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BIOLOGICAL NITROGEN FIXATION STABILITY OF COWPEA CULTIVARS
WITH TROPICAL SEMI-ARID RHIZOBIAL STRAINS'

AMANDA CORDEIRO DE MELO SOUZA?Z THIAGO PONTES LIRAZ%, ANTONIO FELIX DA COSTA?, FELIPE JOSE
CURY FRACETTO?, GISELLE GOMES MONTEIRO FRACETTO? MARIO ANDRADE LIRA JUNIOR?*

ABSTRACT - Cowpeas (Vigna unguiculata L. Walp) are an economically and socially important legume in
northern and north-eastern Brazil and can establish effective symbiosis with nitrogen-fixing bacteria. We
evaluated the symbiotic compatibility and efficiency of rhizobial strains from Pernambuco semi-arid soils and
determined their symbiotic stability on the IPA-206, BR 17-Gurguéia, and BRS Novaera cultivars, selected for
different environments. The experiment was conducted in a greenhouse to evaluate a 3 x 28 factorial
arrangement (cultivars selected for different environments x inoculation with the currently recommended
strain, uninoculated plants with or without mineral nitrogen, and 25 rhizobial strains from semi-arid soils) in a
randomized block design with four replicates. We determined nodule number, shoot and root dry matter,
nodule dry matter by nodule number, nitrogen accumulated in the shoot by nodule dry matter, nitrogen content
and accumulation in the shoot, relative efficiency of the recommended strain based on nitrogen accumulation,
and shoot dry matter. Overall, the cultivars responded differently to different strains and cultivar biological
nitrogen fixation potential. Strains G7.85 and BR 3262 showed potential for biological nitrogen fixation. BR
3262 was confirmed to be adequate for inoculation of different cowpea cultivars.

Keywords: Vigna unguiculata. Simbiotic compatibility. [IPA-206. BR 17-Gurguéia. BRS Novaera.

ESTABILIDADE DA FIXACAO BIOLOGICA DE NITROGENIO EM CULTIVARES DE FEIJAO-CAUPI COM
LINHAGENS RIZOBIANAS DO SEMIARIDO TROPICAL

RESUMO - O feijao-caupi (Vigna unguiculata L. Walp) é econdmica e socialmente importante nas regioes
Norte ¢ Nordeste do Brasil e estabelece simbiose com bactérias fixadoras de nitrogénio. Foi avaliada a
compatibilidade simbiotica e eficiéncia de isolados rizobianos de solos do semiarido de Pernambuco e
determinada sua estabilidade simbiodtica com as cultivares [PA-206, BR 17-Gurguéia e BRS Novaera,
selecionadas para diferentes ambientes. O experimento foi em casa-de-vegetagdo, avaliando um fatorial 3 x 28
(cultivares selecionadas para diferentes ambientes x inoculagdo com a estirpe atualmente recomendada,
auséncia de inoculagdo com e sem adi¢do de nitrogénio mineral ou inoculagdo com 25 estirpes de solos do
semiarido), em blocos casualizados com quatro repetigdes. Foram avaliados: numero de nodulos, matérias
secas da parte aérea, raiz e nédulos, matéria seca de ndédulos por numero de noédulos, nitrogénio acumulado na
parte aérea pela matéria seca de nddulos, teor e acimulo de nitrogénio na parte aérea, eficiéncia relativa com
base no acumulo de nitrogé€nio e eficiéncia relativa a estirpe recomendada baseada na matéria seca da parte
aérea. No geral, as cultivares responderam diferentemente as diferentes linhagens e potencial de fixacao
bioldgica de nitrogénio da cultivar. As linhagens G7.85 e BR 3262 apresentaram potencial para fixagdo
biolégica de nitrogénio. A confirmagdo da BR 3262 foi adequada para inoculagdo do feijdo caupi em diferentes
cultivares.

Palavras-chave: Vigna unguiculata. Compatibilidade simbiotica. [IPA-206. BR 17-Gurguéia. BRS Novaera.
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INTRODUCTION

Cowpeas (Vigna unguiculata (L.) Walp) are
an important legume in the cropping systems of
tropical semi-arid environments (SAKA et al., 2019).
Its annual global production is approximately 7
million tons grown on more than 12 million hectares
(FAOSTAT, 2016). It is widely grown in northern
and north-eastern Brazil and accounts for 80% of the
cultivated area in Brazil (SILVA et al., 2018). It is
very effective in its symbiosis with nitrogen-fixing
bacteria, known as rhizobia, is adapted to different
soil and climatic conditions (ADU et al., 2019), and
has high genetic variability (OMOIGUI et al., 2019).

Legume biological nitrogen fixation (BNF),
including in cowpeas, may reduce nitrogen fertilizer
usage and reduce greenhouse gas emissions
(PUOZAA; JAISWAL; DAKORA, 2019). Cowpeas
can nodulate and fix nitrogen with a large bacterial
spectrum, but BNF efficiency and efficacy depend
on both symbiotic partners being compatible (JI et
al., 2019). Thus, inoculation with highly efficient
strains might be hampered because widely occurring
native strains are usually competitive and, as in any
population, have a varying range of BNF potentials
(IRISARRI et al., 2019).

