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Yield performance and rhizobia
inoculation in chickpea
in low-altitude areas

Abstract—The objective of this work was to evaluate the productive performance
of four chickpea (Cicer arietinum) cultivars and their seed inoculation with
Mesorhizobium strains, in low-altitude areas in the state of Rio de Janeiro,
Brazil. The chickpea cultivars used were BRS Aleppo, BRS Cicero, BRS
Cristalino, and BRS Toro. Five experiments were carried out in a greenhouse
and in the field. Chickpea inoculation experiments with Mesorhizobium
were performed in sterilized substrate, soil, in a greenhouse and in the field,
in the municipality of Seropédica. Cultivar production was evaluated in the
municipalities of Seropédica and Campos dos Goytacazes. Yields above 1,400
kg ha! were observed for BRS Aleppo, BRS Cristalino, and BRS Toro cultivars,
in Seropédica, being lower in Campos dos Goytacazes. However, the presence
of caterpillar infestations (Chloridea virescens and Helicoverpa armigera)
reduced grain yield and quality in Seropédica. Despite their high-nodulation
rates in sterilized conditions, the tested Mesorhizobium strains failed to
establish an effective nodulation under field conditions. Cultivars BRS Aleppo,
BRS Cristalino, and BRS Toro show potential for commercial cultivation in
low-altitude areas in Rio de Janeiro. However, the available Mesorhizobium
strains do not establish nodulation under field conditions.

Index terms: Cicer arietinum, Chloridea virescens, Mesorhizobium, adaptation.

Desempenho produtivo e inoculagao de rizébios
em grao-de-bico em areas de baixa altitude

Resumo — O objetivo deste trabalho foi avaliar o desempenho produtivo de quatro
cultivares de grao-de-bico (Cicer arietinum) e a inoculagdo de suas sementes
com estirpes de Mesorhizobium, em areas de baixa altitude, no estado do Rio
de Janeiro, Brasil. As cultivares de grao-de-bico utilizadas foram BRS Aleppo,
BRS Cicero, BRS Cristalino e BRS Toro. Cinco experimentos foram realizados
em casa de vegetacao e campo. Experimentos com inoculagdo de Mesorhizobium
em de grao-de-bico foram realizados em substrato esterilizado e solo, em casa de
vegetacdo e campo, no municipio de Seropédica. A produgio das cultivares foi
avaliada nos municipios de Seropédica e Campos dos Goytacazes. Produtividades
acima de 1.400 kg ha' foram observadas nas cultivares BRS Aleppo, BRS
Cristalino e BRS Toro, em Seropédica, tendo sido menores em Campos dos
Goytacazes. No entanto, a presenca de infestagdes de lagartas (Chloridea
virescens e Helicoverpa armigera) reduziu a produtividade e a qualidade dos
graos em Seropédica. Apesar de apresentarem altas taxas de nodulagdo em
condicdes esterilizadas, as cepas de Mesorhizobium testadas nao conseguiram
estabelecer nodulacdo efetiva em condigdes de campo. As cultivares BRS
Aleppo, BRS Cristalino e BRS Toro mostram potencial de cultivo comercial, em
areas de baixa altitude no Rio de Janeiro. No entanto, as cepas de Mesorhizobium
disponiveis ndo estabelecem nodulagdo em condi¢des de campo.

Termos paraindexacio: Cicer arietinum, Chlorideavirescens, Mesorhizobium,
adaptag@o.
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Introduction

Chickpea (Cicer arietinum L.) is the fourth most
cultivated legume in the world after soybean [Glycine
max (L.) Merr.], peanut (Arachis hypogaeam L.), and
common bean (Phaseolus vulgaris L.) according
to Food and Agriculture Organization of the United
Nations (FAO, 2022). It is grown in more than 50
countries, out of which India, Australia, and Ethiopia
are the main producers (Dixit et al., 2019; Rani et al.,
2020). In 2022, the global cultivated area of chickpea
was approximately 15 million hectares, yielding more
than 18 million tonnes of grains (FAO, 2022).

