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Bactérias diazotróficas aumentam produtividade
e rentabilidade no cultivo orgânico do feijão comum

Juliana T. Martins2,3* , Fernando de S. Buzo2 , Lucas M. Garé2 , Nayara F. S. Garcia2 , Letícia Z. de S. Sales2 , 
Matheus V. L. do Nascimento4 , Neli C. B. dos Santos5 , Omar J. Sabbag2  & Orivaldo Arf2

ABSTRACT: The symbiosis of common beans with nitrogen-fixing bacteria provides an efficient approach to 
sustainable and economical food production. Therefore, this study aimed to evaluate the application of cost-
effective nitrogen management strategies in organic common bean cultivation, including the application of poultry 
manure and organic liquid fertilizer, seed and co-inoculation with diazotrophic bacteria (Azospirillum brasilense 
and/or Rhizobium tropici), and supplementary Rhizobium tropici inoculation. The study spanned three years in a 
well-established organic cultivation field (2018) and an initial organic cultivation area (2019 and 2020) in Brazil. 
It was arranged in a randomized blocks design in a 2 × 5 (2018) and 2 × 6 (2019 and 2020) factorial scheme, with 
four replicates. The most profitable strategy involves seed inoculation with Azospirillum brasilense and additional 
inoculation with Rhizobium tropici at stage V4-5 (fifth trifoliate leaf fully expanded), while the most costly strategy was 
the application of poultry manure at the V3 stage (first trifoliate leaf fully expanded). Thus, the use of diazotrophic 
bacteria for seed inoculation and co-inoculation (Azospirillum brasilense and/or Rhizobium tropici) ensured financial 
returns and system profitability in common bean cultivation.
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RESUMO: A simbiose do feijão comum com bactérias fixadoras de nitrogênio proporciona uma abordagem eficiente 
para a produção de alimentos sustentável e econômica. Portanto, este estudo teve como objetivo avaliar a aplicação 
de estratégias custo-efetivas de manejo de nitrogênio no cultivo orgânico do feijão comum, incluindo a aplicação de 
esterco de aves e fertilizante orgânico líquido, inoculação de sementes e coinoculação com bactérias diazotróficas 
(Azospirillum brasilense e/ou Rhizobium tropici), e inoculação suplementar com Rhizobium tropici. O estudo durou 
três anos em um campo de cultivo orgânico bem estabelecido (2018) e uma área inicial de cultivo orgânico (2019 e 
2020) no Brasil. O delineamento foi em blocos casualizados em esquema fatorial 2 × 5 (2018) e 2 × 6 (2019 e 2020), 
com quatro repetições. A estratégia mais lucrativa envolve a inoculação de sementes com Azospirillum brasilense e 
inoculação adicional com Rhizobium tropici no estádio V4-5 (quinta folha trifoliada totalmente expandida), enquanto 
a estratégia mais cara foi a aplicação de esterco de aves no estádio V3 (primeira folha trifoliada totalmente expandida). 
Assim, o uso de bactérias diazotróficas para inoculação e coinoculação de sementes (Azospirillum brasilense e/ou 
Rhizobium tropici) garantiu retorno financeiro e rentabilidade do sistema no cultivo do feijão comum.

Palavras-chave: Phaseolus vulgaris L., Azospirillum brasilense, Rhizobium tropici, desempenho econômico

HIGHLIGHTS:
Common bean can be grown efficiently in an organic system with diazotrophic bacteria as nitrogen (N) source.
Application of poultry manure is not only expensive, but the nutrient content is also inadequate.
Seed inoculation, co-inoculation and additional inoculation provided higher yields and profitability in common bean crop.
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Introduction

Common bean (Phaseolus vulgaris L.), an annual grain 
legume rich in protein, is one of the most important food 
crops in Brazil, and is the country’s staple food along with rice 
(Rezende et al., 2017; Los et al., 2020). The crop can be sown 
at three different times in an agronomic calendar, resulting in 
a constant supply throughout the year. Furthermore, Brazil 
is the second largest producer of common bean globally, 
and accounts for 68% of its total global yield with India and 
Myanmar (FAOSTAT, 2021). 