The continual screening and evaluation of
new rhizobial strains are necessary to select more
efficient and adaptable symbiotic associations and
sustainably increase grain yield in tropical
environments (NASCIMENTO et al., 2019). This is
particularly important in the tropics because of the
high variability in soils and climate, which leads
directly to high biodiversity in the rhizobial
population, and thus, the potential to select higher
fixing strains for wuse in inoculant production
(NDUNGU et al., 2018).

Cowpea cultivars are recommended for
specific planting regions; however, because of
national regulations, rhizobial strains for inoculant
production are nationally recommended in Brazil
(BRASIL, 2011). Hence, there is an unmet need to
study the stability of symbioses of different cowpea
cultivars X bacterial strain combinations. Although
this analysis is performed more frequently for plant
breeding, Lira et al. (1994) evaluated a cultivar by
forage cut interaction for forage yield using stability
analysis.

We evaluated the symbiotic compatibility,
efficiency, and stability of native rhizobial strains
isolated from tropical semi-arid soils and a strain
currently  recommended  for  Brazilian-wide
commercial inoculant production in three cowpea
cultivars indicated for widely different cowpea
growing regions.

MATERIAL AND METHODS

Soil samples were collected in 2010 from 11
municipalities in the semi-arid regions of
Pernambuco State, Brazil: Santa Cruz, Parnamirim,
Serra Talhada, Sertdnia, Petrolina, Floresta,
Tupanatinga, Jatatba, Santa Cruz do Capibaribe,
Bom Jardim, and Caetés. Sampling was performed in
each soil class in the municipality, based on the
Agroecological Zoning of the State of Pernambuco
(SILVA et al., 2001) (Supplementary Material).

Cowpea cultivars IPA-206, BR 17-Gurguéia,
and BRS Novaera, indicated for cultivation in
Pernambuco, Piaui, and the northern Brazilian
region, respectively (GONCALVES, 2012; IPA,
1989), were inoculated with 25 new rhizobial strains
and three control treatments, including inoculation
with BR 3262 a Bradyrhizobium sp. strain currently
recommended for Brazilian inoculant production
(BRASIL, 2011), uninoculated with nitrogen
fertilization (CN.SI), or uninoculated without
nitrogen fertilization (ON.SI) in a 3 x 28 factorial
arrangement in a randomized block design with four
replicates. The greenhouse conditions were 28 °C
and 68 % relative humidity.

The 25 new isolates were previously selected
from a group of 109 isolates from two soil groups,
four from high-fertility soils (Floresta, Parnamirim,
and Santa Cruz do Capibaribe municipalities) and 21
from low-fertility soils (Caetés, Petrolina, Santa
Cruz, Sertania, and Tupanatinga municipalities). All
were from the tropical semi-arid region of
Pernambuco State (LIRA, 2014), based on their
effects on cowpea cultivar IPA-206, which is
recommended for this growth environment under
protected environmental conditions. The isolated
rhizobia belonged to soils with low or high fertility
and were selected because of significant differences
in shoot dry matter.

All bacteria were grown in 1 mL of liquid
YM medium (VINCENT, 1970). The pH was
adjusted to 6.8 in 125 mL Erlenmeyer flasks
containing 25 mL on a rotary shaker at 150 rpm at
30 °C for 72 h for later inoculation. Cowpea seeds
were disinfected in 70% ethanol for 1 min, then in
1% sodium hypochlorite for 2 min and washed with
distilled water. This process was performed to
disinfest two seeds per vessel, and subsequently,
they were inoculated with 1 mL of liquid culture
medium with known bacterial counts for each seed.
Plants were cultivated in a modified Leonard jar with
washed sand and vermiculite (2:1 ratio), which were
both previously autoclaved (1 h, 1 atm, 120 °C)
supplied with Hoagland’s nutrient solution without N
(HOAGLAND; ARNON, 1950), whereas the
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uninoculated, N-fertilized treatment received the
equivalent to 90 kg ha” of N as urea (IBEWIRO et
al., 2001) in three equal doses starting seven days
after germination with the following two doses
applied at 15 d intervals. For the treatment with
fertilization, Hoagland’s solution was added. Plants
were harvested 45 d after inoculation, separated into
shoots, roots, and nodules, and dried at 65 °C until
they reached a constant dry mass. After weight
stabilization, nodule dry matter (NDM), root dry
matter (RDM), and shoot dry matter (SDM) were
determined. Shoot N content (SNC) was determined
using the Kjeldahl method and shoot total N (STN)
was calculated by multiplying SDM and SNC.
Derived measures were also calculated:
nodule dry matter by nodule number (NDMNN), N
accumulated in the shoots by nodule dry matter
(STN:NDM), the relative efficiency of the
recommended strain based on nitrogen accumulation
(RENA), and relative efficiency of the strain
recommended based on shoot dry matter (RESDM).