In Brazil, chickpea production is considered
relatively low (Santos et al., 2021) as it does not meet
domestic demands, requiring grain imports (Fonseca
et al., 2020; Santos et al., 2021). However, chickpea
cultivation in the country has expanded due to
increased consumption and export potential, especially
to Asia (Nascimento et al., 2016, 2019).

The increase in chickpea consumption is attributed
to its nutritional characteristics and its use as an
alternative protein source for humans (Fonseca et al.,
2020; Santos et al., 2021). The legume is employed
as a source of high-quality nutritional protein and
carbohydrates, consumed either in the form of whole
grain or processed into flour (Arooj et al., 2021; Santos
etal., 2021).

An alternative to increase chickpea production
in Brazil is using it as a second crop (Santos, et al.,
2021; Silva et al., 2021). Besides its good adaptability
to annual cropping systems (Artiaga et al., 2015),
chickpea can be associated to rhizobia bacteria,
enabling the biological nitrogen fixation (BNF).
According to Mthulisi & Mcebisi (2020), BNF may
meet 80% of chickpea nitrogen demand, potentially
fixing 140 kg ha' N. This process may reduce
production costs (Nascimento et al., 2016).

The municipality of Rio de Janeiro is one of the
major chickpea consumers in Brazil. Small cultivation
areas in the vicinity, which are a characteristic of most
rural properties in the region, can benefit themselves
from chickpea production. The Northern Fluminense
region stands out due to its potential for the production
of grain crops, with more than 200 thousand hectares
previously cultivated with sugarcane, although it is
currently used for extensive livestock or abandoned
(Zilli et al., 2021). Therefore, the production of
chickpea can be an option for Fluminense producers,
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but it is necessary to adapt cultivars to the local
edaphoclimatic conditions.

The objective of this work was to evaluate four
chickpea (Cicer arietinum) cultivars and their seed
inoculation with Rhizobia strains, in low-altitude areas
in the state of Rio de Janeiro, Brazil.

Materials and Methods

Five experiments (EXP1 to EXPS5) were conducted
in 2020, 2021, and 2022, in two areas, both in the state
of Rio de Janeiro, Brazil. One of these arcas was at
the experimental field of Embrapa Agrobiologia,
in the municipality of Seropédica (16°29'16.2"S,
49°17'57.80"W, at 30 m altitude). The second one was
at the experimental area of Universidade Federal Rural
do Rio de Janeiro, in the municipality of Campos dos
Goytacazes (21°45°15°’S, 41°19°28”W, at 13 altitude).

In Seropédica, the temperature range was from 9.3
to 35.9°C; its soil is classified as an Argissolo (Santos
et al., 2018), equivalent to an Acrisol (IUSS Working
Group WRB, 2015), whose granulometry at 0-20 cm
was 620 g kg! sand, 10 g kg silt, and 27 g kg! clay.

In Campos dos Goytacazes, the temperature
range was from 15.4 to 31.4°C; its soil was classified
as Cambissolo (Santos et al., 2018), equivalent to a
Cambisol (IUSS Working Group WRB, 2015), whose
soil granulometry at 0-20 cm was 13.6% sand, 40%
silt, and 46.4% clay. The results of soil fertility analyses
are presented in Table 1.

EXP1 and EXP2 were designed to evaluate cultivar
performances in conditions of low-altitude field areas
in the state of Rio de Janeiro. EXP3 was a controlled
environment to evaluate the Mesorhizobium strains
performances. The EXP4 was chose to test the best strain
in EXP3 and to compare performances with the officially
recommended strain under field conditions. Given the
results obtained in the EXP4, a fifth experiment (EXP5)
was designed, to closely observe the strain performance
under controlled conditions. However, differently from
EXP3, soil was used in EXP5.

