the absence of these products (Figure 3C).

As reported by Yadav et al. (2021), the application of 
phytohormones promotes several changes in plant metabo-
lism associated with the regulation, growth control, trans-
port, storage and mobilization of nutrients. These factors 

together possibly led to an increase in leaf dry mass and the 
number of grains per pod of the bean plants studied. Re-
garding the negative effect on the height of the first pod set, 
a similar result was obtained by Ávila et al. (2010) when 
working with the same product in field bean cultivation.

Leaf dry mass was affected by the application of nic-
otinamide up to a dose of 426.2 mg L-1, which produced 
the greatest increase compared to the other doses used  
(Figure 3A). The application of the vitamin nicotinamide 
can favor various processes in the plant, considering that 
its action as an NAD+ pathway promotes greater energy 
production and thus an increase in growth rates (Berglund 
et al., 2017).

At the height of insertion of the first pod, the dose of 
465.5 mg L-1 of the vitamin was the one that promoted 
the highest average values for this variable, reaching 16.4 
cm (Figure 4B). According to El-Bassiouny et al. (2014), 
the application of nicotinamide favors the increase in 
indoleacetic acid and therefore growth rates, since this hor-
mone acts in cell division and contributes to the metabolic 
activities of the plant.

The number of pods per plant reached a higher value in 
the presence of phytohormones up to a dose of 384.5 mg 
L-1 nicotinamide (Figure 4C), resulting in a 22.8% increase 
in this variable compared to the control. This result is 

Table 1: Mean squares for total plant height (HT), stem dry mass (SM), leaf dry mass (LM), height of first pod insertion height (HP), 
number of pods per plant (PP), number of grains per pod (GP), the grain mass per plant (GM), the mass of one hundred grains (100W), 
the total chlorophyll (CL) and the productivity (GY) as a function of different doses of nicotinamide (N) in the presence or absence of 
phytohormone (P) for bean crops

Mean Square 

HT SM LM HP PP

Block 3 5.06 0.29 0.08 1.18 0.32

P 6 50.85** 42.87** 40.08** 4.36* 16.00**

N 174.33** 81.19** 43.00** 8.37** 14.04**

PxN 14.57* 5.50* 0.75ns 0.02ns 1.15*

Error 18 5.10 1.96 1.18 0.82 0.34

CV (%) 4.79 6.69 6.33 5.84 6.24

Average 47.18 20.92 17.16 15.54 9.38

Mean Square 

CL GP 100W GM GY

Block 3 3.04 0.02 1.10 0.09 5931.00

P 6 4.37ns 0.48** 0.67ns 8.05** 152390.14**

N 5.97ns 0.28** 3.38** 5.56** 125658.19**

PxN 0.71ns 0.01ns 0.09ns 1.01** 3255.98**

Error 18 2.35 0.04 0.77 0.05 624.82

CV (%) 3.48 5.43 3.67 2.96 1.38

Average 44.06 3.35 23.83 7.46 1817.17

*, ** and ns – Significant at p ≤ 0.05, 0.01 and, not significant by t-test, respectively
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consistent with that of Albrecht et al. (2011), who observed 
positive responses on the number of pods per plant when 
soybean seeds were treated with phytohormones. The ex-
ogenous application of nicotinamide stimulates the plant’s 
physiological system (Colla et al., 2021) and promotes 
stronger vegetative and reproductive development due to a 
higher production of photoassimilates (Dong et al., 2015), 
which are consumed in the production of new structures in 
the plant, such as pods.

The application of nicotinamide at a dose of 454.5 mg 
L-1 resulted in a greater number of grains per pod compared 
to the other treatments (Figure 5A). This is probably due to 
the regulatory role of B vitamins in carbon metabolism and 
their activity in protein synthesis as a functional coenzyme 
in the transport of photoassimilated compounds. These two 
factors enable plants to better utilize these compounds during 
grain filling, which increases the analyzed variable (Kaya  
et al., 2015).

The variable mass of one hundred grains increased as 
a function of nicotinamide application up to the maximum 
dose of 366.4 mg L-1 and amounted to 24.4 g (Figure 5B). 
However, even in the treatment that reached the highest 
average value for this variable, the value was below the 
expected value, which would be 26.0 g depending on the 
characteristics of the cultivar (Melo et al., 2011). This 

could be due to the water stress to which the plants were 
subjected during the experiment, a factor that prevented 
the cultivar from reaching its full potential for the average 
mass of one hundred grains.