In addition to being an excellent source of food for human 
consumption, organic crop cultivation plays an important 
role in sustainable food production by prohibiting the use 
of synthetic fertilizers, pesticides, and genetically modified 
products (Le Campion et al., 2020), while relying on the 
rational and sustainable utilization of natural resources. 
However, research on the production of common beans 
in organic systems in Brazil, especially on the economic 
evaluation of sustainable nitrogen (N) management techniques, 
is limited. As the mineral fertilizers used in Brazil are mostly 
imported (Conceição et al., 2022), the use of diazotrophic 
bacteria as a N source is crucial in preventing economic 
loss and environmental problems. However, one of the main 
limitations in organic crop production is the inaccurate and 
unsystematic data because of the absence of a systematic 
database that approaches the indicators of organic production 
(area, yield, number of farmers, retail sales, and international 
sales), which makes it difficult to follow and elaborate the 
history of yield and commercialization (Lima et al., 2019). 

Therefore, the present study aimed to evaluate the economic 
potential, in terms of yield cost, profitability of crop management, 
and N supply, in organic common bean cultivation using poultry 
manure, organic liquid fertilizer, and seed inoculation and 
co-inoculation with diazotrophic bacteria, with or without 
additional Rhizobium tropici inoculation.

Material and Methods

The study was conducted in two different fields over three 
agronomic years. In 2018, the experiment was conducted in a 

consolidated organic field under organic cultivation for more 
than ten consecutive years. The 2018 study was conducted in 
the ‘Agência Paulista de Tecnologia dos Agronegócios’ – APTA, 
Andradina–SP, Brazil (longitude 51°23’11’’ W, latitude 20°55’57’’ 
S, altitude 379 m). The soil in the experimental area is an oxisol 
with sandy texture, which has been cultivated with annual crops. 
In previous years, maize, cover crops [Urochloa decumbens and 
Sorghum spp.), and cowpea (Vigna unguiculata (L.) Walp.] were 
cultivated in the experimental area. According to the Köppen 
classification, the regional climate is tropical, comprising rainy 
summers and dry winters. The climatic data recorded during 
the experimental period are displayed in Figure 1.

In 2019 and 2020, the experiment was conducted in the 
municipality of Selvíria-MS, Brazil (longitude 51o24’10’’ W, 
latitude 20o20’28’’ S, altitude 335 m), in an area of the São Paulo 
State University (UNESP) farm. The soil is an oxisol with a 
clayey texture, prior to the experiment was fallow for over five 
years, with spontaneous vegetation and without any chemical 
or physical interference, similar to areas in transition to an 
organic system. According to the Köppen classification, the 
regional climate is Aw type, denoting a humid tropical climate 
with a pronounced rainy season in summer and dry season in 
winter. Comprehensive data on the maximum and minimum 
temperatures, and rainfall, were systematically collected during 
the experimental period (Figure 2).

Prior to the experiment, soil samples were collected at 0–20-
cm depth. The soil chemical characteristics were determined 
according to Raij et al. (2001). In 2018, 2019, and 2020, the soil 
chemical characteristics were as follows: P-resin (phosphorus) 
= 13, 64, 54 mg dm-3; OM (organic matter) = 20, 24, 24 g dm-3; 
pH (CaCl2 (calcium chloride)) = 5.1, 5.2, 5.7; K (potassium) = 
3.8, 4.1, 5.2; Ca (calcium) = 22, 32, 23; Mg (magnesium) = 10, 
16, 14; H + Al (hydrogen + aluminum) = 25, 38, 25; SB (sum of 
basic cations) = 35.8, 52.1, 42.2; CEC (cation exchange capacity 
at pH 7.0) = 60.8, 90.1, 67.2 mmolc dm-3; V (base saturation) 
= 59, 58, 63%, respectively.

In 2018, before common bean sowing, the area was 
prepared according to conventional management using one 
plowing harrow, followed by a leveling harrow. In 2019, a 

Figure 1. Rainfall, and maximum (T maximum) and minimum (T minimum) air temperatures obtained from the weather 
station located at APTA, Andradina-SP, Brazil, during the experiment in 2018



Diazotrophic bacteria increase yield and profitability in organic cultivation of common bean 3/9

Rev. Bras. Eng. Agríc. Ambiental, v.28, n.2, e272029, 2024.