EXPI1 (in Seropédica) and EXP2 (in Campos dos
Goytacazes) were carried out in fields, in order to
evaluate the performance of the cultivars. In both areas,
each experimental plot consisted of four 4.0 m long
rows, spaced at 0.50 m between lines, with planting
density of ten seed per linear meter. The experiment was
conducted in a randomized complete block design with
four replicates (n = 4), in a 4x2 factorial arrangement,
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representing the four chickpea cultivars and the two
N rates (60 and 120 kg ha'! N as urea applied along
with potassium chloride). The chickpea cultivars used
were BRS Aleppo, BRS Cicero, BRS Cristalino, and
BRS Toro, all belonging to the Kabuli group. They were
developed for the Brazilian Cerrado, a savannah-type
biome in the central region of Brazil, where altitude
is above 500 m. Additional fertilization included
40 kg ha'! P,O:s as single superphosphate, 60 kg ha'! K,O
as KCl, and 20 kg ha' FTE-BR12 (Nutriplant, Barueri,
SP, Brazil), a micronutrient-based fertilizer. KCI was
applied 50% at sowing, and 50% as top dressing, 40
days after plant emergence (DAE).

Sowing was carried out on May 20, 2020, in EXP1,
and on June 2, 2020, in EXP2. Weed control was
performed manually, and irrigation was done through
a sprinkler system as needed. In EXP2, phytosanitary
control was not necessary. In EXP1, methomyl 21.5%
(w/v) was used due to caterpillar infestation.

Samples of the aerial part of the plant (aboveground
biomass) were collected from five plants from the
second row of the plot. The part removed was obtained
by cutting at ground level. The collected material was
dried in a forced-air circulation oven, at 65°C, for
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96 hours, and then weighed. Grain yield estimation was
performed by removing one central row of each plot,
discarding 0.5 linear meter from each border row of
each plot. In EXP1, the aboveground biomass sampling
was carried out at 55 DAE, and the grain harvest
on September 18, 2020. In EXP2, the aboveground
biomass sampling was carried out at 70 DAE, and the
grain harvest on September 28, 2020.

EXP3 was conducted in greenhouse, between May
and August 2021, to evaluate the performance of the
inoculants. Leonard jars were used with autoclaved
substrate of sand and vermiculite in a proportion of 1:1
(v/v). The experimental unit was one jar. Fertilization
was performed using the modified Norris’ nutrient
solution, applied and changed weekly (Norris & Date,
1976). Five seed of each cultivar were sown in each
jar, and the inoculation was performed on the day of
sowing. After emergence, thinning was carried out,
and only two seedlings were left out in each jar.

The experimental design was a randomized
complete block with three replicates (n = 3), in a 4x7
factorial arrangement, representing the four chickpea
cultivars and seven Mesorhizobium spp. strains
(Table 2). The cultivars used were BRS Aleppo,

Table 1. Soil fertility analysis of the experimental areas in the municipalities of Seropédica and Campos dos Goytacazes,

in the state of Rio de Janeiro, Brazil.

Site Depth pH P Ca Mg Al Na SOM®
(cm) water s (mg dm) (cmol, dm3)----mmmmmmmmee e (g dm?)
Campos dos 0-20 6.0 11.0 76.0 4.6 3.1 0.0 0.1 30.7
Goytacazes 20—40 6.5 4.0 19.0 4.5 2.8 0.0 0.2 22.4
o 0-20 5.0 28.3 93.4 3.1 2.0 0.9 -2 21.0
Seropédica
20—40 5.2 253 40.4 2.1 1.6 0.7 - 11.0

(MSOM, soil organic matter.. @- not determined.

Table 2. Mesorhizobium spp. strains used for inoculation in chickpea (Cicer arietinum).

