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ABSTRACT

Beans are one of the most important crops in Brazil but still have a low yield. The use of technologies such as the
application of biostimulants can provide greater yield for the crop. Thus, the work aimed to evaluate the effect of
using Azospirillum brasilense and phytohormones on Jalo Precoce beans. The experiment was carried out in
randomized blocks with nine treatments and four replications. The treatments consisted of a control, Stimulate
(compound of phytohormones), and A. brasilense applied isolated or associated to the seeds or in a furrow. The
plant height, stem diameter, shoot dry matter, number of pods per plant, number of grains per pod, the weight of
grains per pod, and 100-grain weight were favored by A. brasilense and compound of phytohormones. The highest
yield of Jalo Precoce beans (2218 kg ha-1) was obtained using the A.brasilense + phytohormone compound applied
in the sowing furrow. The grain yield of Jalo Precoce beans showed a high positive correlation with the number of
pods per plant and medium correlation with stem diameter and shoot dry matter.

Keywords: Phaseolus vulgaris, Diazotrophic bacteria, Inoculation, Growth regulator

Azospirillum brasilense e composto de fitohormdnios como bioestimulantes em feijao Jalo
Precoce

RESUMO

O feijdo é uma das culturas mais importantes no Brasil, mas ainda apresenta baixa produtividade. O uso de
tecnologias como a aplicagéo de bioestimulantes pode proporcionar maior produtividade para a cultura. Assim, o
objetivo do trabalho foi avaliar o efeito do uso de Azospirillum brasilense e fitohormdnios em feijao Jalo Precoce.
O experimento foi conduzido em blocos casualizados com nove tratamentos e quatro repeti¢des. Os tratamentos
foram constituidos por testemunha; Stimulate (composto de fitohormbnios) e A. brasilense aplicados isolados ou
associados nas sementes ou emsulco de cultivo. A alturade plantas, didmetro do caule, massa seca da parte aérea,
numero de vagens por planta, nimero de graos por vagem, massa de grdos por vageme massa de cemgraos foram
favorecidos pelo uso de A. brasilense e composto de fitohormdnios. A maior produtividade de graos de feijao Jalo
Precoce (2218 kg ha'1) foi obtida com 0 uso de A. brasilense + composto de fitohorménios aplicados no sulco de
cultivo. A produtividade de grdos do feijao Jalo Precoce apresentou alta correlagdo positiva com niimero de vagens
por planta e média correlagdo com didmetro do caule e massa seca da parte aérea.

Palavwras-chawe: Phaseolus vulgaris, Bactérias diazotroficas, Inoculagdo, Regulador de crescimento.-
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1. Introduction

The common bean (Phaseolus vulgaris L.) is one of
the main foods that make up the Brazilian diet, mainly
due to its good nutritional value and an important protein
source. Brazil is the third-largest producer of beans
globally, reaching a production of 3.2 million tons in the
2019/20 harvest (Conab, 2021), behind Myanmar with
5.8 million tons and India with 5.3 million tons (FAO,
2019).

Although it is a crop of great expression and high per
capita consumption and well-studied worldwide, it still
has some limitations in its production management. The
average yield is only 1,104 kg ha1, according to Conab
(2021), and this is due, among other factors, to the low
technological level employed. Thus, the introduction of
new technologies can contribute to increasing this yield,
in addition to improving producer income.

The bean plants manage to take advantage of
atmospheric nitrogen from its fixation by bacteria of the
genus Rhizobium that remain in symbiosis with the plant
roots, reducing nitrogen fertilization costs; however, this
association is not enough to meet all the needs of the
plant. In this gap, the use of another bacterium, of the
genus Azospirillum, belonging to the plant growth
promoter group, has been studied, presenting
mechanisms that help produce phytohormones (Hungria
et al., 2015).