Figure 2. Rainfall and maximum (Tmaximum) and minimum (Tminimum) air temperatures obtained from the weather station 
at the station at the São Paulo State University (UNESP) farm during the experimental period in 2019 (A) and 2020 (B)

field shredder was used because of the dense spontaneous 
vegetation. To control the spontaneous growth of plants, millet 
was sown in the fallow area and crop straw was incorporated 
via plowing before plant flowering. Before 2020, organic corn 
was cultivated. The crop was incorporated into the soil via 
field shredding, plowing, and harrowing, followed by the 2020 
common bean cultivation.

During the three cultivation years, organic compost was 
applied after soil preparation. In 2018, 1.5 t ha-1 of mash 
and granulated compost was applied to the total area and 
incorporated using a leveling harrow. In 2019 and 2020, 750 kg 
ha-1 of mash compost was applied to the total area, and 750 kg 
ha-1 of granulated compost was applied to the sowing furrow. 
The organic compost was produced from agro-industrial 
wastes using the composting method; the raw material was 
acquired from a local company, and presented the following 
characteristics: organic matter 35.15, N 0.43, total P 3.05, K 
0.62, and moisture 43.22% (65 ºC). 

Irrigation was provided via sprinkler systems installed in 
the two fields with a precipitation rate of 3.3 mm h-1, applied 
as required. The average irrigation depth was standardized to 
15 mm, and was performed based on the rainfall data recorded 
during common bean cultivation. In 2018, irrigation was 
provided at approximately four-day intervals, whereas in 2019 
and 2020, the intervals averaged approximately three days.

The experimental design was a randomized block with 
four replicates in a 2 × 5 factorial scheme in 2018, and 2 × 6 
in 2019 and 2020. The treatments were as follows: with and 
without additional inoculation with R. tropici at V4-5 (fifth 
trifoliate leaf fully expanded), to reduce losses in case of seed 
inoculation failure; interacting with the following N supply 
methods: T1 – no inoculation (control); T2 – no inoculation 
+ poultry manure application as topdressing (V3 stage: first 
trifoliate leaf fully expanded); T3 – seed inoculation with A. 
brasilense; T4 – seed inoculation with R. tropici; T5 – seed co-
inoculation with A. brasilense + R. tropici, and T6 (2019 and 

A.

B.
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2020 only) – seed inoculation and leaf application with organic 
liquid fertilizer. Each experimental plot comprised five rows, 
8 m in length with 0.45 m interrow spacing. 

Seed inoculation and co-inoculation were performed with 
liquid A. brasilense (strains AbV5 and AbV6 at 2 × 108 CFU 
mL-1) and R. tropici (strain Semia 4080 at 2 × 109 CFU mL-

1) at an application rate of 200 mL 50 kg-1 of common bean 
seeds. Additional inoculation with R. tropici was performed 
using a backpack sprayer with a full-cone spray tip nozzle at 
stage V4-5, when the 5th trifoliate leaf was completely expanded 
and the branching process began. Additional inoculation was 
performed using the liquid inoculant strain Semia 4080 at 2 × 
109 CFU mL-1, at an application rate of 200 mL ha-1 and spraying 
volume of approximately 200 L ha-1.

The poultry manure was applied manually via topdressing 
near the sowing line at an application rate of 2.5 t ha-1. In all 
the three years, the manure was applied at the V3 stage. The 
application rate corresponded to N application of 48 kg ha-1 
(considering an expected yield of 1.5–2.5 t ha-1), according 
to Pereira et al. (2015). Poultry manure was acquired from a 
local poultry farm that prioritized animal welfare and does 
not use antibiotics or chemicals during animal development. 
The estimated composition of the manure was as follows: 48 
kg ha-1 N; 20 kg ha-1 P; 46 kg ha-1 K; 44 kg ha-1 Ca; 7 kg ha-1 

Mg; 25 kg ha-1 S (Sulphur); 2,5 kg ha-1 Fe (Iron); 1 kg ha-1 Mn 
(Manganese); 125 g ha-1 Cu (Copper); and 950 g ha-1 Zn (Zinc). 