NDM)

NDMNN = ( STN )
“UNN

SDM inoculated)

STN inoculated)
SDM BR 3262

RESDM = ( STN BR 3262

RENA:(

Data were analyzed using analysis of variance
(ANOVA) using the SAS program (SAS Institute,
1999). Means were compared by Dunnett’s test at a
5% significance level, adopting the treatment with
the recommended strain as the control for the main
effect of strains, whereas the interactions were
evaluated using Tukey’s test at the same level of
significance. For adaptability and stability of the
symbiosis analysis, we used the interaction
“cultivar X strains” (EBERHART; RUSSELL, 1966)
when there was an interaction between cultivar and
strain, considering inoculated treatments and strains
as environments for cultivars and the reverse. This
methodology was based on a linear regression
model.

Yy =w + Bl + 6

[33%3]

where, Yij is the mean of genotype “i” in

the environment “j”; pi is the mean of genotype

1” in all environments; i is the linear regression

coefficient of the genotype “i” response to all

environments; Ij is the environmental index; dij is

7341}

the regression deviation of genotype “i” in

[T34E2]

environment “j.

RESULTS AND DISCUSSION

Lira (2014) demonstrated that of the 23
isolates selected, G7.25, G7.77, and G7.18 belonging
to low-fertility soils showed the best performance in
SDM, nodule number, NDM, specific nodule
biomass, shoot total nitrogen, and relative efficiency,
and were promising for BNF in cowpeas.

Uninoculated treatments did not nodulate
(Table 1), whereas the recommended BR 3262 had a
high NN, confirming the potential of this strain, as
shown in agronomic efficiency tests in several soil
and climatic conditions (LEITE et al., 2018). The BR
3262 strain had superior NDM, suggesting high
efficiency (CARVALHO et al., 2019), although its
NDMNN and STN:NDM were similar to that of the
other strains. All cultivars nodulated with all strains,
indicating sufficient compatibility independent of
strain and cultivar origin for this trait. BNF in
cowpea cultivars is recommended for different
environmental conditions in Roraima and showed
that BR 3262 provided a greater increase in NDM
than that of other treatments (MELO; ZILLI, 2009).

Regarding RDM, 15 isolates provided similar
dry matter of cowpea roots as did the recommended
strain. G7.14, G7.99, and G7.68 isolates obtained
equal averages in relation to BR 3262. NN 15
isolates did not differ from BR 3262, with higher
mean values for G7.102, G7.109, and G7.32,
followed by strain BR 3262 (Table 1). These results
corroborate those of Lira (2014), indicating that
these isolates are as efficient as the recommended
strain. Almeida et al. (2010) found different results
for strain BR 3262, with a smaller nodule number in
relation to treatments inoculated with BR 17-
Gurguéia in north-eastern tropical soils.

The plants of all inoculated treatments
showed root nodules, which confirmed that all
rhizobia studied were compatible with the varieties
selected for different environments, despite the
rhizobia isolates belonging to the native semi-arid
region (Pernambuco State, Brazil). Regarding
NDMNN, 20 isolates did not differ from BR 3262,
with higher mean values for G7.77 (2.4 mg/nodule)
and strain BR 3262 (2.1 mg/nodule), followed by
isolate G7.68 (2.0 mg/nodule). For STN:NDM, 18
isolates did not differ from the reference strain
(Table 1).

Nodule dry mass and nodule number are
important variables in evaluating the symbiotic
efficiency of rhizobial strains (CAMPO; HUNGRIA,
2006). The recommended strain BR 3262 performed
well for the variables, justifying its use in agronomic
efficiency tests in several edaphoclimatic conditions
(SABOYA et al., 2013).
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Table 1. Root dry matter (RDM), nodule dry matter (NDM), nodule number (NN), nodule dry mass by nodule number

(NDMNN), and shoot total N by nodule dry matter STN: NDM.

Treatments RDM_ NDM ] NN ; NDMNN STN:NDM
(g plant™') (mg plant™ ') (nodule plant™) (mg plant™ ') (mg plant” )
G7.14 0.5a 118.6a 57.9* 1.9a 0.2b
G7.118 0.4a 86.4a 45.8* 1.6a 0.3b
G7.18 0.2b 5.6b 1.9b 0.7a 0.5b
G7.79 0.2b 1.0b 0.6b 0.2b 0.9a
G7.99 0.5a 91.6a 54.5° 1.7a 0.4b
G7.12 0.4a 41.9a 25.2¢ 1.2a 0.4b
G7.68 0.5a 108.7a 53.5% 2.0a 0.2b
G7.45 0.2b 0.9b 0.4b 0.2b 0.8a
G7.103 0.2b 9.6b 5.6b 0.7a 0.5b
G1.62 0.1b 1.4b 1.1b 0.3b 0.7a
G7.77 0.4a 142.9a 54.5° 2,4a 0.3b
G7.102 0.4a 76.7a 81.8° l.1a 0.3b
Gl.1 0.2b 8.9b 5.5b 0.5a 0.6a
G7.32 0.4a 145.8a 75.0a 1.9a 0.3b
G7.109 0.4a 119.9a 77.9° 1.5a 0.3b
G7.64 0.3a 25.3a 14.4 l.1a 0.4b
G7.85 0.3a 91.6a 56.7° 1.6a 0.3b
G7.25 0.1b 1.0b 0.6b 0.2b 0.7a
G7.7 0.3a 91.7a 44.6* 1.9a 0.2b
G7.23 0.3a 58.6a 40.5* 1.2a 0.4b
G7.13 0.3a 95.2a 55.9¢ 1.6a 0.3b
G1.99 0.2b 9.9b 5.6b 0.7a 0.5b
G1.2 0.4a 108.7a 62.5° 1.6a 0.2b
G7.69 0.1b 2.1b 2.2b 0.2a 0.7a
G7.3 0.2b 2.9b 1.6b 0.4b 0.7a
BR3262 0.5a 146.4a 64.2° 2.1a 0.2b
ON.SI 0.1b 0b 0b 0b -
CN.SI 0.2b Ob Ob 0b -
VC (%) 16.5 493 45.2 36.1 26.3