These bacteria can promote plant growth through
physiological changes due to the release of hormones
such as auxins and cytokinins that promote increased root
growth (Zafar et al., 2012; Hungary et al., 2013). This
genus of bacteria has been extensively studied in grass
crops (Vendruscolo et al., 2018; Alvarez et al., 2019;
Contardi et al., 2020; Silva Junior et al., 2021) with few
results for legumes. In soybean crop (Zuffo et al., 2016)
and bean cultivars conducted in the winter season (Gitti
et al., 2012), no effects on grain yield were observed,
although Schossler et al. (2016) have obtained an
increase in plant height and number of pods per common
bean plant.

Another input with the potential to improve the
growth and yield of the bean crop are those that contain
phytohormones, which, in addition to playing the plant
developmental function, can make it more resistant to
environmental stresses, such as lack of water due to the
planting season orpossible dry periods. When applied in
the first stages of plant development, they stimulate root
growth and provide quick recovery and establishment of
the crop (Lana et al., 2009). Almeida et al. (2014) found
that the use of growth regulators increased root growth
but did not interfere with bean grain yield. Dourado Neto
et al. (2014) obtained an increase in grain yield in
common bean due to a higher concentration of auxin in
the root system, a hormone responsible for cell division
and elongation, promoting greater root growth and

development. Oliveira et al. (2015) also observed an
increase in the yield of cowpea beans.

The Jalo Precoce bean has a short production cycle
and great adaptation to different environmental
conditions. It can be recommended for different
production systems and with high production potential.
Furthermore, due to the early cycle, it can favor rotation
with other crops, maximizing the use of the rainfall
period and increasing the final yield per unit of area.
Thus, the objective ofthis work was to evaluate the effect
of using A. brasilense and phytohormones on Jalo
Precoce beans.

2. Material and Methods

The experiment was conducted in an area of the
Federal University of Mato Grosso do Sul, Campus of
Chapaddo do Sul-MS, Brazil, at 18°46’17.8" S, at 52°37
27.7" W, and altitude of 813 meters. The climate is
classified as humid tropical; the annual temperature is
between 13 and 28°C, the average rainfall is 1,850 mm,
with a concentration of rain in the summer and drought
in the winter (Cunha et al., 2013). The soil of the
experimental area was classified as Latossolo Vermelho
distréfico (Santos et al., 2018) (Oxysol).

The experimental design used was randomized blocks
with nine treatments and four replications, totalling 36
plots. The plots were compound of five rows of five
meters in length, spaced 0.45 m apart, placing 15 seeds
per meter of the furrow. The useful area was accounted
for in the three central rows of the parcel. One of the
useful rows was used to determine the shoot dry matter.
Therefore, the plants were destroyed in the evaluation
and could not be counted to determine grain yield. The
two remaining rows were used.

The treatments consisted of 1) control (C); 2)
Stimulate applied to the seed (SS); 3) Azospirillum
applied to the seed (AS); 4) Stimulate applied to seed +
Azospirillum applied to seed (SS+AS); 5) Stimulate
applied in the sowing furrow (SFu); 6) Azospirillum
applied in the sowing furrow (AFu); 7) Stimulate applied
in the sowing furrow + Azospirillum applied in the
sowing furrow (SFu+AFu); 8) Stimulate applied to seed
+ Azospirillum applied to sowing furrow (SS+AFu) and
9) Stimulate applied to sowing furrow + Azospirillum
applied to seed (SFu+AS).

The products used in the treatments were the
Stimulate® biostimulant (cytokinin 0.09 g L1 +
gibberellic acid 0.05 g L + 4-indol-3-yl butyric acid
0.05 g L) recommended at a dose of 750 mL for 100 kg
of seeds and the commercial inoculant Masterfix grasses
(strains — AbV5 and AbV6 with 2x108 viable cells mL-
1), containing Azospirillum brasilense strains and
recommended at a dose of 100 mL for 50 kg of seeds.
When applied to the seed in the opened furrow at the time

Revista de Agricultura Neotropical, Cassilandia-M S, v. 8, n. 2, e5974, abr./jun. 2021.



Moreira et al. (2021) 3

of sowing, Stimulate was applied at a dose of 1500 mL
haland Azospirillum at 1000 mL hat, with a spray flow
rate of 156 L hal.