Strain Synonym Taxonomy History
BR 521 USDA 3383, LMG 14898, UPM-Ca7, ATCC 51585,  Mesorhizobium
WSM 2100 ciceri o .
Mesorhizobi Strains imported from the USA in the 1980s.
BR 522  USDA 3392, UPM-Ca 36, WSM 2102 esorizootum
mediterraneum
. . Recommended for chickpea in Brazil and probably imported
BR 4507 TAL 1148, Nitragin 27A3, USDA 3378, SEMIA 396 M. ciceri from the USA, in the 1980s.
BR 14159 - M. mediterraneum The same as BR 521, but imported from Australia, in 2018.
BR 14160 - M. ciceri The same as BR 522, but imported from Australia, in 2018.
BR 14161 CC1192, WSM 4542, V2, TAL 620, DSM 1978, CB2855 M. ciceri Imported to Brazil, but there is not an accurate date.
BR 14603 - M. ciceri The same as BR 14161, but imported from Australia, in 2018
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BRS Cicero, BRS Cristalino, and BRS Toro. Two
control treatments were added to be used as negative
reference (noninoculated) and positive reference (N
addition). The N treatment used ammonium sulfate
[(NH,), SO,] as a N source equivalent to 60 kg ha' N.

Each seed was inoculated with 1.0 mL of the culture
broth, and covered with a thin layer of sterilized sand.
The Mesorhizobium strains used in the inoculation
were individually grown in culture medium, as
recommended by Scheidt et al. (2020). They were
subjected to constant agitation (150 rpm), and kept at
30°C, until reaching 10® cell mL"' concentration.

BRS Cicero, an early maturing cultivar, was
collected at 45 DAE, while the others were collected at
55 DAE. The aerial part, cut at the ground level, was
collected for dry biomass evaluation. This material
was dried in an oven with forced-air circulation, at
65°C, for 96 hours, and then weighed. The roots were
also collected and washed. The material was placed in
paper bags, dried in an oven at 65°C, until a constant
weight was attained. Nodules were removed and
weighted for the determination of nodule dry mass.

EXP4 was carried out in 2022 in the field experiment
in the municipality of Seropédica, using a randomized
complete block design with four replicates (n = 4),
in a 4x4 factorial arrangement, with four chickpea
cultivars of EXP1 and EXP2, and strains BR 522 and
BR 4507, the positive control (60 kg ha! N as urea),
and the absolute control (negative control, without N
or inoculant). The preparation of the inoculant was
the same used in EXP3. Before sowing, seed were
inoculated with 5 mL of culture broth per kg of seed. At
45 DAE, the plants were collected. Root samples were
collected and used for visualization and evaluation
of plant nodulation. For the mass determination of
dry nodules, the same method of the EXP3 was used.
Grain yield was estimated by collecting one central
row of each plot, discarding one linear meter from
each border of the row.

EXP5 was set up in greenhouse in 2022. Pots of
3.0 L containing a mixture of soil and sand (1:1) were
used. The experiment was designed in randomized
blocks. There were nine treatments, out of which seven
encompassed BRS Toro cultivar inoculated with one
of the seven Mesorhizobium spp. strains (Table 2), one
positive control (treatment with N), and an absolute
control (negative control, without N or inoculant). The
inoculation was performed applying 1.0 mL of the
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culture broth (108 cells mL™) in the plants ten days after
its emergence. At 45 DAE, the plants were collected to
visualize the root-nodules formation.

The assumptions of independence of errors,
normality, and homoscedasticity were verified using the
SISVAR software (Ferreira, 2019). Durbin-Watson’s,
Bartlett’s, and Shapiro-Wilk’s tests were used, at 5%
probability. All assumptions were met. There was no
need to transform the data. The data were subjected to the
analysis of variance, using the F-test, at 5% probability.
When significant, the means were compared using the
Student’s t-test (LSD, at 5% probability).

Results and Discussion

Before diving into the results, there is a couple
of important points to highlight. First, two issues
significantly impacted the overall plant performance in
EXP1 and EXP2. In both experiments, seed emergence
for all four cultivars was notably low, ranging between
50% and 60%, ten days after sowing. Additionally, in
EXP1, a caterpillar infestation (primarily Chloridea
virescens) affected plant pods during grain filling, and
required a chemical control. Second, the grain harvest
in EXP4 was severely compromised by a caterpillar
infestation involving both Chloridea virescens and
Helicoverpa armigera (Borella Junior et al., 2022;
Ricalde et al., 2023).