Grain mass per plant was favored by the application of 
phytohormones up to the maximum dose of 382.4 mg L-1 
nicotinamide (Figure 5C). The variable grain productivity 
in the presence of the phytohormone increased up to a 
dose of 414.6 mg L-1 (Figure 5D), at which 2009.1 kg ha-1 
of beans were produced, corresponding to a productivity 
increase of 4.7 bags ha-1 or 16.1% compared to the produc-
tivity without application of nicotinamide.

This increase in productive variables could be related 
to the auxin contained in the phytohormone-based product 
so that its action on the roots favors their development and 
consequently increases their ability to absorb water and 
nutrients (Qin & Wang, 2018; Sosnowski et al., 2023). As 
a result, these substances are rapidly allocated to the main 
outlets of the plant, such as the grains (Dourado Neto et 
al., 2014). In addition, it is possible to link the increase in 
grain mass per plant to the effect of nicotinamide on the 
chloroplasts, which promotes a biochemical stimulus for 
the accumulation of nitrogenous compounds that provide 
more mass during physiological maturation (Bassuony  
et al., 2008).

Figure 2: Total height of bean plants and dry mass of the stem as a function of different doses of nicotinamide in the presence or absence 
of phytohormone.
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Figure 3: Dry mass of leaves, height of first pod set and number of grains per pod in the presence and absence of phytohormones.

Figure 4: Dry mass of leaves (A), insertion height of the first pod (B) and number of pods per bean plant (C) as a function of different 
nicotinamide doses, in the presence or absence of phytohormones.
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Figure 5: Number of grains per pod (A), mass of hundred grains (B), mass of grains per plant (C) and grain productivity (D) of beans 
as a function of different doses of nicotinamide in the presence or absence of phytohormones.
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CONCLUSIONS
The use of phytohormones and nicotinamide alone or 

together favored the growth, production components and 
grain productivity of the bean plant.

In the range of 366 to 469 mg L-1 nicotinamide, the 
highest values were obtained for the growth variables, 
production components and grain productivity of the bean 
plant, with 414 mg L-1 being the most suitable to obtain 
higher grain productivity.

ACKNOWLEDGEMENTS, FINANCIAL 
SUPPORT AND FULL DISCLOSURE

The authors are grateful to the Federal University of 
Mato Grosso do Sul and the State University of Mato 
Grosso do Sul. This study was financed in part by the Coor-
denação de Aperfeiçoamento de Pessoal de Nível Superior 
– Brazil (CAPES) – Finance Code 001. The authors state 
no conflict of interest.

REFERENCES
Abreu MS, Lima SF, Neto FMO, Garcia DH, Taveira AC, Thomé SEM 

& Quirinto TS (2020) Ascophyllum nodosum e nicotinamida afetam 
produtividade do feijoeiro comum. Research, Society and Development, 
9:01-16.

Albrecht LP, Braccini AL, Scapim CA, Ávila MR, Albrecht AJP & Ricci 
TT (2011) Manejo de biorregulador nos componentes de produção e 
desempenho das plantas de soja. Bioscience Journal, 27:865-876.

Ávila MR, Barizão DAO, Gomes EP, Fedri G & Albrecht LP (2010) 
Cultivo de feijoeiro no outono/inverno associado à aplicação de bioe-
stimulante e adubo foliar na presença e ausência de irrigação. Scientia 
Agraria, 11:221-230.

Bassuony FM, Hassanein RA, Baraka DM & Khalil RR (2008) Physi-
ological effects of nicotinamide and ascorbic acid on Zea mays plant 
grown under salinity stress. II Changes in nitrogen constituents, protein 
profiles, protease enzyme and certain inorganic cations. Australian 
Journal of Basic and Applied Sciences, 2:350-359.

Berglund T, Wallstrom A, Nguen T, Laurell C & Ohlsson AB (2017) 
Nicotinamide; antioxidative and DNA hypomethylation effects in plant 
cells. Plant Physiology and Biochemistry, 118:551-560.