The organic liquid fertilizer used was a commercial product 
comprising 30 g L-1 organic carbon and 2 g L-1 K2O (Potassium 
oxide). It is certified for organic systems by Ecocert Brazil 
and is commonly used by organic farmers in the region. Seed 
inoculation with organic liquid fertilizer was performed at an 
inoculation rate of 200 mL 50 kg-1 common bean seeds, and 
foliar application was performed at an rate of 750 mL ha-1 at 
the V4-5 stage, followed by a second application 10 days later, 
as recommended by the product manufacturer.

Sowing was performed on 05/21/2018, 04/25/2019, and 
05/05/2020, at a plant density of 12 plants m-1, resulting in 72 
kg ha-1 of common bean seeds. The cultivar BRS Estilo was 
used for the 2018 and 2020 experiments and the IAC Sintonia 
cultivar was used for the 2019 experiment. Both cultivars are 
in the ‘carioca’ commercial group and present growth habit 
type II. 

The experiments were performed following the Brazilian 
criteria of regulation for organic system production, according 
to Law No. 10,831 of 2003, from The Brazilian Ministry of 
Agriculture, Livestock, and Food Supply, and all its current 
regulatory instructions. Two applications of 0.5% neem 
oil (Azadirachta indica) and two foliar applications of the 
biofertilizer Supermagro I at an application rate of 2% were 
performed to control pests and diseases. The biofertilizer was 
prepared using the material available in the experimental area, 
and comprised a mixture of micronutrients anaerobically 
fermented in an organic medium with fresh bovine manure 
(40 L), water (180 L), brown sugar (0.5 kg), milk (1 L), and 
micronutrients, according to Rodrigues et al. (2009), to provide 
protection and nutrients for plants. The biofertilizer was 
anaerobically fermented and used after 45 days. All applications 
were performed using a backpack sprayer, with a full cone spray 

tip nozzle and application volume of 200 L ha-1. Pulverization 
was performed in the afternoon (5–6 pm) under moderate 
temperatures and low wind incidence. 

Spontaneous plant control was achieved using a weeder. 
In 2018, weed control was performed at 24 and 47 days after 
sowing (DAS), and in 2019 and 2020, weed control was 
performed at 22 and 20 DAS, respectively, in a single operation. 
Harvesting was performed manually at 98, 96, and 100 DAS 
in 2018, 2019, and 2020, respectively. In 3-m of two lines of 
each plot, all the plants were uprooted and dried in the sun; 
the material was manually threshed and the grains dry weight 
(DW) was recorded. The data was converted to kg ha-1 at 13% 
moisture.

The economic analysis was performed based on the total 
operational expenses (TOE) structure used by the Instituto 
de Economia Agrícola (IEA) and proposed by Matsunaga et 
al. (1976). The effective operational expenses (EOE) comprise 
the sum of expenses for mechanical operations (including 
depreciation), irrigation, manual operations, and agricultural 
inputs used during crop management and N supply. The mean 
expenses of the mechanical operations up to September 2021 
were updated and indexed by the general market price index 
(IGP-M).

For manual operations, the requirements of labor in the 
different stages of management in organic common bean 
cultivation was assessed; for each operation, the number of 
worker/day was multiplied by the technical labor force coefficient 
and payment in each region. The input expenses were calculated 
based on a multiplicative factor, considering the amount of 
material and market prices updated in August 2021.

The costs for the inoculation were approximately R$ 8.00 
and R$ 23.00 for R. tropici and A. brasilense, respectively, 
at an application rate of 200 mL ha-1, considering the total 
amount for each treatment. The cost of poultry manure was 
R$ 350.00 per ton. For the organic liquid fertilizer, the cost 
for leaf application at 750 mL ha-1 was R$ 69.00 and for the 
seed inoculation was approximately R$ 33.00 at an inoculation 
rate of 360 mL ha-1. To calculate the TOE, we considered other 
operational expenses to represent 5% of the EOE (Matsunaga 
et al., 1976). Interest in agricultural loans was calculated using 
an annual interest rate of 6% (the interest rate for rural credit 
operations for medium-sized farmers), calculated as 50% of 
the EOE. This methodology has been used in several studies 
for the economic evaluation of crops (Galindo et al., 2018; 
Galindo et al., 2020; Elejalde et al., 2023; Turco et al. 2023).