The experiment was installed on February 19, 2014,
using seeds of the common bean cultivar Jalo Precoce
treated with the fungicide Carboxin + Tiram (60 + 60 g
a.i. per 100 kg of seeds). Desiccation management was
carried out seven days before sowing to eliminate weeds,
using Glyphosate (1.0 kg a.i. hal) + 2.4D (1.0 kg a.a._ha-
1). The furrow opening and fertilizer distribution were
carried out mechanically with a five-row tractor-mounted
mechanical seeder.

Seed distribution and top dressing were performed
manually. The sowing fertilization was 500 kg ha! of the
4-14-8 NPK formula. The top dressing was done at 20
DAE, applying 80 kg ha of N and 40 kg ha! of K20,
using urea (45% N) as a nitrogen source and KCI as a
potassiumsource (58% K20). The experimental area was
fallow for two harvests, with no history of use of
Azospirillum spp.

The chemical management of weeds in the crop was
carried out in the initial phase of cultivation using the
herbicide Fomesafen + Fluazifop-p-butyl + paraffinic
mineral oil at a dose of 250 g + 125 g + 171.2 g of ai ha
1. No other applications were made.

The characteristics evaluated were: (a) Plant height —
measurement fromthe surface of the soil to the tip of the
plants; (b) stem diameter — measured with a digital
caliper just above the ground surface; (c) number of
leaves — total number of fully expanded leaves in the
plant; (d)shoot dry matter — the plants were cut at ground
level, placed in duly identified paper bags and placed in
a forced ventilation oven at 65°C until reaching constant
weight. For all evaluations, ten plants from one of the
rows of the useful area were used when the crop was in
full bloom, which occurred 28 days after emergence.

The other characteristics evaluated were: (e) number
of pods per plant — counting all the pods of 10 plants
separated from the useful area of the plot at the time of
harvest; (f) number of grains per pod — obtained from 10
pods separated from the total number of pods of 10
plants; (g) grain weight per pod —the total grains obtained
from ten pods were weighed to obtain the grain weight
per pod; (h) 100-grain weight — obtained by weighing
100 grains separated fromthe useful area of the plot and
(i) grain yield — the plants of the two rows of the useful
area of the plot were pulled out manually, dried in the
environment and then threshed. After obtaining the grain
weight per plot, this value was transformed to kg hal.

The moisture for the weight of grains per pod, the
100-grain weight and yield were corrected to 13%, as it
is a standard value for storage. This moisture was
obtained according to the equation:

PCC = (PC(100-Uob))/((100-Ud))

Where:

PCC =corrected field weight;
PC = field weight;

Uob = observed moisture;

Ud = desired moisture.

For statistical analysis, the data were subjected to
analysis of variance, using the Scott-Knott test at 5%
probability for comparison of means, using the Sisvar
program (Ferreira, 2011). Correlation network and
canonical variables analyzes were also performed with
the support of the Rbio program (Bhering, 2017).

3. Results and Discussion

The use of A. brasilense bacteria and the
phytohormones compound applied in seeds, in furrows,
or combined affected the characteristics of plant height,
stem diameter, number of leaves, and shoot dry weight
(Figure 1).

With the use of Stimulate in beans, applied both on
seeds and in the sowing furrow, Bertolin et al. (2010) and
Almeida et al. (2014) found no effect for plant height
regardless of application time. For the use of
Azospirillum bacteria, Gitti et al. (2012) obtained an
8.0% increase in dry matter in dry beans, but without
statistical significance.

Some studies already indicate a positive effect of the
use of diazotrophic bacteria forgrass crops such as corn,
beans, and rice, among others; however, studies with
non-grass plants are still incipient and need to be
expanded to validate the use of this technology. It is
observed in this work that the treatment with the two
products applied in furrows resulted in a higher value in
the four variables (treatment 7 — SFu+AFu) (Figure 1).
This  beneficial effect of A. brasilense and
phytohormones is probably due to the ability of these
products to promote greater plant growth (Lana et al.,
2009; Hungria et al., 2015).