Bhupenchandra I, Chongtham SK, Devi EL, Choudhary AK, Sahoo 
MR & Dasgupta M (2022) Role of biostimulants in mitigating the 
effects of climate change on crop performance. Frontiers in Plant Sci-
ence, 13:967665.

Bisognin MB, Pias OHDC, Vian AL, Basso CJ & Santi AL (2019) Seed 
spacing variability reduces common bean yield. Pesquisa Agropecuária 
Tropical, 49:e55134.

Cassel JL, Rother GM, Pimenta BD & Santos DB (2021) Ação da auxina 
sobre plantas de soja. Brazilian Journal of Animal and Environmental 
Research, 4:4628-4643.

Castro EC, Cruvinel A & Wander AE (2019) Mercado de cultivares de 
feijão-comum (Phaseolus vulgaris) no Brasil. IGepec, 23:181-198.

Colla RES, Lima SF, Vendruscolo EP, Secco VA, Piati GL & Santos OF 
(2021) Does foliar nicotinamide application affect second-crop corn 
(Zea mays)? Revista de la Facultad de Ciencias Agrarias UNCuyo, 
53:64-70.

Conab – Companhia Nacional de Abastecimento (2024) Acompanhamen-
to da Safra Brasileira de Grãos 2023/2024 - 6º levantamento. Brasília, 
Conab. 125p. (Boletim, 6).

Dong W, Stockwell VO & Goyer A (2015) Enhancement of thiamin con-
tente in Arabidosis thaliana by metabolic engineering. Plant and Cell 
Physiology, 56:2285-2296.

Dourado Neto D, Dario GJA, Barbieri APP & Martin TM (2014) Ação de 
bioestimulante no desempenho agronômico de milho e feijão. Biosci-
ence Journal, 30:371-379.

El-Bassiouny HSM, Bakry BA, Attia AAEM & Allah MMA (2014) 
Physiological role of humic acid and nicotinamide on improving plant 
growth, yield, and mineral nutrient of wheat (Triticum durum) grown 
under newly reclaimed sandy soil. Agricultural Sciences, 5:687-700.

FAO - Food and Agriculture Organization of the United Nations (2022) 
Available at: <https://www.fao.org/faostat/en/#data/QCL/visualize>. 
Accessed on: February 16th, 2024.

Ferreira DF (2019) SISVAR: A computer analysis system to fixed effects 
split plot type designs. Brazilian Journal of Biometrics, 37:529-535.

Frasca LLM, Nascente AS, Lanna AC, Carvalho MCS & Costa GG (2020) 
Bioestimulantes no crescimento vegetal e desempenho agronômico do 
feijão-comum de ciclo superprecoce. Agrarian, 13:27-41.

Kaya C, Ashraf M, Sonmez O & Tuna AL (2015) Exogenous application 
of thiamin promotes growth and antioxidative defense system at initial 
phases of development in salt stressed plants of two maize cultivars dif-
fering in salinity tolerance. Acta Physiologiae Plantarum, 37:1741-1753.

Kirkland JB & Meyer-Ficca ML (2018) Niacin. Advances in Food and 
Nutrition Research, 83:83-149.

Lima SF, Vendruscolo EP, Alves VCD, Arguelho JC, Pião JDA, Seron 
CDC, Martins MB, Witt TW, Serafim GM & Contardi LM (2024) Nic-
otinamide as a biostimulant improves soybean growth and yield. Open 
Agriculture, 9:20220259.

Mangena P (2022) Evolving role of synthetic cytokinin 6-benzyl adenine 
for drought stress tolerance in soybean (Glycine max L. Merr.). Fron-
tiers in Sustainable Food Systems, 6:992581.

Marco K, Dallacort R, Júnior CAF, Sérgio P, de Freitas L & Villela 
TG (2012) Aptidão Agroclimática e Características Agronômicas de 
Feijão-Comum Semeado na Safra das Águas em Tangará da Serra-MT. 
Enciclopédia Biosfera, 8:160-170.