The profitability of the treatments was estimated according 
to Martin et al. (1998), considering the following: gross revenue 
(GR) in R$ per hectare, calculated by multiplying the common 
bean yield (in number of 60 kg sacks) with the mean price 
received by farmers; operational income (OI), calculated as the 
difference between GR and TOE; income index (II), which is 
the ratio between OI and GR in percentage; the equilibrium 
price (EP) given a certain operational production cost, as the 
minimum price calculated to cover this cost, considering the 
average yield obtained; and the equilibrium yield (EY) given 
a certain total operating production cost, as the minimum 
yield necessary to cover this cost, considering the mean price 
received by the farmers. 
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The treatment yield was converted to 60 kg sacks (sc), which 
is the traditional commercial unit in the region. In July 2021, the 
mean price of common bean sacks received by farmers in São 
Paulo, Brazil, was R$ 295.66 sc-1. According to the Food Acquisition 
Program (‘Programa de Aquisição de Alimentos – PAA’) and 
National Program of School Feeding (‘Programa Nacional de 
Alimentação Escolar – PNAE’), which articulates the public 
purchase of food from family farming production, the price of 
organic and agroecological products can increase up to 30% of that 
of conventional products (Lima et al., 2019). Thus, in the present 
study, by increasing the common bean sack price by 30%, the value 
considered was R$ 384.36 sc ha-1 for organic common bean.

Results and Discussion

The TOE of winter common bean crop cultivated in an 
organic system in Selvíria-MS, Brazil, 2019, was R$ 4,399.93 
ha-1 (Table 1). This TOE structure model was used individually 
for all treatments in the three cultivation years, although the 
reference table presents only one of the studied treatments, 
seed inoculation with A. brasilense and additional inoculation 
with R. tropici at V4-5 stage.

Manual operations and input expenses were higher 
(38.03 and 32.67% of the TOE, respectively) because organic 
cultivation is usually performed by family farming, which 
incurs a larger labor force to execute manual operations. 
Among the mechanical operations, irrigation incurred the 
highest expense (10.00% TOE), followed by sowing (4.67% 

TOE). Regarding inputs, the highest expenses were recorded 
for granulated organic compounds and seeds (11.08 and 
13.09% of TOE, respectively).

In studies involving the BRS Estilo cultivar, Silva & 
Wander (2015) reported that inputs (57.48% of TOE) and 
mechanized operations (27.36% of TOE) accounted for the 
highest expenses for conventional production, on average 
over the four agricultural years analyzed. Regarding inputs, 
fertilizers, pesticides, and seeds accounted for 19.18, 16.36, 
and 12.28% of the expenses. Galindo et al. (2020) reported 
that the highest expenses in conventional cowpeas [Vigna 
unguiculata (L.) Walp.] production under the control treatment 
(0 kg ha-1 of N) were for mechanical operations (24.9% of TOE) 
and agricultural chemicals, such as fertilizers, insecticides, 
fungicides, and herbicides (21% of TOE).

The results of the present study reiterate that the expenses 
related to operations are recovered by the winter common 
bean crop yield, thereby demonstrating overall profitability 
across the three cultivation years. Thus, the operating income 
remained positive in all treatments, even in 2018, which 
had lower yields and higher TOE due to the increased costs 
of additional weeder operations and fertilization (organic 
compounds). This was in contrast to 2019 and 2020, when the 
natural soil fertility was better (as indicated in Table 2). The 
use of different cultivars may have also influenced yield owing 
to the influence of genetic variability.

Comparing the profitability of organic and conventional 
systems is valuable because, unlike conventional methods, 

HM - hour machine

Table 1. Total operational expense (TOE) per hectare and percentage of each expense for winter common bean crop cultivated 
in an irrigated organic system. Calculations based on expenses for treatment 6 (T6) [seed inoculation with A. brasilense + 
additional inoculation (AI) with R. tropici at V4-5]. Selviria-MS, Brazil. 2019
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organic agriculture aims to enhance ecological processes 
that foster plant nutrition while conserving soil and 
water resources. Organic systems eliminate agrichemicals 
and minimize external inputs, thereby contributing to 
environment improvement and enhancing farm economics 
(Uematsu & Mishra, 2012). In addition to the economic 
aspect, the use of N fertilizer in tropical soil has a high 
potential of environment harm because fertilizer leaching 
and surface runoff can contaminate groundwater (Sousa et 
al., 2020).