The results of shoot dry matter of chickpea plants
were very similar among cultivars in EXP1 and EXP2,
with no significant differences (Table 3). The overall
mean was 225 and 432 g m? in Seropédica (EXP1)
and Campos dos Goytacazes (EXP2), respectively.
A markedly difference between the two areas was soil
texture: Seropédica had a lighter-textured (sandy) soil,
while Campos dos Goytacazes had a very clayey soil.
As reported in the literature, the crop does not adapt
well to clayey soils (Howey, 2020), which could have
influenced crop development. However, the biomass
differences observed here likely result from the
sampling time, which occurred at 55 DAE in EXPI
and at 70 DAE in EXP. Regarding N fertilization, no
differences were observed between the two N rates
applied, except for 'BRS Toro', for which the 60 kg ha™!
N rate provided a greater biomass increase.

In EXP1 and EXP2, the average grain yield
was 1,087 and 709 kg ha', respectively (Table 4).
Generally, except for BRS Cicero, all cultivars showed
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higher grain yields in EXPI than in EXP2. In EXP1,
the average production of 'BRS Cicero' was 593 kg ha!
lower than those of the other cultivars. In EXP2, there
was no significant differences for grain yield between
cultivars.

In the literature, the productive potential of these
cultivars in experimental conditions, in a Cerrado area,
is reported as exceeding 2,000 kg ha™!, even as a second
crop (Giordano & Nascimento, 2005; Nascimento
et al., 2014, 2017a, 2017b). The early maturing cultivar
BRS Cicero has a lower productive potential than
other cultivars (Artiaga et al., 2015). Other studies in
the Brazilian Cerrado showed that the grain yields of
cultivars BRS Cicero, BRS Aleppo, BRS Cristalino,
and BRS Toro are less than 800 kg ha'! (Artiaga et al.,
2015; Fidelis et al., 2024), a range also observed in the
present study.

Notably, grain yield in EXP1 and EXP2 showed
no differences when the N fertilizer was applied,
regardless of the N rate (60 or 120 kg ha! N), tested
sites, or cultivars. This fact indicates that soil-N from
organic matter sufficiently supplied the N requirements
of the crop under these specific conditions. Other
studies have shown significant responses to mineral
N application, even at rates exceeding 100 kg ha'
(Almeida Neta et al., 2020).

In EXP2, in which the soil phosphorus level was
11.0 mg dm?, the application of 40 kg ha! of P,Os may
have limited the crop yield potential. According to
Madzivhandila & Ogola (2012), P fertilizer is strongly

Table 3. Aerial part dry matter (g m?) of four chickpea
(Cicer arietinum) cultivars fertilized with two N rates (60
and 120 kg ha' N) as urea in two field experiments carried
out in 2020, one in the municipality of Seropédica (first
experiment) and the other in the municipality of Campos
dos Goytacazes (second experiment), located in low-altitude
areas in the state of Rio de Janeiro, Brazil.

Cultivar Seropédica Campos dos Goytacazes

60 120 Mean 60 120 Mean
(g m?) (g m?)

BRS Aleppo 254rs 180 218 469 440 454

BRS Cicero 239 176 208 463 446 455

BRS Cristalino 243 276 260 490 315 404

BRS Toro 228 196 212 516 311 414

CV (%) 35.84 31.99

"Nonsignificant at 5% probability.
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recommended for maximizing chickpea yield,
especially under water stress conditions.

In EXP3, no nodulation was observed in the control
treatment, indicating no contamination between
treatments. Statistical analysis showed no significant
interaction between rhizobia strains and cultivars
(p<0.05) for chickpea plant nodulation (Table 5). For
all cultivars, the highest nodulation was observed in
plants treated with strain BR 522 (M. mediterraneum),
even better than strain BR 4507 (M. ciceri) that is
recommended for chickpea in Brazil.