Melo LC, del Peloso MJ, Pereira HS, Faria LC, Costa JGC, Cabrera Diaz 
J L, Wendland A, de Carvalho HWL, Costa AF, Almeida VM, Melo 
CLP, Vieira JR, Posse SCP, Faria JC, Soares J, Cargnin A, Abreu AFB, 
Moreira JAA, Pereira FIA, Marangon M, Guimarães CM, Bassinello 
PZ, Brondani RPV, Braz AJBP & Magaldi MCS (2011) BRS Estilo: cul-
tivar de feijão carioca com grãos claros, arquitetura ereta e alto potencial 
produtivo. In: 10º Congresso Nacional de Pesquisa de Feijão, Goiânia. 
Proceedings, Embrapa Arroz e Feijão. p.01-04.

Nardi S, Pizzeghello D, Schiavoni M & Ertani (2016) A Plant biostim-
ulants: physiological responses induced by protein hydrolyzed-based 
products and humic substances in plant metabolism. Revista Scientia 
Agrícola. 73:18-23.

Park CH, Yeo J, Park YJ, Morgan AM, Valan Arasu M, Al-Dhabi NA & 
Park SU (2017) Influence of indole-3-acetic acid and gibberellic acid 
on phenylpropanoid accumulation in common buckwheat (Fagopyrum 
esculentum Moench) sprouts. Molecules, 22:374.

Pedó T, Martinazzo EG, Bacarin MA, Antunes IF, Koch F, Monteiro MA, 
Pimentel JR, Toyjack C, Villela FA & Aumonde TZ (2018) Crescimento 
de plantas e vigor de sementes de feijão em resposta à aplicação exógena 
de ácido giberélico. Revista de Ciências Agrárias, 41:757-770.

Perin A, Gonçalves EL, Ferreira AC, Salib G, Ribeiro JM, Andrade E & 
Salib N (2016) Uso de promotores de crescimento no tratamento de se-
mentes de feijão carioca. Revista Global. Science Technology, 9:98-105.

Qin H & Huang R (2018) Auxin Controlled by Ethylene Steers Root 
Development. International Journal of Molecular Sciences, 19:3656. 

Santos LTSS, Vespucci IL & Nunes MPC (2020) Aplicação adicional de 
bioestimulantes em estádio reprodutivo de feijão comum (Phaseolus 
vulgaris L.) com intuito de acréscimo na produtividade. Pubvet, 14:01-
07.

Santos HG, Jacomine PKT, Anjos LHC, Oliveira VA, Lumbreras JF, Coel-
ho MR, Almeida JA, Araujo Filho JC, Oliveira JB & Cunha TJF (2018) 



Rev. Ceres, Viçosa, v. 71, e71035, 2024

9Nicotinamide and phytohormones as biostimulants in common bean

Sistema Brasileiro de Classificação de Solos. Brasília, Embrapa. 356p.

Silva CM, Silva AV, Freitas BAL, Maia WMP, Silva DAM, Cortez LCA 
& Almeida LJM (2021) Bioestimulantes na agricultura In: Pesquisas em 
ciências agrárias. Editora CRV, 2:39-51. 

Sosnowski J, Truba M & Vasileva V (2023) The Impact of Auxin and 
Cytokinin on the Growth and Development of Selected Crops. Agricul-
ture, 13:724. 

Tavares T, Sousa S, Salgados F, Santos G, Lopes M & Fidelis R (2017) 
Adaptabilidade e estabilidade da produção de grão em feijão comum 
(Phaseolus vulgaris). Revista de Ciências Agrárias. 40:411-418.

Van Raij B, Andrade BJC, Cantarella H & Quaggio JA (2001) Análise 
Química para Avaliação da Fertilidade de Solos Tropicais. Campinas, 
Instituto Agronômico. 285p.

Vasconcelos CF & Chaves LHG (2019) Biostimulants and their role in 
improving plant growth under abiotic stresses. In: Mirmajlessi SM & 
Radhakrishnan R (Eds.) Biostimulants in plant science. London, Inte-
chOpen. p.03-16.

Wang GL, Que F, Xu ZS, Wang F & Xiong AS (2015) Exogenous gib-
berellin altered morphology, anatomic and transcriptional regulatory 
networks of hormones in carrot root and shoot.  BMC Plant Biology, 
15:01-12.

Yadav B, Jogawat A, Gnanasekaran P, Kumari P, Lakra N, Lal SK & 
Narayan OP (2021) An overview of recent advancement in phytohor-
mones-mediated stress management and drought tolerance in crop 
plants. Plant Gene, 25:100264.