Means followed by the same lowercase letter did not differ significantly (P < 0.05) by Dunnett’s test; VC = variance

coefficient.

Although nodulation was not subject to an
interaction between cultivar and isolate, SDM was,
with different cultivars achieving better results with
different rhizobial isolates. The highest SDM
occurred for G7.85, IPA-206, and BR 17-Gurguéia,
whereas BRS Novaera BR 3262 had a significantly
higher SDM (Table 2), confirming the high potential
of the latter strain (FERREIRA et al., 2019).

Regarding SDM, the BR 17-Gurguéia variety
presented 17 treatments that did not differ from the
BR 3262 treatment. For IPA-206, 16 treatments did
not differ from the recommended treatment. For BRS
Novaera, 15 treatments did not differ from BR 3262
(Table 2). Different results were obtained in field
experiments in Maranhdo and Roraima States,
Brazil, where BR 3262 had greater SDM
(GUALTER et al., 2011).

Strains G7.118, G7.18, G7.99, G1.1, G1.99,
G1.2, G7.69, and G7.3 had higher SNC values than
BR 3262 in both IPA-206 and BRS Novaera, with
IPA-206 higher than BRS Novaera, except for G7.3
(Table 3). For STN, G1.2 provided better

performance in BRS Novaera, and the BR 3262
strain exhibited better performance in BR 17-
Gurguéia, and G7.14, G7.118, G7.99, G7.12, G7.68,
G7.77, G7.109, G7.85, G7.23, and G7.13 provided
better performance in IPA-206 (Table 3).

For SNC, the variety BR 17-Gurguéia
presented 25 treatments that did not differ from BR
3262. Variety IPA-206 had 23 treatments that did not
differ from the strain BR 3262, and variety BRS
Novaera had 25 treatments inoculated with isolates
that did not differ from treatment with BR 3262
(Table 3). All inoculated treatments, except G7.45
with the IPA-206 variety, presented levels above the
values indicated as suitable for the culture, being
between 1.8% and 2.2% (MALAVOLTA et al.,
1997), indicating that the BNF was sufficient. For
STN, variety BR 17-Gurguéia and reference strain
BR 3262 had the highest absolute value; however, 17
treatments did not differ from BR 3262. For variety
IPA-206, 15 treatments did not differ from BR 3262.
In the BRS Novaera wvariety, 23 inoculated
treatments did not differ from BR 3262 (Table 3).
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The RENA and RESDM values obtained
confirmed that BNF met the N demand of the plants
(Table 4); thus, most strains were efficient
(CHAGAS JUNIOR et al., 2010), and several did not

differ from BR 3262. This indicated a positive
response of the cultivars to native semi-arid soil
rhizobia strains, regardless of the area to which the
cultivar was most adapted.

Table 2. Shoot dry matter (SDM) of BR 17-Gurguéia, IPA-206, and BRS Novaera cowpea cultivars with different rhizobial

strains.

Treatments BR 17-Gurguéia IPA-206 BRS Novaera
G7.14 4.34aA 4.64aA 4.59aA
G7.118 3.96aA 5.35aA 3.44abA
G7.18 0.79cdeA 0.22eA 0.89cdA
G7.79 0.48eA 0.54deA 0.73cdA
G7.99 3.79abA 3.89abA 4.28abA
G7.12 3.48abcA 3.15abcA 1.97abcdA
G7.68 3.38abcA 4.03aA 4.25abA
G7.45 0.27eA 0.42eA 0.70dA
G7.103 2.05abcdeA 0.79cdeA 1.89abcdA
G1.62 0.45¢A 0.38¢A 1.20bcdA
G7.77 4.01aA 4.03aA 3.90abA
G7.102 3.83abA 4.11aA 4.38abA
Gl.1 1.67abcdeA 0.96bcdeA 0.73cdA
G7.32 4.17aA 2.90abcA 4.13abA
G7.109 4.06aA 4.69aA 3.38abcA
G7.64 3.09abcdA 2.75abcdA 1.02bcdA
G7.85 4.25aA 3.67abA 2.14abcdA
G7.25 0.28eA 0.43eA 0.65dA
G7.7 3.20abcdA 3.68abA 3.31abcA
G7.23 3.85abA 3.83abA 3.29abcA
G7.13 3.27abcdA 3.66abA 2.71abcdA
G1.99 0.72deA 2.50abcdA 1.06bcdA
G1.2 3.47abcA 4.30aA 4.24abA
G7.69 0.83bcdeA 0.57deA 0.90cdA
G7.3 0.40eA 0.76cdeA 0.88cdA
BR3262 4.21aA 3.65abA 4.62aA
ON.SI 0.25eA 0.30eA 1.02bcdA
CN.SI 0.38eA 0.65cdeA 1.60abcdA

Means followed by the same lowercase letter in the columns and uppercase letters in the rows, do not differ according to

Tukey’s test at a 5% probability.