For plant height, stem diameter, and shoot dry matter,
the SFu+AFu treatment resulted in gains of 9.3%. 11.6%
and 24.3%, respectively, compared to the control, even
though this treatment did not differ fromsome others, but
it was always superior to the control. There was no
benefit from the use of biostimulants for the number of
leaves, but the application of Azospirillum in the
cultivation furrow (AFu) harmed the formation of leaves
(Figure 1).

The treatments also influenced the number of pods
per plant, the number of grains per pod, the weight of
grains per pod, and the 100-grain weight (Figure 2).

All treatments, except SS+AFu and SFu+AS, were
favorable to the increase of pods per plant (Figure 2),
being, on average, 16.6% above the value obtained in
control.
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Figure 1. Plant height (a), stem diameter (b), number of leaves (c), and shoot dry matter (d) as a function of the use of A. brasilense
and Stimulate in seeds of Jalo Precoce bean.

C- Control; SS- Stimulate applied to the seed; AS- Azospirillum applied to the seed; SFu- Stimulate applied in the furrow; AFu-
Azospirillum applied in the furrow. The same letters on the columns do not differ statistically between 5% probability by the Scott-
Knott test.
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Figure 2. Number of pods per plant (a), number of grains per pod (b), weight of grains per pod (c), and 100-grain weight (d) as a
function of the use of A. brasilense and Stimulate in seeds of Jalo Precocious bean.

C- Control; SS- Stimulate applied to the seed; AS- Azospirillum applied to the seed; SFu- Stimulate applied in the furrow; AFu-
Azospirillum applied in the furrow. The same letters on the columns do not differ statistically between 5% probability by the Scott-
Knott test.
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Bertolin et al. (2010) also found an increase in the
number of pods perbean plant when they used aseed and
leaf bioregulator. Still, Bernardes et al. (2010) found no
significant effect for the number of pods per plant using
biostimulant in common bean. Using A. brasilense,
Schossler et al. (2016) obtained a higher number of pods
per plant in common bean.

The highest grain yield (Figure 3) was observed for
the treatment with A. brasilense and phytohormones
applied in the furrow (SFu+AFu), representing a gain of
29.2% concerning the control. As reported by Avila etal.
(2008), the way of applying Stimulate can influence the
yield and other variables of the common bean. It is also
possible to observe in the present work that the form of
application of Azospirillum is an essential factor.

Gitti et al. (2012) achieved a gain of 103 kg ha of
the bean when they used inoculation with A. brasilense.
Despite not being statistically different from the control,
they considered the economic issue as positive. Hungria
et al. (2013) obtained a 19.6% increase in bean grain
yield when they used seed inoculation with Rhizobium
tropici associated with the application of A. brasilense in
the furrow. Due to the lack of responses for grain yield in
legumes related to the use of Azospirillum (Gitti et al.,
2012; Zuffo et al., 2016) and the possibilities of an
association with phytohormones orother biostimulants, a
range of studies open up, able to provide more
information to producers in decision-making to improve
the bean crop.

Seeking to understand better how each variable
interacted with each other, a correlation analysis was
performed, and to facilitate the interpretation of
correlations between variables, a two-dimensional
correlation networkwas set up. In the correlation network
generated from the Pearson matrix, positive correlations
were expressed in green lines, and negative correlations
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b b b
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—
% I
EO 1500
1
°
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@
b
500
0
G SS AS SS+AS

were expressed in red lines. The magnitude of the
correlation is proportional to the thickness of the lines
(Figure 4).

Most correlations were positive, except for WGP with
NPP and NT with WHG, which correlated negatively,
both with low magnitude. CO correlated positively, from
medium to high magnitude, with WHG, NPP, SDW, GY,
PH. This result indicates that plants with larger diameters
generally have greater plant heights, greater shoot dry
weight, greater 100-grain weight, greater number of pods
per plant, and greater grain yield. WGP, NGP, and NT
were also positively correlated with SD but in smaller
magnitudes.

GY had a highly positive correlation with NPP and
medium proportions with SD and SDW, indicating that
as the number of pods per plant, shoot dry weight, and
stemdiameter increase, yield increases. WGP also had a
high-magnitude  positive  correlation  with  NGP,
indicating that the higher number of pods onthe plants is
related to the higherthe number of grains presentin them.