The highest yields led to higher GR and II in 2018 (33.8 
sc ha-1), 2019 (66.3 sc ha-1), and 2020 (59.9 sc ha-1). Thus, the 
highest II was observed under N supply with R. tropici seed 
inoculation in 2018, A. brasilense seed inoculation + additional 
inoculation with R. tropici at V4-5 in 2019, and A. brasilense 
+ R. tropici seed co-inoculation in 2020, with II values of 
59.59, 82.74, and 81.20%, respectively (Table 2). In contrast, 
the lowest II values were observed for the poultry manure 
application without additional inoculation in all three years, 

with II values of 14.44, 70.03, and 74.79% in 2018, 2019, and 
2020, respectively (Figures 3, 4, and 5).

Regarding the minimum yield, farmers had to cover their 
expenses (EY) every year for all treatments; however, the 
winter common bean crop yield was higher than the EY. The 
application of poultry manure with or without additional 
inoculation led to the highest TOE and EY (Table 2); thus, in 
these treatments, higher yields were necessary to cover the 
operating expenses.

In addition to the high quantities of poultry manure 
required, e.g. 2.5 t ha-1 to achieve an expected yield of 1.5 to 2.5 
t ha-1, the manure also got scarcer over time due to the decrease 
in poultry production under organic systems (Padovan et al., 
2002); and the inadequate nutrient proportions result in a non-
viable production system. Diazotrophic bacteria can provide 
N to support crop yields above 3,500 kg ha-1; therefore, it is a 
low-cost and easily applicable technology, leading to higher 
incomes for farmers cultivating winter common bean crops 
under an organic system. The use of diazotrophic bacteria is a 

Treatments (Treat.); Additional inoculation (AI); yes - with additional inoculation; no - without additional inoculation; 1 - no inoculation (control); 2 - no inoculation + AI with 
R. tropici; 3 - no inoculation + poultry manure as top dressing; 4 - no inoculation + poultry manure as top dressing + AI with R. tropici; 5 - seed inoculation with A. brasilense; 6 - 
seed inoculation with A. brasilense + AI with R. tropici; 7 - seed inoculation with R. tropici; 8 - seed inoculation with R. tropici + AI with R. tropici; 9 - seed co-inoculation with A. 
brasilense + R. tropici; 10 - seed co-inoculation with A. brasilense + R. tropici+ AI with R. tropici; 11 - seed inoculation and leaf application with organic liquid fertilizer; 12 - seed 
inoculation and leaf application with organic liquid fertilizer + AI with R. tropici. Common bean yield (YIELD), total operational expenses (TOE), gross revenue (GR), operational 
income (OI), income index (II), equilibrium price (EP), and equilibrium yield (EY)

Table 2. Winter common bean crop profitability index in organic cultivation system, under different N supplies, in 2018, 2019, 
and 2020
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1 - No inoculation (control); 2 - no inoculation + AI with R. tropici; 3 - no inoculation + poultry manure as top dressing; 4 - no inoculation + poultry manure as top dressing + AI 
with R. tropici; 5 - seed inoculation with A. brasilense; 6 - seed inoculation with A. brasilense + AI with R. tropici; 7 - seed inoculation with R. tropici; 8 - seed inoculation with R. 
tropici + AI with R. tropici; 9 - seed co-inoculation with A. brasilense + R. tropici; 10 - seed co-inoculation with A. brasilense + R. tropici+ AI with R. tropici

Figure 3. Winter common bean crop total operational expense (TOE) and income index (II) under different N supplies, 
Andradina-SP, Brazil. 2018