Table 3. Shoot nitrogen content (SNC) and shoot total nitrogen (STN) of BR 17-Gurguéia, IPA-206, and BRS Novaera

cowpea cultivars with different rhizobial strains.

T SNC (%) STN (mg/plant)

TS e 7 Gurguéia  IPA-206  BRS Novacra _ BR 17-Gurguéia IPA-206 BRS Novaera
G7.14 3.66abcA 3.09abA 3.02abA 107.56aA 99.89bA 97.85abA
G7.118 3.91abA 3.55abA 4.10aA 105.54aA 83.45bcA 100.93abA
G7.18 2.57abcA 3.09abA 431aA 14.40bcdA 11.67defA 26.03abcA
G7.79 2.65abcA 2.23bA 3.71abA 9.38dA 8.12efA 18.83bcA
G7.99 3.25abcA 3.60abA 3.65abA 85.68abA 97.99bA 71.33abcA
G7.12 3.88abA 3.60abA 3.40abA 95.61abA 79.41bcdA 44.88abcA
G7.68 4.12aA 3.48abA 3.11abA 96.14aA 98.36bA 90.07abcA
G7.45 3.01abcA 1.71bA 3.70abA 5.72dA 6.96A 17.78bcA
G7.103 3.64abcA 3.00abA 3.47abA 52.18abcdA 16.33cdefA 46.13abcA
G1.62 3.07abcA 2.85abA 4.24aA 9.70cdA 7.59¢fA 34.66abcA
G7.77 2.82abcA 3.60abA 3.39abA 78.62abcA 101.39abA 91.84abcA
G7.102 4.16aA 3.10abA 3.86aA 109.81aA 88.46bA 117.96aA

Means followed by the same lowercase letter in the columns and uppercase letters in the rows, do not differ according to

Tukey’s test at a 5% probability.
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Table 3. Continuation.

Treatments SNC (%) STN (mg/plant)
BR 17-Gurguéia IPA-206 BRS Novaera BR 17-Gurguéia IPA-206 BRS Novaera
Gl.1 3.73abA 3.60abA 4.18aA 43.78abcdA 23.58cdefA 19.84abcA
G7.32 3.98aA 3.26abA 3.83aA 114.64aA 64.00bcdefA 109.64aA
G7.109 4.11aA 2.87abA 3.03abA 114.60aA 92.90bA 73.92abcA
G7.64 4.10aA 2.56abA 3.29abA 87.41abA 45.08cdefA 23.34abcA
G7.85 4.04aA 3.43abA 3.17abA 118.35aA 87.26bcA 48.26abcA
G7.25 3.73abA 3.43abA 3.32abA 7.36dA 10.50efA 15.04cA
G7.7 4.14aA 2.76abA 3.61abA 91.05abA 72.85bcdeA 83.12abcA
G7.23 3.98aA 2.95abA 3.82aA 69.70abcdA 79.98bcdA 87.35abcA
G7.13 3.76abA 3.47abA 3.12abA 85.62abcA 88.6bA 59.66abcA
G1.99 2.88abcA 3.66abA 3.70abA 14.62bcdA 63.78bcdefA 26.03abcA
Gl.2 4.26aA 3.88abA 4.00aA 100.41aA 114.41aA 117.19aA
G7.69 2.58abcA 491aA 3.51abA 15.51bcdA 14.65cdefA 21.62abcA
G7.3 3.18abcA 3.60abA 4.02aA 8.87dA 18.66bA 24.51abcA
BR3262 4.15aA 3.06abA 3.41abA 118.59aA 77.89bcdA 111.40aA
ON.SI 1.19bc 1.45bA 1.37bA 2.18dA 2.86fA 10.50cA
CN.SI 1.59cA 1.83bA 2.97abA 4.32dA 8.90efA 33.57abcA

Means followed by the same lowercase letter in the columns and uppercase letters in the rows, do not differ according to
Tukey’s test at a 5% probability.

Table 4. Relative efficiency based on nitrogen accumulation (RENA) and relative efficiency of the recommended strain
based on shoot dry matter (RESDM) of BR 17-Gurguéia, IPA-206, and BRS Novaera cowpea cultivars with different
rhizobial strains.