As to shoot dry weight, no significant effect
of the treatments was observed in EXP3. For all
cultivars, the absolute control treatment (without
N, and without inoculation) produced less biomass
than the inoculated treatments, as expected. Dry
matter biomass varied between 756 (BR 522 x 'BRS
Cristalino') and 1,473 mg per plant (BR 14603 x 'BRS
Cicero"), with no significant differences within each
cultivar, but differences between cultivars. Treatment
using strain BR 14603 had a higher average than
those using BR 522, BR 14159, BR 4507, and both
controls (Table 6).

In EXP4, when strains BR 522 and BR 4507 were
tested, neither nodule was observed on plant roots, nor
significant biomass production within each cultivar.

Table 4. Grain yield of four chickpea (Cicer arietinum)
cultivars fertilized, in 2020, with two N rates in two field
experiments, one in the municipality of Seropédica (first
experiment) and the other in the municipality of Campos
dos Goytacazes (second experiment), located in low-altitude
areas of Rio de Janeiro state, Brazil®.

Cultivar Seropédica Campos dos Overall
Goytacazes mean
-------------- Grain yield (kg ha'!) ---------------
BRS Aleppo 1,179a 739 959
BRS Cicero 593b 807 700
BRS Cristalino 1,397a 579 988
BRS Toro 1,180a 711 946
N rate (kg ha'! N)
60 1,117 750 934
120 1,058 668 863
Mean 1,087 709 898
CV (%) 22.29 69.8

(MMeans (n = 4) followed by equal letters, in the columns, do not differ
from each other by Student’s t-test, at 5% probability. “Nonsignificant at
5% probability.
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The average results of dry matter were 82.65, 95.94,
69.07, and 132.63 g per plant for the treatments absolute
control, BR 522 inoculation, BR 4507 inoculation, and
positive control (mineral nitrogen), respectively. The
average grain yield was about 500 kg ha'!, however,
it was very variable among plots, limiting any precise
analysis.

Chickpea is a N,-fixing legume, and it has been
shown that the BNF process can provide atmospheric
N accumulations over 100 kg ha™! per season (Mthulisi
& Mcebisi, 2020). Different from legumes like
cowpea [Vigna unguiculata (L.) Walp.] and siratro
(Macroptilium atropurpureum (Moc. & Sessé ex DC.)

J.C. de Almeida et al.

Urb.], which establish nodulation with a broader range
of rhizobia species (Keet et al., 2017), chickpea is
primarily nodulated by M. ciceri or M. mediterraneum
strains (Wanjofu et al., 2022). These strains have
a highly conserved set of nod genes (Rivas et al.,
2007). Recently, some other species of Mesorhizobium
and FEnsifer genera have been reported to nodulate
chickpeas (Dekkiche et al., 2018).

In Brazilian soils not previously cultivated with
chickpea, the nodule formation in roots is uncommon,
due to bacteria-host specificity (Vargas, 1990). This
fact implies the need for using strains imported from
other countries. In the present study, as recommended

Table 5. Nodule dry matter mass of four chickpea (Cicer arietinum) cultivars inoculated with different strains of

Mesorhizobium in greenhouse conditions (third experiment)®.

Treatment

BRS Aleppo BRS Cicero
Absolute control Oc Oc
Mineral nitrogen Oc Oc
BR 521 85b 90ab
BR 522 149a 111a
BR 4507 103ab 90ab
BR 14159 119ab 116a
BR 14160 92ab 86ab
BR 14161 114ab 77b
BR 14603 108ab 87ab
Mean 85.5 73
CV (%) 38.88 26.01

Nodule dry matter mass (mg per plant)

BRS Cristalino BRS Toro Mean
Ob 0d Oc
0b 0d Oc

102a 85be 91b

129a 175a 141a
86a 112ab 98b

114a 92bc 110b

100a 68bc 87b
94a 81bc 92b

122a 44c 90b
83 73

36.51 52.46 19.85

(MMeans (n = 3) followed by equal letters, in the columns, do not differ from each other by Student’s t-test (least significant difference), at 5% probability.