The treatments, except SS+AS, SFu, and AFu, were
favorable to increasing the number of grains per pod
(Figure 2), providing gains of 11.9% concerning the
control. Bernardes et al. (2010) did not find positive and
significant results in the number of grains per pod using
growth regulators in common bean. Likewise, using A.
brasilense, Gitti et al. (2012) and Schossler et al. (2016)
found no positive effect on the number of grains per pod
in common bean.

The treatments AS and SFu+AS resulted in the
highest seed weight per pod (Figure 2), resulting in gains
of 24.4% above the control value. For the 100-grain
weight, the treatments SS+AS and SFu+AS (Figure 2)
provided gains of 11.5% above the control. Gitti et al.
(2012) and Schossler et al. (2016) found no increase in
grain weight using A. brasilense in common bean plants.
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Figure 3. Grain yield as a function of the use of A. brasilense and Stimulate in seeds of the Jalo Precoce bean
C- Control; SS- Stimulate applied to the seed; AS- Azospirillum applied to the seed; SFu- Stimulate applied in the furrow; AFu-
Azospirillum applied in the furrow. The same letters on the columns do not differ statistically between 5% probability by the Scott-

Knott test.
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Figure 4. Correlation network between the variables: PH (plant height), SD (stem diameter), NT (number of leaves), SDW (shoot dry
weight), NPP (number of pods per plant), NGP (number of grains per pod), WGP (Weight of grains per pod), WHG (100 -grain weight)
and GY (Grain yield). Positive correlations were highlighted in green, and negative correlations were highlighted in red. The thickness
of the lines is proportional to the magnitude of the correlation.
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Figure 5. Analysis of canonical variables between treatments and variables: PH (plant height), SD (stem diameter), NT (number of
leaves), SDW (shoot dry weight), NPP (number of pods per plant), NGP (number of grains per pod), WGP (Weight of grains per pod),
WHG (100-grain weight) and GY (Grain yield).
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The positive effects observed in the production
components of Jalo Precoce beans are probably due to the
isolated orjoint action of biostimulants on the physiology
of the plants. A. brasilense is characterized as a growth
promoterand is capable of causing physiological changes
in plants due to the release of hormones such as auxins and
cytokinin, which induce root growth, leading the plant to
absorb more water and nutrients (Zafar et al., 2012;
Hungria et al., 2015).

Canonical variable analysis was used to verify the
contribution of each variable to the difference between
treatments. In this work, the accumulation of the first two
canonical variables was 74.8%, allowing an accurate
interpretation in a two-dimensional graph (Figure 5). It
was observed that treatments 1 (control), 6 (Azospirillum
applied in the sowing furrow), and 8 (Stimulate applied
in the seed + Azospirillum applied in the sowing furrow)
did not stand out specifically regarding any analyzed
variable.

Treatment 2 (Stimulate applied to the seed) was
closer to the origin of the vectors, with the smallest
divergence between treatments. Treatments 4 and 5
(Stimulate applied to the seed + Azospirillum applied to
the seed and Stimulate applied to the sowing furrow,
respectively) showed similarity to each other, and the
variables that contributed to this were the NPP and
SDW vectors. Treatments 3 (Azospirillum applied to the
seed) and 9 (Stimulate applied to the sowing furrow +
Azospirillum applied to the seed) were also similar, and
the variables NGP and WGP contributed to this.

The variables PH, NT, WHG, SD, and GY had higher
values for treatment 7 (Stimulate applied in the sowing
furrow + Azospirillum applied in the sowing furrow),
meaning that this treatment was effective in increasing
the respective growth and bean grain yield.

4. Conclusions

The use of Azospirillum brasilense and the
phytohormones compound is favorable to the growth
characteristics, production components, and yield of the
Jalo Precoce bean.

The use of A. brasilense +phytohormones compound
applied in the furrow is indicated to achieve a higher
grain yield of Jalo Precoce beans.

The Jalo Precoce bean grain yield had the greatest
contribution from the number of pods per plant, stem
diameter and shoot dry weight, verified by the positive
correlation between these variables.
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