T RENA (%) RESDM (%)

reaments R R 17-Gurguéia  IPA-206 BRS Novaera  BR 17-Gurguéia IPA-206 BRS Novaera
G7.14 55.81aA 80.19aA 51.15abA 100.80aA 128.68aA 93.48aA
G7.118 54.76aA 66.99abcA  52.88abA 91.00aA 149.65aA 42.13abcA
G7.18 7.47cdefA 9.36cA 13.61abcA 17.08bedA 4.44eA 16.61bcA
G7.79 4.87efA 6.52cA 9.84abcA 9.17cdA 11.75deA 12.12¢A
G7.99 44.46abcd A 78.66aA 37.29abcA 87.22abA 105.91abA 57.86abcA
G7.12 49.72abA 63.75abcA  23.46abcA 78.55abA 86.06abedA 40.00abcA
G7.68 49.88abA 78.96aA 47.09abA 76.74abA 109.75aA 86.03abA
G7.45 2.97fA 5.59¢A 9.30abcA 4.62dA 8.91eA 11.63cA
G7.103 27.08abcdeA 13.11cA 24.12abcA 44 .68abcdA 20.77cdeA 37.95abcA
G1.62 5.03dcefA 6.10cA 18.12abcA 8.25cdA 8.20eA 21.27abecA
G7.77 40.79abede 81.39aA 48.01abA 92.59aA 110.13aA 80.38abA
G7.102 56.98aA 71.02abA 61.61aA 88.15abA 112.66aA 88.76abA
Gl.1 22.71abedeA 18.93abcA  10.37abcA 3544abedA  24.35bcdeA 12.30bcA
G7.32 59.48aA 5138abcA  57.32abA 96.69aA 77.12abedA 83.77abA
G7.109 59.46aA 74.58abA 38.64abcA 93.53aA 130.16aA 68.47abcA
G7.64 45.35abcA 36.19abcA  12.20abcA 69.00abcA 75.89abedA 17.76bcA
G7.85 61.41aA 70.05abA 25.23abcA 99.39aA 99.85abA 41.11abcA
G725 3.82¢fA 8,3cA 7.86bcA 5.00dA 9.44eA 10.63cA
G7.7 47.24abcA 5848abcA  43.45abA 72.80abA 100.89abA 65.03abcA
G7.23 36.17abedeA  64.20abcA  45.66abA 60.40abcA 103.51abA 64.47abcA
G7.13 44.43abcdA 71.25abA 31.19abcA 74.32abA 98.74abcA 53.32abcA
G1.99 7.59cdefA 52.10abcA  13.61abcA 14.69bcdA 67.95abedeA  20.14abcA
Gl.2 52.10aA 91.84aA 61.26abA 78.49abA 118.442A 86.34abA
G7.69 8.05bcdefa 11.76¢cA 11.30abcA 16.64bcdA 12.90deA 15.82bcA
G7.3 4.60ctA 14.98bcA 12.81abcA 7.07cdA 17.72deA 15.41bcA
BR3262 61.53aA 62.53abcA  58.24abA 97.99aA 98.77abcA 95.36aA
ON.SI 1.13fA 2.30cA 5.49cA 4.28dA 6.25¢A 18.18bcA
CN.SI 2.24fA 7.4cA 17.55abcA 6.78cdA 14.57deA 29.38abcA

Means followed by the same lowercase letter in the columns and uppercase letters in the rows, do not differ according to
Tukey’s test at a 5% probability.
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Some studies have shown that plants
inoculated with efficient strains, followed by
nitrogen treatment and without inoculation, were
superior to plants without inoculation and originated
BNF (SANTOS et al., 2005; SOARES et al., 2006).
Here, nitrogen-supplied plants were among the
lowest for SNC and RENA, which is consistent with
the results obtained by Sena et al. (2020), who
worked with Bradyrhizobium strains in symbiosis
with cowpeas. They found that uninoculated and
unfertilized plants had the lowest values, as expected
for the system.

Most of the isolates showed great efficiency
in nitrogen fixation, similar to that observed for
strain BR 3262, indicating the existence of efficient
rhizobia in cowpea plants. These results confirm the
positive response of the wvarieties to the
recommended strain and the isolates, indicating
efficiency in the assimilation of atmospheric
nitrogen. The isolates that showed low efficiency
were less efficient (CHAGAS JUNIOR et al., 2010).

[PA-206 had a higher SDM and SNC in

different inoculation treatments; however, for SDM,
only BRS Novaera exhibited a regression coefficient
(By;) greater than one (By;> 1), indicating adaptability
to higher efficiency strains regardless of different
isolation environments, whereas BR 17-Gurguéia
showed stability for SDM (02d1= 0) and was close to
stability for SNC (Table 5). For STN, all cultivars
had means equal to zero and were adapted to diverse
strains serving as environments (Table 5). In
contrast, only IPA-206 had a regression coefficient
(By;) greater than one (3;;> 1) and higher means,
indicating adaptability, with low stability for RENA
(Table 5), and thus, a greater response to more
efficient strains for this characteristic.

Some studies have observed great variability
in SNC and STN responses in different varieties of
cowpeas associated with selected strains. Because of
the relationship between these factors and BFN
efficiency, identifying  promising symbiotic
associations is recommended (STAMFORD;
NEPTUNE, 1979; VIEIRA et al., 2010).

Table 5. Adaptability and stability estimates of shoot dry matter (SDM), shoot nitrogen content (SNC), and shoot total
nitrogen (STN), relative efficiency to the recommended based on the nitrogen accumulation (RENA), and relative
efficiency to the strain recommended based on shoot dry matter (RESDM) of BR 17-Gurguéia, IPA-206, and BRS Novaera
cowpea cultivars, according to Eberhart e Russel (1966), considering inoculation as the environments.