Table 6. Dry matter of aerial parts of four chickpea (Cicer arietinum) cultivars inoculated with different strains of

Mesorhizobium in greenhouse conditions (third experiment).

Treatment

BRS Aleppo BRS Cicero
Absolute control 448b 378¢c
Mineral nitrogen 1,028a 988b
BR 521 1,058a 1,347ab
BR 522 855a 1,227ab
BR 4507 1,095a 1,435a
BR 14159 918 1,458a
BR 14160 1,133a 1,323ab
BR 14161 1,403a 1,262ab
BR 14603 1,297a 1,473a
CV (%) 31.82 17.14

Dry matter of aerial parts (mg per plant)

BRS Cristalino BRS Toro Mean
449¢ 427b 426d
1,018ab 1,127a 1,040¢
963ab 942a 1,077ab
756ab 1,057a 974c
790ab 1,037a 1,089bc
947ab 1,145a 1,117bc
1,132ab 1,248a 1,209ab
1,050ab 1,155a 1,217ab
1,440a 970a 1,295a
32.52 23.40 12.87

(MMean (n = 3) followed by equal letters, in the columns, do not differ from each other, by the Student’s t-test (LSD), at 5% probability.
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by the Brazilian Ministry of Agriculture and Livestock
(MAPA), the strain of M. ciceri (SEMIA 396) was
used. It was imported from the USA decades ago, along
with three other strains — USDA 3383, USDA 3392,
and CC1192 (Table 2). These strains were tested in
accessions from the USA and in recently ones imported
from Australia. The type strains USDA 3383 and
USDA 3392 are of M. ciceri and M. mediterraneum,
respectively. The strain CC1192 is used as inoculant
for chickpea in other countries, such as Australia
(Haskett et al., 2016).

Regardless of origin, all strains in EXP3 were
capable of nodulating chickpea plants, with particular
emphasis on strain BR 522 (USDA 3392), which
averaged over 140 mg per plant of nodule dry mass
formation (Table 6). Similarly, all strains significantly
contributed to biomass production, providing values
superior to those of the control and significantly equal
to or greater than those of the N treatment (Table 5).
However, in EXP4, strains BR 522 and BR 4507
(SEMIA 396) did not form root nodules. Consequently,
a new experiment (EXP5) was conducted in pots with
soil-sand substrate, in a greenhouse, and seven strains
(Table 2) were inoculated in 'BRS Toro', in which
effective nodulation was also not observed.

Studies on inoculant performance in chickpea
cultivation in Brazil are scarce. In a study with
Rhizobium tropici (SEMIA 4077), recommended
for Phaseolus vulgaris (Almeida Neta et al., 2020),
no significant effects on grain yields were reported.
Although plant nodulation was not evaluated, it
would be not possible, since R. tropici probably does
not nodulate chickpea. Another study reported yield
increases of over 100% through inoculation with
Bradyrhizobium (Braga & Vieira, 1998).

The success of Mesorhizobium strains occurred
in controlled conditions; however, their failure in
soil suggests issues with symbiosis and inoculation
practices. Vargas (1990) found that seedling inoculation
resulted in lower nodulation than seed inoculation,
showing the need for high-bacteria concentration at
plant germination stage. This underscores the need
for a strain selection and testing program to improve
chickpea cultivation and sustainability.

Conclusions

1. The four evaluated chickpea (Cicer arietinum)
cultivars (BRS Aleppo, BRS Cicero, BRS Cristalino,
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and BRS Toro) have potential for cultivation in the
state of Rio de Janeiro, Brazil.

2. Despite their efficiency under controlled
conditions, Mesorhizobium strains available in Brazil
did not establish nodulation under field conditions.
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