1 - No inoculation (control); 2 - no inoculation + AI with R. tropici; 3 - no inoculation + poultry manure as top dressing; 4 - no inoculation + poultry manure as top dressing + AI 
with R. tropici; 5 - seed inoculation with A. brasilense; 6 - seed inoculation with A. brasilense + AI with R. tropici; 7 - seed inoculation with R. tropici; 8 - seed inoculation with R. 
tropici + AI with R. tropici; 9 - seed co-inoculation with A. brasilense + R. tropici; 10 - seed co-inoculation with A. brasilense + R. tropici+ AI with R. tropici; 11 - seed inoculation 
and leaf application with organic liquid fertilizer; 12 - seed inoculation and leaf application with organic liquid fertilizer + AI with R. tropici

Figure 4. Winter common bean crop total operational expense (TOE) and income index (II) under different N supplies, 
Selvíria-MS, Brazil. 2019

well-established technology that is environmentally friendly 
and ensures food security, as observed in recent studies on 
grain legumes (Steiner et al., 2019; Bettiol et al., 2020; Moretti 
et al., 2020; Barbosa et al., 2021; Zilli et al., 2021; Martins et 
al., 2022).

As stated by Galindo et al. (2020), even in conventional 
systems, seed co-inoculation with diazotrophic bacteria 

(Bradyrhizobium spp. and A. brasilense) without N fertilizer 
application via topdressing provides higher economic and 
technical viability in cowpea. In irrigated common bean 
(Phaseolus vulgaris L.), Ferreira et al. (2020) observed higher 
income under diazotrophic bacteria application; R. tropici seed 
inoculation with 3 leaf applications of A. brasilense provided 
higher economic gains compared with 80 kg ha-1 of N applied 
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1 - No inoculation (control); 2 - no inoculation + AI with R. tropici; 3 - no inoculation + poultry manure as top dressing; 4 - no inoculation + poultry manure as top dressing + AI 
with R. tropici; 5 - seed inoculation with A. brasilense; 6 - seed inoculation with A. brasilense + AI with R. tropici; 7 - seed inoculation with R. tropici; 8 - seed inoculation with R. 
tropici + AI with R. tropici; 9 - seed co-inoculation with A. brasilense + R. tropici; 10 - seed co-inoculation with A. brasilense + R. tropici+ AI with R. tropici; 11 - seed inoculation 
and leaf application with organic liquid fertilizer; 12 - seed inoculation and leaf application with organic liquid fertilizer + AI with R. tropici

Figure 5. Winter common bean crop total operational expense (TOE) and income index (II) under different N supplies, 
Selvíria-MS, Brazil. 2020

as N fertilizer. Thus, the methods to intensify sustainability in 
farms and production systems depend on novel agricultural 
approaches that ensure consistent yields and ecological 
responsibility (Muhie, 2022).

The yield in the organic system was similar to that in the 
conventional system, thereby indicating that it is better to 
cultivate common beans in organic systems as it is safer for 
farmers, consumers, and the environment, and also because 
of the higher price of organic beans (Carvalho & Wanderley, 
2007). Organic common beans in Brazil are sold at 30% higher 
prices than conventional beans, and government-assured 
purchases can stimulate the transition to the agroecological 
system (Darolt et al., 2016).

However, sustainability is a complex issue in economic 
analyses due to the difficulty in calculating the costs of organic 
certification, and the monetary value of the numerous ecological 
benefits of organic systems, called ‘ecosystem services’ (plant 
species diversity, soil formation, carbon sequestration, erosion, 
and pollution reduction) (Fess & Benedito, 2018).

Thus, studies acknowledging the profitability of organic 
systems in providing food are crucial, as natural resources 
are limited. The present study indicates that organic-irrigated 
common bean production with diazotrophic bacteria 
application is a well-established technology because of its low 
cost, easy application, and environmental sustainability. 

Conclusions

1. Using diazotrophic bacteria in seed inoculation and co-
inoculation (Azospirillum brasilense and Rhizobium tropici) 
provides higher yields and profitability over the years for winter 
common bean cultivation. 

2. Seed inoculation with A. brasilense and additional 
inoculation with R. tropici at the V4-5 stage provides the 

highest yield, thereby providing the highest income index 
(83%).

3. Application of poultry manure topdressing at the V3 
stage is not recommended as a N supply method for organic 
systems because of its high cost and low yield and profitability.
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