. SDM
Cultivars Mean
Bii i
BR 17-Gurguéia 2.37 -0.94%* 0.00*
IPA-206 7.63 -0.72% 0.50™
BRS Novaera 6.29 0.34* 0.71™
General mean 3.10
SNC
Cultivars Mean
B G4
BR 17-Gurguéia 2.22 -0.99* 0.02*
IPA-206 7.64 -1.00%* 0.22%*
BRS Novaera 6.89 -0.88%* 0.21%*
General mean 3.48
STN
Cultivars Mean
By C4i
BR 17-Gurguéia 109.22 0.00* 0.00*
IPA-206 109.22 0.00* 0.00*
BRS Novaera 109.22 0.00* 0.00*
General mean 109.22
. RENA
Cultivars Mean
Bii G i
BR 17-Gurguéia 51.26 -0.37* 0.11™
IPA-206 86.31 0.36™ 2.73*
BRS Novaera 5491 -11.64%* 4.73%
General mean 63.44
RESDM
Cultivars Mean
Bli szi
BR 17-Gurguéia 54.48 0.05* 0.19™
IPA-206 79.51 0.64* 3.01™
BRS Novaera 53.87 -10.32™ 4.88%*
General mean 61.86

ns: not significant. * Significant at 5% probability by #-test for B;; (adaptability) and F test for 62; (stability).
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When the cultivars were considered
environments for the strains, 20 strains were
considered adapted to below-average environments,
considered to be lower BNF efficiency cultivars, and
all were close to stability for SDM and SNC (Table
6). Regarding STN, strains presented adaptability to
adverse environments, except for G7.12, G7.68,
G7.102, G7.32, G7.85, G7.7, G7.13, G7.23, and
strain BR 3262, all having means above 109.22
(Table 6), indicating these strains should have even
better responses in cultivars with higher BNF

potential.

Thus, the greater the potential for BFN in the
cultivar, the more the strain will respond, and
consequently, the performance of these strains
improves in response to cultivars with greater
potential. All isolates showed significant regression
deviations (o?di # 0), confirming low stability in
response to different cultivars (Table 6). Thus, the
isolates will respond positively to varieties with a
greater potential for BNF.

Table 6. Adaptability and stability estimates of shoot dry matter (SDM), shoot nitrogen content (SNC), and shoot total
nitrogen (STN), relative efficiency to the recommended based on the nitrogen accumulation (RENA), and relative
efficiency to the strain recommended based on shoot dry matter (RESDM) of rhizobial strains, according to Eberhart e
Russel (1966), considering cultivars as environments.

Strai SDM SNC STN
trains Mean Bi; % Mean By 0% Mean By %
G7.14 5.88 -1.04* 0.07* 3.92 -0.93* 0.04* 168.34 -0.77* 0.63"
G7.118 4.80 -1.06* 0.08* 4.46 -0.95* 0.04* 167.39 -1.64* 1.16™
G7.18 1.40 -0.92* 0.06* 3.98 -1.10* 0.05* 43.11 -0.57* 0.57™
G7.79 1.44 -0.99* 0.01* 3.55 -0.99* 0.06* 26.60 -0.82* 0.13*
G7.99 4.92 -1.03* 0.06* 4.14 -1.00* 0.04* 150.11 -1.65* 1.50™
G7.12 4.96 -0.98* 0.14* 4.25 -0.97* 0.03* 129.84 2.01* 3.05™
G7.68 5.13 -1LI1* 0.06* 4.20 -0.93* 0.03* 156.54 0.25%* 0.67"
G7.45 1.31 -1.01* 0.01* 3.26 -0.94* 0.07* 23.74 -0.88* 0.14*
G7.103 2.81 -0.96* 0.10* 4.02 -0.97* 0.04* 75.86 -1.78* 1.59"
G1.62 1.54 -1.01* 0.03* 4.04 -1.02* 0.06* 34.29 -0.78* 0.33*
G7.77 5.36 -1.04* 0.09* 3.93 -1.03* 0.04* 155.81 -2.00* 1.38™
G7.102 5.10 -1.07* 0.06* 433 -0.95* 0.03* 171.97 0.72* 0.55™
Gl.1 2.09 -0.97* 0.05* 445 -1.03* 0.06* 55.25 -2.55% 0.54*
G7.32 5.03 -0.92* 0.10* 4.31 -0.97* 0.03* 161.76 0.29* 1.28™
G7.109 5.39 -1.02* 0.08* 3.99 -0.91* 0.5* 163.22 -0.01* 1.16™
G7.64 341 -0.93* 0.10* 3.97 0.90* 0.05* 90.40 -1.65* 2.55™
G7.85 4.63 -0.91* 0.11* 4.18 -0.93* 0.04* 150.60 2.64* 1.78"™
G7.25 1.31 -1.01* 0.01* 4.13 -0.93* 0.03* 24.438 -0.86* 0.10*
G7.7 4.63 -1.08* 0.08* 4.14 -0.93* 0.05* 143.06 2.36* 1.64™
G7.23 5.60 -1.02* 0.08* 4.22 -0.94* 0.03* 141.82 1.98* 1.79™
G7.13 441 -1.04* 0.08* 4.09 -0.97* 0.03* 132.48 1.62* 1.82™
G1.99 2.62 -1.12%* 0.10* 4.06 -1.05* 0.05* 70.05 -0.71* 1.59™
Gl1.2 5.30 -1.10* 0.08* 4.64 -0.99* 0.03* 185.96 -0.94* 0.80*
G7.69 1.68 -0.96* 0.03* 3.84 -1.13* 0.05* 35.66 -0.71* 0.25*
G7.3 1.56 -1.04* 0.02* 423 -1.06* 0.03* 34.14 -0.95* 0.25*
BR3262 4.90 -0.95* 0.12* 3.54 -0.94* 0.04* 174.91 0.11* 1.13"™
General mean 3.10 3.48 109.22

ns: not significant. * Significant at 5% probability by #-test for B;; (adaptability) and F test for 6°; (stability).

For RENA and RESDM, treatments presented

low stability and adaptability (B;;< 1), except for
G7.85, with means of 88.97 and 82%, respectively
(Table 7); thus, it should have greater than average
responses to high BNF potential cultivars (SILVA
JUNIOR et al., 2018).

Based on the methodology of Eberhart &
Russel, the rhizobial isolate G7.85 presented a
regression coefficient greater than 1 and higher than
that of other rhizobia strains in all variables
(adaptability to favorable environments, which we

considered to be cultivars with higher BNF
efficiency), except for SDM and SNC, which could
be indicated for the three cultivars. Strain BR 3262
continued to exhibit better performance and being
close to stability should allow consistent BNF
dependent on cultivar potential, as shown by Bastos
et al. (2012). In contrast, cultivars known to present
higher than average BNF potential should be
evaluated with G7.85, if possible, because of its
apparent response to higher BNF.
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Table 7. Adaptability and stability estimation of relative efficiency to recommended based on the nitrogen accumulation
(RENA) and shoot dry matter (RESDM of rhizobial strains, according to Eberhart e Russel (1966), considering cultivars as

environments.
Strai RENA RESDM
trains Mean B li szi Mean B] i szi
G7.14 98.18 -1.66™ 0.82%* 105.57 -1.16* 0.63™
G7.118 98.26 227" 1.31% 90.57 -1.36%* 1.44™
G7.18 24.68 -0.68™ 0.55™ 21.20 -0.54% 0.42™
G7.79 15.17 -0.85* 0.10* 16.45 -0.85%* 0.10*
G7.99 89.34 -2.61* 1.46™ 85.67 -0.72* 1.13™
G7.12 78.77 -0.99™ 2.59™ 73.65 -0.39* 2.38™
G7.68 92.21 -1.30™ 1.05* 90.16 -1.30* 0.77"
G7.45 13.69 -0.91* 0.12%* 13.76 -0.93* 0.08%*
G7.103 41.25 -1.46™ 1.09™ 42.53 -1.15% 1.19™
G1.62 18.98 -0.86* 0.26™ 17.86 -0.84* 0.19*
G7.77 92.93 -2.91% 1.46™ 94.93 -0.66* 0.88™
G7.102 98.90 -0.53™ 0.62™ 95.55 -0.96* 0.74"
Gl.1 31.85 -2.07* 0.57* 30.07 -1.76* 0.51%*
G7.32 89.12 -0.47% 1.00™ 86.80 -0.37* 1.09"
G7.109 95.76 -1.15™ 1.39™ 97.01 -1.45% 0.90™
G7.64 52.62 -1.13* 2.04™ 58.39 -0.66* 2.35™
G7.85 88.97 0.35% 2.03™ 82.00 1.15% 1.50™
G7.25 14.52 -0.89™ 0.11™ 13.88 -0.91* 0.09*
G7.7 82.23 -0.35%* 1.73™ 81.19 -0.99* 1.40™
G7.23 82.01 -0.83™ 1.61™ 79.42 -0.69* 1.49™
G7.13 78.99 -1.42™ 1.79™ 77.06 -0.84* 1.43™
G1.99 46.38 -2.03* 2.24™ 42.20 -1.46* 1.69™
Gl1.2 109.23 -1.77* 0.89™ 93.91 -1.93* 0.87*
G7.69 20.92 -0.78* 0.28%* 21.05 -0.68* 0.22%*
G7.3 20.31 -1.01* 0.24%* 18.87 -1.02* 0.19%*
BR3262 96.39 -0.75™ 0.82%* 96.65 -1.25%* 0.81™
General mean 63.44 61.86

ns: not significant. * Significant at 5% probability by #-test for B; (adaptability) and F test for 6°; (stability).

CONCLUSIONS

The BR 3262 strain proved to be adequate for
cowpea seed inoculation with the treatments used,
presenting a higher increment than the other rhizobia
strains. However, strain G7.85 is of potential interest
for higher BNF cultivars.

No compatibility issues were found between
the tropical semi-arid soil rhizobial isolates and
cowpea cultivars selected for different environments.

The difference in stability of the isolates
indicated a potential gain when recommending
strains that are better suited for higher potential BNF
cultivars.
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